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Appendix C2

Analysis of data from the permanent plots -

the relationships between stand parameters and site factors

Although simple straight line regression analysis

illustrated the broad features of relationships between stand

parameters and site factors, multi-collinearity among the site

factors may make it difficult to pinpoint those independent

variables that are most closely associated with a particular

dependent	 variable.	 The	 nature	 and	 solution	 of

multi-collinearity problems have been described by Draper and

Smith (1981). P. West (pers. comm.) used the methodology

described by these authors to examine these relationships in

greater detail.

Some characteristics of the stand parameters and site

factors studied are shown in Table 1. West first established a

correlation matrix for site parameters (Table 2). Principal

component analysis was then used to suggest groupings of these

parameters based on the patterns of correlation among them.

The first 4 axes had eigenvalues greater than unity and

explained 43, 19, 12 and 10% of the variation in the data

respectively.	 Varimax	 rotation	 was	 applied	 to	 clarify

associations among the measures (Table 3). The first group

contained rainfall and elevation. These factors were

negatively correlated and this grouping appears to be a

reflection of the general trend for the elevation to increase

while the rainfall decreases with distance from the sea

(Sections 2.1.2b and 2.1.3). The second group contained the

factors associated with biomass i.e.	 organic carbon, nitrogen

and cation exchange capacity. The third group contained soil

base saturation, total soil bases and exchangeable calcium.

Exchangeable magnesium and pH were associated with both groups

2 and 3. There did not seem to be any reason for the

association of soil phosphorous and latitude in group 4 or for

the association of potassium with both groups 3 and 4.

The	 correlation	 matrix	 for	 stand	 parameters	 was	 also

computed (Table 4). The only significant correlations were

between species richness and the diversity functions.	 Since
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the stand parameters shared relatively little information

about the plots, they were each treated separately as the

dependent variables in the regression analyses. The

proportions of the variation in the dependent variables

explained	 by	 regression	 (R
2

)	 for	 each	 of	 the	 simple

straight-line	 regression	 relationships	 between	 stand

parameters and site factors, were calculated (Table 5).

Using the methodology outlined by Draper and Smith (1981) to

overcome problems associated with multi-collinearity of

independent variables, West showed that basal area (BA) was

related to organic carbon, nitrogen and potassium in the

following manner (standard errors in parentheses) :-

BA = 64.0 + 9.20C - 72.9N + 15.7K
(6.9) (1.94)	 (22.3)	 (3.3)

An examination of the term "9.2C - 72.9N" revealed that its

value was positive in all plots but one and that it was

positively correlated with both organic carbon and nitrogen.

Overall these results are probably not very meaningful for it

could be presumed that basal area and these site factors are

all related to stand biomass.

Using similar methods stand stocking was found to be related

to rainfall and some soil features (calcium, nitrogen and

cation exchange capacity) in the following manner :-

ST = 1420 - 0.139R - 81.9Ca + 1010N - 223CEC
(159) (0.030)	 (17.8)	 (320)	 (83)

The value of the expression "1010N - 223CEC" was always

negative and thus stocking declined as soil nitrogen and

cation exchange capacity increased. It appears that the

simple relationship between phosphorous and stocking (Table 5)

was accounted for by the inclusion of other associated terms

which also reflect soil fertility. In general stocking seems

to become lower when growing conditions, as reflected by

rainfall and soil fertility, improve.

While no single site factor was significantly correlated (P

< 0.05) with species richness (Table 5), there were two

equally appropriate relationships between this parameter and

exchangeable bases. These took the form :-
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SP	 42.3 - 14.3Ca + 15.9B
(7.3) (4.8)	 (6.8)

SP = 58.9 -	 7.36Ca + 8.97Mg
(2.9) (2.46)	 (4.25)

From these observations it was concluded that species

richness tended to decline as the level of soil bases,

particularly calcium, increased.

No relationship could be found between diversity based on

stem numbers and the site factors. There was however, a

relationship between the diversity measure based on basal area

and soil calcium. This relationship took the form :-

D2 = 13.9 - 2.05Ca
(1.5) (0.97)

and
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The ranges, means and transformations of tho plot attributes

examined by P. West (pers. comm.)

Attribute Nemonic Transformation Minimum—mean—maximum
(untruneformed)

Elevation above sea level (m) E — 15 ...	 651 — 1200

Latitude (°S) L — 13 —	 17 —	 21

Average annual rainfall (cm) Ft — 120 —	 233 —	 400

Soil pH pH — 4.0 —	 4.8 •	 6.5

Soil organic carbon (%) C — 1.2 —	 3.5 —	 7.8

Soil total nitrogen (;a) N — 0.08 — 0.31 — 0.57

Soil total phosphorus (%) P log 0.01 — 0.07 — 0.38

Soil cation exchange capacity (m.eq./100g) CEC log 4 —	 15 —	 31

Soil Ca (m.eq./100g) Ca log 0.1 —	 2.9 — 20.3

Soil Mg(m.eq./100g) Hg log 0.2 —	 1.2 —	 3.7

Soil K (m.eq./100g) K log 0.1 —	 0.3 —	 1.0

Soil Na (m.eq./100g) Na log 0.05 —	 0.11 — 0.22

Soil total bases	 (m.eq./100g) 13 log 1 —	 5 —	 25

Sail base saturation (proportion) S arosine 0.07 — 0.27 — 0.94

Basal area (m2/ha) BA — 28 —	 48 —	 65

Stocking (stems/ha) ST 500 —	 859 — 1130

Species richness	 (species per plot) SR — 32 —	 59 —	 90

Species diversity	 (1)* D
1

— 6 —	 17 —	 32

Species diversity	 (2)** D
2

— 2 —	 14 —	 28

*The reciprocal of tie small sample version of the index or Simpson (1947)
Which is based on numbers of individuals of the various species.

**The index N
2 of Hill (1973) from the basal areas of the various species of thestands.
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Variate
1 2

A 0.22 -0.22

Group 1
0.33 -0.05

C 0.17 -0.89

-0.16 -0.90
Grou? 2

C	 rl -0.31 -0.82

Na -0.25 -0.86

-0.69 -0.60

DH -0.63 -0.43

-C.91 0.20

Group 3 Ca -0.89 -0.19

-0.91 -0.37

K -0.50 0.06

0.20 -0.23
Group 4

-0.24 -0.26

3	 4

	-0.86
	

0.23

	

0.83
	

0.14

	

-0.27	 -0.05

	

-0.09
	

0.30

	

0.02
	

0.35

	

0.10
	

0.12

	

0.00	 0.03

	

0.04	 0.35

	

-0.10	 -0.14

	

0.03
	

0.23

	

-0.01
	 0.14

	

-0.16
	

0.70

	

-0.13
	

0.73

	-0.25	 0.74

Table 3. Rotated factors from varimax rotation of principal

component axes from the correlation matrix of the

14 site variables
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Rotated factor
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Table 4. Matrix of correlations between the stand parameters

Basal area Stocking
Species
richness D 1 D 2

Basal area

Stocking

Species richness

D 1
D 2

1.00

—0.07

0.21

0.01

0.16

1.00

0.20

—0.05

0.45

1.00

0.52*

0.78*

1.00

0.70'. 1.00

*Coefficient differed significantly from zero (1)< 0.05)
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Table 5. Coefficients of determination 07 2), as a percentage, of simple,
straight—line regression equations relating the various stand

parameter to the site factors

Site
factors

Stand parameters

Basal area Stocking
Species
richness D 1 D2

E 32* 18 1 1 9

L 10 0 5 8 1

R 2 19 1 2 0

pH 14 3 0 0

C 21
*

3 6 4 10

N 9 1 1 0 0

P 3 33* 9 2 2

CEC 16 10 0 1 0

Ca 6 32* 18 2 2

Mg 11 5 0 1 0

K 19 5 17 10 5

Na 7 1 0 1 0

B •	 10 18 5 2 7

S 2 8 7 2 11

*

*
Relationships were significant (as assessed by an F test of the regression
equation with P = 0.05)
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Appendix D
	 Formulae used to calculate the temporal and spati,11

patterns of sunlight in forest gaps (adapted from

Stocker and Taylor unpublished).

i) Sun's declination:-

D = 23.45 sin(360 T/365) - 0.4

ii) Sun's altitude:-

AL = arc sin(sin D sin SL + cos H cos D cos SL)

iii) Sun' s azimuth:-

AZ 7.; sign(H) arc cos((sin AL sin SL - sin D)/(cos AL

cos SL)

where T = day number of the year from the September equinox
H = hour angle of sun
SL = south latitude
sign(H) takes the value of +1 or -1 as H is positive
or negative
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Appendix F A list of the rainforest tree species established in the CSIRO
Division of Forest Research arboretum at Atherton with details of
their age, precociousness and mean annual height increment (MAI).

Species	 No.
established

Age at
Jan 1983

MAI
M

Age for
first
fruit

Acacia aulacocarpa 2 12 1.0 3
Acacia aulacocarpa 1 11 1.0 3
Acacia melanoxylon 2 12 1.0 3
Acacia polystachya 1 3 1.7
Acmena divaricata 1 10 0.3
Acmena divaricata 1 8 0.1
Acmena hemilampra 2 9 0.6 4
Acmena hemilampra 1 8 0.7
Acmena hemilampra 1 7 0.6
Acmena sp. aff. A.	 smithii 1 12 0.5 10
Acmena sp. RFK/2831 2 7 0.2
Acronychia acronychioides 1 7 0.2
Acronychia vestita 1 7 0.0
Agathis atropurpurea 2 12 0.8
Agathis microstachya 2 12 0.7
Agathis robusta 2 7 0.6
Albiza lebbeck 1 4 0.6
Albiza retusa 1 10 0.5
Albiza retusa 2 9 0.5
Alchornea rugosa 1 8 0.1
Alectron coriaceus 1 12 0.5 11
Aleurites moluccana var. rockinghamensis 2 12 1.3 7
Aleurites moluccana var. moluccana 2 10 0.9 4
Aleurites moluccana var. moluccana 1 9 1.0 4
Aiphitonia excelsa 1 7 0.8
Aiphitonia petriei 1 12 0.7 6

Aiphitonia philippensis 2 4 1.1
Alstonia muellerana 1 12 0.8 8

Alstonia spectabilis 3 10 0.6 2

Amoora cucullata 1 10 0.2
Antiaris toxicaria 1 8 0.05

Alphananthe philippensis 1 12 0.6

Araucaria bidwillii 2 12 0.7

Araucaria cunninghamii 1 12 0.9

Araucaria cunninghamii 2 10 1.1

Argyrodendron peralatum 1 12 0.2

Argyrodendron polyandrum 4 12 0.8

Argyrodendron polyandrum 3 10 0.9

Argyrodendron sp. RFK/1106 3 8 0.2

Arytera divaricata 2 12 0.4 12

Arytera divaricata 1 8 0.1

Athertonia diversifolia 1 12 0.6 12

Athertonia diversifolia 2 10 0.6

Austromyrtus sp. 	 (Iron Range) 2 9 0.2 7



450

Barringtonia calyptrata 4 10 0.5
?Barringtonia sp. 1 12 0.1
Bauerella simplicifolia 1 12 0.6 4
Beilschmiedia obtusifolia 2 10 0.7
Beilschmiedia obtusifolia 2 7 0.3
Beilschmiedia sp. aff. B. oligandra 1 10 0.2
Beilschmiedia sp. AFO/1479 1 9 0.5
Beilschmiedia sp. RFK 2657 1 7 0.05
Beilschmiedia sp. ? 1 9 0.1
Berrya cordifolia 1 4 0.06
Blepharocarya involucrigera 1 12 0.8
Bosistoa brassii var. brassii 1 10 0.3
Brachychiton acerifolius 1 11 0.8 6
Brachychiton acerifolius 1 10 0.5
Brachychiton australis 1 11 0.5
Brachychiton velutinosus 2 9 0.4
Caldcluvia australiensis 2 7 0.3
Callitris macleayana 1 12 0.8 4
Calophyllum sil 1 10 0.3
Calophyllum sil 1 9 0.4
Cardwellia sublimis 1 12 0.7
Carnarvonia araliifolia 1 12 0.7 6
Carnarvonia sp. AFO/1711 1 12 0.6 7
Carnarvonia sp. AF0/1711 1 9 0.7

Castanospermum australe 4 12 0.4

Castanospora alphandii 3 12 0.5 6

Cebera floribunda 1 7 0.1

Chionanthus ramiflorus 2 10 0.4

Choriceras tricorne 1 7 0.3 6

Chrysophyllum lanceolatum 1 10 0.2

Cinnamomum baileyanum 3 7 0.4

Cinnamomum oliveri 1 10 0.4

Clausena	 brevistyla 2 12 0.1 3

Cleistanthus apodus 1 10 0.1

Cleistanthus hylandii 2 7 0.1

Cleistanthus semiopacus 1 12 0.5 4

Commersonia bartramia 2 12 0.9 2

Croton insularis 3 12 0.5 2

Croton triacros 3 12 0.3 4

Cryptocarya angulata 2 12 0.3

Cryptocarya corrugata 1 9 0.3

Cryptocarya hypospodia 3 10 0.6

Cryptocarya hypospodia 2 9 0.7

Cryptocarya mackinnoniana 1 12 0.6

Cryptocarya mackinnoniana 2 9 0.25

Cryptocarya murrayi 3 9 0.2

Cryptocarya sp. RFK/2436 1 12 0.5

Cryptocarya triplinervis 1 9 0.4

Cupaniopsis foveolata 1 12 0.6

Cupaniopsis serrata 1 12 0.4

Darlingia darlingiana 1 12 0.7 5

Davidsonia pruriens 1 9 0.6
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Delarbrea michieana 1 10 0.1
Dendrocnide photinophylla 2 12 0.5
Deplanchea tetraphylla 1 7 0.6
Diospyros hebecarpa 1 9 0.1
Diospyros pentamera 2 12 0.45 11
Diploglottis diphyllostegia 5 8 0.3
Dysoxylum decandrum 3 9 0.8 5
Dysoxylum micranthum 2 8 0.2
Elaeocarpus angustifolius 1 12 1.1 10
Elaeocarpus sericopetalus 1 12 0.7
Elaeodendron melanocarpum 1 12 0.3 2
Elattostachys sp. aff. E. bidwillii 2 9 0.4
Endiandra cowleyana 1 12 0.15
Endiandra cowleyana 2 9 0.2
Endiandra compressa 1 10 0.3
Endiandra longipedicellata 2 10 0.3
Endiandra longipedicellata 2 9 0.3
Endiandra microneura 2 9 0.3
Endiandra palmerstonii 3 9 0.15
Endiandra pubens 1 9 0.00
Endiandra sankeyana 1 10 0.2
Endiandra sankeyana 1 9 0.2
Endiandra sp. aff. E.	 impressicosta 1 10 0.35
Endiandra sp. aff. E. muelleri 1 9 0.00
Endiandra sp. RFK/2224 1 9 0.15
Endospermum medullosum 1 10 0.9
Eucalyptopsis sp. 1 12 0.9
Eucalyptus torelliana 7 12 0.9
Eugenia angophoroides 1 10 0.8 4
Eugenia angophoroides 3 9 0.7
Eugenia australis 3 9 0.4 1
Eugenia banksii 1 9 0.4
Eugenia cormiflora 2 10 0.6
Eugenia cormiflora 1 9 0.4
Eugenia cryptophlebia 1 7 0.05
Eugenia erythrocalyx 1 10 0.5
Eugenia erythrocalyx 2 9 0.4
Eugenia fortis 2 8 0.25
Eugenia gustavioides 1 8 0.1

Eugenia gustavioides 1 9 0.4

Eugenia kuranda 1 9 0.4

Eugenia trachyphloia 1 9 0.9 8

Euodia bonwickii 1 12 0.8

Euodia elleryana 1 12 0.9 3

Euodia elleryana 1 9 0.9

Euodia hoplophylla 1 4 0.02

Euodia vitiflora 2 12 0.2 11

Ficus adenosperma 2 8 0.3 2

Ficus albipila 3 9 0.25

Ficus copiosa 1 7 0.03

Ficus crassipes 2 12 0.6 3

Ficus destruens 2 12 0.6
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Ficus nodosa 3 10 0.8 2
Ficus nodosa 1 9 0.85
Ficus obliqua var. obliqua 1 12 0.6
Ficus racemosa 1 7 0.4
Ficus septica 2 12 0.4 3
Ficus septica 1 9 0.6
Ficus superba 2 9 0.4
Ficus triradiata 1 12 0.5 8
Ficus triradiata 1 8 0.2
Ficus variegata 1 11 0.5
Ficus virens 1 12 0.55
Ficus virgata 3 8 0.3 6
Flindersia bourjotiana 3 12 0.65
Flindersia brassii 3 10 0.5
Flindersia brayleyana 4_2 12 1.0 5
Flindersia ifflaiana 2 10 0.6
Flindersia pimenteliana 2 12 0.6
Flindersia schottiana 2 12 0.9
Flindersia unifoliolata 4 11 0.25 3
Flindersia unifoliolata 1 9 0.15
Garcinia warrenii 1 12 0.35
Geissois biagiana 2 12 0.5 6
Glochidion harveyanum 2 12 0.4 2
Glochidion pungens 1 8 0.3
Gmelina fasciculiflora 3 12 0.4 12
Grevillea pinnatifida 3 7 1.1 4
Guioa acutifolia 1 12 0.75 9
Guioa montana 1 12 0.6
Halfordia kendack 2 7 0.2
Heritiera littoralis 1 10 0.4
Hollandaea sayerana 1 12 0.2
Hollandaea sayerana 1 11 0.2
Homalium circumpinnatum 1 12 0.5 12
Horsfieldia australiana 1 10 0.1
Horsfieldia australiana 1 9 0.01
Idiospermum australiense 2 9 0.1
Jagera pseudorhus 1 12 0.5
Kibara rigidifolia 2 10 0.25 7
Kibara rigidifolia 1 8 0.1
Lagestroemia archerana 2 10 0.6 2
Lagestroemia archerana 1 12 0.4
Lethedon setosa 1 2 0.1
Lindsayomyrtus brachyrandrus 4 10 0.5
Litsea ferruginea 2 7 0.35 7
Litsea leefeana 2 12 0.5 10

Litsea leefeana 1 9 0.4

Lomatia fraxinifolia 3 12 0.5 6

Macadamia whelanii 1 9 0.45

Macadamia sp. aff. M. hilderbrandii 1 8 0.5 7

Mallotus paniculatus 1 8 0.5

Mallotus philippensis 1 12 0.4

Mallotus philippensis 1 8 0.4
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Maytenus disperma 1 12 0.2 5
Melia azedarach var. australasica 1 12 0.8 5
Melicope erythrococca 1 12 0.3
Melicope melanophloia 1 9 0.3 6
Metrosideros queenslandica 2 9 0.2
Microcitrus garrowayi 1 10 0.1
Microcitrus garrowayi 1 8 0.2
Minusops elengi 1 8 0.05
Myristica insipida 1 9 0.00
Nauclea orientalis 3 12 0.5 6
Neolitsea dealbata 2 12 0.4
Neolitsea dealbata 1 9 0.3
Neorites kevediana 2 7 0.8
Opisthiolepis heterophylla 1 12 0.6 8
Oreocallis wickhamii 1 12 0.45
Orites excelsa 1 8 0.4 8
Ostrearia australiana 1 12 0.4
Pithecellobium grandiflorum 1 12 0.4
Pittosporum revolutum 1 9 0.3 4
Pittosporum ferruginium 1 9 0.05
Pittosporum rubiginosum ssp. rubiginosum 1 9 0.00
Pittosporum venulosum 2 12 0.7 4
Pittosporum venulosum 1 4 0.5
Piacospermum coriaceum 1 8 0.15
Planchonella chartacea 2 8 0.2
Planchonella macrocarpa 1 4 0.2 2
Planchonella pohimaniana var.

asterocarpon
1 10 0.1

Podocarpus dispermus 1 12 0.2
Podocarpus neriifolius 1 12 0.5
Polyalthia sp. 	 RFK 2632 1 10 0.00
Polyalthia nitidissima 1 12 0.3
Polyscias australiana 1 7 0.1 7
Pongamia pinnata 1 9 0.4 7

Pongamia pinnata 1 8 0.3

Pongamia pinnata 1 7 0.4

Prunus grisea var. grisea 1 10 0.5
Prunus grisea var. grisea 1 9 0.5
Prunus turnerana 1 9 0.3

Prunus turnerana 1 4 0.3

Pseudoweimannia lachnocarpa 1 12 0.4

Pullea stutzeri 1 12 0.55

Randia fitzalanii 2 8 0.1 5

Rapanea porosa 3 7 0.2

Rhodomyrtus macrocarpa 2 12 0.2 6

Rhodomyrtus sericea 1 12 0.2 2

Rhodomyrtus trineura 2 4 0.02

Scolopia braunii 3 8 0.4 7

Sloanea macbrydei 5 12 0.4 12

Sphalmium racemosum 1 4 0.05

Stenocarpus sp. RFK/3174 2 12 0.25

Stenocarpus sp. RFK/2199 1 10 0.2
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Sterculia laurifolia 2 12 0.4
Sterculia quadrifida 3 10 0.3
Sterculia quadrifida 1 9 0.25
Sterculia quadrifida 1 4 0.2
Sterculia shillinglawii 1 10 0.3
Storckiella sp. RFK/1079 1 9 0.3
Streblus pendulinus 1 10 0.25
Symplocos cochinchinensis ssp. twaitesii 2 12 0.4
Syzygium dictophlebium 1 9 0.5
Syzygium sp. aff. E. 	 fastigiatum 2 8 0.3

Syzygium fibrosum 1 10 0.3 5

Syzygium fibrosum 2 8 0.35

Syzygium sp. aff. E. 	 longipes 2 10 0.2 10

Syzygium tierneyanum 7 12 0.5 4

Syzygium sp. RFK/1891 3 9 0.3

Syzygium sp. RFK/2511 1 8 0.0

Syzygium sp. AFO/2968 1 10 0.7 4

Syzygium sp. RFK/2638 1 10 0.2

Syzygium sp. RFK/2650 3 7 0.2

Terminala arenicola 1 9 0.3

Terminala complanata 2 10 0.6

Terminala sericocarpa 1 12 0.9

Tetrameles nudiflora 3 10 0.4

Thespesia populneoides 1 7 0.1

Timonius timon 2 9 0.3 4

Toechima daemelianum 1 10 0.2

Toechima erythrocarpum 1 9 0.4

Toechima lanceolatum 1 2 0.01

Toona australis 3 12 0.6 8

Tristania exiliflora 1 8 0.4 3

Tristania sp. RFK/2782 1 8 0.05

Vavaea amicorum 1 10 0.4

Vitex acuminata 1 12 0.55

Xanthostemon chrysanthus 4 7 0.4
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