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Plate 1. Boundary between, rainforest (left) and tall open forest dominated by

Eucal.7ptus grandJs (right) at the eastern end of La.ke T1naroo on the A,therton

Tablelands.
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ABSTRACT

north Queensland is marked by an ecotonal assembla38 dominated by the tall

open forest species .E'ucalyptus gra.nd.is. This thesis examines the autecologtes

of a range of species from open forest t ecotone and rainforest assemblag~8t in

relation to the dynamics of the rainforest - open forest boundary.

~ainforest - open fdr~st transitions ~'Jere investigated at Kirr-ama. Cia ~

10' S, 14S"} 40' E) and Paluma (19 Q 01 1 S, 1{~6~ 15' E) in the t.ighland :-alIlI8rest

belt of north Queensland. Structure and floristic compositic~ were investiga~ed

at these sites, and changes in light intensity, scil mais~ure and microclimate

across the rainforest boundary were recorded. In tje transition from

rainforest "to open. forest, phaton flux densi tyincreased dramat:1.~:ally.

Temperature range and saturation deficit also increas~d, while humidity and

soil moisture availability decreased under most climatic co~dition3.

Water relations o~· a range of species were studied by mea~-3uring plant

water potential ('f) of mature forest trees i::. the field~ and 'if t gro'Nth and

competition of ~;eedlings in the glasshouse. The greats~st degree of drought

tolerance ~'Ias found in med.iuT.1 open forest 3Decie:E 51,;-:::1. as EUGa.l~Yj,'Ot1JS

inter-media, which also showed the lO\hl6St ~f1ater potential "values in the field.

Tiater relations were identified as one factor limiting the movement of tall

open forest and rainforest species into open forest.

Responses of a range of medium open forest, tall open fer-est t secondary

and primary rainforest species seedlings to vari~~ions -in light and mineral

n1Jtrient availability were investigated in the glasshouse. Growth experiments

were conducted on these seedlings along shade gradients using three different

nutrient treatments. Seedlings were grown in ,isolation and in species m1:{tures

in separate experirnent~3. Open forest species proved to be the most shade

intolerant, al1d primary rainforest species exhibited tlH~ ~31:Jwest grov-rtll rates

and the greatest shade tolerance. Tall aDen forest and
4

sEcondary rainforest

species had the highest growth rates and the most substantial reSDonses to
.l

variations in minero.l nutrient concentrations. Rainforest species we:r-e more

variable in their responses to light availability ~ and a hypothesis relating

this variability to the heterogeneity of the light environment in rainforest or

in the ecotone was proposed, Competition experiments conducted under shade

gradients determi:led which species were most lik i21y to become established at
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twlerance. E2saUr'ce allocaticn in seedlings _ ~·rfJ.S L:sed to cla.::;sj.fy the '3FE;(>i~s

s~tudied into groups? and this classification co-rrsspond.ed clos2l.y !f·litb. th,=

shade tolerances and growth characteri'3tics Qls-::overed in :'he g:--OHth

eX'Deriments.

Reg~owth and regeneration after a low intensity fire at one 0: the study

sites vias investi&ated, demonstrati:lg the re3ilienc~= of the rainforest nargir:

against the intrusion af fire. ODen forest snec'ies reco~·tered :raDidl'}'
........J... ..... ..i

from the

effect;~ 0: fi~e, tdi th coppicing the maln form.

damaged individuals. The effects of frost O~ rainforest and open for9st SD2C18S

were examined, showing the faster growing rainforest pioneer and edge species

to be the most sllsceptible to sub zero temperatures:;. A=. interaction betvJeen

~rost and sUbsequent fire was proposed~ and evidence for this eff2~t discussed.

Germina~ion characteristics were investigated for ~ iange of sDecies.

Open forest snecies had
..j.

the rapid germination and the greatest

susceptib~lity to fungal attack. Dormancy was fou~d in the seedS of ~ainfcrest

pioneer species, while the secondary rainforest species investigated germinated

rapidly and were successful in both rainforest and ope~ forest substrates.

A model of o:..tegetatian dynamics on the ecotor.e incorpDro,ti:lg the effects

of disturbance (through fire, cyclones, frost and drought) ,

microenvironment, light, germination and dispersal ltfa3 Icr:mulated. The mcdel

showed the mechanisms by which the rainforest edge advances in~o open forest,

remains stationary or retreats as a result of severe disturbance. Fire was the

critical fact.or con"trolling the positicn of the ecotone, while light intensity

and water relattons regulated the establishment and distribution' oJ species

across the ecotone.

These conclusions can be coupled with the results of previous

investigations by other researchers to formulate f"orest ma.nagement strategies

for forest boundary systems and small rainforest isolates in highland areas of

north Queensland.
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1.1 OBJECTIVES

The abrupt transition between rainforest and open forest in the

Queensland tropics is an unrivalled example of the dynamic nature of tropical

plant commuT!ities. Domin (1911) was so impressed with the rainforest ~ open

forest boundary that he wrote "The line af demarkation between them is most

distinct t a fascinating phenomenon unique in the whole world. u

It was the objective af this study to A:--examine the transition zone

environment, B:-to identify the physical and biotic factors controlling the

dynamics of the transition zone vegetation, C:--ta quantify the responses of the

plants in open forest~ ecotone and rainforest communities to changes in key

environmental factors and D:- to model the vegetation dynamics of the ecotone.

Species used in this study were chosen as examples of medium open forest} tall

open forest and early and late successional rainforest assemblages t

representing the range of plant types found across the ecotone.

Unwin (1983) used a synecological approach in studying the dynamics of

the rainforest - open forest transition. This study differs from that of Unwin

by examining the autecologies of species found in plant assemblages making up

the transition from mature rainforest at one extreme of the ecotone to medium

open. forest at the other.

In the light of current resource utilization in north-east Queensland,

management of forests is becoming increasingly important t and may be critical

to the survival of some of our unique plant communities in the near future. A

viable model of rainforest boundary dynamics should provide useful insights

for forest managers J who need to know the relative stability of natural and

artificial ecotones~
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1 ,2 THE RAINFOREST OPEN FOREST ECOTOIlE:

DEFlllITIOH, AJiD TERXIllOLOGY USED llf THIS THESIS

'Rainforest' as used in thts thesis follows the definition gi"'ven by Webb

and Tracey (1981) viz. "The canopy is closed and the trees densely spaced, in

contrast to the open and generally scattered scleraphyllaus vegetation that

covers most of the forested areas of the continent in the moister coastal and

subcoastal zones, but mainly in the east. In tropical and subtropical

rainforests there are three or more tree layers, with or without emergents!'

Webb and Tracey (1981) identified characteristic life forms distinguishing

rainforest from other forests including combinations of epiphytes, lianes,

certain root and stem structures t certain tree ferns and palms, and the absence

of annual herbs on the forest floor. All assemblages containing species of

Eucal'4'vptus, Allocasuarina and Nelaleuca, and all but a few species of Cal1itris,

Acacia and Tristania, i.e. species which do not regenerate within a well

developed or slightly disturbed canopy of closed forest, are excluded by the

definition.

Specht (1970) defined "open eucalypt forest", abbreviated in this thesis

to "open forest", as being characterized by tree heights fram 10 m to 30 m +,

with a foliage projective cover of 30 to 70% in the upper stratum over a

grassy understorey t Eucalyptus iS t by definition, the dominant genus. Open

forest in this study is subdivided into Hmedium openforestU
, with tree heights

from 10 to 30 mt dominated by Eucalyptus interlIIsdia and including E.

tereticornis, Allocasuarina tOTulosa, Banksia integrifolia and Lophostemoll

suaveolens, and ntall open forest" dominated by Eucalyptus grandis with tree.
heights from 30 to >50 m. Tall open forest understarey is usually grass

dominated with varying proportions of sclerophyllous shrubs and young

rainforest species.

lIEcotone". "boundary" and "transition II are terms used to deseribe the

interface between rainforest and open forest. Because of the dynamic and

variable nature of this. interface, a more rigid definition is neither possible

nor practical. An ecotone is understood to be the transition zone between two

different community types, but it could be .argued tha: the ecotone itself is a

third and distinct community type, often containing species found in neither

rainforest nor open forest, A more detailed description .is given in Chapter 2

3.



which contains physical and floristic descriptions of ecotones found at two

study sites.

Tree species names used in this thesis follow those of Hyland (1982).

Classification of rainforest types follow those used by Tracey (1982).

The geographical region covered by the title of this thesis, the upland

areas of north Queensland, includes forested areas between Townsville and

Coaktown (fig. 1.1) at altitudes greater than 500 m above sea level.

GLOSSARY OF ABBREVIATIONS:

dbh: Diameter at breast height (1.3 m)

dbhob: Diameter at breast height over bark

FSU: Full sunlight

PAR: Photosynthetically active radiation (400-700 nm wavelength)

PMS: Plant moisture stress

PPFD: Photosynthetic photon flux density

RH: Relative humidity

~: Total matric water potential

1 ..3 DISfRIBUTIOI OF RAIIFOREST III JIORTH QUEEISLA1lD

Tropical rainforest in north Queensland occurs in· a series of scattered

and isolated patohes of various sizes surrounded by open forest and land

modified for grazing and agriculture (fig. 1.1). Because of the small size af

many of these isolated pockets, a high proportion of the overall area under

closed forest is accounted for by transition zone assemblages. Unwin (1983)

noted that proper management of boundary dynamics may be critical to the

maintenance and, in the case of the smaller patches, survival of these closed

forest communities.

Differentiation between rainforest and open forest was originally

attributed to either soil parent material or soil nutrient status (Baur, 1957;

Moore. 1959; TraceYt 1969; Webb, 1969). However. Webb and Tracey (1981)

concluded that although rainforest vegetation favoured high fertility, basaltic

soils, closed forests could be found on a wide range of soil types and

fertility levels. Stocker and Unwin (1986) proposed that fertility differences
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Figure 1.1. Map of north Queensland showing the
distribution of rainforest (shaded areas~ Scale
1:10,000,000. Adapted from Unwin (1983).
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were more likely to influence vegetation. dynamtcs on the rainforest edge by

influencing fire behaviour. They concluded that poorer soils favoured

regeneration of flammable vegetation and drier microenvironments, and

regeneration on richer soils was less prone to subsequent fire. Results from

this study indicated that neither edaphic factors (Chapter 2) nor rainfall

(Chapter 3) can account for the fine scale differentiation between rainforest

a~d Qpen forest in north Queensland.

In southern mainland Australia and Tasmania, Jackson (1968) and M.ount

(1964) both identified fire as the main factor controlling the respective

distributions of cool temperate rainforest and open eucalypt forest 4 In

nori;hern Australia~ fire and the effects of the seasonal climate on fuel were

recognized as important in controlling the distrib-ution of closed and open

forest types <Stocker, 1966; Stocker and Matt, 1981; Gillison, 1983; Unwin,

1983) (Chapter 5). Interactions between topography and fire were identified by

Unwin (1983) as being important in determining the distribution of closed

forest with respect to open forest~

1.4 EXPERIMENTAL APPROACH AND PRINCIPLE EXPERIKENTAL SPECIES

Factors controlling the dyna.mics of rainforest and open forest are many

and interrelated J so that a number of different approaches were needed to

derive a comprehensive model of the ecotone. Ideally, studies carried out over

at least a number of ~decades of selected sites would provide. all the

information necessary to predict changes in the species composition, position

and structure of the ecqtone, but the lifespans of the organisms involved

mostly exceed that of the average ecologist, so short term experi:mental work

was the only available compromise. Unwin (1983) provided data co~ering the

factors controlling the behaviour and effects of fire on the ecotone and the

mechanisms of reestablis-hment in the ecotone following disturbance by fire.

In this study, the autecologies of some of the species mentioned by Unwin

(1983) were examined with respect to light, water relations, nutrient

availability J competition and other forms of disturbance such as drought and

frost.

81tes selected for pilat studies of the floristics and structure af the

rainforest - open forest ecotone were also used to examine m1croclimatic

changes accompanying the transition in vegetation types~ From the floristic

6 .



data obtained from these sites and from discussions with CBIRO personnel (G.e.

Stocker, G.L. Unwin and J.G. Tracey) species were selected for detailed

autecological studies.

Twa species chosen as being representative of medium open forest vjere

Eucalyptus intermedia., the dominant tree species, and Imperata cylindrica, one

of the main grass species. E. grandis was the obvious candidate representing

tall open forest I Acacia mangium, a prominent tree species from young

rainforest growing 'on low nutrient soils, and Eucalyptus torelliana, a eucalypt

species restricted in distribution to the rainforest edge, also generally found

on low nutrient soils, were also selected.

Alphitonia petriei is an almost ubiquitous pioneer tree species common on

disturbed rainforest" margins such as road edges, and frequently forms

relatively short lived almost monospecific stands on recently cleared

rainforest sites. Toona austra.lis is a fast growing secondary rainforest

canopy species, commonly found on high fertility soils in ecotones and

rainforest an the Atherton tablelands. Flindersia brayleyana is another fast

growing secondary rainforest species found in the rainforest canopy on a range

of soil types. Neolitsea dealbata is a conspicuous small tree species, common

in both the rainforest understorey and on the rainforest edge on a large range

of sites.

A:rgyrodendron peralatu1l1, Syzygiu11l fibrosuIJ1 and SyzygiuJ11 wesa, three

primary rainforest canopy species were studied,. All are slow growing, shade

tolerant species and can reach heights in excess of 30 m in areas of high

rainfall and intermediate to high soil fertility.

Experiments were carried out mainly on these species, depending on seed

or seedling availability and the presence and accessibility of adult trees in

field experiments. When space far experiments in the glasshouse was limited,

or experimental design reduced the number of species that could be examined,

representatives of each group of species were selected. The species described

are all trees, with the exception of 111lperata. cylindrica, and represent the

complete range from medium open forest to mature rainforest. While it is

recognized that shrubs, herbs, vines, ferns, epiphytes and lianes are all

important elements of the main forest types, it was impractical to include a

greater number of species in the experiments. The high species diversity of

rainforest in particular meant that selection of species to be examined in the

7,



experiments was somewhat arbitrary) but it was beyond the scope ·of this study

to examine the ecophysiological responses of >800 tree species~

Studies of water relations were conducted in the field on adult trees and

under glasshouse conditions on tree seedlings. Plant water potential was

measured using the "pressure borob H described by Waring and Cleary (1967), and

these experiments are described in Chapter 3.

E~periments on seedling growth under a range of light and nutrient

regimes were conducted in the.glasshouse (Chapter 4). A new approach to light.

intensity experiments was adopted, using a continuous shade gradient rather

than several discrete shade regimes. These experiments studied seedling

growth rates, survival, interspecific competition and species variability. The

results obtained are applicable to the studies of both ecotone dynamics and

gap phase regeneration in rainforest.

Germination and establishment experiments were conducted under laboratory

conditions, and the effects of frost and fire were studied in the field

(Chapter 5). While these experiments and field observations are diverse, they

are all interrelated and the results combine to form a picture of the factors

controlling the vegetation dynamics of north Queensland upland forest types,

and the species responses to variations in these factors. The final chapter of

this thesis ties the various aspects examined together in a model of

rainforest ~ open forest ecotone dynamics~

8.
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2.1 lllTRODUCTIOB

This chapter describes the physical, '. structural and floristic

characteristics of the study sites used for experiments and data collection in

the field. Although most of this thesis evaluates the eco-physiological

attributes of the species found in and bordering on the upland rainforest ­

open forest interfaC8 t a complete understanding of the .veg.et~tion dynamics of

this ecotone requires a community / environment study as well as mechanistic

analysis of the processes which ~ake place w1th1n component species of each

community.

Only one major study on the floristics, physical parameters and community

dynamics of the Australian tropical rainforest - open forest ecotone has been

attempted (Unwin 1983). However t many studies have been conducted in temperate

Australia, where the emphasis has been on the effects of climate, edaphic

factors and disturbance regime on the distributions of rainforest and open

forest, and changes in these communities through,time (Chapter 1).

Rainforest - open forest across boundaries are accompanied by marked

changes in the environment as well as the more obvious variations in floristics

and structure. Micraclimatic factors such as light intensity, temperature maxima

and minima) cold air drainage patterns and i~cidence of frost, local wind speed,

relative humidity and soil .moisture ava11ability~ vary as a direct result of the

changes in vegetation. Physical propertie~ of the soil, surface nutrient content

and quantity and nature of litter also differ. In some cases, topography, soil

type and parent m.aterial also vary with the transition in vegetation, as can

rainfall and other macroclimatic factors in the case of broad ecotones. Finally,

the nature and quantity of combustible fuel, and the probability and intensity

of fire, also change dramatically in the transition from closed to open forest.

Comprehensive descriptions of physical environmental changes, vegetation

structure and floristic changes across rainforest ecotones near Herberton (17 ~ ­

23' S, 145- 23' E) were given by Unwin (1983).
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2.2 DESCRIPTION OF STUDY SITES

Several criteria were used to select suitable sites for field studies; they

had to be c~ose to Townsville and accessible by road during the tropical "wet

season". They .were also selected so as to provide a degree of contrast with

sites described by Unwin (1983).

The main area chosen for this study was located on the western side" of

the Kirrama Range .(18· 40'·S,.145g> 44' E) (fig. 2.1) where three sites were

selected (Kirrama S.ites 1,2 and 3) (fig 2.2). A second study area was located

near Paluma (19· 14' S, 146 9 11 t E) (figs 2.1 and 2.3).

Kirrama site 1 was located on an eastern facing 5· slope with the

rainforest on the western side, the ecotone running along an approximate ·north

- south line. Site 2 was similar in aspect and vegetation distribution, but on a

steeper 7 - 10· slope. Site 3 was located on a 5- north-eastern slape with the

transition from rainforest to open forest occurring from south east to north

west <fig. 2.2). At all three· sites the transition from rainforest to open forest

occurs aver a ?arrow ecotone, generally between 5 and 20 m in width4

Soils in the area are derived from granites, acid brownish yellow to brown

loams to clay loams with weak to moderate structure. Rock outcrops are rare,

and soil type is uniform throughout. Forests in the area were selectively logged

on several occasions between 1945 (when vehicle access was first established)

and 1965 (Queensland Department of Forestry. Cardwell).

The Paluma site was located approximately 5 km west north west of Paluma

on the road to Hidden Valley. The Paluma ecotone represented a broader

transition from rainforest, through tall Eucalyptus grandis over a closed

sUbcanopy of rainforest species, to tall open forest and finally open forest.

The ecotonal area dominated by Eucalyptus g.ra:ndis is approximately 600 m in

width on a gentle western facing slope. Seils are acidic laams and acidic clay

loams which show little profile differentiation.. They overlie rock at shallow

d~pths with occasional granite outcrops. Again, no major change in soil type

occurs in the transition from rainforest to open forest.

11 .
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Figure 2.1 Map of North Queensland showing the
location of study sites and areas mentioned in
text.
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Figure 2.2 Location of Kirrama Study Sites showing
distribution of Rainforest (light stippling), Tall
open forest (heavy stippling) and Medium open forest
(no stippling). Contour lines in metres.
Map compiled from RASe sheet 8061 Kirrarna, 1:100 000
Forestry Map 8061-4 Kirrama, 1:50 000 and aerial
photographs.

Lat. 18° 40' S Long. 145 0 44' E
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1000 metres

Figure 2.3 Location of Paluma Study Site showing distribution
of Medium open forest (left of boundary) and a mosaic of Tall
open torest, Tall open forest with rainforest understorey and
Rainforest (right of boundary). Contour lines in metres.
From RASe Sheet R 733 Paluma, 1:50 000.

Lat. 19° 14' S Long. 146 0 17' E.
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2.3 RAIlIFALL

Rainfall on "the eastern seaboard of troptcal Queensland is both strongly

seasonal and spatially variable <fig, 2.4) l Consequently, wa~er availability

plays a major role in determining vegetation distribution. MDistu~e availability

is controlled by rainfall, topography, soil structure and microclimate.

Microclimate is largely determined in turn by vegetati,?n structure. The timing

of rainfall can also be highly significant, especially in the case of dry season·

rainfall. A few centimetres of rain in the midst of the tropicai IIdry n is likely

to be of greater benefit to the survival Df moisture stressed plants than the

equivalent amount during the Jlwetu
• Evaporation rates may also be lower during

the cooler months of the dry season.

Unwin (1983) examined rainfall over a three year period at fortnightly

intervals on twenty two sites along transects in the Herber-ton district. These

sites were divided i~to three categories according to topography and vegetation

structure. The categories were (1) open forest and woodland on high, exposed

western slopes t (2) highland rainforest and margins with tall· open forest t and

(3) eastern slopes with open forest descending to the Atherton plateau. He noted

that the intensity and duration of rainfall varied markedly fram year to year,

resulting in. irregular seasonal and annual totals despite the apparent annual

wet/dry cycle.

The topography in the HeTberton district gives rise to an increase in

precipitation with the movement of a moist south easterly airflow ascending the

eastern slopes, which support open eucalypt forest. Maximum rainfall occurred on

peak eastern elevations supporting rainforest and tall open forest ecotones,

Rainfall was lower. on western slopes~ with the vegetation" reverting to open

eucalypt forest and woodland of decreasing structure and stand density.

A similar trend is noticeable in the Paluma district. T;he lower eastern

slopes of the Paluma Range" support woodland dominated by Eucalvvptus,

AlloclJsuarina and Acacia species. Stem density and diversity of woody species

increase with altitude t cUlminating in rainforest at approximately 600 m on the

eastern side of t?8 range, although closed forest types descend considerably

lower in gullies an9- creek beds. the land slopes downwards from 900 m at

15.



TOWNSVILLE

¥RAINFALL

Scale 1:750 000

HINCHINBROOK
ISLAND

Figure 2:4 Mean annual rainfall (isohyets in. em) and. mean
annual evaporation (isohyets in em) from Townsvilie
to Kirrama.
From Department of National Development, canberra,
1970A Resource Series, Climate, Burdekin Townsville
Region.
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Paluma to 620 m at Hidden Valley (18~ 59 t S. 146 0 02' E) 20 km to the west

north west. The vegetation changes from rainforest at Paluma to a wide belt

<500 m to 2000 m) of tall open forest dominated by Eucalyptus grandis with a

developing rainforest understorey CPaluma, Site 2). As altitude decreases and

distance west of the range increases, the vegetation reverts to open forest.

Similar trends in rainfall t topography and vegetation occur an the Kirrama

Range, with an overall open forest ~ rainforest ~ open forest transition moving

'from east to west. Records of rainfall for Cardwell C18· 16' S, 146 9 02' E,) and

Kirrarna Station C18° 09 1 S, 145 0 37' E) were taken from Bureau of Meteorology

Records (1977) and cover periods of 122 and 90 years r€spectively; Kirrama Site

1 data were collected by Crowley Cunpub,) from .t.l\ugust, 1982 to April 1985

<Table 2.2). Cardwell is located at the base of the Kirrama Range (alt. 5 m),

and Kirrama station (alt. 460 m) is 12 km west ,of Kirrama. The vegetation at

Kirrama station- is largely open forest with tall open forest and rainforest

elements restricted to nearby gullies.

2.4 lIICROCLlllATE

The transition from rainforest to open forest is accompanied by an obvious

microclimatic change. The literature contains many descriptions of the

roicroclimatic parameters within either closed forest or open forest t but direct

comparisons between the two are rare.

Richards (1952) describes the microclimate at different strata within

tropical rainforests, and subsequent authors have covered the spatial and

temporal variation of microclimate within closed forests in detail (Leigh, 1975;

Longman and Jenik, 1974; Walter, 1974 and Whitmore. 1973). Although closed

forest has a strong- IIbufferingU effect, reducing the extremes of temperature and

moisture saturation deficit which may occur outside the forest) these studies

emphasize the seasonality of humid tropical forest environments. Closed forests

are spatially heterogeneous ;solar radiation levels, temperature extremes,

humidity, air circulation, evaporation and evapotranspiration rates can vary

substantially between patches with full canopy cover and those with canopy gaps

17.



MONTHLY AVERAGE (RAINFALL IN mm)

YEARS OF
LOCATION LAT LONG ALTITUDE RECORD Jan Feh Mar Apr May June Jul Aug Sep Oct Nov Dec AVERAGE

(5) (E) (m) (rom)

ATHERTON 17°16' 145(:)29' 760 72 287 305 268 lOS 60 46 30 25 22 28 76 173 1425
.. '

C.ARDWELL 18°16' 146{}O2' 5 103 451 461 423 205 92 50 32 30 35 51 105 194 2129

HERBERTON 17°23' 145°23 I 900 137, 238 232 215 84 42 .33 22 17 15 25 73 136 1132

HIDDEN
VALL,EY 18°59' 146°02' 620 3 - - - - - - - - - - - ,- 1240

KIRRAMA
STATION 18°09' 1,45°37 ' 45'7 40 231 269 204 7S 58 44 28 29 19 27 59 108 1142

KIRRA.l1A
STUDY SITE lSo40' 145°44' 620 2.5 130 202 338 57 12"5 11 8 29 9 25 54 98 1086

MT. SPEC 18°56' 146°11' 900 32 649 B09 604 213 96 103 62 54 57 91 171 260 3169

PALUMA 19°00" 146
6

12' 892 13 726 567 443 150 135 44 34 38 54 89 134 429 2835

Table 2.1 Rainfall records for selected sites. Records for Kirrama study site from
Crowley (unpub.). Records for Hidden Valle'y from Ll-te proprietor ,Hidden 'Valley
Pub. All other records from Bureau of Meteorology, 1981.
1:~o lllonthly records are available for ,the Bidden VD11ey site .

.......
00



Figure 2.5 Persistence of low relative humidity in the understoreys
of rainforest (----) and eucalypt forest ( ...• ) for a site
on the Herberton Range. Curves indicate the number of hours
per fortnight with relative humidity less than 50% (screen
heig~t 1.3 m). From Unwin (1983) Reproduced with penmission.
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Figure 2.6 Maximum and mln~mum values for temperature (top) and relative
humidity (bottom) collated at monthly intervals in open
forest at Kirrama. From G. Crowley (unpub.).



of different sizes. Walter (1971) stated that only 0.5 to 1.0 % of sunlight

reaches the forest floor un.der a closed canopy, but individual sunflecks may

reach five times this level. These sunflecks represent the smallest class of

Ugap", and the larger the gap, the closer microclimate approaches the external

extremes. -Microclimate will also approach that of the external environment in

the upper levels of the canopy.

By contrast, Dale (1973) found that the region of the crowns of eucalypt

forests at Daylesford, Victoria tended to be the coolest parts of thes~ forests

during most of the diurnal and seasonal cycles. The exposure of the forest floor

to sunlight during the day and long wave radiation from the forest floor at

night meant that temperatures were highest at ground level.

Stocker (1968) discusses the variations in temperature and humidity

between tall open forest and monsoon forest on :Melville Island) Northern

Territory. High humidity levels and hence reduced transpiration rates are

maintained in the understorey of this closed monsoon forest. Litter decomposes

more quickly 'under the closed forest canopy than in tall open forest, because

of reduced moisture 1068 and lower temperatures. These conditions will also

reduce the probability of fire in the closed monsoon forest : moist fuel and

less of it.

Hopkins (1974) examined the differences between "external" and "internal"

microclimate when comparing lowland closed forest and open savanna in West

Africa. He concluded that the constant microclimate range and reduced moisture

saturation deficit near the floor of closed forest occurred because the forest

mUltiple canopy structure decreased air movement and radiation. The more open

structure of the woadland J analogous to that of Australian open forest, had

little effect on the ground level microclimate. Only beneath the herb layer was

the microclimate altered.

Thermohygrograph data were collected across rainforest boundaries at two

sites near Herberton <Unwin 1983) for 30 months at site 1 and 12 months at

site 2. Eucalypt forests at bath sites were warmer and drier than the adjacent

rainforests, while rainforest sites showed lower levels of diurnal fluctuation

during all weather- conditions except tropical cyclones. Site 1, on a steep scuth

easterly facing slope t was more exposed than the shallow north easterly aspect

20.



of site 2, The microcli.mates inbott forest types at site 2 were more mesic

tban the corresponding forest types at site 1.

Figure 2.5 taken from Unwin (1983) shows the number of hours per

fortnight registered as less than 50% relative humidity on hygrograph charts.

The hygrographs were located 1.3 m above the forest floor, so the figure gives

an indication of the length af periods of atmospheric "drynessU likely to be

encountered by developing seedlings in each forest type. The duration and

number of "dry" periods is predictably greater in "eucalypt forests for both

sites, and greater at site 1 than at site 2 for both forest types.

Thermohygrograph records were collected by Crawley (unpub.) over a 33

month period near the Kirrama study site (figure 2.6), The thermohygrograph was

located in an area adjacent to open forest, and data were collated at monthly

intervals.

2.5 LIGHT

2.5.1 INTRODUCTION

In the transition from rainforest to open forest t the one physical factor

that varies more markedly than any other is light. A considerable amount of"

recent work assesses the spectral quality, energy flux and variability of light

regimes in tropical forests (Anderson t 1964, 1971, Bjorkman and Ludlow, 1972,

Chazdon and Fetcher, 1984~ Evans 1968 ). These authors all agree that light in

tropical forests is still nat well understood. nAIl light measurement involves

some compromise between accuracy and possibility.n (AndersDn~ 1964). Bjorkman

and Ludlow (1972) also emphasize the difficulties encountered in light

measurements in tropical forests due to the "high level of heterogeneity" in

these environments. Furthermore, Chazdon and Fetcher (1984) commented that II ...

of the above ground environmental factors affecting the life of tropical

rainforest plants, light is undoubtedly the most variable, most complex and

least readily quantified,1t

Floors of tropical rainforests probably constitute the lower limit of

available light at which vascular plants are able to carry aut sufficient

21.



photosynthesis for growth and survival (Bjorkman and Ludlow, 1972). The

worldwide percentage transmission of diffuse radiation under cts~~d· forest

canopies lies between 0.4% and 3.8% of available sunlightt representing a total

daily photon flux of between 0.15 and 1.0 mol m--::Z d- 1
t

Measurements have been made of both direct radiation and diffuse

radiation. Ander-son (1964) coined tha term "diffuse site factor lt which means the

average percentage of available diffuse light of specified wavelengths

transmitted through a. canopy of vegetation over a specified time period. She

also pioneered the use of hemispherical canopy photographs for determining the

percentage of light penetration through a forest canopy, This technique was

utilised at Kirrama and will be described in detail later in this chapter,

Light measurement in closed forest environments is complex because so

many factors need to be examined. In order to gain a true impression of the

light en~J'1ronment of a plant within a forest environment, the following points

must be considered:

(1) Temporal variation, both seasonal and diurnal t in total radiation reaching

the forest canopy_ This will be affected by atmospheric and climatic conditions,

as well as latitude and hence solar angle and 5unlight intensity.

(2) Variation in proportions of wavelengths of light reaching the plants in

question, particularly in the PAR range <photosynthetically active radiation,. i.e.

400 to 700 nm).

(3) Spatial heterogeneity of the light environment within the forest due to the

structure af the vegetation itself (e.g. degree of canopy closure, stratification,

height of peripheral vegetation). These factors are particularly important when

considering "sunflecks" or gaps of various sizes.

Bjorkman and Ludlow (1972) assessed the solar radiation environment on

the floor of an area of virgin rainforest in Lamingtan National Park in

southern Queensland, in sites with minimum gap canopy frequencies, ranging from

1.3 to 1.6%. The daily course of diffuse radiation (i,e. total radiation in the

range of 300 to 2400 nm minus direct radiation contributed by sunflecks)

closely matched that of the radiation above the canopy, reaching its peak at

noon. The average diffuse radiation on the floor was 2.2% of that above the

canopy. The total contribution by sunflecks in the course of the same day was
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2 .5% of the radiation above the canopy \ This resulted from three major bursts

of' sunfleck activity ~ v/hich were readily predicted from the hemispherical canopy

photographs on which,. solar tracks had been superimposed.

However~ when· Bjqrkman and Ludlow (1972) examined the photosynthetically

active radiation levels at the same site, they found that the proportion of

diffuse light energy of useable wavelengths reaching the forest floor was only

0.15% of that reaching the .fo~est canopy, because of the filtering effect of the

leaves in the canopy depleting the total quantum flux of those wavelengths that

can be utilized for photosynthesis. Sunflecks contributed some two thirds of the

photosynthetically active radiation reaching the forest floor as opposed to only

one tenth of the total daily ~nergy.

Based on the available data t Bjorkman and Ludlow (1972) estimated the

average radiation reaching the forest fleor annually to be 47.2 joule cm- 2 day-l

Dr 2.58% of the energy in the wavelength range 300 to~ 2400 nm. Of this energy,

22.0 Jlmol cm"--.2 day"-1 or O~44% of PAR reaches the forest floor. Approximately

63% of this latter component was contributed by 3unflecks and 37%, was the

diffuse radiation component.

In lowland tropical forest in Costa Rica, Chazdon and Fetcher (1984)

examined the "photosynthetic photon flux density" ~PPFD). i.s.. the total PAR

during a 12 month period under canopy gaps of different sizes. They found that

under an unbroken canopy~ 1~2% of the external PPFD reached the forest floor. In

the centre of a 200m2 canopy gap, 9% reached the floor, and 20-35% in a 400 m2

gap. Only in a 5000m2 gap did the external PPFD equate to that inside the gap.

Only in this large gap did seasonal variation lead to any signifcant temporal

variation inside the gapt producing higher PPFD's i~ the dry season,

Chazdon and Fetcher (1984) found that on the forest floor under an

unbroken canopy ~ sunflecks contributed 55-77% of the total quantum flux, while

>70% of daily lOmin averages were less than 10 )lmol m-2 8- 1
• (HB 1 )lmol :=: 1

JlE or microEinstein). The 200 m~;:': gap centre received little direct radiation

with total daily PPFD values of between 1.52 and 3.07 mol m-~ d- 1
• The 400m2

gap centre received 3~86 to 13.6 mal m~::C: d-- 1 with 11% of 10 min averages on a

clear day exceeding 1000 )lmol m-;?~ 6'-1. In the clearing, total daily PPFD ranged
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from 13~7 to 33.9 mol m-~ d- 1 and" >40% of 10 min averages were> 1000 ~molm-2

The rainforest to open forest transition ma)r~ "vTary, in the space of' a few

metres, from the extremes of those light intensities found in a larg~ clearing

to those found under a closed canopy. This change is most rapid close to the

forest floor J and thus is likely to exert a strong influence on the distribution,

establishment and success of seedlings in the early stages of recruitment .

.Subsequent chapters will e~{amine the responses of seedlings of a range of

species to extreme conditions of sunlight ar.i.d shade, in bOLt isolation and

competition with seedlings of other species. This section will quantify the

light environments likely to be encountered by seedlings in the field in order

to place any subsequent light related experiments in context.

2.5~2 lIATERIALS A1fD KETHODS

Measurements of PAR using a Licor portable integrating· light meter were

carried out on three transects at Kirrama site 1 in May 1983, September 1983

and November 1984, Transects 30 m long ran perpendicular to the rainforest ....

tall open forest interface J including rainforest, tall open forest with

rainforest elements in the understorey and open forest vegetation types

Measurements of PAR were made at 5 m intervals between morning (8.00 - 10.00

am), mid-day (11.30 ..- 1.00 pm) and afternoon (4.00 ... 5,30 pm) periods at ground

(0 m) and head (1.8 m) heights. PAR was integrated over a 10 second interval t

and a mean of 4 PAR measurements from each corner of a 1 m2 ·quadrat was

calculated at. each point along the transect. Temperature and humidity were

recorded using a whirling hygrometer at three points along each transect, one

in each vegetation type. Cloud cover and prevailing weather conditions were also

·noted.

Evaporimeters were also set up along these transects t but results from

these proved to be highly inconsistent and were rejected as being unreliable.

Other temperature, PAR and humidity recards have been made at this and other
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sites as an adjunct to plant mols"ture stress :me.3surements. These results are

reported in Chapter 3.

2.5.3 RESULTS AlJD DISCUSSION

Table 2~2 shows weather conditions and changes in temperature and

humidity across the ecotone at Kirrarna site 1 for the days when light meter

measurements were made on the ecotone transects. In all cases, a sharp drop in

temperature was accompanied by an increase in humidity in the transition from

open forest to rainforest. Temperature changed by as much as 4.0·C and relative

humidity by as much as 10%. Figures 247.1 to 2.7.18 show the natural iog o·f :mean

and range of PAR at ground ar",d 1.8m heights for morning t noon and late

afternoon measurements in May 1983, September 1983 and November 1984. The

lower light intensities ground level resulted from additional shading effects of

low shrubs, ferns and herbs.

Maximum mean PAR recorded at any point was 1350 ~mol m- 2 S~l at midday

with 15% high cloud caver in medium open forest in September. The lowes~ record

of mean PAR was 1.00 }lmol mnTn2 s-' on an overcast and drizzling morning in

rainforest in Ray. It should be noted that the PAR sensor attached to the light

meter measures bath direct and diffuse light intensities, the latter sensed

through 180· of arc.

PAR varied from rainforest to open forest by a factor of 46.80 1: 3.23

(mean ratio of all PAR measurements in rainforest to those in open forest ±.

standard error). PAR in medium open forest was approximately twice that in the

tall open forest. and approximately ten times that in the ecotone. The most

marked decrease in PAR occurs with the increase in shrub density under the tall

open forest canopy. Relative PAR in the ecotone was marginally higher in the

afternoon than in the morniIlg due to the rainforest canopy blocking out a

higher proportion of afternoon than morning sunlight at this site.

Overcast conditions reduced PAR values in open forest by a factor of 3.36

(mean of all open forest readings during one clear and one overcast day) and in
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Figures 2.7.7 to 2.7.12 PAR across the ecotone at Kirrama site 1, September
1983. Morning, noon and afternoon measurements at ground height
and head height. PAR expressed as a natural logarithm.
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l{ONTH YEAR TIME WEAJHER COND IT IO}IS ~RE (%) 6.TEMP ( °C)

MAY 1983 0800 Light drizzle, 100% low cloud 6 2,0

1200 100j~ low claud 8 2,0

1600 100% low cloud 8 115

SEPT 1983 0800 40% high cloud 8 3.0

1200 1hOj high cloud 8 3.0\.II~

1600 Clear 6 4.0

NOV 1984 0800 60% medium - high cloud 10 3.0

1230 60% medium ~ high cloud 8 2 h
'-.J

1600 100% medium cloud 8 3,5

Table 2.2 Weather conditions and changes in temperature and humidity across the

ecotone at Kirrama Site 1,

rainforest by a factor of 2.56, the latter lower due to the higher proportion of

diffuse as opposed to direct sunlight in the rainforest. Overcast conditions

characteristically reduce the effects of small canopy gaps. by eliminating the

influence of sunfleck events.
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2J:> STRUCTURE AllD FLORISTICS

2.6~1 INTRODUCTION

In characterising the structure and floristics. of rainforest, tall open

forest medium open forest, it is necessary to note that these vegetation types

are seldom represented as discrete entities in the ecotone. but tend to form a

continuum, however rapid the transition from one community to the next. The

ecotone itself is often temporally and spatially unstable, and must be regarded

as a dynamic boundary system. Nevertheless, in order to bes-c describe the

ecotone structurally, architecturally and floristically it is necessary to divide

the transition into its component parts and describe these separately.

In his description of the structure and composition of raiD-forest and

eucalypt forest, Unwin (1983) raises a number of questions about the

distribution of species in the ecotone and comments 1\ .. ~the autecologies of these

dominant tree species are fundament'll to the complex forest r= environment

relations of the rainforest - eucalypt forest boundary. Why is an" otherwise

Widely dispersed species (Eucalyptus grandis) so definitely restricted and yet

so successfully established along the abrupt rainforest edge? Why does

Eucalyptus gralJdis command such a prominent position in the narrow margin of

tall open forest and yet disappear so abruptly in the adjoining medium forests

af E. inter111edia, E. tereticornis and/or Al1ocCJsuariI1a torulosa? Clues to the

unique success of Eucalyptus grand:1s in this narrowly "defined ecotonal niche

are likely to offer a major contribution to the understanding of forest

dynamics at the rainforest eucalypt forest boundary I"
Similar questions arose upon the examination of the structure and species

distribution of the ecotones obse~ved in this study, and sUbsequent chapters

concentrating on the autecologies of dominant and characteristic speciestprovide

some of the answers to these and related questions.

A variety of different types of rainforest - open forest ~cotone are found

in northern Queensland, and these may be classified into a range of sUbtypes

and intermediate forms. Smith and Guyer (1983) drew the distinction. between



vlhat ~hey describe as a "sharp edgeU as opposed to an "ecotone" or more gradual

transition in New South Wales rainfores~s, Unwin (1983) recognised five

different types of transition zone. For this study) the transitions will be

classified into. one of the following three categories:

(A) An abrupt and apparently stationary rainforest m.argin with a complete

transition occurring from rainforest to open forest through an ecotone not more

than 30m wide,

(B) Ecotones in which rainforest species can be found extending out beneath a

canopy of eucalypts or other typical open forest species, ilIlplying rainforest

advance. The ecotone is generally less than 100 m wide.

<C) E~{tensive tracts of Euca.lyptus grandis dominated tall anen forest with a

dense understorey of rainforest species.

It is nat proposed that this classification be uni~.,ersally adopted; it is

merely a cQnveni~nce for the purpose of defining and comparing ecotones

encountered in this study t Moreover, these classifications are based on the

extent of a transition zone at a given timet A transition zone might eventually

pass through all three categories as well as changing in position.
f

Unwin (1983) divided the rainforest ecotones into discrete community types

and described each community in detail. The sites studied near Herberton include

0,5 ha plots of mature rainforest on the steep eastern slopes, young rainf-orest

of the Hugh Nelson Range, two rainforest boundary plots, tall. open eucalypt

forest, tall open eucalypt forest with. a closed understorey and medium open

eucalypt forest. In' these plots he examined canopy and understarey floristics,

relative dominance and basal area of tree species, diversity and forest

structure.

In the two boundary sites Unwin (1983) found an abrupt decrease in plant

species richness in the transition from rainforest to open forest, The high

diversity found in the species rich rainforest was maintained through the

rainforest edge in all strata, and species numbers decreased only at the open

forest end of the continuum. However, the boundary did contain a greater

proportion of fast growing species than the rainforest (e.g _ Flindersia SpPq

Aleurites l1101uccana, TDona. a.ustralis, Acacia aula.cocarpa and lleolitsea dealbata) t

Beneath this canopy of early secondary or large gap species is a dense barrier
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of shade in.tolerant shrubs; vines and HagQ'ressive ear1v successional 8pecieeY
. .l-:t-J .~ -ria

(Unwin~ 1983), This wall af vegetation acts as a protective buffer of relatively

low flammability and has the capacity to regenerate rapidly following a

disturbance soch as a fire in the open forestt The exotic weed La.nta.na CB.mara

was evident at this ecotone site as at many others, contributing to the density

and vigour of the edge vegetation but increasing the probability of dry season

fire penetrating the rainforest boundary (Stocker, pers~ comm1)~

Smith and Guyer (1983) also noted two dis"tinct zones in the rainforest

contiguous with eucalypt forest in New South Wales. They examined species

distribution in warm temperate rainforest eucalypt forest margins at

Barrington Tops and Girard State Forest, and described tWD vegetation

assemblages within the rainforest. The outer zone, clos~r to the interface with

open forest contained smaller, more closely spaced and younger trees 4 The inner

zone contained fewer, larger and older trees. Only the outer zone contained any

evidence of past fires. They proposed that, the rainforest at both sites is

advancing into the eucalypt forest~ but that another severe fire WQuld kill an

area of ~ainforest and lead to its temporary replacement by eucalypt forest. The

frequency of summer droughts, combined with high temperatures and strong dry

winds results in a greater incidence of fires penetrating into and destroying

rainforest in temperate Australia than in the tropics .

. Unwin (1983) likened the undisturbed rainforest boundary to the edge of an

expansive and semi~permanent forest gapt in which the processes of succession

and regeneration parallel those which occur in a large internal opening in the

rainforest canopy. This study will suggest that the principles which apply to

dynamics and succession within tropical forests are interchangeable with those

that govern the spatial and t~mporal changes. in the ecotone.
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Plate 2.1 Tall open fare::::s with a ralnfores"t understorey at Kirrama. Young

stems of Eucalyptus grandis are evident in the centre of the photograph I
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Plate 2&2 Tallop,en forest with an understoreyof I11Jperata. cyl:lndrica. at Paluma

Sit·~ 1.Tha area was burnt in 1983, and photographed in 1987.
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2.6.2 MATERIALS. UD.METHODS

(a) KIRRAMA

A 50 In X 50 m quadrat was pegged out at Kirrama site 2 ~ extending

apprOXimately 10 m past the ecotone into mature rainforest (fig 2.8). Vegetation

types included in this 0.25 ha plot "ifere medium open forest domiI!ated by'

Eucalyptus intermedia, tall open forest dominated by Eucalyptus grandis,

ecotonal vegetation with a high density of small trees and shrubs und.er a

canopy of Eucalyptus grandis, and closed canopy rainforest with a relatively

sparse understorey. The medium open forest and tall open forest understoreys

were burn"t Woy a "cool" grass fire in August 1982, but little damage to the trees

was evident.

The quadrat was subdivided into 625 2 m x 2 m subplots, and the presence,

species and girths of all trees ) 10 em girth were recorded. In addition to

these data, the girths of all trees >10 em dbhob were recorded' from an adjacent

50 m x 50 m quadrat, but positions were nat recorded. Two transects 5 JD. X 50 m

were laid out inside the first quadrat, spaced 25 m apart and oriented

perpendicular to the rainforest edge (fig. 2 .8) , In these transects, species

presence/absence was recorded at 5 m intervals, together with percentage

estimated ground cover of grasses and shrubs <5 m in hSight, and careful note

was made of any evidence of past fire eucalypt and acacia regeneration, Any

evidence of past fire was recorded and the distribution of charcoal was noted.

A species list for the general area of Kirrama site 2 was compiled~

A canopy profile diagram was prepared for a 50 m line transect at Kirrama

site 1. Tree heights were measured using an inclinometer, and drawings were

made of the architecture of all tree species found on the transect. Photographs

were also used in preparation of the profile diagram.
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Figure 2.8 Quadrat and transect location at Kirrama sites 1 and 2.

KEY:
a, band c 30 m X 1 m Transects for PAR measurements and hemispherical

canopy photographs.

b:

d and e:

1\:

B:

f and g:

50 m canopy profile diagram transect.

25 m hemispherical photograph transects.

50 m X 50 ill quadrat for tree species mapping and dbh measurement ..

50 m X 50 m quadrat for dbh measurements only.

50 m X 5 m strips for grass and shrub cover estimations.

Refer to Figure; 2.2 fOT site locations.
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(b) PALUlr1A

Species lists were made and species distribution was noted in the type "en

tall open forest with rainforest unders-corey at the Paluma site~ Heights and

girths of dominant tree species in an area of approximately 0.5 ha were

recorded in order to compare this area with the rainforest ecotones at Kirrama.

E~,lidence of past fires in the form of fire scars on tree trunks and the

presence of charcoal in the soil was recorded.
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2.6.3 RESULTS AND DISCUSSION

(a) KIRRAMA

The canopy profile diagram (fig. 2.9) for a 50 m line transect at Kirrama

Site r demonstrates the transition in vegetation at this ecotone. The figure is

an idealised diagram showing the relative density, species architecture, heights

and canopy layering of species along the transect ~ Only the dominant species

are represented. The diagram is divided into 5 zones:

(A) Medium open forest.

CB) Tall open forest.

(C) Tall open forest with rainforest species in the understorey.

(D) Young rainforest with early successsional species.

<E) Mature rainforest late successional species.

The actual distinction between these zones in the field is not as readily

obvious as in the diagram, and the relative area of each zone'varies according

to topography and disturbance history. but the diagram does provide a basic

reference and is included fQr this purpose.

Floristics and species distribution are essentially similar at Kirrama

sites 1,2 and 3, with the following e:.-:ceptions. Eucalyptus gr-and1s and E.

torelliana are found up to 25 m into the nD" zone (young rainforest) at site 2,

and this zane is more extensive at this site, indicating a greater incursion of

rainforest into eucalypt forest in recent years. Individuals of Alphitonia

petriei and ArgyrodendrDn polyandruJIl are also found at site 2 but were not

recorded at the other sites. A. petriei is restricted to the road edge, where it

is codominant with Acacia aUlacocarpa , A. lIlaI1giul11 and Eucalyptus torelliana. At

site 3, the edge is more disturbed due to more recent logging activities, and

the "eu zone is more extensive. The HAn zone also contains a higher proportion

of Allocasuarina. lJttora.lis, A. torulosa., Eucalyptus tereticornis , and Neolitsea.

dealbata occurs in the lie") "D" and "E" zones.

Medium open :forest (zone nAn) in the Kirrama study area is dominated by

Eucalyptus inter11ledia, over a grassy understorey with 1111perata c~vlindrica var.
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Figure 2.9 f:ancp31 pr8file diagra!.h (next page) for the ecotone at Kil-'rarna 811:e

1. Zones it, B~ C.~ D and E are described on the previous page.

SPECIES SHOWN IN THE DIAGRAM:

1 ~ Eucalyptus inter111ed1.a

2. Banksia integrlfolia

3 ~ Eucalyptus grandis

4. Eucalyptus torel1iana

5~ ~41....vxiCJ. thyrsifolia

6. Cupaniopsis serrata

7. ]rnQdo:myrtus trineura

8 . ...41ectryoD t01J1entosus

9. Canariu1I1 australasicUlIl

10. Glochidion ferdinandii

11 ~ Alstonia l1luellerana

12. Schizomera ova ta.

13, SyzygiuIJJ wilsonii

14. Euodia elleryanCJ.

15. Albizia toona

16. C~ptocarya mackinnoniana

17, Acacia aulacocarpa

18. Cryptocarya rigida

19. Helicope Spa

20, Darlingia. darlingiana

21, S,JvzygiUl11 SI11ithii

22~ Agathis robusta

23. Flindersia brayleyana.

24. Aust.ro111yrtus hillii

25 ~ Gahn1a sp.
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ma...loT'j FJanicUlIl l11a;{i111U1I1 and Thel11eda australis* Other wo.ody species are less

common and include Acacia aula.cocarpa J Alstonia muel1erana~ Banksia integri:folia,

Cassia floribunda, Eucalyptus tereticornis~ E. resinifera, Lophost~mon

suaveolens, and Xanthorroea sp, .lrfaesa dependens, Pteridium esculentu111 and Guioa

acutifolia occur in the understorey. Tree heights seldom exceed 30 m, and

density of trees of all tree species was estimated from quadrat data at 348

trees per hectare.

Eucalyptus grandis is the most obvious element of the "B tt zone with

individuals up to 50 m in height and in excess of 4m in girth. The understorey

of th~ tall open forest varies from that found in the medium open forest to

dense shrub -- and vine thicket characteristic of the "eu
zone~ The latter is

composed of shrubs, vines and herbs and some tree saplings up to 5 m .in height)

seldom exceeding lOcm in girth. A high proportion of the shrubs and saplings

are members of the family Sapindaceae* Species fou·nd in this zone include

Alyxia thyrsifolia, Alstollia ltIuellerana., Aglaia. ferruginsa, AlectryoIJ. t0111entosus J

Cupaniopsis serrata J Canarium australasicu111 J Euodia elleryantl J Glochidion

ferdinandii, Rhodomyrtus trineura, Rlloda111nia. sp., Schizomera -ovata, SYlIJplocos

sp-. a.nd Za.nthoxyluIll brachyacan th UIn. The herb Sola.num torvum and Gahnia Spa

sedge were found in gaps in the shrub layer.

Tree species in the rainforest margin have a distinctive architecture t with

branches spreading horizontally to maximise light interception~ The most

obvious example of this phenomenon is Alphitcnia. petriei, which frequently has

a crown diameter in excess of its height in mature individuals, and an

unusually small amount of canopy overlap. Canopy heights in the forest margins

at Kirrama vary between 20 and 30 m, although individuals of Eucalyptus

torelliana. and Acacia 11langi1l111 may reach heights of 40 m. The young rainforest

margin (zone "D It
) contains Acacia aulacocarpa, A. mangiulD, Albizia. toona,

CanthiuJIl sp~ aff. C, odoratul1I, Eucalyptus torel1iana, Flindersia brayleyana,

Podocarpus neriifolius and Polyscias sp. Sapindaceous shrubs, vines and saplings

from zone "en are still present but less common,

The mature rainforest has an irregular canopy 25 to 30 m in height with

emergent Acacia aulac-ocarpa, A. mangiul1l and Agathis robusta to 40 m. Canopy

species include AlstDnia lDuellerana J Argyrodelldroll polyandrulIl , Austro111yrtus
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hillii,t Canarium austral3.sicU111~ Cr~vptDcar:.ya 1I18Ckinnolliana, Cl putida,t C.sp .. aft.

C, rigida, Darlingia darlingiana~ Elaeocarpus sp. nov t (ERI 126145), .P'lindersia

bra..yle..,vana, Glochidion ferdinandii, Nelicope sp., 5,.,V1Ilplocos sp., and Syz>JygiulJ1

smithii. Understorey species such as Bowenia. spectabile,Dendrocnide 1f1oroides

and Syzygium wilsonii occur throughout, but the forest floor behind the ecotone

is nevertheless relatively open, and dense law level vegetation occurs only

under gaps in the canopy. Lianes and vascular epiphyte·s were present but

uncommon. Plank buttresses occur only in a few species in the area. Vines such

as Calamus spp. and Smila..lY SPI were also in ,evidence. With the exception of

emergents, tree girths were less than 60 em dbhob~ The rainforest was

classified according to Tracey (1982) as simple notophyll vine forest with

Agathis emergents, although some discrepancies exist between the rainforest

described in this reference and that found in the Kirrama study area~

The results for the 50 m x 50 m quadrat and the two 5 m x 50 m transects

are shown in figures 2.10.1 to 2.10.10. The quadrat was divided into ten 5 m X

50 m strips running parallel to the rainforest boundary (fig. 2~8). Figures

2.10.1 to 2.10.4 show the densities of the four main tree species in each of the

5 m x 50 m strips for individuals >10 em in girth.

The density of Eucalyptus interlIledia is at a maximum furthest from the

rainforest, and gradually diminishes to zero inside the rainforest (fig. 2.10.1).

E. intermedia is replaced as the dominant tree species by Eucalyptus grandis in

the tall open forest adjacent to the rainforest edge <fig. 2.10.2). Although tree

density is not as high as that for E. inter1I1edia in the medium open forest, the

mean girth of Eucalyptus grandis (mean ±. BE ,~ 175 .5 em 1. 12 .817) is

substantially greater than ·that for E. inter-media (58 ~O em ±. 2.95).

E. torel1iana is restricted to the rainforest ecotone (fig. 2.10.3) whereas

Acacia aulacDCarpa. is found in small numbers in medium open forest} tall open

forest and in slightly greater numbers in the ecotone and the rainforest (fig,

2 .10.4). Figure 2.10,5 shows that tree species) ather than the four dominants t

with girths >10 ern are mainly restricted to the ecotone and the rainforest;

very few of these species are fire tolerant open forest species 4

Grasses species (mainly 11l1perata cylindrica, Panicu11l md.yilIlU1J1 and The.meda

a.ustralis) are distributed in a similar pattern to E, intermedia (fig, .2410.6)
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Under the denser vegetation cover of the ecotone these are replaced by more

shade tolerant herbs "-tid sedges, Grass cover yaries seasonally with rainfall

and fire frequency, but it is unlikely tha"t the .relative density deviates from

the pattern SnO\fln in the fi3ur~. Mean percentage cover of shrubs and saplings

<5 m in height varies inversely with grass cover, and reaches a peak in the

ecotone, forming the dense barrier of vegetation on the rainforest described

previously (fig 2,10.7).

Density of trees of all species )10 em in girth reaches a minimum in the

tall open forest belt, the low density here resulting fram the presence of large

individuals of Eucalyptus grandis. Ma:{imum tree density occurs in the ecotone

where there are large numbers of young rainforest trees. Tree density decreases

inside the mature rainforest <fig. 2.10,8), where trees are larger t older and

less densely spaced. Actual numb~rs of tree species per unit area reaches a

maximum in the rainforest (fig, 2.10,9) I Mean tree girth is highest in the tall

open forest and lowest in the ecotone (fig, 2.10110).

(b) PALUXA

Vegetation at the Paluma site did not show the obvious zonation found on

the Kirrama ecotones, but formed a complex mosaic of rainforest _ tall open

forest, sometimes with a rainforest understorey, An overall transition from

rainforest to open forest took place from east to -west, although pockets of tall

open forest occurred within rainforest t and rainforest elements were found in·

gullies surrounded by medium open. forest4 A nUln.ber of relatively dense t

apparently even aged stands of young Eucalyptus grandis with vigorous

understoreys of rainforest shrubs and saplings occurred throughout the area,

indicating that at these 5ites, rainforest has moved into the open forest

relatively recently f Elsewhere in the tall open forest, fire scars on boles and

fire damaged Dr killed rainforest shrubs and saplings indicate that fire has

slowed or halted the westward movement of the rainforest margin.
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l1edium open forest at the ?aluma site was dominated oy Ellc:al..y;.utfJ.S

in termedia , 8.}lncarpia gloJIJulifera and on higher ground, Allocasuarina. tOTulosa.

Other tree and shrub species included AlphitoTIia e.Ycelsa.} Ba.nksi~ integrifol.j.a

and Rhodomyrtus trineUTiJ.. The forb layer wa~ composed of the grasses I:mperata

cylindr'ica and PaniClJIIl maximum, PteridiuIJ1 spp" and Alpinia. caerulea, Gahnia S...D.

HelichrysulJl rupicola and PiII1elia SPI'

Tall open forest was dominated by Eucalyptus grandis with individuals

exceeding 5 m in girth and 55 !1l in height, Other elements in tall open f(j!~est

v'aried widely, and included Acacia aulacocarpa, A. l11elano-..yyloIJ. ...41ectr.yoD

tomentosus, illphitolJia petriei, A. whitei~ Jo41stonia '111uellerana, Broe.,.vnia cern ua. ,

Dodonea tenuifolia, Glochidion sp., Neolitsea dealbata~ POlIladerris a.rgyroph.,vlla,

Polyscias austra.lianum, Rhodomyrtus trineura and Sloanea ld1Jgii, a.s well as a

range of tree and shrub species in common with the rainforest proper + In more

open areas dominated by Eucalyptus grandis, .41pinia spp., Gahnia Sppt, I11lperata

cylindrica, Naesa. dependens and Panicu111 maXi1IlU111 were eVident, along with

packets of Lantana camara.

In areas .of rainforest without a dominant eLicalypt can"DFY J some of the

more common tree and shrub species were Acacia JIJela.llo~yylon! AcmBn8 smithii,

Baloghia sp " Buchanania sp. t Cryptocarya sp. J Endiandra discolor, Ficus

rubiginosa, Elaeocarpus largiflorens, Guioa acutifolii3. 1 l!ischioca.rpus

lachnocarpus, Neolitsea deal bata , Pittosporu1J1 ferugineu111 , SlodI1ea australis, S.

la.ngii and SyzygiuJIl a.ustra.le.

Canopy heights and stem densities varied greatly throughout the area,

indicating a wide range of stand ages and therefore a complex history of

disturbance and regrowth.
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2~? CONCLUSIONS AND SUMMARY

Few ar'eaS in the 'world contain examples of vegetation and

microenvironmental transitions as abrupt and as contrasting as the north

Queensland rainforest -. open f-orest interface (Domin t 1911) ~ The two plant

assemblages are distinguishable in terms of vegetation structure t biomass t

regeneration and successional processes t susceptibility to disturbance, and

microenvironmental factors including temperature, humidity (and hence saturation

deficit), light and exposure to environmental extremes~ The transition from one

set of environmental parameters to the other takes place in some cases over

only a few metres. A similar change in environment occurs vertically.

particularly in the rainfDrest~ The differences between the environment on the

forest floor and that in or above the canopy should not be Qverlooked J as these

can logically be expected to be as great o~ greater than the differences found

in the horizontal transition from closed to open forest, particularly with

respect to the light environment.

The future vegetation of an area is largely determined by the success or

failure of plants of different species to disseminate propagules, germinate,

establish, grow and compete successfully with other plants. However~the most

extreme habitat changes in the ecotone occur at or just above ground level~ This

is the environment encountered by propagules and seedlings of all plant species

except for epiphytes, hence the pressure of environmental extremes on the

forest floor will determine the eventual species distribution~
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"It raIned and it rained and it rained. Piglet told himself that never in

his life t and he.. was goodness knows hmi aId - three, was it, or four? ­

never had he seen so much rain. It

(Milne., 1936)
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3.1 INTRODUCTION

The humid tropical coast and adjacent uplands of north Queensland are

traversed by acute topographic rainfall gradients running both east - west

and north - south (Chapter 2). The discontinuous distribution of rainforest

in thi.s region is influenced by topography, fire and moisture regime as

well as by agricultural land use4 However, no causal relationship has been

demonstrated between rainfall pattern and rainforest distribution (Unwin,

1983). It is believed that Australian tropical rainforests are restricted to

areas with greater than 1200 mm mean annual rainfall and with no less than

25 m:m mean monthly rainfall in the driest month (B.R. Jackes, pers. com:r:L)

but discontinuQus patches of rainforest occur westward from the coast as

far as the 800 mm isohyet <Webb and Tracey, 1981). As no studies have ever

been carried out to investigate the processes which relate forest growth to

moisture availability in the Australian tropics~ it remains to be proved

that water relations determine the areas in which tropical rainforest can

grow.

Unwin (1983) observed that in various parts of the Atherton Tablelands,

rainforest and eucalypt forest coexist across a wide range of rainfall

conditions. On the northern shore of Tinaroo Falls Dam with a mean annual

rainfall of 1200 mm, tall open forest with Eucalyptus gr-andis occurs

adjacent to seasonally dry upland rainforest. At the other extreme, Gadgarra

State Forest, with a MAR af 2028 mm~ contains examples of moist upland

rainforest and open forest with E. grandis and E. pellitl14 Two further sites

in coastal areas (Mission Beach, MAR = 3037 mID, and South Johnstone, MAR =
3302 mm) contain examples of both lowland rainforest and medium open

forest (Unwin, 1983) t

Stacker and Unwin (1986) proposed an ancient continuum in narth~

eastern Australia between tall coastal rainforest and semi arid thicket

assemblages further inland, distributed according to rainfall variation.

They suggested that this vegetation gradient was disrupted by an increase

in fire frequency following the arriva.l of aboriginal man approximately

40000 years before present, and many of these closed forest assemblages

have been replaced by fire tolerant, eucalypt dominated assemblages.

Webb and Tracey (1981) attempted to correlate climatic factors with

particular rainforest types, but their conclusions related only to Itcoren
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areas t outside which there are tt~.tmany extraneous floristic elements as the

result af past climatic changes." Table 3.1 shows the average climatic

parameters for closed forest types on optimum sites throughout Australia as

suggested by Webb ·and Tracey (1981).

Rainfall Temperature

mean mean
Floristic ,=icme~t mean ml:an for driest $i~ minimum,
or province Structural type ~Average' annual annual consec:utlvc coldest
(climate type) (on optimal sitt) climate station (mm) raindays. months (mtn) month (l1() Soil fertility

Tropical seasonal complex m£:5uphytl Innisfail i Qld J644 155 760 IS.l High
WC't vine (orest

Tropical5trong!y scmi-deciduou$ Iron Range. 2049 202 215 18,4 Hi@h/medium
seasonal moist mesophYI1 vine Qld often

forest riverine
alluvium

Trop~l strongly detiduou! microphyll Kowanyam=, 1222 it 36 14.8 High/mediuml
seasonal dry vine forest Qld low

Tropical ~xtremc semi~eeiduous Darwin, Nt 1$34 109 110 l8-,9 Medium
seasonal notophyll vine generally
(monsoonal) • forest enriched
moist toast sand

W.rrn, sub"tropical complex nptophyH Condong, NSW 1722 142 5$0 ~L8 Hi~h

seasonal moi~t vine rorest ±
araucarians

Sub--tropic;aI semi--evergreen Biloela. Qld 699 75 187 5.1 High/medium
Jtl1s.onal dry microphyll vine

thicket
Cool rub-tropi~al notophyll vine foresl Cloud's Creek, 1397 138 413 -0.3 High Imedium

cloudy moist Qfd
Submontane cloudy microphyl1 rern for~t Wentworth 1374 149 405 1.5 High/medium

moist F-alb. NSW
Warm temperate microphyl1 vinc-fem Cann River, 1004 l46 4-48 2.0 High/medium

moist forest Victoria
Cool temperate wet naJ10phyll r~rn or Warltah, 2201 2~2 820 1,5 Highlmediumi

IOO$S forest Tasmania low

Table 3~1 Environmental relationships between climatic types and structural

types of rainforest, using selected meteorological data. from Webb and

Tracey, 1981 (Copied with permissiDn),

Plant moisture stress can be evaluated by looking at water relations

under natural and artificial conditions~ Measurements of transpiration

compared to absorption rates are the ideal,but are difficult to carry out

on a whole plant in the field with any reliability. Leaf conductance

measurements with a diffusion parameter can be dane on leaves still

attached to the plant, but they only give an indication of transpiration on

one leaf- at a particular time. However t water ·potential determinations can

be used to assess the water status of the whole plant in the field, water

potential given as:
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<turgor·) potential - osmotic potential - matric notential
.!.

<Slatyer, 1967), Note that ( If ) is always considered to be p:~g.?ltive. The

latter is the most widely used measurement.

Total water potential and osmotic potential are the most commonly used

parameters to determine plant water status~ but the meaning and

interpretation of each one under natura:' conditions is sometimes open to

speculation. Medina (1983) interprets total water potential as a direct

indicator of total water status in a. plant, thus minimum values of healthy

leaves during periods of '"later stress can -De used to indicate drought

tolerance, Plant water potential can be measured using the Hpressure bombu

technique pioneered by Scholander et al (1965) and described in detail by

Waring and Cleary (1967). So called PXS (plant moisture stress)

measurements are dependent on soil moisture potential, atmospheric

conditions and the ability of the plant to control water loss C:Naring and

Cleary, 1967). Predawn P:MS measurements give the best indication of the

soil moisture potential, as the plant is most likely to be at equ11ibriu.1U

with the soil at this time. Midday to early afternoon measurements will

show the minimum water potential, and hence the maximum level of water

stress, attained by the plant.

When considering water relations, two grQups of plants are. recognised,

drought tolerators and drought avoiders. Species in the first group have a

plasmatic tolerance to low water potentials and osmotic potentials in their

vacuolar sap. Drought avoiders present several characteristics that allow

them to overcome water stress without reducing water potential to any great

extent, These include deep root systems which guarantee adequate water

supply during dry periods; efficient stomatal regulation of transpiration;

and shedding of transpiring organs when water losses cannot be recovered.

These adaptations all involve an energy cost to the plant.

In tropical forests, the adaptations to water stress include (a) an

increase in deciduous behaviour, <b) dominance of microphylly and compound

deciduous leaves, (c) greater development of underground organs and deeper

root systems, (d) tolerance to low water potential and low osmotic

potential af the vacuolar sap in evergreens and (e) mechanisms for reducing

the amount of absorbed radiation such as a high degree of leaf inclination,

leaf roughness and hairiness (Medina. 1953).
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B~Z~22 and Pickett (1980) reviewed ecophysiological studies on trees in

tropical forests, and concluded that whilst little work has been carried out

on transpiration.. in tropical forest trees, there are no goad reasons to

expect transpiration rates to be different 'between tropical and temperate

trees under similar conditiQns~ There is little d.ifference in stomatal

densities between the tWQ t and available data indicate that a range in

transpiration rates 0+ ~.2 to 2210 mg H2 0 dm-~s-1 is common to both

(Walter t 1971). Understorey plants tend to have lower stomatal densities

than emergent trees or plants growing in the open (Bazazz and Pickett t

1980) .

Differences between early and late successional tree species with

respect to cellular anatomy and stomatal behaviour have been found to occur

in a' number of instances (Bazazz and Pickett, 1980) ~ Earlier successional

trees have larger vessels, and hence a lower resistance to water movement,

than do mature forest trees. Late successional and understorey species are

sensitive to .water limitation and close their stomata qUickly when they

experience water deficit, thus lowering photosynthetic and transpirat.ion

rates (Bazazz and Pickett (1980)~ However, few measurements ~ave been

co.rried out on photosynthesis in moisture stressed trapicat.tree species.

Very few measurements of tissue water potential have been reported for

plants growing in tropical environments (Robichaux et al t 1984). Fetcher

(1979) measured the water potential of five tree species in ,~et lowland

forests in Panama. At the end of a prolonged dry season, diurnal water

potentials varied between-O.5 and -2.5 :MPa for mast species, but Trichl1ia

tuberculata reached values as 10\1 as -3l9 MPal These results indicate that

plants in even the wet tropical en~ironments may be subjected to severe

tissue water deficits during prolonged dry periods (Robichaux et al, 1984)~

Water potential values of between -0.2 and -0.4 MPa in the wet season

and -0.8 to -1.2 MFa in the dry season we:r:-e reported by Robichaux and

Pearcy (1980) for understorey Euphorbia Sppt in Hawaiian mesic forests.

Oberbauer (1982) measured water potentials in Pentaclethra Illacroloba., a

common tree species growing in lowland wet forests in Costa Rica, While

water potentials reached ~1 t7 MPa in the upper canopy t the :minimum values

in the understorey leaves of the same species were often up to 0.5 MFa

higher. Medina (1983) reported a range of -0.1 to -l~O MPa in three montane

wet forest species in Costa Rica on an exceptionally clear day.
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Leaf area indices of forests have been shown to have a significan"t

~ffect on plant water potentials. Unpublished data by Rundel (Robichaux at

al~ 1984) that predawn water potentials for tree species growing in

undisturbed forest with a leaf area index of 6 m;:l: /m'~ were up to 3 ,5 times

lower than those growing in a large gap with a low leaf area index. Higher

levels of moisture available to plants in gaps because of lower

transpiration rates per unit area of forest would account for these results,

but the greater degree of exposure to sunlight and air movement in gaps

might tend to cDunter the effect, Insufficient data are available to draw

any valid conclusion at this paint.

Farrish and Bazazz (1982) investigated niche responses of early and

late successional tree species along light~ nutrient and moisture gradients.

They found that seedling af the early successional species (}'inus taeda,

Crataegus IDollis and Gleditsea. triacanthos) had greater niche breadths than

the late successional species (Acer sa.ccharu1I1, Quercus rubra and Tilia

america.na) l As well as being able to grow in a greater range of moisture

regimes, the early successional species showed greater tolerance of dry

conditions.

Ladiges (1974) exarnined the drought tolerance of four populations of

Eucalyptus viIIlinalis grown from seed under glasshouse conditions. The

seedlings taken from populations in low rainfall areas showed greater

resistance to desiccation and were less damaged by sustained draught than

the seedlings from the two high rainfall populations. The more resistant

seedlings did not simply avoid drought by qUickly closing stomata, but were

capable af maintaining relatively high rates of transpiration under

moderate moisture stress. Wilting occurred in the high rainfall populations

at higher water potentials and higher relative leaf turgidity than in the

low rainfall populations. Jarvis and Jarvis (1963) determined that a linear

relationship exists between water potential and relative turgidity, in four

species of varying degrees of draught tolerance,

Two eucalypt species t E. behriana and E. microcarpa, investigated by

Myers and Neales (1984), produced a mean dawn water potential at three

sites of -3.07 MFa. Seasonal variation ranged from -2.0 ± ·0.1 to 4.4 ± 0,1

Mpa, depending on rainfall. Dawn water potential for the lower rainfall site

dominated by E. behriana was frequently lower than that Lit the moister site

with E. 1I1iCTOcarpa. Myers and Neales (1984) concluded that the smaller and
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irl.dividuals ot E. droueht tolerant thanw

those of E. microcarpa~ and that the tV1CJ species intermingle i:l mixed

stands in areas of i:ltermediate drought streSSt In these areas a broad

ecotone occurs between mallee and wDodland vegetation.

This chapter describes experiments carried out in the field and under

glasshouse conditions to determine the nature of the change in water

relations across the rainforest - open forest boundary. Measurements of

soil moisture and plant water potential in the field showed marked changes

in water availab~lity and levels of plant moisture stress through the

ecotone, and the results confirm water relations as an important factor in

determinir.Lg the establishment and distribution of species and ultimately

vegetation types, Glasshouse experiments were used to establish the relative

levels of drought tolerance in seedlings of tree species from rainforest,

ecotone and open forest, and the trends observed in these experiments

closelv mirror the resnective distributions of the same and similar suecies
.j -k "'-

in the field.
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3~2 MATERIALS· A~D METHODS

3.2.1 FIELD EXPERIXEXTS

Soil moisture determinations' wer-e carried out at Kirrama S1te 1 Qn

three 50 m transects running perpendicular to the raInforest margin

(Chapter 2) in February t _~ugust and November t 1984. Tv;o soil samples were

collected every 5 m along each transect at depths of 0 - 10 em (litter

excluded) and 40 - 50 em below ground levell The samples were placed :'n

glass jars sealed wit~ parafilm and a screw cap. Previous trials trlith this

method have shown no discernable change in soil wet weight for periods of

up to 2 months provided the seal remains undamaged i The samplGts ~~;ere

individually weighed 1 oven dried at 90"C for 10 days and then reweighed to

determine pecentage soil moisture.

"Hater potential measurements were conducted at Kirrama sites 1 ~ 2 a.nd

from 1983 to 1986 to examine variations in plant water relations

according to species, diurnal and seasDnal changes, topography and

surrounding vegetatioTl type. A upressure bambI! leaf chamber was used for

all measurements.

Eleven tree species were selected from rainforest, ecotone and open

forest habitats. Table 3.3 shows the snecies used and the number of

replicates for eachl Water potential measurements were carrie,j out on five

successive days in May 1983, and an four successive days in August 1983

between 11:30 and 14:00 hours. One healthy branch was brought down from an

unshaded portion of the crown of each tree using a rifle with a telescopic

sight. A twig with at least ~hree intact leaves was removed from the branch

and placed in the pressure chamber within 2 minutes of the branch reaching
1

the ground. In most cases, three measurements were made on different twigs

from each branch t and the mean water patentail of these was recorded.

Temperature, relative humidity, light intensity and estimat~d cloud cover

were also recorded. The height of' each tree used in the experiment was

estimated using a clinometer.

"1 Preliminary trials carried ou t wi th accessible branches removed from
trees showed that water potential in leaves from the ends of large branches
remained constant for periods of no less than 2 minutes and up to 10 minutes
from the time the branch w?s removed, depending on air temperature and relative
humidity~ Water potential then began to decrease steadily.
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Measurements of water potential for saplings betf{{een 2 and 3 m in

height were also made far five species during the course of the experiment,

These are also shown in table 3,3.

Five individuals of EucalYJ.vtus interXledia were selected to determine

the effects of topography and associated vegetation on the preda\.;'n water

potential of a single species. These trees were located along a 200 In

transect on a gradual slope at Kirrama Site i. Tree 1 was located on level

ground at the top of the slope in medium open forest. Tree 2 ilas also

located in medium open forest 50 :m downslope froIn tree... and an estimated

2.5 m lower. Trees 3 and 4 were 150 m downslope from tree 1 ~ grQl'/ing in

tall open forest in association with E~'calYJ.Dtus grandis. Tree 5 was 30 In

further downslope and surrounded by immature rainforest 5 m inside the

rainforest ecotone. All trees were between 25 and 30 m in "height. The trees

were selected .and marked during daylight. Branches were removed from the

crowns between 04:00 and 05:30 hours using a spotlight and a 12guage

shotgun. An assistant was required to hold the spotlight and trace the

descent of the branch. Water potential was recorded as described previously.
t

This procedure was carried out on two successive mornings in February,

August and November t 1984.

Measurements of water potential were made at 2 hourly intervals on two

trees of Eucalyptus grandis and twa of E. interl11edia from 05 :00 to 18 :00

hours in August, 1984, June and May ) 1985. The twa E. intermedia individuals

used were trees 1 and 4 from the previous experiment. Both E. grandis trees

were approximately 35 m in height, one growing in tall open forest near the

rainforest boundary t the other 40 m upslope from the first and largely

surrounded by medium open forest. All measurements were made on unshaded

leaves from the top part af the crown. Only the downslope E. grandis was

recorded in Kay, 1986.

3.2.3 GLASSHOUSE EXPERIKEHTS

Twelve seedlings of each of Eucalyptus grand.is, E, interlIledia and E.

torelliana were grown from seed under glasshouse conditions. They were

placed in 4.5 1 pots containing a 3:1 sand ~ peat potting mix, watered 3

times weekly to field capacity and treated with 200 ml of standard strength

'Aquasal ' fertilizer every two weeks. Light levels in the glasshouse were
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maintained at approximately 60% full 8unlight~ The pots were arranged on a

1 x 3 m bench in a randomised pattern.

Gypsum block soil moisture potential probes were buried 5crn below the

soil surface in 12 pots contai~ing seedlings and in 2 pots containing only

soil. The experiment was condu~ted in November, 1983 when glasshouse

temperature and relative humidity ranged between.20°C and 35°C~ and 60% and

90% respectively. Temperature, relative humidity and cloud cover were

recorded daily during the course af the experiment ..

On the morning of day 1 "of the experiment, each pot Ttlas watere::d to

field capacity. Electrical conductance was measured in each gypsum block at

12:00 hours, and subsamples of soil-fram the two control pots were removed,

weighed, oven dried and then reweighed to determine the correlation between

conductance and percentage soil moisture. After the initial saturation~ the

pots were given no further water during the course of the experiment.

Midday measurements of water potential were .carried out for 9 days. On

each day~ six seedlings of each species were selected, and three leaves were

removed from each. Water potential measurements were recorded for each

leaf ~ and the mean Y'later potential was calculated for each seedling. The

seedlings were rotated from day to day, so that leaves were removed from

each seedling an every second day. No more than an estimated 10% of the

foliage was removed from any seedling during the course of the experiment.

Notes were made on the condition of each seedling, particularly with

respect to wilting, at daily intervals. The experiment was terminated after

9 dayst when the seedlings were destructively harvested, oven dried at 70~C

for 5 days together with all leaves previously removed, then weighed. Total

leaf areas were calculated using photocopies of all leaves from each

seedling, which were cut out, weighed and compared with a series of

standards, Attempts were made to obtain root dry weights, but it proved

impossible to separate the roots from the potting mix with any degree of

certainty.

A pilot moisture competition experiment between Eucalyptus grandis and

E. intermedia was commenced in February~ 1984, 33 seedlings of each species

were grown from seed in 20 em standard pats for. Watering, fertilization

and potting mix were as previously described. Two seedlings were grown in

each pot. The arrangement of seedlings and the number of replicates in each

case are shawn in table 3,2.
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Table 3,2 ShOtdS the species and numbers of replicates used in the

moistur-e competition experiments. Treatments were commenced in the pilot ­

trial after 8 weeks. of normal growth, and in the main trial after 10 weeks4

In both experiments, the "wet" treatment involved daily watering to

field capacity of each pot to field capacity. In the udryu treatment t no

water was applied to an)" of the pots until the first signs of wilting

became apparent, at which time all pots were watered to field capacity.

This generally meant watering the "dry" pots at 5 day intervals, although

towards t~e end of the experiments this interval was shortened to 3 .days

as the seedlings became larger and required more water.

SPECIES PAIR NUMBER OF REPLICATES

WET DRY

Pilot Tria.l

Eucalyptus grandis X 2

Eucalyptus intermedia X 2

Eucalyptus grandis + E. intermedia

lrfa.in Trial

EUCltlyptus grandis X 2

Eucalyptus intermedia X 2

Eucalyptus torelliana X 2

Alphitonia petriei X 2

Syzygium fibrosum X 2

Toona australis X 2

Eucalyptus grandis + Ef intermedia

Eucalyptus grandis + EI torelliana

Eucalyptus grandis + Toona australis

Joona australis f Syzygium fibrosum

Toona australis + Eucalyptus torel1iana

Toona australis + Alphitonia petriei

6

6

9

4

4

4

4

4·

4

t3

8

8

8

8

8

6

-0

9

4

4

4

4

4

4

a
8

8

8

8

8

Table 3.2 Numbers of pats used in the pilot and main moisture competition

trials. Two seedlings were grown in each pot.
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Heights of the seedlings V·lere measured at the start of the e}~peri:ment

and at monthly intervals - during the course of the e~peri:rn.ent~ All seedlings

\vere harvested, dried and weighed after 10 we~ks in the pilot trial and

after 12 weeks in the main trial. Iialf way throught the experiment, 10 ml

samples of soil were removed from 20 of the dry treatment pots at daily

intervals for 5 days, weighed, dried and reweigh~d. The samples were taken

from 5cm below the soil surface. Care was taken to avoid root damage~

Twenty seedlings of each of Alphitollia petriei t Eucalyptus grandis, Ei

interlIledia, E. torel1ia.nil t Flindersia bra.,yleyana.: F. pimenteliall8.,. Neolitsea

deal bata. 1 SyzygiUIIJ. fibrosuJ1l; S. wesa and 1'oDlla australis were groyrr~ from

seed in 20 em standard pots for 3 months, one seedling per pot. Ten of each

were subjected to the wet treatment during the course '. of the main

competition trial .. and 10 to the dry treatment. At the end of 12 weeks of

these treatments, all pots were watered to field capacity. The seedlings

were then left for 10 days without water, Notes were made on the onset and

severity of wilting in these seedlings. After 10 days the seedlings were

rewatered~ and watering was maintained until recc)'ttery occurred or until

seedling death was established.
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3.3 RESULTS liD DISCUSSION

3.3~1 FIELD EXPERIlffiliTS

Soil moisture percentages were higher in rainforest than in open forest

in both dry and rainy conditions (figs. 3.1.1-3.1.3), and formed a gradient

across the ecotone. In terms of seedling establishment, there is up to two

times as much water available under a closed canopy in the rainforest than

in medium open forest at the Kirrama study site. In the rainforest and

ecotone areas t surface pail moisture was higher than i~ the subsurface (40

- 50 em), while the opposite occurs in the open fores"!: area) probably due

to the greater coverage of shallow rooted grasses and herbs, and their high

rate of transpiration.

The highest soil moisture contents occurred in February~ while there is

little apparen~ difference between the August and November results, Rainfall

readings for Kirrama for the two months pr~ceding each soil collection were

740.7 rnm for January and February. 47.9 mm for July and August and 42.8 mrn

for October and November (Crowley, unpub.).

Table 3.3 shows mean midday water potentials for 11 species at the

Kirrama study sites from periods during wet and dry seasons. Results from

this data were divided into three site classes, rainforest t ecotone and open

forest, according to the location of the individuals sampled. Two way

analysis of variance showed a high~y significant effect of site (F = 41.38,

df = 2~25, P = O~OOOO) and of season (F :: 11,5?t df = 2,25, P = 0,0003) but

no significant interaction. It should be noted that since there is no

species overlap between sites in this data set, the effect of site may be

interpreted as an effect of species. Water potentials were highest in the

rainforest in the wet season sample, lowest in the open forest and in the

dry season, and intermediate in the ecotone. l1ean water potentials for the

three sites and two seasons are shown in table 3.4

These data suggest a gradient in the degree af drought tolernce between

rainforest and open forest tree species, coincident with the changes in soil

moisture availability and microclimate across the ecotone.
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Figures 3.1.1 ~ 3.1.3 Percentage soil moisture at Kirrama in February
August and November, 1984. Broken lines show mean surface soil moisture
(0 - 10 em); unbroken lines show mean subsurface soil moisture (40 - 50
em). Means calculted from 3 parallel SOm transects running from rainforest
(left) to open forest (right).
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WATER POTENTIAL (-MFa)

SPECIES LOCATION TREE/ N MAY 1983 AUGUST 1983

SAPLING MEAN ± BE MEAN ± SE

Cardwellia su bl :11111 s R T 3 0.42 0.097 0.97 0.036

Cardwel1ia sublimis R S 2 0.29 0.098 0.73 0.047

Cryptocarya rigida R T 4 0.43 0.033 1.14 0.079

Darlingia darlingiana R T 3 0.36 0.018 0.99 0.011

Acacia dulacocarpa E T 5 O~72 0.009 1.86 0.106

.4cacia aulacocarpa E S 5 0.51 0.007 1.16 0.065

Alphitonia petriei E T 5 0.68 0.047 1.57 0.135

Eucalyptus grandis E T 10 0.65 0.029 1.87 0.090

Eucalyptus grandis E S 5 0.48 0.017 1.45 0.048

Eucalyptus torelliana E T 5 0.48 0.028 1.49 0,056

.Eucalyptus torelliana E S 5 0.37 0.035 1.15 0.0'71

Neolitsea dealbata E T 5 0.44 0.012 0.97 0.055

Al1ocasuarina. tOTulosa. 0 T 5 0.36 0,012 1.49 O. 143

Eucalyptus inter1l1edia 0 T 10 0.75 0,013 2.47 0.082

Eucalyptus intermedia 0 S 5 0.06 0.060 1.79 0.145

Eucalyptus tereticornis 0 T 10 0.98 0.024 2.52 0.161

Table 3.3 Mean midday water potentials for trees >15 m in height (1) and

saplings <3 m in height (8) in rainforest (R), ecotone and tall open

forest (E) and medium open forest (0) t N 1s the number af plants

sampled. Mean and standard error water potentials are given in -MFa.
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RAI11FOREST

ECOTONE

OPEN FOREST

KAY 1983

- 0.46 ± 0.061

- 0.54 ± 0.022

- 0.68 ± 0.510

AUGUST 1983

- 0.95 ± 0.053

- 1.44 ± 0.056

-- 2.07 ± 0.102

Table 3.4 Mean ± standard error midday water potential (MFa) fOT a range

of species in three different vegetation types at Kirrama.

The lowest midday water potentials occurred in Eucalyptus inter~edia (­

3.5 :MPa, Mean ± SE = ~2.47 ± 01082 MPa) and in E. tereticornis (~410, MPa.

Mean ± SE :::: -2.52 ± 0.161 MFa.) in dry ca:n.ditioTlS. These two species also

recorded the lowest water potentials in wet conditions. Highest water

potentials occurred in the rainforest species Cardwellia sublimis and

Darlingia darlingiana in both wet and dry conditions. The ecotone and

rainforest understorey species Neolitsea dealbata also maintained a

relatively high water potential in both the wet and dry season samples.

A paired t test showed a significant difference (p < 0.01) between

water potentials of five tree species >15 m in height compared to saplings

of the same species <3 m in height. Tree height must also be taken into

consideration when considering moisture stress. The microenvironmental

gradient of the ecotone is complicated by variations in canopy height, and

an emergent tree in rainforest may sUffer- the same levels of moisture

stress as an open forest tree of similar height. Water potential

measurements recorded in r,elatively hot, dry conditions on 30m emergent

rainforest trees were as low as ~215 MFa (G.L~ Unwin, pers~cDmm.). These

data were collected with the aid of a 30 m permanent tow"er located in

Curtain Fig State Forest. Equivalent data proved impossible to obtain at

Kirrama due to the inaccessibility of emergent crowns.

The effects of site and topography on predawn water potential in

Euca.lyptus interlIledia (table 3.5) showed water potentials of do\'/nslope

trees closer to the rainforest margin are higher for August and November.

but appear to be relatively uniform in the wet season s~mple. Assuming that

predawn water potential accurately reflects soil water potential. the soil
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~vater pote!ltial is higher downslope and close to t~he rainforest edge in

the dry seaSOTl ~

February August November

Morning #1 #2 #1 #2 #1 #2

Tree #

1 -0.2 -0.25 -0,6 -0.5 -OlB -0.45

2 -0,25 -0.15 -'0.55 ..... 0.6 --0.6 -0.55

3 -0.2 ~O.2 -0.7 -0.65 -O~5 -O~45

4 ~O.25 -0.2 ~O.4 ~o. 55 ~O.35 ~O.4

5 -0.2 -0.25 -0.35 .... 0.35 -014 ~O.35

Table 3.5 Predawn water potentials (MPa) for Euca.l~yptus intermedia on two

successsive mornings in February, August and November, 1984. Trees numbered

sequentially from 1 <upslope, 200m from the rainforest edge) to 5

(downslope, inside the rainforest edge),

These trends are verified by the diurnal water potential data shown in

figures 3.2.1 to 3.2.3. The individuals of' E. intt?Tmedla and H, grandis

located upslope tended to maintain lower water potentials during the course

of the day than thos'e close to the rainforest edget Water potentials in E.

intermedia were consistently lower at each site than those for E. gra.ndis

on all occasions, The downslope E, grandis tree tended to reach its minimum

water potential later in the day than the ather trees, probably because of

partial shading by the adjacent rainforest on the eastern side of this tree.

GLASSHOUSE EXPERDlEITS

Percentage soil moistures estimated f"ram electrical conductance in the

gypsum blocks during the course of the glasshouse water potential trial are

shown in figure 313l The readings from the two control pots containing soil

only, lay within the 95% confidence limits of the other readings, indicating

that the major component of water loss from the pots was througn

evaporation from the soil surface. It was therefore assumed that soil
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and downslope~ near the rainforest edge (2). Water potential measurements
were carried out at two hourly intervals from 0500 to 1800.
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SPECIES

E. grandis

E. intermedia.

MEAN DRY WEIGHT <g)

95% Conf. Limits

3 .. 66

2.71 to 4.61

2.85 to 6.15

MEAN LEAF AREA (c~)

95% Conf Limits

704.2

512.'7 to 895.7

691.1

538.6 to 843.6

E, torelliana 3.68

2.56 to 4.80

501.4

360.8 to 642.0

Table 3.6. Mean and 95% confidence limits for dry weights and leaf areas of

seedlings used in the glasshouse moisture stress trial.

S.E. S.E.

SPECIES N R2 SLOPE SLOPE INTERCEPT INTERCEPT

E. grandis 48 0.88 -17.66 1.159 57.42 4.56

95% Conf. limits -19.99 to -15.33 48.24 to 66.60

E. inter1I1edia 48 0.81 -15.13 1.230 49.86 5.17

95% Conf. limits -17.60 to -12.66 39.46 to 61.26

H, tDrelliana 48 0.89 -18.16 1,097 59,92 4.14

95% Conf. limi ts -20.37 to -15.95 51.59 to 68,25

Table 3.7 Results of analysis of variance of regression for water potential

against lag soil moisture for three eucalypt species in the glasshouse

moisture stress trial.
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moisture potential did not vary significantly between pots at any given

time. Mean dry ·weights did not vary significantly between species, nor did

mean leaf areas <Table 3.6).

Analysis of variance of regression was performed on water potential for

the three species against log soil moisture. The results are shown in table

3.7. It can be seen from the overlap of 95% confidence limits that there is

no significant difference between th·e slopes or int~rcepts of these three

lines. Figures 3.4.1 to 3.4.3 show daily midday water potentials for the

three species in the glasshouse.

Seedlings of E. torel1iana. wilted at lower soil moisture levels than

seedlings of E. grandis, while E. inter.111edia seedlin~s wilted only slightly

<fig. 3.5). Leaf loss also occurred earlier in the experiment in E.

torelliana than in E. grandif?t and there was no leaf damage or loss to E.

interlIlsdia. While the water potential results themselves appear to be

inconclusive, it is nevertheless obvious that a distinct ranking of drought

tolerance exists within the three eucalyp~ species studied. E. intermedia is

evidently the most drought tolerant of the three, while E. torel1iana is the

least able to cope with moisture stress. This ranking of species coincides

with the distribution of adult trees of ~he same species on the Kirrama

ecotones, with E. intermedia found in the areas of most severe drought

stress, and E. torel1iana in the most protected sites. The results of the two

sets of competition experiments were analysed using a series of t tests.

The mean dry ,weight for each species grown in monoculture was compared

with that of the same species grown together with one other. The results of

the analyses are shown in table 3.8. Replacement series diagrams for each

species pair are shown in figures 3.5.1 to 3.5.'1.

The growth af E. inter-media is inhibited in the presence of E. gralldis

in well watered conditions, while the reverse occurs in drought stressed

conditions. This indicates that E. grandis is a superior competitor for

resources to E~ interIl1edia as long as there is adequate water available. BT.

inter111edia will tend to dominate if water is the limiting factor. The

results also indicate a tendency for E. grandis to ou-tcompete Toana.

australis when adequate moisture is available (a tre~d confirmed by a later

experiment ~ ch~pter 4), and Toona shows a significantly higher growth rate

in the presence af E. grand.is under drought stressed conditions than it
. .

does in monoculture (table 3.8). FinallYt TODna supresses the growth of
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Figures 3.5.1 ~ 3.5.3 Degrees of wilting and leaf damage in seedlings
of EuaaZyptus intermedia (1) ~ E. grand'is (2) and E. 'toreZZiarta (3)
after 6, 7 and 9 days without water. Vertical axis shows the proportion
of each group of 12 seedlings affected. Black represents slight wilting
and loss of turgidity, light stippling represents severe wilting and
heavy stippling represents permanent leaf damage or leaf loss.
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Figures 3.6.1 to 3.6.7 Replacement series diagrams showing mean
relative yields under drought stressed and stress free conditions
for six species pairs. Relative yields in· percent.

73.



DROUGHT STRESSED SEEOL INGS uNSrRf;SSED SEEDLI.NGS

speCIES PAIR . AMONO RHIX -,(uONO ~NIX 52rJwd(g) a.d(g) 52 s~ E. d. to pro'b. s.d(~} s. d (~) S. E. rJ.f. t prob
? ?

EUC3.1yptua grand!S 0.481 o.:no 0.011 0.046 19 5.88 <;).001 2.68 3. Do iJ. U8g 0.131 19 .1.916 0.005-

PILOT TRIAL 0.428 0.181 0.892 O.9J1t 0.01

EucAlyp tua1ntc rmed 1n 1.30 2.21 0.039 0.087 19 LO.46 <Q.OUI 2.72 2.2U 0.U51 0.099 19 S.253 <0.001

0.520 0.691 0.342 0.921

Euc.alyptus grand1s 0.97 0.66 0.019 0.074 14 4.18'J <0.001 3.03 3.67 U.2U) 0.241 l4 2.656 0.01-

HAIN nUL 0.340 0.396 0.877 1.442 0.02

Eucalyptus in termedla 1.67 2.32 0.133 0.195 14 3.333 <0.001 2.81 2, GI 0.359 0.320 14 2.500 o.oz....
1.02 0.905 Z.118 0.537 0.05

Eu~alyptu8 gnmdis 0.97 0.92- 0.. 033 0.U97 14 0.515 N. S. 3.03 3.10 C'.085 0.156 14 0.449 N. S.

0.-340 0.494 0.817 O. &51

E.uc.alYpculI tor'!11iana 1.12 1.03 0.042 0.110 14 O.8HS N.. s. 2.22 2.31 o. U5H O.ll9 14 G.698 N.S.

0.593 0.48[ 0.764 O.4I3J

Eucalyptus g~and18 0,. 97 0.78 0.063 0 .. 134 14 0.418 0.10 3.03 3.2Q IJ.129 o. 192 14 1.354 0.10

0.340 0.817 0.20 0.877 I. 01.13 0 .. 20

~alJ.str~11s 0.57 0.71 0.008 0.049 14 2.8S7 0.01- 1.82 1. 61 o. /~& 0.115 14 1.826 0.05

0.254 0.226 U.02 0.679 O~ Z121. -0.10

~ australis 0.57 0.54 0,,:010 0.0:)) 14 0.566 N.. s. 1. 82 2.1.17 11.039 0.106 14 2.358 0.02-

0.254 0.282 0.679 O,2H) 0.05

Syzyg1,ulJl fibrosutll 0.39 0.45 U.. 003 0.029 14 1..538 0.10 leI 5 J. if, o. fJ2J 0.081 14 4.815 <0.001

0.085 0.170 -0.20 0.453 0" JUll

~ australis 0• .57 0.60 0.012 u.059 14 0.508 N. S. 1.132 J. 74 O,I)4£" 0.115 14 0.696 N~ s.
0.254 0.] II 0.679 fl. f.2!~

Eucalyptus tor~lliana \.12 1. 13 0.OJ3 Q.097 14 0.10) N. S.. 2.22 2. 17 tl,IH';1i o. 151 }'-f 0.993 H. s.
0.594 0.340 0.761 0.7))

~ 4uGtrsl!s 0.57 0.62 0 .. 025 0.085 14 0.588 N. S. I. 112 1.96 o. r); S 0.146 14 0.959 M.S.

0.254 0.537 0.679 I)~ 764

Alphitoni& petrie~ 0.84 0.87 0.033 0.097 14 0.344 N. S. 2.42 2.52 H. J42 0.21]1 14 0.498 N.S.

0.651 0.198 1. 103 0.877

Table 3.8 Results of two competition trials with moisture stressed and
stress free seedlings. The table shows mean dry weights for seedlings
grown in monoculture (x MONO) and in combination with another species
ex MIX), and the results of a series of t tests comparing these two mean
values for each species pair. The probability (prob.) that there is
no significant difference between the two means is given for each species
pair. N.S. signifies a probability greater than 0.05 i.e. not significant.
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-S>~Z"ygjU111 t'ibI'OSlJ11l to its o\vn adv3nta,ge ~"!hen supplied it/itt adequate "Ylater;

but loses this advantage under droughL stressed conditions. No other

species pairs in the experiment demonstrated slgnif1~ant competition~ It is

probable that the trends shDwn in this experiment ~ould become more

pronounced if the seedlings were grown for longer periods Of time,

Figure 3,6 shows the change in percentage moisture in the 20

sUbsampled pots over a 6 day period during the course of this experiment.

Field capacity (mean ± SE) was 12.4 ± 0.82% wa.ter. After 1 day the moisture,

content dropped to one third of this value, after which"the rate of drying

out drQpped off exponentially.

Table 3.9 shows the time to first wilting and the p@rcentage mortality

of the ten species subjected to severe <drought stress. Mortality was

highest in the late secondary successional species Flindersia brayleyan8.

and F, pi111ente,liana. Both species lost all their foliage after wilting t and

recovery was ..between - O. and 40 %. Recovery was much higher tn the .ath~r

late secondary species Toona australis, probably because this species j,s

dry season deciduous and therefore better able to cope with drought induced

leaf loss. The two primary rainforest species SyzygiUlD fibr<osu:m and Sf

wesa showed relatively high tolerance of moisture stress, recovering i.n 80

- 90% of cases.

Euca.l~vptus grandisJ E. tOI'el1iana. and Alphitonia. petrlei all shed

foliage after wilting but recovered in the majority of cases. H, inter1Iledia

maintained leaf turgidity for the longe'st period, lost few leaves and

recovered in 100% of cases.

Most specles showed a greater degree of drought tolerance after

pretreatment- under dry conditions. The exceptions were Flindersia

brayleyana. and Toona australis. The latter actually showed marginally

higher mortality in the prestressed group. Since preco.nditioning improves

the level of drought t'olerance, it is reasonable to assume that these

species would be more draught tolerant when growing in sites with lower

soil moisture and/or greater' water vapour deficits as a result of climatic

cQnditionSl
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NORMAL SEEDLINGS PRESTRESSED SEEDLINGS

SPECIES WILTING RECOVERY WILTING RECOVERY

(days) (%) (days) (%)

Alphitania petriei 4 60 5 80

Eucalyptus grandis 4 80 5 100

E. intermedia 7 100 8 100

E. torel1iana 3 '10 5 70

Flindersia. brayleyana 4 40 4 40

F. pimenteliana. 3 0 3 20

Neolitsea deal bata 4 60 5 100

byzygium fibrosum 4 80 5 80

S. wesa. 4 80 5 90

.. Toona. a.ustralis 3 100 4 90

Table 3.9. Effects of prolonged drought stress on normal and prestressed

seedlings showing the mean number of days taken for each species to start

wilting) and the percentage recovery af each species after re-wateringt
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3.4 COJICLUSIOHS AID SUXlURY

The field data from Kirrama show there is an acute gradient in

moisture availability in the top 50 em of soil. In dry conditions, the soil

moisture content of rainforest soil can be more than twice that in open

forest. This is reflected in the water relations of trees growing in and on

either side of the ecotone. Plants growing in medium open forest have been

shown to reach water potentials as low as -4.0 MFa' in the case of tall

eucalypts at midday in dry conditions. Dominance of these species in the

canopy of medium open forests indicates a high degree of drought tolerance.

Drought stress conditions are less frequent and less intense in the

rainforest. The higher leaf area i~dex in closed forest must be compensated

for by reduced transpiration rates and soil evaporation, as a result of the

more humid) cooler and more stable micraclimate+ While it is possible that

rainforest emergents. suffer levels of drought stress almost as severe as

those of open forest species, rainforest species certainly encounter a more

benign water regime in the establishment phase.

Experimental evidence suggests that shade tolerant rainforest tree

species seedlings are more drought tolerant than secondary species. This

may be due to superior stomatal control in the slower growing primary

species. However) secondary species are more likely to encounter higher

light intensities, greater air movement t higher temperatures and therefore

greater moisture stress in large gaps -and on the ecotone.

The distribution of the two rainforest margin eucalypt species E.

grandis and HI tDrellia~a at KirraIna can be partly accounted for by water

relations. These two species evidently require the greater moisture

availability offered by the microenvironment of the rainforest edge, and are

not as tolerant of moisture stress conditions as the medium open forest

species E. inter111edia. and E, tereticornis. It is difficult to judge how much

the distribution of these eucalypts is accounted for by water relations as

opposed to fire regime, althDugh there is no doubt that both factors play

important and interdependent roles.

Moisture stress conditions in open forest will reduce the chances of

rainforest species establishing, althought he·- effects _of fire must.. again be

tak~n into consideratian (chapter 5). Competition with species better

adapted to a high light regime is another possible cause for the exclusion
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of rainforest species from medium open forest. W1:..atever the cause or

causes ~ ._.~~!l -~rthophyllous species became established ir.. open forest more

tian a fe\i metres from the eco"tone at Kirraroa (chapter 2). Those that do

are mostly shrub species seldom attaining heights in excess of 5 m.

At sites such as the Kirrama and Paluma ecotones where the rainfall

regime is at the low end of the rainfall requirements for tropical

rainforest growth t relatively dry years will shift the competitive balance

in favour of open forest species. A sequence oJ relatively wet years will

favour the incursion of rainforest into open forest, assisted by the greater

moisture availability and the reduced frequency and intensity of fires.

Unwin (1983) conclud~d that rainforest in the Atherton iableland is either

stable or moving out into open forest now, because of changes in fire

reglme implemented since the arrival of European man in the area.

Further studies of moisture a·"ailaqility aIld plant water relations in

the field will allow researchers to more accurately pinpoint the climatic,

edaphic and disturbance conditions which will favour or suppress the

establishment of closed forest species in the open fo~est environment. That

this establishment will take place at or near the rainforest boundary is

beyond doubt in most cases.
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4.~1 ilfTRODUCTIOH

Processes influencing seedling establishment and growth are of great

importance to the population structure of forests. Using data from Hartshorn

(1975), Caswell (1978) showed that the annual growth rate of a population of

Pentaclethra macroloba in Costa Rica was more sensitive to changes in growth

and survival of seedlings, saplings, and small trees than to changes in adult

reproduction. Pinero et al~ (1984) performed a similar type of analysis of the

factors that influence population growth in Astrocaryum me..yl can LlEl. They

concluded tha"t fecundity was less important than survival ·,fhich in turn was

less important than gr-owth in the life history of tropical trees. Thus,

selection for increased growth and survival as seedlings, saplings, and small

trees should produce greater increases in population growth rate than selection

for increased reproduction by adults.

For this chapter, experiments were conducted dealing with the responses

of seedlings to varying light and nutrient levels. The effects of competition

on light responses were examined t and growth.of seedlings in various light and

nutrient regimes was compared with seedling morphology and resource

allocation. The species studied were characteristic of either closed fore~ts,

open forests or ecotonal assemblages (table 4.1).

Of all the physical factors that change across the rainforest .- open

forest boundary, light is the most variable. Irradiance at ground level in open

forest may be more than 100 times higher than those on the rainforest floor

(chapter 2, fig. 2,7). The gradient in available light is even steeper iT! the

vertical plane between the floor and canopy of a closed forest. PAR in gaps

and on the rainforest boundary lies between these two extremes, Since a wide

range of light regimes occur on the many available regeneration sites in

closed forest and closed forest open forest ecotones, the successful

establishment of one of the many available species largely depends on its

adaptation to the light regime prevailing on a particular site,

It has long been recognized that different tropical forest species have

different gap requirements (Richards, 1952; Whitmore, 1975; Bazazz and Pickett t

1980; Bazazz, 1984; Brokaw, 1984). In chapter 2, a comparison was made between

the rainforest edge and a large gap, and with respect to light environments,

this is a valid analogy. Performance of species in different gap types requires

a range of strategies. Different species of tropical forest plants are thought
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to specialize on different gap types (Bazazz, 1984) and this specialization may

contribute to the high species diversity of tropical forests (Connell, 1978).

Four main groups of plants with different gap requirements were

recognized by Whitmore (19'75), viz: (1) species that establish and grow

beneath closed canopies, (2) species that establish and grow beneath closed

canopies but benefit from gaps, (3) species that establish under closed

canopies but require gaps to mature and reproduce, and (4) species that

establish, grow and reproduce only in gaps. 'However, these are points all a

continuum of gap preferer.ces and each species may be unique in i.ts preference

(Bazazz, 1984).

Experiments e~{aminin.g the responses Qf' tropi<:al rainforest seedlings to

light availability have been carried out by a number of researchers (e.g.

Cunningham, i959; Bjorkman at a1 q 1972; Parrish and Bazazz, 1982; Fetcher et

al~, 1983; Whitmore and Bowen, 1983; Pearcy~ 1983; Pearcy and Calkin, 1983;

Whitmore and Wooi-Khoon, 1983; Augspurger, 1984a; Langenheim et al., 1984;

Oberbauer and Strain, 1984 and Aylett, 1985). These experiments utilized one of

twa basic approaches; either direct measurement of seedling growth in

different light regimes, or analysis of photosynthetic rates by measuring CO:::

uptake at different light intensities~

Data from the literature on photosynthesis of tropical forest species are

difficult to interpret because of different methods, nonstandardized expression

of results, different growth conditions, varying duration of- measurements and

varying age of plants and leavesf Moreover, few species have been studied and

there are no detailed comparisons of photosynthesis. respiration and

tra,nspiration of usuccessionalu and Hmature forest" species (Bazazz and

Pickett, 1980). CO;:: and water exchange have been compared in temperate

species at different stages of succession, but the comparisons are based on

the sun-adapted/shade~adapted dichotomy (Bazazz, 1979). This division is

simplistic and may be misleading t especially in tropical forests (Bazazz and

Pickett, 1980, Brokaw, 1985). The differences between sun-adapted and shade'~

adapted species in tropical forests are not cl~art An individual may germinate

In one light environment but develop in another or even a series of

contrasting light regimes before entering the canopy. Xoreover t morphological,

physiological and biochemical properties of leaves may change with tree

development (Bazazz and Pickett, 1980).
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Photosynthetic responses of plants to the low ligh0 levels of the

rainforest floor were studied by Bjorkman et al, (1972) ,~_aa.~cy (1983) and

Pearcy and Calkin (1983). Bjorkman et al. (1972) reported that nearly half the

total carbon gain of the understorey herb, Alocasia. 1JJacrorrhiza, occurred

during brief periods of sunfleck activity. Pearcy and Calkin (1983) noted the

rapid photosynthetic response of understarey saplings of Claoxylon

sandwicense. allowing it to make use of short duration sunflecks. This species

had a very low respiration rate and saturated at about 10% full sunlight. The

light compensation point was less than 0,1 % full sunlight (2 )J!Ilol m-· 2 8- 1
),

one tenth of the diffuse PAR at the study site (20 pmal m- 2 8- 1 ). PAR measured

in 3unflecks at this site was app:rQX1TIlat~ly 200 Jlmol m-:.7:: S-l, equivalent to

the saturation point of Claoxylon (Pearcy and Calkin, 1983).

Oberbauer (1983 lac. Cit4 Mooney et al., 1984) found the light requiremerlt

of the Costa Rican canopy species Pentaclethra macroloba to be relatively low,

with no ir.crease in growth observed at PAR levels above 20% full sunlight.

The species showed law acclimation potential, and light interception was

reduced following leaflet closure at light levels high8r than-20% full sunlight~

Whitmore and Bowen (1983) found that growth rates of Agathis II1licroph.ylla

and A, robusta ssp. nesophila were reduced to 70% of the maximum rate at 12%

of full sunlight, and concluded that both species could persist and grow under

small canopy gaps in the rainforest. They compared the net assimilation rates

(rate of' weight increase per unit leaf area) of' the two Agathis species with

Helianthus aIJnuus (sunflower) under full sunlight conditions, and found these

rates to be 3 ~ 5 times greater in the herb than in the rainforest seedlings~

Whitmore and Wooi-Khoon (1983) also used Helianthus as a comparative

means of assessing the net assimilation rate of balsa (Ochroma lagopus) under

simulated "large gap" conditions t Ochroma, an u .••archetypal pioneer species I' ,II

(Whitmore and Wooi-Khoon t 1983), had a net assimilation rate of 75% of that of

Heliantbus, in contrast to the 26 - 34% reported for Agathis species (Whitmore

and Bowen, 1983).

Photosynthetic responses to light and the effects of acclimation in

seedlings of three Amazonian rainforest canopy species CHyIIlenaea courbaril, H.

parvifolia and Copa.ifera venezuelana.) and two Australian Agathis species (A.

robusta and A ~ l11icrostachya) were examined by Langenheim et t11 f (1984) .

Seedlings were grown in 6% and 100% full sunlight, and their CO:;:; assimilation

was measured at different PAR levels. Although li.ght compensation points were
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lowe~ in seedlings grown in shade for all five species, only A. robusta showed

any significant increase in light saturated assirnilation rates when grown in

full sur~light", making this species more competitive when gaps occur

CLangenheimet f?l., 1984). "The light compensation points ranging from 5 to 9

Jlmol m··<';': s-· 1 in shaded seedlings and 13 to 24 }lmol ID'-2S ·-"1 in unshaded

seedlings are typical of those of shade tolerant rainforest seedlings.

The value of 11gh~ compensation point as an indicatDr of species success

under shade is, however, only of limited value (Ashton and Turner, 1979). A

comparison of .seedlings of Eucalyptus regnans, a tall open forest tree species,

and llothofagus cunninghamii, a cool temperate rainforest tree species produced

light cQlunensation p~ints of 1 ~5% and 1.15% full sunlight respecti"'lely.

Althoug"h young E. r-egnans seedlings are tolerant of shade~ their ability to

cope with herbivores and parasites is weak under shaded conditions, while N.

cunninghamii is far more persistent (Howard, 1913).

The effects of light regime on seedlings af lieliocarpus aJ.Dpend1culatust a

pioneer tree species and Dipteryx panaIDensis, a small gap species t both from

moist tropical forests in Costa Rica, were compared by Fetcher et a1. (1983).

The seedlings were grown in full sunlight, 80% shade and 98% > shade for one

month and tberl swi.tched between environments. and .grown for a further twa

months.

Survival of Heliocarpus in 98j~ shade was 49%, while all seedlings of

Dipteryx survived in all three light regimes. Both species acclimatized

completely when transferred from one light regime to another. although

Heliocarpus exhibited greater plasticity of leaf morphology. Fetcher et~ al.

(1983) consider it to be a characteristic C?f early successional species such

as Heliocarpus that they will be better adapted to sudden increases in

irradiance t temperature and atmospheric humidity deficits,

Parrish and Bazazz (1982) also noted greater plasticity, or greater "niche

breadths", in early successional species compared to late successiDnal species

on three resource gradients. The responses of early and' late successional tree

seedlings to gradients of light, moisture ar.l.d nutrients showed greater

plasticity of early successional species with respect to moisture and

nutrients~ but similar broad responses were found in all species along the

light gradient <Parrish and Bazazz t 1982).

Bazazz and Pickett (1980) concluded that, in general t early successional

specles have high light compensation points and high rates of maximum
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photos:{ntb.esis~ "while leaves at" the lO"HerCanOp)T and ot understorey saplings

have lovl light compensation and saturation points and high quantum

efficiencies. Stephens and Waggoner (1970) compared the photosynthetic

characteristics of Cecropia, a pioneer species with Goethalsia, a canopy

species, and two understorey snecies Croton glabel1us andProtiu11l glabru111.

Light saturation points were 0.8 g cal cTIr-:;I;:s"~l for Cecropia, 0.4 g cal cmK~2s-·'

far Goethalsia and 0,2 g cal cm·-::.lis- 'I fo:r- the two understorey species,

Aylett (1985) assembled data from a number of studies and found that the

maximum rate of photosynthesis in terms of CO~ fixation per unit area per unit

time is consistently higher in fast growing secondary forest tree species than

in primary forest tree species.

Augspurger (1984a) investigated. the ligh"t requirements of eighteen tree

species seedlings from Barra Colorado island, Panama, All had wind dispersed

seeds! and species ranged from large gap pioneers to shade tolerant primary

trees. Most species germinated rapidly, vfithin 1-2 weeks tram planting. lio

correlation was found between seed size and shade tolerance, although previous

studies have shown tha~ such correlations occur in some' cases (Grime and

Jeffrey: 1965, Rabinowitz, 1978) including those described later in this

chapter. Instead, shade tolerance was more closely correlated with resistance

to disease (Augspurger, 1984a). The more shade tolerant seedlings proved to

be more resistant to patho'gen and herbivore attack in shaded conditions,

possibly as a result of their having greater seed reserves.

No relationship was found between initial seed reserves and seedling size

after one year of growth, although seedlings grown from small seeds were

smaller after the initial 4 weeks af growth (Augspurger, 1984b). Growth rates

in unsh~ded conditions were not correlated with shade tolerance, while most of

the species grew little in shade (1 - 2 % full sunlight) during the course of

one year, Only seedlings of the pioneer species Ochroma. p.yraJIlidale showed

noticeable etiolation in shade (Augspurger~ 1984b), These results seem to

contradict those of Brokaw (1980, lac. cit. Augspurger, 1984b) who found that

saplings of more shade tolerant species grew slower than gap requiring species

in high light environments,

Nutrient and water availability may alter the responses of seedlings to

light 1 although the interactions between water relatiDns~ fertilization and

light availability in tropical tree species have yet to be analysed,

Cunningham (1959) looked at the separate effects of shade and fertilization in
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cocoa production, but failed :'0 draVl any. conclusions about the interac-cion

effect.

Succession following clear- felling of a humid tropical forest in Costa

Rica was exa:minedby Harcombe (1977). He found that fertilizatior~ of some

plots produced no increase in biomass in artificially seeded plots. When

natural regeneration was allowed to take place, addition af fertilizer enhanced

the dominance of' grass and herb species at the expense of tree seedlings.

Biomass and nutrient standing crop were lower in tbe forb domina~ed plots, so

fertilization retarded succession, and reduced nutrient and biomass

acc~mulation rates.

Bazazz (1984) mentioned nutrient pUlses in gap environments, referring to

relatively- high concentrations of nutrients released into the soil after gap

creating disturbances. He stated lilt is expected" (althou8~h not proven) "that

seedlings in areas of high nutrient pulses will be more able to use the newly

available light energy than would seedlings that experience no nutrient pulseu
•

Some species may be able to utilize released resources better than others, and

varying resource allocation to roots, stems or leaves may al~er this advantage

under different circumstances. Unfortunately, there appears to be no

experimental evidence for this in the literature,·relating to tropical forests.

Shukla and Ramakrishnan (1984) observed differences in resource

allocation strategies in two early and two late successional tropical tree

specles from north-ea.stern India. They found that the early successional

species allocated more resources to the shoot, especially the bole, while the

late successional species had higher allocation to the roots. Late

successional species had higher leaf area indices, although early successional

species had wider. deeper crowns. This study demonstrated that morphological

characteristics are often as useful as physiological responses in determining

successional status of forest tree species.

On the north Queensland upland rainforest - open forest ecotone, soil

surface, nutrients vary as much according to topography as to vegetation type

CUnw1TJ., 1983). At one site near Herberton., soil cations and total phosphorus

were higher in the surface soil of open forest than rainforest. Nitrogen

varied in the opposite direction. possibly due to the loss of nitrogen to the

atmosphere during fires. At another site, mineral element contents were higher

in the top 0.5 m of rainforest soil, but the differences were overshadowed by

variations in nutrient caused by topography and drai.nage patterns" Moreover,
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rainf"oregt growth and species richness r-e.maiIl.ed unaftected by the 1058 of

surface soil nutrients via drainage. Of seven vegetation st:-ata examined

through the ecotone at the second site t the highest stand density a.nd forest

cover occurred in a ~ainforeated gUlly, which had the poorest soil nutrient

status (Unwin, 1983).

Seedling trials carried out by Unwin (1953) showed that soil nutrignt

levels do not determine the initial outcome of regeneration across the ecotone.

Eucalyptus seedlings grew better in eucalypt forest soil, eVen when the mineral

element content of the rainforest soil was higher. Growth of rainforest

seedlings did not vary between soil types. When he added nutrients to the

sails, the greatest increases in growth were observed in E. grandis (17 fold)

and E~ inte.r111edia (26 fold) t compared with far mare modest growth rate

increases in Toona dustra,lis , Flindersia bray1e.yana and F. bourjotiana, all of

which showed approximately 2 fold increases.

Unwin (1983) concluded that survival and regeneration O! plant species in

the ecotone were nat dependent an variations in surface soil nutrients. Sail

nutrients vary mare according to topography than to differences between

rainforest and eucalypt forest nutrient systems, and that seedling growth and

establishment is largely independent of superficial soil differences,

Austin and Austin (1980) used an experimental nutrient gradient to

compare the perf'ormances of thirteen temperate grass species in monoculture

and in competition with one another. The nutrient gradients varied

logarithmically from 1/64 to 16 times the recommended concentration. Sixteen

treatment levels were used, with no replication. While the data of Austin and

Austin (1980) is not directly relevant to this discussion, the experimental

design they used is of considerable illterest, as it proved to -De highly

efficient at determining the performance and tolerance limits of a species, in

monoculture or in competition with others. It is the performance of species

an ecological gradients that determines the dynamics and floristics of

vegetation boundary systems such as the rainforest - open forest ecotone.
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4- 2 ItATERlALS AllD DTHODS

Three major glasshouse experiments were conducted to determine, the

effects of light and nutrient regimes on seedling grQwth~ resource allocation,

competition and variability. Seedling growth rates were studied of nine species

from rainforest, ecotone and open forest communities in three nutrient regimes

along PAR gradients. Above ground resource allocation in each species was

also studied in this experiment I The second experiment was designed to

investigate trends in species variability observed in the. first experiment.

The third experiment looked at species growth along the same resource

gradients as the first~ and included the effects of competition.

4.2.1. EXPERIXElIT 1

The species used and their sources are listed in table 4.1.- Seeds from

each species were placed in trays containing a 3:1 mixture of washed river

sand and peat. Although sowing times were ~taggered in order to obtain

approximately synchronous' germination 'of species, seeds of Argyrodendron

peralatu1J1~ germinated somewhat earlier than expected and were kept in the

glasshouse under a double layer of 90% "Sarlon" shade cloth until potted out~

Twenty seedlings Df each species were selected at random immediately

after germination~ oven dried at 90·C for two days, and weighed to provide

values for initial dry weights.

Seedlings were potted out over two days in 20 c~ diameter pots with a

capacity of 4.5 11 The potting mix used was a steam pasturized 3:1 mixture of

washed river sand and peat; with gypsum and dolomite added according to a

standard Ute. potting mix formula (Baker 1957), The seedlings were grown for

20 days in the glasshouse with no additional shading. Three seedlings of the

same species were placed in each pat, and after 20 days the smaller or less

robust seedlings were removed leaving one seedling per pet. During the ~n1tial

20 days dead or obviously unhealthy seedlings were replaced by seedlings from

the seed trays. Any subsequent deaths were attributed to experimental

treatment, and no seedlings were replaced after 20 days.

The trial was established in a glasshouse with heating and. cooling

systems able to maintain temperatures between 18·C and 30 ·C. Seedlings were
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16 Eatrices~ wlth one plant of' each species reprs;sented

in each row. Species/rovls ~#ere arranged randomly, 2 - 3 g cf' fr-eshly

collected rainforest soil frOID Wongabel State Forest was added to eacn pot to

.provide a source of any necessary mycorrhizal fungi or bacteria. No

additional nutrient was provided during the first 20 days. Pots were watered

daily using a fine misting nozzle and tap water. The glasshouse was sprayed

with "CarbarylU insecticide and HCaptan" fungicide at approximate 2 monthly

intervals.

Shading for the seedlings was provided by 3.5 em wide aluminium slats

arranged parallel to the rows of pots, oriented east-w8st t and mounted on three

steel 3 x 3,4 m frames (fig 4 t 1) . Gaps between the slats were calculated to

provide a logarithmic gradient of PAR varying in a direction perpendicular to

the rows of pots (fig 4\2~ plate 4,1). The frames were suspended 20 Gm above

the tallest seedling t and were moved upwards throughQut the course of tbe

experiment so as to maintain at least 10 em separation from the frame to the

top of the tallest seedling. Black plastic sheeting was hung from the sides

of the frame to the ground to exclude any' reflected side-light. To maintain

air movement around the pots and help keep the temperature of all treatments

as uniform as possible t tb.e pots were supported on wire mesh 5 em above the

glasshouse floor.

PAR under the shade frames was measured using a uLi-Cor ti light meter

attached to a chart recorder~ with a photosynthetically active radiation1 sensor

(400 ~ 700 mm) mounted on_ a small trolley and moved a'C a steady rate under

the frame by an electric winch. These measurements were carried out at midday

an one clear and one Qvercast day. A 20 em- gap was maintained froID. the

plastic to the Gutside pots to reduce edge effects. The entire frame could be

raised for watering and measurements made during the course of the experiment.

200 ml of a balanced co:mmercial fertilizer, UAquasol", was applied once weekly

to each pot. The concentrations used for the 1I1owu , "medium" and nhigh" blocks

are shown in table 412. The "Aquasol" powder was oven dried before weighing

and then dissolved in tap water,

During the experiment t photon flux density in the glasshouse was recorded

using a "Li-Cor lt integrating meter fitted with a photosynthetically active

radiation sensqr~ Readings were made once weekly 1

Seedling heights and the number of developed leaf nodes were recorded for

each seedling at 20, 41 t 72~ l05 t 162 and 181 days after commencement of the

89.

1 A 180 degree cosine corrected sensor was used.



Plate 4,1 Shade frames in the Atherton CSIRO glasshouse. The frames provided a

logarithmic PAR gradient.
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SHADING SLATS
NORTH

LIGHTER

DARKER

SPECIES 1-9
(RANDOMISED)

LIGHT LEVELS t
1-16

300 em.

9 X 16 MATRIX

20 em. POTS

LOW
NUTRIENT
BT-JOCK

340 em.

HIGH
NUTRIENT
BLOCK

MEDIilll
NUTRIENT
BLOCK
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Figure 4.1 Arrangement of pots and shading frames in
the glasshouse (Atherton CSIRO) for experiment 1. Similar
arrangements were used in experiments 2 and 3. Pot size
and nutrient treatment were altered in experiment 2, giving
a 10 X 18 matrix, and an 8 X 16 matrix was used in experiment
3 (see text).



MlrIERAL NUTRIErjT CONCE~rTRAT 10118 <mg/l)

l1I~IERAL LOW MEDIUM HIGH

Nitrogen 15.33 62.32 306.6

Phosphorus 2.67 10~68 53.4

Potassium 12.00 48.00 240.0

q' 0.033 0.132 0.667LtlnC

Copper 0.040 0.160 0.800

Molybdenum 0.0087 0.0384 0,1'74.

Manganese 0.100 0,400 2.00

Iron (FeEDTA) 0.040 0.132 0.667

Sulphur O.O26? 0.107 o~ 534-

Boron 0.0073 0.0292 0.146

Table 4.2 Concentrations af mineral nutrients used in experiments It 2 and

3, shown in mg/l.

SPECIES NUTRIENT SLOPE INTERCEPT F FROB. r 2

(x 10-4 )

.41phitonia LOW 2.35 ~O.OO2 119.7 0.0000 0.90
petriei lffiDIUH 3.38 -0.113 124.1 0.0000 0.90

HIGH 12.70 . 0.0078 244.6 0.0000 0.95

E'ucalyptus LOW 4.-28 0.0472 49.3 0.0000 0.80
grandis MEDIUM 5.63 0.0951 168.1 0,0000 0.93

HIGH 7.04 -0.0287 2330.1 0.0000 0.99

Toona. LOW 2,01 -0.0380 92.7 0,0000 0.88
australis MEDIUM 3.50 0,189 194.9 O~OOOO 0.93

HIGH 4.95 -0.108 1?1.8 O~OOOO 0.92

Table 4.3 Regression analysis of projected leaf area (cm2
) against dry

weight (g) for .e~{perirnent i.
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Experiment 1
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Figure 4.2 Available PAR (% full 8unltght) against distance alcng the shade

gradient (m) in experiment 1.
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experimenLa At day 105 a series of vertical photographs were taken to enable

projected leaf area for each plant to be estimated.

Damage due to insect or fungal attack was noted as it occurred. In

Acacia 111angiuJ11 the time of first phyllode develo,pment was recorded.,-

In order to maintain sufficient space to avoid mutual shading t at day 110

the seedlings of Alphitonia petriei t Eucal~yptus grandis and Taona a.ustralis

were harvested, instead of day 181. Iu addition to previously recorded

variables, stem dry weight, leaf dry weight and total leaf area were recorded

for each seedling.

Dry weight measurements were carried out after oven drying at 90 9 C for 5

days. Leaf- area measurements were made with a uti-Cor" L13000 portable area

meter.

4-.2 .2 • EXPERlllEHT 2

Experimental procedure for experiments 2 and 3 was in many ways similar

to experiment 1. with some exceptions" As experiment 2 was designed to

determine the degree of variability of open forest species compared to

rainforest species with respect to light, a greater number of replicates were

used. Four species were studied (Eucalyptus grandis, Ea inter-media, Neolitsea

dealbata and TOCJIla a.ustralis) and grown in only one nutrient level, the medium

nutrient concentration used in experiment 1. The. shade gradient was steeper

than that used in experiment it with light levels ranging from 2.5% to 50% full

sunlight (fig 4.3).

Seedlings were germinated from seed using the same techniques as those

for experiment 1. Three seedlings of each species were placed in 14 em x 14

em square pots, with capacities of 2.5 I. Seedlings were thinned out to one

per pot after 21 days. Pots were laid out in three 10 x 16 matrices, giving

16 different PAR levels under the shade gradients. Each row of pats contained

two seedlings of two species and three seedlings of the other two, arranged at

random within the rows. At each light level there were 8 replicates each of

Eucalyptus inter-media and Taona australis, and 7 of Eucalyptus grandis and

Neolitsea dealbata" Watering nutrient applicatian t fungicide and insecticide

treatments were carried out as in experiment 1.

Seedlings were harvested before they became large enough to have any

shading effect on their ne1ghboursa E. grandis and T. australis were harvested
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Experilnents 2 and 3
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Figure 4.3 Available PAR (% full sunlight) against distance along the shade

gradient (m) in experiments 2 and 3.
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a:f"ter 11.0 daY8~ E~ inter111edia after 130 days ana .1'1. dealbata after 152 days~'

Seedlings were oven dried at 90~C for 5 to 7 days, and then weighed.

4.2.3~ EXPERIXEllT 3

Experiment 3 utilized the same shade gradient as experiment 24 Seedlings

of Acacia :n1angiulll~ Argyrodendron peralatu,m, Eucalyptus grandis aIld Toona

australis were grown from seed and potted out in 4.5 1 pats. Inittally, two

seedlings of each species were planted in each pot. After 18 days, seedli:lgs

\'lere thinned out to one of each species per pot. Seedlings were arranged at

each corner of an 8 em square in the centre of each pot. Pots were arranged

in three 8 x 13 matrices, with 13 light -levels and 8 replicates per level.

Nutrient application was the same as in experiment 1. Seedlings were grown in

the high nutrient block fQ~ 96 days, and in the medium and low Lutrient blocks

for 128 days. Harvesting f drying and weighing were carried aut as in the

previous two experiments.

PAR under the shade frames was measured as in experiment lJ at midday on

a clear day. PAR in the glasshouse was nat r~cdrded during the course of

experiments 2 or 3 due to. ~q~~pment failure.
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4.3. RESULTS AND DISCU&SIOH

4.3.1. EXPERIlrnHT 1

The dates of sowing, initial germination and >50% germination for

experiment 1 are shown in table 4,1 t Photon flux density incident upon

seedlings beneath shade frames on one clear and one cloud)? day are shown in

fig 4,4 4 ~1ean daily photon flux rates in the glasshouse were 158 J1Em-::~8-'·1

(fig 4.4). Glasshouse irradiance levels were approximately 50~~ of those

outside,

Graphs of dry weight against PAR for ~he final harvest of all species in

all three nutrient regimes, with regression lines and r<:'-'; values are shown in

figs 4.6 to 4.14. Dry weight results far Alphitonia petriei, EucalY...Dtus grandis

and Teona australis from the high nutrient regime are not included in the

figures~ Because of their rapid growth these species were harvested on day 110

instead of day 181 with the rest of the seedlings. Graphs of projected leaf

area against PAR for these three species are shown in figs ~.15 to 4.1~. table

4·.3 shows the results of regression analysis for projected leaf area against

dry weight. R2 values ranging from 0.80 to 0.99 indicate that projected leaf

area provides a reasonable index for comparing growth at the intermediate

'stages of the experiment.

Data were analysed using the statistical software of Nie et al, (1975). A

range of regression curves were fitted to each data set and the best fitting

curve for sach species/nutrient regime group was selected according to r:Z

values (table 4.4),

Regression analyses were also carried out for the relationships between

light and seedling height, total leaf area, projected leaf area and number of

expanded leaf nodes for each snecies at each nutrient level. All trends

observed in these analyses were the same as those observed for light against

dry weight.

As indicated by the figures and statistical analyses~ the responses of

the species f'all into three broad categories, Individuals of the mo·st shade

tolerant species Argyrodendrol1 peralatulD and Syzygium wesa (figs 4.6 and 4.'1)

persisted at the darkest end of the light gradient. Dry weight values for these

species tend to level off' or even decrease at the maximum light levels i.e. 80%

ambient or approximately 40% full sunlight suggesting phatoinhibition <Fowles)
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SPECIES

.Acacia
mngi um

NUT.

L
M
H

INTERCEPT
(c)

0.0425
-0.306
-0. 191

SLOPE
(ax)Xl0-~

O~108

5.45
5.76

SLOPE
(bx2 ) Xl 0-. 3

0.185
-0.557
-0.0904

F

26.29
7.12
7.29

PROB.

<.001
(.05
<.05

0.81
0.87
0.81

LINE

Q
Q

Q

Alphitonia
petriei

L
M
H

-0,0023
0.445

-0.629

0.852
3.14
7.25

122.7
4.26

126.9

<.001
is

(.001

0.95
0.38·
0.89

L
L
L

-ArgyrodendrOD L
peralatum M

H

0.190
0.225
0.0347

0.425
0.926
3.40

0.0442
0,0373
0.320

6.53 <.05
9,17 <.02

15.82 <.002

0.50
0.59
0.71

Q
Q
Q

EucalY~Dtus

grandis

Eucalyptus
intermedia

Flindersia
brayleyana

L
M
H

L
:M
H

L
M
H

~O.161

-0.105
-0.121

0.0305
0.171

-0.107

0,271
0.221

-0.210

2.30
9.14

-0.250

-0.697
--0.267

It08

·1.180

0.343
0.917
0.440

-0.153
-1.02
-0.338

65.46
60.99
39.80

62.64
33.27
13.58

3.00
2.60

45.49

<.001
(.001
<.001

(.001
<.001
<.002

NS
NS

(.001

0.90
0.88
0.88

0.92
0.85
0.73

0.32
0.30
0.86

L
L
Q

Q

Q
Q

Q

Q
Q

I111perata
cylindrica

L 0.056
:M: -0.261
H -10.439

0.665
1.775
2.918

16.69
106.1
86,62

<.001
<.001
<.001

0.85
0.84
0.87

L
E
E

SyZygiU111
wesa

Toona
australis

L
M
H

L
M
H

0.106
-0.0761

0.0692

0.0698
0.691
0.0812

0,752
2.83
1.62

0.180
0.595
3.79

~O.119

--0.295
-0.0945

8.03
10.31
8.55

2.09
1.03

11.08

<.05
(.02
<.05

0.62
0.58
0.65

0.25
0.20
0.53

Q
Q

Q

L
L
L

Table 4.4 Resul ts of regression analyses of 9 species in 3 nutrient
treatments (L = low t M = medium, H = high) far dry weight <g) against PAR
(% Full Sunlight) in experiment 1. The last column shows the type of curve
which gave the best fit (L = straight line, Q ~ quadratic, E =
exponential). Degrees of freedom = 1,14 in all cases.
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Figure 4.4 Available PAR measured under the shade frame in experiment 1 at

midday on one clear day (A) and one overcast day (B). Par is given in ~moles
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Figure 4.5 Available PAR measured in the glasshouse during the course or
experiment 1. t Mean PAR was calculated weekly and is shawn in J.1moles TIl-~ S---"I.

Also shown are the overall mean (heavy line) and standard error (fine .lines).
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Figures 416 to 4.14 Plots of dry weight <g) against available PAR (~~ full

sunlight) for the nine species used in experiment 1. Regression lines and ,.........

values are shown on each graph. Low nutrient "Doints <L) are represented by

round dots, medium nutrient paints (M) by squares and high nutrient paints <H)

by triangles. Species are shown at the base of each graph.

Figures 4.15 to 4.17 Plots of projected leaf area (em;:':;) against aTJailable PAR

(% full sunlight) far the three fastest growing species in experiment 1. Graphs

are annoLated as in figures 4.6 to 4.14.
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1984) . Both these species achieved their ma.1-:irnu1Il dry ltleight' yields betyleen

30% and 60~~ ambient PAR or 151~ to 30% fl:111 sunlig~t. The trend to'wards

dtminished growth under strang irradiance was most pronounced at low nu~rient

levels. These responses are to be expected frOD "small gap" or primary

rainforest species. It should be noted that nutrient effects are not as marked

in these two species as in relatively shade intolerant species such as

*41phitonia p~triei, Eucalyptus graIldis, Flindersia br~yleya.na or Toona

australia,

The second group includes the open forest species Eucalyptus gralld.is, E.

intermedia, Imperata cylindricd and ~4cacia mangiulll (figs. 4.8, ~: 19) 4,10, 4.11

and 4.15). Almost all indj,viduals of Euca.lyptus grandis, Eucal~vptus inte.rmedia

and Impera.ta cylindrica. failed to persist in 1895 than 10% ambient light or 5~~

full sUTllight. Aithough fungicides and insecticides were used throughout the

course of th~ experiment, many af these individuals apparently succumbed to

insect or microbial attack t and their deaths can be partly attributed to

insufficient light, and partly to herbivores and pathogens. In a natur"'a1.

situation the minimum tolerable light levels for seedlings· of thesE: species

would probably be considerably higher due to the influence of low vigour on

their sensitivity to herbivory and damping off. Although Acacia manglUI11

individuals persisted at the lowest light levels in most cases~ probably due to

greater seed reserves, growth at low light levels was negligible <fig. 4.8).

However) field observations indicate that Acacia mangium is capable of

establishment in unburnt If cylindrica grassland (G.e. Stocker, pers. comm.).

Acacia ma.ngiu1I1 may prove to be more resistant to insects and pathogens than

the other species in the group. First phyllode development in Acacia mangium

occurred earlier at higher PAR levels and at higher nutrient concentrations.

The differences in growth between the umedium" and IIhigh" nutrient

treatments for E. grandis were substantially greater thaT! for the other three

species in this group <fig. 4.15), This indicates that Acacia mang.iUlIl,

Eucalyptus inter111edia and 1111perata cylindrica: are probably more suited to

soils of lower nutrient status than Eucalyptus grandis4

The third group includes those rainforest species which dominate large

disturbance gaps, Alphitonia petriei. F'lindersia bra.yleyana and Toona australis.

At low and medium nutrient 'concentrations the growth of F. bra...,vleyana tended

to level off or decrease at the highest light levels t although the high degree

of variability of the data mak-es it difficult to confirm this trend. Similar
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levels of variability are seen for medium nutrient levels in Alphitonia petriei

and Toona australis. As growth of these species at low nutrient level is

greatly reduced compared to medium and high levels, it is difficult to analyse

any significant trends" in these cases t although Alphitonia. petriei does exhibit"

a significant linear response to increasing light at the low nutrient level (r2 ­

= 0.86).

All three of these species were faund to persist at the lowest light

levels «5% FSU) t although Flindersia. brayleyana is evidently more shade

tolerant than Toona australis which in turn appears to be more shade tolerant

than Alphitonia petriei. Thus Flindersia. brayleyaI1i:l is closer to Argyr-odendrQlJ

peralatum or Syzygiul1J wesa in its responses to light than Alphitonia petriei

Dr Toona australis. These conclusions are based on the· growth of the three
. .

species at the lower light levels, and do not appear to reflect the quantities

of seed reserves available (fig. 4.18). Observations of growth and :mortality

of rainforest trees and of seedling growth and survival in gaps (G.C. Stocker

unpublished) tend to confirm these shade tolerance rankings.

Initial dry weights compared with final dry weights (at the medium

nutrient level) show a relationship between seed reser~es and early growth

rate (fig .. 4.18). While only a sma'll number of species are represented, this

obs~rvation reflects the different dispersal strategies of small gap, large gap

and open forest specis 54 Richards (1952) suggested .. the strateg-y adopted by

small gap species tends to be one of greater seed reserves but fewer seeds

than either large gap or open forest species, allowing longer periods of

persistence at low light levels.

Because the three fastest growing spec1es t Eucalyptus gran~is~ Alphitonia

petriei and Toano. au~stralis showed a sUbstantially greater difference in

growth between medium and high nutrient regimes than did any of the other

." species, it was "necessary to harvest them prematurely (figs. 4.15 to 4.17)4

This requirement of high light and nutrient levels to attain maximum growth is

a feature of fast growing, opportunistic species, and thus could partly explain

the occurrence of Eucalyptus gralldis in rainforest/open forest ecotones, and

the pre5ence of Alphitonia petriei and TooDa australis on disturbed and

undisturbed rainforest margins and in the larger rainforest gaps.

The high degree of variability shown by the rainforest species

Alphitonia. pet:riei, ArgyrodendroD peralatu11J~ Flindersia brayleyana, Syzygiu111

wesa and Toona australis, particularly at the medium nutrient level may well
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reflect an inherent genotypic heterogeneity with response to light. One

outcome :s that a. species may have a greater range of potential gap sizes to

colonize. Experiment 2 was designed to further test this hypothesis {Section

An alternative explanation for the poor fit of some species to regression

lines in ttle dry weight VS4 light analyses is that some individuals of these

species may have been genetically unfit and hence slower growing than other

individuals in any light environments. However, when seedlings were selected

at the start of the experiment, there was little indication of this variability,

and all seedlings used appeared to be healthy. At the conclu8·ion of the

experiment~ the slower growing individuals were no different in appearance to

adjacent faster growing individuals, nor was there "any evidence of competition

for light amongst the seedlings. A:though it is suspected that seedlir..gs

which grew slowly in the high light end of the gradient would have had higher

survival rates in low light conditions than fast growing individuals of the

same species t this has yet to be proved experimentally.

Although it may be convenient to think of shade tolerance in terms of

discrete categories (e~g. large gapt small gap, etc~) into which all tropical

forest species fit t it is likely that when data become available for a greater

number of species, overlap bet'\'({een categories will increase, and the resultant

continuum of physiological responses would range from light demanding open

forest species to shade tolerant~ small gap, "primary" rainforest species.

Above ground resource allocation was investigated fa:' the ntne species in

experiment 1. Analysis Q~ variance of regression was used on natural logs of

each of the following variables to determine whether the relationship betV'leen

each variable .pair was isometric. Analyses were carried out separately for

each species.

1-.". He1g-ht: total dry weight

3. Total dry weight: total leaf area

4. Total leaf area: projected leaf area

5. Total leaf area: leaf dry weight.

The log/lag- regression analysis (table 4.5) shows that for each species,

all variable pairs except height: total dry weight are linearly related, as the

slopes of the log/log regression lines do not deviate significantly from one.

The relationships bet~leerl height and total dry weight were all found to be
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SPECIES n t Vi\RIADLE SLOPE S.E. 'J5~~ CONFIDENCE 2-
R

(0.05 ) PAIR SLOPE l"lf-11'l'S, SLOPE

Acacia It 1 2.02 SD~i: LD~·J 1.129 0.315 0.493-1.765 0,,96mangium HE: :TD~·J 0.324 0.222 -0.124-0,,772 0.82
l'D~~J: TLA 0.869 0.231 0.402-1.336 0.97
TLA~LDH 0.829 0.245 0.334-1.324 0.96
TLA:PLA 0.745 0.456 -0.157-1.377 0.82

Alphitonia 43 2.02 SOH: LDt'l 1.156 0.388 0.372-1.910 0.93petr-iei HE! :TD~-J 0.314 0.238 -0.167-0.795 0.78
TIJ~1:TLA 0.904 0.139 O.O17-1.79l 0.90
TL.A: LDW 0.865 0.448 0.040-1.770 0.89
'tLA:PL.A 0.856 0.489 -0.132-1.844 0.85

Ar:gyrodendron 47 2.01 srn~: LD~-1 0.450 0.552 ~O.660-1.560 0,,47peralatum HE! :TDW 0.279 0.144 -0.010-0,,568 0,,51
TDW:TLA 0.881 0.209 0.461-1.301 0.84
TLA:Lrn"l 0.800 0.144 0.511-1.089 0.92
TLA:PLA 0.625 0.220 o. 1·83 -1 " 067 0.60

Eucalyptus- 37 2.03 SDH:LDH 0.911 0.460 -0.023-1.845 0.92grand1s HE! :TDH 0.345 0.161 O~O18-0.672 0.93
TDH:TLA 0.711 0.450 -0.203-1.625 0.87
TLl\:LDW 0.702 0.524 -0.362-1.766 0.83
TL..A: PLA 1.056 0.700 -O.36~-2.477 0.69

Eucalyptus 39 2.02 SDH:LDH 1.05& 0.533 -0.026-2.138 0.93intermedia HEI :TDH 0.358 0.294 -0.236-0.952 0 .. 90
TDW:TLA 1.024 0.467 0.081-1.967 0.95
TLA:LDH 0.981 0.473 0.026-1.936 0.95
TLA:PLA 0.762 0.483 -0.214-1.738 0.92

Flindersia 46 2.01 LDH:SDH 0.927 0.510 -0.098-1.952 0.72brayleyana HE! :T[,~'~ 0.285 0.160 -0.037-0.607 0.72
'ITN:TLA 0.941 0.305 0.328-1.554 0.89
TLA: LC(~ 0.903 0.251 0.378-1.428 0.92
TLl\: PLl\ 0.778 0.238 0.300 .... 1.256 0.90

Imperata 39 2.02 LD~'l ~ SeN
cylindrica HEl :TCH 0.295 0.221 -0.1.51-0.741 0.75

TDa:TL;\ 1.016 0.327 O.445-1.6i6 0.94
TLA:LDH 1.016 0.327 0.445-1.676 0.94
TLl\: PL}\ 0.740 0.456 -0.181-1.661 0.74

Syzygium 39 2.02 LD~I:SDH 1.000 0.352 0.289-1.711 0.74
wesa HE! :TDil O~299 0.158 ~O~O20-0.618 0.59

TD~1 :TLA 0.979 0.178 0.619-1.339 0.92
TLA:LCH 0.915 0.163 0.586-1.244 0.94
TLA:PLA 0.805 0.390 0.017-1.593 0.64

Toona 46 2 .. 01 LCH: sr:'l 1.064 0.337 O.307-1 a 741 0.94
a\fstra'lis HE! :TCH 0.378 0.191 -0.008-0.764 0.88

TDH:TLA 1.011 0.418 O.167~1.855 0.91
TLA: LDrl 0.965 0.399 0.159-1.771 0 .. 92
TLA:PLA 1.10& 0.820 -~ 0.550-2.762 0.79

Table 4.5 Log/log regression analysis of the variables used in seedling
resource allocation analysis. The variables are isometrically related if the
sl~pe of the line does not differ significantly from 1. The table shows the
the number of points, values of t, the slope of the re0ression line, standard
error and 95% confidence limits of the slope and the R2 for the regression
for each species and each variable pair. The variables are stem dry weight
(SDW) , leaf dry weight (LD\~), height (HEI), total dry weight (TDW), total
leaf area (TLA) and projected leaf area (PLA). The analysis was carried out
on the natural logarithms of these variables.
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(g) for the nine species in experiment 1. Aca: Acacia mangium~
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Guadratic -+:; cr
J..·o· 4.19) . ~atios were calculatwd for each specIes

betTi'leen the four isometrically related variable pairs and height: (total dry

weight)-2. These are shown in figures 4.20 to 4.24.

The five .reSQurce allocation variables were analys~d together using

ttClustan-2" classification softT(/are (Wishart, 19'78-). Species were grouped

using inverse Squared Euclidean Distance as a similarity measure. The

resultant dendrogram is shown in figure 4~25. Four species groups are

apparent in the figure, Acacia 1I1angiu11l and Eucal...vptus inter111edia form the

first group at a high similarity level. Both species are shade intolerant, and

are probably adapted to loy/ nutrient status soils, as ~das noted previously.

Arg..yrodendr"on per-alatu111, Sy~",ygiu11l hresa and. .l7:i'linder·sia bra.,yleyana form the

second group of morphologically closely- related speclHs. Again, the

physiological responses of Arg;rrodendr·on. peralatuItl and Syz.~ygiuI1l wesa, bath

small gap species, are similar, while .F'linder·sia bra...vle"yana showed

pb.ysiological charact~ristic8 intermediate between the small and large gap

species groups. Imperata cylindrlca is isolated as the only nan woody species

included in the analysis. FinallYr the three fastest growing species,

Alphitonia petr"iei, Eucalyptus grandis and Toona austr·a.lis form a morphological

group. Taona. australis is distir~guished from the other two species in being

deciduous and therefore allocating fewer resources to its leaves <fig. 4.20).

Ihe high degree of similarity between the groups of species farmed

according to physiological responses and those based on resource allocation

may be a coincidence, and a ,larger group of species should be tested,

Nevertheless, this study demonstrates that resource allocation in seedlings may

be a viable means of determining successional status, and future studies should

incorporate this type of analysis.

4 ~3.2 • EXPERIJ{EHT 2

Analysis of variance of regression was carried out an dry weight against

PAR for the four species examined in experiment 2. Table 4.7 shows the results

of these ~nalyses. The regression lines, meanS and standard errors are shown

in figures 4.26 to 4.29. These results cqnfi~m the observations from

experiment 1. The two open forest specles,B'uca.lyptus graIldls and E.

intID·~~d18 are less variable in their response to light th~n the two rainforest

species Ifeo,litsea. dealbata. and l'cona australis. Response curyes are also of
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Figures 4.20 to 4.24 Resource allocation ratios for the nine species
used in experiment 1. The heavy blocks represent standard errors, and
t:he lines represent the 95% COIlfidence limi-ts for each species and
each ratio. The variable pairs are shown at the base of each graph.
Aca: Acaaia mangium~ AZp: AZphitonia petriei> Arg: Argyrodendron
peraZatum., Egr." Etu3aZyptus glla-ndis., E'in: EucaZ,yptuB intermedio.," FZi:
FZindersia bpayleyana., Imp: Imperata ayZindrica~ Syz: Syzygium wesa~

Too: Toona austraZis.
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Eucalyptus intermedia 16.202

I~erata cylindrica 21.747

Alphitonia petriei 7.133

INTERCEPT r 2

(c)

6.566 0.83

4.680 0.80

7.471 0.74

3.865 0.84

3.390 0.89

8.728 0.81

9.238 0.81

-0.372 0.84

6.210 0.84

SLOPE
(b)

1.969

~O.737

--2.924

-1.107

-1.726

-1.838

-2.001

-0.325

0.0913

12-.356Toona australis

Eucalyptus grandis 11.213

SyzygiU1Il wes~

Argyrodendron peralatum 3,935

Flindersia brajleyana 4.549

SPECIES SLOPE
(a)

Table 4.6 .Regression equations for height (em) against -total dry weight
(g) for 9 species in experiment 1. All equations are of the form y = ax +
bx2 + c except for SyzygiuJIJ wes8, which has a straight line relationship
between the two variables,

SPECIES 11 INTERCEPT
(c)

SLOPE
(ax)XIO-l

SLOPE
(bx::2 ) Xl 0- 3

F FROB.

Eucalyptus
grandis 111 -0.051 0,0792 0.392 569.3 <.001 0.91

Eucalyptus
11ltermedid 128 ·-0.118 0.546 -0.105 247.6 <~OOl 0.80

Neolitsea
deal bata 108 0.164 0.194 -0.0710 57,95 <.001 0.51

Taona
australis 143 -0.224 0.509 -0.215 128.9 <.001 0.63

Table 4.7 Results of regression analysis of dry weight <g) against PAR (%
Full Sunlight) for 4 species in experiment 2. Curves_ fitted -"are all
quadratics <y = ax + bx2 + c).
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similar shape to those found in experiment 1. Neolitsea dealbata is the

slowest growing arid most shade tolerant of the four species, and shows the

greatest degree of variability in its response to light. Observations carried

out at Kirrama and Paluma indicate that Neolitsea d~albata occupies a wide

range of different gap sizes. If given suitable openings -it grows to a height

of 15 m (B.P.M. Hyland, unpub.), although it also seems to. persist in the

understorey as a law shrub at many sites.

The open forest species are adapted to establish in more homogenous j high

light environments and are not faced with a wide range of gap sizes to

colonize. For this reason, their responses to light gradients are more uniform

than rainforest species. The light environment in rainforest is highly

heterogeneous, depending on the distribution, shape, orientation and sizes of

gaps in the canopy. Consequently, rainforest species would have a greater range

of potential sites in which to became established if each individual of a

species produced a group of offspring with a high level of between seedling

variability of shade tolerance. These trends could be confirmed by extensive

analysis of photosynthesis of rainforest trees of different ages and in

different gap sizes under field conditions, but the equipment to do so was not

available for this study 4

4.3.3. EIPERIJrnIT 3

The responses of the four species examined in the competition experiment

to light and nutrient -were substantially different to the results obtained in

experiment 1 for the same species grown in monoculture~ figures 4.30 to 4.32

show the means and standard errors of total dry weight/pat against PAR in

each nutrient regime. The most rapid growth for all four species combined

occurred at the high nutrient level t and the response to light is linear (fig.

4.30). As nutrient concentration was reduced t so the light level at w-hich

maximum dry weight/pat was reached tended to decrease, indicating that

nutrient concentration became a limiting factor to growth in the medium and

low nutrient treatments <figs. 4.31 and 4.32).

Relative proportions of the total dry weight in each pot were calculated

for each species. Mean and standard error relative dry weights are plotted

against light for each species in high, medium and low nutrient levels in

figures 4 .33 to 4 .44 .
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10'01 light l€vels~ is clearlv
.J

tb.e dominant

species (figs.

dry weight aT. <5% f~ll sL:nlight in

making up approXimately 80%

all three nutrient regimes.

of the total

The relative

dominance of this species is highest in the low nutrient regime, probably as a

result of greater seed reserves (fig. 4.19). The ability of" Argyrodendron

peralatum to persist and grow in law light environments, shown in experimen~

1, gives this species the highest likelihood of success in competition with

less shade tolerant species in a small gap or under a closed canopy.

As PAR is increased, Eucalyptus grandis emerges as the dominant species.

It is evident {figs. 4.31, 4 .35 and 4.39) that of the four species, this is the

most able to take advantage of high PAR levels. Even at PAR l~vels around 20%

FSU ~ Euca.l,/vptus grandis m.akes up over 50% of the total dry weight in the

Inedium and high nutrient regimes. In the field~ this advan"tage may be reduced

by herbivores or pathogens, to which Eucalyptus gra,ndis appears to be more

susceptible (experiment 1). NDreover~ results described in chapter 5 show that

Euc,-"lyptus grandis is les5 likely to establish under a rainforest canopy due

to small seed size and damping off effects.

At the low nutrient level, the competitive advan~age of Euc~lyptus grandis

is reduced in the face of proportionally more vigorous growth of Acacia

,rnangiu111. Experiment 1 indicated that Acacia 111angiuIll i.s more tolerant of

nutrient poor soils, a11d while ACacia mangiulI1 does not grow as large as

Eucalyptus grandis even at the low nutrient level. it approaches its full

growth potential more closely than in the medium or high nutrient levels.Both

Acacia ma.ngiuIIl and Taona. australis are clearly affected by competition from

Eucalyptus grandis. Results from experiment 1 showed that these species,

Joona australis in particular, grow nearly as fast as EucalY.l.Dtus grandis in.
high PAR levels. Ho\"ever, wheri- competing for light and ntrtrients, Teona

australis is eVidently .inferior to Eucalyptus grandis, indicated by the law

proportional dry weight of JooIla australis at all PAR values abo·ve

approximately 10% FSU. In a few isolated cases throughout the range from 10%

to 50% FSU, individuals of Toano. grew much larger than the neighbouring

Eucal;lptus grandis, which in turn were greatly suppressed4 From the results

of this experiment, however, such cases were obviously exceptions. At between

5 and 10% FSU in the medium nutrient treatment, Toolla 1s the dominant species,

although it closely shares this dominance with Eucalyptus grandis and

Argyrodendron perala tum.
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Figures 4.33 to 4,44 Proportion of total dry \"leight per pot (proportion of

TDW ;;: dry weight of seedling I total dry weight of all seedlings in the po"t}

mean ± SE) against available PAR (% full sunlight) for the four species used

in the competitior~ experiment (experiment 3). Species and nutrient treatment

are shown at the base of each graph.
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..i.

such a dominant role Ofl. the rainforest ecotone. Given sufficient light to

outgrow any damage incurred from herbivores and pathogens, a~d suitable

conditions for establishment, seedlings of Eucalyptus grandis ~ppear to be able

to capitalize on the available resources more efficiently than species such as

Acacia mangium and Toone. australis.
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4.4. CONCLUSIONS AND SUM..1(ARY

PAR varies across the rainforest - open forest ecotone in a graQlen~t and

the species growing along this gradient show a continuum Df physiological

responses to light t from shade intolerant, fas~ growing open forest species to

shade tolerant~ slow growing small gap a~d understorey species. The responses

of many of these species to PAR varies according- to the amaunt of available

soil nutrients.

Open forest species establish in a relatively homogenous, high light

environmellt, and their respanse~:5 to variations in ?AR are uniform. These

species are sometimes capable of persisting, l'flith little growth~ in 10'11 light

environments, but in field conditions ~hey will quickly succumb to herbivores,

fungi a~d bacteria~

Fast growing secondary and late secondary rainforest species are capable

of rapid growth when supplied with sufficient light and nutrient, and are

ad.apted to capitalize rapidly on these resources ~1hen they OeCOTIle available.

Shade tolerant rainforest species succeed in establishing and growing in low

light environments where faster growing species are unable to persist.

Because of the heterogeneity of the light environment in the ecotone and under

a rainforest car~opy, rainforest species exhibit considerable variability in

their responses to light and nutrient, so that- each species i.s capable of

colonizing a wi-de range of edge and gap environments. The species rich

rainforest flora represents a continuuIn of degrees of' shade tolerance, and

classifying species according to light requirements is further complicated by

the variability within species.

Of all species investigated t Eucalyptf.is grandis is the mos"t capable of

utilizing high PAR and nutrient ccncentratiorls. Although limited by water

availability and possibly fire on Dne side of ~he ecotone, and shade,

herbi'('vores and damping off OIl the other, in the ecotone environment i -cself,

Eucalyptus grandis is the largest and most numerous species. The next chapter

describes the effects of disturbances on the ecotone environment, and

investigates some of the factors controlling germination and seedling

establishment, providing further explanations for the distribution of species

such as Eucalyptus grandis across the rainforest boundary.
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"I'm planting a haycorn, Pooh, so that it can gro~ up into an oak-tree t and

have lots of haycorns just outside the front door instead of .having to walk

miles and miles, do you see Pooh?"

(Milne, 1926)
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5.1 -IHTRODUCTIOH

The two main agents of widespread disturbance on the upland rainforest ­

open forest ecotone in north Queensland t excluding man, are fire and cyclones.

Extreme climatic conditions such as drought and frost may act as secondary

sources of disturbance t bath interacting with fire. Disturbance may also be

caused by individual tree deaths as a result of senility or competition,

. ~ccDunting for up to 11% of the standing biomass per year in some Australian

tropical forests (G.C. Stocker, unpub.). This chapter is a review of the effects

of disturbance on the dynamics of the rainforest - open forest interface J and

includes data from field observations on the effects of fire and frost, as well

as results from germination and establishment experiments. Some aspects of

regeneration in the ecotone following disturbance are discussed.

The effects of cyclones on the ecology of north Queensland lowland

rainforest were discussed by Webb (1958). He noted that coastal rainforest

structure and floristics could be greatly modified by cyclonic winds t

inte~acting with local topography. The most extreme examples are the "cyclone

scrubs", where the low, uneven canopy is dominated by vines, and the scattered

emergents often form climber towers. In more sheltered areas, defoliation and

wind throws lead to a dense understorey dominated by the vine speciesCalamus

australis (Webb, 1958).

Webb (1958) also discussed the possibility of fires fallowing "dry"

cyclones t gi~ing rise to Acacia. eucalypt and/or grass dominated corridors

within coastal rainforest. Cyclones are regarded by many Qbse~ers as a major

contributing factor to the instability of sub-equatorial tropical raiuforests.

Johns (1986) recognized a number of factors contributing to the

instability of tropical forests in New Guinea. These natural phenomena

included landslides, volcanic activity, drought, fires, frost, snow, lightning

Siitrikes and cyclonic winds. He concluded that these factors combine to

maintain a constant state of disturbance and regeneration in areas throughout

both the lowlands and uplands of New Guinea,

Unwin at al. (1986) studied the immediate effects of tropical. cyclone

"Winifred" t which crossed the Queensland east coast just to the south of

Innisfail on the 1st of February 1986. Wind speeds reaching up to 116 km h-" l

affected areas of forest north to Cairns, south to Cardwell and west to

RavenshoE. While boles of rainforest emergents and understorey trees were

136.



Plate 5.1 Rainfor'est damaged by cyclone WInifred .', February t 1986, The

photograph was taken one month af,ter the cyclone,t when recovery had already

commenced.
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broken in severely affected areas, associated open forests dominated by

EL.tCf,.1.1;r.ptus and }felaleuca spp. rr'lere not as severely damaged. T:rees in open

fo~est tended to lose branches~ tWigs and leaves rather than break off at the

bole. Rainforest e~calypt fores~ ecotones were altered 8tr~cturally in

affected sites, as the rainforest understorey yfaS Dore severely damaged by

high \vi11ds than the elnergent eucalypts (Unwin et al., 1986).

Stocker and Unwi~ (1986) suggested that repeated fires in cyclone

damaged rainforest areas would eventually result in exposed areas such as

ridgetaps being dominated by eucalypts, grasses and other open forest species.

The disruntion of the rainforest canopy increases insolation and reduces

humidity, and increased litter on the forest floor results in a large quantity

af dry fuel, permitting the otherwise unlikely possibility of fi:--e in

rainforest. The probability of such a fire depends on post cyclone weather

conditions} and will gradually become less as the rainforest canopy redevelops

and the litter is broken down (Unwin et al. t 1986). '~yclones of such intensity

are relatively rare in human e:{perience, but in the lifespan of forest trees

they are almost inevitable occurrences in most areas near the north Queensland

coast. A cyclone - fire interaction could account for the occupation of sites

available to rainforest by open forest species in many cases.

Unwin et al (1955) examined the behaviour and effects of an experimental

fire in open forest adjacent to the rainforest ·boundary at an upland rainforest

site near Herberton. Topography emerged as the main controlling factor in

fire behaviour, '''fhich was also influenced by wind speed and direction in

rel~tion to topography) and fuel characteristics. The species in the

rainforest ecotone show~d considerable resilience to fire~ and most species

regenerated rapidly by coppicing. Unwin et al. (1985) concluded tha-c periods

of high intensity fires on the rainforest boundary, as a result of favourable

climatic conditions, winds and fuel availability, would promote the incursion

of open forest species into areas previously occupied by rainforest.

Alternatively, a succession of years with low to moderate intensity fires or no

fires at all would result in the advance of rainforest species into open

forest. In recent years. reduction in fuel availability due to grazing by

cattle has meant that fire intensity has been reduced in same areas, and the

p1:8senCe of young emerge~t Eucalyptus grandis above a rainforest understorey

in many sites indicates that the rainforest ma.rgin is advancing in these

sites 1
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Stocker (1981) also n01:2d the ability of ~r'ainr-orest species to regenerate

Dy coppicing and root suckering. Of 82 species observed in a felled and burnt

rainfores"'C site at Danbulla (17~lOIS, 145~35'E)~ 74 regenera"t8d 1:;3'1 coppicing, 10

from root suckers and 34 species had established from seed 23 months after

the disturbance. .The species witi the higtest growth rates were those which

developed from seed. However, 0111y a few species are consist~ntly able to

regenerate from seed after a catastrophic disturbance of the original stand

(Stocker, 1981). Low s~ed production in most years, seed consumption by

animals and limited periods of seed viability limit seedling regeneration for

most species. Oneexceptioll is Alphitonia. j,1Jetriei, which can maintain a pool

of viable seed in the forest soil for extended periods.

Stacke~ (1981) pointed o~t that fire following felling or cyclone damage

might favour the regeneratton of t.ree species" as fire exc.ludes many vine

species which would otherwise smother regenerating trees in many cases.

However t repea-ced fires would tend to favour invasion by grass an<i euc~lypt

species (Stocker and Matt, 1981). The elimination of rainforest species and

invasion by grass species following a second burn Vias al:;o noted by \ihitmore

(1975) in 'discussing the effects of shifting cultivation in the Far East

seasonal tropics.

Unwin (1983) carrj.ed aut a series of seedling establishment trials on a

rainforest ecotone site near Herberton, along burnt and unburnt 'open forest

transects both extending into unburnt raiIlforest'~ He found that, in general,

seedlings established more readily in the forest type with which they were

normally associated. Eucal,,;v,Lotus grandis~ E. inter111edia and Al10casuarinZi

torulosa germinated to a limited e:--:tent an leaf litter under a :--ainforest

canopy. but no seedlings survived after 4 weeks. Seedling deaths were

attributed to fungal damping off, and Unwin (1983) suggested that these

species would require a severe disturbance (e.g. cyclone) follo'"ded by fire in

order to establish within a rainforest. However, the rainforest species Toona

australis sho\.,ed the highest germination rate and seedling survival in burnt

open forest, and after 38 weeks the performance of this species was lowest in

the rainforest. Unwin (1983) suggested the success of Toona australis in

burnt open forest, together with its ability to coppice a.fter fire, explained

its prominence in the rainforest margin.

The other two species studied by Unwin (1983) in this experiment,

Cardwellia sublimis and Flindersia bra.yle...vana , e:'{hibited bettl2r germination and
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es-:aolishrnent in rainforest. These tT.vo species 1iere limitr:2d by desiccaticn

the open

species!

ants :for

and lethally high temperatures when SOv/n away from a closed canopy.lIei"0r:.er

of these two species encountered ·the problem of suspension above the soil by

leaf litter in the rainforest to the same extent as the other, smaller :3eeded

species. Unwin (1983) also stress~d the importance of burning to provide an

ashbed in which Eucalyptus and Al,locasuarina species can eS-'cablish

successfully. Few Euc·al.;vptus and Al10casuarina seedlings survived after 3/3

weeks under grass and herb cover in unburnt open forest, in contrast to

relatively high survival in burnt open forest.

In open fores.t, heavy seed loss \'las attributed to

forest species, and sInal:' mammals for the rainforest

Cardrvel1ia sublimis and Flindersia brayleyana. Physical damage to seedlings

by scrub turkeys (.41ectura latharoi) also accounted far a large proportion of

seedling death in the rainforest (Unwin, 1983).

Other studies of seed germinat1o~ in tropical forests have been

undertaken by Cheke et al.~ 1979; Garwood, 1983; Hopkins and Graham} 1984~

Vazquez-Yanes and Segovia, 1984, and Whitmore, 1983. All these authors

recognize the short term Viability of seeds of mos~ primary rainforest

species, which terld to be large t have high moisture contents and rapid

germination. Dormancy is more common in secondary species~ and rainforest

soil seed banks contain a high proportion of these early successional species.

Germination in many of these species can be triggered by increases in light

intensity or temperature, the conditions encountered when a canopy gap is

formed in the rainforest. Hopkins and Graham (1984) found that seeds of

primary rainforest species were mostly destroyed by heating the soil

containing the seeds to 60°C, while seeds of ea.rly successiona.l species}

including Alphitonia petriei and Acacia aulacocarpa , were unaffected by this

treatment. Germination of Acacia mangium was actually enhanced by soil

heating (Hopkins and Graham, 1984).

While germination. characteristics of seeds are important in determining

the species composition fallowing disturbances such as fire or gap formation

anywhere in rainforest or open forest, recolonization is not exclusively

dependent on seed germination and seedling establishment. Vegetative

regeneration from lignatubers, root ~uckers and coppic1ng also play an

important role. The mode of recolonization af a disturbed site is influenced

by the scale and severity of -she disturbance. A small gap ~.yithin the
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rainforest muy oe occupied by branches growing out from adjacent tree:5, Ylhile

a high intensity fire in open forest leaves t~e area to be recolonized to a

large extent by seeds dispersing in from areas outside the disturbed site.
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5.2 KATERIALS AND METHODS

5~2.1 FIRE DA:i(AGE~ KIRRAX!

A survey of past~fj.re recru1.tm.ent and regeneration in tall and luedium

open forest was carried out at Kirrana~ site 2 (Chap~er 2) in April 1983. A

grass fire occurred here in NO"'vember ~ 1982 ~ burning approximately 5 ha of

medium open forest understorey~ and reaching into tall open forest, scorching

shrubs and saplings on the rainforest margin. TV1D 5 x 30 In transects were

laid. out, one in unburnt forest and the other, parallel to the first! in

recentJ.y burnt forest (in quadrats 'A~ and fB'l Fig. 2.8. Chapter 2), Numbers

and species of :-,ecen"tlyestablished seedlings, lignotuber and coppice

regeneration and grass cover \"{ere recorded for the dominant species in each

transect. In the transect through burnt forest, shrub and sapling death or

regrowth were noted, and species identified where possible. geight of scarch

damage was also recorded for shrubs and saplings.

5.2.2 FROST DAXAGE t ATHERTOli TABLELAlfDS

Observations of rainforest/apen forest distributions in the vicinity of

low lying parts of the Atherton Tableland suggested that frosts may have been

an important factor in determining their boundaries. Unusually Gold

temperatures experienced dur:'ng july 1984 enabled the effects on plants along

ecbtones to be examined.

Frost is a seasonal feature af the environment on many sites above 700 m

in humid tropical region of north Queensland (lat. 15'"'~19°S, long. 145 4 30 'E).

For example, Atherton (elevation 760 m) experiences an average of 3.5 light

frosts (screen temperature O~2 °C) and 215 heavy frosts (screen te:mperature<

o~C) per' annum CAnon, 1971). They occur overnight during May to September,

when the atmosphere is dry, clear and stilll

While the im!nediate effects of frosts on vegetation are most noticeable

in cold air drainage channels and on exposed rainforest margins <particularly

artificially created edges such as roadsides) damage to undisturbed forest has

been observed. Occasional very heavy frosts can be quite devastating. For

example the 1932 Queensland Forestry Department Annual Report noted that

severe frosts, in this region had Hburnt jungle trees to a height of 70 feet aJl.d

killed~ lantana (Lantana camara) autright~1I
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Follo\~ing TJ.l:'.i.e days ot r.ecurr'·ing frost during JU1:l 19134 Crable 5.1)

relative frcst susceptibilities of typical 'rainf"ores"t~ open forest and ecotGIlal
. ~specl8s Tt/ere asseSS8a. The inves"tigatioT: centr~d on a T(1e11 defined, thQugh

ra'ther disturbed ecotone on the north..... western edge of 'Nanga-bel state Forest

<Fig. 5.1). Here foliage damage was very dbvious, probably due to c~ld air

drainage into the basin immediately to the west of this site. Data recorded

included species, position and estimated crown height of all individuals

encountered. The degree of frost damage to each tree Tfias ·visually assessed

using the following foliage death categories:

0 tTo damage evident,

1 1% to 20%,

2 31% to 50%,

3 51/~ "to 50% and

4 8 1 ~I 't;o 100% of the foliage killed...... 10

At least one exanple of each species investigt3:ted ""as photographed fcr­

later compartson. The site was revisited in October 1984~ December 1984,

February 1985 and April 1985 -co assess the e:{tent of crO\'fn recovery of

previous1y tagged, individuals. In April 1985 (9. months after the frost) deep

blazes were made into the trunks of trees still sho\'iing no evidence af new

foliage to determine whet~er-these individuals were still living.

An additioIlal site at Her'berton (17"23IS~ 145~23IE, elevation 900 m) was

also investigated in the week following this frost period, to determine the

extent of damage to open forest species in that area. }Totes were made of

damaged foliage in a number of species although no trees were tagged.

RecDvery was assessed in October 1984.
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Date Mi.nimuD Temperature / o.r· \
\ 1....1/

Screen Grass

June 30 8.5 5.5

July 1 1.0 n.a.

2 1.0 -4.0

3 2.5 -1.5

4 3.5 -0.5

5 3,0 -1.0

6 3.0 -1.5

? 3.5 n.a.

8 5.0 n.a.

9 3.5 -1.0

10 9.5 8.0

Table 5,1 Screen and grass temperatures at CSIRO Atherton laboratory~ June 30

to July 10, 1984. Subsequent grass temperature readings at Wongabel indicated

that on clear, still nights minima may -De 2-3°C lower thar... those recorded at

the Atherton laboratory.

fila.: Nat available. Although grass :mini:num temperatures were not .recorded,

widespread frosts were observed in the general area on these days.

5~2.3 GEIDII1IATIOIl TRIALS

A series of germination trials were carried out to determine the

conditions required for seedling establishment from seed across the ~cotone.

The effects of light and temperature on germination rate were

investigated for seeds of nine species (table 5.2). Seeds were collected

from trees by removing seed bearing branches with a long handled pruner or a

.222 rifle with a telescopic sight~ Table 5.2 also shows collection sites, and

duration and conditions of seed storage.

Germination was carried Qut in petri disb.es, on a disc of filter paper

resting on a 3 - 5 mm deep layer of vermiculite. Petri dishes were kept

145.



:J
--

l.
'...:

:::a 0
'\

S
P

E
C

IE
S

C
O

L
L

E
C

T
IO

N
L

A
T

I.r
II

U
D

E
D

U
R

A
TI

O
N

O
F

ST
O

R
A

G
E

S
IT

E
L

O
N

G
IT

U
D

E
ST

O
R

A
G

E
(m

o
n

th
s
)

C
O

N
D

IT
IO

N
S

A
ca

ci
a

m
an

gi
um

A
T

II
E

R
T

O
N

1
7

°1
6

'I
S

5
R

O
O

M
T

E
M

P
E

l{
J\.

.T
'U

'R
E

1
4

5
°2

9
'

E
A

Z
ph

i"
to

ni
a

p
e
tr

ie
i

PA
LU

M
A

1
9

°
0

1
'

S
1

R
O

O
M

T
E

M
PE

R
A

T
U

R
E

1
4

6
°
1

5
'

E
A

lp
in

ia
ca

er
u

le
a

K
IR

R
A

M
A

1
8

°
4

0
'

S
-

F
R

E
S

H
S

E
E

D
1

4
5

°
4

4
'

E
E

uc
al

yp
tu

s
g

ra
n

d
is

K
IR

R
A

M
A

1
8

°
4

0
'

S
2

R
O

O
bI

T
E

M
'P

E
R

A
'rU

R
E

1
4

5
°4

4
1

E
E

uc
al

yp
tu

s
in

te
rm

ed
ia

K
IR

,R
A

.M
A

'
1

8
°
4

0
'

S
3

R
O

O
M

T
E

M
PE

R
A

T
U

R
E

1
4

5
0
4

4
'

E
E

u
ca

ly
p

tu
s

to
re

Z
Z

ia
na

'K
IR

R
A

M
A

1
8

°
4

0
'

S
1

R
O

O
M

T
E
M
P
E
R
~
T
U
,
R
E

1
4

5
°4

4
'

E
F

li
n

d
er

si
a

br
ay

Z
ey

an
a

A
T

H
E

R
T

O
N

1
7

°
1

6
'

S
3

R
E

F
R

ID
G

E
R

A
(r

E
D

I
4

°C
1

4
5

°
2

9
'

E
N

eo
li

ts
ea

de
aZ

ba
ta

H
ER

B
ER

TO
N

1
7

°
2

3
'

S
-

FR
E

SI
-I

S
E

E
D

.1
45

0
2

3
'

E
T

oo
na

a
u

st
ra

Z
is

M
A

LA
N

D
A

1
7

°
2

1
'

S
3

R
E

FR
ID

G
E

R
1\

T
E

D
,

4
°C

1
4

5
°
3

0
'

E

T
a
b

le
5

.2
S

p
e
c
ie

s
u

s
e
d

in
th

e
g

e
rm

in
a
ti

o
n

e
x

p
e
ri

m
e
n

ts
!

c
o

ll
e
c
ti

o
n

s
it

e
s

a
n

d
s
to

ra
g

e
c
o

n
d

it
io

n
s

fo
r

th
e

se
e
d

s.



clossd t and mois~ened regularly with distilled wa~er. Seeds were sprayed at 10

day intervals witi a weak solution of 'Gaptan l fungicide. Twenty seeds of' each

sn8cies \vsre Dlaced en the filtar paper ~ in . the dishes" which ;~ere kept in

three growth cabinets at 18 ~C, 24 QC and 30 ~C. Half of the petri dishe3 were

kept in light proof containers inside the grow"th cabinets. The other half

were subjected to a 14 hour light/10 hour dark photoperiod, with light

inteusities in the former case ranging bet"r'ieen 27 and 50 lumol :rrr~~'~ S~"'1

The petri dishes were examined daily. Seeds Viere counted as germinated.

when either a hypocotyl or an epicotyl had emerged. Seeds were removed after

germination. After 20 to 70 days (dependi::lg on species), ungerrninatad seeds

were removed and dissected to deGermine whether they contained a viable

embryo.

Germination and seedling establishment trials were used to deter~ine the

effects af substrate on establishment. Six 30 em x 25 em x 5 em plastic seed

trays were subdivided into three equal sections using woodens-crips. T\vo

trays Y'lere filled with open forest soil, and four with ::-ainforest soil, t ..~o of

which were covered with leaf litter; All soils were collected at Kirrama a few

days before commencement of the experiment. Fifty seeds each of Alphitonia

petriei, Ellcal..-vptus gr/:l.ndis, E, intermed1.a, E. tCJl~·ell-ian()., JVeolit.sea dea.lbata and

Taona australia were placed an the surface of each substrate. Trays were kept

in the glasshouse, and watered three times per week. Temperatures in the

glasshouse ranged between 19°C and 27·C during the course of the experiment.

Numbers of surviving seedlings were recorded at weekly intervals for 10 weeks.
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5,3 RESULTS AND DISCTJSSION

5.3.1 FIEI.lD OBSERVATIONS, KIRRAXA

The fire in open forest at Kirrama in ~rovember 1982 \'las of 10~·' to

moderate intensity, scorchir.l.g shrubs to a height of 2 III without damaging

foliage on taller saplings or trees. The most apparent damage was in small

sections of the rainforest margin) where small shrubs and saplings on the

outside edge were killed to a di~tance of 1 to 3 In :from the edge. The

evidence suggests that these plants did not burn, but were scorched by burning

grasses , litter and Lantana. camara. Table 5.3 sho\'ls the eleven main shrub~

sapling and urLderstorey species found in the t't/o transects. Also 5hoy/n are

either numbers of individuals or mean estimated ground cover or each species

SPECIES MEAll COVER (%)

BURNJ'f UNBURUT

NUMBER OF INDIVIDUALS/ 150m~;:

BURNT UiJBURNT

26 1 19

21 cis 7

Acacia avlacocarpa

Alectryon tomentosus

Alstonia muellerana

Cupaniopsis serrata

Eucalyptus intermedia

Imperata cylindrica

La.nta.na camara.

Jrfaesa depsn.dens

Ptsridium esculentum

Rhodomyrtus -trineura

ThelIIeda triandra

27 r 48

7 c 5'

14 r 6

15 r 9

29

37 s

,14 c

58 c

6

24

6

26

Table 5.3 Main species less than 2m in height in two 5ID x 30m transects in

open forest at Kirrama, one of which was burnt 5 months pr-ior to the

survey+Principle modes of regeneration are shown for species in the

recently burnt transect. s ~ seedling, c ~ coppice~ 1 = lignotuber and r =

rhizome.
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in. both- the Ubuy'nt" and nunburn:tn tr'ansei.:;tSt together with the pr'inciple modes

of regeneration in each case.

The orthophyllous shrub species AlectrYQD. tOlIlentDsus, CupaIJiopsis s'err-ata

and Rhodo1I1yrtus trineura all regenerated by coppicing t and plants of these

spe.cies appeared healthy and to be growing rapidly, with new (5 month old)

stems between 0.5 and 1.5 m in height. Alstonia 111uellerana \'/as absent from

the burnt transect, .although the architecture of some of the dead saplings in

this transect suggested -that they may have been Alstonia mueller-ana. Seedlings

of. Acacia aulacocar~ were mare than twice as frequent in the burnt transect

compared with the unburnt transect, although the former were considerably

smaller, reaching heights of up to 0.5 m in the burnt transect compared with

heights of up to 3 m in the unburnt area. There was no evidence of coppice or

underground regeneration in this species t and all new individuals appeared to

be established from seed, By contrast, 19 of the 26 young plants of

Eucalyptus intermedia in the burnt transect were resprouting from lignotubers.

and only 1 appeared to be grown directly from seed. Heights of E. inter-media

in the burnt transect were up to 0.8 m.

Xaesa depeDdeDs and.Lantana camara bath appeared to regenerate

successfully after the fire. ]{aesa. depellde.ns resprouted from rhizones in all

cases, while regrowth in Lantana occurred from the bases of burnt stems. The

bracken" ferm J ~eridium esculentum also resproutect from rhizanes~ These three

species appeared to be favoured by the recent fire, contributing to a greater

proportion of ground cover in the burnt transect, and appearing mare vigorous

in this area than in the unburnt area.

Of the two grass species, only 111lperata cylindrica appeared to regenerate

successfully after the fire. Themeda triandra does not seem to be favoured by

disturbance, and may colonize after a sufficient period without fire: I.111perata

cylindrica regrowth was green and vigorous, and occurred mostly from burnt

clumps rather than from seed.

There was no evidence of Eucalyptus grandis regrowth in either transect,

and an exhaustive search of the burnt area turned up one seedling 01 E.

grandis growing in a moist pocket of litter and charcoal in an old tree stump.

The species does not produce a lignotuber, and does not regenerate from

epicormic shoots, so it relies an seed for establishment following disturbance~

E, grandis establishment is more likely to take place after a high intensity

fire which would reduce the competitive advantage of vegetatively regenerating
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2,pBCles, and the 'level ot' ant predation or 2·eed~ High intensity f·ire also

results in h~gb nutri~nt concentrations iL the ashbed~ leading to a competitive

advantage for- :3pecies such as E. grandis (chapter 4). Results reported in

Chapter 3 showed that E, gra.ndis seedlings are more susceptible to droughr

stress than seedlings (Jf £--. interJJ1edia and other open forest species. so

climatic corj,dit:'ons might also play an important role in E', grandis

regen~ratior.l..

High ir~tensity fires are rare in Australian tropical open forest (G.e.

Stocker, pars. camilli). However, increased fuel availability following a

tropical cyclone may lead to such a fire. Tropical cyclone V/inifred l which

crossed -'Ghe Queensland east coast 100 ku north of Kirrama in FebruarJ 1986

caused 80nsiderable destruction at the Kirrama study site. Near the rainforest

boundary at site 1, the ground was covered ~fl1th large branches of E. grandis

andE. inter:media., together with a much greater accuIUulation of leaf litter

than normal 1 Leaves were stripped froID. the open forest ~ :rees bY high winds,

and the top parts of eucalypt crowns "Jere broken ofi' in a number of cases.

The rainforest showed less damage, although a few of the emergent specie~~

<Ficu.5 spp. and Flindersia bra..,vleyana) were toppled aver. Cyclone damage was

not as severe at Kirrama as it was in the rainforests nearer to the cQast, but

the possibility of a post-cyclone fire Df higher ifltensity tha'Il normal at

sites such as Kirrama must not be overlooked. While there !'1ere no fires in

1986 at the Kirrama study sites, had post cyclone cou(litions been drier, and

had a fire started~ the increased fuel availability would probably have given

rise to different modes of regeneration and recolonization on the rainforest

margin.

5.3.2 FROST

The species investigated, numbers of individuals, degree of damage and

approximate time -of reco~ery are presented in table 5~4. The faster growing

early secondary rainforest tree species (notably Alphitonia petriei, Aleurites

JJJoluccana, Euodia vitiflora., Glochidion sp 0' HQIIJolanthus p8J.DuaIla and Jrfal10tus

pol.yadenOS) were generally mare frost susceptible than late secondary or

primary species (mainly Araucaria cunninghaJIlii, CastanospermuJIl australet

Flindersia brayle.Jvana and F. 5chottian~). Examples from the latter grQup were

examined in positions immediately adjacent to affE:cted tre;s of other 8Decies
~

150.



S
it

e
/S

p
e
c
ie

s
N

u
m

b
er

s
E

s
ti

m
a
te

d
%

F
o

li
a
g

e
lo

s
t

R
e
c
o

v
e
ry

M
o

rt
a
li

ty
in

d
iv

id
u

a
ls

m
ea

n
fo

li
a
g

e
(
n
u
r
n
h
~
r
s

in
e
~
c
h

c
a
te

g
o

ry
)

ti
m

e
(%

)
·e

x
a
m

in
e
d

h
e
ig

h
t

(m
)

a
1

-2
0

2
1

-5
0

5
1

-8
0

8
1

-1
0

0
(m

o
n

th
s)

W
o

n
g

ab
el

A
le

u
ri

te
s

m
Q
~
u
c
c
a
n
a

9
2

0
-

-
-

3
6

3
-5

0
A

lp
h

it
o

n
ia

p
e
tr

ie
i

1
5

1
5

-
-

-
2

13
7

8
7

A
ra

u
c
a
ri

a
c
u

n
n

in
g

h
a
m

ii
1

3
0

1
-

-
-

-
-

0
C

al
am

u
s

c
a
ry

o
to

id
e
s

3
2

I
2

-
-

-
.3

0
C

a
st

a
n

o
sp

e
rm

u
m

a
u

s
tr

a
le

2
25

2
,-

-
-

-
-

a
C

a
st

a
n

o
sp

o
ra

a
lp

h
a
n

d
ii

2
1

0
-

2
-

-
-

3
a

~
u
c
a
l
y
p
t
u
s

te
re

ti
c
o

rn
.i

s
4

25
4

-
-

-
-

.....
.

0
E

u
o

d
ia

v
it

if
lo

r
a

2
12

-
-

-
2

-
5

0
F

li
n

d
e
rs

ia
b
r
a
~
l
e
y
a
n
a

1
2

0
1

-
-

-
-

-
0

F
li

n
d

e
rs

ia
s
c
h

o
tt

ia
n

a
.1

20
1

-
-

-
-

-
0

G
lo

c
h

id
io

n
s
p

.
2

5
-

-
2

-
-

3
0

H
o

m
o

la
n

th
u

s
p

a
p

u
a
n

a
11

1
0

-
,-

....
8

3
3

a
L

a
n

ta
n

a
c
a
m

a
ra

>
1

0
1

..s
-

-
-

-
>

10
3

-5
0

L
it

s
e
a

le
a
fe

a
n

a
1

1
5

-
-

1
-

-
3

0
M

a
ll

o
tu

s
p

o
ly

a
d

e
n

o
s

5
5

-
-

-
2

3
3

-5
0

M
is

c
h

o
c
a
rp

u
s

e
x

a
n

g
u

la
tu

s
3

.5
-

-
3

-
-

3
0

N
e
o

li
ts

e
a

d
e
a
lb

a
ta

1
5

-
-

-
-

1
3

0
P

a
n

ic
u

rn
m

ax
im

um
>

10
i

.5
-

-
-

-
>1

0
,

3
a

P
e
n

n
is

e
tu

m
s
p

.
>

1
0

1
•

,5
-

-
-

-
>

1
0

3
a

P
la

ty
c
e
ri

u
m

s
u

p
e
r

bu
m

1
1

5
-

-
-

1
-

5
a

P
o

ly
s
c
ia

s
e
lc

n
g

a
n

s
3

1
0

3
-

-
,
~

-
-

0
S

o
la

n
u

m
m

a
u

ri
ti

a
n

u
m

1
0

2
.....

-
1

0
-

-
3

0
T

e
rm

in
a
li

a
s
e
ri

c
o

c
a
rp

a
8

1
0

-
-

-
2

6
.

5
75

T
r
is

ta
n

ia
s
u

a
v

e
o

le
n

s
2

5
-

2
-

-
,-

3
(l

H
e
rb

e
rt

o
n

C
a
s
u

a
ri

n
a

li
tt

o
r
a
li

s
>5

6
-

-
>5

-
-

3
0

C
y

a
th

e
a

c
o

o
p

e
ri

6
2

-
-

-
2

4
3

a
E

u
c
a
ly

p
tu

s
a
lb

a
>5

2
0

-
-

>5
'....

-
3

a
E

u
c
a
ly

p
tu

s
c
it

ri
o

d
o

ra
>5

2
0

-
-

>S
-

-
3

0
E

u
c
a
ly

p
tu

s
g

ra
n

d
is

>
1

0
3

0
>

1
0

-
-

-
-

-
a

E
u

c
a
ly

p
tu

s
in

te
rm

e
d

ia
.>

S
2S

-
>5

-
-

-
3

0

T
a
b

le
5

.4
F

ro
s
t

d
am

ag
e

to
sp

e
c
ie

s
a
t

H
e
rb

e
rt

o
n

a
n

d
W

o
n

g
ab

el
s
ta

te
F

o
re

s
t.

T
h

e
't

a
b

le
S

1
1

0
W

S
J
-o

'
th

e
e
st

im
a
te

d
d

e
g

re
e

o
f

d
am

ag
e

a
tt

ri
b

u
te

d
to

fr
o

s
t,

ti
m

e
ta

k
e
n

fo
r

re
c
o

v
e
ry

in
fr

o
s
t

0
1 .....
..

d
am

ag
ed

sp
e
c
ie

s
an

d
p

e
rc

e
n

ta
g

e
m

o
rt

a
li

ty
in

th
o

s
e

sp
e
c
ie

s
k

il
le

d
b

y
th

e
fr

o
s
t

in
J
u

ly
,

1
9

8
4

.



Plate 5.2 Ra11lfor1est trees and grass specles grQw~ng on a road ~dge at

Wongabel State Forest" following severe frost·s in July 1984. Frost d.amage is

evident, en th,e exp,osed rainforest marg-in, while trees away from the roaded,g~

are relatively undam,aged.
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and were thus presumably exposed to the same cold temperature extremes.

Nevertheless, they showed no obvious signs of frost damage. Of the early

successional species t only Polyscias elegans appeared to have any resistance to

frost.

Although not a typical early successional tree species, Terminalia

sericocarpa. was also severely affected. This species is commonly found in

relatively dry coastal rainforests and may be less well adapted to chilling

than most other species in this assemblage.

The' open forest species at the higher and presumably cooler Herberton

site showed a range of responses. However t all affected individuals had

produced new ~Qliage within three months of the frost period and any evidence

of frost damage had disappeared by this time~ Immediately after the frost,

foliage damage was greatest for Al10casuarina littoralis t Eucalyptus alba and

H. citriodDra. E. grandis showed little evidence of leaf injury"

Within the open forest portion of the ecotone at the Wongabel site, even

the well protected lower leaves of the grasses and exotic weeds (mainly

Panicu111 maximum, PennisetuJJ1 sp., Lanta.Ila. camara and Solanum 1118,uri tianu111)

became brown, dry and brittle less than two days after the initial frost.

Thus flammability of the ecotone was greatly increased and an area (about 0,,5

ha) of Panicu111 and Pennisetu11l pasture adjacent to the study site was

accidentally burnt a week after the frost period. This fire also scorched

foliage on a number of rainforest trees. Some of these trees eventually died.

Although severe frost 1s highly seasonal and infrequent, it can exert a

controlling influence on rainforest edge dynamics in some upland areas Df

north Queenslandl Its primary effects are to alter competitive balances among

different species on the rainforest edge and 1t may even eliminate large

proportions of particularly sensitive species (e.g. Alphitonia petriel) within

limited areaSt Due to the insulating properties of surrounding vegetation, it

is unlikely that similar e~fects would often. if ever, be noticed in small gaps

within undisturbed or secondary forest.

However t the most important influence of frost may lie in its influence

on fuel curing, especially in frost hollows and on forest edges, because

frosting increases the ease of ignition and resultant fire intensity. Since

both these fire characteristics have an important role in controlling the

position and nature of rainforest / eucalypt forest ecotones (Unwin, 1983),

frost could have an important influence on natural vegetation patterns
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especially in wet upland environments where the dry season ~Q neither extended

nor severe. While on the Wongabel site some trees ~ere killed following frost

and fire, it is suspected that stresses imposed by drought, frost severity, the

interval between frost~ng and fire (especially the degree to which crown

recovery had occurred), f:'re intensity -and genotypic characterjstics of the

species, all contribute to determine if an individual will survive.

Frost / fire interactions appear to be the most plausjble explanation for

observations that eucalypt forests frequently occurred on the western and

narth-wester~ margins of swanpy sites and that the vegetation on their other

sides \iaS usually (or had been until recent clearing) rain~orest (G.C. Stocker,

pers. comD.). Aborigines would have burnt these areas whenever severe frosts

created sufficient fuel and the prevailing south~easterly ·winds 1'!Duld have

carried fires to the north-~/est gradually eroding rainforest in that sector.

The fire resistant eucalypts would have eventually colonized the area

previously occupied by rainforest.

An alternative explanation is. that rainforests have only recently

expanded into the general area but have not been able to take over those parts

of the eucalypt forest where frosts have influenced fuel c~ring sufficiently to

cause ignition probabilities and fire intensities to be higher than in other

areas.

The greater sensitivity of many early successiona~ species to frost

injury cannot be satisfactorily explained. 1iihile primary species do tend to

have smaller leaT..res and multilayered cro"r"/:lS • it seems more probable that mo~t

of their relative resistance is due to other leaf and twig characteristics,

especially cell sizes and solute concentrations.
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5.3.3 GERJ(IJiATIOH EXPER:urnHTS

The results of the effects of light and temperature an germination in the

nine species described in the previous section are shown in figures 5.2 to

5.19. Table 5.5 shows a summary of these results.

The most rapid germ~natiQnoccurs in the three Eucalyptus species, E.

grand1s, E. intermedia and E. tarelliana. GeI~miD.ation in these species was not

inhibited by lack of light. E. interllledia seeds germinated most rapidly at

30 \)C, whereas E. grandis and E. torelliana. showed similar rates of germination

at 24·C and 30·C. The higher temperature requirement of E. inter111edia

corresponds with the conditions of the open forest environment which this

species would be expected to colonize. E. grandis and EI torelliana seeds

would germinate equally well in open fore5t or in the cooler, shaded

environment of the rainforest margin. In all three eucalypt species, none of

the ungerminated seeds appeared to contain viable embryos, indicating no

dormancy mechanisms. The eucalypts are adapted for rapid germination in the

event of favourable conditions occurring elg. ashbedsl Seeds are small and

susceptible to ant predation t so they would not be expected to last long on the

ground after being released fram their capsules.

Germination in the four secondary rainforest and edge species, Acacia

111t1ngium, Alphitania petriei, Alpillia caerulea and Toona australis was enhanced

by li.ght· and higher temperatures. Dormancy was found to occur in ACacia,

AlphitoI1ia. and Alpinia, and 1s particularly obvious in the first twa species 4

Table 5.5 shows that 96%, 94% and 89% respectively of all seeds examined of

these species appeared to contain viable embryos, although germination was

greatly reduced in dark conditions, especially at lower temperatures.

Germination can be enhanced in Acacia seeds by h~at treatment, and in

Alphitonia by heat treatment or leaching. These three species will germinate

in conditions following disturbance, as a result of the increased light

intensities and temperatures on the ground resulting froID gap formation in the

rainforest or removal of vegetation by fire from the ecotone.

Germination in Toona was only delayed by a few days in darkness, and no

dormancy was indicated for this species. .Almost all the ·viable seeds had

ger~inated after 20 days in all of the light and temperature conditions used4

In this respect, the behaviour af Toona seeds is similar to that of the

eucalypt seeds.
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Figures 5.2 to 5.18 Results of germination trials on seeds of nine rainforest
and open forest tree species. Each graph shows the number of seeds
germinating out of a total of 20 at 18~C,. 25~C and 30~C for seeds kept in both
light and dark conditions. The horizontal axis gives time after initial sowing
in days. Seed viability for each species qased on squash tests of all
ungerminated seeds is shown in table 5.5.
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Accidental dehydration of the seeds of l'{eolits'ea dealbata in the dark

treatment rendered these results unusable. Nevertheless) Neolitsea showed

considerable cool temperature induced dormancy) and slow, staggered

germination. Germination of Flindersia brayleyana seeds was not inhibited by

darkness, and germination rates in this species were similar at 24~C and 30¢C.

No dormancy was apparent in Flindersia and germination was relatively rapid.

Flindersia seeds have a large, papery wing and are adapted for wind dispersal.

]{eolitsea seeds have a fleshy outer covering over a woody endocarp~ and

germination did not occur in this species until the fleshy covering was

removed. Neolitsea appears to be adapted to dispersal by birds or mammals,

and germination may be enhanced by passage of the seeds through their

digestive tracts.

Figures 5.20 to 5,25 show the rates of" seedling sur-vival in the three

different substrates used in the substrate experiment. Germination in

Eucalyptus gran dis! E. intermedia! E. torelliana and Toona australis V-Tas higher

in rainforest soil than in open forest soil, although rates of seedling

survival in these two substrates appear similar. The greater organic matter

content of the rainforest soil leading to higher moisture retention probably

makes rainforest soil a better substrate for germination of these species I

Seedling deaths on these two substrates appeared to result from overcrowding,

mutual shading and fungal attack. Seeds of the three eucalypts and Toona

australis dropped onto rainforest litter managed to germinate in most cases,

but early seedling death occurred when the developing roots failed to penetrate

the litter and reach the underlying soil. Later in the course of the

experiment, .many of the seedlings succumbed to fungal damping off, compounded

by the humid environment and shading provided by the leaf litter. Additional

shading in the field by the rainforest canopy v!ould enhance the effects of

damping off, leading to a low probability of establishment in rainforest for

eucalypts and Toona australis.

Alphitonia petriei seeds also encountered problems in rainforest litter,

but greater seed reserves (chapter 4, fig 4 .18) allowed the seedlings more

chance of establishment. Differences in seedling survival for Alphitonia

petriei were not great, and the species did not appear to be susceptible to

damping off. Seeds of Neolitsea dealbata performed equally well in all three

substrates, the greater seed mass overcoming the problem of suspension above

the soil in rainforest leaf litter.

162.



Figures 5.19 to 5.24 Results of trials examining the effects
of substrate (open forest soil, rainforest soil and rainforest
soil with a covering of leaf litter) on germination and
establishment of seeds of six rainforest and open forest tree
species ·over a ten week period. Graphs show the numbers of
surviving seedlings in each substrate at weekly intervals.
Fifty se~ds of each species were sown in each substrate.
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5&4 CONCLUSIONS AND SUMMARY

Fire emerges as the main disturbance factor controlling the distribution

of species across the ecotone.. Fire is controlled by a large range of

physical, climatic and floristic factors 4 TopographY, as well as wind strength

and direction will influence the direction and intensity of fires in open

forest. Intensity of fire is also controlled by the nature and condition of

the available fuel, determined in turn by the predominant vegetation and

climatic factors such as rainfall. Fires of exceptionally high intensity may

occur after unusual climatic events such as drought, cyclones and frost. High

intensity fires will favour the incursion of open forest species into

rainforest, while the reverse will occur if fires are of low intensity,

ini'requent or non-existent. The rainforest margin is well protected against

low intensity fires, as many of the edge species are capable of rapid

regeneration following fire disturbance, and will form a dense, relatively' fire

proof buffer along the edge which is impervious to all but high intensity

burns (Unwin, 1983).

Open forest species, particularly eucalypts, depend on fire to regenerate

successfully. These species are incapable of regenerating under a closed

canopy, and invasion of closed forest species into open forest will push the

rainforest margin further into· open forest 4 Rainforest species are generally

able to establish under a closed canopy in the event of gap formation, and do

not rely on large scale disturbances ;such as fire to maintain the vegetation

type. Thus, control over the fire regime will allow management of the position

of the rainforest margin, and an understanding of the regeneration

requirements of the open forest and rainforest species gives the forest

managers the opportunity to control and manipulate species composition in both

forest types.
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6.1 SUCCESSION ill TROPICAL FORESTS

A wealth of literature is available on succession ~n tropical forests the

world over, and the dynamics of open forest in Australia have also been the

subject of a vast number of published studies. Few authors, however, have

compared the two or examined the cases where the two forest types meet. The

patterns and processes in open and closed forest types in Australia are so

radically different that any comparison would seem purely academic J but for

the fact that open and closed forest boundaries do coincide and overlap,

particularly in upland areas of north Queensland. Superficially, rainforest and

open forest both appear to be self sustaining communities. The

microenvironment produced by rainforest is suitable only for the regeneration

of rainforest species, the low light levels therein excluding eucalypts and

grasses. M:oreover~ the moisture stressed, fire prone environment of open

forest lends an overwhelming competitive advantage to suitably adapted

sclerophyllaus open forest species, and here rainforest species have little

hope of establishment and survival. Tall open forest also appears to be the

province of Eucalyptus grandis, and neither rainforest nor medium open forest

species are ·able to successfully establish or compete with E, gran-dis on its

home ground. However, it is under a canopy of E. grandis that the boundary

moves through time, and the movement of the boundary zone raises questions

about the long term stability of both rainforest and open forest.

Species diversity in the open forests of tropical Australia is relatively

low. and regeneration is dependent on disturbance by fire. Variations in

species dominance may be brought about by alterations in fire frequency Dr

intensity (Stocker and Kott. 1981) but the prevalence of Eucalyptus intermedia

dominated grassland as the vegetation type adjacent to most of the rainforest

boundaries in upland north Queensland suggests that the disturbance regime on

these sites is within the tolerance limits of this vegetation type. Thus,

medium open forest is in a state of dynamic equilibrium and follows a

relatively simple. stable, cyclic successional pattern. The dominance of some

open forest sites in the vicinity of the rainforest margin by Allocasuarina

torulosa or A. littoralis may be related to variations in fire regime Dr

edaphic factors (Crowley'. pers. comm.) but this relationship does not fall

within the scope of this study.
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Succession in closed forest environments is greatly complicated by the

high species diversity , so successional models in the literature deal with

species groups rather than with individual species. Successional pattern~ also

vary according to" the scale of the initiating disturbance i.e. the size of, the

gap created in the closed canopy.

Bazazz (1984) recognized that the relative contribution 0-£ various gap

filling guilds varied with the size of the gap created. The smallest gaps are

occupied by increased growth of adjacent trees. As gap sizes increased the

gaps were usually filled by suppressed seedlings that were present Qn the

forest floor before the arrival of the gap (advance regeneration). Resprouting

is also common in this type of gap (Stocker, 1981). In larger gaps, a

significant contribution is made by secondary tree, species with long lived

seeds germinating in the seed bank. In very large gaps, immigrant species

whose seeds arrive after gap formation tend to dominate. Where large scale

clearing has occurred, these invading species may include herbs and grasses,

possibly delaying the process of gap filling (Bazazz, 1984)) especi~.lly when

fire follows the forb invasion.

Ewel (1984) described the basic pattern of succession in moist tropical

forests. The earliest coloni~ers, the herbaceous 'stage of the suc~essiont

usually die within a year, unless the process is arrest~d by the dry season

and, in some cases on a long term basis by fires. These are succeeded by

woody pioneer species which can usually be found in the understorey of the

herbaceous layer in the first few months following clearingt Within a few

years, these fast growing pioneer species farm a nearly closed canopy t often

dominated by a single species. As the pioneer species grow older t tree

diversity increases and the frequency and distribution of the species reflect a

complex interaction of seed abundance, seed predation, competition, herbivory

and microsite differences (Ewel t 1984). There is no clearly defined end point

for the process, and the theoretical mature forest composed of a diverse

mixture of large-seeded, shade tolerant plants (Richards, 1952) is, in nature,

·constantly interrupted by tree falls and the reinitiation of species

replacement,~~t a range of· points, a.long the successioI;lal pathway depending on

the size and nature of the gap created.

Whitmore (1982) proposed that forests throughout the world are

fundamentally similar in their processes of succession and maintenance, and

distinguished three arbitrary phases in the forest growth cycle: gap, building
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and mature. These phases can be identified by what he referred to as

"tolerance classes" of the species making up the stand. Amongst tree species,

he recognized two extremes: those which are adapted to regeneration in open

sites and big gaps and those which are adapted to closed forest and small

gaps. The two extremes are disting.uished by the species responses to light.

Bazazz (1984) listed other physiological characteristics of large gap and

pioneer species (table 6.1)·.

1. Long seed and seedling dormancy.

2. Germination is enhanced by light, decreased by far red/red ratios,

temperature fl~ctuations and nutrients.

3. Mostly epigeal germination; phoLosJIlthetic cotyledons.

4. High rates of photosynthesis, respiration, transpiration, high conductances,

high N-contents.

5. Continuous production of leaves; fast leaf turnover ra~es; leaves arranged'

in flat crowns, and are not multilayered.

6. Rapid growth; low density wood; large leaves.

7. Highly branched, intensive deep root system; low dependence on mycorrhizae;

mostly H08 users.

8. Early and long flowering time.

9. Rapid response to changes in resource levels.

10. High acclimation potential.

11. High susceptibility to herbivore~ and pathogens.

Table 6.1 Characteristics of pioneer or early successional rainforest species.

From Bazazz, 1984.

Whitmore (1982) suggested three broad classes of tropical rainforest

trees. Pioneer species are readily identified by having rapid seedling growth

and copious, small, readily dispersed seeds which in many cases exhibit

dormancy I He identified some of the principle genera of pioneer species:

Cecropia. (70 - 80 spp.) and Ochro111a <monatypic) in the neotrapics, Hacaranga

(80 spp.) and Xusanga (2 spp.) in Africa t Xacaranga (200 spp.) in the eastern
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tropics and T:re111B (30 spp.) which is pan tropical. Alph1.tonia (2 spp.) is an

excellent example of a pioneer genus in the Australian tropics.

A broad class of. species of intermediate tolerance (secondary and/or late

secon9-.ary species) which cannot successfully colonize bare open sites but

which become dominant at an intermediate stage of secondary succession and

which do not perpetuate themselves in situ were recognized by Whitmore (1982)

and Ewel (1984). Xany of the commercially valuable timber species of the

tropics belong to this group. Cedrela., Swietenia., Bombacopsis, Cordia.,

Dia.lyanthera, Inyanthera. and Vivola are examples of these genera in the

neotropics. In Africa the main 1 ept esenLaLives are Entandro phrangra., Guarea,

Khaya, Loxoa and TriplochitDn. while Shorea is a prominent example in Asia

(Whitmore, 1982), Toona and Flindersia are two Australian tropical genera with

valuable timber which fall into this category.

At the other end of the scale are the shade tolerant species which are

able to regenerate in situ. According to Whitmore (1982) each part of the

humid tropics has a large range of genera which fall into this class.

Jones (1956) recorded the pattern of forest succession in Nigeria, and

noted that in forests dominated by 200 year old late secondary species

(African mahoganies), these species were not regenerating but were being

replaced by a self-perpetuating "climax" forest of fewer species growing up

from the forest understorey.

Aubreville (1938) postulated a haphazard tree replacement rather than a

succession in Ivory Coast rainforest, and this idea has found some merit in

the eyes of later authors (Richards, 1952; Jones, 1956; Webb et al., 1972,

Whitmore, 1974). At the other extreme, Oldeman (1978) proposed five

floristically and structurally different stages of succession in tropical

forests. While purely random species replacement seems an unlikely mechanism,

particularly in the light af the existence of differing degrees of shade

tolerance in tropical trees, five sharply defined stages of succession would be

difficult to demonstrate in mast tropical forests.

Brokaw (1985) studied regeneration in a range of gap sizes (20 - 705 m2 )

on Barra Colorado· Island, dividing the colonizing species into twa groups,

pioneer and primary. Pioneer species were those found only in gaps, while

primary species were found both in gaps and in the understarey of mature

forest. Stem densities of pioneer and primary species were highest shortly

after gap formation, and levelled off or declined after 3 to 6 years. In large
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gaps () 150 m~) pioneer species attained high densities and then experienced

heavy mortality. Stem densi-ty of primary species did not vary with gap size.

In larger gaps, pioneer species grew faster than pr~mary species, and a larger

range of size classes was exhibited by pioneer species.

Hopkins (1981) proposed a secondary successional pathway far complex

mesophyll vine forest illustrated in figure 6.1. He,recognized four groups of

species: pioneers, early secondary ar nomad species, late secondary species

and mature phase species. He suggested that approximately 800 years would be

required for mature phase rainforest to regenerate from a large clearing (e,g.

10 ha) of Australian trap.ieal rainforest, This reconstructive or progressive

secondary succession model passes through six phases between an area of bare

ground and 'mature' forest, and can be interrupted at various points by fire

and/or invasion of exotic species. He pointed out 4 main features of this

proposed model of regeneration, viz.

"1. Disturbance is essential to the process of natural regeneration. Without

disturbance there could be no change. The type of changes that occur are a

product of the type, intensity, and frequency of disturbance.

2. The primary forest exists as an overlapping mosaic of regenerating units,

localised reconstructive successions or micraseres. The character of the

forest at any particular point in time is a manifestation of the proportion of

the forest area which is in particular stages of microsere development.

3. The physiognomic structure, floristic composition and structure, and

dynamic ecological characteristics of the forest are as much a product of the

disturbance regime to which it has been subjected as·- they are to the more

commonly flaunted variations in climate, soils, and topography.

4. The effect of different types of disturbance on rainforest will depend on

the disturbance regime within which it has evolved~ Disturbance which t because

of type, periodicity, or intensity, is unusual relative to a particular forest

type, will have a far greater impact than that which falls within the usual

disturbance regime and vice versa." (Hopkins, 1981)

Chapter 4 of this study examined a tendency for rainforest species

seedlings to vary in their response to changes in PAR to a greater extent than

open forest species. The models of forest succession in the literature all

suggest a sequence of species. replacement by progressively more shade tolerant·

individuals. In same cases, the species of these trees may not follow as

predictable a pattern. Rainforest species individuals may exhibit a range of
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degrees of" shade tolerance, and may thus occur throughout a range of phases

during a secondary succession.

The postulated variable response of rainforest species is not to be

confused wit·h those species which, as individuals, exhibit a wide range of

physiological tolerance (i.e. generalists). Rather, secondary rainforest

species such as Alphitonia petriei, Flindersia brayleyana, Neolitsea. dealbata

and Toona. australis contribute seeds to the pool of available colonizing

plants, each of which will give rise to a seedling which is a specialist for a

slightly different light regime or gap size. Evidence for this hypothesis does

exist from field observations. Young saplings of Alphitonia petriei have been

found under small canopy gaps (~ 50 m2 ) in rainforest at Paluma. This species

is normally found growing in large clearings () 200, m2
) or on road. edges.

Neolitsea dealbata appears to be a successful colonizing species in large gaps,

but also occurs in the understorey beneath an undisturbed canopy at sites such

as Longlands Gap State Forest. near Herberto~. Dense.sapling growth of TDona

australis from seed co-occurs with stands of Alphitonia petriei on 2 - 3 m

wide snig tracks on the Mt Winsor Tableland (plate 6.1),. while 3 m high

saplings of Toona australis were found under s~all canopy gaps at Curtain Fig

State Forest on the Atherton Tableland.

The rainforest floor is a highly heterogeneous light environment. with

PAR varying by several orders of magnitude from the closed canopy environment

to the centres of large gaps. Species that are capable of producing large

numbers of seeds will maximise their chances of establishment if their

seedlings can compete successfully in a rang~ of light environments. A

consequence of this hypothesis is that species occupation of gap environments

in rainforest may be largely stochastic.4 The "equal chance hypothesis"

proposed by Connell (1978) as one of six possible explanations of the high

diversity of tropical forests suggests that the individuals which first reach a

gap through random processes of dispersal are the ones with the greatest

chance of colonizing that gap. Arrival of a seed dispersed into a gap depends

upon. the mode and timing of dispersal. Wind dispersed seeds such as those of

Taona australis or Flindersia brayleyanat which germinate within a few weeks

of reaching the soil will need to be dispers~d from nearby parent trees and at

a time closely cUIlesponding to that of the formation of the canopy gap. In

order to become established in the gap, these species must be able to maintain

growth in the light level of the gap, (i.e. exhibit a certain degree of shade
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Plate 6.1 Regro'wth of Alphitonia petriei and Taona australis on a 7 y'ear old

sn1g track on the Kt. Winsor Tableland.
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tolerance) and at the same time grow rapidly enough to compete with the other

seedlings in the gap far light and soil nutrients. The successful seedling or

seedlings will thus be those whose optimum light requirements most closely

correspond to the size of the canopy gap. A species whose seedlings exhibit a

range of optimum light requirements" will thus have a greater chance of

eventually becoming established.

Variability of response to the light environment in rainforest species

will allow them a similar range of potential niches in the rainforest ecotone.

The floor on the rainforest margin is even more variable in light intensity

than the rainforest floor. The prevalence of secondary rainforest species.

across the rainforest ecotone, such as Toona and Flindersia (Unwin, 1983) may

be partly attributed to seedling variability in these species.
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6.2 DYJlA.,.1{ICS OF THE RAllIFOREST ECOTOHE

The low PAR found under an undisturbed rainfDres~ canopy is incompatible

with eucalypt regeneration (Cremer, 1960). Hence "mixed forest" st?1nds, with a

eucalypt canopy over a rainforest understorey are a late stage in the fire

initialized succession from eucalypt forest to rainforest (Cremer, 1968 and

Jackson, 1968). ·Extensive areas of mixed forest occur in southern Australia,

where rainforest is susceptible to high intensity forest fires (Jackson, 1968);

In tropical Australia, mixed forest normally occurs only on rainforest margins

or on exposed ridgetops as a result of cyclone fire interactions (Unwin, 1983).

In these cases, Eucalyptus grandis is almost invariably the dominant eucalypt

species" Both Unwin (1983) and Smith and Guyer (1983) recognized that, in

historic times, rainforest at many sites. has expanded into areas previously

dominated by eucalypts, possibly as a result of recent changes in the fire

regime at these sites, There is little doubt that fire is the factor which

controls the position and movement of the rainforest - open forest ecotone

(Chapter 5). It is intended in this section to review the effect of

environmental variables such as PARt water relations and seed bed conditions

on the mechanisms controlling the dynamics of the ecotone" These variables

are controlled largely by the pre~ominant vegetation type t and hence,

indirectly by the fire regime.

6.2.1 THE ROLE OF Eucalyptus grandis

The key to the rainforest ecotone lies in the autecology of the dominant

tree species, Euca.lyptus grandis" Unwin (1983) raised a number of questions

about the role of this species (Chapter 2), in the dynamics af the rainforest

boundary, and results obtained in this study suggest answers to some of these

questions.

Field observations (Chapter 2) indicate that the medium open forest

environment is unsuitable for the growth of E. grandis. There appear to be

two main reasons for this. Firstly, E. grandis is not well adapted to

withstand the effects of high frequencYt low intensity fires· which are common

in tropical open forest, Although adult trees of E. grandis appear to be

unaffected by law intensity fires, as the bases of these trees are well

protected by heavy bark, repeated fires over a long period will eventually
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erode the butts of' even the largest trees, leading to their eventual death.

Moreover, young seedlings and saplings of E. grandis are susceptible to fire.

Unlike young seedlings of E. intermedia, E. grandis does not produce a

lignotuber and does not readily regenerate if the above ground portion of the

plant is destroyed. Hence, E. grandis is less able to compete for resources

following low intensity fires than E. inter111edia Dr the grass species found in

medium open forest. Secondly, moisture stress conditions are more severe in

medium open forest than in the ecotone or the rainforest (Chapter 3). E.

grandis is less drought resistant than its neighbouring counterpart, E.

inter-media, and is less likely to withstand moisture stress, particularly in

the seedling stages, during the protracted periods of low rainfall.

The inability of E. grandis to regenerate .under a rainforest canopy is

readily explained by its low degree of shade tolerance. At intermediate PAR

levels such as those of t~e very edge of the rainforest ecotone, E. grandis may

be capable of growth, but succumbs readily to attack by pathogens and

herbivores. Moreover, the seedbed conditions provided by rainforest litter are

unsuitable for E. grandis regeneration (Chapter 5).

Regeneration of E. grandis will be favoured following a fire· of high

intensity, particularly near the rainforest boundary, since the high nutrient

content of the ashbed, high PAR because of the removal of shading vegetation

and the relatively moist microclimate and sail of the rainforest boundary

region following a high intensity fire are almost ideal conditions for the

growth of any tree species. However under these conditions, Et grandis exhibits

a higher rate of growth than any ather species examined in this stUdy.

Observations made in tall open forest at Gilbey State Forest (17 0 26 ' S,

145 0 28' E) on the Atherton Tablelands ·two months after a relatively high

intensity fire in December 1986' indicated that germination and seedling

survival far Eucalyptus grandis were substantially higher in the remaining ash

from burnt out logs .than on adjacent areas of burnt ground. The heat of the

burning logs apparently killed the underground organs of grass species, and

seedlings in the ash beds were al:most exclusively Eucalyptus grandis and H,

resinifera. In adjacent areas without the remains of burnt timber t grass

regeneration appeared to have suppressed eucalypt seedlings,and very few were

in evidence. Other reasons for this observation could include high moisture

retention by the ash, high nutrient concenbatlolls in the ash and heat

sterilization reducing the effects of seedling damping off.
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·The competition experiment described in Chapter 4 illustrates the ability

of E. grandis to effectively Dutcompete other fast growing species such as

Acacia mangiulIl or Toona australia. under conditions of high seedling density.

In nutrient poor soils, Acacia species may be able to compete on an equal

footing, while secondary rainforest species such as Toona, Flindersia or

Alphitonia will Qutcompete E. grandis at PAR levels less than 20% FSU. Further

out from the rainforest edge, frequent fires and moisture stress will swing the

competitive balance in favour of E. inter111edia, but in the ecotane t E. grandis

is inevitably dominant. Regrowth of rainforest species under the developing

canopy of E. grandis is probably responsible for excluding low intensity fire

from the ecotone, allowing E. grandis saplings to reach a sufficient size to

resist the effects of the next fire to penetrate into the ecotone. This

developing rainforest understarey prevents subsequent regeneration of E.

grandis in situ, so the movement of the rainforest boundary is conveniently

recorded by the presence of emergent E. grandis over a rainforest understorey.

Individuals of E. grandis overtopping young rainforest at Kirrama up to 80 m

behind the rainforest margin indicate that the rainforest at these sites ~as

encroached at least 80 m into open forest since the last set of conditions

allowing E. grandis regeneration on the boundary.

6.2.2 RAIJfFOREST EXPAHSIOI IITO OPEJf FOREST

The microenvironment of the tall apen forest belt resembles that of

closed forest mare closely as the rainforest margin is approached. Soil

moisture increases (Chapter 3) and saturation deficit is reduced, while PAR

decreases (Chapter 2). Thus, conditions favouring the establishment of pioneer

and secondary rainforest species occur in open forest near the rainforest

boundary. In particular t PAR is reduced by the shading effect of adjacent

rainforest, particularly on boundaries running north-south. Shaded conditions

and litter accumulation will reduce the chances of eucalypts and grasses

becoming established and thus favour establishment by rainforest secondary

tree species, shrubs and vines. Patterns of succession and colonization on the

rainforest boundary are similar to those encountered in large canopy gaps.

Secondary rainforest tree species are capable of rapid growth in partially

shaded conditions, particularly in soils with high nutrient concentrations such

as ash beds. Rapid germination shown by these species <e.g. Toona and
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Flindersia., Chapter 5) allow them to establish qUickly on the rainforest

margin following a disturbance. Subject to suitable conditions for dispersal,

these secondary species will be followed, in time, by more shade tolerant

primary rainforest species. Establishment of rainforest under tall open forest

results, and the rainforest microenvironment will· advance further into open

forest, favouring in turn, further advance by rainforest species.

·Rainforest species on the margin are protected to a certain extent from

drought stress by increased humidity and decreased evaporation provided by thB

closed canopy, and from the effects of fire by the low comhllstj hi 1 i +y and

efficIent vegetative regeneration of species an the edge, forming a buffer zone

against sUbsequent fires. Thus t in the absence af high intensity fire

penetrating inside the rainforest margin. rainforest species will gradually

move out into open forest, creating a microenvironment favourable to the

subsequent regeneration of rainforest species "and excluding the mare fire

prone open forest grasses and eucalypts.

6.2.3 REPLACEXEllT OF RAIJfFOREST BY OPE:I FOREST

High intensity fire •.which removes a large percentage of the rainforest

canopy, is the only mechanism by which open forest species can colonize areas

previously occupied by rainforest. The Eucalyptus, Casuarina and grass species

of tropical open forest mostly produce wind dispersed seeds with rapid

germination and limited viability. so in order for colonization of disturbed

rainforest by open forest species to take place. a nearby seed source must be

available. Generally, these conditions are fulfilled only near the rainforest

boundary t so encroachment of open forest into rainforest also takes place

across the ecotonet

Conditions allowing fire in Australian tropical rainforests are relatively

rare (Stockert 1981)t Under normal conditions, rainforest will not burn, so an

initiating disturbance (cyclone, drought or frost) is required to modify fuel

conditions and availability. Cyclone - fire interactl'ons were noted by Webb,
1958; Unwin, 1983 and Unwin et al., 1986 (Chapter 5). Reports of fire in

rainforest fallowing severe draught in Curtain Fig State Forest in 1915 exist

in historical records (G.C. Stacker, pers. comm.) and large individuals of

Castanosper111U11l australe and Litsea leefeana i thn is area carry what appear to
be old fire scars. However, since there i ids no ev ence of emergent eucalypts
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in this forest 1 · so open forest. failed to become established in this case,

possibly because the propagule source was too far away. The present 30 m +

canopy at this site is composed of a mixture of primary and secondary

rainforest species, including Argyrodendron peralatu11l, Castanospermum dustrale,

Aleurites lDoluccana, Litsea. leefeana, Flindersia spp. and Taona australis.

Frost - fire interactions on rainforest boundaries were postulated in Chapter

5. The dry conditions associated with frosts at altitudes > 700 m on the

Atherton Tablelands, coupled with the susceptibility of the leaves of pioneer

and secondary rainforest trees on the forest boundary to frost scorching give

rise to conditions in which fire could penetrate into rainforest. Distribution

of rainforest and open forest in frost hollows on the Atherton Tablelands

could be attributed to past frost-fire interactions (Duff and Stocker, in

prep.) .

Once open forest species become established, the probability of fire is

increased, and sUbsequent repeated fires will prevent recovery by rainforest

species. Thus, while encroachment of rainforest into open forest is a gradual

process, replacement of rainforest by open forest will tend to take place on a

more extensive scale, but only following unpredictable and relatively

infrequent events such as severe disturbance by cyclones, drought and frost,

all interacting with fire. Because of the limited dispersal capabilities of

eucalypts compared to grasses, grassland is sometimes an intermediate stage in

the displacement of rainforest by open forest (G.C. Stocker, pers. comm.).

6.2.4 A KODEL OF THE RAIIFOREST ECOTOlfE

A simple model illustrating the probability of establishment on the

rainforest margin of the four gUilds of species 1s shown in figure 6.2. These

are (1) Open forest species, including Eucalyptus intermedia, A 710caSllarina

torulosC1 and grass species; (2) Tall open forest species t especially E. grandis

and E. torel1iana (3) Pioneer and secondary rainforest species e.g. Alphitonia

petriei, Flindersia brayleyana and Toona australis, and (4) Primary rainforest

species and shade tolerant understorey species such as Argyrodendron perala tum

and SyzygiUIll wesa. Establishment probability is divided into high,

intermediate and low categories, and represents the likelihood of seedlings of

each guild establishing in a given position on the, ecotone, and of these

seedlings surviving to maturity. Three disturbance conditions are represented:
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Figure 6.2 Hadel of the rainforest-open forest ecotone under three different

disturbance regimes: 1. No fire or low intensity fire; 2. Moderate intensity

fire; 3. High intensity fire fallowing a cyclone or other major disturbance. The

model shows the state of the ecotone immediately after t·he disturbance <top)­

and after recolonizing plants have reached maturity (bottom). Variations in

microenvironment across the ecotone are represented graphically: Available PAR

(% full sunlight), Saturation defici~ (Relative; H=high, L=low), 80il moisture

(Relative) and Soil nutrient availability (Relative). The relative probabilities

of establishment <broken lines) and survival <solid lines) are shown for four

guilds of plants: Medium open. forest species; Tall open forest species;

Secondary rainforest ,species and Primary rainforest species.
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Figure 6.3 A model of the vegetation change on the rainforest boundary.

Adapted from Macmahon (1979) and Unwin (1983).

184.



no fire or low intensity fire, moderate intensity fire, and high in~e~ity fire.

In the absence of fire t rainforest will advance into open forest as a result of

the .favourable gradient in PARt moisture regime and seed bed characteristics-.

Low intensity fire not penetrating into the ecotone will maintain the position

of the ecotone, although rainforest will advance into open forest given a

sufficient fire free interval. High intensity fire will allow penetration of

open forest species into rainforest, and establishment of tall open forest

species <Eucalyptus grandis) on the newly formed rainforest margin.

Figure 6.3 adapted from MacMahon (1979) is a model ·of the change in

vegetation at a point on the rainforest margin through five different points

in time. The transition from So (medium open forest) to 8, (tall open forest)

occurs either as a result of changing climatic conditions, with increased

rainfall favouring the establishment of tall open forest, or as a result of

changes in micraclimatic conditions caused by the developing rainforest edge

(control gate C2 ), Establishment of tall open forest is also dependent on an

adjacent seed source (R,), as E. grandis does not regenerate vegetatively

(control gate C,).

The transition from S, to 82 (tall open forest with a rainforest

understarey) occurs as a result of dispersal of pioneer and secondary

rainforest species into tall open forest (C3). As these develop they modify the

microclimate in the tall open forest, favouring the establishment of primary

rainforest species. The establishment of these rainforest species in tall open

forest is dependent on dispersal <C4 ) or vegetative regeneration of existing

rainforest species following disturbance (R2 •

The presence of a closed subcanopy in 82 reduces the light availability

an the forest floor to such an extent that the Eucalyptus spp. are unable to

regenerate in situ (Cs) , so when the adult eucalypts diet 'they are not replaced,

and the yaung rainforest understorey is left (83). The microenvironment of

young rainforest (C7 ) favours the establishment of primary rainforest species t

leading to the development of mature rainforest (84 ). Mature rainforest is

sustained in a state of dynamic equilibrium (in terms of structure if not

floristics) through the processes of gap phase regeneration.

The dominant environmental factor <Eo) is fire, the intensity of which is

controlled by climate and topographY (E 1 )" and fuel availability (E2). Fire

frequency is controlled by fuel availability (E2) and ignition sources (E3).

Fuel is available in transition states So and S, during dry periods. and after
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exceptional clima~1c events such as cyclones, severe frosts and severe drought

in S2t 8 3 and 84, allowing the possibility of rainforest replacement by open

forest. Grassland (SOl) may form an intermediate stage in the transition from

rainforest to open forest in the absence of a nearby source of open forest

tree species propagules. Mature rainfares~ may also be replaced by young

rainforest following fire, as in the Curtain Fig State Forest fire in 1915.

Note that microenvironment (PAR and saturation deficit) is a product of

the existing vegetation type. Vegetation types 8, and 83 are always

transition states, while So, 82 and 84 are capable of remaining in a state of

dynamic equilibrium for indefinite periods provided· there are no major changes

in the disturbance regime. Regeneration sources Rl and R2 include coppicing

(R2), lignotuber resprouting (Rl), soil seed banks (R2) and seed dispersed from

outside (Rl and R2).
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6.3 CDJICLUDIHG RE]{ARKS

The conclusion of Unwin (1983) that rainforest in upl~nd areas of north

Queensland 1s currently expanding into areas previously. occupied by open

forest is supported in this study. The results obtained in this thesis explain

the ecophysiological mechanisms by which this transition occurs. Clearly, fire

is the key element, but water relations, light availability and dispersal all

play a role. Changes in light availability, macrac.limate, 'microclim.ate and the·

disturbance regime are capable of causing rapid changes in the position and

structure of rainforest - open forest ecotones. Many such boundaries probably

arose as a result of the use of fire by aboriginals, and changes in the fire

regime caused by the arrival of European man in the Australian tropics may be

resulting in substantial changes to the distributions of rainforest and tall

open forest assemblages. It is hoped that the results of this thesis will be

useful in future management planning for north Queenslandls forests.
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