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ABSTRACT

Nothofagus cunninghamii is a widespread component of

cool temperate rainforest in Tasmania. It dominates the .
canopy on fertile soils, with dominance decreasing with the
soil quality. Elsewhere in the southern hemisphere, '

Nothofagus appears either to be restricted to sites>away

from the moist, mild, fertiie optimum, or to be seral. This
thesis examines regeneration chéractefistics_and comparative
physiology of the major canopy species of Tasmanian cool
temperate rainforest in order to determine the mechanisms -

affecting species composition.

Atherosperma moschatum is the most shade-tolerant canopy
_species in the Tasmanian rainforest. It fégenerates -
continuously, primarily by vegetative reproduction (stem'
sprouts) and therefore is typically sélf—replaciﬁg.'ltsu 
ability to capture the larger gaps created by the death of
old trees of other species is limited by the infrequency of
establishment away from the parent stem. The reproductive

characteristics of A. moschatum where it grows in

rainforest, and the absence of other shade-tolerant canopy'
species, explain the dominance of old undisturbed rainforest
by relatively shade-intolerant species in Tasmania.

Nothofagus cunninghamii regenerates continuously on most

sites, primarily by seedling establishment in canopy gaps
created by the death of an old tree. Eucryphia lucida

regenerates continuously by seedling establishment in canopy
_gaps, and vegetatively by sprouts from the base of larger'

stems. N. cunninghamii and E. lucida have similar'light

requirements and are able to regenerate under denser

canopies than Athrotaxis selaginoides and Phyllocladus

aspleniifolius. On the most fertile soils, N. cunninghamii

has the highest growth rate of all the canopy'spécies and
dominates the canopy by establishing in natural cénopy géps
and pre-empting resources (primarily light). The greater '
canopy diversity on poor soils appears to be due to theiloss

of the competitive advantage in terms of potential sizeland

growth'rate of N. cunninghamii. On the poorest soils, P.



aSpleniifolius has the highest growth rate of the

co-occurring rainforest canopy species under exposed

conditions. However P. asplenllfollus is generally unable toA
regenerate continuously in closed forest due probably to its.
shade-intolerance and appears to rely on the higher -

frequency of fire on poor soils for its regeneration on

these sites. A. selaginoides shows more variation in its =
regeneration patterns. On sites with a relatively closed>
canopy,.regeneration is insufficient to replace the older
trees following their death. Where the canopy is more open,
regeneration is occurring.

The results of this study 1nd1cate that community
comp051tlon in Tasmanian rainforest is primarily determlned
by a combination of shade-tolerance, growth rates and
reproductive strategies. The growth rates of the spec1esvarev
the sum of responses to environmental features:euch.as V
light, nutrients, tempefature, water availabiiity,'and
tissue losses due to brbwsing,vfrost demage and droughﬁ
damage. On the more extreme sitesl(e.g. low temperatures and
water shortage), tolerance rather than high growth rates may
be of more 1mportance.

The dynamics of the Nothofagus- dominated ralnforests in

‘Tasmania are compared with closely related- forests in New

South Wales and Chile.
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Chapter 1 _ ‘ Introduction

Nothofagus is a characteristic genus.of cool temperate-

rainforest in southern South America, New Zealand and
Australia with a taxonomically distinct group occurring at
tropical latitudes in New Caledonia .and New Guinea (Table

1.1, Fig. 1.1). The fossil_record‘indicates that Nothofagus

was more widespread in these laﬁd'masses in the Tertiary and
" also occurred in Antarctica (Fié.'l.l). The genus is not ’
confined tb rainforest. Some species occur on relatively dry
sites in New Zealand (750-1000 mm rainfall»(J; Wardle 1984))
and southern South America (300-400 mm rainfall . (McQueen

1976)) and Nothofagus occurs in sub-alpine vegetation in

South America, New Zealand:ahd Australia. thhofagus is
commonly the dominant canopy speéies of these varying
vegetation types, often forming almost pure stands (J.
Wardle 1984). _

Three spebies of Nothofagus occur in Australia. N.

guﬁnii, the only deciduous species of Nothofaqus outside
South America (Table 1.1), has a patchy'distribution in the
Tasménian highlands (Fig 1.2). N. moorei is the dominant
tree in cool temperate rainforest in the highlands of '
north-eastern New South Wales and south-eastern Queensland
(Fig. 1.2). The'closely rélated N. cunninghamii.(Téble 1.1:
Hill 1983b) has the most widespread distribution of the

Australian Nothofagus species, occurring in lowland and

montane communities in south-central Victoria and Tasmania
(Figs. 1.2 & 1.3). | |

"The N. cunninghamii associations differ from the

Nothofaqus associations of New Zealand and South America in

several respects. Nothofagus species dominate forests at

high'aititudes and latitudes in southern South America. They
also dominate some low altitude and mid-elevation sites in '
south-central Chile which are exposed to recurrent

catastrophic disturbance. However Nothofagus species are

-more light-demanding than many co—occurrihg species and, in



Table 1.1 List of species in the.genﬁs Nothofagus, and
their taxonomic position. The letters in brackets following.
species names refer firstly to the geogrgphic location of
the species (A - mainland>Austra1ia; NC - New Caledonia;

NG - New Guinea; NZ - New Zealand; SA - South America;

T - Tasmania), and secondly to the pollen type produced by
the spécies (F - fusca-type; M - menziesii-type; B - brassii-
type):'The‘division into Sections is based on the deciduous

(Section Nothofagus) and evergreen (Section Calusparassus)

habits After Hill (1983a).
Nothofagus
Section Nothofagus Section Calusparassus
N. alessandrii (SA;F) Subsection Subsection Subsection
N. alpina (SA;M) quadripartitae tripartitae bipariitae
N. antarctica (SA;F) : ]
N. glauca (SA;M) N. betuloides (SA;F) N. solandri (NZ;F) N. aequilateralis (NG;B)
N. gunnii (Tas;F) N. cunninghamii (Tas;A;M) ) N. balansae (NC;B)
N. obliqua (SA;M) N. dombeyi (SA;F) N. baumanniae (NC;B)
N. pumilio (SA;F)  N. fusca (NZ;F)- N. brassii (NG;B)
. N. menZziesii (NZ;M) - N. carrii (NG;B)
N. moorei (A;M) N. codonandra (NC;B)
N. nitida (SAF) N. crenata (NG;B)
N. truncata (NZ;F) N. discoidea (NC;B)
N. flaviramea (NG;B)
N. grandis (NG:B)
N. nuda (NG;B)
N. perryi (NG;B)
N. pseudoresinosa (NG;B)
N. pullei (NG;B)
N. resinosa (NG;B)
N. rubra (NG;B)
N. starkenborghii  (NG;B)
N. womersleyi (NG;B)




Fig. 1.1 The distribution of Nothofagus,'sho&ing
modern (stippled) and fossil (%) occurrences. After

Humphries~ (1981).

Fig. 1.2 The present distribution of Nothofagus

in Australia.
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Fig. 1.3 The distribution of rainforest in Tasmania.
After Kirkpatrick & Dickinson (1983).
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the absence of disturbance, shade—tolerant'tree species

increase in abundance and Nothofagus species fall to = -

regenerate in these ralnforests (Veblen et al 1981)

Slmllarly in New Zealand Nothofagus spec1es may domlnate

the canopy on 51tes of recent forest dlsturbance, but
generally decrease in importance towards the moist, mlld, tf
fertile optlmum (P. Wardle 1964, 1983; J. Wardle 1984) The

Nothofagus forests of South America and New Zealand

therefore either occur on cllmatlcally or edaphically

sub-optimal sites or are seral. Succession from

" Nothofagus-dominated forest to mixed rainforest (rainforest.

with a canopy contalnlng several genera ‘of rainforest

species) has also been recorded in New Guinea (Ash 1982),

and Nothofagus distribution and abundance has been related -
to extreme site conditions in New Guinea (Ash 1982) and NeW\ _
Caledonia (Dawson 1966). In Tasmania however, N.

cunninghamii is widespread throughout the range of

rainforest types with its dominance decreasing with . _
decreasing soil quality (Jackson 1965, 1968; Kirkpatrick
1977), and regeneration of this species has beenbobserved in.
mixed rainforests (Read & Hill 1982; Calais & Kirkpatrick:
1983). Two particular questions are raised by these apparent
differences in dynamics: '

1. Is N. cunninghamii regenerating continuously in

undisturbed mixed rainforest in Tasmania?

2. What are the mechanisms determlnlng species comp051tlon

and dominance of the canopy in Tasmanian rainforest? '
This thesis examines the ecology and dynamlcs of the N.

cunnlnghamll associations which form closed forest in

Tasmania by studying the regeneration and the comparative

physiology of the common canopy spec1es, Nothofaqus

. cunninghamii, Atherosperma moschatum, Eucryphia 1uc1da,

Phyllocladus aspleniifolius and Athxotax1s selagln01des.

Comparisons are made with the dynamics of Nothofagus closedb :

forest associations on mainland Australia and Chile. .
Comparison with the Nothofagus forests of New Zealand is

limited'by the absence of directly comparable data.




Terminology and definitions

Species nomenclature follows Curtis (1963,1967) and
Curtis & Morris (1975) for the Tasmanian species; Williams
(1982) for the mainland Australia rainforest ‘species, and
Hoffmann J. .(1982) for the Chilean species Termlnology
relating to vegetatlon structure follows Richards (1952). and
Specht (1970). - ' -

The difficulties of defining rainforest have'often been
noted (Richards 1952; Webb 1959; Jarman & Brown 1983)
Jarman & Brown (1983) define Tasmanlan'ralnforest as "forest;
vegetation (trees greater than 8m) deminated by'speeies of ‘

- Nothofaqus, Atherosperma, Eucryphia, Athrotaxis,

Lagarostrobos, Phyllocladus or Diselma". This definition of

rainforest is followed in this thesis.

Nothofagus cunninghamii associations in

closed forests in Tasmania

Cool temperate rainforest is very localised in Victoria.
A suitable climate (with the associated low fire frequency)
is less widespread in Victoria than in Tasmania and the
rainforest is generally restricted to river gullles and
- south-east facing slopes on krasnozem soils and is usually
associated with emergent eucalypts (Howard & Ashton 1973).
The rainforest is most commonly dominated by Nothofagus

cunninghamii, with Atherosperma moschatum sub-dominant up to
1375 m a.s.l. (Howard & Ashton (1973). A. moschatum extends
further east (Errinundra Plateau) and north (Barrington

Tops) than N. cunninghamii, and N. cunninghamii extends west

to the Otway Ranges in the absence of A. moschatum. N.

cunninghamii is also associated with Acacia melanoxylon up

to 650 m a.s.l., and forms low forest with Leptospermum
grandlfollum up to 1570 m a.s.1. (Howard & Ashton 1973).

In Tasmania, cool temperate ralnforest is more

widespread than on mainland Australia and occurs over a

range of topographies and soils (Jackson 1968), and



cqnsequently has a greater variety of associations (Busby &

Bridgewater 1977; Busby 1984). The floristic associations of

Tasmanian rainforest and their distributions are described
in most detail by Jackson (1958, 1983) and Jarman et al
(1984). The rainforest on fertile, well-drained soils is a
tall closed forest with a canopy of up to 40 m, generally

dominated by N. cunhinghamii with A. moschatum sub-dominant.

These forests have a heavily shaded, open understorey,
devoid of shrubs, but sometimes contain a sparse layer of
ground ferns and occasional tree ferns. Epiphytic ferns and
mosses may be abundant on the more humid sites. Lianes and
herbs are rare. Litter on the forest floor can build up
around tree trunks but generally the litter layer is thin.
Species richness of angiosperms is extreﬁely low. This
rainforest is most widespread in the north-west and
north-east of Tasmania, on soils derived from basalts and
granites. v

As the site soil gquality decreases, the trees of the
. lowland rainforest are shorter and the forest structure is
more‘complex as species of small trees and shrubs become

more common, forming a staggered canopy (Jackson 1965,

1968; Kirkpatrick 1977). N. cunninghamii dominance

decreases and Eucryphia lucida and Phyllocladus

aspleniifolius may be common components of the canopy. On.

sites where roots are shallow, windthrow is common, with
some roots retaining contact with the soil and branches
growing vertically to form individual stems. This habit is

characteristic of Anodopetalum biglandulosum, but is also

common in N. cunninghamii, A. moschatum and E. lucida.

Kirkpatrick (1977) describes the rainforest on the poorest
sites on the west coast of Tasmania as a tangled mass of

shrubs and trees, including A. biglandulosum and many

epacrids. On the poorest soils, P. aspleniifolius may assume

almost complete dominance (Jackson 1983). Kirkpatrick (1977)
does not specify the soil characteristics which determine -
‘these changes in lowland rainforest structure and '

floristics, but Jackson (1968, 1983) regards the soil o



nutrient status as the primary determinant. He further

states that climax forests dominated by N. cunninghamii with

low diversity can occur on soils of low inherent fertility.
He regards the scrub rainforest which occurs on soils -
derived from infertile substrates as disclimax forest, and
Suggests that a higher fire frequency on soils derivedbfrom
low nutrient bedrock commonly dépletes the soil nutrients.to
prevent or slow the development of the climax rainforest.
Due to the current lack of data relating forest.structure
and floristics to soil characteristics, the term "poor'soilﬂ
will be used in this thesis to denote any soil reSultihg in.
relatively slow growth rates and stunted tree form, caused
by undetermined soil characteristics. o '_

At higher altitudes on fertile, wéll—drained-soils,iﬂé

cunninghamii dominates low closed forests with a decrease in

the importance of A. moschatum (Jackson 1983). Athrotaxis

selaginoides becomes an important component of raihforest on
sites above 610 m in westérn Tasmania which are
topographically protected from fire (Kirkpatrick .1977). It

occurs with N. cunninghamii, E. lucida and A. moschatum in

tall closed forest, and usually emerges beyond the main
canopy. At higher altitudes A. selaginoides occurs in closed

forest with N. cunninghamii or N. gunnii (usually above 670
m).
Lagarostrobos franklinii occurs along river banks, on

alluvial rainforest flats and on tOpographidally protected
sites in south-western Tasmania (Davies 1983). The structure
of these communities ranges from closed forest dominated by

N. cunninghamii with an open understorey and low species

diversity, to poor quality rainforest with a low broken
'canopy, dense tangled understorey and a relatively high

species diversity (Pedley et al. 1980).
The impact of fire in areas of high rainfall

There are two opposing views regarding the successional

status of vegetation types occurring in the'high rainfall



areas of Tasmania. Jackson (1968) aroues>that rainforest is
‘not limited by 5011, aspect or topography and that currently
large areas which are climatically suited to ralnforest
(1000 mm minimum annual rainfall and 25 mm minimum monthly
summer rainfall) are,occupied by vegetation with markedly
xeromorphic characteristics, e.qg. sedgeland, heathland ahd.
eucalypt forest. He Suggests ‘that interactions between |
fire- frequency, vegetation and soil fertlllty have produced
‘the anomalous vegetatlon in high rainfall areas. Due to»'
these interactions it is 11ke1y that fire will occur in
these vegetation types with the appropriate frequency to
maintain the communities, but the Vegetatioh may alSo drift'
towards_either.rainforest.or’sedgelandbdepending'on"chance

. long or short intervals between fires; In contrast, Mouht
(1979) argues thaf‘the vegetation types are'determinedvby,>
site'characteristics such as geology, drainage; topography’
and climate and that vegetation boundaries are stable due'to
a characteristic burning cycle determined by the fuel
production -of each vegetation type. There 1is little data
‘available for testing these hypotheses, but a study by Brown:
& Podger (1982) indicates that succession has occurred over
relatively short time spans in a high rainfall area of

south-west Tasmania.

Mixed forests

Gilbert (1959) introduced the term "mixed forest" to
describe the rainforest4euca1ypt associations. These occur
on sites that are burned infrequently, but with a fire-free
interval of less than 350-400 years (the life span of the
eucalypts). Less frequent fire results in pure ralnforest,.
and a fire frequency of once or twice per century may resultv

in the loss of the rainforest component (Gilbert 1959)

Acacia spec1es (most commonly A. melanoxylon) also occur_'
with ralnforest species in locallsed stands{ Because of the f
disturbance- stlmulated germlnatlon (flre or flood) the

Acacia species have generally been regarded as seral w;thin_



the rainforest (Howard 1981; Jackson 1983; Jarmén'ét al.
1984). In some cases multiple-aged mixed forests occur

through a patchy distribution of fire resulting in a fine
mosaic of survival and regeneratién, e.g. fires on thin peat .
(Hill 1983; Hill & Read 1984). In north-west Tasmania, N.

cunninghamii, Atherosperma moschatum and Acacia melanoxylon

form mixed stands in lowland swamps where free-standing .

~water may occur for several weeks annuaily-(Jackson 1983). -

A. melanoxylon appears to play a more permanent role in’

these forests (Jackson 1983).



Part A

Studies of forest regeneration



Chapter 2 Population dynamics of the rainforest canepy

species.

Introduction

In their successional model based on vitai attributes,-

Noble & Slatyer (1980) predicted that Tasmanian rainforest

would be dominated by Atherosperma moschatum in the absence
of disturbance by fire, due to its apparent sUperier .
shade-tolerance (inferred from field observations by Gilbert
(1959)) and its subsequent ability to regenefate ' -
continuously within the rainforest.'THey also noted that

pure rainforest stands are usually a mixture of Nothofagus

cunninghamii and A. moschatum and suggested that some type

of disturbance (other than fire) is responsible for the

persistence of N. cunninghamii (Noble & Slatyer 1978)

Rainforest in Tasmania has also been described as
self-replacing in species composition, with the death of
individuals of a species being compensated by the

establishment of individuals of the same species

(Kirkpatrick 1977) although forests containing Athrotaxis

selaginoides have been observed in which it was not

represented in the small size classes (Ogden 1978;
" Kirkpatrick & Harwood 1980). |

In this chapter, patterns of regeneration are examined
in undisturbed rainforest in otder to determine the modes of
regeneration of the component species and whether
regeneration is continuous, and subsequently whether these
forests are stable communities in the absence of
disturbance. Rainforest stands were selected over a range of
altitudes and soils to give a range of species associations.
Two aspects of regeneration are‘examined Populatioh size
structure of the canopy species was measured on each 51te in
‘order to determine whether regeneration was contlnuous or
sporadic. On some sites the spatial dlstrlbutxpn”of>51ze»
classes of each species was recoraed to allow patternl'

analysis. Where possible, the methods employed by Veblen et



al. (1981) were used to allow comparlson with the Chllean

lowland and mid-altitude Nothofagus forests

Materials and methods

The study sites selected showed no evidehee of fire or
" logging within the lifespan of the living trees.’Details bfv
these sites are'summarised.in Table 2.1, and_locatiens afe 
shown in Figure 2.1. _ S '

Spatial patterhs of regeneration were examined in 0.39
ha (54 x 72 m) sample plots located 'in nine forest sites o
(Table 2.1). The diameter of all trees of 5 cm diameter at
breast height (dbh) origreater, and the frequencyv0f all
seedlings and saplings (including vegetative shoots from'the ‘
base of the main stem) less than 5cm dbh and at least 10 cm
high were recorded on each study site. This data was ‘
collected in contiguous 3 x 3 m quadrats, allow1ng the
formation of nested quadrats and the use of a clumping index
at each quadrat size from sides of length ene unit (3 x 3 m)
to sides of length nine units (27 x 27 m). The index used is“}
Morisita’s index (Morisita 1959) which is: based on Slmpson s .
dlver31ty index.

Is='q éln‘(n,—l)/N(N—l)

where q is the number of quadrats, n is the number of
individuals in the i, quadrat, and N is the total number of
individuals in g quadrats. This index has 'a value of 1 when
the distribution is random,'is <1 when uniform and is >1
- when clumped. It was only épplied to a speciesvage class
when at least 20 individuals were present. Saplings were
recorded as being of seedling or vegetative origin except on
the Frodsham's Pass site where it was common to find .
branches of fallen immature trees growing upright (wiph"
adventitious roots), often with their origins obscured by
years of litter fall and formation of humus. IR
The size structure of a population can be used to

7descr1be population dynamlcs by observ1ng the dlstrlbutlon



Fig. 2.1 Map of study sites. '
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Table 2.1

with an asterisk. The geclogy and soil information was taken from ﬁidgley (1978} and Prikard

(1980) with verification by pelrsonal observation, unless otherwise stated.

Summary of study sites. The spatial distribution of stems was analysed on the sites marked

-Soil/Geology

Site location Elevation Canopy composition % total
(m a.s.1l.) ’ basal area
Stephens Rivulet* Yellowish red gradational soil/ 140 Nothofagus cunninghamii 86
41°10°s 144°57°E Cambrian volcanic-and sedimentary Atherosperma moschatum 14
Pipeline Road* Strong brown gradational soil/ 460 N. cunninghamii 85
41°19°s5 14516 ‘E Tertiary basalt A. moschatum 15
Sumac Road* Yellowish brown gradational soil/ 180 N. cunninghamii 89
41°9°s 145°1°E Cambrian volcanic and sedimentary Eucryphia lucida 10
A. moschatum 1
Parrawe® Strong brown gradational soil/ 580 N. cunninghamii 66
41°21°s 145°34°E Tertiary basalt A. moschatum 34
Frodsham’s Pass* Yellowish brown duplex soil/ 580 N. cunninghamii 53
42°50°s 146923 °E Cambrian mudstonel A. moschatum 43
‘ E. lucida 4
Mt Michael* Brown fibrous peaﬂ becoming 740 N. cunninghamii 97
41°10°s 148900°E gravelly with depth/ A. moschatum 3
Quaternary river alluvium &
Devonian gx:am'.t:e1
Diddleum* Strong brown gradational soil/ 820 "N cunninghamii 95
41°922°s 147°26 'E Devonian granodiorite A. _moschatum 5
Mt Anne Soil. type was not reécorded/ 850 Athrotaxis selaginoides 50
42°56°s 146926 'E Jurassic dolerite! N. cunninghamii ' 39
‘ A. moschatum 11
Howard s Road H1 Pale brown gradational soil/ 650 N. cunninghamii 47
41°51°s 145933 °E Cambrian volcanics A. selaginoides 43
E. lucida 6
A. moschatum 4
H2 Shallow brown fibrous peat 650 Nothofagus gunnii 41
over gravelly brownish yellow A. selaginoides 38
gradational soil/ Phyllocladus aspleniifolius 12
Cambrian volcanics N. cunninghamii 5
’ E. lucida 4
Cradle Mountain N.P, .
Weindorfer’s Forest Wl* Yellowish brown clay soil/ 920 A. selaginocides 55
41°38°s 145957 °E Phyllite & micaceous schists! N. cunninghamii 40
P. aspleniifolius 5
w2+ o 920 N. cunninghamii 61
A. selaginoides 32
A. moschatum 7
Ballroom Forest Deep brown fibrous peat/ 940 N. cunninghamii 60
41°940°s 145957 °E Phyllite & micaceous schists! A. selaginoides 24
A. moschatum 16
Dempster* Very dark brown peat, becoming 220 N. cunninghamii 39
41°12°s 145903 E . gravelly with depth/ P. aspleniifolius 28
Precambrian dolomite E.lucida 29
Anodopetalum bialandulosum 4
Pieman Greyish brown loam soil/ 200 P. aspleniifolius 56.
41°12°s 145926 'E Lower Devonian-Silurian slate N. cunninghamii 30
& siltstone 7

A. moschatum

cont. over




cont.

Murchison
41°47°s 145°38°E

Sawback
4X°49°s 146°21°E

Hastings
43°24°s 146°51°E

Mt Field
42°41°Ss 146921 °E

Greyish brown light clay soil/ 300
Ordovician slate

Shallow brown fibrous peat 480

overlying yellowish brown soil/

Ordovician siltstonel

Dark brown fibrous peat _ 120
over sand/

Silurian sandstonel

Dark grey peat becoming 680

sandy .with depth

Aty

Triassic sandstone..

A. biglandulosum

Cenarrhenes nitida

P. aspleniifolius

N. cunninghamii

C. nitida

A. biglandulosum
Anopterus glandulosus

Cyathodes junipecrina

E. lucida

P. aspleniifolius
N. cunninghamii
A. biglandulosum
C. nitida

T. qunnii

P. aspleniifolius
E. lucida .
N. cunninghamii
Aqéstachys odorata
A. biglandulosum
C. nitida

P. aspleniifolius
A. biglandulosum

N. cunninghamii
Eucalyptus subcrenulata

42
24
13
11

32
30
19
14

40
24
18

82
10

1 From 1:250 000 Geological Survey Maps, Dept. of Mines, Hobart.
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of frequency of 1nd1v1dua1s plotted agalnst 51ze classes.:
Continuously regeneratlng populatlons typlcally have an
inverse J- shaped distribution (Hett & Loucks 1976). Thls'uSe
of size structure assumes a 51gn1f1cant positive correlatlon
between tree diameter and age. This was tested by taklng
increment cores at breast height from each spe01eé°3%.“*z?uhhte)
‘'several sites and counting the rings to determine tree age
Diameters of the cored trees ranged from 4-60 cm, though
large trees were often unsuitable because of decayed ‘
 centres. The ages of the stems (after reachlng 1.3 m in-
height) were regressed against size (dbh) for- each spec1es _d
Correlation analysis 1nd1cates a 51gn1f1cant p051t1ve _ '
relationship between dlameter and age for each spec1es.at-
each site (Table 2.2). Therefore diameter was considered to
be an acceptable approximation of age. The smalL number of
cores taken at some sites, and the'absence of cores from
sites of interest, e.g. H2 and Mt Field, is due to

difficulty of coring some species and consequent breakage of
components of the increment corer. '

In addition to these study sites, smailer sample plots_
(0.20 and 0.10 ha) were sited in other forests in which'i _
pattern analysis was impractical due tgjg%emvdensity (H2) or
where seedlings were infrequent (Ballroom, Sawback,’
Murchison, Hastings, Pieman and Mthnne)} In these forests'a
wide area was searched and the sample plot was placed in a
location considered to be representative of the forest._The'v
Ballroom Forest graded into closed heath and the interface-'
was characterised by the establishment of rainforest trees.
In addition to the 0.20 ha study plot, a transect of 20 x 80
| metres was laid across the forest edge and the frequency and
height of all stems less than 1 cm dbh, and the dbh and . -
height of all larger stems was recorded in’contiguous 20 x 5
m quadrats. , L | o
' _ Percentage cover of the forest floor by ground and tree'
ferns was estimated visually on all sites.

Canopy cover was measured by ana1y51s of hemlspherlcal

photographs taken at a helght of 1.5 m above the ground 1n .



‘Table 2.2 Correlation of tree age in years (y) with diameter
at breast height in centimetres (x) from n tree cores of each
species taken at Frodsham’s Pass (F), Pipeline Road (P),
Weindorfer s Forest (W), Ballroom Forest (B), Dempster (D)
and Sawback (S). The ages determined from the ring counts
relate to stem age after reaching 1.3 m in height, except

. at Dempster where rings were counted on 20 cm high stumps

of felled trees. The time taken to reach the height at which -
the trees were aged can be calculated from the data in

Table 9.3, although it relates only to seedlings growing
under full sunlight. All r values are significant at the

99% level.-

Species Site n : Regression equation I
N. cunninghami . F 20 . logg,y = 3.0598 + 0.5078 log.x 0.92
20 log,y = 2.8563 + 0.5380 log.x 0.91
7 log,y = 2.5606 + 0.7161 log.x 0.88
A. moschatum F 20 logey = 2.8183 + 0.6208 logex - 0.95
P 20 logey = 2.6596 + 0.6692 1ogex 0.97

E. lucida : F . 20 log,y = 3.1329 + 0.5468 log.x 0.96
S 8 loggy = 2.7907 + 0.7161 log.x 0.97
A. selaginocides W 20 log,y = 2.9293 + 0.6930 log.x ©0.90
’ B 20 log,y = 2.6710 + 0.7358 log.x 0.88
P. aspleniifdliusb D 14 log.y = 3.7857 + 0.4957 loggx ©0.89
S. 9 log,y = 3.6268 + 0.5037 log.x . 0.82
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the centre of each of the 48 contiguous 9 x 9 m quadrats in
the 0.39 ha sample plots. On the smaller sample plots,
photdgraphs were taken at 10 m intervals along transect
lines 10 m apart (15 or 25 photographs). The method of
analysis dsed is based on that described by Anderson (1970)
for the diffuse site factor and by Veblen et al. (1981) for
total potential diffuse and direct light.

Results

Sumac Road
This tall closed forest is dominated by N. cunninghamii

trees up to 35 m high and E. lucida up to 30 m high. The
understorey is sparse other than ground and tree-ferns
covering 11% of the forest floor. The size structure

" diagrams (Fig. 2.2a) indiéatés,that both canopy species are

regenerating continuously. A. moschatum is represented only

in the small size classes (Fig. 2.2a) and is poorly
‘dispersed through the forest. It forms clusters of stems
with vegetative origins which can be traced back to the
;original stem. The majority of small stems have originated
as sprouts from the base of older stems, and sometimes as
'bfanches‘from_fallen stems which have retained root
connections with the soil. Adventitious roots have formed
from some of these fallen stems.
‘Pattern énaleis indicates clustéring of stems <5cm dbh

of E. lucida and N. cunninghamii, predominantly at the small

'quadrat;sizes (Fig. 2.3a). Stems 5-14 cm dbh are also
predominantly clustered at the small quadrat sizes, and E.
lucida stems >15 cm dbh are clustered in the smallest size

-class'although 1argé stems of N. cunninghamii are not

clustered (Fig. 2.3a). Since the forest appears to be well
into its second generation (where the term "generation"
‘refers to the potential lifespan of a stem) as determined by

the presence of well-decayed old logs and stumps of N.

_cunninghamii, and the young stems are clustered, it is most

likely that the absence of clustering in large stems of N.

]



Fig. 2.2 Population size structures of the major
woody species on each study site. The stem frequency
is calculated per 0.39 ha in a,b,c,d,e,f,qg,h,i & n;
per 0.20.ha in j & m and per 0.10 ha on the

remaining sites.

a. Sumac

b. Parrawe

c. Pipeline

d. Stephen’s Rivulet
e. Frodsham’s Pass
~f. Diddleum

g. Mt Michael

h. Weindorfer 1
- i. Weindorfer 2

j. Ballroom

k. Howards Road 1
‘1. Howards Road 2
m. Mt Anne

n. Dempster

o. Murchison

p. Pieman

g. Hastings

r. Sawback

s. Mt Field
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Table 2.3

5 cm dbh) of each species that have regenerated vegetatively from an

older stem.

Percentage of saplings (more than 10 cm high and less than

Site

Species
g 3 og 3 2
2 2E 3 HI
c - 3 [
o £ 2 o » - 3 ) °
2 < ui o < < o < <
Stephens Rivulet 8 96
Pipeline Road 43 98
Sumac Road 19 98 63
Parrawe 12 82
Mt Michael 30 99 0
Diddleum 95 98
Weindorfer ‘s Forest Wl 38 0 0
W2 17 95 18
Ballroom Forest 89 99 0
Mt Anne 7 99 0
Howard’s Road H1 73 99 73 0
) H2 7 18 2 0
Dempster 54 75 100 100 100
Pieman 87 100 100 100
Murchison 45 79 100 100
Sawback 74 100 0 100 100
Hastings 52 82 23 97 100 100 85
A
Y

e e ————
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cunninghamii is due to stem thinning rather than to initiaif

random establishment.

Parrawe

This tall closed forest is dominated by N. cunniqghsmii_

up to 33 m tall and A. moschatum up to_28sm tall. The

understorey is generally open, with occasional Tasmannia

lanceolata, Pittosporum bicolor and Coprosma quadrifida and

the tree-fern, Dicksonia antarctica,in canopy gaps. Ground _

and tree-ferns cover 12% of the forest floor, predominahtly"
in canopy gaps. ' o | SR L
Size structure diagrams indicate that both A. moschatum .

and N. cunninghamii are regenerating contlnuously (Fig.

2.2b), A. moschatum prlmarlly by vegetative reproductloﬁ as

described for Sumac Road, and N. cunnlnghamll prlmarlly from:
seed (Table 2.3). ; o

Pattern analysis indicates clustering of the small stems . .

of both spéciés, particularly N. cunninghamii, at the small

quadrat sizes. Some clustering of stems 5-14 cm dbh occurs
in the smallest quadrats, but little clustering of larger
stemS'oc¢Urs (Fig. 2.3b). As at Sumac Road, the reduced :
clustering‘of 1arge; stems is probably due to stem

thinning.

Pipeline Road - o
This tall closed forest is dominéted"by N.cunninghamii

“the largest of which reach 38 m in height, with A. moschatum
sub-dominant and reaching heights of 32 m. The understorey |
is devoid of shrubs and tree-ferns are occasional. Total
ground cover by ferns is 5%.

Size structure dlagrams indicate that both A. moschatum

and N. cunninghamii are regeneratlng'contlnuously (Fig. 3

2.2c), A. moschatum by vegetatlve reproduction and N.

cunninghamii both vegetatively and from seed (Table 2. 3)

Pattern analysis indicates clustering of A. moschatum

stems of all sizes at small quadrat sizes (Fig. 2.3c). N.

cunninghamii stems <5 c¢m dbh are highly clustered,-
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partlcularly in the small quadrats (Flg. 2. 3c) N.

cunninghamii stems 5-14 cm dbh are also clustered at small'

quadrat sizes but the stems 215 cm dbh show little
clustering (Flg. 2.3c), as at the preV1ously.descr1bed

sites.

Stephen’s Rivulet ‘
This tall closed forest is dominated by N. cunninghamij

up to 35 m high with A. moschatum sub-dominant and'reaching_

30 m in height. The understorey is. open and ferns cover 5%
of the forest floor. L . -
Size structure diagrams 1nd1cate that both A moschatum

and N. cunnlnghamll are regenerating continuously (Fig.

2.2d), A. moschatum predominantly by vegetative reproduction‘

and N. cunninghamii predominantly from seed (Table 2.3).

Pattern analysis indicates a clustered distribution of
stems <5 cm dbh of both species prlmarlly at the small
quadrat sizes (Fig. 2.3d). A. moschatum stems are most

highly clustered. Stems 5-14 cm are also clustered at the

small quadrat sizes (Eig.v2.3d). N. cunninghamii stems >15

cm dbh are randomly distributed, but the large stems of A.
moschatum, which are predominantly vegetative in origin, are
slightly clustered at quadrat sizes up to_21 x 21 m (Fig.
2.3d). a

Frodsham s Pass

This closed forest contains N. cunninghamii trees up to

28 m tall, and A. moschatum and E. lucida up to 26 m tall.

The understorey contains occasional Orites diversifolia and

Anopterus glandulosus, but is generally open. Fallen stems

of A. moschatum, E. lucida and N. cunninghamii_which have

retained root connections with the'soil'are common} Branches
~of these stems grow vertically, often. formlng a stralght o
line of stems with the1r orlglns ‘obscured by years of humus

formation. Adventltlous roots were: observed in A. moschatum,

N. cunninghamii and E. 1uc1da. Cover by ferns is less than

5%. The layer of leaf litter is thin and moss 1is profuse on f
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the_forest floor and the lower stems of trees. -

Size structure diagrams indicate that all species are
regenerating continuously (Fig. 2.2e). Although the origins
of small stems were often difficult to determine,Withont .
uprooting the plant (and hence data from this site is absent
from Table 2.3), small stems of seedling origin are common

in both N. cunninghamii and E. lucida, and vegetative_stems_

are common in all species, but particularly in A. moschatum
‘and E.lucida. | | o V

Pattern analysis indicates that stems <5 cm dbh of all
'speC1es are clustered primarily at the smaller quadrat
sizes, although E. lucida stems also show some clusterlng at
. the larger quadrat sizes (Fig. 2.3e). Large stems of E.
lucida'are'notvsufficiently frequent for pattern analysis.

Large stems of N. cunninghamii and A. moschatum are

clustered at the small quadrat sizes (Fig. 2. 3e). This is
probably caused by the apparently high frequency of
vegetatlve reproduction on this site.

Diddleum
This tall closed forest has a canopy dominated by N.

cunninghamii reaching heights of 35-40 m. A. moschatum is

sub-dominant and often forms clusters of stems which can be
‘traced back to an old parent stem (Fig. 2.4). The

infrequency of large rotting logs suggests that this may be
a relatively young forest (within the first generatlon of N

cunninghamii). On this site some large N. cunn149ham11 trees

are dead and dying, with tunnels characteristic of Platyg

subgranosus abundant on the trunks, in the pattern described m "

by Howard (1973d), creating some large gaps up to ca 20 x 15
m. These gaps are typically occupied by ground ferns and
tree ferns which cover 6% of the forest floor. Leaf litter
on this site is thin (<2 cm) but a 1arge amount of fine o
branch litter up to 20 cm deep sits loosely on the»forestv
floor. | : t"' B : -,_mvj:

The size structure of A. moschatuﬁ indicatesvthat it is

regenerating continuously (Fig. 2.2f), mainly by vegetative'-



Fig. 2.3 Values of Morisita’s index, I4, at quadrat sizes
of length 1 unit (3x3 m) to 9 units (27x27 m).

a. Sumac’
b. Parrawe
. c. Pipeline

d. Stephen’s Rivulet

e. Frodsham ‘s Pass

f. Mt Michael

g. Diddleum

h. Wéindorfer 1

i. Weindorfef 2.

j. Dempster

k. T ‘
. cunninghamii total: e ; of seedling origin only: o
. lucida total: ® ; of seedling origin only: o

moschatum: A

selaginoides: v

aspleniifolius: &

biglandulosum: a
nitida: ¢

S| E 2

glandulosus: *
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reproductidn (Table 2.3). Small stems of N. cunninghamii are

also predominantly vegetative in origin (Table 2.3) and
there is a peak of larger stems of this species at 35-45 cm
dbh (Fig. 2.2f). The clustered dispersion of both A.

moschatum and N. Cunﬁinghamii stems <5 cm dbh and 5-14 cm

dbh, even at the large quadrat sizes (Fig. 2.3g9), is caused

by the vegetative origin of the stems. There are

insufficient large A. moschatum stems and 5-14 cm dbh stems

of N. cunninghamii for pattern analysis,

The relatively low number of stems 5-35 cm dbh énd_the
rarity of establishment from seed indicatés_30me instability

in the N. cunninghamii population. The stem sprouts which -

account for 95% of the Stems <5 cm dbh are small, and
successful replacement by these sprouts is uncertain. _
Vegetative reproduction is rarely as vigorous in'g;"'

cunninghamii as it is in A. moschatum.. Seedling

establishment appears to be retarded first by the deep

branch litter, and later by the fern dominance of the canopy

gaps.

Mt Michael
' This is a closed forest with a canopy dominated by N.

cunninghamii up to 20 m tall. A. moschatum is sub-dominant,

- reaching heights of 17 m and is poorly dispersed through the
forest' (Fig. 2.4). Litter is generally sparse on the forest
floor which is profusely covered by moss. Ground ferns are

infrequent. Some large stems of N. cunninghamii are dead and

dying from "myrtle dieback" as described at Diddleum.

A. moschatum is regenerating continuously (Fig. 2.2g),

mainly by vegetative reproduction (Table 2.3). Stems <5 cm
dbh and 5-14 cm dbh are highly clustered even at relatively
large quadrat sizes (Fig. 2.3f). This can be‘related to the
vegetative origins of the stems and slow‘dispersiOn through'
the forest. ' | ' '

N. cunninghamii is regenerating continuduslyvatth

Michael (Fig. 2.2g), both vegetatively and from seed (Table
2.3). Small stems are clustered predominantly at the smaller
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unadfat siZes, with progressively less clustering of larger
stems (Fig. 2.3f). Seedlings <10 cm high are profusé on the
mossy forest floor (Fig. 2.8b). -

Weindorfer ‘s Forest _ ,
Both sites (Wl and W2) are closed forests dominated by

A. selaginoides and N. cunninghamii. The two sites are only

50 m apart, both on the same soil and on a level site, but
with varying structures. The trees are largest on W2 wheré"

A. selaginoides reaches heights of up to 30 m and stem

diameters of 200 cm, and N. cunninghamii groWs up to 27 m -

high with stem diameters of up to 130 cm. A. selaginoides

stems on Wl do not exceed 24 m in height and 90 cm dbh.
Large canopy gaps are less frequent on Wl (Table 2.5) and
the understorey is more dense than W2 (predominantly

Trochocarpa gunnii). Some large logs, 120-150 cm diameter,

lay rotting on the floor of Wl. On one of these a 33 cm dbh
tree with anestimated age (from increment cores) of 290
years has established. These observations suggest that Wl is -

younger than W2 in terms of tree age, although relatively

large A. selaginoides were present on Wl in a previous
generation. The rate of decay of the fallen logs is
uncertain so the age of the earlier population is,unknowh
and the time and reason for its demise are unknown. The
forest is close to open plains and therefore may be exposed

to fire. Some A. selaginoides trees close to the forest edge

were fire-scarred. _ ,
The size structure diagrams (Figs 2.2h & 2.2i) indicate

that N. cunninghamii is regenerating continuously on both

sites from seed and stem sprouts (Table 2.3). On Wl the
seedlings are most highly clustered in the small quadrat
sizes, but are still clustered in quadrat sizes up to 21 x
21 m (Fig. 2.3h). Stems 5-14 cm dbh are 01UStefed to a ,
lesser degree and large stems are randomly distributed (Fig.
2.3h). On W2, where the canopy has a higher mean opening
(Table 2.4), N. cunninghamii seedlings show,less clustering’
"(Fig. 2.3i). Stems 5-14 cm dbh aré clustéréd in the smallest




Fig. 2.4 Patterns of establishment of A. moschatum at

Mt Michael and Diddleum.

Individual A. moschatum stems 215 cm dbh: A

Individual A. moschatum stems 5-14 cm dbh: A

Presence of A. mcschatum stems <5 cm dbh and >10 cm high

of vegetative origin in a 3x3 m quadraﬁ:

Individual A. moschatum stems <5 cm dbh and >10 cm high’

of seedling origin: S

Fig. 2.5 The distribution and diameters of
A. selaginoides stéems >15 cm dbh at Weindorfer- 2.
The study site is 54x72 m.




Mt Michael

Diddleum

18
27 22

15

165

33

178

15
181

15 16 89
18

35
36 35

46

15

19

17

15

15 25 15
17
21 3 57
19 2022
22
25 16 23 200
19 :
141
16
16 15 72
3s
17 a1
15
51
43




Site n
' (%)
Sumac 48 24.8 + 3.5
Parrawé 48 19.2 + 4.0
Pipeline Road’ 48 17.3 + 4.0
- Stephen’s Rivulet 48 31.3 + 3.6
Frodsham’s Pass 48 12,8 + 2.8
. Diddleum a8 14.1 + 2.6
Mt Michael a8 14.0 + 2.0
Weindorfer 's Forest Wl 48 17.0 + 2.2
w2 48 30.7 + 3.4
Ballroom Forest 25 5.0 + 1.6
Mt Anne 25 22.4 + 3.6
Howards Road H1 15 12.3 + 2.6
H2 15 35.5 + 2.0!
Dempster 48 15.7 + 2.7
Pieman 15 . 7.3 + 2.6
Murchison 15 10.5 + 4.2
Sawback 15 6.9 + 1.1
Hastings 15 9.1 + 3.7
Mt Field 25 69.6 + 6.5

Table 2.4

Mean canopy opening (with standard errors)

at each study site, determined from n hemispherical

photographs taken 1.5 m from the ground.

Canopy opening

Table 2.

! Measured while N. gunnii was in full leaf.

5 Light conditions on the larger (0.39 ha) study sites: the number of

" quadrats (9 x 9 m) falling in each of the 10% classes of 0-100% canopy opening,

estimated from hemispherical photographs. The total number of quadrats on each

site is

48.

Canopy opening Sites
(%) K v
m
-

2 o

: ¢
24 ..E E N
) ° b4 . E £ 2
[$] 2 c -Q = Q Q 4
« o = £ 2 = s =3
13 oy o a g 3 - N E
5 © o 2 (= 2 = 4
7] o & » w a s E< = o
0-10 17 27 24. 13 32 28 27 12 10 27
11-20 9 3 11 8 9 12 - 11 25 7 9
21-30 . 7 4 5 6 2 v3 5 5 8 7
31-40 4 2 "2 6 2 0 2 1 7 0
41-50 5 3 1 4 1 2 1 2 6 2
51-60" 2 1 1 4 0 1 1 2 3 0
61-70 2 3 1 2 0 0 1 1 3 1
71-80 1 1 1 3 0 1 0 0 2 2
81-90 V] 1 2 2 1 1 0 0 2 0
91-100 1 3 0 0 1 0 0 0 0. 0
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quadrats, and large stems have a random distribution (Flg

2.3i). A. moschatum is regeneratlng contlnuously (Fig.

2.2i), primarily by vegetative reproduction (Table 2.3). E;

aspleniifolius 1s not sufflclently frequent within the

smallest size class to malntaln the size distribution on w1
(Fig. 2.2h) and is absent on W2. '

The size structure diagrams of A. selaginoides show

discontinuous regenerétion. On W1, small trees are“
infrequent (Fig. 2.2h) and 92% of the stems <5 cm dbh occur
in two canopy gaps of ca 10 x 15 m; although seedlings <2 cm e
‘'high are frequent throughout both study sites. The pattern
of size structure may either represent'episodic'regeneration
depenaent on the infrequent formation of large canopy gaps,.
or failure of the small saplings to Successfully reach the
canopy. The pattern analysis (Fig. 2.3h) indicates a high

degree of clustering of small A. selaginoides stems at

smallest size classes with some clustering occurring
throughout the range of quadrat sizes. Stems 5- 14 cm dbh are
not frequent enough for cluster analysis. Large trees are
randomly distributed at all quadrat sizes (Fig. 2.3h), .
indicating either the effect of stem thinning or origiual_
random establishment. | ' ' '

On W2,'the size structure of A.'selaginoides’suggests

two temporally distinct populations, the older of five
remaining trees with stems 140-200 cm dbh, and the younger
population regenerating continuously (Fig. 2.2i). Seedlings
of A. selaginoides are host highly clustered at the smallest

quadrat sizes but clustering occurs throughout the range of
quadrat sizes, and stems 5-14 cm dbh are clustered at the
small quadrat sizes (Fig. 2.3i). The large stems are
clustered only at 6 x 6 mand 9 x 9 m (Fig 2.3i).

- Examination of the spatial distributions of stems.>15 cm dbh
(Fig. 2.5) shows that stems >50 cm dbh are not clustered but .
that the smaller stems are often clustered 1nto groups of

stems of similar dlameter
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Ballroom Forest
This tall closed forest is dominated by N. cunninghamii

and A. selaginoides with A. moschatum sub-dominant. A.

selaginoides reaches heights of 40 m, emerging above the

main canopy of N. cunninghamii (36 m) and A. moschatum (27

m). The canopy is dense (Table 2.4), especially beneath the
canopy of A. moschatum, and the understorey is open.

The size structure diagrams indicate that N.

cunninghamii and A. moschatum are regenerating continuously

in this forest (Fig. 2.2j). The only seedlings of N.

cunninghamii and A. selaginoides occur in a single large

canopy gap (ca 10 x 20 m). However sprouts from the base of

the main stem are common in N. cunninghamii throughout the

forest. A. selaginoides has a discontinuous size structure

with most stems being greater than 65 cm dbh (Fig. 2.23)
which indicates either a temporal gap in the establishment
of this species or failure of small stems to reach the
canopy.

" The transect across the outer edge of the Ballroom
Forest starts in a relatlvely species-rich closed heath

containing the woody species Bauera rubioides, Baeckia

gunniana, Oxylobium arborescens, Boronia citriodora,

Nothofagus cunninghamii, Nothofagusggunnii, Athrotaxis

selaginoides, Athrotaxis cupressoides, Richea pandanifolia,

Richea sprengelioides, Coprosma gquadrifida, Tasmannia

lanceolata, Phyllocladus aspleniifolius -and Leptospermum

nitida and terminating in the species-poor tall closed
forest of N. cunninghamii, A. selaginoides and A. moschatum.

(Fig. 2.6d). Stem density of A. selaginoides is highest on

the forest edge (15-40 m along the transect), with very low

density within the forest (Fig. 2.6a). N. cunninghamii also
has high stem densities at the forest edge, decreasing to a
relatively constant density of about 10 stems per. 100 m?

within the forest (Fig. 2.6a). The dens1ty of small stems of

A. selaginoides is high only on the forest edge, whereas the

density of small stems of N. cunninghamii remalns at a

relatlvely constant level w1th a single high peak (at 40 m)



Fig. 2.6 Vegetation changes across the closed heath-
closed forest boundary in the Ballroom Forest, Cradle
Mountain National Park. The transect is 80x20 m, with

data recorded in contiguous 5x20 m quadrats.

a. Frequency of all stems 210 cm high in each
quadrat. ‘

b. Mean height of the three tallest stems in each
quadrat.

c. Frequency of stems 10-100 cm high.

da. Species richness of woody plants in each quadrat.

a,b,c: N. cunninghamii °
A. moschatum A

A. selaginoides (]
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in a canopy gap (Fig. 2.6c). However within the mature

forest, small stems of N. cunninghamii are predominantly

vegetative in origin, other than in canopy'gaps. A.
moschatum is not establishing in the heath or at thé forest

edge (Figs 2.6a&c). A. selaginoides is.commonly'overtoppedb

by N. cunninghamii except in the mature forest where it -

emerges above the tallest N. éunninghamii trees, and A.

moschatum never reaches the upper éanopy (Fig,-2.6b), It is

uncertain whether theklarge A. selag;ﬁbidés stems

established within a rainforest situation, in association

with species such as N. cunninghamii, or whether theyb

originated in a heath vegetation similar to that beyond the

forest edge. The paucity of regeneration of A. selaginoides

in the rainforest suggests that the larger stems originated

in a more open vegetation.

Howard “s Road _
Hl is a tall closed forest with scattered large A.

selaginoides reaching heights of up to 35 m, emerging

slightly above a canopy'of N. cunninghamii, E. lucida and A.

moschatum. The latter three‘species, together with

Anodopetalum biglandulosum, are abundant in the small size

classes and are regenerating continuously (Fig. 2.2k). A.

selaginocides however is not represented in the small size

classes (Fig. 2.2k).

H2 is a low closed forest with a staggered canopy,
consisting of a tangled mass of stems of trees and shrubs.
N. gunnii occurs in almost krummholz form with prostrate |
trunks of up to 35 cm diameter within 1 m of the'base,
eventually forming an erect trunk up to 5 m high. There was
no indication of adventitious roots forming from the _
prostrate trunks and branches. The stem origins were often
obscured by years of humus formation and the establishmeht
of other stems, and trunks were prbstratevfor up to 4 m. The

other tree species were growing erect, A. selaginoides

reaching heights of 12-15m and the other tree spécies

forming a staggered canopy of 5-10 m height with the shrub
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and small tree species, Agastachys odorata, Anopterus

e . o,
glandulosus, Tetracarpea tasmanica, Tasmannia lanceolata, .
[a)

Persoonia qunnii, Trochocarpa gunnii, Cenarrhenes nitida,

Anodqpetalumvbiglandulosum and Richea pandanifolia. The

floor was moss-covered and litter was infrequent. N.

cunninghamii, E. lucida and A. selaginoides are

well-represented in the small size classes, althougﬁ the

15-24 cm class is Under—represented in A. selaginoides (Fig.

2.21). P.. aspleniifolius is poorly repreSented in the

smallest size class and N. gunnii is not represented in the
two smallest size classes (Fig. 2.21). Seedllngs and
saplings of all species occur on the bare soil of a nearby
road edge. The N. gunnii trees were estimated to be up to
350 years old (from increment cores). Increment cores of A.

selaginoides from the Cradle Mountain area indicate that

trees on H2 could be of a similar age to the N. gunnii-
trees. However the maximum stem size of the other tree
species suggests that they have established more recently.
Age determinations from ring counts of small stems growing
on an adjacent exposed site indicate similarity of height

growth rates of allbspecies except A. selaginoides which has

a considerably lower growth rate (Table 9.3).

Mt Anne

Forests containing A. selaginoides and N. cunnlnghamll

occur over several hundred metres elevation over the
north-west ridge of Mt Anne. The study site selected was a

closed forest dominated by these two species forming a

canopy up to 30 m high, with A. moschatum sub-dominant and
with a relatively clear understorey. Part of a | v
recently-formed canopy gap (within the last five years),
approximately 10 x 15 m, occurred within the study site.

The size structures of the N. cunnlnghamll and A.

moschatum populatiohs indicates that these species»are_

regenerating continuously (Fig. 2.2m). A. selaginoides

however is not represented in the 5-24 cm classes_(Fig.
2.2m). The only stems less than 25 cm dbh are three
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seedlings which are 10-30 cm high. This size structure

appears typica1>of a very large area of forest on Mt Anne.

Dempster _
This closed forest has a canopy up to 25 m high formed

by N. cunninghamii, P. aspleniifolius and E. lucida. The
understorey is variable, ranging from clear and open; to

dense thickets of small diameter stems of Anodopétalum’

biglandulosum, Anopterus glandulosus and Cenarrhenes’nitida.f

Ferns form less than 5% cover of the forest floor. Lérgei
fallen and rotting logs occur on the forest floor. !
All woody species are well represented in the small size

classes with the exception of P. aspleniifolius which.

reaches a peak frequency in the size qlass'35—44 cm (Fig.
2.2n). Seedlings of P. aspleniifolius <10 cm high occur

within the forest but are most frequent on exposed edgés of
the forest, and survival to sapling size is insufficient to

maintain the frequency of P. aspleniifolius within this

forest. Vegetative reproduction is common in all woody

species other than P. aspleniifolius, and forms all of the

reproduction of A. biglandulosum, A.Aglandﬁlosus_and C.

nitida within the forest (Table 2.3), although seedlings of

these species were observed on the forest edge.

Seedlings of N. cunnihghamii and E. lucida are most

clustered at the small quadrat sizes, but some clustering is
apparent in all but the largest quadrat size (Fig. 2.3j). N.
cunninghamii stems 5-14 cm dbh are not sufficiently frequent

for pattern analysis. Stems >15 cm dbh aré randomly N
distributed at all quadrat sizes (Fig. 2.3j). E. ldcida_
stems of the two larger size classes are clustered at the
small quadrat sizes (Fig. 2.3j). This pattern results from
both the clustered dispersion of'seedlingsvahd the success

of vegetative reproduction.

- P, aspleniifolius stems are frequent enough for ahalysis
only at stem size >15 cm dbh. Pattern analysis indicates '

weak clustering at the smallest quadrat sizes (Fig. 2.373).

~ C. nitida and A. glandulosus are also clustered at the
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small quadrat sizes (Fig. 2.3k) and are poorly dispersed
through the forest. A. biglandulosum is widespread through

the forest with less clustering of stems than C. nitida and
A. glandulosus (Fig.2.3k) although these three species are

all reproducing entirely by vegetative means (Table 2.3) -
by stem sprouts or by adventitious rooting of fallen stems.

Larger stems of A. biglandulosum (5-14 cm) are more highly

clustered at the small size quadratisizes than smaller stems
(Fig.2.3k).

Murchison

This closed forest has a staggered canopy formed by P.

aspleniifolius, N. cunninghamii and E. lucida of 20-25 m in

height,with A. biglandulosum, C. nitida and A. glandulosus

up to 15 m high; Understorey species include Trochocarpa

gunnii, Richea pandanifolia and occasional Gahnia grandis.

Large fallen and rotting logs were absent.

P. aspleniifolius is absent from the small size classes

and has a peak frequency at 25-34 cm dbh (Fig. 2.20). C.
nitida is also absent from the smallest size class (Figqg.
2.20). The other species are regenerating continuously, N.

cunninghamii both vegetatively and from seed, and the other

species predominantly by vegetative reproduction (Table
2.3). Seedlings of all species are common on bare soil on

the forest edge.

Pieman o
This tall closed forest is dominated by P.
aspleniifolius (up to 32 m high) and N. cunninghamii (up to

29 m high), with A. moschatum and A. biglandulosum

subdominant. The interior of the forest is a dense tangle of -

stems of A. biglandulosum which extend into the few canopy

gaps.
P. aspleniifolius is absent from the small size classes

(Fig. 2.2p) although seedlings and saplings are frequent at
the forest edge. Other tree species are regenerating

continuously, primarily by vegetative reproduction (Table



23

_ 2.3). Only P. aspleniifolius. has reached its maximum
potential size. It is nbt clear if this is a reflection of
'.its‘duration of site oCcupstion relative to the other
'speC1es, or, a dlfferentlal relatlonshlp between site quallty

“and maximum attalnable size among the species.

Hastings _
This closed forest has a staggered canopy formed by P.

asplenifolius and N. cunninghamii trees up to 20 m high,

~with several small tree species (Table 2.1).The size

structure indicates that P. aspleniifolius is absent from

the small size classes and has a peak frequency of stems at
35-44 cm dbh (Fig. 2.2q). The other common species of trees
are regenerating continuously (Fig. 2.2q). Neither N.

-cunninghamii, E. lucida er_A. moschatum have reached their -

maximum size pOtential, although P. aspleniifolius has done

so. As on the Pieman site, it is not certain whether this
~relates to stem age or the effects of site quality on

maximum attainable size.

Sawback »
" This closed forest contains P. aspleniifolius (up to 20

- m high) and shorter trees up to 17 m high forming a
staggered canopy. The adjacent forest was burnt
approx1mate1y 15 years ago (determlned by sapllng ages).
along two edges and approx1mate1y five years ago along
'another edge.

P. aspleniifOlius is not represented in the smallest

size class (Fig.  2.2r). Stems have a peak frequency at 25-34

. cm dbh. N. cunninghamii is Well'represented in the smallest

vsize class but is poorly represented in the 5-14 cm dbh size
class (Flg 2v2r) It is not clear whether this size

' structure represents a short period of regeneratlon fallure,
or the failure of small stems to successfully reach the
 canopy The other tree species are regenerating
contlnuously, prlmarlly by vegetative reproductlon (Table

2. 3) Seedllngs of E. lucida, P. aspleniifolius and N.
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. cunninghamii <5 cm high are common on the forest floor, and

all species currently in the canépy as well as Monotoca

"glauca, Cyathodes juniperina and Tasmannia lanceolata are.
present as seedlings in the most recently burnt area
adjacent to the forest. Large fallen and rottlng 1ogs were.

absent from this forest

Mt Field _ _
This site was selected for study because of the -

apparently continuous regeneration of P. aspléniifolius. The

site is on an acid Sandy peat with patchy sphagnum moss’

distribution in poorly drained hollows. Most estabiishméhts_.. ’

appear to be confined to small mounds, and the few seedlings
which have established in the sphagnum hollows are stunted
and chlorotic. The prédbminant tree species is P.
aspleniifolius (Table 2.1) reaching heights of up to 6 m[r”

~with A. biglandulosum and occasional N. cunninghamii and

Eucalyptus subcrenulata. The area is a mosaic of low. open

forest, with patches of dense low closed forest, and the
whole area of approximately 1 ha is surrounded by eucalypts..
The area used for study is open woodland, selected to show

the size distribution of P. aspleniifolius, indicating

continuous regeneration (Fig; 2.2s) which has not préviouslyv
" been recorded for this species in this study. The small
clumps of dense forest do not contain seedlings and appear
to have a size structure similar to that recorded on other

study sites in P. aspleniifolius.

Discussion

N. cunninghamii, A. moschatum and E. lucida

‘The population size structures indicate that these
species are regenerating continuously;'with the possible

exceptions of N. cunninghamii at ‘Diddleum and Sawback ThlS

makes no assumption about the. stablllty of spe01es

proportlons since the mortality rates are not known.
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At Diddleum ahd>Sawback, where N. cunninghamii is poorly

répresedted”in some small size classes, two alternative
interpretations may be made. Firstly, it may bg interpreted
"as a temporary deficit, and that the smaller stems are
sufficiently abundant to allow regeneration of the
population. However it may also be interpreted as a failure
of the smaller stems to successfully reach the canopy. At
Sawback, which has a low mean canopy opening, the only
species which are regenerating continuously are doing so
entirely by vegetative reproduétion (Table 2.3). Seedling
establishment appears to be less effective in forests with a
denSe canopy on poor soils, where death of a tree does not
create an effective gap at ground level due to the high
frequency of small stems of vegetative origin of many
species. For example, a high pfoportion of vegetative

reproduction in N. cunninghamii and E. lucida is in general

associated with low mean canopy opening (Fig. 2.7). This is
due to the association between seedling frequency and canopy

conditions (Fig. 2.8a&b). This is most noticeable in N.

cunninghamii for which a larger number of sites were
sampled. Séedling establishment patterns with respect to
candpy opening may be complicated by sﬁbstrate preferences,
with seedlings of all thevcanOpy species most common on bare
1 mineral soil, moss and rdtting logs. Diddleum is the only
odd point on the plot of the percentage of stems of

vegetative origin of N. cunninghamii against mean canopy

| opening (Fig. 2.7). The infrequency of establishment from
seed on this site (Fig. 2.8b) is probably related to the
'Qnusuélly déep layer of fine branch litter on the forest
floor which retards seedling establishment, and to the high
density of ferns in the older canopy gaps. Seedling
establishmeht is.unusually high at Mt Michael (Fig. 2.8b)
‘which has a very similar canopy éover to Diddleum (Tables
2.4 & 2.5), but has a moss-covered forest floor. Small stems
are infrequent at H2 (Fig. 2.8b) due to the low percentage

~ of the total basal area formed by N. cunninghamii. There is

no trend in thevfrequency of stems of vegetative origin with



Fig. 2.7 The proportion of stems >10 cm high and
<5 cm dbh that are of vegetative origin in relation

to mean canopy opening of the forest.

N. cunninghamii : e
A. moschatum : A
E. lucida : (]

The circled point is from Diddleum.
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Fig. 2.8 The freqdéncy of stems >10 cm high and <5 cm dbh
(ha_l) in relatioh to mean canopy opéning of the forest. V
Data pbints aré plotted only for sites whére the species
forms at least 5% of the total basal area.

a. E. lﬁcidé of Vegetative origih: o
| ' | of seedling origin: =

b. N. cunnin@hamii of vegetative origin: O

of seedling‘origin: °

c. P. aspleniifolius (of seedling origin): a

A. sclagincides (of seedling origin): a

Howard ‘s Road, H2: h
~ Mt Michael: m
- Diddleum: d



_(Io'ge)

No. of stems

No. of stems (loge)

84

T ‘ T -
10 20 30 40

Mean canopy opening (%)

ed

i T i

T
10 : 20 30 40

Mean canopy opening (%)



No. of stems ‘(Ioge)

8-
.\4
6-

5+

20

1 T - T

30 40 S0

Mean canopy opening (%) -

60

70



26

‘"respect to mean canopy opening (Fig. 2.8as&b). Even though
the associatiqn.between canopy openihg and- regeneration from
seed is generally clear, the features of the canopy opening
which are determining the success of establishment (é;g.
light and nutrient availability) are not ‘certain. |

The clustering patterns of A. moschatum, and to a lesser

extent E. lucida, reflect the vegetative origins of many of
the stems. Clusters of vegetative stems are oftén‘large in
size and restricted in frequency which-leadsito the |
clustering apparent at large quadrat sizes in the pattern
analyses. The clustering patterns of smaller stems of -
species that reproduce vegetatively is strongly influenced
by the dispersion of the larger parent stems (Fig. 2.5). éL"
moschatum is poorly dispersed through many of the sample
plots (Sumac, Diddleum, Mt Michael, Mt Anne, Béllrodm v
transect and W2) or is absent (Wl)nalthoughvcommon in
adjacent forest. On these sites there is no evidence of
older parent stems and the largest stems appear to be the
result of random establishment from seed. From these
establishment patterns it appears that these-forésts»will

contain progressively more A. moschatum as it spreads

vegetatively and from rare seedling establishments. For

example A. moschatum is more widely dispersed through

Diddleum than Mt Michael and this is due to the greater
number of stems (sapling and small tree) that have
established from seed on the former site. However, this ,
dispersal through the forest has occurred very slowly. For
example, the large stems of A. moschatum on the Mt Michael

and Diddleum study sites are up to 40 cm dbh which indicates
é'maximum age of approximately 220 years (using the-
regression obtained from Pipeline increment cores together
with sapling growth rates (Tables 2.Y and 9.4)). On sites

where A. moschatum forms a higher percentage of the total

basal area and is well-dispersed through the forest .
(Frodsham’s Pass, Parrawe and Ballroom Forest) N.

cunninghamii is regenerating successfully in canopy gaps. If.

any autogenic replacement of N. cunninghamii by the more
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shade-tolerant A. moschatum is oecurring,fit is'over,a_very.
long time scale and as such the frequency-and effect_ef
catastrophic disturbance maybmake the projected'outcomei _
purely theoretical. Several stands of rainforestvddminated

by A. moschatum do occur in Victoria and Tasmania. In

Victoria the absence ova.icunhihghamii on the Errinundra

Plateau, which has an apparently suitable climate (Busby
'1985), has been attributed to poor seed dispersal and
subsequent inability to cross dry_corriddrs (Howard & Ashton

1973). In Tasmania, A. moschatum sometimes occars in small

stands, usually in wet gullies, as the ddminant.rainforest

species, with N. cunninghamii absent. In these stands A.

moschatum is usually grdWing in_aSSOCiationYWith Eucalyptus

and Acacia species which have fire—Stihulated regeneration. -
It has been suggested that these outliers of A. moschatum

are due to superior fire and drought resistance (Mount 1964)is
and' superior dispersai (Gilbert 1959; Jackson 1983) as

compared with N. cunninghamii. The oﬁly report of A. .

moschatum autogenicaliy replacing N. cunninghamii was made

by Gilbert (1959) in the Florentine Valley. He reported poot

regeneration of N. cunninghamii in pure rainforest and mixed

forest and suggested that A. moschatum, which was well

represented in the small size classes, would progressively

replace N. cunninghamii. Unfortunately that site was cleared

many years ago. The factors controlling the success of A.
meschatum establishment from seed are not certain. There is
no relationship between the proportien of vegetative
reproduction and the meanncanopy opening (Fig. 2.7).

On a shorter time-scale, however; these three species
tend to be self-replacing in old, undisturbed forests. This -
is probably influencedsby_the fellowing features: |
1. Reproduction characteristics:"Vegetative':epfoduction'
(basal sprouts from the stem base) predominates in A.
moschatum, and is common in E. lucida, thereby alldwing'j
~indefinite replacement. These'stems ate often already'paftj.i
of the canopy at the time of death of the main stem.

Sprouting of shoots from a basal burl is common in g;'t
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~cunninghamii in Victoria and parts of north-west Tasmania

(Howard 1973) but is generally less frequent elsewhere»in

Tasmania.‘viable seed of N.ICunninghamii and E. lucida is
poorly dispersed (Hickey et al. 1983), eepecially'within the
rainforest where air movement is reduced by the density of
the canopy. The seed pool is therefore concentrated around
trees of the same species.

2. Establlshment preferences with respect to gap size: eé;
moschatum trees have a deep, conical crown with a diameter
at the widest point of 5-12 metres. The effective eanépy'gap

created by the death of an old A. moschatum stem is -

relatively small, especially'whén the tree is multi-stemmed.

Successful regeneration of N. cunninghamii or E. lucida in

such gaps is relatively infrequent. Seedling frequency of N.-
cunninghamii and E. lucida is associated with the'forest
light climate (Figs 2.7, 2.8 & 2.9). The results of pattern

analysis indicate that N. cunninghamii and E. lucida
seedlings are.most'highly clustered at small quadrat sizes.
Cluster size depends on the'availability_of a suitable
substrate as well as the size of the gap, and therefore may

be lower than the actual size of the gép. N. cunninghamii

trees have a larger crown with a diameter of 8-18 metres,

which casts_heavy shade. Death of an old stem results in a
relatively large gap;land other trees may be knocked over by
its fall. Gaps created by the initial fall of an old N. |

2

cunninghamii of up to 550 m“ were recorded on the study

sites. Establishment by A. moschatum is less likely in these o

gaps largely due tovthe generally inffequent establishmeht
from seed. Lateral outgrowth of branches or coppice of

‘existing stems of A. moschatum may utilise some of the

canopy gap. Seedlings of N. cunninghamii and E. lucida

readily establish in such gaps. Where seedlings of both

these species establish (ef'with other gap—regeheratihg

. species), the replacement species is the result of v _

competition processes which are con51dered in Chapters 9 and”

10. o o | .
In dis-climax rainforests, such as the late stage mixed"
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fdrests,'the composition of this rainforest component may
not be so stable. For example, Ogden & Powell (1979)>suggést

that N. cunninghamii increases its basal area as the.

eucalypts die out, but that the basal area of A. moschatum

remains unchanged. Lowland rainforest canfregénerate after
fire so long as the fire-free interval is long (Gilbert"v |
1959) and there is an available seed source. Howevér'little
is known about the early stages of post—fire'régenératiOn
and the stability of species composition. Thé pfdbabalistic
model of species replacement described above suggests the
importance of the initial floristic composition (Egler

1954), i.e. if N. cunninghamii, E. lucida and A. moschatum

establish early on a widely disturbed site, through chance
dispersal or differential survival of fire, théy will tend
to persist. | .

Myrtle dieback as described by Howard (1973d, 1981) was
observed only on the Mt Michael and Diddleum study sites,
although it was observed on road edges near some other studyv
sites. The effect on differential establishment of the three
species described in this paper in terms of gap formation is

uncertain although Howard (1981) noted that seedling,

sapling and pole trees of N. cunninghamii were present in
these gaps. Although the large amount of leaf and branch
litter from the dying trees at Diddleum appeared to retard
seedling establishment, at Mt Michael seedlihgs were common,
and therefore the effect of the dieback on regeneration is
probably determined by site characteristics such as those
which determine the rate of litter decdmposition.

The persistence of N. cunninghamii in lowland cool

temperate rainforest in Tasmania is due to its ability to
regenerate in canopy gaps created by the fall of old trees.
A similar pattern of regeneration of N. cunninghamii was
noted by Howard (1973a) in Victoria. Although this gap
~replacement is a feature of high altitude forests in New
Zealand (June & Ogden 1978) and Chile, and at high Iétitudes _
in Chile, it is less frequent in forests occurring on '

optimal sites (Veblen et al. 1981; Wardle 1983). In the
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mixed rainforests in south-central Chile N..ddmbeyi'occurs
in large even-aged patches with no cluStering within the
‘patch and is generally unable to regenerate in canopy gaps'
created by the death of old trees (Veblen et al. 1981). The
difference between this 51tuatlon ‘and that Oobserved in A

Tasmania may be caused by dlfferences 1n phy51ology (such'as"

light requirements) between‘the Nothofagus species, or in
characteristics of the co-occurring species. These

hypotheses are examined in Chapter 12.

A. selaginoides

A. selaginoides is regenerating continuously only on the
edge of the Ballroom Forest, and at H2. In the closed.

forests, A. selaginoides either has temporally distinct~

populations (W2) or is failing to regenerate sufficiently to
maintain its abundance in the canopy ( W1, H2, Mt Anne and
possibly Ballroom)., Kirkpatrick & Harwood (l980)_observéd

the absence of seedlings and saplings of A. selaginoides at

Mt Bobs (southern Tasmania) with no evidence of recruitment
over the last 300 years. Ogden (1978) found a similar
population size structure on his study site at Mt Anne with
infrequent recent establishments and infrequent recrultmentv
of established stems less than 50 cm dbh to the canopy. _
Ogden’s Swift Creek study site has a similar population size
structure to W2, with two temporally distinct populations,
the younger of which is regenerating continuously; He also
recoras the age of establishment of these trees from
increment cores which verifies the temporal distindtibn.~The‘
group of larger trees on W2 could not be aged because of
their large size (relative to the increment corer). The
population size structures on W2 and on Ogden's'Swift Creek
site suggest that regeneration is failing in closed forests
with unbroken canop1e¢, but that where the canopy is openlng 
due to the death of large old trees, the gaps are of - '
sufficient size to permit successful regeneration of'éL

selaginoides. It is possible, therefore, that the small
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stems observed in Wl and Mt Anne may represent the startiof
a regeneration phase with'opening'of the canopy. Similarly, -

the Ballroom Forest site indicates ihfrequent regeneration

of A. selaginoides, with seedlings occurring only in the
large canopy gaps created by the death of large old trees

and on the edge of the forest. N. cunninghamii has higher

seedling numbers in smaller canopy gaps than A. selaginoides
(Fig. 2.9), and may also regenerate from basal sprouts
(Table 2.3). Consequently it is less affécted than A.

selaginoides by the density of the canbpy and regenerates -

continuously on sites where A. selaginoides has a

discontinuous size distribution. Therefore it -is also
possible to interpret the low numbersbof small trees on
sites such as Hl1l, Wl and Mt Anne as failure of recruitment‘
to the canopy due to vigorous growth of co-occurring species
in the canopy gaps, especially on sites with higher speéiés
richness forming a closed canopy, such as Hl. Further study
sites with an emphasis on historical vegetation
reconstruction are necessary to clarify the regeneration

status of A. selaginoides on sites such as these. Even on

sites where regeneration ‘is occurring in A. selaginoides (W2

and H2) there is no indication of the stability of the

proportion of A. selaginoides in the canopy.

Kirkpatrick & Harwood (1980) reject low light intensity

as the reason for regeneration failure of A. selaginoides,

due to the frequenCyvbf seedlings of N. cunninghamii, A.

moschatum and P. aspleniifolius in the study area, and

because regeneration of A. selaginoides was observed in

forest in the Cradle Mountain area of similar canopy cover
(no”éonfirming data was presented).. However the first reason
is not a meaningful explanation since it does not allow for
differencés among species in their light requirements. In

this study, regeneration of A. selaginoides is élearly‘

greater on sites with greater opening of the canopy (W2, H2
and the edge of the Ballroom forest), although it is not a
simple relationship at the lower levels of canopy opening

(Fig. 2.8c). Seedlings of both A. selaginoides and N.




Fig. 2.9 The mean frequency of seedlings in relation
to canopy conditions (in 10% class intervals) of the
9x9m quadrats within study sites.

a. Weindorfer 2

'b. Weindorfer 1

Cc. Sumac

"N. cunninghamii: white

A. selaginoides: black

* indicates a canopy opening class for which only one

_value was recorded.
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cunninghamii have a more clustered distrihutioh on Wl which

has a higherAeverall canopy cover than W2 (Tablef2.4) and a.

low frequency of large canopy gaps (Tab1e12,5)._In addition;

seedlings of A. selaginoides are more highly'clustered'than

those of N. cunninghamii which suggests a tlghter

association with the canopy gaps. Even though the

association of A. sel;g;n01des seedllng establishment with

canopy opening is clear, the features of the canopy openlng
(e.g. light and nutrlents) which are determlnlng the success

of establlshment is not certain.

Seedllngs of A. eelaginoides less than 2_cm high oecurl'
within the forests, even where regeneration is failing, and
it_is'unlikely that germination and early establishmenthare’
the primary factors limiting regenerationvof‘this speeies bh
most of the sites studied'here. However little is known;of'

the seeding behaviour of A. selaginoides or the relationship

between tree age and the amount of viable seed produced and
“these factors may be importaht on other sites where the |
forest is relatively old before canopyhgaps are formed and
if seed production is not coincident with the formation of
canopy gaps or with climate suited to establishment.

Non- regeneratlng size structures have also been observed_

in Athrotaxis cupressoides in Tasmania (Ogden 1978) and are

common in some of the New Zealand gymnosperms. Cockayne
(1958) suggested that the mixed conifer-broadleaved forests'.
of New Zealand are a seral stage from the pioneering
conifer-dominated forests to the climax broadleaved forests
~and several authors have attributed afregeneration gap in
New Zealand gymnosperms to climatic changes which favoured
broadleaved tree species (Robbins 1962; Holloway 1964).
Several studies indicate that the absence of small stems_eh
some sites can be attributed to regeneration of the '
gymnoeperms following catastrophic disturbance.ahd:

- subsequent failure to regenerate in the more mature clOsed
forests (Clayton-Greene 1977; P. Wardle 1978; Veblen &
Stewart 1982), although some gap regeneratlon may occur Wlth.

thinning of the old forest on sites where the vlgour.of ‘the
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broadleaved species'is relatively low (Veblen & Stewérf ,
1982). On many sifes, catéstrophic disturbance 6c¢urs within
the lifetime of the gymhosperms,'thereby»maihtaining,their
importance.ih the forests. Veblen & Stewart (1982) suggest
that these size structures can be attributed to the
regeneration ecology of these species without invoking
climatic change as a causal factor. These observations are
not totally incompatible with earlier:thepriesvin that any
changes in climate may differentially-affect growth rates
and cohséquently the outcome of competition in candpy gaps . - R
or on widely disturbed sites. The limited evidence from

regeneration patternsvsuggests that A. selaginoides

_regenerates poorly in ‘many closed forests, at levels
_1nsufflclent to maintain its 1mportance in the canopy. The
conditions under whlch it became a canopy dominant of these"
forests, and the 1mportance of catastrophic dlsturbance and
gradual climatic change in creating these patterns of

regeneration is uncertain.

P. aspleniifolius

P. aspleniifolius is regenerating:continuously only at

the Mt Michael and Mt Field study sites, and at the former
site is represented only by relatively small stems. On the
other sites the number of small stems is insufficient to

allow stability of the P. aspleniifblius population. All

other species on the study sites on which P. aspleniifolius.

is common in the canopy (Dempster, Pieman, Murchison,
Sawback, Mt Field and Hastings), are redenerating

continuously,'with the exception of Cenarrhenes nitida at

Murchison and possibly N. cunninghamii at Sawback. All these

speciés, other than P. asplenifolius, have the capacity to

regenerate vegetatively. N. cunninghamii and E. lucida are
regenerating from seed on some of these sites. The other

species (A glandulosus, C. nitida, A.: blqlandulosum and A.

odorata) rarely establish from seed inside these-rainforeété_

(Table 2.3), although seedlings occur on open sites such as
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road edges. These forests have a high degree of canopy eover
in comparison with many of the other closed forests (Table
2.4) and the proportion of vegetative stems in small size
classes is higher in the forests with more closed canoples.
The ability of these forests to regenerate is therefore
dependent largely on the vegetative capacity of the

component species and the failure of P. aspleniifolius to

regenerate must be related in part to the inability to
reproduce vegetatively. Similarly, the relatively poor

regeneration of N. cunninghamii at Sawback may be related to

its less vigorous vegetative reproduction. o
Trees were aged at Dempster and Sawback. The results’

indicate that the oldest P. aspleniifolius trees at Dempster

are approximately 500 years old. Large canopy gaps have been ..
created by the death of 1arge trees, but other species have
quickly established in these gaps. The oldest trees at

Sawback (P. aspleniifolius and N. cunninghamii) are -

approximately 300 years old. This is considerably less than

the maximum ages recorded for P. aspleniifolius of 750 years

(Dunwiddie & LaMarche 1980) and N. cunninghamii of 450 years
(Gilbert 1959) and this, together with the absence of recent

large tree falls and large rotting logs, indicates that the
Sawback forest has not completed a full generation. The
'absence of large rotting logs at Pieman and Murchison
indicates that these sites may also not have completed a
full generation (i.e. a full lifespan). This suggests that
‘the closed forests containing large proportions of P.

aspleniifolius have originated after large scale

disturbance, with recruitments to the canopy showing a
general decrease with time. These forests have a very closed

canopy and P. aspleniifolius fails to regenerate eVen_though '

seedlings less than 5 cm high are common in the forest At
Dempster where large trees are falllng and the canopy ‘has a
greater mean canopy opening, due to more frequent canopy

gaps, P. asplenifolius is also failing to regenerate. This "

'site has similar canopy conditions to Mt Michael where P.

aspleniifolius is establishing, while forming_a very small
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propbrtiqn_of the canopy (<1%). This appears due in part to
»fhe présence of the small tree species at Dempster which.
coppide vigordusly or produce vertical branches from
'prostrafe stems, thereby reduéing the light reaching the
forest floor in the canopy gaps. These species, including A.

biglandulosum, A.Aglandulosus, C. nitida and Trochocarpa

gunnii, are common components of all the closed forests

- where P. aspleniifolius is a major component of the canopy.

Therefore, death of old trees on other sites is unlikely to

result in a regeneration phase of P. aspleniifolius. The

future of such sites is uncertain with réspect to the effect
of the small tree species on the continued regeneration of
other canopy species. Little is known of the ecology and
dynamics of the small tree species. While they rarely
establish under a closed cénopy, they may vigorously occupy
small canopy gaps by vegetative reproduction, and may

prevent establishment of the taller canopy species.

The Mt Field site represents the extreme in poor soil
quality (indicated by the very low growth rates, Table 9.4)
with the resultant low frequency of the faster-growing
canopy species which are common on higher quality soils. P.

aSpleniifolius is regenerating continuously under the open

canopy, with competing species limited predominantly to the

" low shrubs and Gahnia grandis. Pattern analysis was not

'performed on this site, but some clustering due to soil
pétterning amongst the mounds and hollows of sphagnum moss .
due to low pH and poor drainage might be expected. The age
of thié_site (with respect to past disturbance) is unknown.

Although the P. aspleniifolius stems are small relative to

their potential size, the site quality is limiting the
growth rate of seedlings'(Table'9.4) and therefore may be
limiting“ﬁhe size potential of this species;

Jackson (1968, 1983) has suggested that tall closed

forest dominated by N. cunninghamii can develop on any soil

or bedrock within the climatically suitable area and that
the species composition of forests on low nutrient soils

changes gradually due to a necessary improvement in the soil

1
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nutrient status before a climax forest dominated by N.

 cunninghamii is achieved. He noted that this is rarely

aéhieved on poor soils because of the 16ng fire—free

binterValﬁrequired and that scrub rainforest may thérefore be

persistént on these sites. The results of the present study

‘indicate that there is a more rapid change in canopy

composition caused by short-term autogenic processes and

suggest that infrequent disturbances, such as fire, may be

necessary for the regeneration of P. aspleniifolius on these

sites.

This-pattérn of stand establishment followed by

- regeneration failure has some similarity with regeneration

patterns of A. selaginoides, although in the higher altitude

" habitats of A. selaginoides fire may be devastatingly

. destructive rather than regenerative (Kirkpatrick 1977). In

addition, there is also some evidence of renewed

regeneration of A. selaginoides in forests where the canopy

" is opening up due to death of large old trees, but this

pattern has not been observed in P. aspleniifolius, due

apparently to .the vigour of co-occurring species in the

~closed forests. The regeneration pattern of P.

aspleniifolius also has similarity with the native conifers

of New Zealand and Chile in which regenération appears to be
‘disturbance-initiated (Wardle 1978; Veblen & Stewart 1982),

‘except on sites where the vigour of co-occurring species is

1ow_ehough to ‘allow competitive regeneration in gaps (Veblen-

& Stewart 1982).



Part B

Studies of comparative_phyéiology
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Chapter 3 Introduction to studies of comparative‘

physiology.

Community dynamics are determined by propagule'
availability and the responses of component species to the
total env1ronment,»both physico-chemical and biotic. The sum
of these responses for an individual speeies is termed its |
"niche" and can be divided into four cbmponents (Grubb
1977): | - o
1. The habitat niche, i.e. ‘the physical and chemical 1im1ts
tolerated by the mature plant in nature.

2. The life-form niche. ' v

3. The phenological niche.

4. The regeneration niche (
For each of these componente there is a "potential niche"
(in the absence of competitors and predators) and a
"realised niche" {in the presence of competitors and
predators), although these concepts particularly apply to
the habitat niche (Grubb 1977). ‘ _

Some aspects of the niche of individual species in a_
community can be determined from the spatial and temporal
patterns of regeneration observed in field studies, as in
Chapter 2. However many,ofvthe details of a spec1es niche
are mostleasily determined by experimental studies of plant
responées to specific environmental factors.bThis approach
also recognises the impdrtance of studying comparative
species responses rather than the responses of individual
species in order to understand species niches and Community
- dynamics. The difficulties of establishing causal mechanisms.
of plant density and vigour from field cOrrelatibnsvin‘space
and time include difficulties in measuring enVironmental_ .
variables, eliciting which variable is determlning the
response, the time lag between event and_response, and the
importanee of rare events in determining species _
distributions (Grime 1965;chCune & Allen_1985). The*value -
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of comparative experiments lies in the ability to measure
plant fesponses to cohtfolled variables.’Differential
species responses may be observed in experiments in Wthh
the env1ronment is 51mp11f1ed, with no attempt to
reconstruct the field environment (Grime 1965). However
there is still the problem that a response may be peculiar
to the experimental conditions, or may not play any part in
determining field distributions (Grime.1965). At best one
can correlate the results of comparative experiments with
field data to suggest the probable importance of the
cause-effect reiationship. The greater the suite'of
plant-environment responses studied, the'greater is the
understanding possible of a particular cause-effect
relationship. Grime suggests that susceptibilities (plant
characteristics which lead to reduced survival, yield or
reproduction in the experimental conditions) often recorded
in comparative experiments are incidental effects of
adaptation to a particular environment and may give some
clue to the nature and role of the adaptations.

The prev1ous chapters have recorded spatial and temporal

patterns of regeneratlon in Nothofagus cunninghamii,

- Atherosperma moschatum, Eucryphia lucida, Phyllocladus

aspleniifolius and Athrotaxis selaginoides. Although there
has been extensive ecophysiological study of N.

'cunninghamii, primarily in Victoria (Howard 1970, 1973),

nothing has been reported of the comparative phy51ology of
the other ralnforest canopy species. The following chapters
further examlne the niches of the rainforest canopy species
by'li field observations and 2) comparative physiological
- responses of the rainforest canopy species to experimental
venvifonments;,The results are discussed in terms of the
niches ofsthevindividual species and their determination of
community dynamics, and consequently'the mechanisms
determining cOmmonity composition.

The thsiological experiments are predominantly
‘conducted on seedlings.for two reasons. Firstly, in a

- practical sense they are suitable for comparative
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experiments due to their small size whieh allows gfowth’ih
controlled conditions. Secondly, seedling responses are very
relevant to the dynamics of the forest since they represent
the early establishment phase. The early seedllng leaves of

all spe01es except P. _aspleniifolius are similar in gross

morphology to the foliage of mature plants except 1n size

and the degree of mesomorphy. P. asplenllfollus produces

true leaves while the seedlings are relatlvely small (up toe
4-8 cm high). The mature foliage con51sts of phylloclades.
The age of the seedlings used varies among experiments (butp'
is consist#nt among species‘within an experiment)»and is
stated in each case.

The terminology relating to stress and strain used ih__

the subsequent chapters is‘derived from Levitt (1980).
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Chapter 4 o - Phenology

Introduction

Temperate trees have a limited growing season in.natural.
conditions and there is considerable variation aﬁoﬁg species
in the timing and patterns of foliage expansion, and the
timing of flowering and seed release. Variation may also

occur within a single species at dlfferent 51tes These

features are examined in N. cunnlnghamll, E. lucida, A.

moschatum, P. aspleniifolius and A.vselqginoides at Mt Field
National Park (42°41°S 146°40°E) in order to determine '
whether differences among species 1n these features may
contrlbute to  the observed patterns of species regeneratlon

and distribution.
Methods

Four sites were selected over an altitudinaltrange of
820 m from 180 m to 1000m a.s.l.. The species observed at-
each site and the features recorded are listed in Table 4. 1
At each site, five lateral branches were ‘tagged on three _
trees of each species on exposed forest edges. Saplings (of

'seedling origin) of N. cunninghamii, E. lucida and P. -

aspleniifolius were also tagged at Site 2 (no saplings of

seedling origin were found in A. moschatum). The following

features were recorded: '

1. The timing of bud-break.

2. Leaf production and abscission.

3. The time of flowering, seeding and germination (where - ,

possible). Germination is often difficult to record directly

in the field and is here recorded indirectly as the first

eppearance of seedllngs (with only cotyledonary 1eaves)
Growth patterns were also observed from 1982 to 1985 in.

seedllngs raised in Hobart from seed or cotyledonary

seedings collected from Mt Fleld in June 1982. One-group of

five seedlings was grown outside under natural daylehgths, .



Table 4.1 Species, study sites and features recorded in phenological studies
at Mt Field.

Observations

Altitude Species
(m a.s.l.)
180 N. cunninghamii Leaf expansion, 1982-83 observations
' A. moschatum fortnightly.
720 N. cunninghamii Leaf expansion, 1982-83 observations
A. moschatum fortnightly.
E. lucida Flowering, seeding and seedling
P. aspleniifolius appearance, 1982, 1984 and 1985,
observations monthly, but with some
gaps in the observation period.
920 N. cunninghamii Leaf expansion, 1982-83 observations
A. moschatum fortnightly.
P. aspleniifolius Flowering, seeding and seedling
A. selaginoides appearance, 1982, 1984 and 1985}
- observations monthly, but with some
gaps in the observation period.
1000 N. cunninghamii Leaf expansion, 1982-83 observations
A. éelaginoides fortnightly.
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and another group of seedlings was grown 1n a. glasshouse

under natural daylengths.
Results

Bud-break and shoot expansion

Only N. cunninghamii and E. lucida have specific
‘adaptations for the protection of dormant bnds, the formerA‘
with the axillary buds sheathed by bracts, and in E. lucida
the apical buds are'enclosed‘in‘a yellow wax.vd' L o

‘Bud-break occurred later with increaSing aititude'for

each species, except in N. Cunninghamii at;920 m and 1000 m-

(Fig. 4.1). There was no distinct pattern in the'timing'of -
bud-break among species, other than the later bud-break of

P. aspleniifolius compared with the other species (Fig.

4.1). At 180 m, N. cunninghamll buds broke earlier than

those of A. moschatum, but there was no difference between

these species at 7000 m and 920 m. Similarly, A. selaginoides

buds opened earlier than those of N. cunninghamii at 920 m

but there was no difference among these species at 1000 m.
Bud-break was up to 2-4 weeks earlier in saplings of P

aspleniifolius and N. cunninghamii at 700 m than in adults.

In 1985, leaf production was delayed in A. moschatum andng

aspleniifolius, so that at the 920 m study site, leaves of -

these species were not fully mature'by June. In contrast,
leaves of the other species had matured by late summer-early
~autumn. - , ‘ A
N. cunninghamii shoots from saplings and mature plants

showed predominantly determinate growth, With a single flush
of growth from ax111ary buds during the spring, usually
bearing 5-16 leaves. Many ax111ary buds remained dormant
during the three years of observatlons, Ax111ary_buds formedd'
‘during the growth flush occasionally break'in saplings'in ?'
. the late summer to form.a,second flush of drowthi(this wasf:
not observed at 920 or 1000 m), and.some continuods |

production of leaves after the initial determinate growth'



Fig. 4.1 Timing of leaf production at Mt Field at each

‘altitude, examined at two-week intervals in 1982-1983.

@—e The period during which bud-break occurred in
mature plants.
0—0 The period during which bud-break occurred in
saplings (of seedling origin) 1.0-1.5 m high.
The dots preceding the marked period indicate the time of

the previous observation.

Most N. cunninghamii leaves were produced during the

spring growth flush, but some expanded shoots of saplings
continued to produce new leaves at the apices.

e The date at which N. cunninghamii leaves were

fully expanded.

* The date at which N. cunninghamii leaves produced

in the spring growth flush were fully expanded,
with further leaf production occurring at the

shoot apices or in a later growth flush.

A The date by which leaf production had ceased.

Fig. 4.2 Timing of flowering at Mt Field at each
‘altitude, examined at monthly intervals in 1983-84 (=)
and 1984-85 (a4 ). Flowering was not observed in

A. selaginoides and N. cunninghamii during this period.

The dots preceding the marked period indicate the date of
the preceding observation. '

The date shown for P. aspleniifolius indicates

only the first appearance of the cones. The dates shown
for both P. aspleniifolius and A. moschatum refer only

- to the appearance of female cones/flowers.
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was occasionally observed in saplings. Shoots were fu11y>
extended within 4-6 weeks at all sites and leaves were fully
expanded within 6-8 weeks at all sites (Fig. 4.1). N.

cunninghamii seedlings which had germinated in Hobart in -

June 1982 showed continuous apical growth in'the glasshouse

through the winter and axillary buds broke in August.
Seedlings growing outside in Hobart showed some'apiéal
growth through winter until October, when axillary. buds
broke. Subsequent growth in seedlings both inside and
outside - the glasshouse was a combination of grthh fluSheé
from axillary buds with continuous growth at the shoot |
apices until early autumn, when growth ceased outside the
glasshouse, but continued inside the glaséhéuse primarily»aé
continuous apical growth. This pattern of-growth,'With R '
slight variations in timing of events, was observed in the
same seédlings until observations ceased in October 1985.

All other species}produéed foliage indeterminately. A.
moschatum and E. lucida usually produced 2-4 leaves on each

shoot during the growing season. P. aspleniifolius usually

produced a single whorl of 5-7 phylloclades, although in
shaded branches of some trees, growth was limited to a
single phylloclade arising from an older phylloclade. The A.

selaginoides shoots produced 11-23 leaves.:Leaf'produCtion

in mature plants of A. selaginoides,'A. moschatum, E. lucida

and P. aspleniifolius ceased during summer and did not

resume until the following spring (Fig. 4.1). Leaf
production ceased later at the higher altitudes (Fig; 4.1).
In seedlings raised in Hobart, leaf production was
continuous in the glasshouse, and continued very slowly
outside the glasshouse, during the first winter after
germination. Growth continued until in May in seedlings
growing outside and did not ‘resume until October. Seedlings
inside the glasshouse showed continuous growth throughout |
the year. These growth patterns remained'coﬁstaht until
observations ceased in October 1985, with slight variations

in the the timing of events.

The foliage of P. aspieniifolius seedlings at Mt Field
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consisted entirely of leaves for thé first three_years of
growth, but grown outside in Hobart,produced ph?lloélades
within the first six months of growth. .

No leaf loss was recorded in any of these species other
than due to browsing. Therefore the leaf life span was

greater than 41 months.
Flowering, seeding and germination

In 1984-85, flowering and seed maturation of E. lucida
Weréldelayed apparently by the cool temperatures during the
growing season (Figs 4.2 & 4.3). Seed maturation and o

germination were also delayed in A. moschatum in 1984-85,

and flowering in this species was delayed in 1985 (Figs 4.2
& 4.3). These events may all have been caused by the cool
1984-85 growing season. The timing of coné'development was

not affected in P. aspleniifolius but seed maturation was

delayed in 1985 at 920 m (Fig. 4.3). There was no difference.
observed in the time of seedling appearance of P.

aspleniifolius (Fig. 4.3). Seeding of N. cunninghamii and A. -

selaginoides at Mt Field occurred only in 1982, a year of

" extremely heavy seeding. Flowering of A. selaginoides and N.

cunninghamii was not observed at Mt Field in subsequent

years, either in the tagged trees or in nearby trees,’

although occasional empty husks of N. cunninghamii seed were

observed which indicated that flowering was occurring in
this species at very low frequency. No viable seeds were
found. No quantitative records of seed production in A..

moschatum, E. lucida and P. aspleniifolius were made. A.

moschatum and E. lucida flowered prolifically each year, énd
P. aspleniifolius produced cones each year but was most '
prolific in 1981-82.

Germination of N. cunninghamii normally occurs during

autumn at low altitudes and may occur later at high ,
altitudes, with seedlings not appearing until spring (Fig.
4.3). Howard (1973b) recorded the same feature in N. '

cunninghamii in Victoria. E. ihcida was only studied at 700



Fig. 4.3 Timing of the period of seed maturation and
release (1982: @ ; 1984: m ; 1985: o), and the first
appearance of seedlings ( s ) at Mt Field at each study

site, examined at two- or four-week intervals.

The dots indicate the dates of observations prior to seed

maturation and following the majority of seed release.
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'm elevation at Mt Field. Autumn germination was recorded
there in 1982 and spring germination was recorded in other
vears. E. lucida seed does not mature until the autumn

following the year of flowering. A. selaginoides seédlings

first appeared in spring at 920 m. A. moschatum Seedlihgs
appeared in autumn at low altitudes (700 m). At 920 m
seeding was profuse and seed collected and germinated in the
laboratory showed 92% viability of selected apparentlylsdund
vseed,twhich was equivalent to 36% of the total seed '

collected. However successful germination of A. moschatum

was very rare at this altitude in 1985. Mény hundreds of
seeds were present around the base of the parent trees, but
only two cotyledonary séedlings were observed, and these
were not apparent uﬁtil September. The seed crop of’g;
aspleniifolius at 920 m was small, with the excéption of

1982, and no seedlings were observed‘in‘the‘viCinity of the:

trees.

Discussion

The patterns of shoot growth in N. cunninghamii are

identical to those recorded in Victoria by Howard (1973b),
although the appearance of a second growth flush in N.

cunninghamii appears to be more frequent in Victoria than at

Mt Field. Howard noted that the incidence of a second flush
decreased with increasing altitude at Mt Donna Buang, and
therefore the low incidence of second growth flushes at the
lower altitude at Mt Field and the absence of second growth
flushes at high altitudes pfobably reflects the cooler
climate. No data is available from other sites in Tasmania.
The only feature of the timing of bud-break that appears to
be significant to patterns of regeneration and species
distribution, is the delaying effect of a cool growing .

- season on the shoot expansion of A. moschatum and P.:

aspleniifolius so that these leaves may be vulnerable to'

frost damage.

Seedfall was recorded in N. cunninghamii and A.



selaginoides in this study only in 1982, but occurred

annually in the other three species.'Hickey et al. (1982)

recorded seedfall of N. cunninghamii, E. 1uc1da and A.

moschatum at two sites in north-west Tasmanla from 1975 to :

1981 and summarised N. cunnlnghamll seedfalls back to 1963.

This data indicates sporadic productlon of seed in N
cunninghamii, with heavy falls in 1967, 1969, 1971, 1975,

1977 and 1980, interspersed with years of loW or moderate'

seedfall. They did not find any clear'relationship between
seed productlon and the temperatures of the prev1ous growing
season, but noted that the pattern of seed productlon was |
consistent at several sltes around Tasmania. The,tlmes ofv;
fiowering and seed release reported by Hickey et al. (1982)'
are in general earller than those reported at Mt Fleld and
is likely to be related to the cooler cllmate at Mt Field.
The sporadic nature of the seed productlon of N o

. cunninghamii and A. selaginbides, and the association of low

seed viability with the years of low seed productlon (Howard
1973b; Hickey et al. 1982; Chapter 5) must have a
detrimental effect on the colonisation by these species of .
sites which are disturbed during periods ef low seed |
production. The greater consistency of seedfall in A.
moschatum and E. lucida has been shown quantitatively by
Hickey et al. (1982). There is no long-term data available

on seed production in A. selaginoides and P.

aspleniifolius.

The time of onset of germination within a species with
respect to altitude is probably related both to differencesv'
in the time of seed release and the time takenifor '
germination to occur, both factors being'affected by
‘climate. This appears to be particularly critical in A.
moschatum, since observations indicate that thevlatevseed
release at 920 m in 1985 led to very low'rates_of '
germination, although this seed was'qerminated”suceessfully'
in the laboratory soon after its release._Thls is further
dlscussed in Chapter 5. Slnce observatlons were made only at

“monthly intervals, fine-scale differences in the onset_of__



germination among species were not detected.
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Chapter 5 Germination

Introduction

The importance of the relationships between the'phyéicél
environment and seed germination on the distribution of a
species in space and time, and the variability of these
relationships has been noted by many authorsb(e g bGrubb-
1977; Bazzaz 1979). In this chapter, the gross env1ronmental
requirements for germination are studied in seeds of N.

cunninghamii, A. moschatum, E. lucida, A. selaginoides and -

P. aspleniifolius collected from Mt Field National Park
(42°41°S 146940 °E), in order to determine the impact of

germination characteristics on species’ patterns of

distribution and regeneration.

Materials and methods

Seed was collected in 1982, a year of exceptionally high
seed production for all of these species, from three trees

of N. cuhninghamii (Nc700), E. lucida, P. aspleniifolius and

A. moschatum at 700 m a.s.l. and from N. cunninghamii

(Nc980)and A. selaginoides at 980 m a.s.l. All seeds were

collected on 1.5.82 and sown on 25.5.82 following dry
storage at room temperature. |

The seed treatments for each species were as follows:
1. Incubated moist in light at 4, 12, 17, 25 and 32°C.
2. Incubated moist in darkvconditions at 25°C._ ,
3. Incubated moist in light at 4°C for four weeks, followed
by 25°c. ‘ ’

The failure of P. aspléniifolius to germinate in any of-

the above treatments led to the following treatments'for
this species only:" , - o
4. Seed soaked for 24 hours in HCl (pH 2) followed by
incubation moist in light at 20°C ' .

5. Seed scarified and incubated m01st in 1lght at 20°C.

6. Seed coat removed and seed incubated moist in llght at:v
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- 20°c. ' .

7. Seed boiled for 5 minutes then incubated moist in light
at 20°c | o |

8. Seed sown in pots of sandy loam and_placed outside ini'
full sunlight, with daily watering. ' '

In treatments 1 to 7, 30-40 seeds of each tree were
placed in a petri dish on a pad of Whatman?s Seed Test Thick
filter paper (three dishes per specieslfor each treatment,
one for each parent tree). "Thiram" fungicide was dusted
onto, the seed pad prior to the addition of distilled'water.
The petri dishes were incubated in controlled environment
growth cabinets under incandesoent and fluorescent lights
(150 umol quanta m‘?é‘l). The "dark" treatment was provided
by cardboard boxes lined with black cartridge paper.and
seeds placed in this treatment were sown-and observed under -
green light. ' ‘ , '

Seeds were observed every 1-2 days for the first 50
days, then eVery 3-5 days until Day 100, followed by
irregular observations. Observations of Treatments 1-3 were
continued for 25 days after the last seed germinated.
Observations of the 12°C treatment ceased after 125 days due
to fungal infection of the remaining seeds. Observations of
treatments 4-7 were discontinued after'90 days. Treatment 8

- was observed for 30 months.

Results

A. selaginoides, N. cunninghemii,vA. moschatum and E.
lucida neither reqoired light for germination, nor were
inhibited by light (Table 5.1). The onset of germination and
the time taken to reach 50% of the final germination was .
most rapid at 25°C for all species, although With little
difference at 17°C (Tables 5.2 & 5.3). incubation
temperature did not affect the final germination.percentage)-,
other than at 32°C, where no germination,occurred and seed
had deteriorated after 28 days, and at 4° in A. moschatum

(Table 5.1). At 12°C a substantial proportion of seeds of N.




Table 5.1 Final germination percentages of each species. Each value is

the mean of results of seed from three trees at the same site.

Species

Incubation temperature ({°C)
Site 32 25 25 17 12 4 4-251
light dark

N. cunninghamii

E. lucida

A. moschatum3

A. selaginoides

700 m 0 21 20 22 122 24 25
980 m 0 48 50 48 262 51 46
700 m 0. 93 91 93 602 95 93
700 m 0 92 97 93 492 0 99
980 m 0 61 59 63 60 67 63

1 49C for 4 weeks, then incubated at 25°cC.
2 The final count was at 125 days, with remaining seeds infected by fungus.

3 Poorly formed seeds (small, shrivelled or. discoloured) were not included.

Table 5.2 The number of days to the onset of germination and

to reach 50% of the final germination percentage, expressed as

a range.
Incubation temperature (°C)
Species Site 25 17 12 4-25!
N. cunninghamii 700 7-9 . 9-11 23-1252 7-10
980 5-6 7-8 14-1152 - 4-7
E. lucida 700 7-15  12-25 23-1152 1-1
A. moschatum 700 7-10 11-13 26- 9-11
A. selaginoides 980 8-15 13-23 20-80" 1-8

1 40C for 4 weeks, then incubated at 25°C.

2 Final germination percentage‘is assumed to be the same as at 25°C.

Table 5.3 Cumulative percentages of germination at 4°cC.

Days from sowing

Species Site 129 136 140 151 223
N. cunninghamii 700 0 0 0 24

980 0 0 0 19 51
E. lucida 700 0 0 0 95
A. moschatum 700 0 0 0 0 0
A. selaginoides 0 9 17 67

980
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cunninghamii, A. moschatum and E. lucida were infected by

fungus after 125 days (Tables 5.1 & 5.2) and observations
ceased. The final germination percentage is assumed to be

the same as at 25, 17 and 4°C for N. cunninghamii and E.

lucida. However, since A. moschatum fails to germinate at

4°C, the reduced germination percentage of A. moschatum at

12°C may not be due only to fungal infection.
The 4°C pre-treatment increased the rate of germination
for E. lucida and A. selaginoides (Table 5.2) but had no

effect on the final germination percentage (Table 5.1). A.

selaginoides germinated earlier at 4°C than the other

species (Table 5.3), including Nc980, and gérmination of A.

selaginoides at 12°C was complete within 125 days (Tables

5.1 & 5.2). All spécies, except A. moschatum germinated at

4°C within 224 days. A. moschatum had not germinated within

323 days and seeds taken from this treatment and transferred
to 20°cC failed.to germinate within 60 days under a 24 hour
photoperiod but 98% germination occurred within 9 days in
seeds transferred from 4°C to darkness at 20°cC. '

P. aspleniifolius failed to germinate in Treatments 1-7,

although seeds had fully imbibed water within 24 hours.
Observations on Treatment 3 ceased on Day 151 due to fungal
attack, and on,Day 125 for the other treatments. However,

. seeds germinated in soil left outside (Treatment 8), in the
spring of‘1§83 i.e. after two winters. Seedlings appeared in
. September and there were no later germinations, with a final

germination percentage of 62%.

Seed of N. cunninghamii, E. lucida and A. selaginoides

stored dry at room temperature germinated with 50-80% of
their original viability after 32 months. Seed of A.
moschatum could not be germinated at 20°C under a 24 hour

photoperiod after 2 months dry storage at room temperature.

Seed of A. moschatum stored dry at 4°C was successfully
germinated at its original level of viability after 4
months, but with only 3% .germination after 5 months.

However, A. moschatum seed stored in these conditions

germinated (96%) after incubation in darkness at 20°cC.
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Discussion

The early germination of A. selaginoides at low

temperatures is also a feature of Athrotaxis cupressoides

and Nothofagus gunnii (Read unpublished data), all of which
are primarily restricted to high altitudes. The ecological
importance of this feature is uncertain. Cotyledonary -

seedlings of A. selaginoides, A. cupressoides, N. gunnii and

N. cunninghamii were observed in Septembér 1982 at 980 . m

a.s.l., Mt Field (4-5 months after seed release, see Chapter
4), but the actual time of germination is unknown. Many
seedlings of all species died during summer, apparently due
to desiccation. Early germination may therefore be important
in éllowing early growth and establishment durihg periods of
low evaporative loss. The data obtained in the present study
indicate that the timing of gefmination in the field is due
to the slow germination at low temperatures rather than any
pre—chilling requirement. This has been previously reported

in N. cunninghamii (Howard 1970b). The lack of any

requirement for pre-chilling treatment in high altitude
species has also been recorded in N. gqunnii and A.
cupressoides (Read unpublished data), and in a study of

alpine plants of the U.S.A. where only 3 out of 60 species
had a chilling requirement (Amen 1966). Sayers & Ward (1966)
observed that temperatures resulting in the best germination
of alpine species in the U.S.A. (20-30°C) were similar to
species native to lowlands. Siﬁilarly, in the present study, -
germination was most rapid at 25°C for all species, with
seed of all species killed by incubationéat 32°C. However,
ecologically significant differences may occur at a finer
scale 6f temperatures than those tested here. There was no

" evidence of reduced viability of N. cunnininghamii seed with .

increasing altitude, as suggested by Howard (1973b) and
Hickey et al. (1982). '
Germination failure at 30-35°C has been reported

previously in A. moschatum by Read (1981) and in N.
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cunninghamii by Howard (1973b). Seed of A. moschatum, E.

" lucida and N. cunninghamii was successfully germinated in a

20°/30°C regime by Hickey et al. (1982). The importance of
high temperatures in seed deterioration is uncertain.
Prolonged high temperatures in the range 30-35° are unusual
in the current distribution of forests containing these V
species, both in Victoria and Tasmania, but this feature may'
be relevant to the absence of these species from warmer
climates.

A suitable combination of moisture and temperature is
probably the most important factor determining seed
germination under natural)conditions (Mayer &
Poljakoff-Mayber 1982). Heward (1973b) noted that N.

cunninghamii would rarely 'germinate after one year in the

field since suitable conditions for germination occur within
8-9 months of seed-fall. The same‘is true for E. lucida, A.
moschatum and A. selaginoides. At low altitudes N.
cunninghamii, A. moschatum and E. lucida usually germinate

in autumn, within 1-2 monthe of seed release (Chapter 4) and
it is unlikely that the apparent secondary dormancy recorded

in stored A. moschatum seed (also noted by Hickey et al.

(1982)), would be a significant occurrence in the natural
lowland environment. The environmenfal feature which is
~initiating this dormancy is uncertain since it is induced
experimentally at both low temperatures and at room
temperature, and in both dry and moist conditions. It may
therefore be a éeneral reeponse to delayed germination. At

high altitudes,’particulafiy in seasons when seed release is
late, the delay of temperature conditions suitable for
germination appears to cause a greatly reduced germinétion
percentage in apparently sound seed of A. moschatum (Chapter g(

4). This is consistent with the secondary dormancy induced
experimentally by cold moist and dry storage. However, in
the field the dormancy does not appear to be brokKken to any
significant degree. This must depend on the light
environment of the site of seed deposition, if light is the

only factor which leads to release from dormancy. Any delays
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in germination will also result in greater_mortality due to
fungal and insect attack. _
Only P. aspleniifolius with 1ts hard testa, together‘

with seed dormancy, may be soil-stored. However there is no

data to indicate storage times of this species. P.

aspleniifolius~seed1ings commonly appear on rainforest sites
after fire (Kirkpatrick 1977; Hill & Read 1984). This may be
the result of either soil storage and release from dormancy
- by the :disturbance, or efficient dispersal. Kirkpatrick V
(1977) has suggested that the early appearance of B;'

aepleniifolius on disturbed sites is due to bird dispersal,

However, there is no evidence to my knowledge of P.
asplenllfollus being found in pellets dep051ted by birds or

mammals, so the frequency of animal dispersal and 1ts effect
on seed germination is uncertaln for this species. The seed

dormancy of P. aspleniifolius appears to- be similar to that

of Tasmannia lanceolata, a species that commonly invades

forest disturbances and which has seeds that are _
bird-dispersed (Read & Hill 1982). Howard (1974) noted that

most T. lanceolata seedlings appeared 12 months after soil

containing.the seeds was collected from the field (18 months
after the latest seedfall). She suggested that this was due
to leaching of a germination inhibitor from the seed.

With the exception of the poorly understood germination

requirements of P. aspleniifolius there are no gross

differences in germihatioh requirements of the rainforest
species which can be related to their regeneration niche or
habitat niche. However the faster rate of germination of A.

selaginoides than other species at low incubation

temperatures,'and the observed failure of A. moschatum seed

to germinate at low incubation temperatures, are fine scale

differences which are consistent with the general patterh of .

distribution of these species with respect tevaltitude.
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Chapter 6 Photosyhthetic and growth responses to

different light regimes.

Introduction

A. moschatum has been described as morevshade—tolerant_

than N. cunninghamii on the basis of'its*ability'to

regenerate under the forest canopy (Gilbért 1959). The

dominance of climax forest on equable sites by the

supposedly‘less shade-tolerant N. cunninghamii repreSents,an-
anomalyvin terms of forest dynamics, both with respect to
successional theory which predicts dominanCe'by the most
shade-tolerant species on équabie sites (Connell & Slatyer
1977; Noble & Slatyer 1978),'and to the trends observed in .
mesic forests of the northern hemisphere (Jones 1945) and in
the cool temperate rainforests of Chile and New Zealand
(Veblen et al,‘l981; Wardle 1984). This chapter examines the
comparative light fequirements of the rainforest canopy
species and discusses these in relation to the paéterns of

regeneration described in Chapter 2.

Materials and methods}

Instantaneous photosynthetic

responses to ‘light

Seedlings of each species were grown, from seed (N.

'cunninghamii, A. moschatum, E. lucida and A. selaginoides)

or cotyledonary seedlings (P. aspleniifblius) collected from
Mt Field (42°41°s 146°40°E). A. selaginoides seed was

collected from 980 m a.s.l., and the other speciesvwere

‘collected frdm 700 m a.s.1. All planté were grown outdoors
"in a shade-house in sandy loam with slow release fértiliser;
and were wateréd daily. After 24 months the seedlings were -
transferred to'contrasting light regimes in a glasshouse

from August to December, 1984. Eight plants of’each'specie53

were grown unshaded in the'glésshouse (approXimately 80% of



54

‘the photosynthetically active radiation of natural sunlight,
reaching a maximum.value'of 1600 pmol quanta m;zs'l) and the
same number were_shaded from direct sunlight so that the
maximum photon flux density'(PFD) of»the:unfiltered diffuse

light was 30-80 pmol quanta m 2 s71, The,daily maximum

temperatures in the glasshouse for the seven weeks prior to
and during measurement ranged from 23-31°C with a mean
maximum daily temperature of 26°C. Leaf temperature varled
by less than 1°C between the treatments. _

Another group of plants was grown for 12.months
outdooors in a shadehouse under a eucalypt woodland canopy
of approximately 60% canopy cover (measured by hemispherical
photograph). The daily maximum temperature for the seven '
weeks prior to and during measurement ranged from 11-24%°C
with a mean maximum daily temperature of 16°C. |

An open gas exchange system incorporating a Series 225
infra-red gas analyser (Analytical Development Co. Ltd.) was
used to measure the net rate of CO, assimilation at
different PFDs. The light source was a Sylvania 400W
metalarc lamp. Photosynthetically active radiation was
measured with a LiCor LI-185 meter With qguantum sensor.
Light intensity reaching the leaf was varied using a
combination of distance-from the light source and shade
cloth screens. Humidified air (317-340 ppm .CO,) was passed

2

through a leaf chamber of cross—sectional area 10 cm® at a

flow rate of 0.4 1 min”}. Moisture was condensed from the
gas lines prior to analysis. CO, differentials were recorded
on chart. ’ '

Responses were first measured at 750 pmol quanta m™ 2

s™! and subsequently at decreasing light intensities.

Responses at PFD greater than 750 pmol gquanta m "2 571 yere
measured last because of potential phot01nh1b1tlon at high
PFD. Leaf temperature was monitored and maintained at
21+1°C. Temperatures of 18-23°C were optimal for all |

" species. Leaf. photosynthesis was measured_oniyvon young

fully expanded leaves of N. cunninghamii, A. moschatum, E.

lucida and P. aspleniifolius (phylloclades); A. selaginoides
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has small leaves appressed to the stem. Photosynthesis was
measured in shoot sections rather than individual leaves of
this species. Total replicates were 5-8, one leaf (or
phylloclade or shoot) per plant. Foliage area was measured

2

photometrically and varied in the range 3-10 cm“ and leaf

(or phylloclade) dry weight was measured. The leaf area

value of A. selaginoides used in the calculation of
photosynthetic rate was taken from tne projected area of the
whole shoot in the leaf chamber. This was considered to be
more accurate than total leaf area due to self-shading and
leaf curvature. Leaves from the undersurface were trimmed -
from_the stem two weeks prior to measuremént, so that during
'meésurement only the upper surface of the stem was_bearing'
leaves. The leaf area and dry weight vaiues used in the

calculation of the specific leaf area for A. selaginoides

involved measurement of the total area and dry weight of

individual leaves. Leaf chlorophylls of N. cunninghamii, A.

moschatum, E. lucida and P. aspleniifolius were extracted in
80% (v/v) acetone and were estimated '

spectrophotometrically.
Growth responses to light

Total plant response to light was examined by growing
seedlings of the same species in four light intensities in a
controlled environment growth cabinet. The light source
consisted of a 400W metalarc lamp, eight 40W fluorescent
lamps and four 60W incandescent_lamps for a 12 hour
photoperiod. Day temperature was 23°C and night temperature
was 20°C. PFD was measured at the highest leaf of each
seedling. The mean PFDs 6f the treatments were 6 ,48, 102
and 180 pmol quanta m ¢ g1 giving daily photon fluxes of
0.26, 2.07, 4.40 and 7.78 mol guanta m 2 day 1

with no significant difference between species within

respectiveiy

treatments. Leaf temperature between treatments varied by
less than 1°C. Ten seedlings of each species were

transferred from the glasshouse to each treatment and
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harvested after 35 déys; Some deaths occurred and final:
replicates were 5-10 seedlings. Ten seedlings were harvested
at the beginning of the experiment. Dry>weight of each
seedling was méasured at each harvest. Mean relative growth

rate was calculated as

1n W2 - 1n Wl . . ' v -
t2 - t]. . .
where W; and W, are initial and final dry weights

- respectively, and t, - t; is the period of growth.
Results

Some details of the light-dependence curves (Figs. 6.1 &
6.2) and leaf characteristics are summarised in Table 6.1.
All species acclimated to shade conditions during growth by

decreasing the dark respiration rate (DRR), instantaneous

light compensation point (LCP) (except P. aspleniifolius)
and light saturation point and increasing the specific leaf
area (SLA). Apparent quantum yield does not differ
significantly between light regimes or species (with a mean
value of 0.066i0.001 mol CO,.mol quanta_l). There were no
indications of §hotoinhibition at incident PFD of up to 2500
pmol quanta m 2 s”l. , '
max) ©f A-
_moschatum is unchanged by the growth light conditions,

The maximum rate of phdtosynthesié (p

whereas N. cunninghamii, E. lucida and P. aspleniifolius

‘have lower P values in shade-raised seedlings (p<0.05).

max
A. moschatum has a low LCP and DRR in shade-grown plants and

a low P in sun-raised plants compared with other species.

max
‘Sun-raised plants are bleached, and have low chlorophyll
values (Table 6.1). The SLA increases in shade conditions,

- with shade-raised A. moschatum having the highest SLA, and

subsequently the highest chlorophyll/leaf dry weight and

Phax On a leaf dry weight basis (Table 6.1).

Shadehouse-raised A. moschatum show less acclimation. These
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plants have a lower SLA, chlorophyil content and P ..
(p<0.05) than shade-raised plants (Table 6.1).

N. cunninghamii, E. lucida and P. aspleniifolius have a

lower P in shade-raised plants than sun-raised plants

max A
(Fig. 6.1)(N. cunninghamii 57%, E. lucida 43% and P.

aspleniifolius 69%). Shade-raised N. cunninghamii and E.

lucida plants have a lower LCP and DRR than sun-raised

plants (Table 6.1)(p<0.05). In P. aspleniifolius these

values are not signifiéantly different (p<0.05) for sun- and
shade-raised plants (Table 6.1). The LCP and DRR of

shade-raised N. cunninghamii, E. lucida and P.

-aspleniifolius are not as low as those of shade-raised A.

moschatum and A. selaginoides and they show relatively less

change in chlorophyll per unit leaf area in the different
light regimes than A. moschatum (Table 6.1) (leaf tissue of -

A. selaginoides that was being used for chlorophyll

determinations was lost in an accident). N. cunninghamii and .

E. lucida have their highest P .., on a dry weight basis in

, X
‘sun-raised plants (Table 6.1).

P. aspleniifolius has a higher P ., on a leaf area basis

in sun-raised planté (Fig. 6;1d),>though a low SLA in these

- plants reduces the Phax ©on a leaf dry weight basis (Table

X
6.1). Seedlings of P. aspleniifolius and A. selaginoides

grown in full light in the glasshouse showed evidence of
stress, possibly due to high light-high temperature

interactions. One of the A. selaginoides seedlings died and

three seedlings failed to produce sufficient'growth for use
in this experiment and therefore only oné sun-raised plant

of A. selaginoides was suitable for use. Growth of A.

selaginoides seedlings at the lower temperatures

characteristic of its natural habitat (predominantly.abOVe

600 m elevation) would require a very long period in a ‘ _
" controlled environment grbwth cabinet (approximately twelve
months) in order to produce sufficient fully expanded leaves
for measurement of photosynthesié; This was notbpractiCable.

Several P. aspleniifolius seedlings also failed to produce

new growth and the phylloclades produced on the remaining



Fig. 6.1 Light—dependence.curves of photosynthesis of
seedlings grown in full sunlight (-4-) and shade (-2-) in a
glasshouse. Each point is the mean of 5-8 replicates. The
largest«stahdard error is shown on each curve, where it is
greater than 0.25.

a) N. cunninghamii

b) E. lucida

c) . moschatum

A
d) P. aspleniifolius
A

e) A. selaginoides
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Fié. 6.2 Light—dependence curves of photosynthesis of
seedlings grown outdoors under a woodland canopy. Each

point is the mean of 5 replicates. The largest standard
‘error is shown on each curve, where it is greater than

0.25.

N. cunninghamii: a

A. moschatum: e

E. lucida: =

P. aspleniifolius: o

A. selaginoides: a

Fig. 6.3 ‘Relative growth rates of seedlings grown under

four light intensities in a controlled environment growth
cabinet. Each point is the mean of 5-10 replicates

(all standard erroré are < 0.25).

N. cunninghamii: A

A. moschatum: e

E. lucida: L
P. aspleniifolius: 0

A. selaginoides : a
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Table 6.1 Leaf characteristics and details from the light-dependence curves. Each
value is the mean of 5-8 replicates, with standard errors where appropriate.

Species ‘ Growth Specific " Chlorophyll * Dark Light Maximum

1

light = leaf ‘ - respiration compensation ‘rate of
regime area rate point photosynthesis
(ng_1x10"3) (mg m~2) (mg g_lf (umol m~2s™1) (pmol guaTta (nmol g~ lleaf
: : m ‘s *) dry weight's_
x10™7) '
- N. cunninghamii - sun 131 + 7 383 + 24 50 1.73 + 0.12 27 + 3 8.10 + 0.61
- ' shade = 149 + 8 406 + 15 60 1.05 + 0.12 17 + 2 4.96 + 0.31
shade-house 139 + 8 540 + 11 75 0.36 + 0.03 6 + 1 6.10 + 0.51
E. lucida sun 104 + 5 429 + 23 45  2.03 + 0.20 . 30 + 1 7.09 + 1.02
shade 185 + 9 381 + 22 70 0.83 + 0.20. 15 + 3 4.92 + 0.40
shade-house 144 + 12 453 + 11 65 0.45 + 0.06 8 +1 3.70 + 0.38
A. moschatum sun 132 + 5 298 + 29 39 1.60 + 0.16 21 + 1 5.17 + 0.63
‘ shade 229 + 7 537 + 31 123 0.41 + 0.16 5+ 2 9.63 + 0.70
shade-house 172 + 10 380 + 20 65 0.42 + 0.06 7 +1 4.91 + 0.40
P. aspleniifolius sun 41 + 4 484 + 47 20 0.87 + 0.15 - 11 + 2 2.01 + 0.17
: shade 115 % 6 618 + 54 71 0.92 * 0.16 13 + 2 4.24 ¥ 0.32
shade-house 106 + 2 555 + 40 58 0.41 + 0.05 - 7+1 3.75 + 0.35
A. selaginoides sun? 24 '1.61 20 1.07
shade 52 + 3 0.48 + 0.06 6 + 1 2.75 + 0.45
shade-house ~ 38 + 1 0.80 + 0.15 9 +1 2.30 ¥ 0.09

' calculated from the SLA
2 Measurements are from only one plant
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plants were small and thickened. Subsequently the results of

these species grown in full sunlight may not reflect field,

performance under cooler and more variable températures.

" The growth rate study (Fig. 6.3)-indicatés that A.
moschatum has a significantly»highef relative growth rate
(RGR) at the low daily photon fluxes (DPFs) than the other
species, but at 7.78 mol Quanta m~2 day"~1 does not differ

significantly from the RGR of N. cunninghamii at the 95%

level. There is no significaht difference between thé RGR of
species other than A. moschatum at the low DPF (0.26 and
2.07 mol quanta m™2 day-l). At higher DPF levels N.
cunninghamii is significantly higher (p<0.05) than the RGR

of A. selaginoides (4.40 and 7.78 mol quanta m_z day_ll, and

P. aspleniifolius (7.78 mol quanta m~ 2 dayfl).'The.RGR'of‘ﬁ;;'

cunninghamii does not differ significantly from the RGR of
E. lucida at the 95% level at any of the light levels.

Discussion

A. moschatum has a 1owsLCP in shade-raised plants and

has the limited capacity to acclimate photosynthetically to
high PFDs that is typical of shade-plants as described by

- Boardman (1977) and Bjorkman (1981). A. moschatum is clearly

- superior to the other species only when grown in heavy shade
(lower DRR and LCP than all species except A. selaginoides,

and a higher Pma};'on a leaf dry weight basis and higher RGR
than all species). In the shadehouse-raised plants,'the
Phax of A. moéchatum does not differ from N. cunninghamii,
E. lucida or P. aspleniifolius on either a leaf area or dry
weight basis. This suggests that the 1ight environment of

the shadehouse was higher than the light saturation point of .

A. moschatum. In contrast, the responses of
éhadehouse—raised E. lucida and P. aspleniifolius were most

'similaf to results of shade-raised plants, and the response

of shadehouse-raised N. cunninghamii plants was intermediate
between sun and shade-raised plants. In N.cunninghamii,bg;

lucida and P. aspleniifolius the DRR and LCP was lower in
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shadehouse-raised plants than sun—raised.plants. It is not
certain whether this is due entirely to characteristics of
the light environment (variability and intensity of light)
or is affected by the different temperature and humidity
conditions in the shadehouse during growth. The greater

shade-tolerance of A. moschatum suggests that it would

regenerate under denser canopies than the other species.
However predictions and explanations of natural regeneration
patterns based on these results are limited by the éffect of
other environmental factors on establishment and growth.

This is particularly evident in the case of A. moschatum

which regenerates within the rainforest primarily by basal
sprouts from established stems (Chapter 2). While vegetative

reproduction may further facilitate establishment under low

light conditions due to the absence of the stresses commonly

experienced during seedling establishment, it potentially
- 1imits its spread through the rainforest.

N. cunninghamii, E. lucida and P. aspleniifolius do not

separate clearly from one another on most of the major
features of the sun- and shade-raised plants. However N.
cunninghamii has a Higher,Pmax on both a leaf area and leaf
dry weight basis in shadehduseeraised plants than E. lucida

and P. aspleniifolius. In addition, while the RGR of N.

cunninghamii does not séparate from any species other than

A. moschatum in the lowest light conditions, at more

moderate levels of shade (7.78 mol guanta m~ 2 day_l) its RGR

exceeds that of P. aspleniifolius and A. selaginoides. These

features are consistent with the clustering of seedlings of

N. cunninghamii and E. lucida in canopy gaps, with E. lucida

seedlings more highly clustered (due possibly to higher

light requirements) than those of N. cunninghamii (Chapter
2). _
- Although P. aspleniifolius has its highest P ., on a

leaf area basis when grown under high PFDs, the low SLA in
the high light-high temperature conditions experienced there

reduced the P ., on a dry weight basis. However, these

X
consistently high temperatures are not a feature of natural
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conditions in Tasmanian rainforest habitats and the
thickened leaves of plants growing in full sunlight in the.
glasshouse are not charaéteristic_of plants growing in full
sunlight on lowland sites in the field. Therefore'under the
temperature regime occurring in the'field, high light '

- intensities are probably optimal for growth of P.

aspleniifolius. The reasons for its failure to regenerate in

closed forests is not clear from comparisons of the

instantaneous LCPS with N. cunninghamii and E. lucida,

although its regeneration appears to be strongly linked to
light conditions (Chapter 2). Both gymnosperms have a low
Phax ©n a leaf dry weight basis due to lower SLA values than 
the other species grown in these experimental conditions. '
These species also have a relatively low leaf area ratio
(Chapter 9). These features would be expected to have an

impact on the dynamics of P. aSplehiifolius where it

establishes under an open canopy and is competing with the

species with inherently higher growth rates (N. cunninghamii

and E. lucida, Chapter 9) and therefore may be overtopped

and shaded. Similarly, the failure of A. selaginoides to

regenerate in small canopy gaps where N. cunninghamii is

- establishing from seed, the relationship between seedling
establishment and canopy .opening, and the frequent
establishment of this species on expdsed sites (in contrast

with the shade-tolerant A. moschatum) (Chapter 2) suggest

that it is a light-demanding species relative to all species

except P. aspleniifolius. The three-dimensional leaf

arrangement of A. selaginoides within the leaf chamber used

in infra-red gas analysis, and the poor growth of this
species under conditions which are considerably different
from the climate of its natural habitat, limits direct
comparison with the other species and the extrapolation from:
experimental conditions to field situations. Although A.

selaginoides has a low instantaneous LCP, the results of the

growth rate experiment showed that under- the experimental
conditions, its growth LCP is not significantly different

from that of N. cunnigghamii, E. lucida and P.
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aspleniifolius, and at more moderate levels of shade it has

a lower growth rate than these species. Further study of

responses to light and interactions with temperature are

necessary to clarify the shade-tolerance of A. selaginoides = =

relative to N. cunninghamii, E. lucida and P.

aspleniifolius. As with P. aspleniifolius, where A.

seiaginoides establishes in a‘canopy gap, it may be

overtopped and subjected to shading by seedlings of
faster-growing species.'The data‘presented by Ogden (1978)

at Mt Anne indicated that very few A. selaginoides were

establishing in the forest and that the individuals that did
establish successfully in the more recent past died before
reaching the canopy. Together with the correlations between
seedling establishment and canopy opening shown in Chapter
2, this suggests that regeneratlon is dependent on a
relatively high llght environment. The effect of a low

growth rate in A. selaginoides in its establishment in

canopy gaps must be exacerbated by the infrequent seed

production in A. selaginoides so that establishment in gaps

may occur well after establishment by other species. _
Explanatlons and predictions of successional trends in
mesic forest on equable sites are usually correlated with
the cbmparative shade-tolerance of the canopy species, with
the most shade-tolerant canopy species'dominating old, ‘
undisturbed forests (Jones 1945; Forcier 1975; Williamson A
1975; Connell & Slatyer 1977; Noble & Slatyer 1978). This

contrasts with the observations in Tasmania of rainforest

dominated by N. cunninghamii which is regenerating
continuously,‘eVen when it is co-occurring with the more

shade-tolerant A. moschatum (Chapter 2). The Tasmanian

rainforest also contrasts with the Nothofagus-dominated

rainforests of Chile and New Zealand. Studies in these areas

suggest that when'Nothofagus co-occurs with shade-tolerant

rainforest trees, it fails to regenerate'sufficiently to
maintain its dominance unless there is exogenous disturbence.
(Veblen & Ashton 1978; Veblen et al. 1980, 1981; Wardle

1983, 1984). Clearly factors other than shade-tolerance are



62

important in determining the dominant status of N.

cunninghami i in Tasmania, at least with respect to A.

moschatum. Shade-intdlerant trees commonly have an advantage
in reproductive strategies (Forcier 1975; Williamson 1975),
microsite preferencés (Billings 1938; Bormann 1953; Veblen
et al. 1981) which facilitate early dominance on a disturbed
site. Read (1985) suggested that the dominance by N. '

cunninghémii is explicable if these advantages operate at a

small scale:of disturbance such as canopy gaps created by

the death of an old tree. The reproduction of the

shade-tolerant A. moschatum almost entirely by stem sprouts
within the rainforest (Chapter 2) is sufficient to explain

the ability of shade-intolerant species such as N.

cunninghamii and E. lucida to regenerate succesfully in

canopy gaps. .

-
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Chapter 7 _ Responsesvto temperature.

Introduction

'Photosynthetic responses to temperature,direetly affect
plant grewth.rate-and therefore affect a plant’s competitive
ability in a particular climatic temperatd;e‘regime.
Similarly, frost damage is a drain on dty matter
accumulation and reduces net annual growth. Plant death may
occur at extreme low temperatures. Therefore photosynthetic
responses to temperature and frost resistance may.partially
explain patterns of regeneratlon and spec1es distribution
with respect to altitude and latltude. There are several
notable features of the distribution of Tasmanian rainforest
canopy species with respeéect to altitude and latitude:

1. N. cunninghamii has a wide altitudinal distribution. In

Tasmania it occurs from sea-level to 1260 m a.s.l;, and in
Victoria occurs to 1570 m a.s.l. (Howard & Ashton 1973). It
spans approximately 7° latitude. ’

2. A. moschatum has a latitudinal range of 12°, extending

from southern Tasmania to the northern tablelands of N.S.W.
(Floyd 1978). It is not as common at high altitudes as N.
eunninghamii (Table 7.1), occurring to 1375 m a.s.l. in
Victoria (Howard & Ashton 1973), and to 1120 ma.s.1. in

Tasmania (Table 7. 1)

3. A. selagln01des is most common at a1t1tudes above 600 m,

in Tasmania (Table 7.1).

4. A. selaginoides,. P. aspleniifolius, and E. lucida are

endemic to Tasmania. ,
In addition to these distribution patterns, in‘Chapger 2
the tendency for gap regeheration of E. lucida and N.

cunninghamii was noted, with a larger gap requirement for

regeneration of P. aspleniifolius and A. selaginoides. The

importance of initial floristic comp051tlon after site
disturbance was ‘also suggested as a potentlally important
determinant of canopy composition over long periods of time.

Therefore comparative responses to extreme environments such



Table 7.1 Species distributions with respect to altitude in Tasmania.

The quantitative data used is only from study sites (167) which contain N. cunninghamii, and therefore is

particularly limited at the higher altitudes, where A. selagincides may occur in the absence of N.

cunninghamii. The data is éxpressed as the percentage of sites of an altitude class which contain the
particular species, with the number of sites in brackets. Stars (*) indicate altitude classes where a
species has been recorded, but not included in the quantitative data because co-occurring species have
not been noted. Data is from Buéby (1984), Kirkpatrick (pers. comm.), Brown (pers. comm.), and Chapter 2
of this thesis.

Species Altitude (m a.s.l.)
0-100 -200 -300 --400 -500 -600 -700 =-800 -900 -1000 -1100 —-1200 -1300 -1400
(24) (11) (7)Y (20) (15) (19) (14) (17) (10) (18) (9) (2) (1)

A. moschatum 29 - 64 - 71 100 80 88 64 . 56 50 33

E. lucida 67 73 71 80 33 7 42 36 41 10 6
P. aspleniifolius 58 100 86 65 20 63 86 88 40 50 * %

A. selaginoides ok o 13 42 43 41 50 50 44 50 - * *
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as high and low températurés are relevant to survival on
exposed sites, and competiiiveness with co-occurring
speéies. . j |

In this chapter two responses to temperature are
éxamined: |
1. Photosynthetic response to temperatures of 7-35°C.
2. Frost resistance. |
These responses are discuésed in relation to the
distribution of the species and their regeneration

strategies.

Part A. Photosynthetic responses to temperature

Materials and methoas

1. Photosynthetic responses to temperature

of plants grown in natural fluctuating temperatures

.Plant growth regime

Seedlings of A. moschatum, E. lucida and N. cunninghamii

(Nc700) were grown from seed collected from 700 m, and A.
selaginoides and N. cunninéhamii (Nc980) from seed collected
at 980 m at Mt Field (42941°S 146°40°E). Cotyledonary
seedlingé of P. aspieniifolius were collected from 700 m at

Mt Field. All seedlings were planted in sandy loam
containing slow release fertiliser in June 1982 and were
grown in a shadehouse until February 1984. The mean monthly
‘maximum and minimum temperatures during the 1983-84 growing
'period are shown in table 7.2. The foliage produced during
the growing period was typical of mature plants. Only
foliage which expanded during the conditioning period was
used in the experiment. Photosynthesis was measured in

individual leaves of A. moschatum, E. lucida and

phylloclades of P. aspleniifolius. Terminal shoots of N.

cunninghamii and A. selaginoides were used due to the small

size of individual leaves.
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Measurements

An open gas exchange system ihcorporating a
Grubb-Parsons SB2 infra-red gas analyser was used to measure
the net rate of CO, assimilation at selected temperatures.

Humidified air (317-340 ),11'1_1 CO,) was pumped through a

2

leaf chamber of cross-sectional area 10 cm at a flow rate

of 0.4 1 min~! and moisture was removed from the sample and

reference lines prior to analysis. The quantum flux density

was constant at 900 pmol quanta m 2 s~ 1This was above the

light saturation points of all the species. Leaf temperature

was measured by a thermocouple in contact with the underside -'- ...

of the leaf and was recorded continuously on chart. The
temperature of thefleaf was controlled by heating or cooling
the alr passing through the leaf chamber, and a
water/glycerol mixture circulating through chambers above
and below the leaf chamber. The lowest temperature that
could be consistentiy obtained using this method was 7°cC.
Measurements were commenced at 20°C and the temperature
reduced at a rate of 0.5 to O.IOC.min_1 in.incremehts of
2-3°C to 7°C, then warmed to 20°C and raised in 2-3°C
increments to 35°C. This was found to be the most efficient
method in terms of rapidity.of plant response and recovery,
and in temperature control of the leaf chamber. The slowest
rate of temperature change occurred at the lowest '
temperatures. Plant responses were recorded continuously on
chart and values were measured after responses had _
stabilised. Plant responses were detected within one minute
of the change,in temperature and stabilised within five
minutes of temperature stabilisation. Each
'temperature—dependence curve took two to three hours to

- complete and no deterioration in plant response was observed .
independent of changing temperature. Plants recovered to
their maximum response after the low and high temperature

treatments, given sufficient time.
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2. Photosynthetic responses to temperatufe
.of plants grown at 25°C and at 12°C

Plant growth regime

Seedlings of all species were grown uﬁder natural light

conditions in the glasshouse from the time of their
germination or transplanting from the field. The origins of
the seed and seedlings are the same .as in Experiment 1,

except that N. cunninghamii seedlings from 980 m were not

used in this experiment. Five seedlings of each species were
transferred in November.1984 to a controlled environment |
growth cabinet at 250C and light intensity of 150 to 190
pmol quanta m"zs,"1 over a 16 hour photoperiod. The light
intensity was the highest available that could prbvide even-
light and temperature for all plants and Was close to the

1ight saturation point of A. moschatum and'approximately'

half that of the other species. Leaf temperature varied by
 1ess than 0.5°C irréspéctive of distance from the light
source. | » | '

_ Temperature-dependehce curves were measured every 2-3
days on two leaves from'oﬁe'plant of each species to
determine when plants were fully acclimated to conditions in
the growth cabinets. Most acclimation occurred within 5.days
and was completé after 11 days; Temperature-dependence '
curvés were measured on foliage from each of the five piants
of each specie; in the method described in Part 1. The
cabinet temperature was then reduced to 12°C.
Temperature—dependence curves were measured after 2, 5, 8
~and 11 days on two leaves of one plant of'ééch species. Most
~acclimation had occurred within 5 days- but plants were left
fér 14 days before taking the full measurements. |
Temperature—dependenée curves were measured as described
previously. In each case the leaves selected for measurement
had developed during the spring flush in the glasshouse_8f10
weeks prior to the conditioning treatment. The relatively
Slow growth rate of these speciesvprevented comparative

studies of leaves which developed in the conditioning
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temperature regime (12°C or 25°C). However, since ‘these
1speCies produce leaves only in spring and’summer, the
ability of mature leaves to acclimate to the prevailing
temperature is considered to be the most ecdlogically

‘significant response.
Results
The relative photosynthesié (¢ of the maximum rate of.

net photosynthesis) of the two provenances of N.

cunninghamii were identical in response to temperatures

<27°C but Nc700 has a significantly highef (p<0,05) relative
photosynthesis-atvtemperatures greater thah-29OC (Fig. 7.1).
The absolute rates of photosynthesis were higher in Nc980
plants than Nc700 except at the highest températures (Fig.
7.1), but these differences were not significant (p<0.05).
Due to the differences in these proveﬁances,‘Nc700 is

compared with A. moschatum, E. lucida and P. aspleniifolius

" which originated from the same elevation, and Nc980 1is

‘compared with A. selaginoides (from the same seed collection

'site). Nc700 has the broadest response curve of the
‘rainforest species (Fig. 7.2a) with >90% of the maximum rate
max) from 12.0-31.0°C, a range of

19.0°C. Its relative photosynthesis is significantly higher

of net photosynthesis (P

than E. lucida, P. aspleniifolius and A. moschatum at 35°C

and than P. aspleniifolius and A. moschatum at 7°C (p<0.05).

over a range of

P. aspleniifolius exhibits > 90% of its P ..
16.5°C (12.0-28.5°C). E. lucida and A. moschatum have the

narrowest temperature curves, with 290% of their P, over
13.2°C (13.0-26.2°9C) in E. lucida and 12.5°C (15.5-28.0°C)

in A. moschatum, which also has the highest temperature

'requirement for maximum photoéynthesis (21-25°C). Nc980,
with 90% of its P over 17.2°C (11.8-29.0°C), does not .
have such a broad response curve as Nc700 due to the reduced
rate of photosynthesis at High'temperatures (Fig. 7.1).
However it is broader than that of A. selaginoides which has

> 90% of its P ., over a range of 15.5°C (10.5-26.0°C) and -
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is the most photosynthetically tolerant species of the lower

temperatures and least tolerant of the higher temperatures

(differences significant at the 95% level).

Only A. moschatum showed a significantly higher P ..

(p<0.05) in the seedlings acclimated to 25°C (Fig. 7.3b)} In

all other species there was no significant effect of the

temperature regimes on the P (Fig.‘7.3). All species

max
showed some acclimation to the temperature regime, either in-
a shift of the optimum temperature or in the shape of the

curve  (or both). N. cunninghamii, A.‘selag;noides and P.

.asplenifolius showed a significant increase (p<0.05) in

relative photosynthesis at temperatures below their optimum,
when acclimated to 12°C from 25°C, with a shift in optimum
temperatures for photosynthesis of 1—3°C..The response to
temperatures above their optimum was not significantly
different (p<0.05) between the two temperature regimes. A.
moschatum and E. lucida did not show any significant
increase in relative photosynthesis at temperatures below
their optimum, when écclimated to 12°C but significant |
differences (p<0.05)?were recorded at temperatures above
their dptimum, between the twd temperature regimes (Fig.
7.3). Some of the same trends are observed between species
as recorded from plants grown uhder natural fluctuating
t