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ABSTRACT 

Process oriented investigations of litter were made at Hast-

ings, Southern Tasmania, of a range of forests characteristic of the 

region. 

Accession. There was a marked seasonal pattern and correspond-

ence of litterfall between sites over three annual cycles. Bimodality 

of 
1
litterfall was attributable to a peak period of leaf fall and a 

period of bark and twig fall. Leaf litterfall was significantly corr-

elated with mean maximum temperature, and the secondary peak of bark 

and twig fall to periods of high wind and heavy rain. A relationship 

was found between the basal area of individual species and their 

annual rate of leaf accession. There was no significant difference in 

slope or intercept of regressions for individual sites, and the relat-

-
ions hip existed for all species regardless of their taxonomic group, 

canopy exposure, or leaf structure and size classification. Annual 

accession rates were similar to forests of the world of corresponding 

( 5 -1) latitude ea. t.ha. • 

Accumulation. Detailed descriptions were made of the litterbed 

characteristics of individual study sites, and techniques for improv-

ing determination of standing-crop values devised. Steady-state decay 

constants were derived, and a climatic index utilised to compare 

results of Australian litter studies. 

Decomposition. The rates of decomposition of leaves of two 

eucalypt overstorey species, eight understorey species, and of two 

overstorey-understorey species mixtures were measured by litter bag 

techniques. Percentage loss of initial dry weight of leaves varied 

per species from 12 .5 to 58 .0 over the initial twelve months of field 

exposure· • Species of higher leaf accession rate generally exhibited 

a faster rate of decomposition. There were no significant between-
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species interactions monitored in leaf mixtures. 

Litterbed microflora were demonstrated to be the, primary 

decomposer agencies, with bacteria of initial importance to some 

species. Macroarthropods and invertebrates demonstrated no signif-

icant effects upon the decomposition rates of leaf species other than 

the eucalypts within the time sequepce of the 1i t ter bag studies. The 

role of litter fauna is considered secondary to, and dependent upon, 

decomposition by other agencies. 
Cl 

A method of measuring the decomposition of naturally accum-

ulating litter in the field was devised. 

Temperature and moisture, as represented by a defined annual 

climatic index, 'I', were significantly related to annual litter 

accession and calculated annual decay constants, 'k', for a range of 

Australian litter studies. Litter macroclimate was thus the most 

important influence upon litter accumulation. 
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CHAPTER 1 

GENERAL INTRODUCTION 

1.1. BACKGROUND 

Litter in the cool, temperate forests of Southern ~asmania does 

not form a deep litterbed despite the cool temperatures and wet cond-

itions that prevail. It was assumed that efficient decomposer systems 

exist within the litterbed, and of these the invertebrates and micro-

flora would be of greatest importance. 

Observations of ground litter over a range of representative 

sites have shown that leaves of some litter component species e.g. 

Pomader>r>is apetala, Labill., appeared to decompose far more rapidly 

than others, e.g. Phylloc_ladus aspleniifolius (Labill.) Hook. The 

-
understorey species of these forests form a significant amount of the 

total basal area of the various stands, B;nd it was hypothesised that 

the leaves of these species play an important role in the decompos-

ition of the major leaf litter component, Eucalyptus-obliqua, L'Herit. 

Given that there are observable differences in leaf litter 

breakdown rates, - then the_ intrinsic characteristics of the various 

leaf litter species must contribute to those differences viz. species 

of high phenolic content might be expected to resist decomposer 

attack, while those of high _carbohydrate status might be rapidly 

colonised and decomposed. 

~ough the greater portion of leaf litter in 

these stands is from E. obliqua, an appreciable quantity originates 

the litterbed of 

from the understorey, and must contribute to the nutrient turn-over 

and mineralisation process. 
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1.2. OBJECTIVES 

The objectives of these studies were to: 

(a) quantify the litter system of a range of sites representative of 

the Southern Forests of Tasmania, and 

(b) to test hypotheses related to the litter breakdown process. 

1.3. APPROACH 

Throughout the study emphasis was placed upon methodology, 

including the development and evaluation of new methods whilst inform

ation was obtained on litter accession, accumulation, and decompos

ition processes. 

The systematic and sequential approach adopted is illustrated 

in the flow-chart of Fig. 1.1. 

1.4. OUTLINE 

ings. 

Chapter 2 surveys pertinent literature under subject head

Whereas many published reports exist of litter studies in the 

cool, temperate forests of the Northern Hemisphere, none have prev

iously been made in those of Australia. Results of other Australian 

studies must be expected to differ from those reported in ensuing 

chapters, as they were conducted in the coolest of environments for 

production forestry in Australia, within stands of diverse tree flora, 

and with a- substantial difference in the degree and duration of 

extreme drying conditions 

Australia. 

than experienced in other areas of 

A general description of the Southern Regrowth Forests is given 

in Chapter 3, and the reasons for selection of the four study sites 

are discussed. Site descriptive parameters are detailed and illu-

strated by tables and figures, e.g. plot size and topography, stand 

age, site index, inventory, health and floris ties, plus descriptions 
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of soil profiles. The general environment is described and meteor-

ological data from a neighbouring weather station detailed. Both the 

site descriptive data and meteorological data are used in later chap-

ters to explain and account for individual aspects of the litter pro-

cesses. 

As illustrated in the flow-chart (Fig. 1.1) there are 3 pro-

cesses central to any litter system: accession (input), accumulation, 

and decomposition (output). These 3 processes and their inter-

relationships. under steady-state conditions, i.e. where input equals 

output, that exist in the floristic communities selected, are the main 

topics of these studies. 

Chapter 4 examines litter accession on the 4 study areas at 

regular intervals over a period in excess of 3 years, during which 

time the composition of accessing litter is detailed for the first 2 

-
years. Seasonal and annual variation in litterfall are illustrated, 

discussed, and compared with other forests of Australia. The compar-

1· ison includes decay constants for the, various forests, where the con-

stants are calculated from values of accession and decomposition. 

Methodology sections of Chapter 4 examine the efficacy of var-

ious trapping devices, and a cheaply produced, simply constructed 

device that facilitated handling of litter catches is described. 

Catches in fixed and roving devices within plots, and in devices at 

differing levels within the floristic strata are compared. 

Litter accumulation, or standing crop~ is the subject of 

Chapter 5. The methodology of field sampling, and laboratory process-, 

ing is examined with particular emphasis upon the problems associated 

with the inclusion of inorganic matter. 

A comparison is made between litter accumulation in these 

forests and in other forests of Australia. The comparison includes 
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decay constants for the various forests, where the constants are 

calculated from values of accession and decomposition. 

Chapter 5 also deals with litterbed characteristics viz. depth, 

pH of litter and humus layers, and estimates of litter perched on 

logs, across fallen limbs, and around stumps. 

Decomposition studies are described in Chapter 6. 

Litter bag techniques were selected as the most viable means of 

investigating rates of decomposition of the major overstorey and 

understorey species components of litterfall, and to determine whether 

species interactions existed in species mixes. A series of experi-

ments were devised to investigate aspects of litter bag methodology, 

viz. selection of leaf materifll for inclusion, and time of bag place-

ment in the field. Treatments with insecticide and fungicides were 

incorporated to determine the roles of invertebrates and microflora in 

the decomposition process. 

then discussed as a whole. 

Individual experiments are detailed, and 

A double-trap system was developed and tested in an attempt to 

examine decomposition of undisturbed litter as it accessed on the 

forest floor. Problems and benefits associated with use of the system 

are discussed. 

Rates of decomposition determined by experiment, and calculated 

decay constants are compared with values available for other forests. 

Litter bags used in decomposition studies within tall, open 

forest and low scrub were used in an invertebrate survey of the two 

environments, results of which are detailed in Chapter 7. Extracted 

invertebrates at the different harvest dates were identified by Dr. 

J.L. Madden of this faculty, and were grouped according to major 

taxa. Preferences of groups for individual leaf species and their 

temporal array are used together with the results of treatment effects 
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within litter bags to assess the role of invertebrates in the decomp

osition process. 

Chapter 7 also details results of an earthworm survey made in 

the litter, humus, and soil immediately beneath litter bags, at each 

harvest date, in tall, open forest, and the role of these organisms in 

leaf litter decomposition is discussed. 

The role of litter microflora and litter properties that may 

affect their activity in the decomposition process are the subject of 

Chapter 8. 

An enumeration of microflora inhabiting leaves of the canopy, 

litter surface, and litterbed was made in the spring of 1981 coincid

ent with a period of active decomposition monitored by litter bag 

experiments. Methods of sampling, washing, filtration, dilution and 

plating, and resul~s of counts are detailed and discussed. 

The effects of leachates of selected species upon litterbed 

microflora were investigated and methodology and results are detailed, 

and the effects of the leachates on the growth of litterbed microflora 

are discussed. Comparative quantitative analyses were made of the 

carbohydrate and phenolic contents of the same leaf species used in 

the leachate investigations in an attempt to explain the basis of the 

observed results. 

An overall discussion at the end of the Chapter defines the 

role of leaf litter microflora in the decomposition process. 

Chapter 9 summarises the conclusions and discussions of the 

previous Chapters and emphasises the importance of climate to the 3 

major litter processes. 
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CHAPTER 2 

LITERATURE SURVEY OF SUBJECT AND METHODS 

The various litter processes have been the subject of many 

reviews (Lutz and Chandler, 1946; Bray and Gorham, 1964; Rodin and 

Basilevic, 1968; Duvigneaud, 1974; Phillipson, 1971; Dickinson and 

Pugh, 1974; Leith and Whittaker; 1975, Bevege, 1978), most of the 

literature relates to studies conducted. in the Northern hemisphere. 

These studies were concerned primarily with eucalypt forests and 

emphasis has been placed upon literature pertinent to such forests in 

Australia. 

ACCESSION AND ACCUMULATION 

In the context of these studies, accession is a measure of 

litter production, -the organic debris shed by forest vegetation upon 

the soil surface. 

Leith and Whittaker (19]5) describe primary producti.on as the 

very basis of the functioning of ecosystems·. Net primary production 

of organic matter is the difference between gross primary production 

of photosynthetic plants and their respiration, and includes the 

amount of organic' matter contributing to biomass increase, discarded 

from trees as litter, or lost from plant biomass through death of 

individuals, and -which is consumed by heterotrophs (Attiwill, 1979). 

Litter accession is therefore an important component of net primary 

production. 

Kittredge (1944) and Van Loon (1970) considered litterfall as 

an interesting index of ecosystem productivity generally related to 

the quantities of photosynthetic machinery in the system. 

Ashton ( 1975) describes forest litter as an important stage in 

the cycle of habitat conservation, providing nutrient return and org-
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anic matter replenishment, and supporting a wide variety of niches for 

fauna and microorganisms. Ashton and Macauley (1972) demonstrate 

litter to be of considerable significance to forest reproduction. 

Charley and Richards ( 197 4) remark that "the greater part of 

net primary production in forest ecosystems passes directly into the 

detritus food chain where mineralis'ation processes release organically 

bound nutrients for re-utilisation by the plant producers". They 

further state that the rates of energy and nutrient throughput in the 

soil-litter sub-system may be used as indices of total community 

function, and that the soil-litter sub-system is the 'gate' through 

· which passes virtually all absorbed nutrients and much of the energy 

fixed by forests. Flow rate regulates the productivity of the whole 

system and this control function is of particular importance to soils 

of low nutrient capital such as are common in Australia (Charley and 

Richards, 1974). 

Measupement 

Medwecka-Korna{ (1971) summarised a number of methods for meas-

uring litter accession based on the IBP Methodology leaflet of 

Ovington and Newbould, the IBP Handbook by Newbould (1967) and his own 

investigations at the Nature Conservation Research Centre, Krakow 

(Medwecka-Kornas, 1967). Recommended definitions were -

(1) The term litter should be used for all ecosystems and 

(2) 

should indicate all that material lying on the soil 

surface, which is mainly composed of dead plants or their 

shed organs. 

Litter present at a given momen't in a definite area of an 

ecosystem may be considered as its 'biomass or 'standing 

crop' and may be- expressed in weight per unit area 

-1 (kg. ha. ) • 



9 

(3) The amount of litter formed and shed by the ecosystem 
J 

within a defined period should be called litter 

production, and expressed as kg.ha.-1an.-1 • 

( 4) Decrease of the amount of litter in an ecosys tern, caused 

by decay and mineralisation, animal consumption, wind 

transport, harvest by man etc. may generally be termed 

disappearance. 

(5) Litter accumulation depends on the rate of pr~duction as 

well as on the rate of disappearance. 

Fig. 2.1 is taken from Medwecka-Kornas (1971) and illustrates a 

variety of litter traps described in literature by Newbould ( 1967), 

Ovington and Newbould (IBP Methodology Leaflet) and Ovington and 

Murray ( 1967). Recommended optimal sizes of trap openings were 

1000-1250 cm2 , preferably circular to reduce edge effects, and with a 

minimum number of , 25-30 ha. -l, distributed randomly or to a defined 

system. The numbers and size of samples should be large enough to 

-
obtain an accuracy of 5% at 95% confidence limits (Ovington and 

Newbould, IBP Methodology Leaflet). Forest communities with the most 

discontinuous canopies possess the greatest variability in litterfall 

(Pressland, 1982, and Charley and Richards, 1974). 

Information regarding the efficiency of various ·types of traps 

and the errors associated with litterfall and standing crop measure-

ment in Australia is scarce, although specific aspects have been exam-

ined by Ric~ards and Charley (1977), Pressland (1982) and Birk 

(1979a). 

Frequency of collection depends upon the phenology of the eco-

system and methods adopted, but should be often enough to yield 

results representative of the whole year or total growing season, and 

be based on a minimum of 3 years duration (Medwecka-Kornas, 1971). 
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f 
Some types of litter traps: a - simple bag of sail cloth; b - bag of 
nylon mesh, cheesecl9th, sail cloth, etc.,, suspended from the hoop and 
pegged (may be weighed) to prevent it blowing inside out; c- some 
receptacle like a plastic dustbin or bucket with a bag of terylene gauze 
inside; d- shallow trays with wooden boards and terylene or nylon net at 
the bottom; e- funnel of tinplate with screen at lower end, buried in the 
soil; the stone layer promotes water drainage; f- micro-litter trap con
sisting of polyethylen~ funnel with glass wool plug in lower part and outlet 
into polyethylene bottle. In upper part of the figure schemes of trap open
ings; below, their vertical cross-sections. Taken from Medwecka-Kornas 
(1971). 
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Litter in trays loses weight due to leaching, (microbial decomp

osition, and (feeding by saprophagous animals (Kirita and Hozumi, 

1969). They state that litterfall may be underestimated if the int-

erval between 2 successive collections is too long, and proposed a 

mathematical model interpreting relations between weight loss of 

litter accumulating in trays, length of time interval between success-

ive collections, and the extent of the resultant error of estimated 

litterfall rate and a correction factor to account for the loss. They 

remark that in cool, temperate forests correction may be of minor 

significance but is necessary in warm, temperate, evergreen forests 

such as those of S. W. Japan and trays should be emptied once a week, 

or a correction factor applied. 

Trap placement is generally random, but Wilm's (1946) fixed and 

roving gauge technique has been used with success by Attiwill ( 1966a) 

in studies of nutrient cycling by rainwater, and by Attiwill et al,. 

(1978) for studies of nutrient cycling in litterfall at 2 Victorian E. 

obUqua sites. In the 1978 studies, Attiwill et al,. maintained 2 

traps at each plot at permanent locations that were selected to avoid 

abnormality within the plot, and 3 traps were 'roved', i.e. moved to 

new, randomly selected, locations within each plot at the commencement 

of each collection period. Wilm's technique, following analysis of 

covariance, allowed the calculation of an expected value of the amount 

of litterfall for each period from a linear regression that used the 

average of the 2 fixed traps for each period as the independent var-

iable. 

Birk (1979a) and Walker (1981) compared spatial as well as 

temporal variability in both overstorey and understorey litterfall in 

Australian forests. Birk compared a Newbould (1967) type raised trap, 

a ground trap, and a stratified shrub trap in a mixed Eucalyptus and 
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Angophor>a community near Brisbane. Ground traps provided the most 

representative measurement of litterfall by collecting material from 

all layers of the '"vegetation. Shrub litter fell in localised concent

rations under individual shrubs, and the stratified shrub trap was 

best suited for that measurement. Birk (1979a) also demonstrated that 

overstorey litterfall measurements are likely to be underestimated 

unless traps are placed in areas between, rather than under shrubs. 

Many authors have neglected study of the understorey component 

in Australian litter studies, but there are works that indicate its 

importance (McColl, 1966; Ashton, 1975; Van Loon, 1977; O'Connell et 

ai., 1978; Attiwill et ai., 1978; and Birk, 1979a). The understorey 

litter component is important because it contributes very significant 

amounts to total nutrient return. Weights of nutrients contributed by 

wood and bark are of less importance than leaf material in nutrient 

cycling on a short term basis (Ashton, 1975; Attiwill et ai., 1978), 

and understorey leaves may also have important effects on rate of 

turnover of overstorey litter. 

The proportion of understorey litter collected in eucalypt 

forests is high by world standards (Bray and Gorham, 1964) and studies 

in other ecosystems have shown a greater significance attributed to 

understorey and ground vegetation in forests than their relative prop

ortion of plant or litter biomass suggests, generally because they 

tend to conserve nutrients (Scott, 1955; Ashton, 1975). 

Estimates of 'standing crop' may be made in- several ways viz. 

hand-sampling, raking, mechanical sampling (Medwecka-Kornas, 1971) or 

by objective assessment techniques such as that of Sneeuwjagt 

( 197 3) • Medwecka-Kornas suggests the use of metal hoops to produce 

sample plots of similar size and number as litterfall traps. Hoops 
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are fixed in the ground and contained litter cut around and lifted 

out. All determinations should be on a defined dry-weight basis. 

Sneeuwjagt's (1973) objective assessment was developed for 

measuring forest floor litter, sticks, and understorey shrub fuels in 

large areas of high value forests in West Australia. Scrub fuel 

weights are related to average cover density and top height of the 

scrub type. Litter quantities in W.A. forests can be estimated from 

records of past burning and forest canopy cover (Peet, 1971), but 

complications arise from trade cutting, incomplete burning, and insect 

infestation of tree crowns. Sneeuwjagt's technique established a 

close relationship between litter depth and fuel weight in 4 hardwood 

(E. diver>sicolor>, E. ma..,-.ginata, E. eat Zophyl la, and 

E. eallophylla/E. rrar>ginata) and 3 softwood forests (P. mdiata, P. 

pinaste..,-., and Casuar>ina decussata (sic.)). 

Litter> pr>oduction 

Litter production in forests of the world has been the subject 

of an extensive review by Bray and Gorham (1964), in which results 

from almost 300 stands are listed under four major headings based on 

four broad climatic zones: Arctic-Alpine, cool-temperate, warm temp-

--. 
erate, and equatorial. Average litter production per zone was in the 

ratio of 1:3.5:5.5:10.9 t.ha.-1an.-l respectively, which was similar 

to their calculated ratios of bole production of 1:2.7:5.1:7.0 for the 

same zones. 

Effect of climate and latitude 

Fig. 2.2 is taken from Bray and Gorham (1964) and illustrates 

the major role of temperature in controlling litter production, where 

total annual litterfall is plotted versus latitude. Fig. 2.3 is a 

similar plot using litter accession data from 28 Australian litter 
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Legend. Fig.2.3. 

1. Bailey (1976). Tropical, closed forest. 

2. Nicholls (unpublished.) in Walker (1981). Grassy, open forest. 

3. ,Walker (1981). Closed grassland. 

4. , Birk (1979a). E. umbPa/E. baileyana. 

5. Rogers and Westman (1977). E. signata/E. umbpa. 

6. Winkworth (1973). Woodland. 

7. Hutchings and Oswald (197 5). 

8. Jackson (1968). Open-forest. 

9. Richards and Charley (1977). E. saligna/E. viminalis. 

10. Watson (1977). Temperate, closed forest. 

11. Hatch (1955). E. rruPginata, open forest 

12. Peet (1971). E. maPginata, open forest. 

13. These studies. Tall, open E. obliqua. 

14. These studies. Tall, open E. obliqua. 

15. These studies. Closed Nothofagus forest. 

16. Maggs and Peason (1977). Dry sclerophyll scrub. 

17. Nicholson and Love (1972). E. piiular>is. 

18. Van Loon (1970, 1977). E. piiufor>is. 

19. Van Loon (1969). E. piiufor>is. 

20. Fox et ai. (1979)., E. piiufor>is/A. costata. 

21. Van Loon (1977). E. sieber>i. 

22. Leigh et ai •• Shrub woodlands. 

23. Mc Coll (1966). E. rracufota. 

24. Park (1977). Alpine, open-forest. 

25. Lee and Correll (1978). E. obUqua/E. b:xxter>i. 

26. Attiwill (1968). E. obUqua. 

27. Ashton (1975). Ti;. Pegnans. 

28. Brasell et al. (1977). Tropical rainforest. 
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studies over a latitudinal range of 17° to 43°30'S. The range of 

temperature spanned by the illustration of Bray and Gorham ( 1964) is 

from below freezing to about 25°C. Associated with the higher temp

erature and longer growing season is the greater amount of insolation 

during the period of photosynthesis. Using maps of Black (1956), Bray 

and Gorham suggest that the total amount of solar radiation received· 

during the growing season is roughly in the ratio 1: 3: 5 for extreme 

Arctic-Alpine, cool temperate, and equatorial sites. 

Attiwill et al. (1978) in studies of E. obUqua litterfall at 

Mt. Disappointment, Victoria, demonstrated that at least part of the 

seasonal variation in litterf all was explained in terms of temperature 

with the relationship showing hysteresis. There were higher rates of 

litter production during the period of increasing temperature in the 

months from winter through spring to summer, and lower rates during 

the period of decreasing temperatures through autumn .. At Stewart's 

Creek, Victoria, Attiwill et al. (1978) demonstrated the same trend in 

1972/73 and 1973/74, but in 19Ji/72 and 1974/75 autumn falls exceeded 

those of spring. This difference was attributed to correlation with 

lower than average rainfall in the summer and autumn of 1971/72 and 

1974/75, and Attiwill et al. suggested that the hyste~esis pattern was 

typical of normal growth patterns, and the variation of differing 

years a reflection of increased stress through decreased water avail-

ability. The suggestion that litterfall appears to be the resultant 

of both growth and physiological stress is in agreement with Kozlowski 

(1976). 

Lee and Correll (1978) working in E. obUqua forests in S.A. 

related litterfall with absolute maximum temperature and suggested 

that this parameter reflects seasonal variations, with the possibility 
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that death of leaves from thermal shock at high temperature is an 

important factor contributing to the seasonal variation. 

Stand str>uctur>e: basal ar>ea, density, ·canopy cover> 

Van Loon (1970) showed that the mean annual litterfall in 

stands of E. pilular>is in N.S.W. was fairly closely related to basal 

area of the individual stands, and a similar relationship was demonst

rated by Fox et al. (1979). Bray and Gorham (1964) cite the work of 

Bonnevie-Svendsen and Gjems (1957) in a series of Gymnosperm and 

Angiosperm stands in Norway where a distinct correlation existed bet

ween annual fall of leaf litter and stand' basal area. Similar relat

ionships were found by Crosby (1961) between total litterfall of Pinus 

echinata and stand basal area in Missouri, U.S.A. 

Bray and Gorham (1964) found there was no relation between 

litterfall and stand density, and a similar finding was reported by 

Ashton (1975) in E. r>egnans stands in Victoria. 

Hatch ( 1955) suggested relationships between litterfall in E. 

mar>~inata in W.A. and canopy cover percent. 

The amount of litter produced in a forest may be expected to 

depend on the amount of foliage held in the community. There is a 

logarithmic relationship between the foliage weight of some needle

leaved and some broad-leaved trees and tree stem diameter (Kittredge, 

1944;' Cable, 1958; Sattoo, 1962). 

Attiwill (1962) established relationships between branch girth 

of E. obliqua in Victoria and the weight of leaves and branch wood, 

and later developed a set of allometric relationships betweeen tr:ee 

diameter and the dry weights of compdnents of individua,l tree crowns 

(Attiwill, 1966). There were no significant differences between 

relationships for sub-samples selected according to age, crown class, 

or site quality within the sample, and relationships did not change 
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over 22 'years of measurement. 

Specht (1970) defined projective foliage cover as an indirect 

measure of foliage quantity, and projected cover as defined by 

Carnahan (1976) was used by Walker (1981) to illustrate that, for data 

of many Australian litter studies, a curvilinear relationship exists 

between foliage cover and litter input. 

Peet (1971) examined litter accumulation in jarrah and karri 

forests in W.A. and related it to years since previous burn and canopy 

cover measurements. Best estimators of jarrah litter weight were the 

number of years since fire and log.canopy cover per cent, and for 

karri, the square root of the number of years and canopy cover per 

cent. Q.iantity of litter in jarrah forest increases with each summer 

fall of leaves and twigs for at least 25 years, and in karri for at 

least 15 years (Hatch, 1955). 

WindPun, Painfall, soil moistuPe and fePtility 

Mc Coll (1966) related high falls of twigs and leaves during 

winter 1964 to high winds of a severe storm in July. Ashton (197 5) 

found the fall of twigs and branch wood of E. Pegnans in Victoria to 

be greatly· dependent on storm incidence, and 'found. similar sporadic 

patterns of twig and branch fall for the understorey species Acacia, 

PomadePPis, Cassinia, and OleaPia that was related to heavy storms and 

snow. Ashton (1975) also found fern frond accession to the forest 

floor to be irregular, partly due to lag between death and accession, 

and always related to heavy snow falls. 

In E. obliqua forests at Stewart's Creek and at Mt. Disappoint

ment, Victoria, green leaf and green branch fall with leaves intact 

showed little seasonal variation, and was considered primarily depend

ent on abrasion or wind damage in the tree crowns (Attiwill et· al. , 

1978). 
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A dry sclerophyll scrub community in the Sydney Metropolitan 

area demonstrated a significant multiple linear relation between litt

erfall, windrun and pan evaporation (Maggs and Pearson, 1977). 

Press land ( 1982) suggests that much of the difference in litt

erfall between years may be attributed to rainfall and soil moisture 

content. Leaf litterfall in a study of a mixed Eucalyptus dry sclero

phyll forest in N.S.W. was positively correlated with temperature and 

solar radiation on 2 catchments. Leaf litterfall was correlated with 

mean maximum, minimum, and daily temperatures and there was little 

difference in their values for rising (winter to summer) or falling 

(summer to winter) temperatures. Soil moisture content was correlated 

with lttterfall in summer (r = 0.67, P(0.05) at one study site (sandy) 

but not at the other (Mt. Duval). 

Higher accumulation' and litterfall were related to increased 

rainfall and higher mean mont;hly temperatures by Specht and Brouwer 

(1975) and Fox et al'. (1979), and these climatic factors have been 

discussed on a world forest productivity basis by Bazilevic et al. 

(1971). The joint effect of heat and moisture are illustrated in 

Bazilevic et al. (1971), and they show that if the values of the rad

iation balance, R, do not exceed 40 Kcal.cm-2an.-1 , productivity rises 

quickly following an increase in heat. However, under high values of 

R ()40 Kcal.cm-2an.-1) the productivity increment is predominantly 

influenced by moisture availability. 

Bonnevie-Svendsen and Gjems (1957) reported higher litterfall 

on more fertile soils in· Norway, and Bray and Gorham ( 1964) tabulated 

results of studies by European authors that demonstrated decreasing 

litterfall with decreasing site quality. O'Connel et al. (1978) dem

onstrated similar relationships where significant differences in E. 

maPginata/E. calophylla litterfall occurred between sites of differing 

soils ranging from yellow sand ·to reddish gravel. 
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The role of forest litter in providing a habitat for soil fauna 

and flora has been emphasised by Witkamp (1966), Ashton (1975), 

Springett (1976), and Ashton and Macauley (1972), and in the provision 

of nutrients by many authors both overseas and in Australia (Hatch 

1955; Scott 1955; Gilbert and Bocock, 1960; Bocock; 1963, 1964; King 

and Heath, 1967; Attiwill, 1968; Harley, 1971; Wood, 1974; Ashton, 

1975; Rogers and Westman, 1977; O'Connell et al., 1978; Lee and 

Correll, 1978; Feller, 1980; Specht, 1981). 

Springett (1976) demonstrated that reduction of the litter 

layer by regular prescribed burning affected soil fauna both in ·popul

ation density and species diversity. These changes in turn may infl

uence the rate of breakdown of litter .accumulating subsequent to burn

ing. Conversely, Peet (1965) describes fuel reduction burning in 

jarrah and karri forests of the Dwellingup region of· W.A., and states 

it can promote an 'abundance of species. of understorey shrubs and attr-

. active habitat for fauna. 

Although the relative importance of fire compared with other 

agents of decomposition will vary with forest type,, fi:r;e frequency, 

and intensity, Birk (1979b) suggests that regular t'ires may substant'

ially influence the long term turnover of bipmass in A_us tra lian euc-

, alypt forests. This view is shared by many other authors as exempli-

fied by Jackson (1968) and Gilbert (1959). O'Connell et al. (1978) 

demonstrated that in common with other Australian native species 

(Specht and Groves, 1966; Attiwill, 1968) phosphorous i~ retained in 

the tree biomass of. jarrah and marri in W.A. by up to 80 per cent. 

Intense burning that involves the scorching of tree crowns prevents 

translocation and hence increases the amount of phosphorous in subseq-

ueht litterfall. 0' Connell et al. (1978) consider that modification 

of chemical composition of litter in this way may have profound 
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effects on the nutrient content and decomposition rate of forest floor 

litter, and hence on the recycling rate of nutrients. 

Regardless of contrary views on the merits of prescribed burn

ing, it has been described as one of the 'most dramatic changes in 

Australian forest management policy in recent years (Van Loon, 

1970). Justification of the practice is to keep low quantities of 

fuel and thus reduce the chance of wildfire, and to enable control 

agencies to contain such fires should they occur. McArthur (1962, 

1967) demonstrated that as fuel quantity doubles the fire intensity 

will increase fourfold. Van Loon ( 1977) has reported inves t_igations, 

in the Blue Mountains Region of N.S.W., that were designed to survey 

fuel weights occurring on areas with different fire histories, and to 

examine the effects of repeated low intensity fire on the native 

vegetation. 

Fox et al. (1979) tested the applicability of the modified 

exponential model for litter accumulation of Jenny et al ( 1949), and 

Olson (1963), for estimating time since the last fire, and for 

predicting the build-up of fuel. Their interest was related to 

effects of fire on· mammal communities through removal of litter fauna 

(significant diet of insectivorous, marsupial mice), and they reported 

a linear increase in height of the ground vegetation with time since 

fire over a period of one to nine years. Litter accumulation demonst

rated an exponential increase with time that closely followed Olson's 

(1963) model. These findings agreed with those of V.an Loon (1970). 

Van Loon suggested that this does not reflect the growth rate of an 

individual species but can be regarded as the envelope , produced as 

different species dominate the understorey. 

Seasonal VaPiation in littepfall 

Although there is a marked seasonal influence on litterfall in 
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Australian forest communities (Hatch, 

1975; Specht and Brouwer, 1975; Maggs 

1955; McCall, 1966; Ashton, 

Westman, 1977' 1981; Richards and 

and Pearson, 

Charley, 1977; 

1977; Rogers and 

Lee and Correll, 

1978; Attiwill, 1978; Plowman, 1979; Fox et al., 1979; Birk, 1979a; 

Pressland, 1982) several authors (Fox et al., 1979; Birk, 1979b; Birk 

and Simpson, 1980) consider the continuous litterfall model of Olson 

(1963) better suited to Australian situations than his discrete 

litterfall model. In spite of seasonal fluctuation in litterfall, the 

accumulation of litter on the forest floor has been shown to vary 

little throughout the year (Van Loon, 1970). Fox et al. (1979) point 

out that although the use of Olson's (1963) exponential model with two 

parameters (steady state accumulation, Xss' and rate of accumulation, 

k) that are functions of the annual litterfall is adequate for use in 

eucalypt forests, it should be recognised as a gross simplification of 

the multiplicity of factors which affect litter accumulation, and in 

particular where a constant value for k is assumed. Problems assoc

·iated with the use of the exponential model have been discussed in 

detail by Birk (1979b) and Birk and Simpson (1980), 

Ashton (1975) with E. r>egnans, and Attiwill et al. (1978) with 

E. obliqua, in Victoria, reported seasonal patterns of litterfall that 

were similar in many respects and that relate to the E. obliqua 

forests of these studies more closely than most other Australian 

Ii tter studies. 

E. Pegnans leaf fall was the major component of litterfall in 

Ashton's (1975) studies, with a very marked and regular seasonal dist-

ribution. Peak fall began in December some weeks after shoot growth 

commenced. There was major fall in summer with maximum in January, 

and summer fall constituted approximately half the annual amount. The 

ratio of January maximum to July minimum was about 9: 1 for pole and 

mature stands, and 15: 1 · for spar trees. There were two peaks of bark 
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fall each year from autumn to spring, usually associated with high 

wind. Bark shed usually commenced on the small branches and was 

scattered widely, whereas str~ps of bark from the trunk tended to hang 

on branch axils, from points of decortication, and from the under-

storey canopy for long periods. Much of the coarser bark tended to 

accumulate as "haloes" around the butts of the larger trees. A 

similar finding was reported by Charley and Richards (1974) in a lay-

ered eucalypt forest in the New England National Park, N.S.W., and by 

Mc Coll ( 1966) for E. rrncu"lata in N. S. W. In Ashton's (1975) studies 

twig and branch fall was conspicuous and highly variable in its dist-

ribution. Wood and twig fall in E. Pegnans fares ts was higher than 

for many other forest types owing to the rapid ramification of shoots, 

a characteristic of the faster-growing eucalypts (Jacobs, 1955). 

In general non-leaf litterfall of E. Pegnans (Ashton, 1975) was 

close to 40% of the total in all stands studied, a figure greater than 

that for other hardwoods in Australia, but similar to values cited for 

many angiosperms by Bray and Gorham (1964). 

Attiwill et al. (1978) carried out a detailed seasonal analysis 

of the weight and nutrient content of the components of litterfall in 

E. obliqua-, Victoria.· About 50% of the total eucalypt litter fell 

during December to February with leaf fall approximately 75% of the 

total fall during this period. 

Pressland (1982), working in dry sclerophyll forests in N.S.W., 

( -1) recorded low 2500-3750 kg.ha. annual litterfall rates by world 

standards (Bray and Gorham, 1964), but which were seasonal, and 

similar to other dry sclerophyll sites in Australia (Lee and Correll, 

197 8 ; Hatch , 19 5 5 ; Birk , 19 7 9 a) • Lee and Correll (1978) did not 

separate leaves from fine twigs, bark, and fruit, but excluding stick 

fall recor,ded 47.5% in summer, 22.8% in autumn, 11.1% in winter, and 

18.6% in spring. No such seasonal pattern of fall was shown in these 

/ 
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S.A. E. ob'liqua forests, seasonal proportions being 24.5, 28.8, 26.0, 

and 20.7 respectively. 

Leaf fall of unders torey species in the E. r>egnans study of 

Ashton (1975) was variable, and depended on stand density, species 

composition, and maturity. Seasonality of the unde rs torey leaf fall 

was chiefly January-March, particularly due to the behaviour of Pom

aderor>is which shed 40% of its litter in summer and 15% in spring. A 

similar pattern occurred with Pr>ostanther>a and Hedycaroya, whereas 

Acacia d.ealbata had a maximum fall in autumn, and Olearoia-arogophyUa a 

diffuse fall over most of the year. Leaf fall of Pomaderor>is asper>a 

understorey in pole stage E. r>egnans was significantly less than in 

the 50 year old understorey of mature forest eyen though, density of 

the contributing trees was greater (Ashton, 1975). 

Van Loon ( 1970) reported two peaks of litterfall in E. pilul

ar>is, both occurring between October and January, the season of high

est mean litterfall. Maximum-minimum ratios between 3-monthly periods 

were 7:1, and there was a 1.6 to 1.0 maximum-minimum ratio of variat

ion between years of measurement over 4- study years. Bray and Gorham 

(1964) quote maximum-minimum ratio variations between years of 

measurement as high as 5: 1. 

Birk (l 979a) measured significant temporal and spatial variat

ions in annual litterfall from all layers of forest vegetation in 

mixed Eucalyptus/Angophor>a forest near Brisbane. Patterns of litter-

fall from overstorey and understorey species layers were strongly 

seasonal but out of phase. The understorey litter accession trend was 

bimodal and coincident with the bimodal curve of the photosynthetic 

index for evergreen perennial communities in the Brisbane area (Specht 

and Brouwer, 1975). Rogers and Westman ( 1981) in studies of growth 

rhythms and productivity of a coastal subtropical eucalypt forest at 

Stradbroke Island, 30 km from the study area of Specht and Brouwer 
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(1975), found a marked bimodal pattern of leaf fall in only one 

species, E. umbr>a subsp. umbru. The less marked bimodali ty of leaf 

fall was attributed to more moderate temperature fluctuations and 

greater summer moisture availability of the more coastal site. Leaf 

fall and leaf growth were roughly synchronous in the ,studies of Rogers 

and Westman ( 1981) although leaf initiation noticeably preceded leaf 

fall. The result was in accord with those of Specht and Brouwer 

(1975), and Birk (1979a) and suggest that perennial understorey 

species, like eucalypts (Jacobs, 1955) shed more litter during the 

period of active shoot growth. 

Walker (1981) describes the causality of leaf fall as a complex 

interaction between a large number of factors, including drought, 

wind, fire, insect attack, phenology, plant growth and leaf longevity, 

and suggests that plant growth provides the most useful causal relat

ionship, as most leaves fall during periods of new growth. This view 

is supporte4 for eucalypts by Jacobs (1955), Birk (1979a), Ashton 

(1975), Rogers and Westman (1981), for Nothofagus by Howard (1973), 

and for mulga by Slatyer (1974) and Winkworth (1973). Walker (1981) 

stresses the equal importance of soil moisture status and temperature. 

Litter' components 

Components of leaf fall and of the litter layer are summarised 

from the reported results of the authors of a range of Australian 

litter studies in Tables 2.1 and 2.2 respectively, and may be compared 

with data presented in Table~ 2.3, 2.4, and 2.5 taken from ppll8 and 

119 of Bray and Gorham (1964) for a range of species, and climates of 

the world. 

Miner>als 

Ashton (1975) measured the nutrient concentration of fallen 

litter in E. Pegnans stands in Victoria, and reported that analyses of 



Table 7. I. Components (percrnt)• of leaf fall; selected A•1~tralian litter studies. 

~~riLy Species/Communjty Leaf Non-leaf 

OthH I Bark Twigs Flower So>ed 

I l<n33• Rnd Pt>~rson '' q77) nry sc1Prop1'yl1 scrub, N.S.w. 69 7.2 6,1, 1. 4 I 
I Lee Jr.d Correll (1978) E. obliqua/E. bazt~ri, S.A. 81.5 18.5 - - ":' I 
! 

Van Loon (1970) E. pilulCLl'iB, N.S.W. 51.5 13.2 27.9 T - 7,1, 

Att iw1 ll et al. (l 978) E. obliqua, N.S.W. 51, 12 29 - - 5 

I Florence (1961) E. pilulCLl'iB 51 13 32 - - 4 

Pressland (1982) Dry sclerophyll eunalyptus, N.S.W. 49-67 7-14 - - - 11. 91 
N 

Ashton (1975) £. J:egnana, Vic. 47.1-53.5 14-18 21-27 - - - I -..J 

Understorey 74.5-82.5 

Birk (l 979a) E1wu.ljptus /llngophol'a 57-61 - - - - 30 

McCall (l 966) E. maaulata, N.s.w. O/M 42.8 28.7 20.9 - - 7.7 

't 47.2 41.5 7.3 - - 3.9 

s 46.2 45.8 7.3 - - 1.0 

u.,,.r:. ~~ 955) E. -Z"t';;ir.ata, W.A •• O/M 1.1. 4 27. :?- - 25. :> 

p 69.4 25.3 - - 5.4 

s 60.0 28.2 - - 11.9 , 

O/X • Over-~ature, vJrgin. 

P • Pole. 

S • Sapling. 



Table 2.2.1. 

Authority 

Van Loon (1977) 

Table 2.2.2. 

Authority 

Birk (l 979a) 
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Components (percent) of tl1e litter layer in 
E. 1'i1uZal'·•o forebt in N.s.w. 

Species/Community Leaf Bark Twigs 

/:.'. pilu1aPio, Blue Mts, 23 9 35 

Eden 24 8 35 

Kendall 27 6 35 

Taree 28 5 35 

Armidale 20 5 33 

Kempsey 20 8 25 

Bellangry 23 12 40 

Components (percent and Kg ha-1) of the litter layer in a 
EueaZyptus/Angophora community, Brisbane, Queensland. 

Material type % Kg ha-l 

Intact overstorey leaves 2.29 234.7 

Fragmented overstorey leaves 23.23 2,378.0 

Dead grass 8.85 905.9 

Small shrub leaves, mainly PuZtenea 0.97 99.0 

Large shru'!> leaves, mainly Acacia 0.63 64.9 

Non-leaf litter 37.21 3, 809. 5 

Comminuted fraction 26.81 2,744.8 

Total 99.99 10,206.4 
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Tuhle 2.3. Prrcc11t111~ of non-l~af mnter1al tn foreHt 
litter (from Bray and Gorham, I %4). 

Individual values By author 

All species 30 30 

Angiosperms 30 31 

Gymnosperms 29 27 

Table 2.4. Percentag~ of non-leaf litter in different 
climates (from Bray and Gorham, 1964). 

Climate Gymnosperms Angiosperms 

Tropical (33) 

Warm tempera~e. Australia (39) 42 
and New Zeal and 

Warm temperate, North 37 23 
America 

Cool temperate 23 21 

Antic - alpine (39) 21 

* Figures in parentheses taken from single author's data. 

Table 2.5. Detailed separation of litter components (from 
Bray and Gorham, 1964). 

Percentage of total litter 

Species Leaf Fruit Branch Bark 

Pin us 60 11 12 14 

Pin us 62 17 21 

Fin us 69 2 12 11 

Picea 73 5 13 

Picea - Be tu ta 76 6 18 

BetuZa 71 12 <l 

QU81~\!!iS 75 <l 15 9 

Ez.,_.a1:Jp't.us 60 !St 25 

* fr3gmcat:;, eriph,-tes, in~L''t""tS. Flowers, lrndscal.:!c;;., 
t IncluJlng buds. 

* Other 

<l-

6 

10 

16 
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leaf material indicated that E. r>egna.ns is relatively poor in nutr-

ients compared with the leaf fall of many American forest trees 

(Kittredge, 1948). There was a considerable variation between leaf 

litter of different species, and a relative poverty of nutrient in E. 

r>egnans bark and twigs. The weight of nutrient returned in Ashton's 

( 1975) Wallaby Creek studies was similar to that of E. pilular>is in 

N.S.W. (Webb et ai., 1969), but 2-6 times as great as that of dry 

sclerophyll forests of E. mar>ginata in W.A. (Wallace and Hatch, 1955), 

1.3-2.3 times that of dry sclerophyll E. obliqua in Victoria 

(Attiwill, 1966b), and 2.5-5.5 times that of E. obliqua dry sclero-

phyll forests in S.A. (Lee and Correll, 1978). 

Wood ( 1974) studied losses of mobile elements by leaching of E. 

delegatensis leaves in terylene mesh bags at 21 sites in south-east 

Australia, with a mean annual rainfall range of 508-1651 mm. He found 

potassium concentration decreased by 51-91% in coarse mesh bags, and 

by 27-84% in small mes.h bags after 12 months field exposure, and that 

the decrease in concentration was positively related with rainfall (r 

= 0.55). Similar experiments of Wood ( 197 4) at Mt. Kosciusko with 

leaves of E. delegatensis and E. -pauciflor>a found decreases of 80-90% 

in potassium concentration after 3 months field exposure. Attiwill 

(1968) showed losses of 60% potassium and 80% sodium from leaves of E. 

obliqua after 6 months exposure, and Attiwill (1966a) demonstrated 

significant leaching by· rainwater of nutrients, and of potassium in 

particular, from senescing parts in the canopy. Ashton ( 197 5) ohs-

erved that reduction of phosphorous, nitrogen, and potassium in fresh 

litterfall was pronounced due to probable withdrawal before absciss-

ion, although some leaching of K was considered likely to have taken 
' . 

place. Conversely, Ca and Mg increased during the maturation phase. 

In Ashton's studies the total Ca content of litter under pure Pom-
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ader>r>is asper>a was 2-3 times as great as under E. r>egnans, and exch

angeable calcium in the surface 7.5 cm of soil was 1.8 times as 

great. Differences in levels of exchangeable Ca between the two soils 

were apparent to depths of 15 cm. 

Charley and Richards (197 4) found the standing crop of total 

mineral nitrogen (NH4-N + NH3-N) content of 3 forest soils was at its 

lowest level (129 mg.m-2 ) in late winter, and rose to its highest 

value ( 653 mg. m - 2) in late summer. These changes paralleled those 

fof'." population densities of heterotrophic bacteria and fungi. Ammonium 

and nitrate fluctuation were of essentially similar seasonal trend. 

Attiwill et al. (1978) in studies of E. obliqua litter in 

Victoria demonstrated by analysis of, variance of litter nutrient cone-

entrations that variations due to years and to the interactions of 

seasons and years were not significant, and each element varied 

significantly between seasons for at least two litter categories. In 

general, Ca, Mg, Na, and K were maximum in late summer to early autumn 

with P at that time minimal. Despite the- seasonal or monthly diff-

erences in nutrient concentrations, the nutrient content of litterfall 

per unit time was dependent on the weight of litterfall per unit time 

i.e. 50% of total dead eucalypt litter in the studies of Attiwill et 

al. (1978) fell during the summer months and contained 40-60% of the 

total nutrients. Subordinate vegetation demonstrated greater nutrient 

levels than those in litter from the eucalypts, in agreement with the 

findings of Ashton (1975) and of 0 'Connell et al. ( 1978) who found 

levels of N and S in Acac-ia pulcheUa leaves in E. ma,roginata/E. 

callophylla stands in W.A. to be more than twice the concentration of 

that in the eucalypts. 

Lee and Correll (1978) measured nutrient concentrations in E. 

obliqua litter in S .A. over a 5 year period.. Again, there was a clear 
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harmonic seasonal variation with N, P, Zn, Fe and Cu concentration at 

a minimum in late winter to spring when litterfall was at a minimum. 

Concentration of Ca, Mg, and Mn varied inversely. Seasonal effects of 

temperature could not be replaced by other meteorological factors but 

regressions were improved by addition of data for rainfall and the 

numbers of rainy days. K concentration did not correlate with that of 

other elements, but there was a negative correlation between the cone-

entration of K and the number of rainy days. There was no seasonal 

trend in the nutrient content of sticks but over 5 years Ca, Mg, Zn, 

Mn, and Ca generally increased in concentration whilst N and P gener

ally decreased. The ratios of nutrient concentrations in sticks comp

ared with leafy material were 1/3 K, 1/2 N, P, Mg, Mn, 2/3 for Ca and 

Zn, and greater than 1 for Cu and Fe. 

The annual litterfall and nutrient return for selected overseas 

and Australian hardwood forests are well illustrated by Table 2.6 

below, taken from Attiwill et al. (1978). As discussed by those 

authors the concentration of P in litter of E. obliqua is clearly low 

by world standards, but is in agreement with data for other eucalypts. 

The biogeochemical cycle in which approximately 70% of the P is 

redistributed within the biomass (Ashton, 1975; Attiwill et al., 1978; 

O'Connell et al., 1978) prior to lit~erfall is of major significance 

to eucalypts growing on soils which are low in P by world standards. 

Biomass and nutrient distribution in E. Pegnans forest and a 

mixed E. obliqua-E. dives forest near Melbourne have been reported by 

Feller (1980), and have been reviewed for indigenous forest ecosystems 

by Bevege (1978). The aboveground living biomass (t.ha-1) and its 

nutrient content (kg.h'a. -l) of Australian forest ecosystems, and the 

range of nutrient concentrations (%) found in living tissues of euc

alypts growing in Australia are summarised in Tables 2. 7 and 2. 8 resp-



Table i.6. Annual litter fall and nutrient return for selected overseas and Australian hardwood forests. 
(Taken from Attiwill et al,,, 1978). 

Author Forest Annual litter Annual nutrient return (kg ha- 1) 
fall (t ha-1) p Ca Mg K 

OVe:r>seas studies 

Carlisle et al. (1966) Sessile oak, England 3.8 2.2 24 3.9 11 

Chandler (1941) North-eastern 3.7 74 ' 10 15 
hardwoods, U.S.A. 

Miller and Hurst (1957) Nothofagus t:r>unaata, N. z. 5.6 2.2 55 9 6 

Nye (1961) Moist tropical forest, 10.5 7.3 2(:)6 45 68 
Ghana 

Remezov (1961) Oak, Russia 3.8 4.6-12 55-96 7.7-13 14-34 

Aust:r>alian studies 

Hatch (1955) E. mariginata, W. A. 2.7 0.6 21 7.3 6.3 

Webb et al. (1969) Subtropical 7.3 10 133 41 
closed-forest, N.S.W. 

I 

Warm temperate 4.5 2.1 43 9.3 
closed-forest, N.S.W. 

E. piluZariis, N.S.W. 6.5 1. 3 25 8.3 

Ashton (1975) E. regnans (mature) Vic. 7.8 1. 9 ' 49 7.5 

Attiwill et al. E. obliqua, Vic. 
(present study) Mt. Disappointment 3.6 1.0 21 8.3 5.5 

Stewart's Creek I 5.5 30 9.4 8.9 

w 
w 
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ectively (taken from Feller, 1980). 

DECOMPOSITION 

Decomposition of tree leaves is not a problem which is entirely 

confined to the litter layer of the forest floor, as decay processes 

start from the moment leaves are formed, and they are exposed to 

attack by animals and micro-organisms during their whole life, senesc

ence, and after death (Jensen, 1974). 

The basic pattern of litter breakdown is the rapid disappear

ance of water soluble compounds, particularly sugars, followed by 

readily hydrolysed starches and proteins, then hemicelluloses and 

celluloses, and lastly lignin (Burges, 1965). All biologically synth

esised compounds are subject to decomposition, but their rates of 

breakdown may vary considerably (Alexander, 1971). Decomposition is a 

combination of mechanical and chemical breakdown, with fauf).a mainly 

responsible for mechanical breakdown (Van der Drift, 1958; Witkamp, 

1971) which improves conditions for microflora (Edwards and Heath, 

1963), the main chemical breakdown agencies (Jensen, 1974). 

Measur>ement of decomposition r>ate 

The efficient recycling of mineralised nutrients that result 

from the decomposition of detritus, above and below ground, enables 

forests to sustain a higher productivity than most other natural terr-

estrial e~osystems (Witkamp and Ausmus, 1·975). Hence the rate of 

litter decomposition is an important determinant of processes that 

affect forest ecosystem productivity through accumulation, nutrient 

cycling, soil organic matter content and consequent effects on soil 

structure, rooting environment, and water relations (Charley and 

Richards, 1974; Westman, 1978; Raison, 1980; Woods and Raison, 1982). 

Reviews of techniques for studying the decomposition of li.tter 



Table 2. 7. Aboveground living biomass (t.ha- 1) and its nutrient content (Kg.ha-1) of 
Australian eucalypt forest ecosystems. (Taken from Feller, 1980). 

Forest Biomass N p K Na Mg Ca Reference 

1. E. regnans 654.4 399 38 1389 138 192 849 This study 
(38 years old) 

2. E. regnans 831.4 - 17 - - - - Ashton (1976a) 
(27 years old) 

3. E. obZiqua- 373.4 426 17 111 103 71 264 This study 
E. dives 
(38 years old) 

4. E. obZiqua 316 - 31 256 - 204 336 Attiwill (1964) 
(51 years old) 

5. E. siebeY'i 928. 6 - 14 - - I w 
- - Ashton (1976a) V1 

(27 years old) 

6. Mixed dry* 175.6 395 - - - - - Hannon (1958) 
sclerophyll 
(unknown age) 

7 • E. signata- 103.6 '456 18 192 169 77 344 Westerman & Rogers 
E. vmbra (1977a, 1977b) 
(unknown age) 

8. E. diversicolor 262.6 473 27 296 82 211 1133 Hingston et al. 
(37 years old) (197 9) 

9. E. diversicolor- 304.8 449 31 424 125 344 1266 Hingston et al. 
E. caZophyUa (1979) 
(unknown age) 

* Includes roots. 



Table 2. 8. Range of nutrient concentrations (%) found in living tissues of eucalypts 
growing in Australia. (Taken from Feller, 1980). 

Component N p K Na Mg Ca References 

Stemwood 0.04- 0.002- 0.01- 0.01- 0.003- 0.03- 3,4,5,7, 
0.23 0.02 0.11 0.17 0.11 0.15 12,13 

Stembark 0.17- 0.005- 0.07- 0.07- 0.04- 0.38- 1,3,6,9, 
0.92 0.05 1. 60 0.21 0.32 3.21 12,13 

Branches 0.16- 0.005- 0.01- 0.03- 0.001- 0.10- 3,6,12,13 
0.40 0.04 0.31 0.14 0.33 0.81 I w 

(J"\ 

Leaves 0.57- 0.02- 0.12- 0.04- 0.16- 0.18- 1,2,3,5,6,7, 
1. 74 0.15 1. 25 0.33 0.55 1. 22 8,9,10,ll,12,13 

Roots 0.17- 0.004- 0.01- 0.03- 0.001- 0.07- 12 
0.38 0.02 0.12 0.07 0.05 0.18 

1. Ashton (1975a) 6. Cromer et al. (1975) 11. O'Connell et al. (1978) 
2. Ashton (1976a) 7. Hannon (1956) 12. Westman & Rogers (1977) 
3. Attiwill (1964) 8. Hatch (1955) 13. Hingston et al. (1979) 
4. Bamber (1975) ' 9. McCall & Humphreys (1967) 
5. Bevege (1978) 10. Nielsen & Palzer (1977) 
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in Northern Hemisphere forests have been published by Anderson and 

Macfadyen (1975), Dickinson and Pugh (1974), and Singh and Gupta 

(1977). Merits of various techniques and problems associated with 

their use in eucalypt forests have been discussed by Richards and 

Charley (1977), and reviewed by Woods and Raison (1982). These tech

niques study selected litter components by the use of 

(a) mesh bags (McColl, 1966; Attiwill, 1968; Wood, 1974; 

Macauley, 1975; Rogers and Westman, 1977; Birk, 1979b), 

(b) tethering devices (Birk, 1979b), 

(c) undisturbed litterbeds by collection of litter leachate 

(Feller, 1978), 

(d) calculation of the decomposition constant, k, based on 

the ratio of annual litterfall to accumulated litter 

(Hatch, 1955; Attiwill, 1968; Ashton, 1975; 

Rogers and Westman, 1977; Lee and Correll, 1978; 

Plowman, 1979, Birk, 1979b). 

Singh and Gupta (1977) state that studies of selected leaf 

litter are difficult to carry out because it is impossible to obtain 

the full range of environmental factors that operate under natural 

conditions. They consider it suitable for studies of decomposition 

patterns in various plant species, the evaluation of changes in chem

ical composition, and the rnle of soil micro biota and soil animals. 

Green, picked leaves have been used in many Australian litter 

decomposition studies (McColl, 1966; Wood, 1970, 1974; Macauley, 1975, 

1979; Birk, 1979b). Use of such material has been criticised by Singh 

and Gupta (1977), Richards and Charley (1977) and Woods and Raison 

(1982) as the energy and nutrient status of green leaves differs from 

senescent leaves. High initial nutrient concentration promotes sub-

sequent decomposition (Witkamp, 1966; Wood, 1970, 1974; Ashton, 1975; 
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Bunnell et al., 1977). Davies (1971) showed that the tanning of leaf 

proteins during senescence rendered the senesced leaves less suscept-

ible to attack by microorganisms. 

Ideal study material should be represented by the bulk of the 

naturally shed material accessed to the forest floor, i.e. senesced 

leaves during the period of maximum litterfall (Woods and Raison, 

1982), as only 9% of leaves that were trapped in E. obliqua forest by 

I 

Attiwill et al. (1978) were green. 

Litter> bags 

The use of litter bags has been criticised by many authors 

(Gilbert and Bocock, 1962; Witkamp and Olson, 1963; Anderson, 1973; 

Suffling and Smith, 1974), but they remain _a simple and widely-used 

method of determining rates of litter decomposition in the field, and 

can be modified to exclude all or some groups of litter fauna, enabl-

ing assessment of the relative roles of litter fauna and microflora 

(Wood, 1971, 1974; Macauley, 1975). 

Problems associated with litter bag usage are discussed in 

Chapter 6. 

Tether>ed leaves 

Tethered leaf techniques were developed by Witkamp and Olson 

(1963), and have been used in Queensland by Birk (1979b). This method 

maintains material under natural conditions but may result in overest-

im~tions due to particle loss (Singh and Gupta, 1977). 

Litter> leachate collection 

Feller (1978) sampled litter leachate beneath eucalypt and 

exotic conifer stands in Victoria by intercepting water percolating 

through the .litter pack above the mineral soil. Total nutrient cont-

" 

ent of the leachate was used to estimate above ground nutrient input, 
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less stemflow, to the soil. There was a seasonal pattern in cation 

concentration in the leachate with a peak in autumn caused by leaching 

of fresh litterfall in summer (Feller, 1978). 

Nutrient input from decomposing litter can be determined if the 

throughfall contribution is measured separately and subtracted from 

the total nutrient input value (Woods and Raison, 1982). 

LittePfall method: calculation of decomposition constant, 'k' 

Under steady state conditions of accumulated litter, Xss' on 

the forest floor, the decomposition constant, k, can be calculated 

from the equation, 

L 
k = X--• where L is the- annual litter accession (Jenny et al. , 

SS 

1949; Olson, 1963). 

The method has been used extensively in Australian litter stud-

ies for determination of both decomposition and accumulation 

(Attiwill, 1968; Van Loon, 1970; Rogers and Westman, 1977; Lee and 

Correll, 1978; Fox et al., 1979, Birk, 1979b; Walker, 1981), but there 

are many problems associated with its use (Birk and Simpson, 1980) as 

discussed in Chapter 5. 

Respimtion 

Singh and Gupta (1977) state that soil respiration represents 

the sum total of all soi.l metabolic functions in which carbon dioxide 

is produced, and involves microbial, faunal, and root respiration, and 

chemical oxidrttiori. 

Field measurements are difficult to make because of the need to 

estimate the contribut,ion made by live roots to total soil and litter 

respiration (Woods and Raison, 1982), and because of problems in est-

imating moisture fluctuation. Moisture has .an important effect on 

respiration rates (Singh and Gupta, 1977). 
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Richards and Charley (1977) employed a laboratory technique 

that measured relationships between the carbon dioxide produced from a 

core of litter plus soil under optimum moisture levels, and used the 

relationships to calculate field respiration rates from changes in 

soil temperatures. 

FactoPs affecting decomposition 

There are four main groups of factors affecting litter decamp-

osition: 

Type of plant material, 

Environmental conditions, 

Litter and soil fauna, and 

Microf lora. 

Type of plant matepial: 

Significant differences have been reported in the rate of dee-

omposition of Angiospermous litter (Bocock and Gilbert, 1957; Shanks 

and Olson, 1961; Heath et aL, 1966; Edwards, 1977). Gymnospermous 

litter generally decomposes less rapidly than that from the Angio

sperms (Kendrick, 1959; Alison and Murphy, 1963; Witkamp and Olson, 

1963; Gosz et aL, 1973) due to hardwood litter containing higher 

levels of the more mobile essential mineral elements, with less lignin 

and generally less ether sol11hle fraction than coniferous litter 

Young leaves decay more rapidly than old, and leaves decay more 

rapidly than twigs and branches (Lang, · 197 4). Softer shade leaves 

decompose more rapidly than sun leaves (Heath et al., 1966). 

In general, the rate of decomposition is highest in material 

with maximum ash and N content, and minimum C/N ratio (Witkamp, 1966; 

Richards and Charley, 1977). Gosz et aL ( 1973) suggest that levels 
/ 

./ 
I 



41 

of P may influence rates 'of mineralisation and immobilisation of other 

important nutrients. This may be of considerable importance to euc-

alypt litter studies, where P has been shown to be withdrawn from 

leaves prior to abscission by up to 80% (Ashton, 1975; Attiwill et 

al., 1978; O'Connell et al., 1978). 

Olson and Crossley (1963) and Witkamp (1966) have shown that 

the differences in decomposition rate between different litter species 

are most prominent during the initial stages of decomposition, and 

species influence decreases as decay progresses. 

Wood (1974) found leaves of E~ delegatensis decomposed more 

slowly than leaves of many European broad-leaved si:i,ecies and compared 

data from Australian studies with data for studies in a range of spec-

ies in England and Holland, where more than 90% of the original leaf 

dry weight was lost in the initial 12 months, viz. 

E. obliqua, 49% Attiwill (1968) 

E. rrr1:r>ginata, 38% Hatch (1955) 

E. maculata, 36% Mc Coll (1966) 

p,. pauciflor>a, dry sclerophyll, 34% 

wet sclerophyll, 43% 

alpine herbfield, 45% (Wood, 1970) 

E. delegatensis, dry sclerophyll, 41% 

wet sclerophyll, 78% (Wood, 1974) 

European broad-leaved species, )90% (Heath, Arnold and Edwards, 
1966; Bocock et al., 1960; Bocock, 1964; Witkamp and Van der 
Drift, 1961). 

In Wood's (1974) studies correlations were obtained between the 

concentration of elements in large and small mesh bags and the weight 

lost with time, that indicated that leaf-feeding invertebrates prefer-

entially consumed material having relatively low concentrations of Ca, 

and .relatively high levels of P, N, and possibl) Mg. 
I 
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EnviPonmentai conditions: 

Soil 

Loub (1962) demonstrated soil microfloral population changes 

during the annual cycle, with weather conditions playing a large part 

in the determination of population level e.g. a marked reduction dur-
, 

ing summer months except for soils associated with wet conditions. It 

was considered that soil organic matter content, calcium carbonate, 

the S-T-V value (where S total exchangeable metal ions, milli-

equiv. lOOg.soil-1 , T =cation exchange capacity, millliequiv. lOOg-

.1-1 s -• soi , and V = T x 100 represents percent saturation) and acidity, 

were of greater significance in determining the nature and type of 

decomposition that occurs than the importance of moisture and temp-

erature (Loub, 1962). Given similar climatic conditions, Loub report-

ed a correlation between acidity and the increasing number of anaer-

obic organisms concerned with nitrogen fixation and cellulose decomp-

osition. 

In Australian studies McColl (1966) observed differing rates of 

decomposition of E. maculata leaves due to differing nutrient status 

of the soil. Wood (1974) in studies of the decomposition of E. deleg-

atensis leaves at 21 sites in S .E. Australia showed microbial decamp-

osition to have a positive linear torrelation with soil organic 

carbon, and a negative linear correlation with soil pH. Total weight 
j 

loss, and weight loss attributed to fauna showed significant quadratic 

relationships with soil pH. 

Charley and Richards (1974) estimated microbial po_pulations and 

biomass in 3 forest soils in N.S.W. Hyphal activity was estimated in 

the litter layer and the 0-7 .5 cm soil layer, and bacterial populat-

ions concerned with N transformations in the mineral soil. Fungal 

pop~lations were high relative to bacteria (10l1 and 105 propagules per 
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gm. oven-dry' soil respectively). Population densities were lowest in 

late winter and early spring. Actinomycetes and bacteria were least 

abundant in microphyll mossy forest, and fungi in layered fares t. 

Fungi and bacteria were best developed in grassy forest, and actinomy

cetes in layered forest. 

In all 3 systems studied by Charley and Richards (1974) fungal 

mycelium was the main contributor to microbial biomass, and accounted 

for 80-90% of the combined fresh weight of bacteria, fungal and actin

omycete spores, and vegetative fungal hyphae. In the 0-7 .5 cm soil 

layer average total biomass throughout the year was 18. 5 g.m-2 in 

layered forest, 8.1 g.m-2 in grassy forest, and 6.3 g.m-2 in micro-

phyll mossy forest. Higher microbial biomass in layered forest was 

consistent with the greater productivity of that ecosystem. Soil pH 

of 5.5 and 4.9 in grassy forest and microphyll mossy forest were cons

idered the cause of lower levels of microbial growth than the layered 

forest with pH 6. O. The layered forest had a lower organic matter 

content that was consistent with a greater microbial mediated decomp

osition process. 

Climate: 

Franz (1962) reported that decomposition processes in soils of 

the U.S. S. R. slowed doYln in dry and frosty periods when the numbers of 

organisms were low, and increased in humid, warm weather, when numbers 

of organisms were high. Loub ( 1962) described a correlation between 

the numbers of decomposer organisms and the progress of decomposition. 

In European forests, Olson and Crossley (1963) described a 

pattern of exponential decay that was influenced by seasonal variat

ions which they attributed to changes in moisture and temperature. No 

such seasonal variation was recorded by Richards and Charley ( 1977) in 

Australian forests. 
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Richards and Charley (1977) have demonstrated decisive influences of 

temperature upon rates of litter disappearance, with significant 

relationships between temperature and decomposition. 

Richards and Charley ( 1977) in studies of the temperature resp

onse pattern of ammonification of 3 forest soils showed an initial 

plateau between 10 and 20°C in the temperature response of grassy

forest and layered forest soils in the New England region of N. S .W. 

There was then a marked response to further temperature increase up to 

45°-50°C, and inhibition beyond this level. Microphyll-mossy fares t 

soil differed significantly, with no low-level plateau, but a linear 

response to increasing temperature from 5 to about 50°C, when inhibit-

ion occurred. Evidence from their experiments with pure cultures 

supported their view that the temperature responses of nitrogen miner

alisation represented the combined activities of several organisms 

with distinctly different temperature optima. Microorganism populat

ion densities were lowest in late winter and early spring. 

In Wood's (197 4) most thorough investigation of eucalypt leaf 

(E. delegatensis) decomposition, and the rate and loss of nutrients in 

relation to environmental factors at 21 sites in S.E. Australia, there 

were significant relationships between temperature and rainfall and 

decomposition. Total loss in weight varied from 35-97%, loss in 

weight due to microbial activity plus leaching
0

from 29-60%, and due to 

fauna from 4-59%. Microbial decomposition plus leaching resulted in 

positive linear correlations, decomposition increasing with increasing 

rainfall, but no relationship with temperature. In contrast, faunal 

decomposition, and total decomposition yielded significant quadratic 

relationships with irean and maximum temperature. 

In Ame.rica, Jenny et al. (1949) reported the combined effects 

of temperature and moisture were more prominent than the effect of 
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temperature alone. Witkamp (1963) found temperature. and moisture to 

have a decisive influence upon microbial populations and litter break-

down, and Witkamp (1966) reported temperature to be the most important 

factor influencing the respir.ation rate of decomposing leaves. 

Fauna: 

The main contribution of animals is in the mechanical breakdown 

of litter, assisting the litter microorganisms to carry out chemical 

decomposition (Kevan, 1962; Van der Drift, 1958; Witkamp, 1971). 

The relative importance of macroarthropod groups in litter 

breakdown in Northern Hemisphere deciduous forests is illustrated in 

Table 2.9 below, with data taken from Edwards (1974). 
/ 

Table 2.9. Approximate consumption of litter 
' macroarthropods (g.m-2) 

by 

Average deciduous litterfall, 3000 

Isopoda 73 

Symphyla 60 

Diploda 146 

Isoptera 570 

Diptera and Coleoptrci 180 

Total 1029 

Hence from Edward's (1974) data it may be seen that approxim-

ately one third of total litterfall is consumed in these forests, and 

other groups e.g. earthworms, bacteria, and fungi must account for the 

rest of the turnover. 

Van der Drift (1958) demonstrated that lumbricidae were most 

important in litter decomposition, with an effect three times as great 

as the smaller invertebrates e.g. Enchytracids, Collembola, and 
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dipterous larvae. Satchell ( 196 7) reported that earthworms were able 

to remove more than total leaf fall in Northern hemisphere forests. 

Termites may take the place of earthworms in the tropics, Wood (1976), 

and Lee and Butler (1971) reported that termites consumed at least 40 

percent of total wood fall in woodland in S.A. 

Ashton ( 1975) demonstrated experimentally that earthworms and 

amphipods were responsible for rapid disintegration and removal of 

leaves from litter into the soil. Ashton recorded a mean earthworm 

population of 167 m~2 , amphipods (TalitPus spp.) of about 400 m-2 , and 

a wide variety of other soil animals in the litter of E. Pegnans 

forest in Victoria. Earthworms and amphipods feed and move about in 

the litter layers only when conditions in the litter layer and under-

laying soil are moist, and temperatures mderate. Lee and Correll 

(1978), in their ,dry sclerophyll eucalypt litter studies in S.A. found 

populations to be low, and activity restricted by drought and high 

temperatures for 6 months of the year. The macrofauna were not so 

restricted by the lower temperature regimes and higher rainfall of E. 

maculata forests studied by McCall ( 1966), and E. Pegnans by Ashton 

(1975). 

Fox et al. (1979) showed that there was a time lag of' 3 to 4 

years after fire i11 the establishment of a suitable microclimate for a 

decomposer fauna that w;is capable of keeping pace with the production 

of leaf litter in a E. pilulaPis - Angophoru costata open forest comm-

unity in N.S.W. The' absolute, and relative importance of leaves dim-

inished as more efficient leaf decomposition took place. Ashton 

(1975) reported similar shifts in leaf contribution both from litter-

fall to litter accumulation, and within accumulating litter as a 

functi'on of fares t age in E. mgnans. 

In studies in microphyll-mossy forest (MMF), layered forest 

' 
(LF), and grassy forest. (GF) in N.S.W., Richards and Charley (1977) 



47 

extracted' the fauna of soil and litter samples at 2-monthly intervals 

and sorted them into 10 major groups of invertebrates - mites, spiders 

and pseudoscorpions, adult beetles, adult flies, insect larvae, 

springtails, centipedes, millipedes, crustaceans, and earthworms. 

Lower _(3. 75-7 .5 cm) soil samples contai,ned a lesser variety of fauna 

than upper soil samples in all three ecosystems. LF soil contained 

25% fewer major groups than MMF or GF soil. Mites were the most 

common animals in all three forests, followed by insect larvae and 

springtails. LF also contained far fewer large earthworms. Litter 

fauna were of comparable variety in the LF and MMF, whereas in the GF 

there were 40% fewer major groups isolated, and this was related to 

the less well developed litter system of the GF. ,Mites were again the 

most common group, followed in order by insect larvae and 

springtails. The GF litter differed from MMF and LF in that it lacked 

centipedes and millipedes. 

An indication of the importance of litter and soil fauna to the 

breakdown of leaf material in particular may be seen in the work of 

Nef (1957) who showed that oribatid mites may increase the surface 

area of a pine needle up to 10,000 times. 

MyC!;;ofZoPa : 

The role of fungi in ecosystems has been discussed by Harley 

( 1971), and the ecology of fungi on plant remains above the soil rev

iewed by Hudson ( 1968) • Last and Deighton ( 1965) have reviewed the 

occurrence,. of fungi on leaf surf aces, and Preece and Dickinson (1971) 

the ecology of leaf surface microorganisms. The general biology of 

,plant litter decomposition has been extensively covered by Dickinson 

and Pugh (1974). 

Hu4son (1968) discussed the succession of fungi on deciduous 

tree leaves and considered that there was a uniform pattern of colon-

/ 
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isation. In the phylloplane leaves are initially colonised by a var-

iety of host specific or restricted parasites followed by primary 

saprophytes that may be common to a variety of leaf species. These 

groups are Fungi Imperfecti or Ascomycetes, and after leaf shed other 

fungi from these groups appear in, various sequences. In the decompos-

ing _litter PenioiZUa, Muoomles,_ and TY'iohode1"1Tt';(, spp. occur togethet" 

with Basidiomycetes. 

Ruscoe {1971a, 197lb) studied the mycoflora of the phylloplane 

and internal tissues of Nothofagus trounoa'ta leaves in New Zealand, and 

of the forest soil. Mycoflora of the surface humus and mineral soil 

were similar and there was a general decrease in the amount of mycel-

ium with increasing profile depth. Species with a 5% and greater 

frequency of occurrence in the humus and mineral soil horizons were 

Penioillium spinulosum, TY'iohode'Y'TTla vir'ide, AspePgillus VePsiooloP, 

Absidia spinosa, Aopemoniwn sp., and Mueor> 

hiemalis. Fifteen species of macrofungi were recorded, all Basidiomy-

cetes except for , the discomycete, Helvel la sp. • There was an autumn 

flush of sporophores that continued through winter. During periods of 

early growth, maturity, senescence, and leaf death, Ruscoe (1971a) 

observed a peak of -fungal activity in summer. Young leaves 'were 

colonised by internal parasites and discrete surf ace colonies soon 

after unfolding, with a succession of Fungi Imperfecti and ascomy-

cetes. The components of succession were similar to Hudson 's ( 1968) 

schema but appeared at different stages of leaf ,development (Ruscoe, 

1971a). 

Eicker (1973) studied fungi from the soil horizon 'and litter 

layer of E. maoulata stands in Zululand. A total 'of 87 fungal species 

were isolated from leaf litter and soil of which 34 species (39%) were 

common to both. There were differences in the composition of the 
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fungal populations but a close agreement was suggested between myco-

flora supported by the organic (litter) and mineralised (soil) hor-

izons of the soil profile. 

Macauley and Thrower (1966) studied the succession of fungi in 

leaf litter of E. r>egnans, and Macauley (1979) of E. pauciflom. The 

pattern of succession was similar, with initial colonisers species of 

Coelomyce tes and Moniliales. In E. pauciflom increasing decompos-

ition of leaves matched decreasing frequency of the -Coelomycetes and 

increasing frequency of Penicillium spp. (that were excluded from the 

initial Moniliales) and Zygomycetes. The frequency of occurrence of 

the Moniliales was not related to that of the Coelomycetes in the E. 
, 

r>egnans studies. There were individual species of fungi commor:i to 

both eucalypt species as well as a similarity of pattern of succession 

of the major groups. The succes~ional pattern was considered by 

Macauley ( 1979) to be in agreement with the general schema of Hudson 

(1968) as previously discussed. 
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CHAPTER 3 

SELECTION AND DESCRIPTION OF STUDY SITES 

3.1. GENERAL DESCRIPTION OF THE SOUTHERN REGROWTH FORESTS 

The regrowth forests of Southern Tasmania are bordered by the 

Western slopes of the Picton River, Catamaran to the South, the Huon 

River to the North, and include Bruny Island and the Forestier and 

Tasman Peninsulas to the East (Fig. 3.1.1). These forests and their 

environment have been described by Podger et al. ( 1980). The terrain 

is hilly to mountainous and has a temperate-rainy climate (Koppen cfb) 

with appreciable summer and winter rainfall (Dick 1975). Detailed 

weather information is given in section 3.2.2 for Hastings Chalet, a 

meteorological station approximately 4 km to the East of the area 

selected for these investigations. Mean monthly maximum temperature 

at Hastings Chalet is approximately 21°C for January and approximately 

11°C for July, with July mean minimum of ea. 3°C, and mean annual 

rainfall of ea. 1400 nnn. 

The predominant vegetation is tall-open forests (Specht 1970) 

of E. obliqua L'Herit. and E. r>egnans F. Muell. below elevations of 

400m, and of E. delegatensis R.T. Baker and closed Nothofagus cunning

hamii (Hook.) Oerst. forest above 400m, with their floristic composit

ion depending upon the time since burning and their ecological posit-

ion between shrub and rainforest communities. The frequency of fire 

has strongly influenced the mosaic of vegetation types in the region, 

and the eucalypt forests are believed to be fire disclimax to a 

reduced area of regional climax Nothofagus - A ther>osper>ma moschatum 

Labill. rainforest (Jackson 1968). Wet shrub, heath, and hummock 

sedgeland communities occur on sites that are minerally impoverished 

or poorly drained. 



51 

FIG. 3.1.1. GEOGRAPHICAL LOCATION OF THE SOUTHERN FORESTS 

r· ... 

1 0 148° 

~. 
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The original virgin fares ts of E. obZiqua and E. r>egnans were 

over 80m tall and 400 years of age, but since settlement much of these 

forests have been cut-over, or clear cut and burnt for regeneration, 

resulting in large areas of even-aged stands of the same species. 

Hence the region is now characterised by discrete areas of virgin 

eucalypt forests, even-aged stands of eucalypt regrowth, multi-aged 

eucalypt stands, management areas of young eucalypt regeneration, tall 

and low scrub, heath, and small areas of virgin rainforest. 

3.1.1. SeZeation of study sites 

Four plot sites were selected along a 1.1 km transect (Fig. 

3 .1. 2) based on a tramway running south-east from Hastings Caves Rd • 1 

to a disuse9 silica quarry on the HOgs Back2 , Lune River Pl~in. Site 

1 was situated about 200m from Hastings Caves Road and was typical of 

economically productive, tall-open forest (Specht 1970) of E. obUqua. 

regrowth regenerated from fire in 1915. Site 2 was a closed rain-

forest of predominantly Nothofagus aunninghamii with Ather>ospe'Y'ITla 

mosahatwn, c. 300 years old with charcoal evidence of a light ground 
( 

fire in 1920 that resulted in a sparse population of E. obZiqua 

regrowth. Site 3 was representative of mixed-aged, tall-open 

E. obZiqua regrowth forest and tall scrub, dating to a regeneration 

-fire of 1915 and a 1940 low intensity wild fire from the _adjacent Lune 

River Plain. Site 4 was established in low scrub with an· overstorey 

of E. nitida Hook.£. and E. obZiqua of the 1940 fire, and was_ situated 

between the tall-open eucalypt forest ·and the heath and hummmock 

sedgeland communities of the Lune River Plain. Vegetational and 

1.-Grid reference 878~57) 
2·. Grid reference 875945) 

HUON SHEET, No.8211, 1:100,000 
Topographic Survey of Tasmanian 
Lands Department 
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environmental characteristics of the 4 selected sites were expected to 

assist the testing of hypotheses regarding their litter processes. 

3.1.2 Plot size and delineation 

A 0.10 ha., 40 x 25m plot. was established within a homogenous 

area at each site in November, 1978, avoiding inclusion of over-mature 

old growth eucalypt remnants of regeneration fires. Permanent bound

ary tracks were cut and the plot areas of Sites 1, 2 and 3 were div

ided into 40 sub-plots of 5 x Sm (Fig. 3.1.3), each being monumented 

in the SW corner with a permanent, numbered peg. Sub-di vision could 

not be carried out at Site 4 without destroying the nature and density 

of the ground cover, particularly of Baueru Puboides Andr. 

3.1.3 TopogPaphy 

Slope was measured by a Haga inclinometer as the mean percent 

slope of the whole plot, and the direction of slope was measured by 

prismatic compass to determine plot aspect. 

Altitude was interpolated from the 20m contour intervals of the 

Tasmanian Lands Department 1: 100,000 Topographic Survey Sheet No.8211 

for Huon. 

Measurements are listed in Table 3.1.1. 

3.1.4 Stand age 

The date of regeneration and wild-fires associated with each 

plot were obtained from the Lune and Hogs Back Management assessment 

data of the Tasmanian Forestry Commission, and confirmed by ring 

counts of a suitable understorey tree species e.g. Pomaden•is apetala 

Labill. which produces distinctive annual rings, and is established 

concurrently with eucalypt_ in the first season following fire. The 

age and year of regeneration of each site are listed in Table 3.1.1. 
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Table 3.1.1. Sta'nd characteristics, November, 1978. 

-
Characteristic Site 1 Site 2 .Site 3 

Age (years 63 400/58* 63/38* 

Year of regeneration 1915 Partial, 1920 1915/1940 

Site Index 30 27 

Overstorey E. obliqua Nothofagus E. obliqua 
Acacia 
Phy Z Zoe Zadus 

; E. obZiqua 
No. live stems/ha 

- overstorey 950 60 (E. obZiqua) 650 

- understorey 5240 8370 8400 

Live basal area m2/ha 

- , overstorey 57. 72 3.22 (E. obZiqua) 32.38 

- understorey 39.19 79.60 37.39 

M.D. R. (m) overstorey 33 23 

Ht. range of Acacia 18 MeZaZeuaa 14 Leptospermum 16 

understorey TPopoaarpa 2 DY'imys 3 TY'opocaPpa 2 

Slope % 8 2 4 

Aspect, 0 T 132 180 180 

Altitude (m.a.s.l.) 80 80 60 
' 

* Two ages from different fires. 

Site 4 

38 

1940 

18 

E. nitida 
E. obZiqua 

510 

12.94 

Leptospermum 6 

BaueY'a 2 

2 

180 

60 

V1 

"' 
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3.1.5 Site index 

The site index of a eucalypt stand is the mean dominant height 

of the stand in metres at age ~O years, and is derived by interpolat

ing the 50 year intercept for data of current stand age and height 

from growth curves developed by the Tasmanian Forestry Commission 

(Lawrence 1978). 

A circular plot of 25.4m radius (0.20 ha.) was established 

about the centre of each 0.10 ha. rectangular plot,·and a Haga inclin

ometer and surveyors tape used to measure the height of the tallest 

two eucalypts within each quadrant of the circle (Fig. 3.1.3). Mean 

dominant height was calculated and site index interpolated. 

are listed per plot in Table 3.1.1. 

3.1.6 Eucatypt and undePstoPey inven~oPy 

Results 

Diameter breast height over bark (DBHob) was measured of every 

stem greater than 1. 0 cm, of all species on Sites, 1, 2, and 3. Dense 

ground cover (of Baueru puboides in particular) prevented inventory at 

Site 4 as measurement would have trampled the vegetation of the 

site. It was intended that Site 4 inventory be measured immediately 

after completion of field studies, but was prevented by destruction of 

the site by wild-fire in 1981, after which the only measureable stems 

remaining were those of E. obUqua, E. nitida, and Banksia m:i:rginata 

Cav. 

Diameter measurements were used to determine the basal area 

(B.A.), m2 .ha.-1 , per site of both overstorey and understorey species, 

and their relevant numbers of stems. Table 3.1.2 lists the total, 

live and dead B.A., and total, live, and dead numbers of stems per 

site of eucalypt and understorey species on a per hectare basis to two 

significant. figures. Appendix A, Tables 1, 2, and 3 list the same 

data on a per species basis for Sites 1, 2, and 3 respectively. 



Table 3.1.2. 

-

Total live B.A. 

Total dead B.A. 

Total B.A. 

Total live stems 

·Total dead stems 

Total stems 

58 

2 -1 Basal areas (B.A.), m ha , and stem nmnbers 
per ha, Sites 1, 2, and 3. 

(All data expressed per ha to two sign~f icant 
figures). 

Site 1 Site 2 

96.91 82.83 

13.58 5.74 

110. 49 88.57 

-

6190 8430 

2750 1140 

8940 9570 

Site 3 

6'9. 78 

6.68 

76.46 

9050 

4390 

13440 

' 

Total live euaalypt B.A. 57. 72 3.22 32.38 

Total dead, euaalypt B.A. 6.25 0.017 0.84 

Total euaalypt B.A. - 64.10 3.24 33.22 
' 

. Total live understorey B.A. 39.19 79.60 37.39 

Total-dead understorey B.A. 7.34 5.73 5.85 

Total understorey B.A. 46.52 85.33 43.24 

Total live euaalypt stems 950 60 650 

Total dead euaalypt stems ' 530 10 210 

Total euaalypt stems 1470' 70 860 
-

-, 

Total live understorey stems .5240 8370 8400 

Total dead understorey stems 2220 1130 4180 
-

Total understorey stems 7460 9500 12580 

I 
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Total live B.A. and total live numbers of stems of overstorey 

and understorey species are listed under stand characteristics in 

Table 3. 1. 1. 

The mean height and DBHob of the 5 selected tallest trees on 

Sites 1, 3, and 4, and the 3 tallest trees on Site 2 are listed in 

Appendix A, Table 4. The average height, of the understorey species 

per site are, shown in Appendix A, Table 5 and illustrated in Fig. 

3.1.4. 

3.1.? Vegetation descr>iption 

Vegetation was surveyed at Sites 1, 2, and 3 and listed at Site 

4 because of difficulties involved in non-destructive sampling. 

All stems greater than 1. 0 cm DBHob' of all species were meas

ured during eucalypt and understorey inventory at Sites 1, 2, and 3 

for all 40 Sub-plots of each 0.10 ha. area. The presence of low 

understorey such as Dicksonia antaPctica Labill. and Ghania gPandis 

(Labill., ut Scler>ia sp., 1800) S.T. Blake, and of ground cover spec

ies and infrequent occurrences of epiphytic ferns and lianas were 

recorded per sub-plot and are listed in Appendix A, Table 6. A per

cent frequency value is listed per species calculated from the number 

of sub-plots upon which the species occurred and is illustrated in 

Fig. 3 .1. 5. Reference texts for identification were Curtis ( 1963, 

1967), Curtis and Morris (1975), Galbraith (1977), Wakefield (1975), 

and Jones and Clemensha (1981). At Site 4 species are simply listed 

as present. 

3.1.8 Stand health 

A lethal die back of E. obZiqua and E. Pegnans was first observ

ed in Tasmania's southern regrowth forests in 1964 (Bowling and 

McLeod, 1968) and has since become extensive and severe. Five euc-
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alypt dieback problems have been recorded in Tasmania (Felton, 1972), 

and their disease syndromes have been compared (Podger et al. , 

1980). The disease is currently widespread in the southern forests 

and it is difficult to find areas of healthy forest except south of 

the Catamaran River, on Bruny Island, and on Tasman Peninsula. 

Symptoms of regrowth dieback are: 

(i) appearance of epicormic shoots amongst the 

main branches, 

~ii) foliage death and twig dieback in the primary 

crown, 

(iii) branch dieback, 

(iv) death of the epicormic component of the crown. 

Dead leaves are shed within 12-18 months and fine twigs within 

3 years hence the incidence of s,evere regrowth dieback may contribute 

to measured litter accession and accumulation with a concommitant 

effect upon calculated values for decay constants. To ensure that 

such contributions were not a part of the litter systems under study, 

all sites were assessed for dieback in November, 1978. The method of 

assessment (Anon., 1978) involved determination of the proportion of 

primary branches in crowns of dominant and codominant eucalypts that 

have died back from the branch terminal. Individual trees, were 

inspected with field binoculars and counts made of the proportion of 

major branches affected. The mean value for all dominants of both 

classes was taken as the overall die back rating of the stand. Su pp-

ressed and subdominant trees were excluded from assessment because of 

the difficulties associated with symptoms of suppression due to comp-

etition within a stand. Healthy stands were considered those with a 

die back rating less than 20%, and severely affected stands those with 

an average value of 40% or more. 
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Mean dieback ratings of the stands involved at the 4 study 

sites were as follows: 

Site 1, 33% 

Site 2, 10% (3 eucalypts) 

Site 3, 10% 

Site 4, less than 10% 

The severity of the disease had not increased at any of the sites by 

completion of field studies in 1982. 

3.1.9 Soil descPiptions 

Soils of the southern forest region were classified by Nicolls 

and Dimmack ( 1965) according 'to the Great Soil Group Classification of 

Stephens (1962) mainly as yellow podzolics and grey-brown podzolics, 

with small areas of krasnozems and ground water podsols. All were 

acid, moderately to strongly leached, and relatively high in organic 

matter. 

A series· of 10 cm diameter holes (minimum of 6) were ,augered 

across each 0.10 ha. study site to 'a minimum depth-of 1.Sm, or to 

parent matei;-ial, and the profile described after the method of North

cote (1971). Individual site classificat1ons were: 

Site 1, Dy 3.11 

Site 2, Dy- 3 .11 

Site 3, Dy 3. 21 -

Site 4, Dy 2.21 

This classification is in agreement with the duplex (Northcote, 

1960) yellow podzolics of Nicolls and Dimmack (1965). 

Samples taken from various depths, of changes in individual 

soil profiles, were mixed with distilled water' in 1 :5 ratio and elec-

trometric determinations made of pH. Results are listed in Table 

3.1.3. The soils of all sites were acidic, with values to 1 metre 
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depth ranging from 4. 9 in the rainforest (Site 2) to 3. 6 in the tall 

scrub (Site 4). 

TABLE 3.1. 3. pH values at various profile· depths per site. 

Site 

1 

2 

3 

4 

Depth (cm) 

2-12 

12-90 

90-150 

2-20 

2-25 

2-10 

Material 

Sandy clay loam 

Clay with mottle 

ca.50% 

Gley 

Fine sandy clay loam 

Clay with 50% mottle 

Gley 

Sandy loam 

Clay, 50% +mottle 

Organic sandy loam 

Sandy clay 

1 Munsell Colar Co. (1954) 

3.2 ENVIRONMENT 

3.2.1 GenePal descPiption 

pH 

4.3 

4.3 

6.0 

4.7 

4.9 

5.2 

4.0 

4.0 

3.6 

4.3 

Munsell 1 colour 

10 yr 6/2 

10 yr 6/ 1 

10 yr 5/4 

5G 5/1 

10 yr 6/2 

10 yr 6/ 1, 
10 yr 5/4 

5G 5/1 

7.5 yr 3/2 

7. 5 yr 5/ 4 

5 yr 3/2 

10 yr 6/8 

The study area is located at approximately 43 ° 24' S, 146 ° 20' E 

at' an altitude of 80m above sea level, in the Lune River Valley, and 

is bordered by Adamsons Peak (1226m) to the North, Mt. Alexandra 

(920m) to the West, and Moonlight Ridge (1034m) to the South. 

Meteorological records have been maintained since 1947 at 

Hastings Chalet, approximately 4 km to the East of the study area. 

Table '3.2.1 lists the mean monthly maximum and minimum temperature, 

rainfall and number of rain-days for Hastings Chalet during the period 



Table 3.2.1. 

' 

Jan. Feb. Mar. 

Mean monthly maxirntnn 20.6 20.7 19.1 
temperature, °C 

-
Mean monthlY, minimtnn 9.0 9.1 8.1 
temperature, °C 

Mean monthly rain- 74.0 69.6 77 .4 
fall (mm) 

Mean monthly number 13 12 14 
of raindays* 

Hastings Chalet: meteorological data. 

Apr. May June July Aug. 

16.5 13.5 11. 9 11. 2 12.2 

7.0 4.9 3.2 ,2. 7 2.8 

-

107.6 129.8 117. 2 161.3 151.2 

19 20 18 22 21 

Sept. Oct. 

13.6 15.9 

3.8 5.6 

130.4 118.5 

20 20 

Nov. 

17.2 

6.9 

117.5 

18 

-

Dec. 

18.8 

8.3 

125.1 

17 

"' V1 
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1957-1979 (inclusive). 

1380 mm. 

Mean annual rainfall during the period was 

Predominant winds are westerlies, and from a comparison of 

wind-run data for neighbouring meteorological stations, the area is 

relatively sheltered. 

3.2.2 MeteoPologieal data, Hastings Chalet 

Daily meteorological dat~ for the Hastings Chalet were used to 

calculate the maximum and minimum, and the mean maximum and minimum 

temperature, total rainfall, and total evaporation, and the mean wind

run (km 24 hr-1) per each 6 weekly litter sampling interval _from the, 6 

weeks prior to 31.1.1979 through to 21.4.1982. All data are summar

ised in Appendix A, Table 7 together with the frequency percentage of 

days per sampling interval when maximum temperature equalled or 

exceeded 10, 15, 2q, and 25°C. 

illustrated in Fig. 3.2.1. 

This maximum temperature regime is 

Maximum and minimum, and mean maximum and mean minimum temp

erature per accession interval are illustrated in Fi·g. 3.2.2, and 

total rairtf all and evaporation, and the mean wind-run per interval in 

Fig. 3.2.3. Records of evaporation and wind-run were commenced in the 

sampling interval ending on 30.7.1980. 

3.2.3 LitteP tempePat~Pes 

'Grant' temperature recorders were established, at Sites 1 and 

4. Sites 1 and 3 were of comparable canopy cover and stand density, 

and hence litter temperatures measured at Site 1 could be expected to 

correspond to those of Site 3. At Site 4 the litter pack was shallow 

and the vegetative cover ope~. It 'Was expected that litter temper-

atures at Site 4 would closely resemble the air temperatures measured 

at Hastings Chalet, but that litter temperatures of the eucalypt 
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FIG. 3.2.2. MAXIM\Jl11 A.'<D MINIMUM 2 , AND MEAN MAXIMUM 3 AND 
MEAN MIN1MUM4 TE!'IPl::RATURE PER ACCESSION PERIOD 

FIG. 1.2.3. TOTAL RAINFALL (mm), TOTAL EXAPORATION (run) AND 
MEAN WIND-RUN (Km.24hr)-l PER A1:CESSION PERIOD 
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nc. 3.2.4. DAil.Y MAXIM11!1 Tmrt:RA1URf. OF l.JTfER ON SITE, AND OF Tll~ 
AIR AT llAH INGS CllAJ.t:T. 
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regrowth forest would be buffered with some lag in litter temperature 

response. 

Fig. 3.2.4. illustrates the daily maximum litter temperature at 

each of the 2 sites and the corresponding daily maximum air temper-

ature at Hastings Chalet. A marked correspondence was apparent 

between air and litter temperature at both sites although Site 1 

fluctuated to a lesser degree.' 

Linear regression analyses of the 2 data sets were: 

Site 1: 

Periods of litter temperature recording: 

25.9.80 - 15.10.80 

11.12.80 - 30.12.80 

3.3.81 3.12.81 

28.4.81 22.5.81 

litter temperature, Y 10. 76°C, S.E.M. ±0.287°C 

air temperature, ~ = 16.52°C~ S.E.M. = ±0.548°C 

and y 5.7139 + 0.3055X, r = 0.583, n = 82 

The significance of the relationship was tested by the method 

of Neter and Wasserman (1974) using the equation 

r n-2 
12 

t = --=---n-2 2 
1-r 12 

i.e. t8o 6.418 which from Table III of Fisher and Yates (1963) 

indicated that P<0.005 for the correlation. 

Site 4: 

Periods of litter temperature recording: 

21.11.79 - 9.1.80 

7 • 2. 80 - 1. 4. 80 

28.4.80 - 18.5.81 

16.7.80 25.8.80 
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litter temperature, Y 13.71°C, S.E.M. 0.256°C 

air temperature,' 17.93°C, S.E.M. 0.370°C 

Y 4.3267 + 0.5236X 

r = 0.757, n = 119 

and 10.817 (P<0.005) 

Results of the individual regressions are illustrated in 

Fig. 3. 2. 5. 

Litter temperature responded immediately to changes in air 

temperature at botq sites without a detectable lag, although Site · 1 

(closed) -was buffered relative to Site 4 (open). The magnitude of 

temperature change was less at Site 3 relative to Site 4, e.g. air 

temperature of 16.5°C -resulted in litter temperatures of 10.8°C and 

13.0°C for Sites 3 and 4 respectively. 

3.3 DISCUSSION 

The Hastings area is representative of large areas of 

Tasmania's Southern Forests, and the four study sites selected were 

representative of the range of vegetation communities encountered. 

Deliberate selection of sites ranging from commercially productive 

tall-open eucalypt forests, closed rainforest, and commercially non-

productive low scrub on the border of the Lune River Plain was made to 

enable testing of hypotheses regarding litter processes. The diff-

erent species, and their ·expected differing accession, accumulation 

and decomposition rates within their different environments were 

intended to provide a comparison. 

Regrowth dieback is currently widespread within these forests, 

and althqugh one study site was assessed at _33% dieback as an overall 

stand health rating, this level was not considered high enough to 

exclude ·the si.te from the study, and the fact that the assessed health 

rating did not alter during the 3 year study period indicated that the 



t.) 
0 

,.... 25 
~ ;s 
~ 
;:!:: 

>" 20 ...:i 
H 
< 
i::i ......... 

i:il 

~ 
~ 15 
~ 
i:il 

ffi 
f-1 

~ 10 w 
f-1 
f-1 
H 
...:i 

5 

72 

FIG. 3.2.5. RELATIONSHIPS OF DAILY MAXIMUM LITTER TEMPERATURES 
AT SITES 1 AND 4 AND DAILY MAXIMUM AIR 

TEMPERATURES AT HASTINGS CHALET. 
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stand was not in a condition of active decline, and hence the disease 

would not have significantly affected litter processes, during the 

study interval. Much of the surrounding continuously inventoried 

forest has been assessed by the same method to be in an unhealthy but 

stable decline situation for the past 10 years. 

' 
There was little difference in altitude, and aspect- of the four 

sites. All were on the major soil classification group for the region 

i.e. duplex yellow podzolics, and this, coupled with their uniform 

topography was _considered consistent with the aim of studying litter 

processes of various vegetation types. 

The range of eucalypt (64 - 33m 2.ha.-1) and of understorey 

(85 43 m2 .ha.-1) basal area and numbers of stems (13,440-8,940 

per ha. -l) of the various stands were intended to assist assessments 

of relationships between stand densi~y, basal area, and litter access-

ion. Differences in stand structure as illustrated by canopy closure, 

understorey height layering, and vegetation survey, were further char-

acteristics of interest. These stand properties are discussed in 

relation to litter accession in Chapter 4. 

Soil depth and drainage were deter~inant factors regarding site 

productivity as expressed by Site Index, and both depth and drainage 

decreased at Sites 3 and 4, as indicated from soil p1::ofile descript-

ions of augered holes and from the presence of Leptospermwn species at 

these sites. A green gley was encountered below l.Sm at both Sites 1 

and 2, which although indicative of waterlogging was considered to 

have little effect upon the root zone of the stands of these sites. 

Observation of wind-thrown eucalypts in the Southern Forests demon-

strated a flat, circular "plate" of roots with few penetrating to a 

depth much greater than lm. The presence of PomadePPis apetala Labill. 
I 
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either within the plots or their surrounds at both Sites 1 and 2 is 

also indicative of a relatively fertile, well drained soil. 

Section 3. 2. 2 lists details of temperature, rainfall, evapor

ation, and wind-run observations at Hastings Chalet, a meteorological 

station 4 km East of the study sites. These data are referred to in 

greater detail in Chapters 4 and 6, where the effects of environmental 

parameters are considered in relation to litter accession and decamp..: 

osition. The differing temperature regimes experienced at Sites 1 and 

4, as illustrated in Table 3.2.2, were expected to have an effect upon 

litter accession and decomposition rates, and upon decomposition agen-

cies. The greater extremes of environment, primarily due to the lack 

of the buffering effect of understorey canopy closure at the open, 

low-scrub site, were evident during litter· bag harvest in August, 

1981. Bags at Site 1 were loose, easily harvested, and contained 

leaves were separable, whilst bags at Site 4 were covered in ice and 

both bag and contents frozen to the litterbed. 
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CHAPTER 4 

ACCESSION 

4.1. INTRODUCTION 

In ecology, litter has been described by "Satchell ( 19 7 4) as : 

(i) the layer of dead plant material present on the soil 

surface, 

(ii) dead plant materials which are not attached to a living 

plant. 

Material type (i) is measur~d and discussed in Chapter 5 under 

"accumulation", and material type (ii) is measured and discussed in 

this Chapter under the heading "accession". Litter accession is 

defined as the amount of dead plant materials no longer attached to a 

living plant that arrives upon the forest floor in a given time inter

val, and may include mat~rial that is green and generally wind 

detached, naturally shed senesced material, and litter that may have 

been produced by either means but which has been perched within the 

canopies of differing vegetation strata. 

Van Loon ( 1970) made the statement that "litterfall is an 

interesting index of ecosystem productivity as it is generally related 

to the quantity of photosynthetic machinery in the system". Attiwill 

et al. (1978) describe the production and fall of litter as a major 

pathway for both energy and nutrient transfer in forest ecosystems, 

and Ovington ( 1961) demonstrated that up to half the energy and carbon 

fixed annually in a forest was contributed to the forest floor as 

litterfall. Ashton (1975) stressed the importance of litter in the 

cycle for habitat -conservation, the provision of nutrients, replenish

ment of organic matter, and support for a wide variety of niches for 

fauna and microorganisms. Ashton and Macauley (1972) demonstrated the 

importance of litter to forest reproduction. ~ 
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The measure of litter accession is essential to a comprehension 

of the total litter process. · There are numerous descriptions of 

trapping devices and methods for sampling litter accession for 

Northern hemisphere deciduous and coniferous forest studies, and 

recommendations regarding trap size and type, and number per study 

area are made by Medweka-Kornas (1971). There is little information 

available regarding the suitability of trapping devices and their site 

location for Australian forest types, although Birk ( 1979a) describes 

trapping devices designed to measure temporal and spatial variability 

in annual litter accession of overstorey and understorey vegetation in 

a mixed Eucalyptus and AngophoPa community in the Brisbane area. 

Examples of varying layout, sampling interval, and trap type 

used in Australian studies of eucalypt forests _are given in Hatch 

(1955), McColl (1966), Webb et al. (1968), Van Loon (1970), Ashton 

(1975), Lee and Butler (1977), Rogers and Westman (1977), Lee and 

Correll (1978) and Attiwill et al. (1978). 

These accessional studies were intended to determine the sea

sonal and annual litter accession rate of both overstorey and under

storey in four vegetation communities typical of Tasmania's Southern 

Forests, and to test hypotheses of relationships between litter 

accession and stand characteristics, and climatic variables. 

sampling, various trapping systems were utilised and compared. 

4.2. MATERIALS AND METHODS 

4.2.1 TPapping devices 

During 

The tall, open, 63 year old E. obliqua regrowth stand of Site 

1, the rainforest stand of Site 2, and the mixed aged (63/38 yr.) 

tall, open E. obliqua regrowth stand of Site 3 had a uniform cover of 

understorey that did not present sampling problems regarding spatial 

distribution. A ground cover of ea. 80 cm of Blechnum uxr.ttsii was 



77 

present ~tall 3 sites, uniformly distributed throughout Sites 1 and 

2, but of patchy incidence at Site 3. 

A number of problems were associated with sampling litter 

accession in the tall scrub vegetation community of Site 4. Situated 

between the low scrub/heath community of the Lune River Plain and the 

tall, open forest type of Site 3, the plot was open to predominant 

Westerly winds. The overstorey component of E. nitida and E. obliqua 

was scattered and not uniformly distributed_over the area, and a dense 

tangled ground cover· of Bauer>a ruboides ·was present over most of the 

plot to an average height of 2.1 m. The Bauem cover visually separ

ated the vegetation into 2 strata, that of the overstorey and that 

contained within the Bauem layer. It was considered that a signif-

icant proportion of litterfall from the overstorey may ·be trapped and 

become "perched" in the Bauem layer, and that this may lead to erron

eous measurement of the temporal characteristic of litter accession to 

the forest floor, as litter throughfall may become dependent upon 

disturbance of the BauePa, chiefly by wind. 

Bins 

Plastic refuse bins of 601 capacity, 50 cm in height and 48 cm 

in diameter, were used to manufacture litter traps as described by 

Newbould (1967). The open end, of each bin was covered with nylon 

filament 'Sarlon' shadecloth (rated at 52% shade) with a mesh of 1 mm, 

in such a way that the cloth hung within the bin and could not be 

disturbed by wind. All bins were securely pinned with _galvanised 

fencing-wire pegs to prevent their being knocked over by animals or 

light branch fall (Plate No. 2). 
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Plate No.2. Standard bin. 
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Bin area was 1810 cm2 which was greater than the minimum 

recommendation of IBP Handbook No.18 (Phillipson, 1971) and 10 bins 

were established at each 0.10 ha~ site (recommended minimum number 20-

-1 30 ha. ) • 

Wilm (1946) described the improved sampling of rainwater 

throughfall in forest stands that is achieved by employing a number of 

fixed and roving rain gauges. The use of fixed and roving "stations" 

enable variations associated with both position and time to be sampled 

simultaneously, providing relatively precise average values for each 

area and period. Attiwill -et al. (1978) employed this technique in 

the measurement of litterfall in E. obUqua forest in South 

Australia. At each of Sites 1, 2, and 3, three bins were randomly 

established at fixed (permanent) positions, and 7 bins were roved 

randomly about the plot immediately after each litter collection. 

Each site was divided into 40 subplots of 5 m2 (Section 3.1.2) and 

sub-plot numbers were used to assign random locations of the roving 

bins by the Tables of Random Permutations of Green (1968). 

Gr>ound tr>aps 

Sampling beneath the Bauer>a of Site 4, and the Blechnum cover 

of Sites 1 -and 2, required a more suitable device- than the 50 cm high 

bin. 

An inexpensive, simple to construct, and robust ground trap was 

manufactured from 26 gauge galvanised-iron sheet (Plate No. 3 and Fig. 

4.2.1). A 10 cm deep outer rim was pop-rivetted together to form a 

circular, 48 cm diameter support for the trap, of the same area (1810 

cm2 ) as the standard bin device. 'Sarlon' shadecloth (52%) was placed 

over the rim and pushed downwards, internally, to a height of 5 cm and 

rivetted into place with an inner hoop made from a 2.5 cm wide strip 

of galvanised-iron of the same length and gauge as the outer rim. The 
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PLATE No.3. GROUND TRAP TUCKED UNDER BAUERA 

FIG. 4. 2. 1. GROUND TRAP CONSTRUCTION 

Z·SCflt. Ja,lv. iro.n sa.rlort SVf"f'07'f :-,.tni' 
f'Of'·,.., ve.{:{;ed to out~r 1'"/ffl 

1
::-:: 
/O~ 
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structure was inverted to form a circular trap that was pliable enough 

to be squeezed between vegetation' stems and yet would retain its shape 

(and area) on' positioning. It was essential to ensure that the mesh 

was not stretched into posi~ion by the inner retaining hoop, as this 

caused larger mesh to result that may have lost trapped material, and 

, a trampoline effect that on testing bounced heavier materials viz. 

capsules and twigs, out of the trap. 

Ten ground traps were randomly positioned in permanent loca

tions at Site 2 for' litter catch comparisons with the fixed and roving 

bins of that site. 

Site 4. 

Ten were also located in permanent locations at 

Raised bins 

A modification of the standard bin was used 'to sample the upper 

(overstorey) stratum at Site 4 (Plate No. 4 and Fig. 4.2.2). 

A circular platform of 19 nnn hardwood was glued and screwed to 

a 2. 4 m length of 70 x 30 mm hardwood. · A circular hardwood · disc was , 

bolted inside a standard bin to strengthen the plastic base, and the 

threaded ends of the bolts (3) left
1 

to protrude by 50 mm. Matching 

holes were drilled in the platform and used to attach the bin. The 

hardwood posts were driven into the ground at selected sampling pos

itions until the platform height coincided with the height of the 

Bauem cover, and guyed against wind damage with light-gauge wire to 

surrounding overstorey stems. The bin opening was 50 cm above the 

lower vegetati.on stratum at all sampling positions. 

Litter was collected by unbolting the bins from their platforms 

and handling in the standard manner. 

Bin and ground trap location at Site 4 was of necessity differ-

ent to the , other sites. An accurately cut track was· established on 

the 40 x 25 m plot perimeter. Use was made of an existing animal 
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Plate No.4. Raised bin, Site 4. 
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FIG. 4. 2. 3. 
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track that ran across the plot, and from this and the plot surround 

narrow tracks were made to give aceess to permanently situated, raised 

bin positions, with the Bauepa pushed to one side rather than cut. 

Ten raised bins were positioned in this manner (Fig. 4.2.3). Tunnels 

were made along the ground through the Bauepa to a position suitable 

for the establishment of a ground trap of the same construction as 

used at Site 2. No vegetation was cut, and all ground traps were 

situated within 2 metres of each raised bin. This establishment pro

cedure was ,designed to determine the "perching" effect of BauePa on 

overstorey litterfall. 

4.2.2 Sampli~g pePiod and collection intePvals 

All trap devices (60) were sampled at 6 week intervals (42 days 

exactly per interval) from the 20th December, 1978, until the 21st 

April, 1982, at Sites 1, 2, and 3. Fire destroyed Site 4 in November, 

1981, and sampling terminated at this site after 25 collection inter

vals on November 4th, 1981. 

4.2.3 SoPting of litter' components 

During the period 20.12.78 to 14.1.81 (18 collection intervals) 

litter catches per device were sorted into the following 22 compon-

ents: 

Leaves of:E. obliqua 

E. nitida 

Nothofagus cunninghamii 

AthePospeY1!1ll moschatum 

Phyllocladus aspleniifolius' 

Acacia melanoxylon 

EucPyphia lucida 

Phebaleum squameum 
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Banksia rruPginata 

Pittospopum bicoloP 

PomadePPis apetala 

Anodopetalum biglandulosum 

AnoptePus glandulosus 

DPimys lanceolata 

OleaPia aPgophylla 

CenaPPhenes nitida 

Oxylobium elipticum 

and 

Miscellaneous leaves (viz. Cyathodes, LeptospePmwn) 

Bark, and twigs (1.0 cm diameter 

Floral parts, seeds, capsules, dust, and frass 

Ferns and mosses 

Grasses. 

_From the 14.1.81 to 21.4.82 (11 collection intervals) sorting 

was limited to a separation of eucalypt leaves from all other mater-

ials. 

4. 3. RESULTS 

4.3.1 TempoPal VaPiation peP species and rrutePial type. 

Total litterfall (t.ha.-1) per site during 29 contiguous 6 

weekly intervals are compared in Fig. 4.3.1. There was a marked 

correspondence in the temporal pattern of litter accession between 

sites. The 1979/80 cycle of litterfall differed from those of 1980/81 

-

and 1981/82 as the 2 latter cycles exhibited 2 distinct periods of 

peak litterfall, one in September/October, and the major peak in_ 

January/February. These peaks were coincident at all 4 sites in the 

1980/81 cycle, and at Sites 1, 2, and 3 of the 1981/82 cycle (Site 4 

destroyed). Peak litterfall occurred in February/March of the 1978/79 

1::-
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cycle with a minor peak at Site 3 in December. Least litterfall of 

each cycle at all sites occurred at the sampling times in the period 

May, June, July, August, with ,troughs in the July interval. 

Considering the 1980 calendar year data for litter accession, 

the 18 week winter interval June, July, August, accounted for 13. 7, 

11.3, 10.0, and 15.2% of total annual accession at Sites 1, 2, 3, and 

4 respectively. The peak fall period over 18 weeks in January, 

February, March accounted for 53.7, 47.1, 46.7, and 50.8% respect-

ively, and the minor peak in October for 17.5, 25.4, 22.9, and 15.3%. 

Average annual litterfall during the 3 years of measurement 

varied from: 

Site 1, 5.060 to 5.638, mean 5.308 t.ha. -1 

Site 2, 4.058 to 5.074, mean 4. 689 t.ha. -1 

Site 3, 4.412 to 5.502, mean 4.894 t.ha. -l 

Site 4, 1. 952 to 2.174 (2 years) mean 2.063 t.ha. -1 

The pattern of litterfall was strongly seasonal, but apprec-

iable amounts of litter fell throughout the year. The mimimum to 

maximum ratio of both total litterfall and total leaf fall varied 

between years of measurement viz. Table 4.3.3 

Table 4.3.3 

Site 1 

Site 2 

Site 3 

Site 4 

Minimum to maximum ratios of total and leaf 
litterfall. 

1979 1980 1981 

Total Leaf Total Leaf Total 

1:22.3 1:22.6 1:10.6 1: 7.2 1:11.4 

1: 9.4 1: 16. 7 1:12.1 1:10.0 1: 7.8 

1:17.4 1:18.6 1 :_ 7. 4 1: 5.0 1:10.3 

1:15.2 -1:13.1 1: 6.4 1: 5.7 1:11.7 

Leaf 
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Ratios for both total and leaf litterfall were least in 1979, 

and there was considerable variation between the differing sites. 

Table 4.3.4 compares total and leaf litterfall ratios at the 4 sites 

on a seasonal basis, i.e. summer (January, February, March) acces,sion 

to winter (June, July, August) accession. The data emphasise ' the 

seasonality of litterfall but variation in the ratios of both total 

and leaf litter accession existed between years of measurement, and 

between sites. 

Table 4.3.4 Winter minimum to summer maximum ratios 

Site 1 

Site 2 

Site 3 

Site 4 

and leaf 

1979 1980, 

Total Leaf Total 

1:5.0 1:11.0 

1:3.0 1: 4.7 

1:9.5 1:12.8 

1:8.0 1: 7.8 

Accession 
' ' 1 

( t. ha. - ) per 

litter accession. 

1981 

Leaf Total 

1:5.8 1:6.1 

1:6.2 1:5.5 

1:3.9 1:4.5 

1:4.4 1:3.9 

site of total litter, 

of tptal 

Leaf 

1:8.6 

1:5.3 

1:7.0 

1:7.3 

and the total 

leaf, understorey leaf, and bark plus twigs (<1.0 cm diameter) compon-

ents of the total litter per sampling interval are listed in Table 

' 
4.3.1~ and, -illustrated in Fig. 4.3.2, 4.3.3, 4.3.4, -and 4.3.5 for 

Sites 1, 2, 3, and 4 respectively. Litter com~onents were sorted 

during the 18 initial sampling intervals and only total litter yields 

are listed for intervals 19 to 29. Total annual yields per site of; 

the major components of litter accession are summarised _on the basis 

of yield (t.ha.-1) and percentage of total litterfall in Table 4.3.2. 



Table 4.3.l. 

I Interval Date 
No. 

I I 

1 31:1.19 

2 14.3 

3 26.4 

I 4 I 7.6 I 
i. ·5 

I 19. 7 

I 6 29.8 

i I 10.10 

i 8 21.11 

I I 

9 15.12.79 

Total 1979 

9 2.l.80 I 
I -

10 13.2 I 11 26.3 

12 7.5 

13 17.6 

I - l4 Ji). 7 

L 15 10.9 

16 22.10 

I 17 3.12 

I 18 17.12.80 

Total 1980 

-I 
Accession of total litter, leaf litter, and bark and twigs (t.ha ) per sampling interval, and per annwn. 

Site 1 Site 2 Site 3 

Leaf I Undersi:orey ! Bari.. + Total Total! Leaf I Underbtorey Bark + Total Leaf Understorey Bark + Total 
Leaf I ·1"\.·1gs 

1 
1 

Lc~f Twir,s Leaf Twigs 

I 

1. 447 1.151 o. 263 I O.J20 1. 739 1.002 0.304 0.655 Q.852 

1 

o.m 0.7351 0.567 0.458 

1.260 1.040 0.341 0. 179 0.6961 0.651 0. 631 0.024 0.882 0.789 0.251 0.059 0.413 

0.741 0.373 o. 159 0.353 0.688 0.599 0.565 0.043 0.424 0.319 0.163 0.090 0.297 

0.242 0.090 o.ot.:. I 0.118 0.1731 0.177 0.1/iO 0.076 0.399 0.107 0.038 0.290 0.074 
I 

0.298 0.109 0.059 I 0.185 0.2021 0.080 0.072 0.098 0.176 0.083 - 0.043 0.088 0.099 
' 

0.065 0.046 0. 031 I 0.011 0.078 0.039 0.035 0.031 0.100 0.057 0.035 0.032 0.059 

0.164 0.086 0. 051 - 0.059 0.35910.117 0.105 0.175 0.132 0.054 0.031 0.055 0.056 

0.228 0.152 0.054 I o.049 0.526 0.329 0.313 0.106 0.242' 0.152 0.060 0.069 0.117 

1 o. 348 0.5011 o. 2591 -o.615 o. 230 O.OE6 0.223 0.172 0.675 0.261 0.095 0.320 0.207 
I 

I 1. 5 e9 4.oss! 2.818 I I 5,060 3. 277 J .018 2.559 0.845 4.769 2.8211 - 1.022 1. 658 2.174 

I 
o. 250 l o. 1291 0.308 0.115 0.033 I 0,174 0.111 0.086 o. 337 0.131 0.048 0.160 0.103 

0.961 0. 7l3 , 0.17 5 0.184 0.867 0.582 0.424 0.126 0.951 0.665 0.233 0.216 0.401 

l. 612 0.894 o. 31·6 0.640 1.041 o. 691 0.637 0.239 1. 227 0.678 0.233 0.475 0.401 

0.455 O.t.08 0.191 0.039 

I 
0.1,17 0.364 o. 346 0.039 0.394 o. 343 0.142 0.037 0.191 

0.329 0.291 0.118 0. 035 0.220 o. 164 0.153 0.048 0.300 0.748 0.108 0.041 0.115 
' 

0. ::;21 0. ~LS 0.058 I O.C2.+ 0.086 0.069 t'.058 I I), 1)24 0.\66 0.133 0.055 0.026 0.063 

0.291 0.139 0.083 0.137 0.251 0.098 0.085 0.120 0.399 0.167 0.096 0.183 0.118 

o. 988 o. 281 0.129 I o. 687 1. 255 0.260 0.176 0.925 1.261 o. 311 0,125 o. 908 0.298 
, 

0.346 o.no 0.133 I o. 052 _ 0.328 0.247 0.225 0.061 0.259 0.217 0.123 0.031 0.161 

0.196 0.156 0.052 0.031, 0.220 I 0.112 0.169 0.014 0.208 0.173 0.068 0.044 0.101 
I 

5.638 3. 402 1. 318 ! 2.006 4.93512.716 .L 2.385 1. 682 5.502 3.066 1.231 2.121 1. 952 

Site 4 

Leaf Unders:orey 
Leaf 

0.444 0.270 

0.308 0.162 

0.176 0.125 

0.055 0.031 

0.061 0.032 

0.035 0.024 

0.034 0.017 

0.068 0.041 

0.124 0.079 

1. 305 o. 782 

0.061 0.026 

0.283 0.192 

0.229 0.195 

0.165 0.101 

0.090 0.046' 

0.050 -0.016 

0.080 0.027 

0.140 0.082 

0.115 0,078 

0.077 0.049 

1.290 0.813 

Bark + 
Twigs 

I o. 322 
0.089 

i 0.059 

I o.014 

I 0.035 O.OlJ! 

0.015 

0.016' 

0.032 

-
0.600 

0.016 

0.051 

0.070 

0.017 

0.012 

0.012 

0.009 

0.030 

0.114' 

0.008 
- , I 

I o.339 I 

CXl 
CXl 
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Table 4.3.l. Cont'd. 

Site l 

Interval Date Total ) Leaf Under&torey No. 

I Leaf 

I 
18 14.1.81 '·"'I 0.321 I 

0.103 

19 25.2 1.518' * * 
20 7.4 o. 842 ' 

- 21 20.5 0.367 

I 22 1. 7 0.141 
I 

23 12.8 0.133 I 
24 23.9 0.874 I 
25 4.11 0.477 r 

I 
26 15.12.81 0.483 

I 
Total 1981 5.227 

27 27.1.82 o. 978 

28 10.3 1. 400 

29 21.4.82 0.430 

* Sorting of litterfall components discontinued. 

tt Plot destroyed by fire. 

Bark + Total I Leaf 
Twigs I 

l 

I 

I 
0.069 o. 440 I o. 224 

* 0. 971 * 
O.d57 

o. c,:,s 

o. 223 , 
o. 125 I 
0.738 

0.550 

o. 522 
i 

5.074 , 

0. 735 

0.623 

0.530 

Site 2 Site 3 

Understorey Bark + Total Leaf Understorey 
Leaf Twigs Leaf 

I o.:27 

, 

0. 339 0.416 0.347 0.137 

"' 1.144 "' "' 
0.615 

0.382 

0.142 

0.111 

0.724 

0.435 

0.443 

4.412 

0.912 

1.040 

0.372 
-

Bark + Total Leaf 
Twigs 

0.022 0.201 0.155 

"' 0.421 * 
0.304 

0.169 

0.063 

0.036 

0.155 

0.200 

tt 

Site ·4 

Understorey 
Leaf 

-
0.098 

* 

Bark + 
Twigs 

0.016 

"' 
I 

(X) 
l.O 
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Table 4.3.2. Accession of major components as a percentage of total annual yield per site. 

Site 1 
Year 

Total Leaf E. obZiqua Understorey Bark + Total 

- Leaf Leaf Twigs 

1979 t.ha -1 5.060 3.277 2.214 1.018 1. 589 4.058 

-
% 100 64.8 43. 7 20. l 31. 4 100 

1980 -1 t.ha 5.638 3.402 2.103 1. 318 2. 006 ' 4. 935 

% 100 60.3 37. 3 23. 4 35. 6 100 

Site 3 
Year -

Total Leaf E. obztqua Understorey Bark + Total 
Leaf Leaf Twigs 

' 

4.7691 -2.824 -1 I 

1979 t.ha l. 800 I. 022 I i. 658 ' 2. 174 
I 

:~ 100 i 59.2 37.7 21. 4 I 34. 8 100 

1980 t.ha 
-1 

5.502. J.066 1. 833 1. 231 2.121 1. 952 

I 
I 

! % I 100 I 55.7 33.3 22.4 38.5 I 100 
\ I 

Site 2 

Leaf E. obZiqua 
Leaf 

-

2.818 o. 265 

69.4 _6.5 

2.716 0.415 

55.0 8.4 

Site 4 

Leaf E. nitida+ 
E. obliqua 

Leaf 

1. 307 0.524 
' 

60. l I 
i 

24. ! 

I 

I. 330 I 0.517 
I 

68-.1- t 26.5 

Understorey 
Leaf 

2.559 

63. l 

2.385 

48.3 

Understorey 
Leaf 

' 
o. 782 

36.0 

0.813 

41. 6 

I 
I 

I 
I 

I 

Bark + 

0.845 

20.8 

l. 682 

34.l 
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0.600 

27.6 
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Leaves were the major ·component of litterfall at all· sites 

during each year of measurement. E. ob"liqua leaves comprised the 

greater percentage, of leaf fall at the eucalypt regrowth Sites 1 and 

3. Understorey species contributed the major proportion of leaf fall 

at Sites 2 and 4, although it is difficult to compare understorey 

litterfall at Site 2 with the other sites. Species that are definably 

understorey at· Sites 1 and 3 compri.se elements of both the overstorey 

and understorey at Site 2, e.g. Nothofagus eunninghamii, Eueroyphia 
I 

lueida, Aeaeia melanoxylon, and Phylloeladus aspleniifolius. 

Appendix Section B.l to 6 details the total accession ,per 

interval of all sorted litter components per site. D~ta represent the 

total weight of litter (g). in' 10 traps of total area 1. 8098 m2 , for 

comparative purposes. Multiplication by a factor of 0.005525 trans-, 

forms the data to yield in t.ha.-1 • Table 4.3.5 summarises the data 

on the basis of total annual yield (t.ha.-1 ) for the 10 bin devices ·at 

Sites 1, 2, and 3, and the 10 ground traps at Site 4. Accession of 

selected major components of leaf litter at the individual sites are 

il'lustrated in Fig. 4.3.6, 4.3.7, 4.3.8, and 4.3.9. Individual trap 

data are available on tape at the University of Tasmania Computing 

Centre. 

Results are discussed in Section'4.4. 

4. 3 .2 Samplin,g 

All litter yields were logarithmically transfor~ed prior to 

analyses_. 

Fixed and rooving bins 

Litter yields in the 3 fixed bins and ,3 randomly selected from 

the 7 roving. bins of each of Sites 1, 2, and 3' were compared by 

analysis of variance. The' analysis of variance table and a table of 
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'fJble 4.3.5. Annual :1cce~sion of i.orted l1Ltc·r comporl!nts. (t.h.'1-l) per site. 

-----
1979* 

Ledves of: 
T'°C7,;; l~o• 

E. obliqua 2.2135 I 

E. nitida - I 
I 

N. cunninghamii 0.-0527 

A. moschatwr 0.0019 

P. aspleniifoZiu:J 0.0003 i 
A. melamxylon 0.1787 

E. lucid a 0.0747 

P. squameun o. 3660 

B. marginata -
P. Oicolor 0.0032 

P. apetala -
A. biglanduloswr 0.0381 

A. glandulosus -
D. Z=eoZata -
o. argophyZZa -
c. nitida o. 0005 

o. eZZiptiaun -
Miscellaneous spp. 0.3469 

Dust-fr ass, floral pdrts 0.1943 

Bark and twigs l. 5890 

ferns and mosses 0.00004 

Grasses -

'1979, 20.12.1978 to 15.12.1979. 
H 1980, 15.12.1979 to 17.12.1980. 

0.2650 

-
1.1729 

o. 0943 

0.1011 

0.3064 

0.5718 

o. 0203 

-
0.0098 

0.0349 

0.0006 

0.0650 

0.0075 

0.0095 

0.0050 

-
0.1424 

0. 3746 

o. 8450 

0.0201 

0.0004 

1.80 o~I 0.0190 

0.5046 -

0.04 02 

0.00 02 I 
o.oo 03 

0.03 65 0.0006 

0.02 60 

0.32 9~ 0.0047 

o. 01 93 0.1638 

-
-

0.01 74 

0.00 15 

-
-

o.oo 22 0.00004 

- 0.0214 

0.54 87 0. 6028 ' 

0.28 66 0.2187 

I. 65 80 0. 6120 

o.oo 03 0. 0231 

o.oo 01 0.0152 

--
l 98ott 

Site 1 Site 2 Site 3 Site 4 
-

2.10 31 0.4149 1. 8327 0.0256 

- - 0.4915 

0.05 46 0.9700 0.0176 -
o.oo, <1 o. 0944 0.0004 -

o.oo 27 0.0697 0.0003 -
0.20 93 0.3808 0.0731 0.00002 

0.16 44 0.5474 0.0337 -
0.41 39 o. 0281 0.4334 0.0159 

- 0.0239 0.1848 

o.oo l7 0.0006 - -
310.0689 

-- -0.000 

0.016 5 0.0030 0.0012 -
0.002 3 0.0523 0.0011 -

0.0025 0.0001. -
0.003 0 0.0109 - -

0.0035 0.0015 0.0017 

- - 0.0417 

3 0.1496 o. 6420 I o. 5815 

3 I o. 4611 0.3370 0.2148 

0 1.6820 2.1 ~10 I !i. 3450 

~ I o. 0110 0-0000'.I o. om 
8 \0.0006 I 0.0001 0.015--1--

I 

0.424 

0.224 

2.006 

0.007 

0.000 
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back transformed log .mean Y.ield per interaction are presented in 

Appendix, Statistical Analysis, 1. There was no significant 'differ

ence between the trapped litter yields of the fixed or roving bins, 

for any of the 15 sampling intervals tested. 

A non-orthogonal design analysis of variance was made of the 

litter catches in each of the 3 fixed devices in comparison with each, 

of the 7 roving devices at Sites 1, 2, and· 3 over 29 sampling inter-

vals. There were significant differences between sites and between 

sampling intervals as expected. There was_ no significant difference 

between the litter catches of the fixed and roving devices, and there 

was no significant difference in the treatments x times interaction. 

The analysis of variance table is given in Appendix, Statistical 

Analysis, 2. 

The standard deviation for a single device was 0.433 g and for 

the mean of any 10 devices was 0.137 g. 

Bins and gPound tPaps 

Litter yields in the 10 bins and 10 ground traps of Site 2 were 

compared by analysis of variance. The analysis of variance table and 

a table of back transformed log .mean yield per interaction are pre

sented in Appendix, Statistical Analysis, 3. There was no significant 

difference between the trapped litter yields of the bins or ground 

traps for any of the 15 sampling intervals tested. 

Raised bins and gPound tPaps 

E. ob"liqua and E. nitida overstorey leaf litter yields in the 

10 raised bins and 10 ground traps at Site 4 were compared by analysis 

of variance. The analysis of variance table and a table of back 

transformed log.mean yield per interaction are presented in Appendix, 

Statistical Analysis, 4. There was no significant diff·erence between 
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the overs torey yields of the raised bins or ground traps for any of 

the 15 sampling intervals tested. 

4.3.3 Relationship bet~een live basal aPea, live numbePs of stems a:nd 
leaf litteP accession of individual species. 

The live basal area (B.A. m?ha:-1 ) and annual leaf accession 

(t.ha.-1) of all sorted leaf components (species) were multiplied by 

104 , (Table 4.3.6), and the regressions of individual sites compared 

by analysis of variance for common slope and intercept (Appendix, 

Statistical Analysis, 5). 

There was a higply significant (P(0.001) correlation between 

log .BA of individual species and their respective annual leaf litter-

fall during the_ year of BA measurement. There was no significant 

difference in slope or intercept of the regressions for individual 

sites. Regression equations per site, and the equation common to all 

sites, are given in Table 4.3.7 together ~ith their regression coeff-

icients. Fig. 4.3.10 illustrates the relationship. 

The numbers of live stems per species at each site and their 

corresponding leaf accession (Table 4. 3. 8), and the regression lines 

of individual sites, were compared by analysis of variance. There was 

a significant difference (P(0.05) between the individual regression 

lines, with a significant difference in the slopes (P(0.05) of the 

lines, and between their intercepts (P(O.~l). Appendix, Statistical 

Analysis, 6, tables the tests for coincidence, common slope, common 

intercept, and regression coefficients for each site together with 

their standard errors and t-values. 

4.3.4 Effect of climate upon litteP accession 

, Ten climatic parameters (Appen~ix A, Table 7) were compared by 

multiple regression with log.total and log.leaf accession over 17 

sampling intervals at all 4 sites. Parameters compared were, 
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T,1ble 4.J.6. Log liv~ h:as~l ar~.1 (L1 2 h~1- 1 ).nn.t log lenf ;iccL"'~sion (t.hn-l) p~r annun . 
.All datLl x 104 prior to log t-rdnsfon.,.:ition. 

pecics 

E. oblz qua 

P. sqm --neU11 

A. ,,.ez.ano :::ylon 

N. CW'.li ,i.rzgh.1nii 

E. foci "Ja 

A. mosc 'hatUll 

P. aspZ eniifoUus 

P. bi.co lor 

ulosus A. gland 

A. bi.gland ulosun 

C. nitid a 

D. Zana .-.oZata 

.0. apgo phyZZa 

:nata B. n:.:rrfr-

P. apet cZa-

M. equai ·rosa 

Leptvsp cnnzm spp. 

A. vert iciZZata 

c. gZauc a 

T. dist dia 

iifida c. quai 

0. dive reifoZia 

Misccll a,eous -le.aves, 

Site I 

L<'g live Los 1~.:if 
BA fall 

5.7613 4.3451 

5.1463 3.5636 

4. 7774 3. 2519 

4.5039 2. 7210 

4.1092 2.8733 

3.3232 1.2553 

1.7782 0.4771 

3. 7014 1.5185 

rJ rJ 

4.0563 2.5786 

2.1553 0. 7782 

rJ rJ 

- -
- -
- -
rJ rJ 

rJ rJ 
-

rJ rJ 

rJ rJ 

rJ rJ 

- -
- -

rJ 5.1086 3.5403 

4; spcc:tes bulked under ''miscellaneous leaves". 

Site 2 Site 

Log live Log leaf Log live 
BA foll BA 

4.5085 3.4232 5.5103 

3.6746 2. 3075 5.0871 

4.9041 3.4863 4. 3071 

5.5964 4.0693 3.9446 

5.1481 3. 7572 3. 7958 

4. 8080 2. 9745 2. 5119 

4.5984 3.0048 1. 4150 

3.0671 1.9912 -
4.2587 2.8129 3.1761 

- - 3.4434 -
2. 7701 1.6690 2. 8591 

' 
3.3073 . 1. 8921 rJ 

3.3612 1. 9777 -
' - - 3.9810 

3.9885 2.5428 -
rJ rJ rJ 

- - rJ 
~ 

- -
' 

rJ 
-

rJ. rJ rJ 

rJ rJ rJ 

rJ rJ -
rJ rJ -

4.5767 3.1544 5.3042 

3 

Log leaf 
fall 

4.2553 

3.5179 

2.5623 

2.6042 

2.4150 

0.3010 

0.4771 

-
1.1761 

2.2405 

1.3424 

rJ 

-
2.2856 

-
rJ 

rJ 

rJ 

rJ 

rJ 

-
-

3. 7 393 
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Table 4.3.7. Regression equations. Log B.A. versus log l~af accession 
. per s~ecies, per site. 

Site Regression equation n r 

1 Log Ye = -1.54098 + 0.98723 Log X 11 0.94865 

-
2 Log Ye = -0.81301 + 0.86182 Log X 14 0.99054 

3 Log Ye= -1.50710 + 0.99264 Log X 12 o. 95988 

Common Log Ye = -1.37627 + 0.96973 Log X 37 0.96973 

,_. 
0 ,_. 
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FIG. 4.3.10. Live basal area (m2.ha-l) and leaf litter accession (kg.ha-1an-l) 
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Table 4.3.8. Log live number of stems and log leaf accession (t.ha-lan-1). 

Site l Site 2 Site 3 

Species 
Log No. Log leaf Log No. Log leaf Log No. Log leaf 
stems fall stems fall stems fall 

-
-

E. obliqua 2. 9777 4.3451 l. 7782 3.4232 2.8129 4.2553 
' 

P. squcz:neun 3.3345 3.5636 l. 9031 2. 3075 3.5416 3.5179 

A. meZanoxyZon 2.5911 3.2519 2. 2304 3.4863 2.1139 2'.5623 

N. cunni.nghamii 2.2553 2.7210 - 2. 9085 4.0693 2.3010 2.6042 

E. lucid a 2. 6532 2.8733 3.3997 3. 7572 2.5563 2.4150 

A. moschatun 2.0414 1.2553 3.2480 2.9745 1.7782 0.3010 

P. aspZeniifo Zius l.3!HO 0.4771 2.3222 3.0048 l. 3010 0.4771 

P. bicoZozo 1.9542 1.5185 1.9542 l. 9912 - - -
A. glanduZosus rJ rJ 3.1399 2.8129 2.3424 1.1761 

A. bigZar.duZosun 2. 6335 2.5786 - - 2.5315 2.2405 

c. nitida l. 3010 o. 7782 1.4771 1.6690 2.0792 1.3424 

D. Zanceolata rJ rJ l. 9031 1.8921 rJ d 

o. ar>gophy Z la - - 1.0000 1. 9777 - -
B. marginata - - - - 1. 4771 2.2856 

P. apetala - - 1. 8451 2.5428 - -
-

M. d d d d d 
-

d sqWZl'roca 
' 

Leptospemw1 spp. rJ d - - d d 

A. vertiai 7. Zata d d - - rJ rJ 

c. glauca rJ d rJ rJ rJ rJ 

T. distidia rJ rJ rJ rJ rJ rJ 
' 

c. quadiifida - - rJ rJ - -
0. diversifolia - - rJ rJ - -

Miscellaneous, rJ 3.1004 3.5403 3.0645 3.1544 3. 5353 3.7393 

-
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(i) maximum temperature per interval 

(ii) minimum temperature per interval 

(iii) mean maximum temperature per interval 

(iv) mean mi mi mum temperature per interval 

(v) frequency percentage of days per interval when 

maximum temperature )10°C 

(vi) as per (v), but )15°C 

(vii) as per (v), but )20°C 

(viii) as per (v)' but )25°C 

(ix) total rainfall per interval 

(x) mean windrun per interval (Geeveston). 

There was a highly sig~ificant correlation between log. total 

and log .leaf lit;ter accession and mean maximum temperature per sampl

ing interval at each site. No further variance was explained by the 

addition of any, other variable. 

in Table 4.3.9. 

The correlation matrix is presented 

Transformation of mean maximum temperature per interval to 

logarithmic values improved correlation with the corresponding ~otal 

and leaf litter accession values per site. The correlation was 

improved by the consideration of the leaf fraction of litter accession 

both with and without log transformation of the temperature data. 

The regression lines for each site were tested for coincidence 

by analysis of variance and found to be significantly different. No 

significant differences between the regression lines were obtained by 

a test for common slope, therefore the intercepts differed. The tests 

for coincidence and common slope and table of regression coefficients, 

standard errors, and t-values are tabled in Appendix, Statistical 

Analysis, 7. Intercepts of the individual. regressions were compared 

by the methods of Zar (1974) and no significant differences were 
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Table 4.3.9. Correlation matrix. Hastings Chalet meteorological data and log total and log leaf litter accession per sampling interval. 

Meteorological Correlation coefficients 

parameter. 
1 2 3 4 5 6 7 8 9 

Maximum temperature 1 1.0000 

Minimum temperature 2 0.6618 1.0000 . 
~ean max. temperature 3 0. 9323 0. 5865 1.0000 

Mean min. temperature 4 o. 7725 0.8498 0.6697 1.0000 

% days > l0°C 5 0.7412 0.5106 o. 7995 o. 6076 1. 0000 

7. days > l5°C 6 0.9249 0.5981 0.9848 0.6850 0.7816 1.0000 

7. days > 20°c 7 0.8547 o. 4842 0.9533 0.5435 0.6709 0.9033 1.0000 

% days > 25°C 8 o. 7706 0.5374 0.8638 I 0.5473 0.6355 0.7937 0.9196 1.0000 

Total rainfall 9 -0.2474 -0. 0153 -o. 3710 0.0273 -0.3805 -0.3498 -0.3818 -0.2847 1.0000 

.Mean windrun 10 0.4034 0.4862 0.2725 0.5339 0.1215 0.2989 0.2218 0.2308 0.5339 

Log total litter ll o. 8659 0.5334 0.8402 0.6480 o. 7247 0.8340 o. 7824 0.5928 -0.2137 

Log leaf litter 12 0.885& 0.5758 0.9201 0.6991 0.7965 o. 9036 0.8760 o. 7167 -0.3349 

10 

l .0000 

0. 4581 

0.2221 

11 

1.0000 

0.9224 

12 

l.0000 

...... 
0 
\Jl 
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obtained between Sites 1, 2, and 3" but- the intercept of the Site 4 

regression differed significantly (P<O. 05) from those of all other 

sites. 

Table 4.3.10 lists the' individual regression equations per 

site, and their corre~ation coefficients, r. 

Fig. 4. 3 .11 illustrates the correspondence between leaf litter 

accession (kg.ha.-1) aqd mean maximum temperature per sampling inter-, 

val at the 4 study sites. 

The accession' of bark and twig litter (t.ha. -l) at all sites 

were compared with mean maximum temperature and mean windrun 

(km.24hr-1) per sampling interval by regression analysis and-analysis 

of variance. Tests for coincidence, and regression coefficients, 

standard errors, and t-values are presented in Appendix, Statistical 

Analysis, 8 for mean maximum temperature correlation, and 9 for corr-

elation with windrun. 

Mean windrun,- mean maximum temperature, and total rainfall per 

interval were logarithmic-ally transformed and compared with log values 

of bark plus twig accession for the corresponding interval' by multiple 
, , 

regression, (Table 4.3.11). The _ correlation matrix and table of 

regression coefficients, standard errors, and t-values are given in 

' 
Appendix, Statistical Analysis, 10. 

Regression of bark + twig accession with windrun resulted in a 

correlation coefficient, r, of 0.501 which with the addition of 

log. total rain per interval improved to 0. 64. There was no improve_-

ment in the percentage variance explained by the' addition of mean 

maximum temperature per interval. 

4.4. DISCUSSION 

There was a marked correspondence in the temporal pattern of 

litter aacession between sites that was maintained regardless of diff-



Table 4.3.10. Log mean maximl.llll temperature versus log total, and log leaf accession 
per interval. 

Correlation 
Site Regression equation ·n coefficient, 

r 

1 Log Ye = -3.4444 + 4.8631 Log X 17 0.874 

Log leaf 2 Log Ye = -3.4547 + 4.8335 Log X 17 0.942 -

3 Log Ye = -2.8619 + 4.3461 Log X 17 0.838 

4 Log Ye= -2.6979 + 3.9460 Log X 17 0.864 

' Common Log Ye= -3.1147 + 4.4972 Log X 

1 Log Ye.= -2.5771 + 4.3299 Log X 17 0.820 

Log total 2 Log Ye= -2.1135 + 3.9117 Log X 17 0.833 

3 Log Ye= -1.7974 + 3.6712 Log X . 17 o. 731 

4 Log Ye = -2.6349 + 4.0436 Log X 17 0.867 

Common Log Ye = -2.2807 + 3.9891 Log X 

....... 
0 
-....! 



FIG. 4. 3. II. 
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leaf litter accession (kg.ha-1) and mean maximum 
temperature (°C) per samplin~ interval. 
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Table 4. 3.11. 

Log 
temperature 

1. 316 

1.295 

1.250 

1.130 

1.117 

1.083 

1.167 

1.250 

1.267 

1.263 

1. 277 

1.233 

1.164 

1.097 

1.121 

1.199 

1.255 

1. 314 
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-1 Log bark + twig accession (t.ha ) and log mean 
maximmn temperature, and log m~an windrun 

per interval. 

Log 
Log bark + twigs accession 

wind run Site 1 Site 2 Site 3 Site 

2.201 2.420 2.879 2.816 2.508 

2.064 2.253 1.380 1. 771 1. 949 

2.019 2.548 1.633 1. 954 1. 771 
-

1. 951 2.140 1.861 2.462 1.146 

2.065 2.267 1. 991 1.944 1.544 

2.087 1.230 1.491 1.505 1.255 
-

2.166 1. 756 2.243 1.740 1.176 

2.125 1. 690 2.025 1.839 1.204 
- -

2. 301 z. 718 2.408 2.681 1. 819 

2.225 2.265 2.100 2.334 1.708 

2.146 2. 806 2.378 2.677 1.845 -
1.996 1. 591 1.591 1.568 1.230 

1. 997 1.544 1.681 1. 613 1.079 
-

1.927 1. 380 1.380 1. 415 1. 079 

2.278 2.137 2.079 2.262 0.954 
' 

2.322 2. 837 2. 966 2. 958 1.477 

2.179 1. 716 1. 785 1. 491 2.057 

2.066 2.013 - 1. 613 1.820 1.380 

4 

-
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erences in accessional patterns between individual annual cycles. 

The litterfall cycles of 1980/81 and 1981/82 (Fig. 4.3.1) were 

strongly bimodal compared to the cycle of 1979/80. Birk (1979a) 

recorded a bimodal trend for the litter accession of underst9rey spec-

ies in a mixed eucalypt forest in the Brisbane area, that was shown to 

coincide with the photosynthetic index of the same general area 

.reported by Specht and Brouwer (1975). 

BiomdaJ.ity of litterfall in these studies is attributed to the 

bark plus twig component~ Annual cycles of overstorey and understorey 
, . 

leaf accession (Figs. 4.3.2 to 4.3.9) are unimodal and strongly sea-

sonal, with peak litterfall occurring during the summer months of 

January, February, March, and _minimum falls in the winter months June, 

July, and August. This trend is in agreement with the seasonal 

variation in litterfall reported by many authors of Australian litter 

studies, e.g. Hatch (1955), Stoate (1958), McColl (1966), Webb et al. 

(1969), Van Loon (1970), Ashton (1975), Rogers and Westman (1977, 

1981), and Walker (1979). 

The secondary (lesser magnitude) peaks of total litterfall for 

the sampling intervals eriding 22nd October, 1980, and 23rd September, 

1.981, were ccincident with the highest mean windrun (km.24hr-1) values 

measured during each annual cycle, i.e. 210.1 and 213.1 km.24hr-l 

respectively. The 1979/80 cycle exhibited a secondary peak of total 

litterfall at Sites 1 and 3 (eucalypt regrowth stands) for the inter-. 

val ending 2nd January, 1980, although, the peaks were of minor signif-

icance compared with those of 1980/81 and 1981/82. This interval also 

-
coincided with the highest mean windrun value for that cycle (200 .1 

Litter components were not sorted during 1981/82, but the 

influence of the 1 bark plus .twig component upon the total . litterfall 



111 

pattern :is demonstrated in Table 4.4.1 for the 1980/81 cycle data of 

Sites 1, 2, and 3 and the 1979/80 cycle data of Sites 1, and 3. 

Table 4.4.1. Percentage of total litterfall of total leaf, 
and bark + twig components. 

1979/80 (2.1.80) 1980/81 (22.10.80) 

Leaf % Bark + twig % Leaf % Bark + twig% 

Site 1 37.3 57.2 28.4 69.5 

Site 2 51. 7 34.4 20.7 73.7 

Site 3 38.7 47.4 24.7 72.0 

Site 4 59.7 15.4 47 .o 10 .1 

Multiple regression of the logarithmic transformations of wind-

run, mean maximum temperature, and total .rainfall with similarly 

transformed bark + twigs accession values per sampling interval, gave 

improv;ed correlation with the addition of rainfall to windrun (r = 

0.64). Rainfall is generally coincident_ with periods of high wind in -

the Hastings area. The lack of correlation between temperature and 

bark + twig fall was surprising as increases in tree growth during 

warmer per~ods of the year would be expected to result in bark slough-

ing in particular. An explanation of the lack of correlation is '! 

similar to the explanation of' the relatively' poor overall correlation 

(r = O. 501) between windrun alone -and bark + twig fall, namely, having 

shed bark and twigs during particular intervals of high wind, the 

future fall of material is affected for further intervals of high wind 

i.e. the material has been shed and the_ available quantity has been 

reduced. In contrast, the lack of correlation with leaf accession is 
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due to· leaves being physiologically retained even though moribund, and 

their accession is temperature related. 

Annual non-leaf litterfall in these hardwood stands varied 

between 30.6 and 45 .0 percent which is higher than for other hardwood 

stands, but similar to that of many gymnosperms (Bray and Gorham, 

1964),_ and is in agreement with the findings of Ashton (1975) for E. 

Pegnans stands in Victoria. 

The marked seasonal pattern of litterfall at Hastings was 

strongly correlated with mean maximum temperatu;-e experienced during 

the accessional intervals, and the precision of the relationship was 

increased by removal of the non-leafy component of collections. These 

findings substantiate those of Attiwill et ai. (1978) in studies of E. 

obLiqua litterfall in Victoria, where at least part of the seasonal 

variation - in litterfall was explained i-µ terms of temperature. Their 

relationship showed hysteresis, with higher rates of litter production 

during the period of increasing temperatures from winter through 

spring to summer, and lower rates during the- period of decreasing 

-

temperature through Autumn. · Lee and Correll (1978), working in E. 

obLiqua forests in South Australia found that temperature accounted 

for at least 50 per cent of the variation in litterfall. The bimodal 

pattern of leaf production found by Specht - and Brouwer ( 197 5) was 

explained in terms of limiting water supply during the mid-summer 

period, and sensitivity of EucaLyptus to low temperature during winter 

(Cremer, 1975; Scurfield, 1961). 

Leaf fall (Rogers and Westman, 1977) and leaf growth have been 

shown to be roughly synchronous as found by Specht and Brouwer ( 1975) 

although leaf initiation preceded leaf fall noticeably. Rogers and 

Westman ( 1981) working on a more coastal site only 30 km west of the 

study area of Specht and Brouwer (1975) found less marked bimodality 
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of Eucalyptus leaf accession that they attributed to the more moderate 

temperature fluctuations and greater summer moisture availability of 

their coastal site. They considered that winter growth suppression 

could be explained by the sensitivity of Eucalyptus to low temperat-

ure, and the reduction of insolation during winter, which results in a 

much lower net photosynthetic index (Specht, 1952). 

The unimodal pattern of leaf accession at 
I 

the Hastings sites 

substantiates the considerations of Rogers and Westman (1981). In 

these most southern forests of Australia a greater range of temperat-

ure change occurs and seasonality is more pronounced. This is evid-

enced by the summer maxima to winter minima ratios of litterfall that 

were as high as 23:1, a figure much higher than those cited by Walker 

(1981) for tall-open, warm temperate eucalypt forests. Furthermore 

there is appreciable rainfall throughout the year (Fig. 3.2.3) and the 

effects of water supply upon leaf shedding (Kozlowski, 1976) is not 

generally of consequence, although severe periods of summer drought 

have occurred in the South of Tasmania and have been suggested by West 

(1979) to be causal in the onset of regrowth dieback of Eucalyptus 

species in the Southern Forests. Cremer (1975) also showed that 

growth of Eucalyptus seedlings may be reduced at temperatures in 

excess of 30°C. 

Temperatures in summer rarely exceed 30°C (Fig. 3.2.2) and 

hence summer growth restrictions were not evident. 

Although the lack of high summer temperature and summer water 

stress in these forests relative to more northern regions of Australia 

may be expected to yield more readily apparent correlations between 

leaf fall and climatic factors, it was surpr_ising that the multiple 

regression of the available factors with leaf fall resulted in the 

marked cor:relation of an individual factor (mean maximum temperature 
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per interval) that was not significantly improved by the addition of 

any other factor. It might be expected that rainfall would enter the 

regression negatively but as heavier falls of rain during a sample 

interval would reduce mean maximum temperatures, this variabl~ may 

already be masked in its effect on leaf shed. Fritts (1976) discussed 

multivariate techniques for comparing the tree-growth ·and climatic 

relationships, and remarks that "there are so many possibilities for 

variations in limiting factors that it is surprising that a proior>i 

modelling by summing one variable during different periods of time has 

worked at all". 

In a review of litter production in forests of the world, Bray 

and Gorham (1964) demonstrated a relationship for total litterfall and 

latitude, and stated that the relationship between temperature and 

litterfall was inverse and linear, with a maximum level of about 

-1 -1 -1 ~1 11 t. ha. an. at the Equator, anq a little less than 1 t. ha. an. 

at latitude 65°N in Europe. Their summary of litter accession data 

for major climatic .zones lists ratios for Arctic/ Alpine - cool temper-

ate - warm temperate - equatorial to be 1:3.6:5.1:9.7, ratios that 

closely followed those of 1_:2.7i5.1:7.0 that they list for bole prod-

uc tion in the same zones. They remark upon the importance of insol-

ation during the period of photosynthesis, and suggested that the 

total amount of solar radiation received during the growing season is 

roughly in the proportio,n of 1: 3: 5 for extreme Arctic/ Alpine - cool 

temperate - equatorial. 

4 -1 . The annual rate of total litter accession of .8-5.6 t.ha. in 

-1 the eucalypt regrowth stands of Sites 1 and 3, and of 4. 1-4. 9 t. ha. 

in the mixed forest of Site 2, is higher than the mean value (3.61 

t.ha. -1) for cool temperate forests listed 'in Bray and Gorham 

(1964), but closely fits their plot of total annual litterfall versus 
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latitude. Ashton (1975) lists 4.1 t.ha.-lan-1 and 8.1 t.ha-.-lan.-1 

for leaf litter accession and total litter accession in a 52 year old 

E • .Y.egnans stand of good site quality, in the warm - temperate forests 

of Victoria. Applying the ratio of 3. 6: 5 .1 of Bray and Gorham for 

cool - temperate : warm - temperate litter production to the leaf 

litter data of As~ton, a value of 2.9 t.ha.-1 results that corresponds 

to the 2.8-3.4 t.ha. -1 for leaf litter accession in the 63 year old, 

better site quality stand of E. obtiqua at Site 1. ' A discrepancy 

occurs between a similarly -calculated value for total litterfall data 

at Ashton's_ and this site, values being 5.1:5.7 t.ha.-1 , but this may 

be explained by the differing quantities of non-leaf material at each 

site, particularly where E. obtiqua with fibrous bark is compared with 

E. raegnans • 

Litterfall in warm temperate Australian eucalypt forests has 

been the subject of a number of studies in which attempts have been 
1 

made to relate the phenomenon to basal area (Van Loon, 1970), tree 

_density (Ashton, 1975), canopy cover (Peet, 1971), and projected cover 

(Walker, 1981). Van Loon (1970) observed a relationship between stand 

basal area and total litterfall, and this finding was supported by Fox 

et at. (1979). In contrast, Ashton (1975) found no significant 

relationship between litterfall and tree 'density expressed as number 

of stems. Kittredge (1944) reported relationships between the weight 

of foliage of trees and stands and their periodic annual growth, or 

- diameter. 

The strong correlation between basal area of individual species 

and their corresponding litterfalls (both parameters logarithmically 

transformed) over 3 sites studied at Hastings agrees with the general 

relationship for bole and litter production in different worlcf clim-

atic zone~ repor_ted by Bray and Gorham (1964), and with the findings 

of Kittredge (1944), Van Loon (1970), and 'Fox et at. (1979). 

\_ 
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An unexpected finding was that the different over- and ~nder-, 

storey species behaved similarly, suggesting an adaptative mechanism 

which balances' photosynthetic production despite varying degrees of 

insolation. There was no significant difference in the relationship 

between the 3 stands, which differed in site quality, and contained 

species of differing age, canopy exposure, leaf size and structure, 

and phenology. Twenty-three species of· 21 genera with 16 families 

(Curtis, 1963, 1967; Curtis and Morris, 1975) were represented on the 

·_3 sites, with canopy heights ranging from 2-33 m, leaf structures both 

sclerophyllous and orthophyllous, and leaf sizes ranging from nano

phyllous to mesophyllous (Fosberg, 1961). 

Considering the da~a for Sites 1, 2, and 3 at Hastings, there 

was a linear relationship between the number of live stems per spec

ies, and· their corresponding leaf accession per site (both parameters 

logarithmically transformed). However, analysis of variance showed 

number of stems accounted· for 64.3 percent of the variance in litter

fall, and there were significant differences in both slope and inter

cept of the individual regression lines per site. 

Thus litterfall should always be expressed relative to basal 

area per unit area, as this parameter reflects the nett resultant of 

all effective environmental variables as well as competition within 

and between species. 

The trapping system described in Section 4.2.1 at Sites 2 and 

4, that utilised circular, galvanised-iron ground traps at fixed pos

itions spread randomly over the study area, is recommended. Roving of 

traps was _time consuming, and the continual movement about the study 

area that was necessitated can be of concern when accessional studies 

are carried out ~oncurrently with decomposition studies that require a 

minimum of plot disturbance. Analysis- of variance between fixed and 
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roving traps at 3 different sites over 29 sampling occasions d~mon

strated no significant differences in yield between the modes of pos-

itioning. The accuracy of determination cannot be significantly 

improved without utilising impracticably large numbers of trapping 

devices, compared with the 10 -per 0.1 ha. used in these studies. This 

number was appreciably greater than the 20-30 per ha. recommended in 

Phillipson (1971). 

There were no significant differences in _yields of tr~pped 

litter in bins or ground traps, but trapped litter was more speedily 

harvested from the ground trap. 

Comparison' of the overstorey litter catches at Site 4 in raised 

bins with those of ground traps yielded no significant differences in 

yield. From this finding, it is concluded that litter does not 

"perch" for a significant length of time in the dense ground cover of 

this site, but gravitates to the forest floor quite rapidly. 
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CHAPTER 5 

ACCUMULATION 

5.1. INTRODUCTION 

Accumulated litter, or "standing crop", in these studies is 

defined as the layer of dead plant material present on the soil_ surf-

ace. No attempt was made to excavate material that may have been 

buried, or to include material that was standing dead, i.e. dead plant 

material still attached to living plants. 

This -definition as stated requires clarification as it was 

difficult to distinguish between litter and soil organic matter. 

Satchell ( 1974) described each of these 2 categories as no more than 

an analytical convenience. The litter layer and the mineral soil were 

easily delineated at Sites l and 2, whereas at Site 3 they were 

extremely difficult to distinguish. 

Litterbed, descriptions follow the revised nomenclature of 

Heiberg and Chandler (1941). 

5.2. LITTERBED CHARACTERISTICS 

(i) Depth 

The litterbeds of ~11 sites were shallow, and differed between 

sites (Fig. 5.2.1). 

Litter of Sites l and 3, the tall-open F.:. obliqua forests, was 

loosely packed and variable in depth. At Site l it was equally strat-

I 

ified in.to an 'L' layer of fresh leaves, bark and twigs, and a decay-

ing 'F' layer of decomposing leaves admixed with relatively intact 

bark and twigs. The 'H' layer averaged 2 cm in depth, but varied in 

pockets to depths of 5 cm. L + F layers together varied between 2 and 

5 cm in depth. Localised areas of "perched" litter were scattered 

over the plot depending upon the position of fallen logs from the 

original stand. 
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nc. 5.2.1. J.ITTERBED PROFILES 

J. = layer of fresh leaves, bark and twigs 

r' = decomposing layer of leaveq with relatively intact bark and twigs 

'I = hlllllus layer 

L
F H= 

L 

F 

H 

Site 1. Medilllll crumb mull litter. 

0 10 20 30 

Site 2. Mor type. 

20 
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0 
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Site 3. Coarse crumb mull. 

10 cm 

0 10 20 30 

Site 4. Mor type. 

40 50 

40 50 

40 50 cm 

- I 
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Greater variability in litter depth occurred at Site 3, the L 

and F layers ranging from 2 to 5 cm as per Site 1, but the 'H' layer 

varied from 2 to 8 cm. This variation was considered to be the result 

of the 1940 wildfire that was responsible for the 2 ages of regener-

ation, and the greater number of stems of understorey species that 

were present. 

There was little tendency for leaf litter to become stratified 

at Site 2, and it was compact, and the 'F' layer predominated. Aver-

age depth was 2 cm with an 'H' layer of about 1 cm, and a clear delin-

eation from the underlying mineral soil. 

The litter bed at Site 4 was unstratified and compact, 1-2 cm 

deep, with indistinguishable 'L' and 'F' layers. The 'H' layer was 

similarly shallow (about 0.5 cm) and irregular. 

(ii) pH 

Samples of litter (1 + F layers) and humus were taken at random 

from 25 locations in each of Sites 1, 2, and 3 and bulked to make 5 

samples per 'site. Replicate samples were coarsely macerated, mixed 

with distilled water in the ratio 1:5 w/v, shaken vigorously, and left 

to stand for one hour, when pH values were determined electrimetric-

ally. Results are listed below in Table 5.2.1. 

-Table 5. 2. 1 • Average pH values of litter per site. 

Source of 
Li:tter material 

1 + F layer 

Humus 

Soil-illl1\1ediately below 
humus layer 

\ 

Site 1 Site 2 

4.6 5. 1 

4.0 5.0 

3.6 4.8 

Site 3 

4.5 

4.0 

3.9 
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(iii) Moisture content 

The moisture-content percentage, on an oven-dry weight basis 

(Slatyer and Mcilroy, 1961) of litter at each site was determined at 

6-weekly intervals from data detailed in Section 6.3. Upper trap 

catches were used to determine the 'L' layer values, and catches from 

the lower traps that had accumulated for a period greater than 3 

months were used to determine values for litter equivalent to the 'F' 

layer. 

Results are presented in Table 5.2.2. 

5.3. ESTIMATION OF ACCUMULATED LITTER MATERIALS 

5.3.1 Subjective .suPvey of logs a:nd pePched litter' 

Method 

The 40 x 25 m plot established at each of Sites 1, 2, and 3 was 

divided into 40 sub-plots of 5 x 5 m. Each of the 40 sub-plots was 

surveyed for the percentage ground cover of logs and of perched 

litter. In some instances logs ~ere supported upon other logs to form 

a lattice, and where this occurred it was common to find a large prop-

. ortion of smaller material perched above the · g~ound. The survey est

imated the ground cover that perched logs and litter would have 

occupied had all material been l~id side by side. It was possible to 

obtain values in excess of 100% by this method although this did not 

occur in this study. 

All assessed values were expressed to the nearest 5% ground 

cover. 



Table 5.2.2. 

'! Litter 
S~te 22.11.79 2.1. 80 ·13. 2. 80 I ::iaterial 

I I I I L 204.3 25.0 51. 8 

l 
I 

l F - 30. 4 27.8 

I I 
L 203.8 33.7 107.8 I 

2 . I 
F - 35.3 55.8 

I 
L 207.3 27.9 33.8 I 

3 

I 
I 

F - 31. 4 39.2 

I 

I I 
L 198.0 33.6 25.3 

4 
' I F ~- - 23.6 

I I 
- ._, .v 

I I 

"-

Litter moisture content per site. 

26.3.80 I 7.5.8G I 18.6.80 30.7.80 10.9.80 
I i 

I 183.0 
I 

20.9 I 190.4 315.4 I 

I 33.1 173. 4 233.6 330.3 

33.0 189.7 181.5 251.4 ' 

51.4 153.6 244. l 293.4 

24.3 152.l 147.3 198.2 166. 8 

36.5 166.0 217.2 278.9 246. l 

23.4 100.6 136.0 172.5 170.0 

3:l.O 131.1 

I 
220.7 

J 
251,. 3 l 245.7 

22.10.80 3.12.80 14.1.81 25.2.81 

30.2 66.5 17.4 104.6 

112.9 135.6 36.8 45.5 

17.4 70.8 24.8 63.6 

78.8 83.8 23.2 l 60.l 

8.4.81 20.5.81 

180.3 190.0 

211.3 250.4 

121. 7 139.9 

202.5 228.3 

l. 7.81 

260.9 

365.2 

12.8.8i 

I 
..J 

I 

J 
227.9 

351.2 

t-' 
N 
N 
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Results 

Fig. 5.3.1 illustrates the distribution of logs and perched 

litter over each of the 3 sites. 1 The mean percentage ground cover of 

logs and of perched litter are listed in Table S.3.1. 

Table 5.3.1. Logs and perched litter: % ground cover 

Material 

Logs 

Perched litter 

(Includes leaves, twigs, 
bark, and branches) 

Site 1 

13 

10 

% Ground cover 
Site 2 

; 17 

7.5 

5.3.2 Objective estimation of standing cPop of woody matePials 

Method 

Site 3 

16 

14 

The survey of percentage ground cover, of logs and perched 

litter was used to selectively sample each site for standing crop of 

woody materials. A frequency table was compiled and 5 sub-plots 

(5 x 5 m) selected to cover the occurrence of the range of values 

obtained. Selected sub-plots are indicated in Fig. 5.3.1. 

Each sel~cted sub-plot was delineated with 'plastic tape by 

measuring the lengths of the sides and adjusting corner pegs to fit 

measured diagonals. The lengths and mid~diameters of all woody mater-

ials within each sub-plot wer~ recorded and used to calculate the 

total volume of· logs ,greater than 15 cm in diameter, and of twigs, 

branches and fallen stems greater than 1.0 cm, but less than 15 cm. 

lsite 3 was divided into 2 parts to avoid including a large 
(ea. 3 m diameter) o.'ver-mature E. ob"liqua old growth remnant of the 
original stand, and the excessive bark input that may have resulted 
from the "halo" effect described by McCall (1966)., 
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FIG. 5. 3.1. 

40m 

45 (30) 15 (10) 10 (10) 15 (5) 10(5) 5 (5) 30(20) 

10 (5) 10 (5) 5(5) 10 (5) 5 (5) 5 (5) 

5 (5) 5 (5) 5 (5) 5 (5) 10(5) 45 (50) 

10(10) 5 (5) 20 (10.) 15(20) 10 (10) 

5 (10) 5 (5) 5(5) 5 (5) 10(5) 30 (30) 10(5) 15 (10) 

Site 1. Tall open E. obliqua regrowth. 

5 (5) 10 (5) 20(20) 5 (5) 5 (5) 40(25) 30 (10) 10(20) 

5 (5) 5 (5) 60(10) 20(5) 15 (5) 15 (5) 5 (5) 

5 (5) 5 (5) 20(5) 20 (5) 30 (10) 15 (10) ' 

15 (5) 20(20) l5(5) 5 (5) 10(5) 20 (5) 

30 (5) 25 (10) 5 (5) 20 (5) 20 (5) 15 (10) 

Site 2. Mixed forest of predominantly 
Nothofagus cunninghamii. 

, 

---1om- 30m 

10 (1 O) -2om--- 20 (5) 25 (5) 5 (10) 5 (5) 10 (5) 

15 (5) 25 (15) 0 5 (5) 5(5) 15(5) 

20(5) 5 (5) 5 (10) 5 (5) 
O/G 

25 (1 O) 30 (10) E. obtiqua 20 (5) 15(20) 25 (40) 25 (10) 

5(5) 5(5) 20(10) 10(10) 25(40) 15(25) 10(40) 15(5) 

Site 3. Tall open 0. obliqua regrowth. 

LEGEND 

15(25) 15% cover of logs, 25% cover of perched litter 

Total area of 5x5m plot assessed for determination of 
woody material >l.Ocm diameter 
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All values were calculated from the sum of the 5 sub-plots on a per ha 

basis. Materials greater than 15 cm in diameter were considered to 

have originated from the pre-regeneration stand. 

The weight of woody materials per hectare was calculated by 

applying a factor of 0. 785 g.cm2 to the calculated volume data. This 

factor is the density of E. obliqua at 12% moisture content quoted in 

Penfold and Willis (1961). 

Results 

Total accumulation of woody material and litter, the components 

of that value, and values for litter accession, basal area, site 

index, and µumber of standing trees per site are compared in Table 

5.3.2. 

5.J.J Estimation of standing pPop of litteP 

Method 

Preliminary studies were conducted to assess: 

(i) size of plot, and 

(ii) number of samples required to estimate the standing crop 

of litter (bark, leaves, and twigs less than 1.0 cm in diameter) at 

each site. 

The first study employed a 1 m2 quadrat to sub-sample the 

forest floor in 10 lQcations. This quadrat size was too large for 

random placement at Sites 1 and 3 due to the number of standing 

stems. The 'L' and 'F' layers were not separated in this study, and 

sampling resulted in considerable variation between quadrats, espec

ially at Site 3 where it was difficult to exclude mineral soil from 

the samples. 

A second study employed a circular quadrat of 48 cm diameter 

that , was readily established on the forest floor and could be cast 
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Table 5.3.2. Comparison of mean values of accession and 
accumulation per site with selected site 

characteristics. 

Parameter Site 1 Site 2 Site 3 

Site Index 30 - 27 

Live basal 2 -1 area (rn ha ) 96.91 82.83 69.78 

Total live ~terns ha- 1 6190 8430 9050 

-
, 

Accession (t.ha-1), leaves 
+bark+ twigs <1.0 cm 

197-9/80 5.060 4.058 4.769 -
1980/81 5.638 4. 935 5.502 

1981/82 5.227 5.074 4.412 

Mean (1979/82) 5.308 4.689 ~.894 

Acclilllulation -1 (t. ha ) 

Leaves + bark + twigs 
<l. 0 cm, 1982 22.150 11. 932 20.541 

Twigs > 1. 0 cm <15. 0 cm 37.87 11.38 26.67 

Logs >15. 0 cm 1051.12 344.15 746.89 

Total excluding logs 
60.02 23.31 47.21 >15.0 cm 

Total including logs 1111.14 367.46 794.10 >15.0 cm 

Total woody material only 1088. 99 355. 53 77 3. 54 

Ratio 
Site 1 
Site 3 

1.111 

1.389 

0.684 

1.061 

1.025 

1.185 

1. 085 

1.073 

1.420 

1.407 

1. 271 

1.399 

1.408 
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into randomly selected sampling positions. Ten samples were, taken 

from each site in June, 1982. All material' was collected to bare 

mineral soil, and at Sites 1 and 3 the samples were separated into 

materials of the 'L' and 'F' layer, where the 'F' layer also contained 

humus and, unavoidably a proportion of mineral soil. It was not poss

ible to separate litter into 'L' and 'F' layers at Site 2. 

Samples from both studies were air-dried in a glasshouse, then 

separately 'ground to x 60 mesh (B.S.S.) in a Wiley Mill, and oven-

dried for 72 hours at 70°C. Three sub-samples were systematically 

taken (Anon. 1982) from each sample and the ash content determined on 

"a percentage basis after 3 hours in a muffle furnace at 600°C. Litter 

standing crop calculations were adjusted re la ti ve to individual ash 

values where 2. 5% ash was taken ~as a mean value for uncontaminated 

litter. 

Results 

A cqmparison of the results of estimates of standing crop of 

litter- obtained by the 2 methods was made for Site 1. The 1 m2 quad

rat gave a mean value of 40.918 t.ha.-1 , standard deviation of 20.697 

t.ha.-l, and coefficient of variation percentage of 50.58 between 

quadrats. In contrast, circular quadrats gave a mean value of 22.15 

t.ha.- 1, standard deviation of 3.289 t.ha.- 1, and coefficient of var-

iation percentage of 14. 8 between quadrats. Ten . samples (quadrats) 

were used in each instance, and in order to obtain values for standing 

crop of litter within 10% of the true mean and 95% confidence it was 

calculated that the first study would have required 102 samples and 

the second study 9 samples. Hence the, results pf the 1 m2 quadrc:tt 

sampling were. discarded in favour of data of the circular, smaller, 

quadrat sampler. 
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Table 5.3.3 lists the mean value, standard deviation, and per-

centage coefficient of variation for each site of individual litter 

layers. 

The mean values of standing crop of litter per site are incl-

uded in Table 5.3.2 as the fraction of the total standing crop less 

than 1.0 cm in diameter. Sites 1 and 3 were of similar vegetation and 

a comparison between the sites in relation to various measured param-

eters is included in Table 5. 3. 2, derived from the ratios of Site 

I/Site 2 values. 

5.3.4 Calculation of litter> decay constants 

Pr>eambZe 

Kittredge (1948), Jenny et al. (1949), Greenland and Nye 

(1959), and Olson (1963) described models and methods for the deter-

mination of decay parameters. Olson (1963) described alternative 

models for litter accumulation and decomposition, and the model for 

accumulation with continuous litterfall' has been selected as best 

suited -to Australian conditions by many workers viz. Lee and Correll 

(1978), Birk (1979b), Fox et al. (1979), Halker (1980), and Pressland 

( 1982), -and has been critically examined by Birk and Simpson ( 1980). 

Olson's (1963) continuous input model is based upon the amount 

of standing crop of litter (X) being dependant upon the balance 

between littec production (L) and decomposition (k), with the rate of 

change in )( being expressed as: 

dx 
, dt = L - k.X 

Under steady state conditions, dx/dt 

k 
L 
x 

(Olson, 1963) 

0, and 

This calculation can be extended to compare the half-life of 

litter, t 112 • If L and k remain constant and the conditions for the 
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Table 5.3.3. The standing crop of litter and its percentage 
content of inorganic matter per site (t.ha-1). 

Site 1 Site 2 

Mean standing crop of litter -1 
(t. ha ) 22.150 11. 932 

Standard deviation 3.289 3.691 

Coefficient of variation % 14.8 30. 94 

Percentage inorganic matter content 

-
'L' layer: - 5. 30 t x 

s 2.32 t 
-

c.v. % 43.81 t 

IF' layer: x 20.44 t 

s 14.14 t 

c. v. % 69.18 t ) 

L+F layers: x 12.76 

s 9.09 

c. v. % 71. 27 
-

-

t; not calculated for Site 2. 

Site 3 

20.541 

3.933 

19.15 

4.17 

1.19 

28.54 

14.47 

6.33 

43.75 
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model remain unchanged, then X may be defined as a function of time, 

X = 0 when t = 0, and hence: 

(Olson, 1963) 

and as dx/dt is proportional to the amount of litter present, then the 

theoretical half-life of litter may be calculated similarly to calcul-

ations of radioactive decay viz. 

0.693 
tl/2 = k (Olson, 1963) 

and 3/k and 5/k equals the ,time period required to attain 95 and 99 

percent of the final steady state (Xss) level. 

Method 

The continuous input model of Olson (1963) was applied to the 

, data for litter production and accumulation at Sites 1, 2, and 3, as 

litter input was continuous and there had been -an absence of major 

perturbations e.g. fire, at Sites 2 and 3 for 42 years, and at Site 1 

for 63 years. 

Results 

Tahle 5.3.4 lists' calculated values for k, t 1; 2 , and the time 

required to attain 95 and 99 percent levels of litter ste~dy state 

(Xss) at each site, using the litter production value for the year 

corresponding to the year of standing crop determination, and the mean 

annual litter production value for the study period, 1979-1982. 

5.4. DISCUSSION 

(i) Depth 

Litterbed depth was similar between the comparable vegetation 

types of Sites 1 and 3, and markedly less a!= Sites 2 and 4. The lack 

of depth at Site 2 was in keeping with the lower neasured value for 

accumulated litter at this site, and its more rapid decay rate. 
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Table 5.3.4. Decay constants of total litter1 at Hastings 
study sj.tes. 

Litter values Parameter Site 1 Site 2 

1982 accession k 0.236 0.425 
and 1982 accumulation 
data - t~ 2.936 1. 631 

Xss 95% 12. 712 ' 7. 059 

Xss 99% 21.186 11. 765 

Mean of 1979/82 k 0.240 0.393 
accession and 1982 
accumulation data t~ 2.888 1. 763 

Xss 95% 12.500 7.634 

Xss 99% 20.833 12. 723 

1. Total litter = leaves +bark+ twigs <l.O cm in diameter. 

Site 3 

0.215 

3.220 

13,953 

23.256 

0.238 

2.912 

12.605 

21. 008 
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(ii) pH 

Litter pH values decreased with increasing depth at all sites, 

but were less acidic than values derived for the underlying soil. 

These results are in agreement with Ovington and Madgewick (1959). 

The acidic litter layer values would seem to favour fungi 

rather than bacteria as primary decomposer agencies as discussed by 

Gyllenberg and Eklund ( 1974) and would be particularly suited to the 

wood-inhabiting Basidiomycetes that are more tolerant of acidity than 

those that inhabit litter. Walker (1981) and Pressland (1982) give 

decomposition rates of wood and bark that are much lower than values 

for leaf litter. These components predominate, as a consequence of 

their slower decomposition rate, in ,the 'F' layer, an environment 

cited as suitable for wood-inhabiting Basidiomycetes. 

Soil arthropod populations may be affected by the acidity of 

the litter of Sites 1, 2, and 3, as Edwards (1974) refers to the work 

of several authors that found arthropod populations to be greater in 

alkaline conditions. 

(iii) Moisture content 

Litterbed moisture content percentages over an' 18 month study 

period were directly related to mean rainfall and air temperature 

experienced during the interval of measurement. Moisture content of 

both the 'L' and 'F' layers increased with increased rainfall, and 

decre;rned with increased air temperature. The 'L' layer was drier 

than the decomposing 'F' layer, with the 'L' layer ranging from 24 to 

260% (on the basis of oven-dry weight) and the 'F' layer correspond

ingly from 36 to 360% at Site 3. Litter at Site 4, the op~n scrub 

site, was drier than the other sites with values for the 'L 1 layer 

ranging from 23 to , 198%, and the 'F' layer from 23 to 254%. These 

results agree with those of Clary and Ffolliott (1969), who found the 
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moisture holding capacity of litter varied with depth, with greatest 

capacities being in the amorphous 'H' layer and lowest in the 'L' 

layer. 

There was a marked seasonal variation in litter moisture cont-

ent and a marked correspondence in the seasonal pattern between sites. 

The influence of moisture on litter breakdown has been disc-

ussed by Williams and Gray (1974), low moisture levels reducing litter 

breakdown rates. Van der Drift (1963) found that decomposition of 

both mull and mor litter was retarded by drought, and numbers of 

saprophagous animals in litter were reduced. Lee and Correll (1978) 

stated that earthworms and macroarthropods fed and moved about in the 

litter layers only when humid conditions and moderate temperatures 

prevailed in litter and surface soil. Table 5.2.2 demonstrat,es that 

lack of litter moisture seldom occurs in the southern forests. 

(iv) Survey of logs and perched litter 

Mean values for percentage ground cover of perched litter and 

logs on the 3 sites (Table 5. 3 .1) do not agree with the measured 

values derived from selected sub-plots. The anomalies result from the 

difficulty of being able to visually convert the spatial distribution 

of material to one plane, and illustrate the need for an objective 

method of assessment such as the direct measurement technique of 

Sneeuwjagt (1973). 

Although visual estimation resulted in an incorrect total plot 

estimation, it did provide a means of selecting sub-plots for detailed 

examination within sites. 

(v) Estimation of standing crop and calculation of decay 
constants 

The data presented in Table 5.3.2, for standing crop of all 

materials on the 3 study sites, may be considered as 3 basic comp-

onents. 

--
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(i) Leaves + bark +,twigs less than 1.0 cm; 

standing crop of litter, 

represents the 

(ii) Woody material greater than 1.0 cm but less than 15.0 cm, 

(iii) Woody material greater than 15.0 cm (logs). 

All woody material at Sites 1 and 3 greater than 15. 0 cm in 

diameter originated from the pre-regeneration stand, and material 

types (i) and (ii) from the current stand. The rainforest (Site 2) 

had a mixture of relatively recent windblown material including large 

stems and limbs of indeterminate age. Only material type (i) was used 

for the calculation of decay constants and for litter standing crop 

comparison with other Australian forests as m:asurement of limb fall 

were not made in the studies of accession. 

A comparison of litter accession, accumulation, and decay 

constants k, t 112 , and 5/k is given in Table 5.4.1 for values derived 

in this study, and values for other forests of Australia. 

l ' 

Both accession and accumulation amounts of the E. obliqua 

stands of Sites 1 and 3 are greater than those obtained for other E. 

obliqua studies in warm temperate forests of southeastern South

Australia cited by Lee and Correll (1978), and northern Victoria cited 

by Attiwill ( 1968). Litter production values in this study conformed 

to the values predicted by Bray and Gorham (1964) for the geographic 

location and cool, temperate environment of the Southern Forests. 

Values derived by Attiwill (1968) and Lee and Correll (1978) were 

below those expected for warm temperate forests of the more northern 

latitudes. 

Proportionality of accession and accumulation was similar in 

all 3 studies of E. obliqua, and hence decay constants were also 

similar. It is assumed that the cooler temperatures of southern 

/; 



Table 5.4.1. Comparison of Hastings forest sites litter data with other Australian forests. 

Litter fall Litter Decay constants 
Forest type (t.ha-1) standing Location 

'-
crop k k~ 5tk 

(t:.ha-1) 

Tall ope~ E. obUqua 5.31 22.15 0.24 2.94 21.2 Hastings, Southern Tasmania 
Cool temperate, wet sclerophyll (5. 06-5. 64) 

Tall, open t:. obliqua 4.89 20.54 0.22 3.22 I 23.3 Hastings, Southern Tasmania 
Cop l terr.perate, wet sclerophyll (4.41-5.50) 

Mixed forest, cool temperate 4.69 11.93 0.43 1.63 11.8 Hastings, Southern Tasmania 
(::. ow:ningiianii predominate) (4.06-5.07) 

I 

I::. obZiqua/E. b=tePi 2.33 9.8 0.24 I 2.91 20.8 South eastern South Australia 
Warm temperate, dry sclerophyll (2.10-2.65) 

E. obiiqua 3.56 18.25 0.20 3.55 25.6 Northern Victoria 
Ware terr.perate, dry sclerophyll 

'£;. r·egnc.'l"!S 7.76 21. 80 0.36 l. 95 14.0 Southern Victoria 
Te1.1perate', wet sclerophyll (7 .05-9. 95) 

I 
I 

I ?°. T";(!::t~ 1.atC: 4.86 11. 30 0.43 l. 61 11.6 South coastal NSW 
Spotted Gum fores:: (3:60-6.84) 

I 
I 

I 
. ~. 7:~gir..:zta 2.68 16.30 I 0.16 4.23 30. 5 South western W.A • 

Jarrah £crest (2. 30-3. 35) I 
--

E. sigr.ata/E. U11b~a 6.4 27.0 0.24 2.92 21. l Stradboke Island 

Reference 

This study 

This study 
' 

This study 

Lee and Correll (1978) 

' 

Attiwill (1968)c 

Ashton (1975)c 

McCall (1966)c 

Hatch (1955)c . 

a 
Rogers and Westman (1977) 

.._. 
w 
Vl 



Table 5.4. l. 

Comparison of Hastings forest sites litter data with other Australian forests. Cont'd. 

E. pilularis/Angopr.ora costata 5.2 16.7 0.31 2.23 16.l 
Open forest 

E. pilularis open forest 4.9 12.2 0.40 l. 72 12.4 

E, sieberi 3.1 14.8 0.21 3.32 23.9 
Tall open forest 

E. pilularis, open forest 7.1 15.5 0.46 l.51 10. 9 

E. pilularis, open forest 4.3 13.9 0.31 2.24 16.2 

I 
Alpine, open forest ,3. 56 40.0 0.09 7.79 56.l 

Open forest 3.70 18.00 0.21 3.38 24.4 

----~· ·--I 

Open forest 3.80 25.00 0.15 4.56 32.9 

Open forest 5.02 17.48 0.29 2. '•l 17.4 

Tropical closed forest 5. 11 5.62 0.91 o. 76 5.5 

Temperate, closed forest 7.07 12.65 0.56 1.16 8.3 

I 

a= Data from Fox et al. (1979); b =Data from Walker (1971); c •Data from Lee and Correll (1978). 

Seal Rocks, N.s.w. 

I 

Kendall, Bulls Ground, N.S.W. 

Blue Mountains, N.S.W. 

Bellangry State Forest, N.S.W. 

Manning River National Forest, 
N.S.W. 

Snowy Mountains, N.S.W. 

Dwellingup, W.A. 

N.W. Tasmania 

Canberra area, A.C.T. 

Innisfail, Queensland 

Armidale area, N.S.W. 

Fox et al. (1979) 

Nicholson and Love (1972f 

Van Loon (1977) 8 

Van Loon (1970, 1977)a 

Van Loon (1969)a 

Park (1977)b 

Peet (1971) b 

-

Jackson (1968)b 

Hutchings and Oswald 
(1975)b . 

Bailey (1976)b -

Watson (1977) b 

t-' 
w 
(j\ 
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Tasmania were compensated for by improved litter moisture conditions 

for continued decomposition. 

Ashton (197 5), working in E. roegnans forest in Victoria re

corded higher accession values that were in agreement with Bray and 

Gorham (1964), a similar amount_ of accumulated litter, and hence a 

faster decomposition rate. This may be expected, given warmer temp-

eratures and adequate litter moisture in those forests. The faster 

decomposition rate in the closed mixed-forest of Site 2 in this study, 

was assumed to be attributable to the wetter conditions of the forest 

floor. 

The continuous input model of Olson (1963) includes a number of 

assumptions that, due to their application to different situations, 

may result in over-or-under estimation of the litter turnover. The 

consequent variabilities associated with these assumptions have been 

detailed by Birk and Simpson (1980). 

model are: 

Assumptions included by the 

(i) that the system is in steady state, and free from recent 

major perturbations viz. fire, 

(ii) that liE::l:t;t" _falls continuously throughout the year, and is 

constant from year to year, 

(iii) that a constant proportion (k) of the forest floor turns 

over annually. 

Assumption (i) was satisfied by the conditions of the southern 

forest sites. Assumption (ii) may have lead to over-or-under estim-

ation as although litl:£1'-~_falls continuously throughout the year, there 

was marked seasonality in the rate of fall, and the amount varied from 

year to year. This property is not peculiar to these studies, but 

occurs across a range of forest types as illustrated by the variab

ility of accession measured by several authors in the data of Table 
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5.4.2. Considering the range of accession values measured in these 

studies (Table 5.3.2), the related k values ranged from 0.228 to 0.256 

with a mean of 0.240, and a value for 1981/82 (the year of standing 

crop determination) of O. 236. The variation in k due to variation in 

L was 0.240 ± 0.014, with the percentage change in k ± 23-25% cited by 

Birk and Simpson ( 1980) for j arrah and karri forests due to season-

ality, and was less than the variation in k obtained by Lee and 

Correll (1968) in other E. obliqua forests (k = 0.240 ± 0.028, ± 11.6% 

change ink), ~nd by Ashton (1975) in E. r>egrzans (k = 0.360 ± 0.067, ± 

18. 5% change in k). 

There was insufficient information to test assumption (iii), 

but variations in climate from year to year are one way by which the 

turnover of litter on the forest floor may be affected e.g. the incid-

ence of drought. Climatic conditions for the southern forests were 

relatively stable during the 3 year period of study. 

Variability in k determination was dependent upon the suitab-

ility of application of the assumptions of Olson (1963) to the stand 

under study. Another consideration which may be of at least equal 

importance and which is not generally mentioned in the literature, is 

variations that may arise from inadequacy of sampling techniques. 

Improved sampling technique viz. type and number of traps for measure-

ment of accession, and recognition of the possible inclusion of inorg-

anic matter in standing crop samples, may themselves be responsible 

for considerahle improvement in the estimation of k. 

Table 5.3.2 compares accession and standing crop of litter and 

of woody material between Sites 1 and 3 with their values for Site 

' Index and basal area by calculation of the ratios of Site !/Site 3 

data. 



139 

The ratio for live basal area between sites was 1. 4, the same 

valµe derived for ratios of standing crop of woody material attrib-

utable to both the pre-regeneration and current stand. The between 

sites ratio for Site Index was 1.1, and this ratio was the same for 

litter accession and litter standing crop of the current stand. 

These findings are in agreement with those of Chapter 4 that 

demonstrated litter production to be significantly correlated with 

live basal area of individual species, where both are indices of net 

primary production and of photosynthetic efficiency. 

·( 
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CHAPTER 6 

DECOMPOSITION 

6.1 DEFINITION 

.The Oxford English Dictionary defines qecomposition as: 

"the action or process of decomposing, 
(or anything) into its constituent elements; .. ence. 

separation or resolution 
disintegration; putres-

Decomposition may relate to the physical disintegration of dead 

plant structures from attachment to living plant, to the stage where 

its gross cell structure is unrecognisable following detachment. It 

may also refer to the breakdown of complex organic molecules to carbon 

dioxide, water, and mineral components. 

In all instances of use "decomposition" is generally expressed 

' as the proportion of the initial weight of the substrate lost per unit 

of time. 

6.2 LITTER BAG EXPERIMENT 

6.2.1 IntPoduction 

This' section describes a series of experiments designed to 

study specific aspects of the litter decomposition. process. Each 

experiment is treated separately and then discussed with relevance to 

the overall process. Direct estimation of litter decomposition rate 

by the use of mesh bags has been discussed in Section 2.1 but a brief 

review of associated problems and benefits of the technique will 

assist an understanding of the approach adopted in these investig-

ations. 

Problems that arise from the confinement of litter in mesh bags 

have been considered by many authors e.g. Bocock and Gilbert (1957), 

Crossley and Hoglund (1962), Suffling and Smith (1974), Kawahara and 

Sato (1974), Edwards (1977) and Woods and Raison (1982). Nonetheless, 
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there are many investigations for which the use of litter bags is 

ideal e.g. the effect of litter fauna upon decomposition rate (Wood 

1971, 1974; Weary and Merriam 1978), the relative contribution of 

various taxonomic groups of litter fauna and their interaction with 

microorganisms (Edwards and Heath 1963; Macauley 1975) and studies of 

fungal succession (Macauley 1979). The prime object of litter bags is 

to confine selected litter material and determine its loss of weight 

with time, such loss being considered attributable to decomposition. 

Any influence of confinement within the bag upon loss in weight and 

its determination will lead to erroneous conclu.sions regarding litter 

decomposition under natural conditions. The major sources of error in 

the estimation of decomposition rate by the use of litter bags arise 

from: 

(i) size of mesh 

(ii) type of leaf material, 

(iii) time of field placement, and 

(iv) method of placement. 

Confining litter in mesh bags has been shown to create artific

ial conditions that may result in reduced decay rates (Witkamp and 

Olson 1963) and the loss of leaf fragments during bag recovery and 

handling may exaggerate values for weight loss, hence the variability 

of the estimate of weight loss increases greatly as time progresses 

(Richards and Charley 1977) The size and type of mesh used in bag 

construction obviously dictates the degree of effect; fine mesh may 

exclude soil biota (Bocock and Gilbert 1957, Witkamp and Olson 1963, 

Edwards 1977), and in moist conditions may modify the microclimate by 

increasing moisture content of the contents of the bag (Gilbert and 

Bocock 1962, Witkamp and Olson 1963) although Anderson (1973) could 

find no consistent effect of widely varying mesh dimensions on the 

moisture content of leaves in a moist deciduous woodland. 
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The difficulty in comparing results of various workers has 

generally been blamed upon the variaoility of litter material selected 

for use, and in particular upon the use of green leaves rather than 

those that are shed naturally. Richards and Charley ( 1977) and Woods 

and Raison (1982) consider it imperative that only naturally shed 

leaves be used so that they are representative of the trophic and 

nutrient status of leaf fall at the time the bags are set out. Natur-

ally shed leaves, however, may not always be available in sufficient 

quantities, particularly where studies are undertaken with understorey 

species. 

Time and method of placement of litter bags may have an effect 

upon measured rates of decay, particularly if green, picked leaves are 

t 

used. Ideal arrangements woul~ be placement of naturally shed litter 

in situ at the time of maximum litterfall as . leaves are then most 

readily available, and the decay rate measured from this dat:e will 

relate to the largest possible leaf population. Macauley (1975) found 

no significant difference in litter decay rate when it was co~fined in 

bags placed on the litter surface or on surface soil cleared of 

litter. Woods and Raison (1982) argue that the less disturbance of 

the litterbed the more natural the environment, and they recommend 

placement on the litter surface. Another consideration in favour of 

placement on the litter surface is the intrusion of silt into litter 

bags that may result from their placement on bare mineral soil (this 

problem is discussed in detail in Section 6.3). However, the standard 

inoculum base that results from bag placement upon bare mineral soil 

could be an important consideration. 

Having considered the problems and criticisms of the use of 

litter bags, a number of experiments, were established to study spec-

ific aspects of the decomposition process and the methodology of their 
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investigation. Standardised procedures were adhered to for each 

experiment, and these procedures are detailed under Methods and 

Materials. 

6.2.2 Methods and MatePials. 

(i) Bag manufacture. 

Flat, rectangular bags measuring 250 x 200 mm were manufactured 
/ 

from terylene tulle of 2 mm mesh, sewn together with terylene sail-

maker's thread, and identified by stamped aluminium tags that were 

attached by fine plastic tubing. Each bag was separately weighed and 

its weight recorded. 

The terylene tulle was of fine enough mesh to prevent major 

loss of leaf fragments, but was not considered a barrier to the entry 

of litter fauna, as during an allied experiment up to 30 holes had 

been observed to have been eaten through the mesh material, indicating 

that larger biota could gain access. 

(ii) Leaf drying curves. 

These experiments required the use of green, picked leaves as 

it was not possible to collect sufficient quantities of leaves of 

understorey species required for replication. Prior to preparing 

litter bags the , equivalent oven dry weight (70°C) of leaves at some 

suitable pre-drying condition was determined as it was essential that 

the same quantities of leaves could be prepared per replication and 

trea'tment. The lowest temperature at which available drying-ovens 

could operate was 35°C, and this temperature was checked for its suit-

ability. 

Collections were made of green picked leaves of all species to 

be studied. Only those leaves that were considered likely to be 

naturally shed from the canopy in the coming summer period of litter-

fall were collected. Collections of individual leaf species were 
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thoroughly mixed, placed in wire trays and subjected to a drying temp

erature of 35° in air-circulated drying ovens. Table 6.2.1 lists the 

percentage of original green weight of leaves remaining with time of 

drying at 35°C, after 48 hr at 70°C, and after 48 hr at 102°C. Drying 

curves for each species are illustrated in Fig. 6. 2 .1. The curves 

demonstrated that it was possible to collect leaves, dry them for 48 

hr at 35°C, determine their equivalent oven-dry weight _at 70°C, and 

have adequate time for bag filling and sewing without significant loss 

in weight. 

(iii) Leaf collection and bag preparation. 

Accessional data at the most litter-productive site (Sl) indic

ated a total annual litterfall of approximately 5.0 t.ha.-l of which 

about 3 .1 t were leaves. Litter bag area was 500cm2 and hence the 

weight of leaves that -may be expected to fall annually upon such an 

area was 15.5g, and of total litter was 25g. An equivalent oven-dry 

weight (70°C) of 20g was selected as the standard sample quantity for 

litter bag packing. The 35°C weight of leaves required to obtain this 

amount is listed per species in Table 6.2.1. 

Leaves of all species were picked green from live, standing 

trees, from trees felled specifically for collection purposes, or from 

limbs shot from tree crowns with a .270 calibre rifle. Only those 

leaves that were considered likely to be naturally shed were plucked 

(petiole intact), and leaves of the lower crown were avoided. 

Twenty grams of equivalent oven-dry weight of leaves per spec

ies were placed into appropriately labelled bags which were then sewn 

up and stacked in cardboard boxes for transportation to the field. 

(iv) Field placement. 

Stratified random placement was made of all bags at each site 

to ensure adequate coverage of the sites, although some subjectivity 



Tab;e 6.2. l. Percentage of original green weight of leaves re~aining with drying time at 35"C. 

-

~ 
% uriginul green weight of leaves with lime nt 35°C 

- After -48 hrs 
) I'.;. 5 18 22 39 42 112 118 135 at,70°C at 105°C 

I E~:·aZyptwi obZiqWl ,--:~ 50.6 49.3 47.6 47.7 47.3 47.5 57.3 46.3 44.7 

.:.-:Y.:'.;"'...~ r--::rgirr..ta 

I 
65.8 62.7 51. 6 45.3 44.8 43.6 43.7 43.6 42.5 41. 7 

F:4:::rJ::-hia luci.da 51. 6 51. 3 50.4 49.9 50.4 49.5 50.5 49.5 48.8 47.9 

ii.aba!iin 2qua:neU'l1 54.2 50.5 46.2 40.1 40.4 39.4 40.2 39.4 38.8 38.0 

A~i--..eroop2.--r.a moaai-..atun 49.1 44.5 37.9 29.9 29.8 29.3 29.6 29.4 28.2 26.6 

P?-~1~r-ria apetal~ 56.3 53.6 49.6 42.0 41.9 41.2 41.5 41.2 40.0 39.2 

~uc~Z'!fPt"iA.G nitida 58. l 56.6 54.1 51. l 51.0 50.5 50.7 50.5 49.5 47.l 

ho~~ia ~eZar.orJZon 

I 
49.9 48.4 46.9 44.7 44.9 44.0 44.7 44.l 42.4 42.2 

I 

I r • ,, • 1iari·· 11otm.1a.T,,,,a; c:o:r.t.r.g 1t1. 44.6 44.2 43.6 43.0 43.3 42.3 43.l 42.3 41.8 40.9 

Pr.yZtoat.ad:.c aJpleniifoliUB 66.l 62.8 58.6 {+9.5 49.2 47.7 47.9 47.7 lt6.5 45.2 

Weight leaves at 35°C 
reGuired to yield 

:!0& at 70°C 

20.6 

21. l 

20. 7 

20.8 

21.1 

30.0 

20.6 

21.2 

20.7 

21.2 

I 

I 
I 

,_.. 
.p.. 
lJJ 
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was involved in order to avoid areas of - perched litter, logs, and 

ground depressions that could become waterlogged. 

tracks were also avoided. 

Defined animal 

Bags were laid flat upon the litterbed surface with as little 

disturbance as possible, only sticks and twigs being removed to ensure 

that placement resulted in close contact with the underlying litter 

layer. Each bag was held in place by' 10 gauge, galvanised fencing

wire pegs pinned through two opposite corners. One peg was 20cm_ long 

and marked with colour-coded plastic flagging tape to facilitate their 

re-location at future sampling dates. 

(v) Replication. 

Except where stated otherwise three replicates of' each treat

ment were used at each study site. 

(vi) Field sampling. 

One quarter of the total number of bags used in each experiment 

were sampled after 3, 6, 12 and 18 months in the field. 

On each sampling occasion individual bags were carefully lifted 

to avoid _loss of fragmented leaf material. The presence of mycelium 

within or upon the bag or on the underlying litter surface, the 

numbers of holes made by biota through the terylene mesh, and macro-

arthropods viz. earthworms, inillipedes, etc. were recorded. Litter 

bags were then placed in open polythene bags and stored on edge in 

cardboard boxes. Woods and Raison (1982) outline a sampling procedure 

designed to reduce between replicate variation utilising tared paper 

bags as employed by Suffling and Smith (1974). The wet conditions 

that often prevail in the stands under study precluded the use of 

paper bags as they disintegrated. 
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(vii) Laboratory sampling. 

Prior to drying, each litter bag was removed from its plastic 

bag and placed in 25cm diameter, round plastic dishes together with 

any fragmented leaf material that had been lost from the litter bag. 

Dishes were left in strong light in the glasshouse for 60 hours then 

lifted and any underlying frass and emergent macroarthropods were 

collected and stored in labelled vials of 70% ethanol. Litter bags 

and litter debris from the dishes were racked in trays and oven-dried 

at 70°C for 48 hr, then weighed and individual bag loss in dry weight 

calculated. 

(viii) Species mixes and handling losses. 

Where mixtures of leaf species were contained in litter bags, 

the component species were sorted, redried for 24 hr at 70°C and 

reweighed to determine the component weight losses. Due to additional 

handling and sorting, losses were incurred that prevented the balance 

of calculations. required for comparative analyses between individual 

species effects and effects within species mixes, and it was necessary 

to adjust the sorted leaf component weights to achieve that balance. 

It was considered that the degree of fragmentation of individual spec-

ies within mixtures would be proportional to their respective rates of 

dec,omposi tion, and therefore the apportioning of the weight loss due 

to the extra handling was made by using the complementary ratio of the 

weights of the component species in each mix after re-weighing e.g. 

I 

Species mix A+B = 12.8g at initial weighing, 70°C, 

after time, t, in the field. 

After sorting and re-drying, 70°C, A 4.7g 

B 6.7g 

Sum of sorted components ll.4g 

Hence handling loss l.4g 
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Apportionment of loss, A = 

B = 

Therefore A S.Sg 

B 7.3g 

Sum 12. 8g, the 

handling. 

(ix) Invertebrate survey. 

1.4/11.4 x 6.7 

1.4/11.4 x 4.7 

weight of A+B at 

0.82g 

o •. ssg 

initial 

Taxonomic identification and scoring of numbers of the invert

ebrates collected from litter bag extractions in the glasshouse were 

carried out by Dr-·---J!_L: Madden of this faculty. The aim of the pro

cedure was to determine whether certain species of invertebrates had-a 

preference for specific leaf litter species, and to derive information 

regarding the role of these tiecomposer agencies within the litter 

layer. 

(x) Bacterial colonisation. 

Immediately after litter bags were brought in from the field a 

representative leaf of each treatment per site was removed and a 12mm 

disc aseptically punched from the leaf centre. 

portions were returned to t}leir respective bags. 

The remaining leaf 

Discs were separ-

ately transferred to 30 ml of Ringer's solution and left to stand with 

intermittent hand agitation for 20 minutes. "Orion" urine culture dip 

slides coated with a film of MacConkey agar 1 on one side and of 

C. L. E. D. medium1 on the other were dipped in the Ringer's solution and 

rotated for 10 seconds, then drained, placed in their containers, and 

incubated for 4 days at 23°C. Colony densities were determined from 

reference to tables supplied by F .H. Faulding and Co. Ltd., manufact

urers of Or-ion dip-slides. 

1,see Appendix D. 
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This technique was an attempt to devise a means of determining 

obvious differences that may have existed in bacterial colonisation of 

the various leaf species. Sampling was possible at the 3 and 6' month 

collections only, as the majority of leaves thereafter had decomposed 

and become unsuitable for use. 

(xi) Earthwonn survey. 

During field collections of litter bags the opportunity was 

taken to determine whether specific leaf species were attractive to 

earthworms. After lifting, the area beneath each bag was dug to 

approximately 15cm and the soil and litter sifted for presence of 

earthworms and macroinvertebrates. This survey was carried out at 

Site 1 only. Numbers of earthworms collected from bags during lab-

oratory sampling were included in the survey. 

6.2.3 Decomposition of leaves 

Individual litter bag experiments. 

/ 
Experiment 1. 

Aim 

To determine the relative rates of decomposition of leaves of 

individual overstorey and understorey species, and of selected species 

mixes. 

Methods. 

Ten separate species were involved, representing the major 

vegetation of the four study sites. Eight of these species predom-

inate at Sl and five of them were present at S4. The species selected 

were: 

Eucalyptus obliqua 

Eucalyptus nitida 

Nothof agus cunninghamii 

Sl,S4 

S4 

Sl 
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A theroosperoma moschatu.m Sl 

PhyUocfodus aspleniifolius Sl 

Pomaderorois apetala Sl 

Eucroyphia lucida Sl 

Acacia melanoxylon Sl,S4 

Phebaleum squameum Sl,S4 

Banksia maroginatd S4 

Observations had shown Pomaderorois leaves to be rapidly broken 

down in natural litterbeds, while PhyUocladus leaves remained in some 

instances intact at a depth of at,least O.Sm. Mixtures of these spec

ies with E. obliqua leaves were incorporated into the design to deter

mine whether allelochemical interaction may occur within the litter 

layer. Where species mixes were packed in litter bags, the total 

, equivalent oven dry weight (E.O.D._W., 70°C) of the mixture was 20gm, 

the same weight as indivi~ual leaf species. 

The experiment was established in the tall, open forest at Site 

1 and the tall scrubland of Site 4. These sites represented differ

ences in canopy cover, vegetation type, soil drainage and fertility, 

and li tterbed inicroclimate, and were deliberately selec,ted to deter

mine whether differing rates of decomposition of the confined leaf 

litter would occur. 

All leaves were collected and litter bags placed in the field 

on August 28th, 1980. A total of 288 bags were involved, representing 

12 species/mixes with 3 replications each at 2 sites, and 4 proposed 

samplings, namely 3, 6, 12, and 18 months. 

Results 
7-

Mean percentage weight loss per individual species and species 

mixture are presented for each study site in Table 6.2.2 for each 
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sampling time, and are compared graphically in Fig. 6.2.2 for Site 1 

and Fig. 6.2.3 for Site 4. 

All species demonstrated continual decomposition up to the 

final sampling at 18 months, except for leaves of Pomader>r>is apeta"la 

that appeared to stop decomposing between 12 and 18 months. Phy"l"lo-

c"ladus asp"leniifo"lias, decomposed at a very uniform rate up to 18 

months. The appearance of the leaves after this period suggested that 

weight loss could be attributed to weathering or leaching rather than 

fragmentation and comminution by fungi and arthropods. 

Phy"l"loc"ladus leaves were the slowest to decompose, losing only 

21.5% of E.O.D.W. after 18 months, and only 6.0% after the initial 3 

months. Excluding Phy"l"loc"ladus, all leaf species demonstrated a rapid 

weight loss in the initial 3 months, and a relative slowing down of 

loss rate in the 6 months between the 12 and 18 month sampling (refer 

Fig. 6.2.2 and 6.2.3). 

Pheba"leum squameum was the most rapidly decomposed, major 

weight loss (46.2%) occurring in·the initial 3 months in the field. 

Decomposition percentages of the individual species and of the 

species mixes were compared by analysis of variance. Appendix, Stat-

istical Analysis, 11 and 12 lists results of these analyses, and 

tables the mean decomposition percentages of the inidividual species 

and of species mixes, ranked according to level and in groups of least 

significant differences between species/mixture. Due to 50% ( 18) of 

the replicates at Site 4 being destroyed by fire between the 12 and 18 

month sampling, separate analyses were made of data for 3, 6, and 12 

months field exposure (Appendix 11) and 6, 12, and 18 months 

(Appendix 12). 

There were significant differences (P<0.001) in percentage 

decomposition between species, times, and the species x times inter-



~ 

I 
i 
r 
r 

,---

/ 
/ 

-~ 

!able,6.2.2. Percent dry weight loss (%) and ranking of relative decomposition rate (R) with time. 

All figures the mean of 3 replicates. 

I 3 months 6 months 12 months I 
Species SI 54 SI S4 Sl S4 

~~ R % R % R % R % R 

r"h';JZ l,.;~l-:zdua ao-:>Z-sr.iifoliua 

I 
I 6.0 l 5.5 l 8.9 1 9.0 l 14.8 l 

.) 

F.wzr-Jr-l:ia li.r.ida 2 16.0 5 20.0 3 23.7 5 27.9 3 36.2 4 

I B.-;zr.;.,_.'l?°r.J. r.1rgiJ111ta 
I 

3 17.5 2 14.9 2 23.2 2 20.2 2 36.0 2 
, ~ r • f: • • 

J .. ;:!r:.?. -:::;;~'! c:...."=~'-~~ ;ar.i.t. 4 17.7 3 17.4 4 24.4 3 24.4 4 42.3 5 

! h~-::;:.,.-:'.'.(. ~.'llar .• ::rjl?r. 5 18.2 4 19.7 5 29.4 4 24.5 6 46.5 6 
i I ?.,-0.::erl'"'!.B a;;e~afo 6 21. 9 5 20.0 6 34.5 6 29.0 5 45.2 3 

j E'~.::Z::?t~ 11!!iria _ 7 27. 5 7 27.2 7 37.5 7 31. 2 8 53.5 7 

t .:u~.-.::Z!t? .... !4.J o:Jli.:;,:...a. 8 33.9 8 32.2 8 45.2 8 38.2 9 55.0 9 

I A.r;i-~PGspel"":a r.cscr.atz..-r 

I 9 37.0 9 36.5 9 45.7 9 41.7 7 53.2 8 I I ?r..zEnfo:.-; oq::.=e:n 10 46.2 10 48.5 10 52.7 10 48.0 10 61.8 10 

I £. e:_bZiqw. + P. a;;etaZa 26.9 25.9 36.0 34.0 52.0 

E. obl:qua coT.?onent N.A. N.A. 43.0 43.3 71.3 

?. -:':)et~Za co~pon~nc N.A. N.A. 29.0 24.7 32.7 I I 

I F.. cbl{7ua + P/:dl. a:;plqniifolius I 17.0 17.5 24.2 26.3 35.3 

E. obZi.7ua cor:?oncnt 

I 
N.A. N.A. 40.7 44.7 55.3 

?r.2:. a~pZer.iifoliU3 component N.A. N.A. 7.7 8.0 14.7 

I 
• ?lot burr.t, figure represents one replicate only. 

I SI 
I 

% R 

13. 7 I 

35.8 4 

I 33.5 4 

I 37.3 5 

I 38.0 6 

35.3 2 

47.8 8 

60.5 9 

53.5 7 

62.5 10 

52.0 

62.0 

3~.5 

36.2 

57.7 

14.7 

18 m0nth~ 

: ! R 

21. 5 I I 

45.0 

I 
4 

45.0 2 

53.5 3 

I 56.5 8 

4~.o 5 

61.5 7 

-63.0 10 

58.0 7 

66.5 9 

61.0 

78.3 

43.3 

43.0 

66.3 

19.7 I 

s·• • 4 

: 

I~. 5 

46.5 

I 
41.5 

~4.0 

I 56.G 
I 

I 
47.0 

54.5 

79.5 

54.5 

73.5 

55.0 

71.0 

39.0 

37 .5 

57.0 

I 
18.0 

I 

I 
' 

I 
I 
I 
I 

...... 
lJl 
w 
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FIG. 6.2.2/3. 1. WEIGIIT LOSS OF INDIVIDUAL LEAF LITTER SPECIES WITH TIME IN THE FIELD IN LITTER BAGS 

'®1 Experiment 1, Site 1. 
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action. R~sults of the analysis of the 3, 6, and 12 month data separ-
I 

ated the 12 species types into 8 groups of significantly differing 

decomposition rates irrespective of site, viz. 

1. Phyllocladus aspleniifolius (9.64%). 

2. Banksia rraPginata (24.19%) and E. obliqua + 

P. aspleniifolius (26.08%). 

3. E. obliqua + P. aspleniifoliu.s, EucPyphia lucida 

(26.58%), and Nothofagus cunninghamii (27.22fo). 

4. N. cunn·inghamii and Acacia melanoxylon (29.39%). 

5. A. melanoxylon and PomadePPis apetala (30.97%). 

6. E •. nitida (37 .44%) and E. obliqua + P. apetala 

(37.78%). 

7. E. obliqua (44.11%) and AthePospePma moschatum 

(44.58%). 

8. Phebaleum squameum (53.19%). 

A similar result was obtained from analysis of the 3, 6, 12, 

and 18 months values. In ranking, 5 A. melarJ,oxylon and P. apetala were 

reversed in order but did not significantlly differ from each other, 

and an extra group was involved by E. obliqua _ leaves reversing order 

with A. moschatum and significantly increasing in decomposition 

between 12 and 18 months. 

Experiment 2. 

Aim. 

To determine, 

(i) the effects of treatment with insecticide (I), 

(ii) 

fungicide (F), alone and together upon the 

decomposition rate of leaf litter, and 

the role of fungi and insects in the decomposition 
\'I, 

process. 
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Method. 

E. obliqua and E. nitida, -and the two species mixes of 

E. obliqua with PomadePPis apetala and with Phyllocladus asplen-

iifolius were selected for treatment and bags prepared in August, 

1980, as for Expt.1. 

The 3 treatments employed as drenches were, 

Insecticide (I), 0.5% D.D.T. 

Fungicide (F), an equal mixture of 0.5% 

-Thiram 80, and 0.2% Benlate. 

FI-,- a mixture of F and I in equal volumes. 

Litter bags were packed with leaves and then dipped several 

times into buckets of the prepared treatment formulations, then left 

to drain before being placed in the 'field. The corresponding mater-

ials of Experiment 1 served as controls. 

Sampling ·techniques conformed with those_ described in the gen-

eral methods section, 6.2.2. 

Results 

Mean values of percentage dry weight losses of each species and 

mixture of species, per treatment, time of sampling, and site are 

listed in Table 6.2.3, together with control data of the same mater-

ials without treatment (data of Expt.1), and are illustrated in Fig. 

6.2.4 to 6.2.7. In these figures the deco~posi tion values of the 

individual leaf species, of the species mixes, and of individual comp-

onents of species mixes, have been plotted relative to_ the value for 

. ' ' 

the same material without treatment, i.e. decomposition values of 

control data have been deducted from the corresponding treatment 

data. The effect of treatments are more readily visualised by this 
I 

technique. 



Table 6. 2. 3. Expe.ricient 2. 

Mean percentage dry weight losses of individual species and species mixes, and their comp~nents, with time. 

Percl!ntage Dry Weight Loss 

Species Treatment 3 months 6 months 12 months 

Site l Site 4 Site l Site 4 Site l Site 4 

E:.4t?aZyptua oDZiqua NIL 33.9 32.2 45.2 38.2 55.0 60.5 

I 30.2 25.0 40.5 32.4 53.8 49.0 

I F 22.9 15.5 35.0 16.5 54.5 40.5 

I E::..c,;Z!f?tWJ r.itida 

FI 7.4 11.9 28.2 20.7 52.7 44.2 

NIL 27.5 27.2 37.5 31.2 53.5 47.B 

I 26.9 27.5 34. 7 30. 7 46.0 55.3 

F 22.4 17.0 33.5 24.9 51.2 40.3 

FI 22.0 17.4 31.5 20.9 49.J 37 .5 

E:..calyptu.s obliq;,a + Pomadel'l'ia apetala NIL 26.9 25.9 36.'0 34.0 ' 52.0 52.0 
, I 27.2 25.0 31.7 32.4 46.5 45.2 

F 15.0 12.4 23.4 17.5 41.2 36.8 
- FI 15.2 11.4 27.0 16. 7 41.5 44.2 

E. ob?.iqua component of E. obliqua + P. apetaZa NIL 43.0 43.3 71.3 62.0 

I 37.0 36.7 61.0 58.0 

F 29.3 23.3 55.7 45.3 

I FI 31. 7 21. 7 54.7 57.0 
I 
I 

P. apetaZa cocponent of E. obliqua + P. apetala 

I 
NIL 29.0 24.7 32.7 35.5 

1 26.0 24.7 32.3 31.7 

L 
F 17.3 11. 7 26.7 28.3 

I 
FI 19.0 11. 7 25.0 31.3 

18 months 

Site I Site 4 

63.0 79.5 

54.0 54.5 

62.5 BL1\!'.'T 

64.0 51.5 

61.5 54.5 

53.5 56.5 

58.5 45.0 

58.5 44.5 

61.0 55.0 

49.p 53.5 

50.0 55.0 

52.0 46.5 

76.3 71.0 

73.0 70.0 

67. 7 76.0 

70.7 60.0 

43.3 39.0 

(24. 7.) 37.0 

32.3 34.0 

33.3 33.0 

I 

~ 

V1 .._.. 

l 



'rabli! 6.2.3. 

Expe:-li::ent 2. Mean percentage dry weight losses of individual species and species mixes, and their components, with time. Cont'd. 

- Percentage Dry Weight Loss 

, Spedcs Treatment 3 months 6 months 12 months 

Site l Site 4 Site l Site 4 Site 1 Site 4 

I Eucal~7tWJ obliqua + PhyUoaZadUG aspZeniifoZius NIL 17.0 17.5 24.2 26.3 35.3 36.2 

I I 20.2 19.0 23.9 23.7 35.0 32.5 

F 15.4 11.0 22.9 11.9 34.2 32.0 

FI 14.4 22.4 18. 5 14.3 35.5 28.2 

E. o"ctia;,:; cor:;ponent of E. obUqua + NIL 40.7 44.7 56.0 57.7 
P. aspleniifolius 

l 38.3 35.0 51.3 48.3 

F 32.3 16.0 51. 7 47.3 

FI 30. 7 22.5 55.7 42.7 

P. aa;;Zeni-r:foli:ltl component of E. obliq".Ql + NIL 7.7 8.0 15.7 14. 7 
P. anplem'.ifolfos 

I 9.3 12.3 18.7 16.7 

F .13, 3 7.7 16.3 16.7 

FI 6.3 6.0 15. 3 13.7 

18 months 

Sita 1 Sita 4 

43.0 3i.5 
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FIG. 6. 2.1./5. EFFECTS OF TREATME~"TS WITH FUNGICIDE, INSECTICIDE, AND FUNGICIDE PLUS INSECTICIDE 
UPON THE DECOMPOSITION OF VARIOUS LEAF MATERIAL TYPES. 

Experiment 2. Site l. Experiment 2. Site 4. 
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Analysis of variance was used to compare the percentage decomp

osition values of individual leaf species, and species mixtures, per 

treatment and sampling time. The analysis' of variance table, and 

tables of means for significantly different parameters are listed in 

Appendix, Statist~cal analysis, 13~ 14, and 15. 

There were highly significant differences in decomposition 

between species, times of sampling, and with the use of fungicide 

treatment (P(0.001), and a significant difference with the use of 

insecticide treatment (P(0.01). There were highly significant inter

actions between , species decomposition and time of sampling, and 

between species decomposition and the use of fungicide (P(0.001). 

There was a significant interaction between time of sampling and fun

g-icide treatment (P(O. 01), and between species and insecticide treat

ment (P(0.05). 

There were no significant interactions between the following: 

Times x Insecticide 

Insecticide x Fungicide 

Species x Times x Insecticide 

Species x Times x Fungicide 

Species x Insecticide x Fungicide. 

All leaf types, both individually and in mixture, significantly 

increased in decomposition with time of field exposure (sampling over 

3, 6, and 12 months). The significant differences in decomposition 

between leaf types at each time of sampling increased with length of 

field exposure. 

At 3 and 6 months there was no significant difference between 

decomposition rates of E. obliqua and E. nitida. The 2 mixtures diff

ered significantly between each other, and the eucalypt species 

'• 
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alone. At 12 months there were significant differences between all 

material types. 

Although the analysis indicated that there was no effect of 

species mixes on E. obl,iqua development reference to the graphical 

trends (Figs. 6. 2. 4 to 6. 2. 7) suggested that E. obUqua plus P. apet-

al,a, and E. obliqua plus P. aspl,eniifoUus did suppress the decamp-

osition of E. ob7,iqua leaves relative to the control, and P. asplen-

iifolius had a more suppressive effect. 

The fungicide treatment caused a highly significant (P(0.001) 

reduction in decomposition at all sampling times. The effect of fun-

gicide treatment decreased with increasing time in the field. Fungi-

cide addition greatly reduced, decomposition of E. obliqua leaves (by 

12 .15% of original weight) and leaves of the E. obliqua + P. apetal,a 

mixture (10.92%). There was a marked reduction in E. nitida leaf 

decomposition (6~55% of original weight), and the least effect with E. 

obliqua + P. aspleniifolius leaves (4.12%), although this latter 

reduction remained highly significant (P(0.001). 

There was no significant difference in decomposition between 

fungicide and fungicide + insecticide (FI) treatments, but both were 

significantly different to the insecticide and control treatments. 

The inhibitory effect upon decomposition of the fungicide + insect-

icide treatment was overwhelmingly attributable to the fungicide comp-

onent. 

Addition of insecticide to the leaf material types had no sig-
wit:h tile tM-1: 

nificant effect except:onit suppressed decomposition of E. obliqua 
" /\ 

leaves (P(0.05). 
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Effect of leaf quality upon decomposition rate. 

Experiments 3 and 4. 

Aims 

To determine the effects of leaf development at harvest, and 

time of field placement upon the decomposition rate of leaf litter. 

Pr>eamble 

These 2 experiments were designed to determine, 

(i) whether seasonal variation in the activities of decomposer 

agencies limits the time of litter placement, and 

(ii) whether leaves selected for use in litter decomposition 

experiments can be of any type other than naturally shed. 

There are many complications involved in deciding what type of 

litter to use, and when to place it in the field. Collection of 

naturally shed litter is simple for species that constitute the major 

component of litterfall, but virtually impossible for many understorey 

species, particularly when it - is necessary_ to _commence studies of a 

number of species concomittantly, and when periods of major litterfall 

are not coincident for all species involved. 

Although researchers have shown that only a small proportion of 

litterfall is green (Attiwill et al. 1978) it is a natural component, 

and can arguably be used in studies of the decomposition process. 

Furthermore, by selecting green leaves of known development and age, 

and of similar size and condition, it is possible to obtain a more 

uniform representation of individual leaf species. There are also 

difficulties in defining a green leaf; they may be up to 3 years of 

age (E. obliqua) and originate from any position in the crown. 
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It was considered that green leaves of E. obliqua selected late 

in their final year of development would not'be considerably higher in 

nutrient content than senescent leaves. 

Methods 

The experiments were conducted simultaneously with Experiments 

1 and 2, and were a duplication of Experiment 1 in all respects other 

than their establishment at Site 1 only, and that Experiment 3 used 

leaves stored at 2°C from August 1980 until their field placement in 

February 1981, and Experiment 4 used leaves of later development har-

vested and placed in the field in February 1981. 

The comparisons made were: 

(i) August plucked and field established, 

(ii) August plucked, stored, and established in the field 

in February 1981, 

(iii) February plucked and field established. 

Results 

Mean percentage dry weight losses per species and mixture after 

3, 6, and 12 months in· the field are compar~d between Experiments 1, 

-
3, and 4 in Table 6.2.4 and are illustrated in Figs. 6.2.8 and 6.2.9. 

The percentage decomposition of the 2 species mixtures are 

separately illustrated in Fig. 6.2.10 to Fig. 6.2.13 by comparing them 

with the decomposition of their component species, alone and in mix-

tu re. 

Results of the 3 experiments were compared for each time of 

sampling by analysis of variance. 

The analysis of variance table and tables of means are pres-

ented in Appendix, Statistical Analysis, 16 and 17. A comparison of 

the decomposition percentages of individual species used in species 

/ 



Table 6.2.4. Comparison of time of leaf collection and field placement upon the breakdown rate of leaf litter with time. 

Rank (R) and percentage dry weight loss (%) with rime 

3 months 

I 
Expt. l Expt. 3 Expt. 4 Expt. I 

R % R % R % R % 

J Fit.1Z:oalad1,s aaplenii.foiiU3 l 6.0 I 11. 0 l 11.5 l 8.9 
-

E~-:!r-t;;•:.:ii2 lu::?ida 2 16.0 3 18.3 2 14.5 3 23.7 

P~r.?1~~ narginata 3 17.5 2 14.5 3 15.2 2 23.2 

l!o:'l-.of"a.l'lU...~ c;ur:ning'J-.amii 4 17.7 4 20.0 4 17.5 4 24.4 

li.aa~c. me Zar.Dr;:1 l.o'ri 5 18.2 5 20.8 5 24.0 5 29.4 

For-~i-'3ri..f.s a;ietcla 6 21. 9 6 27.2 7 30.2 6 34.5 

E~~~!jp~:u:; ~itir:a 7 27.5 10 62.0 6 26.2 7 37.5 

Euc-:;:'i.,.!p'!uz obliqua 8 33.9 7 30.0 8 Jl.O a 45.2 

htk.;r?~p"'!P"":a ~oschatun 9 37 .0 9 43.8 9 34.7 9 45.7 

?r.aC".:.Z"'Z:n cqua-:e:.m 10 46.2 8 43.3 10 42.2 10 52.7 

E. obZ~u::z + P. apctaZa 26.9 28.5 33.3 36.0 

E. cb!~.qua component N.A. 32.7 35.3 43.0 

P. 11pe;a!a component N.A. 25.0 32.3 29.0 

E. obli<{ua + Pr.di. aapZeniifoliWJ 17.0 23.2 24.2 24.2 I E. obi.v:;un. coro?on~nt N.A. 34.7 35.7 40.7 

1 

p;..{;Jz. a;rpZet:iif'oliua component N.A. 11. 7 12.7 7.7 

E><;>t. l: Leaves harvested and placed in the field. August 1980. 

Expt. 3: Leaves harvested in August 1980, stored at 2°C, and placed in the field in February, 1981. 

Expt. 4: Leaves harvested and placed in the field February, 1981. 

All values the mean of 3 replicates. 

Ii.A.: Data not available. 

6 months 

Expt. 3 Expt. 4 

R r. R :t 

l 12.5 l 15.2 

4 22.5 3 21.3 

2 20.3 2 17.3 

3 22.0 4 21. 7 

5 26.5 6 29.5 

7 37.0 8 38.5 

6 31.0 5 28.0 

8 38.3 7 38.2 

9 51.Q 9 42.2 

10 51.2 10 49.2 

39.3 39.5 

45.7 42.7 

33.0 36.3 

28.2 28.0 

42.0 J9.7 

15.3 16.3 

Expt. I 

R % 

l 14.8 

3 36.2 

2 36.0 

4 42.3 

6 46.5 

5 45.2 

8 53.5 

9 55.0 

7 53.2 

10 61.8 

52.0 

71. 3 

32.7 

35.3 

55.3 

14.7 

12 monthq 

I 
Expt. 3 

R I :t 

l 17.0 

3 33.0 

2 31. 5 

4 37.5 

5 39.5 

6 49.0 

10 70.5 

8 56.5 

7 55.5 

9 61.0 

53.5 

66.7 

40.0 

~ 

38.0 

57. 7 

18.3 

I 
l 

E>.7t. 4 

I R I ::: 

l 19.0 

I 2 29.0 

3 29.5 

4 37 .o 
5 42.5 

7 I 48.0 I 
6 44.5 

I 8 50.5 

10 57.5 

9 56.0 

46.5 

71. 5 

29.0 

35.5 

so.a 
21.3 

,_. 
°' \Jl 
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FIG. 6.2.8/9. 1:rrnc:rs Ot" Tnm OF 1.J:A!' HAJ<Vl:ST Al'ltl n1:1.o Pl.At:~:Hl.N"f Ul'UN oi::co:woS/TION 

80 
/:.". obliqua E. obliqur. + P. ripatala E. obliq!.111 + 

70 P. aapleniifolius 

60 

50 

40 

30 

20 

10 

0 

80 
E. nitida E. apetaZa P. aapZeniifoZius 

70 

60 

50 

"' 40 
"' 8 
§ 

30 

... 
20 "' ~ ,.., 

< 10 z ... 
" ... 
"' 0 
0 

"' -"' < 70 ~ 
tl P. squameun 

"' 60 
"' 

B. marginata 

.. 
:l! 50 
~ 

40 

30 

20 

10 ' 

0 

60 
A. ~u:.:rnoxylon N. cunr:inghcunii 

50 

!10 

30 

lO . 
10 

0 -.----- I 

0 3 6 12 18 0 3 6 12 H 0 3 6 12 18 

Mo~:r11s fU:lll t:Xl'llSu'RE 

0 0 ['IH."r lmcnt 

.& .,. E"J><'rlm••nt 3 

t-:xpl' r tm .. ·nt 4 

.. -~--··--



BO 

70 

60 

50 

40 

30 

10 

BO 

70 

BO 

70 

HG. 6.2.10/11. 

'Experiment 1, Site I. 

E. obUqWJ. 

16 7 

I:FFU:r (JO 1.1::,r 1.11 fFJ( ~l'FCJ l.S )1 J n.s lll'OJI 'fllE 
DJ:WMl'O~l r ION OF (.(J!IJ'O:;rnT Sl'EClES 

2 

l 
4 

5 

Exper11nent 1. Site 4. 

E. obliqua 

2 

h.:P----"1 3 
~---~4 

.A.----.!. 5 

PhylZocladus aspleniifoliue PhylZocladua aspleniifolius 

PomadeP:>i.s apetal.a 

0 3 6 I 2 

MO~TllS l:l THE HEJ.D 

0 D I. 

... ... 2. 

c. I>] 3 • 

0 Q 1 •• 

... ... 5 • 
a Et 6. 

e • 7. 

"' .. B. 

II • 9. 

5 

B 
9 

Pomadcrl'is apetala 

IS 

4 

6 
7 

f:. c''li:i<JW1 ,ilone 

0 

E. , .. z .. • ."i.;u.1 compont"'nt of. mi,tun.,. with P. a:"'€ t,zla 

,6 12 

M01'TliS rn fl!E nr.1.0 

. "'..\ ,.,hl ~··iT4cl cor.lponLnt of mi,tUll' with T'i::.1Zlc .. •!a.!1,.1 a.._·pl,·niiji.lliu.· -

,t:. ,-,f·::.r1a + 1''1!1?lt>L<.:'!r.:T 11.-z71·,:iifl.,i.°11:J mixture 
l'. "i'•'~.1i.1 alun~ 
I'. i.;·,·:.1.i 1 c.."llfilJlf'nl'lll of mi,tun.• with ,t.:, C'!171".;u11 

}':,~1!~,,,•:a!U,l .wrlc1;i:
0

f~11t:w illonc 
rl1yl/,-,,•T.-:1:11r. co1npo1wnt of mixture with r·. c1!1Zt'q:c.r 

18 



FIG. 6. 2.12/13. 

Experiment 3, Site 1. 
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EFFECT OF LEAF LITTER SPECIES MIXES UPON THE 
DECOMPOSITION OF COMPONENT SPECIES 

Pomaderris apetala PhyZZoaladus aspleniifoZius 

4 
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7 
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mixtures, and the values of their mixtures, was included in the 

analysis to determine whether mixtures suppre-ssed or enhanced decamp-

osition. 

There were significant differences in decomposition between 

species, experiments, and length of field exposure, and significant 

interactions with species x experiments, species x times, experiments 

x times, and species x experiments x times (P<0.001). 

There were no significant differences (P)0.05) between compar-

isons of the decomposition of · individual leaf species and the same 

species in mixtures. Hence, there was no observed allelochemical 

interaction between the Pomader>r>is apetala and E. obliqua leaves in 

mixture, and the Phyllocladus aspleniifolius and E. obliqua leaves in 

mixture when comparing leaves of differing development stage, or diff-

ering time of field establishment. 

Decomposition percentages of the individual material types are 

ranked in increasing order in Table 6. 2. 4 at the 3, 6, and 12 month 

sampling for each expe!iment. Changes in rank occurred between 

experiments, the changes reflecting effect of leaf development upon 

ensuing decomposition of the different species/mixture. An overall 

I 

ranking of decomposition is listed in the table of means for between 

species comparison from the analysis of variance of the 3 experiments 

in Appendix, Statistical Analysis, 16 and 17. Al though there were 

alterations in ranking of decomposition percentages between times of 

sampling and between experiments, Figs. 6.2.8 and 9 illustrate the 

trends within species between experiments to be markedly similar 

(except for E. nitida in Expt.3). 

Significant differences (P<0.05) existed between all material 

types except the 2 eucalypt species, E. obliqua and E. nitida. 

Phyllocladus aspleniif olius decomposed the least and Phebaleum 
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squameum the most. Anomalous results were obtained in Expt. 3 for E. 

nitida decomposition, 62% of original dry weight loss occurring in the 

first 3 months of field ·exposure compared with ea. 28% in Expts. 1 and 

4. All replicates exhibited similar losses. 

Significant differences (P<0.05) were obtained between experi

ments. Leaves plucked and placed in the field in February, 1981, were 

the slowest to ~ecompose. Leaves plucked in August, 1980, stored at 

2°C prior to field .establishment in February, 1981, decomposed more 

rapidly than the same type of leaf (same harvest) established at the 

August, 1980, time of harvest. 

Progressive decomposition occurred with increasing length of 

field exposure, and there were highly significant differences between 

all times of sampling (P<0.001). 

Experiment 5. 

Aim 

To compare the effects of various stages of leaf development at 

harvest upon their decomposition. 

Methods 

The same establishment and sampling methods were used as in 

allied litter bag experiments with the following exceptions. 

Ten grammes of leaves (E.O.D.W.) were used in 5 replications 

per leaf type' and all bags were established in the field at one site 

(Site 1) in February, 1981. Three E. obliqua leaf development stages 

were used: 

(i) Leaves of the original August, 1980, harvest that had 

been stored at 2°C. 

(ii) Green leaves picked from the canopy in February, 1981. 
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(iii) Naturally shed leaves of normal litterfall trapped on 

hessian strips supported above the_ ground over a 3 week period in late 

January and early February, 1981. 

Leaves of both (i) and (ii) were considered to be part of the 

summer, 1981, accession had they not been picked~ 

Results 

The mean percentage dry weight losses of the 3 different leaf 

types at 3, 6, and 12 months sampling times·'are listed in Table 6.2.5, 

and illustrated in Fig. 6 •. 2.14, and the ANOVA in Appendix, Statistical 

Analysis, 18. 

There were significant differences (P(0.001) between the 

decomposition percentages ·of leaves of differing development at har-

vest. Decomposition of E. ob"liqua leaves harvested in August, 1980, 

and placed in the field in February, 1981, ·was greater than leaves 

harvested and placed in the field in February, 1981. Both harvests by 

hand picking from tree crowns resulted in more rapid decomposition 

than leaves that were naturally shed and established in the field at 

the same time. 

There was a significantly increasing degree of decomposition of 

all E. ob"liqua leaf types with increasing length of time in the field 

(P<O.QOl), and the differences in decomposition between leaf types 

significantly ( P<O. OS) increased with increasing f-ield exposure. 

Results are reported in Chapter 8 covering the enumeration of 

litter microflora, Section 2.4. 

6.2.4 Discussion 

A number of conclusions were drawn from the. results of the 

series of litter bag experiments, and these are summarised and disc

ussed. 
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Mean percentage dry weight losses of differing 
types of E. obliqua leaves with time 

- time in the field. 

Leaf type 3 months 6 months 12 months 

Green, picked in August 1980, 
stored 2°C, placed February 33.0 42.0 -57. 8 
1981. 

Green, picked and placed in 
28.0 37.3 46.4 February 1981. 

Naturally shed, senescent 
leaves collected and placed 26.0 30.2 34.8 
in February 1981. 
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FIG. 6.2.14. 

THE INFLUENCE OF LEAF DEVELOPMENT UPON THE 
RATE OF DECOMPOSITION OF E. OBLIQUA 

Experiment 5, Site 1. 

_/ 3 12 

MONTHS IN THE FIELD 

LEGEND 

• • Plucked in August, stored at 
2°c, placed February 1981 
Plucked and placed February 1981 

• • Naturally shed, placed February 1981 
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(a) Significant differences (P(0.05) in decomposition rate 

were obtained between leaves of 10 species and leaves of 2 mixtures of 

2 species. Experiments 1, 3, and 4 compared the decomposition of 

these species with differing leaf development stages and differing 

times of field establishment (early spring, mid-summer). The mean 

decomposition after 12 months of field exposure, expressed as a per

centage of original equiv~lent oven-dry weight, of all material types 

over the 3 experiments were as listed in Table 6. 2. 6. There were 

significant differences between all material types except E. obliqua 

and E. nitid.a. 

(b) Field observations of many colleagues associated with the 

Southern Forests had led to the belief that Pomader>r>is leaves were 

probably most rapidly decomposed in the litter-bed, when in fact this 

species ranked 7th out of 10, with leaves of E. obliqua, E. nitid.a, 

and Phebaleum squameum decomposing appreciably faster, and Phebaleum 

leaves losing more than half their original weight in 12 months. 

(c) Considering the balance that generally exists in biolog

ical environments it was hypothesised that in order to maintain 

balance in the litter-bed, individual leaf species may be expected to 

decompose at a rate relative to their accession to the forest floor. 

If not, there would be a preponderance -of species with th~ heaviest 

fall; such a preponderance was not observed. Table 6.2.6 lists the 

annual leaf fall (t.ha.-1 an.-1 ) of the various species at Sites 1, 2, 

and 3, with data for the fall of E. nitid.a leaves at Site 4 listed in 

parentheses under Site 1. 

All experiments were represented at Site 1 and examination of 

the data for that site shows a definite overall relationship between 

the rate of decomposition of individual species and their annual 

accession, those with the heavier leaf fall having the faster decamp-
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Table 6.2.6. Menn percentage decomposition, annual l!!af fnll, leaf size Bl\d class, and leaf 
structural classification per species. 

~ 

Leaf fall (t.ha. -lan-1) Leaf size1 Leaf Species/mixture Decompo<:.ition (mm) and struct~re 
% Site I Site 2 Site 3 cla•s2 class 

Phy 1 lo<:! Z ad us 12.85 0.003 0.10 0.003 
aspZcniifolius -

-
Banksia 22.61 0.02 

' - -
marginata 

Euc1yphia ' 23.83 
Zucida 

0.07 0.51 0.0~ 

llothofagus 26.67 0.05 1.17 0.04 
cunninghamii. 

E. obZiqv.a 28.19 
P. aspZeniifoZ~us 

Acacia 30.78 0.18 0.31 0.04 
meZano:::yZon 

Pomaderl'is 36.41 - 0.03 -
apetaZa 

F;. obZiqua + 39.50 
P. apetaZa 

E. obZiqua 42.00 2.21 0.27 1.80 

E. nitida 42.31 (l. 32) -

Atheros?;Jem1a 46.70 0.002 0.09 0.0002 
moschatun 

Pli.obaZeum 51.52 0.37 0.02 0.32 
squameic11 

I. Curtis (1963, 1967, 1975). 

2. Fo~bc:rg (1961); S = s.chr""'Pll\'lJour;;, J ""'orthophyllus, N ~ nanorhyllous, 
M = mic1ophyllo\!S• H~ "'mc>sophvllous. 

-
15-80 S/0 
M/Me 

30-80,3-10 s 
M/Me 

25-45,10-20 0 
M/Me 

6-18,6-18 0 
M 

40-100,10-25 s 
Me 

40-100, 15-30 0 
Me 

60-80,30-40 s 
Me 

60-150,10-20 s 
Me 

25-80,8-30 0 
Me 

25-80 0 
Me 
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osition i;ate. .4ther>osper>rna mosehatum leaves did not comply with this 

relationship, and leaves of Phebaleum squameum were not in strict 

rank, but were in general agreement. 

Nothof agus eunninghamii leaves were a minor component of 

( -1 -1) b litterfall at Site 1 0.05 t.ha. -an. ut the major component at 

( 7 -1 -1) Site 2 1 • 1 t • ha • an • • At Site 1 this species had a relatively 

slow rate of decomposition (26. 67% in 12 months) yet. the litterbed of 

Site 2 is not deep (ea. 2 cm) nor does it appear· to be predominantly 

composed of Nothofagus leaves. It is assumed that different suites of 

decomposer agencies exist at 'the two sites, and that the agencies of 

Site 2 must therefore favour Nothofagus leaf decomposition. 

(d) Diversity of litter mixes is par~lleled by diversity of 

decompos.ers. 

- (e) Table 6.2.6 lists ieaf size, class, and struct{iral class-

ification. Leaf sizes were obtained from reference to Curtis ( 1963, 

1967; Curtis and Morris, 1975) and size and structural classification 

were made according to Fosberg (1961). No relationships were apparent 

between such classification and decomposition-rate. 

(f) There was a significant interaction between Experiments 1, 

3, and 4. Leaves plucked and placed in the field in February, 1981 , 

(Expt. 4) were slowest to decompose. Leaves plucked in August, 1980, 

and stored at 2°C. prior to field establishment in February, 1981, 

(Expt. 3) decomposed more rapidly than leaves of the same harvest 

established in the field in August, 1980, (Expt. 1). Leaves o~ Expt. 

4 . were harvested late in their deyelopment and were expected to be 

shed before the end of that summer. Leaves of Expt. 1 and 3 were 6 

months younger and would be of richer-nutrient status and thus decamp-

osed more rapidly than the older, less nutritious leave·s of Expt. 4. 

Field establishment in mid-summer favoured .a more rapid initial 
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decomposition than establishment of leaves of the same development in 

early Spring, as the inocu1um potential and invertebrate populations 

of the litterbed are relatively greater in the summer than in late 

winter/early spring. The effect of harvest dat~, or leaf development, 

upon subsequent_ decomposition was greater than the time of field 

establishment. 

(g) These findings al'e in· agreement with recommendations of 

Richards and Charley ( 1977), and Woods and Raison ( 1982) that leaf 

decomposition studies should ideally .use leaves that are naturally 

shed so that they are representative of the energy and nutrient status 

of leaf fall at the time the bags are established in the field. 

Experiment 5 compared the decomposition of E. ob"liqua leaves 

harvested in late winter/early spring and mid-summer with naturally 

shed leaves of mid-summer. All leaf types were established in mid-

summer at a time coincident with major leaf fall. Results agreed with 

those of Expt. 1, 3, and 4, and the naturally shed leaves of low 

energy and nutrient status decomposed at a significantly slower rate 

than the harvested leaves. Leaves of August harvest again decomposed 

more rapidly than leaves of the February harvest.· 

(h) As explained earlier in this Chapter, it is not practic-

able to always use ~aturally shed leaves. Although the differences 

between leaf decomposition rates were significant between experiments, 

Table 6.2.7 and examination of Fig. 6.2.8 and 6.2.9 for Expt. 1, 3, 

and 4, and Fig. 6.2.14 for Expt. 5 illustrate that in reality the· 

differences were trivial, and the trends of, results of decomposition 

with time were markedly similar between experiments. It is concluded 

that differences were qualitative, not quantitative and it is. accept

able to utilise non-naturally shed leaves in studies of leaf decomp

osition. Improved results will be obtained 'if leaves ar~ harvested 



Tab le 6 • 2 . 7 . Percentage decomposition with time in the field per species. 

Field exposure '0-3 3-6 
Species months months 

Experiment 1 3 4 1 3 4 1 

PhyZZocZadus aspZeniifoZius 6.0 11.0 11. 5 2.9 1.5 3.8 5.9 

Eucryphia Zucida 16.0 18.3 14.5 7.7 4.2 6.8 12.5 

Banksia marginata 17.5 14.5 15.2 5.7 5.8 2.1 12.8 

Nothofagus cunninghconii 17.7 20.0 17.5 6.7 2.0 4.2 17.9 
, 

Acacia meZanoxyZon 18.2 20.8 24.0 11. 2 5.7 5.5 17.1 

Pomaderris apetala 21. 9 27.2 30.2 12.6 9.8 8.3 10.7 

Eucalyptus nitida 27.5 62.0 26.2 10.0 * 12.0 17.0 

Eucalyptus obliqua 33.9 30.0 31.0 ' _ 11. 3 8.3 7.2 9.8 

Atherosperma moschatwn 37.0 43.8 34.7 8.7 7.2 7.5 7.5 

PhebaZewn squconewn 46.2 43. 3 ' 42.2 6.5 7.9 7.0 9.1 
, 

* Negative value. 

6-12 
months 

3 4 
-

4.5 3.8 

10.5 7.7 

11. 2 12.2 

15.5 15.3 

13.0 13.0 

12.0 9.5 

39.5 16.5 

18.2 12.3 

4.5 15.3 

9.8 6.8 

12-18 
months 

1 

6.7 

8.8 

9.0 

11.2 

10.0 

* 
8.0 

8.0 

4.8 

4.7 

t-' 
-..J 
00 
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late in their development, and established at the time of heaviest 

leaf fall, both of which times are coincident. 

(i) There were significant increases in decomposition of all 

material types with increasing length of field exposure in all experi

ments, except in the case of Pomaderorois apetala leaves that remained 

static between the 12 and 18 months sampling. 

Leaves of all species except Phyllocladus aspleniif olius 

decomposed most rapidly in the initial 3- months of field exposure, and 

thereafter at a generally uniform rate between 3 and 6, 6 and 12, and 

12 and 18 months (except for P. apetala as stated). Leaves of P. 

asp Zeni if olius decomposed at a uniform rate over the total period of 

field exposure. Leaf - fragmentation at various sampling times is 

illustrated in Plates 5 and 6. E. obliqua and E. nitida leaves were 

the most rapidly fragmented. Atheroosperom:x leaves were heavily skelet

onised, and le_aves of Phebaleum squameum had a "blistered" appearance 

within weeks of being placed on the litterbed. The upper epidermis of 

this species appeared to separate from the underlying mesophyll 

tissue, leaving it exposed to decomposer agencies at a very early 

stage. After 18 months in the field Phebaleum leaves had lost 61% of 

their original equivalent oven dry weight, yet appeared intact and 

entire, but upon examination were virtually devoid of tissue b~tween 

the abaxial and adaxial cuticle. 

(j) In February, 1981, the litterbed of all sites abounded 

with mycelia and fruiting bodies of Mycena spp., and this fungus was 

particularly evident on the surface of litter bag leaves of 

E. obUqua, E. nitida, and N. cunninghamii. Leaves ex hi bi ted large 

areas of bleaching on their surfaces, and bags later became completely 

interwoven with a mass of brownish-black, threadlike, Maroasmius spp. 

mycelia. The fungus was most commonly observed at·tached to leaf pet

ioles. 
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Plate 5. E. obliqua leaves after 6 months in a litter bag 
(Note distinctive areas of bleaching caused by fungal invasion). 

Plate 6. E. obliqua confined in a litter bag at 
12 month sampling. 

(Note commencement of leaf fragmentation). 
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(k) Fig. 6.2.2 and 6.2.3 of Expt. _ 1, and Fig. 6.2.4 and 6.2.5, 

and 6.2.6 and 6.2.7 of Expt. 2, illustrate the decomposition of var

ious material types at Site. 1 (tall, open forest)and Site 4 (tall 

scrub). _ Site 4 experienced extremes of climate compared with Site 1, 

and it was expected that there would be differences in decomposer 

agencies at the two sites. The figures demonstrate no apparent effect 

of site upon the rate of decomposition of individual species or of 

species mixtures except in the case of the 2 eucalypt species. E. 

obliqua leaves decomposed more rapidly at Site 4 than at Site 1, and 

E. nitida lea~es the converse. 

(1) There was no allelochemical interaction between leaf spec

ies. Analysis of variance demonstrated no significant differences in 

decomposition of the individual leaf species alone or in mixture. 

(m) Experiment 2 investigated the effect of addition of fungi

cide (F), insecticide (I), and a mixture of both (FI), upon the 

decomposition of diffeting leaf material types. 

Treatment with F caused a highly significa,nt reduction in the 

decomposition of all tested material types, with treatment effect 

decreasing with increasing time in the field between 6 and 12 

months. Treatment effect was greatest with E. obZ.iqua leaves and 

leaves of the E. obliqua plus P. apetal.a mixture. Treatment with I 

reduced the decomposition of E. ob"liqua leaves but did not have a 

significant effect (P>O.QS) upon the other material types. The mix-

ture of FI caused a significant reduction in decomposition of all 

material types. The FI effect was not significantly different to the 

effect of F alone, but was significantly greater than the effect of 

treatment with I, hence the inhibitory effect of the FI treatment was 

attributable to the F component of the mixture. 
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(n) It is concluded that in the litterbeds studied, microflora 

play the predominant role in leaf decomposition, with invertebrates of 

importance to the decomposition of E. obliqua leaves. 

6.3. THE DEVELOPMENT AND ASSESSMENT OF A SYSTEM TO SIMULTANEOUSLY 
MONITOR LITTER ACCUMULATION AND DECOMPOSITION IN THE FIELD. 

6.3.1 IntPoduction 

The decomposition of litter is both complex and difficult to 

monitor in the field. Usual methods employ nylon mesh bags or teth-

ered leaves for the determination of (a) loss of .weight or leaf area, 

(b) respiration rate, or (c) the collection of litter leachate 

(Suffling and Smith 1974, Dickinson and Pugh 1974, Singh and Gupta 

1977, Woods and Raison 1982). Each method may have attributes rel-

evant to the particular aspect under study e.g. the use of nylon· mesh 

bags in the comparison of the effects of fungi and insects in Euc-

alyptus paucifloPa litter communities (Macauley, 1975). 'A more gen-

eral approach is J:he determination of the decomposition constant, k, 

from the ratio of annual litterfall to accumulated litter (Olson, 

1963). 

Ideally a technique designed to study the decomposition of 

litter in the field should involve a naturally shed mixture of leaves 

in as natural an environment as possible, with freedom from disturb-

ance by repetitive sampling or handling. An attempt was made to dev-

elop a system that fulfilled these requirements and which could simul-

taneously monitor both the accession and accumulation of litter within 

the system and thus quantify litter loss with time. Loss in litter 

weight is considered synonymous with litter decomposition. The aim of 

this technique was to provide the following information, 

(i) total litter accession at six week intervals 

(ii) annual litter accession 
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(iii) accumulation 

(iv) moisture content percent of freshly fallen and 

accumulating litter, at each sampling interval 

(v) decomposition at each interval, and 

(v1) relationships between climatic variables and litter 

accession and decomposition. 

6.3.2 Methods and MatePials. 

The trap system consisted of a number of identical pairs of 

traps 1 with the upper trap (A) representing litter accession and the 

lower trap (B) accumulation. Both traps of each pair were of the same 

area as the bins and ground traps used in accessional-studies 2 , i.e. 

1810 2 cm • The traps were constructed of 1.5 nnn terylene mesh glued 

with rubber cement to a 100 mm high peripheral wall of 10 x 12 mm 

nylon mesh (available from hardware stores as "guttergard"). Each 

trap was tared and established upon the centre of a 1 metre square of 

1.5 nnn terylene mesh pinned out flat upon the bare mineral soil of the 

forest floor. It was decided to site the traps on areas cleared of 

litter to ensure a mor~ uniform inoculum base. 

Trap A of each pair fitted tightly_ within trap B, excluding 

accessing litter from B. At 6 week intervals the green weights of the 

contents of both traps were determined using a Mettler Pl200 balance 

adapted for a 6 volt D.C. power supply. The accessed litter for the 

previous 6 week interval in A was then uniformly distributed over the 

surface of B to represent accumulating litter. Over a number of coll-

ection intervals a measure of the rate of litter loss may be obtained 

by. deducting the accumulated litter weight in B from the suip. of the 

accessional litter weights obtained from trap A. 

1. See plate No.7 
2. Refer Section 4.2 
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Plate No.7. Double trap. 
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A difficulty inherent to any non-destructive litter study 

system is that the oven-dry weight of the litter material involved 

cannot be determined without precluding re-use of the material through 

destruction of litter biota and alteration of its physical and chem-

ical properties. To avoid this problem, sacrificial traps C and D 

were established as paired traps corresponding with each A and B 

trap. Due to the necessary destruction of the D samples, an area of 

mesh was pinned flat upon the cleared forest floor at the establish

ment of the experiment that was sufficient to allow replication and to 

cover the duration of the required sampling period. One square metre 

of mesh allowed the harvest of 4 D samples, hence 4 m2 allowed a prop

osed study period of 96 weeks. One square metre of mesh was the max

imum size that could readily be pinned out in spaces available between 

the boles of overstorey and understorey species. 

Figure 6.3.1 illustrates a plan view of a typical layout for 

one replication of A/B and C/D traps. Five replications were estab

lished at random within -each of the four 0.10 ha. study plots. A/B 

traps remained permanently sited throughout the study period, but the 

C traps were roved about upon the D trap squares. At each sampling 

date the layer of accumulated litter and mesh below the C traps was 

cut out with scissors, and the green weight of its contents, and of 

the- litter on C, determined. All sacrificial samples were transported 

to the laboratory in tared, sealed tins for the determination of their 

oven-dry weight (70°C) and calculation of moisture content percent 

(Slatyer and Mcllroy, 1961) where, 

M.C. % = Wg ~oWo • 100 

The known green (Wg) and oven dry (Wo) weights of C and D 

trapped litter were used - to calculate the equivalent oven dry weights 

of the-A and B trapped litter of known green weight, viz. 
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FIG. 6.3.1. PLAN VIEW OF ONE REPLICATION OF A/B AND C TRAPS. 
D AT WEEK n CUT our FROM BENEATH c AT WEEK n 

l m.sq. pieces of mesh for D sample 

~ 

0 [] 
D 

overstorey/understorey 
boles 

'' 

D 
Scale: 

0 lm 



187 

calculated equivalent WoA = WgA x WoC 
WgC 

All twigs greater than 1.0 cm diameter were removed from all 

traps at each collection in order to reduce experimental error that 

may have been introduced through the random fall of larger woody mat-

erial. 

Due to the very wet conditions that often prevail in the South-

em Forests the problem of free water held on and between leaf surf-

aces was one of considerable importance. A standardised procedure was 

adopted throughout all collections that removed as much free water as 

possible without excessive physical disturbance of the contained 

litter. After lifting individual traps from the forest floor free 

water was removed from the mesh bases and peripheral nylon walls 

(where applicable) with a sponge. This procedure was not capable of 

removing the free water held between leaf surfaces within the "matt" 

of contained litter. If excessive free water could not be accounted 

for during litter collections, then all determinations would be worth-

less. A series of preliminary tests were carried out to gain an app-

reciation of the· proposed collection syste~. 

TEST NO.l 

.4 im 

To determine the variability in water-holding capac;:ity of leaf 

mixtures of known weight. 

Method 

Entire leaves of 10 overstorey and understorey species were 

collected both from the crown and the litterbed of the study sites, 

and were mixed in proportions relating to normal conditions of litter 

accession. 1 Species selected were, 

1. Refer Section 4.3 
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Eucalyptus obliqua 

Nothof agus cunninghamii 

AthepospePma moschatum 

Phyllocladus aspleniifolius 

PomadePPis apetala 

AnoptePus glandulosus 

EucPyphia lucida 

Phebalewn squameum 

Acacia melanoxylon 

Anodopetaium bigiandulosum 

Leaf mixtures were divided into 3 ·aliquots representative of 

very heavy, medium, and light collections, air-f!ried for 72 hours, 

weighed and placed in traps constructed for use in the main exper-

iment. Traps plus contents - were . thoroughly misted with water from a 

garden hose, lifted, and excess water removed with a sponge in the 

standardised manner previously described, then weighed. 

Results 

Variations in wet weight per given weight of air-dried leaves 

are listed in Table 6.3.1. 

Conclusion 

There did not appear to be any irregularity in the amount of 

free water held by the leaf mixes, between repeated samplings. 

TEST NO. 2 

Aim 

To check the efficacy of the technique proposed for calculation 

of the equivalent oven dry weights of litter within paired traps. ,_ 
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Table 6. 3. 1. _ Variability in water-holding capacity of leaf 
mixtures. 

Leaf weight, 
air-dry 

(g) 

56.5 

10.0 

2.0, 

Leaf weight, 
wetted 

(g) 

101.9 

103.0 

104.7 

101.9 

103.4 

18.6 

18.1 

19.0 

18.4 -

19.1 

3.2 

3.3 

3.1 

Weight free 
water held 

(g) 

45.4 

46.5 

48.2 

45.4 

46.9 

8.6 

8.1 

9.0 

8.4 

. 9 .1 

1.2 

1. 3 

1.1 
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Method 

Four aliquots of mixed leaves from the same source as Test 1 

were prepared and their air-dried weights determined. Each aliquot 

was separately placed in a trap, thoroughly wetted, sponged by the 

standard procedure for removal of excess water, weighed wet, then 

oven-dried at 70°C for 48 hours and re-weighed. The green weights and 

' oven-dry weights. of each aliquot were used to calculate the oven-dry_ 

weight of each of the other aliquots given their green weight only. 

Comparisons were made between the actual and calculated values that 

were derived. 

Results 

Free water retention, green weight and oven-dried weights of 

each aliquot are given in Table 6.3.2 together with the percentage 

error between the calculated and actual oven-dry weights. 

Conclusion 

The calculated experimental error range of 0.5 to 5.2% was 

satisfactory and the procedure was repeated with less homogenous mix

tures. 

TEST 3 

Aim 

To check the efficacy of the technique pro~osed for calculation 

of ·the equivalent oven-dry weights of litter within paired traps using 

litter of various ages. 

Method 

Pairs of samples were collected from Sites 1 and 2 that repres

ented freshly accessed litter, and perched litter of up to age 23 

weeks since accession (trapped on hessian strips held above the ground 
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Table 6.3.2. Comparison of actual and calculated oven-dry 
weights of litter samples 

(a) Calculation of samples 2'' 3, and 4. from- 1: 

Sample Air-dry Wetted wt. Free water Oven-dry 
No. wt. wt. 

(g) '(g) (g) (g) 

2' 6.8 18-.2 11.4 5.9 

3 6.8 -17 .6 10.8 6.0 

4 6.8 17.5 10.7 5.8 

(b) Calculation of samples 1, 3, and 4 from 2: . 

1 

3 

4 

6.3 15.9 . 9.6 5.3 

(c) Calculation of samples 1, 2, and 4 from 3: 

1 

2 

4 

(d) Calculation of samples 1, 2, and 3 from 4: 

1 

2 

3 

Calculated 
oven-dry 

(g) 

6.1 

5.9 

5.8 

5.2 

5.7 

5.7 

5.4 

6.2 

6.0 

5.3 

6.0 

5.8 

wt. 
% 

error 

2.9 

2.2 

0.5 

2.8 

5.2 

2.2 

1.9 

5.1 

2.9 

0.6 

2.2 

2.8 
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that had been used in collections for litter bag experiments). A 

further 4 collections each were made of litter 0-23 weeks old on the 

ground, and of litter from the standing crop of Site 1. Green weights 

and oven dry weights of each sample were determined, and the oven-dry 

weights of related samples were calculated. 

Results 

Calculations of actual and calculated oven-dry weights of e51ch_ 

sample are listed in Table 6.3.3, together with their respective per

centage error. 

A larger range of experimental error than that of, Test 2 was 

obtained in calculating oven-dry weight of perched litter at Site 2 

(10.6-11.6%), and with litter from the standing crop or litterbed of 

Site 1 (4.8-11.4%). Results of calculations with . all other litter 

types from both sites resulted in a percent error range of -0.6-+2.9%. 

Discussion 

The large range of experimental error with perched litter from 

Site 2 was attributed to a disproportionate inclusion of Old Growth 

Eucalypt leaves within the samples. These leaves may have been perch

ed within the crowns of the dense understorey canopy of the mixed

forest for an extended period (normal accessions over 6 week intervals 

, would not contain such an amount). Samples from the litterbed at Site 

1 were not comparable with each other, and thus do not relate to the 

type of material expected in accumulation traps B and D of the propos

ed experiments. 

Conclusion 

The method proposed for the calculation of equivalent oven dry 

weight of non-destructive litter trap contents from the actual green 

< 
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Table 6.3.3. Check on oven-dry weight 

Litter Actual 
type wg (g) 

S.l Perched 19.3 

28.7 

S. 2 Perched - 45. 6 

24.6 

Freshly 
fallen, Sl 

Freshly 
fq.llen, S2 

Sl. Ground 
0-23 weeks 
on hessian 

Sl. Ground, 
from litter 
bed 

24.0 

24.1 

39.6 

31.8 

44.6 

35.6 

29.7 

51.0 

30.8 

24.3 

29.5 

34.5 

Actual 
Wo (g) 

15.1 

'l:2. 7 

35.7 

17.2 

18.3 

18.8 

22.6 

18.4 

30.4 

25 .1 

20. 9 

35.0 

22.2 

16. 7 

22.6 

25.1 

Calculate'd 

15.3 

22.5 

31.9 

19.3 

18.7 

18.4 

22.9 

18 .1 

31. 4 

24.3 -
~. -

20.2 ''!!20.9 

34.8 36.0 

'-.z.i. 2 

17.5 

21.3 12D. 3 

24.9 23.7 

estimation. 

values of Wo (g) 

31.4 30.6 

~5 .1 24.4 

20.4 

35.9 

23.6 22.4 

18. 6 17. 7 

21.5 

26.4 

% error 

1.3 

0.9 

10.6 

11.6 

2.2 

2.1 

1.3 

1.6 

0.6-3.3 

-3.2-0 

-3.3-0 

-0.6-2.9 

0.9- 6.3 

4. 8-11. 4 

-10.2--4.9 

-0.8-+5.6 
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and oven dry weights of sacrificial litter trap contents was considered 

satisfactory. 

6.3.3 The Main ExpePiment 

MatePials and Methods 

Establishment 

The trapping systems described in 6.3.2. were established at 

all study .sites on October l'Oth, 1979. Several traps at Sites 1 and 2 

were vandalised or destroyed by animals, and some traps. at Site 2 were 

destroyed by flooding in November, 1980. Traps at these 2 sites were 

abandoned. 

As a guard against animal damage at Sites 3 and 4, a 300 nnn 

high, circular framework of steel mesh was erected around each A/B and 

C trap. The framework was of sufficient diameter to avoid the lm2' 

terylene mesh bases of each trapping system and limited in height to 

allow uninterrupted litter access to the systems. 

Ter'ITlination 

Site 4 investigations ended after 84 weeks ( 14 sampling inter-

vals) and Site 3 after 96 weeks ( 16 intervals) in the field. The 

difference in sampling time resulted from a reduction in the available 

sacrificial frap mesh squares at Site 3 through destruction by fallen 

woody materials. 

Check on tPap compaPability 

At run termination regression analyses were made of green and 

oven-dry mean yield data of the non-destructive (A/B) and sacrificial 

-
(C/D) trapping systems of Sites 3 and 4 per sampling interval. 

Regression analyses also compared total yields per interval of the A 

and C traps at each site with the 10 traps of the same area used for 

the seP-arate accession study described in Chapter 4. 
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During the final sampling at each site it was possible to det-

ermine actual oven-dry weight of all samples, and use the data to 

determine percentage errors of estimation of oven-dry weights of A and 

B trap yields from the C and D trap data. 

Climatic data 

All available meteorological data for the Hastings Chalet stat-

ion were compiled to relate total or mean values of measured para-

meters per sampling interval. 

The Waite Institute Climatic Index (I) described by Prescott 

( 1946) was calculated for each sampling interval for which rainfall 

and evaporation data were available using the formula 

I· , (Presco-tt, 1946) 

where P = rainfall (mm) per interval, E evaporation (mm), and m is a 

constant with a mean value of 0.75. 

Effective rainfall was calculated for each interval from the 

formula 

0.54 
p 

(Prescott, 1949; Hounam, 1955; 
Vollprecht and Walker, 1957) 

Mean temperature was listed both as it occurred per interval, 

and with a la8 of one interval (42 days) that closely corresponded 

with the correction factor lag of 40 days_ listed for the study region 

in Prescott's (1942) map showing lag of temperature behind solar rad-

iation. · 

Climatic valµes are listed per sampling interval in Table 

6.3.4. 

AltePation to tPapping system 

The description of the relative placement of the A/B and C/D 



Table 6.3.4. Ll.tter moisture content percent and cliillatic data per sampling interval. 

S~-::?llng interval 22.11.79, 2.l.80! l3.2.SOl 26.3.80 7.5.80 18.6.80 J0.7.80 10.9.80 22.10.80 3.12.80 

I""°'. ='""'°'oo<oo" "" - ' "·'f '·' "·' 159.4 223.2 279.l 243.8 120.0 133.7 

I 53,D I - 31.' 39.2 36.5 166.0 217.2 278.9 246.l 112.9 135.6 

I 54,B - 27.9 22.0 30.0 130. 6 220.6 260.4 2119.5 75.5 82.0 
I -I S4,D I - 27.0 I 23.6 I 32.0 131. l 220.7 254.3 245.7 78.8 83.8 

X:ax!:l'.r. tCr:"ipc:-ntu:-u, T I 27.8 27,1 2A.J 33.0 28.2 21.s 16.6 19.4 29.9 29.0 
I I 
' ~ .. :-11:-\Z} tc:;;peratlirl!, T 2.3 3.0 1.8 3.7 1.4 -0.6 -2.0 2.2 -0.6 2.1 

Xi!~1i1 :-.c.1.x:f r:.u..-:i. T 17.8 lll. 4 18.3 18.8 17.5 14.6 12.5 13.2 16.2 18.0 

~t.!a:l r:ininl:il T 6.8 8.4 9.1 8.6 7.2 6.8 3.8 5.7 6.5 7.2 

~!t!.1:1 'i' 15.1 I 15. I 15.1 18.4 14.8 10.5 7.3 10.8 14. 7 - 15.6 

I Joi"~" T wlt h lag, n+l 15.l 115.1 18.4 !11.8 10.5 7.3 10.ll 14.7 15.6 16.8 
I 

j Tot•! ra~nfdll (-::..i) 106.9 IGS.7 170.2 67.0 150.9 153.6 137.1 331.5 228.2 168.2 

':'•Jt::tl ~A:t?Oration (,::;n) 25.2 42.0 61.5 92.4 

'",;a1te Index 12.2 20. l 10.4 5.6 

Effective rainfall 5.2 7.4 9.7 12.9 

14. 1.81 25.2.81 S.4.81 

35.2 40.8 206.0 

36.8 45.5 211.3 

22.6 54.9 202.0 

23.2 60.1 202.51 

30.0 37.5 28.6 

3.5 3.2 J.5 

20.6 22.6 20.5 

9.1 10.8 10.0 

16.8 20.4 16. l 

20.4 16.1 12.3 

46.8 43.0 150.3 

120.6 134.4 71.4 

1.3 I. l 6.1 

15.4 16.7 10.7 

20.5.61 l. 7.81 

232.5 '321.6 

250.4 365.2 

185.2 

228.3 

23.2 16.0 

1.4 -1.2 

15.4 12.4 

6.4 5.1 

12.3 7.4 

7.4 6.9 

296.3 152.3 

52.8 20.5 

15.1 15.9 

8.7 4.5 

12.8.81 

353.C' 

351. 2 

I 
I 16.3 

-'.6 

11.4 

2.1 

6.9 

10.9 

215.4 

29.4 

17. l 

5.8 

I-' 
\.0 
CJ' 
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traps as detailed in Section 6.3.2. was applicable from 26.3.l980. 

Prior to that date, (initial 24 weeks) A traps and C traps were supp

orted above their corresponding B and D traps on 10 cm high stilts 

which made them susceptible to damage. From 26.3.80 all upper traps A 

and C were fitted tightly within the lower traps B and, D (as detailed 

in 6.3.2.). 

InoPganic rrutteP content 

All traps were established upon bare mineral soil to provide a 

more homogenous base and as a consequence of periods of heavy rainfall 

it was thought that silt might have been washed into and out of the 

system, thus leading to erroneous estimates of litter yields. 

Upon completing litter yield estimates, the oven-dried trap 

contents were ground to x60 mesh (B.S.S.) in a Wiley Mill and aliquots 

were 'ashed' at 600°C for 3 hr in a muffle furnace to determine per

cent inorganic matter content. 

Resuits 

TPap yields 

Values of green and oven-dry weight yield of individual traps 

per interval per Sites 3 and 4 are listed in Appendix C, Table 1 and 

Table 2. Mean values of green weight yields per trap type are given 

in Appendix C, Tables 3 and 4 for Site 3 and 4 respectively. 

Similarly, mean values of oven-dry weight yields are listed in 

Appendix, C, Tables 5 and 6 for Sites 3 and 4, where the values of· A 

and B traps are equivalent oven-dry weights calculated from the known 

values of C and D traps. 

Moistupe content. 

Moisture content percentage of accessing litter (C) and accum

ulating litter (D) at Sites 3 and 4 are listed in Appendix C, Tables 7 
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and 8 respectively. Mean values of B and D trap litter for each site 

are listed in Table 6.3.4. 

InoPganie m:xtteP content 

Results of determinations of inorganic matter content of litter 

collected in sacrificial traps at each sampling interval were typical 

of ash contents for normal, unadulterated litter, with values ranging 

from 2-5%. No allowances were necessary for, silt incorporation. 

CompaPability of tpapping systems 

Results of regression analyses of green and dry weights of the 

accessing and acc1:1mulating litter of the A/B and C/D systems yielded 

significant correl.ations (Appendix, Statistical Analysis, 19) at both 

sites (r = 0.904 to 0.983). 

Regression analyses of accessional data of the decomposition 

- ' 
study traps and traps of the accessional study demonstrated a signif-

icant correlation between results of the 2 studies at both sites 

(r = 0.952 at Site 3 and 0.872 at Site 4). Appendix, Statistical 

Analysis, 20, lists the data. 

CompaPison of estimated oven-dPy weight with known 
detePminations 

Table 6.3.5. lists the estimated and actual oven dry weight 

values of accessior;ial and accumulated litter per trapping system at 

run termination at each site, and includes a calculated percentage 

error value. 

Results for Site 3 were remarkably similar with percentage 

error values of zero for accessing litter and 3.3 for accumulated 

litter. Site 4 results were less error-free due to the greater vari-

ability in trap yields on the more open site. Percentage error was 

43.0 for accessing and 13.5 for accumulated litter. 
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Check comparison of actual and calculated values for 
accessed (A) and accumulated (B) litter at run 

termination. 

Site 3 Site 4 

96 weeks 84 weeks 
Trap Trap 
No. Actual Cale. % No. Actual Cale. % 

Wo Wo error Wo Wo error 

71 A 2.5 2.3 76 A N.A. 

B 173.6 167.5 B 109.8 139.7 

72 A 1.3 1.4 77 A 4.5 5.6 

B 93.0 96.9 B -95. 3 131.1 

73 A 1.4 1.5 78 A 2.1 3.4 

B 115 .1 137.4 B 49.6 55.1 

74 A 1. 3 1.4 79 A 3.7 3.8 

B 134.4 135.0 B 73.9 55.3 

75 A 3.6 3.5 80 A 1. 6 3.2 

, B 133.9 134.5 B 63.2 63.9 
-

l.A 10.1 10.1 11. 9 16.0 

A 2.0 2.0 0 3.0 4.3 43.0 

l.B 650.0 671.3 391.8 445.1 

B 130.0 134.3 3.3 78.4 89.0 ' 13.5 

N.A. =not available. 
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Calculation of accession, accumulation, and decomposition 

Following the regressions, accession to individual trapping 

systems was taken, as the mean value for all A and C traps at each 

interval per site. The accumulated value of accession at any sampling 

interval, i, was expressed , as the sum of the individual accession 

intervals for n intervals, i.e. 

(or, 
n 
2: 

i=l 
c.) 

1 

Accumulation, or 'standing crop' of litter at interval n was 

the weight of litter in the B or D traps after interval n, plus the 

weight of accessed litter in A and C traps during the nth interval, 

i.e. 

standing crop (B + A ) or, (D + C ) • n n n n 

Theoretically, 
n E C. should always be 

i=l 
1 

greater than (Dn + Cn) because of decomposition. On 10 sampling 

occasions however, (Dn -+ Cn) was greater than 
n 
I: C. , . and several 

i=l 
1 

hypotheses for this anomaly were considered. 

Hol. Intervals of high rainfall may have washed material into 

and out of ~he 10wer trap. 

Conclusion. The anomaly was not consistently related to inter-

vals of high rainfall. 

Ho2. Silt may have been incorporated into the lower trap. 

Conclusion. Inorganic matter contents were normal for all 

samples, hence silt was not the cause of error. 

Ho3. A massive influx of soil biota. 
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Conclusion. The "error input" value was too great to be att-

ributable to soil biota, and field observations confirmed this view. 

Tio4. "Error input" was attributable to the B and D trap data, 

and not the A and C trap data. 

Conclusion. Regression analyses had shown that accession mea~

ured in the trapping systems was highly correlated with data of a 

separate estimate at each site, and_ hence "error input" was likely to 

have been attributable to the lower traps receiving materials unacc

ounted for by the upper traps. 

This final conclusion was strengthened by the realisation that 

prior to interval 4, all accession traps were raised on 10 cm high 

stilts above the accumulation traps, and it was possible for litter 

materials to have blown into the accumulation traps. This material 

would not have been accounted for by the accession traps, and would 

lead to an error of the type encountered. The first 4 intervals of 

measurement were coincident with annual peak litterfall, increasing 

the chance of significant extraneous input. It was considered that 

material was more likely to blow into the lower sheltered trap than 

out of it. Any extraneous input would continue to affect the balance 

of the system at all other intervals. 

At interval 4, all upper traps were lowered to avoid animal 

damage, and fitted tightly within the lower traps. Hence from this 

time it was improbable that extraneous material could gain access to, 

the lower traps without some major, visible disturbance. 

urbances were not observed. 

Such <list-

Hypothesis Ho4 was accepted, and data for A and C traps corr-

ected accordingly (Appendix C, Tables 9 to 12). 

Rates of accession, a, and, of decomposition, d, were calculated 

from the equations d'escribed by Southwood ( 1966) for population growth 

rates, i.e. 



dn 
dt 
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rN,where N is the weight of litter 

at time t, and r is the resultant- of accession and decomposition rates 

i.e. 

r = a-d, where a = accession rate 

d decompo"sition rate. 

The above equation may be written as: 

Nt+l = N er 
t 

or for accession, 

Nn+l = N ea 
n 

or, a log Nn+ 1 - log Nn 

log 

and for decomposition, 

or, d 

N'n+l = N'ne-d (where negative sign signifies 
rate of loss) 

log N'n - log N'n+l 

= +og (An + Bn) - log Bn+l 

The difference, r, or (a:-d) represents net accumulation in the 

trapping systems i.e. net gain when r values are .Positive and net loss 

(decomposition) when r values are negative. 

Under steady state conditions, annual rates of a and d should 

yield a-d "' O. 

Individual A and B trap .data per sampling interval (with A and 

C trap values corrected for "error input") at Sites 3 and 4 are listed 

in Appendix C, Tables 9-12 respectively. 

Table 6.3.6. lists calculated values for mean log (An+ Bn), 

mean log Bn+l' mean log E An and the standard errors of the means. 

Included in the table are calculated values of the accumulation rate 

(a, in g per g of standing cro'p), and net accumulation/decomposition 

(a-d, g per g of standing crop) at Site 3. Data for traps at Site 4 

are similarly listed in Table 6.3.7. 



Table 6.3.6. 

I Trap 
S;i~.pllng interval 22.ll.79 2.1. 80 13. 2. 80 9ystcm 

Hean log (An + Rn) 0.743 l'.1100 l. 722 

S.E.H. 0.091 0.085 0.067 

Hean log Bn + 1 0. /43 1. 37b I. 6G3 

ll S.E.H. 0.091 0.087 0.051 

Hean log rA 0.767 1.400 I. 733 

S.E.H. o.oes 0.085 0.067 
I 

M~an calculated a 0.613 0.333 0.245 

¥.ean calculate~ d - 0.021.1 0.059 

u-d 0.633 . ,,, I .. .,. 
I I 
~ean log (Cn _ Dn) I 1.4~6 l.IJI 1.872 

I 

S.E.X. I 0.0~8 0.0621 0.063 

I 
Mean log Dn + 1 1.446 I l. 1+62 1.780 

D S.E.11. 0.038 I 0.102 0.043 
I 

I ).fpan 10~ £:'('; l. 413 1. 731 7. f"ll 8 

i - I 
S.E.M. 0.034 0.062 (J.047 

Mean calculated a 0.298 0.2B7 0.130 

Mean calculated d - 0.269 0.092 

a-d I 0.298' 0.018 0.038 

Double trap. Site 3. ' Mean net accumulation/decomposition per trap system: 

26.3.80 7.5.80 18.6.80 30.7.80 10.9.80 22.10.80 3.12.80 14.1. 81 25.2.81 

! 

1.936 l, 900 1. 907 1.842 1. 923 2.119 2.098 2.184 2.230 I 
0.017 0.038 0.038 0.036 0.046 0.043 0.042 0.042 0.041 

1.852 1.868 0.819 1.850 2.022 2.079 2.148 2.113 I 2.171 

0.044 0.037 0.037 0.048 0.041 0.040 0.044 0.042 0.051 

1. 978 2.013 2.042 2.056 2.103 2.186 2.201 2.234 2.284 
J 

0.018 0.017 0.017 0.018 0.017 0.025 0.025 0.023 0.023 

0.036 0.029 0.014 0.047 0.083 0.015 0.033 0.050 0.025 

0.084 0.032 0.088 .:0.008 -0.099 0.040 -0.050 0.011 0.059 

-0.048 -0.003 -0.074 0.055 0.182 -0.025 0.083 0.039 -0.034 

I 

l. 987 l. 877 1. 723 1.826 1.939 2.051 1.970 2.175 2.249 

0.055 0.066 0.057 0.062 0.048 0.084 0.039 0.040 0.064 

1.823 1.677 1.796 l.890 1.926 1. 91,4 2.144 2.188 2.156 

0.075 0.066 0.066 0.045 0.090 0.041 0.041, 0.074 o.oso 
1. !48 2.1741 2 189 ?.~OT ?.227 ?.294 2.306 2.:nr. 2.:'~9 

0.057 0.053 0.052 0.051 0.050 0.050 0.048 0.048 0.046 

0.026 I 0.015 0.012 0.026 0.067 0.012 0.020 0.043 0.021 

0.164 0.200 -0.073 0.064 0.013 0.107 -0.174 -0.013 0.093 

-0.138 -0 .185 0.085 o.oso 0.054 -0.095 0.194 0.056 -0.072 

8.4.8i 20.5.81 l. 7. 81 

2.202 2.231 2.175 

0.052 0.038 0.040 

2.207 2.164 2.121 

0.039 0.042 0.03S 

2.309 2.328 2.335 

0.025 0.025 0.025 

0.019 0.007 0.004 

-0.050 0.0671 0.054 

0.024 -0.060 -0.050 

2.191 2.226 2.168 

0.075 O.Oi4 0.047 

2.203 2.213 2.167 

0.080 0.039 0.036 
I 

2.190 2. l,C'• ~ .~09 I 

0.044 0.044 0.044 

0.014 0.005 0.005 

-0.012 0.013 0.001 

0.026 0.018 0.006 

12.8.81 

2.128 

0.0311 

-
-

2.339 

0.025 

-
-
-

2.174 

0.035 

-
-

... ,,, 
-· .I. .. 

0.044 

-
-
-

I 

N 
0 
w 

: ... 
, .. 
,•' 



Iable 6.3.i. Double trap. 

Tra? 
Sa~pling interval 22.ll.79 2. l. 80 13.2.80 26.3.80 syster.1 

Mean log (An + Bn) 0.759 l. 254 l. 426 l.590 

S.i::.M. 0.076 0.114 0.117 0.088 

Mean log Bn + l 0.759 1.184 !. 353 1.546 

B S.C:.M. I 0.076 0.143 0.092 0.095 

Mean log :A 0.759 I. 254 1.464 l.660 

S.E.M. 0.076 

I 
0.114 0.104 0.093 

Xcan calculated a 0.495 0.210 0.196 0.055 
I I 

Xean calculated d I - 0.070 0.073 0.044 

a-d 0.495 0.140 0.123 0.011 

Mean log (Cn + Dn) l. 332 I 1.560 I. 511 1.666 

S. E.X. 0.03d 0.053 0.043 0.044 

l'.ean log Dn + l l.332 l. 295 l. 355 1.626 

D s.c:.x. 0.038 0.070 0.026 0.086 

Hean log re 
I 

!. 332 !. 560 !. 691 1.863 

S.E.M. 0.036 I 0.053 0.035 0.039 I 
Mean calculated a 0.228 I 0.131 0.172 0.035 

Mean calculated d - 0.265 0.156 0.040 

a-c! 0.228 I -0.134 0.016 -0.005 

Site 4. Mean net accumulation/decomposition per trap system, 

7.5.80 18.6.80 30.7.80 10.9.80 22.10.80 3.12.80 

l. 615 l.600 1. 640 l .607 l. 753 l. 745 

0.089 0.087 0.089 0.079 0.117 0.134 

l.553 l.618 1.574 1.661 I. 713 1. 766 

0.095 0.086 0.080· 0.125 0.130 0.123 

l. 715 I. 748 1.764 l. 784 l.849 l.875 

0.088 0.083 0.081 0,083 0.086 0.091 

0.033 0.016 0.020 0.065 0.026 0.044 

0.062 -0.018 0.066 -0.054 0.040 0.021 

-0.029 0.034 -0.046 0.119 -0.014 0.023 

1.687 1.576 1.684 l. 746 l. 770 l. 720 

0.0711 0.040 0.047 0.061 0.082 0.036 

l.531 l. 661 1.702 1.694 1.680 l.819 

0.038 0.045 0.061 0.086 0.037 0.078 

1.898 l.918 !. 931 1.958 2.000 2.018 

0.037 0.038 0.038 0.037 0.045 0.01,7 

0.020 0.013 0.027 0.042 0.018 0.027 

0.156 -0.085 -0.018 0.052 0.090 -0.099 

-0.136 0.098 0.045 -0.010 -0.072 0.126 

14.1.81 25.2.81 

1.821 l. 894 

0.118 0.080 

l. 782 !. 907 

0.093 0.076 

l. 919 2.004 

o.o8q 0.078 

0.085 0.046 

0.039 I -0.013 

0.046 0.059 

l.861 l. 905 

0.075 0. 142 

l.822 l .904 

0.154 0.096 

2.045 2.096 

0.046 0.049 

0.051 0.032 

o.03q 0.001 

0.012 0.031 

8.4.81 

1. 966 

0.072 

l.9:0 

0.091 

2.050 

o.01s I 
0.017 

0.056 

-0.039 

1.949 

0.095 

1.946 

0.106 

. 2.128 

0.046 

0.015 

0.003 

0.012 

20.5.Sl 

1.934 

0.094 

-
-

2.067 

0.078 

-
-
-

1.969 

0.102 

-
-

2.143 

0.043 

-
-
-

I 

I 

N 
0 
.i:--
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Net accumulation/decomposition at Site 3 and 4 per sampling 

interval is illus~rated in Fig. 6.3.2. and 6.3.3. respectively. In 

both figures' the logarithmic values of litter moisture content and 

mean maximum temperature are illustrated per sampling interval. 

Figure 6.3.4. illustrates the mean log EAn (sum of accessed 

litter at each interval) and the mean log (An + Bn) (accumulated 

litter, or standing crop of litter, at each interval) for Sites 3 and 

4. 

Sampling intervals during which decomposition occurred are 

listed in Table 6.3.8. for both A and B accumulating litter traps at 

Sites 3 and 4, together with corresponding ranges of litter moisture 

content, and litter mean maximum temperature per sampling interval. 

Litter temperatures were interpolated from the data of Chapter 3, 

Section 2.3, that related Y (litter temperature on site) to X 

(Hastings Chalet air temperature) as follows: 

Discussion 

Site 1 (relates to Site 3), 

Y 5.7139 + 0.3055X 

Site 4, 

Y = 4.3267 + 0.5236X 

The double trap system demonstrated intervals of decomposition 

within the standing crop of litter at both sites. 

Major periods of decomposition occurred in the Spring and 

Autumn and Site 4 was the most responsive and reactive, decomposition 

beginning earlier than at Site 3. This greater sensitivity was att

ributable to the more open structure of the vegetation at Site 4. 

Fig. 6.3.4. demonstrates a tendency towards steady state in 

trap systems of both sites with increasing time. Initially there was 

zero standing crop in the trap systems ~md net decomposition was not 
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FIG. 6. 3.3. SITE 4. NCT ACCUMULATION IN B AND D TRAPS VERSUS 
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FIG. 6.3.4. SITES 3 AND 4. A AND B TRAP SYSTEMS. 
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Table 6.3.8. 

Site 

3 

4 
-

Litter moisture content (%) and Mean maximum air and litter temperatures (°C) per 
sampling ,intervals during which decomposi~ion occurred. 

, Mean maximum 
Sampling interval Litter moisture 

temperature range (°C) content (%) 
B trap D trap Air Litter 

26.3.80 26.3.80 32.1 - 41. 6 18.3 - 18.8 11.3 - 11.5 
-

7.5.80 36.5 - 166.0 18.8 ... 17.5. 11.5 - 11. 06 

18.6.80 159.4 - 223.2 17.5 - 14.6 11.06 - 10.2 

22.10.80 22.10.89 112.9 - 246.1 13.2 - 16.2 9.7 - 10.7 

25 .. 2. 81 25.2.81 ' 35.2 - 45.5 20.6 - 22.6 12.0 - 12. 6' 

20.5.81 206.0 - 232.5 20.5 - 15.4 12.0 - 10.4 

1. 7. 81 232.5 - 321.6 15.4 - 12.4 10.4 - 9.5 

2.1. 80 27.0 17.8 - 18.4 13.6 - 14.0 

7.5.80 7.5.80 30.0 - 131.1 18.8 - 17.5 , 14.2 - 13.5 

30.7.80 ' 220.6 - 260.4 14.6 - 12.5 12.0 - 10.9 

22.10.80 22.10.80 249.5 - ,75. 5 13.2 - 16.2 11. 2 - 12.8 

8.4.81 54.9 - 202.0 10.8 - 10.0 10.0 - 9.6 

N 
0 
l.O 
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apparent until after 24 weeks of data collection on 26. 3. 80. There 

was then an apparent net loss which attained minimal levels at both 

sites after approximately 12 months. ·The sampling at which loss was 

minimal (25.2.81) corresponded to the peak period of litterfall. 

Litter moisture content at both sites was inversely related to 

temperature. Nagy and Macauley ( 1982) have demonstrated that biolog-

ical decomposition is significant when substrate moisture content is 

greater than 13%. In these studies the moisture content of the stand

ing crop was always in exc~ss of that value, and hence moisture was at 

no stage considered to be limiting. Thus any implied relationship 

between litter moisture content and decomposition must be attributable 

to the moisture content/temperature relationship. Decomposition occ-

urred at litter moisture contents of 320% (dry weight basis) and 

therefore excessive moisture was not a limiting factor. 

The interdependancy of litter temperature, moisture content, 

and climatic variable_s presented in Table 6.3.4, confounded applic-

ation of multicomponent analyses. Such analyses may assume greater 

importance in climates where rainfall and moisture content may limit 

the decomposition process e.g. E. obZiqua forests of South Australia 

(Lee and Correll, 1978). Examination of Fig. 6.3.2 and 6.3.3 demon

strated that litter decomposition· was associated with periods of 

increasing or high temperatures. 

Data of this experiment lead to the view that there was an 

ever-present inoculum base that was activated by increasing litter 

temperatures, and which was not affected by litter moisture und-er 

conditions at Hastings. Adequate temperature for microfloral activity 

was therefore considered to be the major factor affecting litter 

decomposition in these forests. 
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The double trap system had a number of desirable attributes. 

These were: 

(i) Natural accession and accumulation could be monitored 

simultaneously with decomposition. 

(ii) Decomposition was monitored in situ, utilising 

naturally shed leaves in a naturally occurring species 

mixture, eliminating the problems associated with the 

use of green leaves, and the more artificial environment 

of litter bags, and 

(iii) The sampling technique permitted determination of both 

accessing and accumulating litter rates. 

The system could be employed to monitor changes in litter pH, 

microfloral and faunal succession, and energetics of the litter 

system. 

An improvement to the system may be achieved by commencing with 

a pre-determined quantity of litter in the lower traps (B and D) thaf 

equalled the standing crop of litter in the stand under study. This 

would enable litter steady-state conditions to exist from commencement 

of the study, and would allow a further merit, the determination of 

decay constants, k, from derived values. 
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CHAPTER 7 

INVERTEBRATE FAUNA OF THE HASTINGS STUDY SITES 
AND THE EFFECTS OF VARIOUS TREATMENTS. 

7.1 INTRODUCTION 

Invertebrates in forest litter systems have a functional role 

that has been considered as -

(a) -the comminution of larg-e items (leaves, bark, twigs etc.) 

into a size more accessible and available to microbiota, 

(b) the transport and incorporation of organic matter into 

soil, with subsequent improvement of aeration and water 

holding capacity. 

(c) the acceleration of litter turnover and mo.vement of nutr-

ients, and 

(d) the dispersal of microbiota (Ghilarov, 1971; Reichle, 

1971). 

These functions have been stressed in Eucalyptus sys terns by 

Wood (1974), Ashton (1975),- Springett (1976), Richards and Charley 

(1977), Macauley (1975), but studies in Tasmanian cool temperate 

forests are few e.g. Howard (1975), Friend (1981). A recent review of 

techniques for the study of decomposition in eucalypt forests (Woods 

and Raison, 1982) indirectly refers to the involvement of inverte-

brates in comminution, and preference of groups for leaves of differ-

ent ages and species. 

The invertebrates associated with litter bag experiments at 

Sites 1 and 4 of_ these studies were examined, and results are express-

ed in general terms only. A more complete analysis will be published 

later. 

A definitive appraisal of the invertebrates was not a major aim 

of this study, and estimates were limiteq by the low number of \repl-

\ 
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ica tes ( 3) for each treatment. The numbers of invertebcates within 

bags was generally related to the numbers occurring in the litter 

beneath the relevant bag. In general, numbers beneath the bags were 

5-10 times greater than within the_ bags. This tended to reduce the 

variability in replicate bags and no transformations were applied to 

the data. 

7.2 METHODS 

Harvested litter bags of Experiments 1-5 (Chapter 6) were plac-

ed separately in plastic dishes in a glasshouse and allowed to air dry 

for 48 hou;cs prior to sorting, oven drying, and wei~hing. Inverte-

brates leaving the bags during the period were collected and stored in 

70% ethanol. Initial checks of bags indicated that the majority of 

readily observed animals vacated the bags during the 48 hour drying 

period. 

Collections were examined beneath a binocular microscope and 

total counts made of all taxa. Counts of the 3 replicate samples were 

pooled and compared. 

Previous analyses (Madden, unpublished, pers.comm.) had indic-

ated that there were in excess of 100 ordinal groups in litter, and in 

this exercise these were condensed tnt;o 46 grnups which were divided 

into 4 major categories, viz. 

(1) CPyptozo~ (excluding hexapods). 

Oligochaetes, crustacea ·(ostracoda, copepoda, isopoda, 

amphipoda), diplopoda, araneida, mollusca, etc. 

(2) AcaPina. Cryptostigmata (oribatids, phthiracarids), me so-
' ' 

stigmata (uropodina, gamasids, macrochelids) and 

prostigmata (cunaxids, trombids). 

(3) Hexapoda. Collembo lla, symphylans, hemipterans, di pt-

erans, coleopterans, lepidopterans, etc., and 
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(4) Nematodes. 

The hexapods and some of the acarina were further sub-

divided into families. 

At harvest at Site 1, the volumes of soil beneath each litter 

bag ('25 x 20 cm) was removed to a depth of 20 cm (O.l m3 ) and hand 

sorted' for macroinvertebrates on a white plastic sheet. Earthworms 

were collected and.weighed upon return to the laboratory. 

Measures of the diversity of the 3 major groups (Cryptozoa, 
, 

acarina, and hexopoda) were calculated for both treatments and times 

of sampling, and _were compared using the Shannon-Weaver diversity and-

relative diversity measures, H and J respectively: 

k 

H 
k 

i~l Pi log Pi = 
n log n - i~l fi log fi 

n 

(where. Pi = proportion found in category ni; n = sample size, and 

fi = frequency of observations in category i). -

H log k, and max 

J H 
H max 

-, 

(Southwood, 1978) 

The preference of different taxa for differing leaf species was 

measured at 12 months after field placement of litter bags. Individ-

ual leaf species were ranked in order of extent of decomposition and 

compared to the ranked abundances of the taxa per species bag(s) using 

the Spearman Rank Correlation Coefficient (Zar, 1974). 

7. 3 RESULTS · 

The litter bags were progressively colonised by all taxa and 

maximum diversities ·occurred in Spring, 12 months after bag establish-

ment (Table 7 .1). Population densities of most groups were higher at 
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!·-Table 7 .1. 
I 

-Site -

1-

/l
' 

1 -

4, 

r--- T 
l 

j .. - c 

Time 
after 

placement 
(months) 

6 

12 

18. 

6 

12 

18 
-

Temporal trends in selected taxa within litter bags at Sites 1 and 4, Hastings, Tasmania. (No!S. · wi •.
2

) 

Q) Q) 
't:J Cll Cll Q) Cll 

Cll ' •r-1 .a..J 't:J Cll Cll 't:J 
.a..J Cl) H Cll •r-1 't:J H •r-1 
Q) Cll Q) Cll Cll Cll So";? Q) :>-. •r-1 Q) Q) -- i:: 
Cll 't:J Cll i:: 't:J CJ i:: Cll H - s Cll .a..J •r-1 Cll ..c 0 't:J I O ·r-1 Cll ·r-1 •r-1 Q) 't:J ,..0 0 't:J p. rl 't:J 
CJ CJ 0 O•r-1 .a..J H 't:J .a..J ..c •r-1 0 i:: •r-1 ,o E 0 
0 Cll p. 't:J p. Cll •r-1 0 Cl) .a..J H s 0 rl 't:J .a..J 
bi) H Q) ::l H ,..0 ..c p. 0 0 ::l 0 H ·r-1 •r-1 p. Cll 

•r-1 .a..J p. Q) 0 •r-1 .a..J 0 CJ)..._, 't:J .a..J •r-1 p. p. Cll s 
' rl CJ) 0 CJ) CJ H ..c H ~ 0 i:: ..c -M Q) .a..J Q) 

0 0 u p... Cl) 0 p... ::::> p... 
' 

r:i::I u ~ ,...:i Cl.l :z 

0.1 11. 7 0 0.5 2.2 0.6 0.3 1. 2 29.2 0.2 0.9 1 0.2 0.3 0.3 0 

12.1 114. 6 39.6 0 10.,6 6.9 2.8 5.3 24.0 2.8 14.6 3.2 1. 3 1. 4 3.4 

0.4 23.2 1. 2 0.7 2.1 0.9 1. 9 5.2 6.7 0.1 6.6 4-. 3 0.5 0. 1. 0.9 

-

0.1 0.4 0 5.0 ' 3.7 1.2 0.3 1.5 0.3 0 0.2 0.1 0.5 0.3 0 

0.4 0.8 71. 0 1. 2 17.0 0.2 8.9 5.6 0.5 5.0 11.0 3.0 0.2 0.5 2.5 

0 0.5 0 0 0.2 0 0.3 1. 3 1.8 0.3 0.2 0.1 0.2 0 0 .1 

N 
I-' 
l.J1 
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Site 1 than at Site 4 (Table 7. 2). Ostracods, phthiracarids, rhaga-

diid and trombid mites, pod urine collembolla, the chiranomid complex 

(chironomids, ceratopogonids, mycetophilids, sciarids) and coleoptera 

were all suppressed by conditions of Site 4, whereas copepods, entomo-

bryid collembolla, and uropodine acarina were favoured. 

There was an apparent coincidence between seasonal trends in 

decomposition and invertebrate numbers from 6-18 months after place-
1 

ment, although maximum decomposition preceded this period during which 

invertebrate numbers and diversity were low, and confined leaves were 

intact. 

Relative diversities of invertebrates infesting E. obUqua at 

Sites 1 and 4 indicated that cryptozoa tended to colonise the bags 

initially, but generally only one or two taxa gained dominance (Table 

7.2). This observation was emphasized at Site 4 in the Spring when 

all taxa except the copepoda were severely reduced. The acarina were 

well established at both sites at 6 months while the hexapods did not 

achieve maximum diversity until the spring. He~apod diversity had 

declined at 18 months as had the acarina at Site 1. Leaves which 

decomposed fastest had higher diversities for each major group than 

leaves which decomposed slowly (Table 7.3). 

The numbers of earthworms found in the litter bags were related 

to the number occurring in the soil beneath. Contents of individual 

litter hags -significantly influenced the numbers of earthworms within 

and beneath the bags. Earthworm numbers within bags, and bags plus 

soil, were significantly correlated with the order of decomposition 

(P<O.S). Numbers and biomass per unit area declined throughout the 

experimental period, and the average weight of worms increased to the 

spring sample and then declined (Table 7.4). These relationships 

prevailed in the absence of any observable fragmentati'on of leaves 

(except for E. obliqua) •. 



Table 7 .2. 

Group 

A. Cryptozoa 

Site l 

Site 4 

B. Acarina 

Site l 

Site 4 

c. Hexapoda 

Site l 

Site 4 

* too few. 

:rable 7.3. 

Tree species 

Invertebrate 
group 

(a) Cryptozoa 

(b) Acarina 

(c} Lexapoda 
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Relative diversities (J) of invertebrate groups at 
3, 6, 12 and 18 months after placement of litter 

bags at Sites l and 4, Hastings, Tasmania. 
(Bags placed August, 1980). 

Time after bag placement (months) 

3 6 lf 18 

' 

0.724 0.265 0.471 0.440 

* 0.621 0.094 0.538 

* 0.896 o. 911 0.504 

* 0. 813 0.757 0.875 

* 0.232 o. 775 0.665 
-

* 0.47-9 0.747 0.486 

The relative diversities (J) of (a) cryptozoa, 
(b) acarina and (c) hexapoda associated with fast 
and slow decomposing leaves, Site 1, Hastings. 
(Placed August 1980 - harvested August 1981). 

Fast decomposers Slow decomposers 

Cl;) 
;:s 

·~ ·~ 
·~ N 

~ ~ c2. 
-~ 

~ ·~ 
(j ~ ('.:J) ·~ 
;:s ~ (j ..g ~ ~ 
i::i-- ~ ~ ·~ ~ 

·~ '-l ·~ ~ N 
N ;:s Cl;) '-l § Q, 
,..Q i::i-- () ;:s Cl;) 

() Cl;) E: N I:.) (j 

i:.5. P.. ~ i:.5 :<:::; P.. 

0.537 0.568 0.506 0.429 0.321 0.315 

0.871 0.825 0.562 0.872 0.945 0.739 

0.868 0.746 0.868 0.808 0.710 0.741 



Table 7.4. Density, biomass and average weight of earthworms in soil beneath litter 
bags at 3, 6, 12 and 18 months after placement in August, 1980, 

at Hastings, Tasmania. 
(mean, standard error for n =. 12). 

Time (months) after placement 

3 6 12 18 

-

Density (m-2) 31. 83 ± 7. 00 22.33 ± 6.45 9.50 ± 2.67 13.40 ± 3.88 

Biomass (g.m- 2) 16.58 ± 4.27 11. 84 ± 2. 52 8.65 ± 2.29 5. 36 ± 1. 96 

Ave. weight (g) live 0.47 ± 0.09 0.61 ± 0.15 0. 75 ±, 0. 19 0.49 ± 0.16 
-

Decomposition (%) 34.0 17.0 16.8 17.8 
of E. obliqua 

N ,_... 
co 
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Numbers of nematodes, .cecidomyi? larvae, and chironomids were 

also positively correlated with the order of leaf species decompos-

ition nematodes (Rs = 0.756 P<0.05), cecidomyid larvae (Rs = 0.51, 

P(0.10), while phthiracarid mites were negatively correlated 

(Rs = 0.713~:P<0.02). No other groups exhibited such relationships 

with the order_ of decomposition.-

In contrast to th~ cryptozoa and the hexapods, acarine prefer-

ence and numbers suggested that they exploited situations in which 

decomposition was low, or proceeding in the absence of_ the other two 

groups. Thei:r higher diversity at both sites indicated the different 

roles played by representatives of the group. 

Cryptozoa and hexapods were positively correlated (P<0.10) but 

acarine numbers were not related to either group. Nematodes were 

predominantly rhabditids.· -
( 

Litter bags confining E. obUqua leaves plucked in August, 

stored at 2°C, and placed in the field in February were colonised by 

invertebrates more rapidly than either February plucked, or nat;urally 

shed leaves, placed in the 'fiel~:r in February. Both cryptozoa and the 

chironomid complex were favoured on August_ plucked- leaves, while 

naturally shed leaves favoured greater acarine numbers (Table 7.5). 

Lepidopterous larvae were more abundant at Site 1 than Site 4, 

and consisted of 17 species belonging to 5 families. The Oecophoridae 

and 'Gelichii'dae were the maj o.r families, follo_wed by an unknown 

family, Geometridae and Tortricidae. 

Addition of pesticides to litter bags prior to their placement 

affected significant changes which, in most taxa, declined in time 

-(Table 7.6). Insecticide alone or in combination with fungicide 

drastically reduced the dipteran complex but favoured an increase in 

earthworm numbers. Treatment- with fungicide also increased earthworm 
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Table 7.5. 

Cryptozoa 

Oligochaeta 

Ostracoda 

Copepoda 

Mollusca 
' 

Isopoda 

Acarina 

Oribatidae A 

B 

Rhagidiidae 

Trachytina 
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Average ntllllbers of major invertebrates in leaf litter 
bags (0.05 m2) originally containing 20g. E. obliqua 
leaves harvested (1) August, 1980 and stored at 2°C 
(CA), (2) February, 1981 (CB), and (3) naturally shed 
in ~ebruary, 1981 (CC). Bags placed in February, 
1981; n = 5 per treatment, T = 3 months and R = 6 
months after placement. 

CAT CAR CBT CBR CCT CCR 
. 

0.2 0.6 0 0.8 0 0.2 

10.8 42.8 22.0 25.6 15.0 22.0 

19.4 76.2 8.6 61.4 7.2 69.6 

0.2 1.0 0 0.2 0 0.2 

0.2 0.4 0 0 0 0.2 

0.2 1.6 0.8 2.2 0.2 10.8 

10.2 2.4 5.2 5.8 2.4 10.8 

1.0 0 2.0 0 1.0 0.2 

0.6 1.2 0.4 0.4 0.8 0.2 

Phthiracaridae 0 1.0 1.0 2.2 1.0 2.2 

Uropodinidae 0.4 1.2 0 0 0.6 0.4 . 
Hexapoda 

Poduridae 58.4 29.2 11. 2 32. 6' 9.6 22. 0 ' 

Entomobryidae 0.2 0.8 0.2 0.6 0.6 0.4 

Cer ato comb us 0.2 l.? 0.2 0.6 0.2 0.8 

Cyclorrapha 0 0.4 0 0 0 0 

Chironomidae 7.4 15.4' 3.6 5.0 4.4 2.4 

Tipulidae 0.4 2.8 0 1. 6 0 0. 8' 

Psychodidae 0.8 1.4 0.8 0.6 0.8 0.4 

Ceccidomyidae 0 1. 4 .o 1.0 0 0 



Ta!>le 7.6 Average nu:::'!lcrs of i:l'lcrtebrates per litter bag at 6, 12 and 18 months after placement (August 1980) of pesticide tre<1ted E. c~i~.:;:1.: leaves. 
Site 1, Hn~tings, Tn$rnonia. 

I Ti:le i 6 i-1.Jnth'i 12 ~!onths , 18 M~nth:; 

I i I r I:i~~cticide Insecticice .1 I I 1"•-.:t1.::..0~ 
I ':aJ.a 1 C...1:1tr.: l I :.015cLt lC.1.dc I l'i..ngic;..c!e I + Control Insecticide Fungicide + Control Ins~ctic1del Fur.01c!.dei ... 
I ! . ! I I Fungicide 

I 
Fungicide I i ! ::\ .. ~t;1c!.ce 

.· .: 

l Ost:'<&c.oca I I 
' i 

11. 5 0 0 0 142.0 98.0 81.0 85.0 20.0 24.0 31.5 I 15.S 

i C.:-;>e;:>c<!c. 
I 0 0 0 0 50.0 57.0 35.2 76.0 1.3 ' 0.3 0 I 1. 3 

I ' I :'.011usc.o 0 I 0 0 0 2.0 1.3 1.0 0.6 0.3 o. 1 0.3 I o. 3 

I Iso;io<!a 

I 
o.s I 0 I 0 I 0.3 3.3 3.0 2.7 2.2 1.3 1.4 1.0 I L4 I ::.1pl~~0~'1 o.s I O.J ! 0 

I 
0.3 0.3 0 0.1 0.3 1.2 0.2 I o.~ ! O.i 

I 

I· 
! 

I 
i I 

I ' I 

I I Orib:it!d A 1.0 0 0.3 0 1.5 13 1.0 0.3 0.6 1.0 I 0.2 0.2 

i<,;;ngid!l<!ae I I. 0 l 
. 

0 I 0 2. 7 0 0 0 0 0.5 I 0 I 0 
' 

I Orio<1tid !I l. 3 I !.5 0.8 I 1.5 10.5 15.4 9.8 9.9 0.4 0.3 I I. b I o.a 
I I I I ! Tract,y: 1:ia 0.3 

I 
0.5 0 0 2.5 2.3 1.6 3.9 0.2 0.3 0.2 0.2 I i'i:th!ra~Qrid I I I 

0.3 1.0 0.3 0.5 7.8 3.2 5.4 3.6 0.9 0.1 1.4 I 0 
I ' I 0.3 

I 
0 0 0 4.9 1.9 2.5 2.5 2.3 0.6 0 I 0.3 , l:ro;icdin" I I I l'.Lsosci,,.ata (other) I. 3 0.3 0.5 I. 3 8.1 4.5 5.8 2.5 12.7 2.3. 3.7 I ~.5 

I I I 

I i ! 
j Podt...r!;!ac: 27.0 14.J 9.8 24.9 27.4 18.5 23.8 20.3 1.5 2.5 5.8 i 3.9 

I 
I 

! Ento:.o~:-y!dn-:? 0.3 0 o 0 1. 7 3.9 1.8 l. 5 o 0 0.2 I 0.1 I 
I I I I I I 
I I ' I I I 

I """h~.:,_e I 0.3 

I 
0.3 

i 
C.3 I 0.3 5.7 2.8 3.9 2.4 1.5 0.6 0.6 i 0.3 

I I Ceratc.c 0:i-:." .. u~ I o.~ 0 0 0 2.8 0.3 1.8 0.9 0 0 0 0 

I Ft' I o.; I 0.3 ' 0.5 0 0 

I I I ~narocr.r~=~Me 
I 

0.3 0 0 0 0 0 0 
I 
! I 

I 
I 

I I ! Cyc!::r:.?;"-"! o. 3 0 I 0.3 o I. 3 0.2 0.8 0.1 0.5 0 I 0.1 0.1 

I 
I I ' i Ch! rono=iC • I. 3 ' 0 0 0 23.8 1.8 17.0 5.4 8.7 0.2 I. 3 ' l. 5 . I I I I 

; ri-;n .. lid 

I 
0.3 0.3 I 0.3 0 4.4 0.3 3.2 0.9 5.7 0.1 I 0.1 I 0 

I I ?sj'C:~..J.:! i~ 0.3 0 I 0 0 11.5 0 4.9 0 0.4 0 0.1 0 
I I Cc: cc !t!-:.~ ... ~ :i I u. 3 0 I 0 0 6.6 17.3 4.4 17.4 1.2 0.2 0.5 0.4 

! I . I 
St r;,. t !.o=:,· L! 0 

! 
0 

I 
0 0 4.0 0.2 1.3 0.1 0.1 0 I 0.3 i 0 

' I 

* . 
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numbers (Table 7.7). Cecidomyid larvae greatly increased in number in 

the 6-12 months post establishment period in insecticide treated bags •. 

The litter bag environment favoured the abundance of some 

groups, notably the os tracods, cope pods, and collembolla, but other 

groups e.g. amp hi pods were under-represented. Conditions at Hastings 

during the study period favoured an increase of ostracods and copepods 

which were 20-50 fold higher in numbers than in the preceding season 

(Madden, unpublished). 

7.4 DISCUSSION 

The tentative results of this aspect of the study have indicat-

ed that the invertebrates were not primarily involved in the decomp-

osition process at Hastings. No direct attack occurred on leaves 

until they had been conditioned by microbiota, despite differences in 

numbers associated with leaves of different species and mixtures, 

differing leaf ages, and treatment with pesticides. Early invasion of 

litter bags by cryptozoa appeared to be due to suitability as a 

refuge, although the ostracods and copepods were observed to actively 

filter the surface film of water on intact leaves. Earthworms were 
/ 

attracted to, and accumulated within the bags and in the soil beneath 

in order of the extent of decomposition of the confined leaves, irr-

espective ,of whether the leaves were intact or not. The earthworms at 

Hastings were megascolecid worms, and Wood (1974) observed that surf-

ace inhabiting species of this family did not transport material from 

the litter to the soil. The significant preference exhibited by 

earthworms in the absence of fragmentation suggests that leachates, or 

microbiota exploiting leachates from the bags were responsible for the 

results obtained. The increase in earthworm numbers together with the 

resurgence of cecidomyid numbers following pesticide treatment sugg-

ests that the growth of microbiota in the absence of grazing contrib-
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.Total n\¥Ilbers of earthworms beneath bags associated 
with pesticide treatments of E. obliqua leaves. 

A = mnnerical 
B = log (X+l) 

Insecticide 
Control Insecticide Fungicide + 

Fungicide 

A 32.00 ± 6.32 90.25 ± 7.47 58.63 ± 13.30 51. 75 ± 4.00 

B- - - 1.42 ± 0.19 1.95 ± 0.06 ' 1.07 ± 0.34 1. 71 ± 0.16 
-

-
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uted significantly to the preferences observed. Furthermore, the 

weight of individual earthworms increased while both numbers and total 

biomass declined. This occurred at a time when invertebrate activity 

and decomposition were restricted by low temperature. 

E. obZiqua leaves were ··the first of the tested leaf species to 

fragment, following initial colonisation by fungi and bacteria, which 

in turn were exploited mainly by diptera (surface and mesophyll) and 

lepidoptera, diplopoda, and isopoda (gross feeding). 

There were generally lower numbers of most taxa under the more 

extreme and variable climatic conditions at Site 4, yet decomposition 

proceeded at approximately the sa~e rate and in the same order at both 

sites. -It was apparent from the results that the climate of ,the 

Southern Forests limits the incidence of active populations of 

invertebrates to the period, spring - summer, and this "habitat favour

<:tbility" (Southwood, 1977), whi
0

ch is limited by winter temperatures and 

summer dryness; must also affect the microbiota, and collectively 

determine decomposition rates. 

- The coi~cidence of peak invertebrate numbers at a time when 

leaf fragmentation - commenced, indicates the importance of the group in 

the retention of otherwise labile nutrients within their biomass as 

emphasized by Reichle (19]1), Dickinson and Pugh (1974), and Swift, 

·Heal and Anderson (1980). 

In contrast to the macroinvertebrates and hexap.ods, acarine 

preference and numbers suggested that they exploit situations in which 

decomposition is slow, or proceeding. in the relative absence of the 

other '2 groups. Their higher diversity at both sites indicates the 

different roles played by representatives of the group. 

The majority of nematodes sampled were rhabditid or bacter-

iovore which outnumbered the tylenchid or fungivore forms. Together 
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with earthworm preference, this finding emphasises the importance of 

bacteria in primary decomposition, as stated in Chapter 8. 

It is concluded that the role of invertebrates within these 

cool temperate forests is to facilitate the breakdown of litter pre

conditioned by microbiota; and to sequester otherwise labile nutrients 

within their biomass. 
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CHAPTER 8 

LEAF LITTER MICROFLORA 

8.1. INTRODUCTION 

Jen.sen (1974) demonstrated - that the number of bacteria on 

freshly fallen litter is correlated with the susceptibility of diff

erent types of litter to decomposition, fewer being found on the more 

resistant types. Goodfellow and Dawson ( 1978) found the phylloplane 

bacteria of Picea sitchensis Carriere to form only a small fraction of 

the total bacterial flora of forest ecosystems, and stated that they 

have at best only a minor role in the decomposition process. Bacteria 

and fungi were at least ten times more numerous in the litter layer 

than the mineral horizon. Austin et al. (1978) describe gram-negative 

bacteria to be characteristic of the phylloplane, although they may 

also be present in freshly fallen litter. The presence of 

gram-negative bacteria and carotenoid-producing yeasts may be expected 

in . the phylloplane, and is of ecological significance as they are 

representative of fitness traits that should result in selective ad

vantage through providing protection against dessication and insol

ation. Various authors (Hissett and Gray 1973, Goodfellow et al. 

1976) have shown that despite the spatial proximity of living trees, 

litter, and mineral soil, these habitats appear to contain independent 

bacterial communities, characterised by populations of only a few taxa 

at any one time. 

Macauley (1979) found the pattern of succession on the untreat

ed leaf litter of E. pauciflom to be similar to that on E. r>egnans 

(Macauley and Thrower 1966), and apart from the similarity of success

ional pat terns of the major groups of fungi, individual species of 

fungi were-common to both eucalypt species. 
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Decomposition studies discussed in Chapter 6 demonstrated diff

erences in breakdown rates of various leaf species of the overstorey 

and understorey with up to 18 months exposure to breakdown agencies of 

the litterbed. It wg.s hypothesised that the varying rates of decomp-

osition were most likely attributable to inherent resistance or sus

ceptibility of individual leaf species to the various decomposer agen

cies, resulting from their physical and/or chemical properties e.g. 

high carbohydrate status could be expected to increase susceptibility 

to both microf loral and invertebrate attack, and high phenolic content 

to increase resistance to microflora (and the converse in both inst

ances). 

This Chapter describes a series of investigations designed to 

determine the role of bacteria and fungi both in the phylloplane and 

within the litterbed (Section. 8.2), and to examine the hypothesis that 

the role of these agencies may be controlled by their phenolic or 

carbohydrate status (Section 8.3), or the presence or absence of mJco

toxins (Section 8.4). 

Investigations were concentrated upon , the major component of 

leaf litterfall, and of those species of leaves that had demonstrated 

extremes of the range of decomposition rates determined in litter~bag 

experiments. E. obliqua forms overstorey at all four study sites, and 

is the major component of litterfall on three of the sites.· Observ

ations of the litterbeds did not indicate an undue preponderance of E. 

obliqua leaves, and hence it was assumed that decomposer agencies are 

active in their colonisation of· this species. Phebaleum squameum 

leaves were the most rapidly decomposed (53.2 % of initial oven-dry 

weight after 12 months in the field) of ten leaf species ·confined in 

litter bag experiments and therefore could be expected to be free of 

substances inhibitory to decomposers, and likely to contain substances 
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e.g. carbohydrates, that promote colonisation. PhyUodadus asplen-

iif o'lius leaves were the least decomposed ( 9. 6% of initial oven-dry 

I 

weight after 12 months) and could be expected .to exhibit the converse 

to leaves of P. squameum. 

8.2. ENUMERATION OF BACTERIA AND FUNGI COLONISING OVERSTOREY AND 
UNDERSTOREY LEAVES IN THE PHYLLOPLANE AND THE LITTERBED 

8.2.1 Methods and Mater'ia'ls 

Sampling 

Field. Leaves of the three selected species were collected 

from trees adjacent to both Site 1 (tall, open, E. ob'liqua regrowth 

forest) and Site 2 (mixed-forest) and were of four types viz. 

G, green, fully developed canopy leaves 

S, senescent, fully developed canopy leaves 

L, fully developed, recently shed leaves on the surface 

of the litterbed 

D, decomposing leaves from within the litterbed. 

_Canopy leaves of E. ob'liqua were picked from limbs of the upper 

crown of three co-dominant trees at each site. Limbs were shot down 

with a .270. calibre rifle. Leaves of Phebalewn squamewn were picked 

_from the upper crowns of three trees felled adjacent to each site, and 

PhyUoc'ladus asp'leniifolius leaves were picked from a similar number 

of trees that were climbed at each site. 

Fifty leaves of each type per species were 
' 

collected 

sterile gloves and bulked in sealable plastic bags. 

Labor>atory • Leaf sampling and plating methods basically con-

formed with those outlined by Pennycook (1974). One leaf disc was 

punched with a sterile 10 mm cork borer from the centre of each leaf 

(mid-ribs were avoidable with E. obliqua leaves only). The 50 discs 

of each samp'le. were then placed in 100 ml of sterile tap water in 

I 

1l I" 
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sealable plastic bags and washed with thorough agitation for 3 minutes 

in a laboratory "stomacher". 

Plating 

Serial dilutions of the leaf washings of a tenfold to a thous

andfold were made with sterile tap water 1, and 1 ml of each dilution 

then pour-plated with 10 ml each of a fungal and a bacterial selective 

agar medium in 85 mm diameter plastic petri dishes. Plates were inc-

ubated,. inverted, in the dark at 23°C. Three replicates of each 

medium were pour-plated per dilution of each species and each leaf 
I 

type. 

Martin's ( 1950). glticose-peptone-rose bengal -streptomycin agar.2 

with the addition of 40 g.ml-l of chlortetracycline (Pennycook, 1974) 

" 
was used for fungal culture, and Jensen's (1930) glucose-casein agar 2 

for bacterial culture. 

Colony counts 

Al~ plates were counted, with ideal counts per plate being the 

dilution with 22-220 colonies. Counts were expressed as population 

densities per unit area of leaf per species per litter type (each leaf 

disc had two surfaces), viz. 

Number of discs = 50 

Area of discs = 50 (3.142 x 0.5 2) x 2 78 .55 cm2 

Volume washings = 100 ml 

Hence, number of colonies colony count x 1.27307 per cm2 
I 

leaf surf ace x dilution. 

1. Pennycook (1974) found no significant differences in population 
densities of bacteria, yeasts and fungi when macerated in sterile tap 
water as compared with peptone water or Ringers solution. 

2. Refer Appendix D. 
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EnumePation of micPofloPa colonising E. obliqua leaves, FePn 
Gully, Mt. Wellington 

An evaluation of techniques was made in early September, 1981, 

with E. obliqua leaves collected from Fern Gully, Mt. Wellington. 

Leaf- types were the same (G, S, L and D) as those intended for use 

from Hastings, but only 5 leaves per type were sampled. All methods 

were used as describ,ed, but plate counts were adjusted to account for 

the smaller sample number. 

EnumePat~on of leaf litteP micPofloPa at Hastings 

Sampling and plating were carried out as described under 

Section 8.2.2 in late Spetember 1981 (Spring). 

8.2.2 Results 

Evaluation of techniques 

Results of counts per dilution of the four leaf types of E. 

obliqua from Mt. Wellington are listed in Table 8.2.1 and illustrated 

in Fig. 8.2.1. The techniques seemed suitable for the purpose and no 

changes were made. Although results- indicated dilutions of 10-2,10-3 , 

and 10-4 to be superfluous, they were retained to ensure an adequate 

range of dilution when enumerating the microflora of the different 

species sampled at· Hastings. 

EnumePation of leaf micPofloru at Hastings 

Results of colony counts of bacteria and fungi of G, S, L, and 

D samples of E.: obliqua, Phebaleum squameum, and PhyUocladus asplen-

iifolius at study Sites 1 and 2 at Hastings are listed in Table 8.2.2 

per dilution for each leaf type per species, and are illustrated in 

Fig. 8.2.2. 

Use of dip slides fop compaPison of the degPee of lxzctePial 
colonisation 

Mean va·lue per leaf species and treatment are recorded in Table 

8.2.3 for Si~es 1 and 4~ 



Table 8. 2.1. Enumeration of leaf microflora, E. obZiqua leaves, Fern Gully, Mt. Wellington. 

LEAF FUNGI 

TYPE (Martin's Agar) 

1 10-1 

-
G Total 197 49 

(Canopy) Mean 39.4 9.8 

-

s Total 6227 662 

(Canopy) Mean 1255 132 

L Total 209 49 

(Litterbed) Mean 41.8 9.8 

D Total 14904 1661 

(Litterbed) Mean 2981 332 

Fungal counts made of 5 replicates. 

Bacterial counts made of 3 replicates. 

N.A. not available. 

10-2 10-3 

24 NIL 

4.8 NIL 

61 NIL 

12.2 NIL 

NIL NIL 

NIL NIL 

161 25 

32.2 5 

' 

BACTERIA 

(Jensen's Agar) 

10-4 1 10-l 10-2 10-3 

NIL 480 12 NIL- NIL 

NIL 160 4 NIL NIL 

1 553 36.9 NIL NIL 

0.2 184 12.3 NIL NIL 

NIL , 12467 135 NIL. NIL 

NIL 4156 45 NIL NIL 

NIL 1132 N.A. N.A. 

NIL >1000 226.4 

10-4 

NIL 

NIL 

NIL 

NIL 

NIL 

NIL 

N.A. 

( 

N 
w ,_. 
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,FIG. 8. 2. 1. ENUMERATION OF LEAF SURFACE MICROFLORA OF 
E. OBLIQUA, FERN GULL~, MT. WELLINGTON 
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Table 8.2.2. Enumeration of leaf microflora of selected species at Hastings in 
Spring, 1981. 

All figures- the mean of 3 replicate counts. 

LEAF FUNGI BACTERIA 
SPECIES TYPE 10-l 10-2 10-3 10-l 10-2 10-3 

G 3.0 1.3 NIL >200 118.0 25.9 
' 

E. obZiqua s 148.6 34.0 NIL 161. 3 12.7 25.5 

L 42.0 6.0 NIL 97.2 14.0 1. 3 

D 142.6 50.1 3.4 >200 '>200 345.9 

G ' 39.1 ' 3.4 NIL 65.4 9.'8 3.4 - , 

Phebaleum s 373.4 42.4 NIL >200 225.5 21. 3 
squameum L 42.0 4.7 NIL >200 190.5 12.7 

D 57.7 19.1 NIL >200 >200 1683.0 

G 17.4 3.4 NIL , 35.2 3.4 0.9 

Phy Z Zoe Zadus s 93.3 12.7 NIL >200 343.7 N.A. (34. 4) 
aspleniifoZius L 75.5 34.0 NIL >200 >200 72.6 

D 67-.1 7.6 NIL >200 >200 258.0 

N.A., not available, data interpolated from data for 10-2 dilution, i.e. 34.4 

N 
(.,,,) 
(.,,,) 
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FIG. 8.2.2. ENUMERATION OF LEAF SURFACE MICROFLORA OF SELECTED 
SPECIES AT HASTINGS, SPRING, 1981 

LEGEND 

G Green, canopy 

S = Senescent, canopy 

L = Litter surface 

D = Decomposi~g within litterbed 
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Fig. 8.2.3 and 8.2.4 illustrate the bacterial colony numbers of 

untreated litter bag leaves cultured on both media at both sites at 3 

and 6 months sampling times. 

8.2.3 Discussion 

EnumePation of leaf micPofloPa on E. obliqua leaves, 
Mt. Wellington 

Evaluation of techniques 

Populations of fungi and bacteria we~e similar and low on the 

surface of green leaves in the canopy, ea. 100 colonies/cm2 • Senese-

ent leaves in the canopy had higher population densities of fungi 

(1320 colonies/ cm2), but the bacterial population did not differ sig

nificantly (123 colonies/cm2). 

Green leaves on the litter surface had the same population 

density of fungi as green leaves in the canopy, but b!lcterial popul

ation densi,ty increased to ,450 color{ies/cm2 • The greatest numbers of 

propagules were enumerated on the surfaces of decomposing E. obliqua 

leaves within, the litterbed, with fungal colony numbers of 33320/cm2 

and ba~teria 2264/cm2 • 

EnumePation of leaf micPofloPa of selected species at Hastings 

There was little difference between ·the population density, of 

fungi colonising the ·surface of green E. obliqua canopy leaves at 

Hastings and Mt. Wellington. Population densities were low at both 

localities. Bacterial numbers were similar between recently shed E. 
e 

obliqua leaves on the litterbed surface at both localities, but the 

other three leaf types (green in the canopy, senescent in the canopy, 

and decomposing in the litterbed) had greater bacterial populations at 

Hastings (xlO to x30). 

The differences in population densities of both fungi and bact-

eria on the four leaf types of the three species sampled at Hastings 
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FIG. 8.2.3/4_ BAGfERIAL COLONISA'flON Of I.ITTER BAG I.EAVES. 
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Table 8. 2. 3. Bacterial colonisation of littrr bag ]Paves. 

Site I 

S~ecie5 and trentment Mcconkey CLEO McConkey 

3 rnonthb 

E. oMiq"r. NIL <I o3P /M 

I Nil. 

F • NJ1, 

FI (}:ISS!NG) 

E. ob7.i~w::o: NIL I' /)1 (I) 
fro-, c.ixt~re 

I ~aL 
\iolth 

P. 9.•tala F NiL 

FI NIL 

E. ob!~ua NIL 103P/M 
fro:::. ei1Xt ut"e I P/M(l) 
1.1i th 
?. W!pz._.,r.i~foli:ua F NII. 

FI NIL 

E. r-..itida NIL ' NJL 

I P/}l(l) 

f lHL 

n !.IL 

!I. c..v.ni"Zg;..c.uni.i NIL NIL 

A. r:?acht::t."1i :iIL i'/M(2) 

P. ~·r~Z.en.iifolius NIL NIL 

P. t::~~:t'l7'1 ?~IL I o3P /M 

E. l..1.r.~d.a :.a NIL 

h. ,..~:.zr.,?TJ:0~ ::rL NIL 

I:: ~~:::a l.IL 103r 

NIL p /M(l) -
LEG...,~:D: P /M • Pink/;-r.L-ve bacterial colony 

Y/G • Y~llow/green bdctPrial colony 
G • Green bacteridl colony 
Y • Yello~ bacterial colony 

6 months 3 months 6 months 

C(2) NIL 103y /G 

103r ' ' NIL Y(l) 

NIL Y(l),G(2) NIL 

103r (MISSING) NIL 

103c 103y /G G(some) 

<J03c NIL 103G 

NIJ. G(2) 103c 

NIL 103G/Y NIL 

NIL Y(3) Y(some) 

NII, G(l) <103G 

NIL NIL NIL 

NIL Y(l) 104G 

C(l) 103y 105c,103y 

<103P NIL G(some) 
103p NIL l03G 

NIL NIL NIL 

NIL NIL 103G 

101P 103y <l03y 

NIL G(l) O/Y(some) 

C(3) 103G Y(l) ,C(2) 

NIL, NIL G(s),Y(s) 

1'IL NIL 103c 

NIL 10"Y NIL 

103c 103y;c G(some) 

C = Colourless bacterial colony 
0 a Orange bacterial colony 
W a White bacterial colony 
I • Insecticide treatment 

F 
105 

(2) 
G(s) 

3 months 6 months 

NIL <I o3r 
P/M(2) NIL 

NIL NIL 

NIJ. NIL 

l05P/M NIL 

NU, NIL 

NIL NIL 

P/M(3) NIL 

103P/M NIL 

NIL l03P 

P /M(3) NIL 

P/M"(l) <!03r 

NIL P(l) 

NIL NIL 

NIL NIL 

NIL NIL 

NIL 103P 

NIL p (I) 

NIL NIL 

103r /M c (l) 

NIL NIL 

103P/M P(some) 

<103P /M NIL 

t03P/M NIL 

• Fungicide treatment 
• Colonies /ml 
• 2 individual colonies 
• Green, some 

Site 4 
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are illustrated in Fig. 8.2.2. Fungi were most numerous on senescent 

canopy leaves and decomposing litterbed leaves of E. obliqua and P. 

squameum, and on recently shed leaves of P. aspleniifolius. There was 

not however, a remarkable difference in co~ony numbers between any of 

·the leaf development stages of the three species, which was surprising 

considering the between-species differences in decomposition rates 

evident in litter bag experiments· that had occurred during their init-

ial 3 months of field exposure between August and December, 1980. 

Bacterial numbers were greatest on decomposing litterbed leaves 

of all three species, with five times the number present on P. squam-

eum as on E. obliqua or P. aspleniifolius. Low population densities 

were present on senescent, canopy and freshly shed E. obliqua leaves 

on the litter surface, whilst high population densities were present 

on these leaf types of P. squameum and P. aspleniifolius·, w~th the 

greatest number counted present on the latter species. Low numbers of 

bacteria were present on green canopy· leaves of P. squameum and P. 

aspleniifolius (65.4 x 10-L-and 35.2 x 10-1 -respectively) but relat

ively high numbers were counted on E. obliqua (11.8 x 10-2). 

There was a general trend for the numbers of bacteria on leaf 

surfaces to increase with increasin~ leaf age through green, , canopy-

senescent, canopy-recently shed, litter surface-decomposing, litter-

bed. 

Use of dip slides foP compaPison of the degPee of eactePial 
co ionisation 

In general, the bacterial colonisation of leaves was greater at 

3 months than at 6 months on both media at both sites. Treatment with 

insecticide and fu~gicide 'separately and in combination caused a 

reduction of bacterial colony numbers at 3 months at both sites on 

McConkey agar, but not on CLED medium. 
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The number of dip slides were not sufficient to allow sound 

conclusions to be drawn. However, their use in greater number would 

seem to be a worthwhile and convenient technique for monitoring bact-

erial colonisation and succession on litter in the field. 

8.3. PHENOLIC AND CARBOHYDRATE STATUS OF SELECTED LEAVES OF 
OVERSTOREY AND UNDERSTOREY SPECIES-

Aim 

To determine whether differences existed between leaf species 

in their relative levels of contained carbohydrates and phenolics, and 

if differences occurred, whether they could be re'lated to the rate of 

leaf decomposition derived from results of litter bag experiments. 

Methods 

Leaves of E. obUqua, P. squameum, and P. aspleniifolius were 

collected green 'from the canopy, senesced upon the fresh litterfall 

layer, and decomposing from within the litterbed. The species select-

ed respectively represented leaves that were rapidly, very rapidly, 

and slowly decomposed. 

After 14 days storage at -5°C, ten 1.0 cm diameter dis~s were 

,punched from separate leaf centres, and phenolics and carbohydrates 

were extracted by immersion in 70% methanol for 10 days. 

0. 2 l' of each extract were spotted onto cellulose TLC plates 

and separation affected by a 4 hour run with a solvent of 

n-butanol:benzene:pyridine:water (5:1:3:3). Phenolics 

were detected under ultra-violet light, spots marked directly onto the 

thin-layer plates and their colours and relative intensities describ-

ed. Sugars were detected by spraying with aniline hydrogen phthalate 

and then heating for 10 minutes· at 100°C. Solvent and spray reagent 

were prepared according to Harborne (1973). 
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Reference materials were glucose and phenol (O. l ~-ml-l pyr-

idine). 

Results 

Rf (xlOO) values, colour and intensity of detected phenolics 

are listed in Table 8.3.1. Seven phenolics were present in E. obliqua 

leaves of the canopy and the litter layer surface with five common to 

both leaf types, and intensity of four decreasing from canopy to 

litter layer. Five phenolics were common to the canopy leaves and 

leaves of the litter layer in P. squamewn but intensity of four of 

these increased in the litter surface layer. Six phenolics were 

common to the canopy and litter surface layer leaves of P. asplen-

iifolius, and like P. squameum, intensity increased in leaves of th_e 

litter surf ace layer. There were no phenolics detected in extracts 

from decomposing ·leaves of all species. 

Rf (xlOO) value of the phenol control was .97. 

Rf (xlOO) value of the glucose control was .28, and this value' 

was coincident with the only carbohydrate detected in all leaf species 

in both the canopy and from the surface of ~he litter layer. No carb-

ohydrate was detectable in extracts of all leaf species from the 

decomposing 1itterbed, and intensity of the detected carbohydrate from 

P. squamewn was appreciably less than the other two species. 

Discussion 

In general, leaves of P. -aspleniifolius contained greater con-

centrations of extracted phenolics. Less phenolics were extracted 

from leaves of P. squameum than from E. obliqua or P. aspleniifolius. 

Neithe·r carbohydrates nor phenolics were extracted from leaves 

"' of all three. species in the decomposing litter layer. This finding is 

contrary to the hypothesis that phenolics were responsible for the 



Table 8. 3. I. Description of extracted leaf phenolics. 

Sp~cies: E. obUqua P. squnmaum 

' Leaf type Rf Colour Intensity Rf Colour 
(xlOO) (xlOO) 

6 Vlolet + 45 Blue - fluorescent 

36 Blue - fluor~scent + 51 Blue - fluorescent 

, SJ Blue - fluorescent + 59 Violet 
-

Can:ipy, green 57 Violet ++ 78 Violet 

65 Violet +++ 92 Blue - fluorescent 

81 Violet ++-

93 .. Brown +++ 

I 28 Violet + 45 Blue - fluorescent 

36 Blue - fluorescent + 51 Blue - fluorescent 
I 

47 Blue - fluorescent + 59 V~olet 

Litter surface, 51 Violet + 78 Violet senesceG 

64 Violet + 92 Blue - fluorescent 

81 Violet ++ 

---- .. - -- -

Litt<:rt><?d - - - - -

• • considered tr2 same, difference caused by interference. 

Intensity Rf 
(xlOO) 

+ 45 

+ 64 

++ 72 

++ 90 

++ 104 

122 • 

++ 45 

+ 64 

+++ 72 

+++ 90 

+++ 104 

• 133 

- -

P. asple•i~ifoZius 

Colour 

Blue - fluorescent 

Pink 

Pale - blue 

Violet 

Mauve -
Deep red 

Blue - fluorescent 

Pink 

Pale blue 

Violet 

Mauve 

Deep red 

-

' 

Intensity 

+ 

+ 

+ 

+ 

++ 

++ ... 

+ 

++ 

+ 

+ 

++ 

+++ 

-

I 

N 
-I" 
t--' 
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longevity of leaves of P. aspleniifoUus in the litterbed, unless a 

phenolic complex that is not extractable in 70% methanol is involved. 

' The faster decomposition rate of P. squameum leaves may be a 

reflection of the lesser amount of phenolics present compared with E. 

obliqua and P. aspleniifolius (Davies, 1971). 

Lack of extractable carbohydrates or phenolics from leaves of 

all 3 species of the decomposing litter layers was in agreement with 

the rapid leaching of these substances reported by Wood (1971, 1974). 

8.4. MYCOTOXIC EFFECT OF LEAF LITTER LEACHATES 

Pr>eamble 

It was postulated that the marked differ~nces in breakdown rate 

of leaf , litter of various species may be attributable to mycotoxic 

effects of the leachate of some species, or to nutritional responses 

'to the leachate of others. These investigations were designed to 

determine whether such responses existed, and to compare the relative 

effects of leachates of selected leaf litter species. 

Differences in leaf breakdown rates were measurable during the 

August to December, 1980, period of the litter bag studies, and al

though seasonal effects upon leaf leachates may exist, it was consid

ered that sampling during this period should adequately test the hypq-_ 

thesis. 

Phebaleum squameum, Phyllocladus aspleniifolius~ and E. obliqua 

leaves were selected for the . same reasons given in studies of ·Section 

8.2, i.e. should differences exist between species they should be 

apparent between those leaf species situated at the extremes of the 

scale of decomposition rate determined in litter bag experiments 

(Section 6.2). Leaf leachates of these species were incorporated into 

pour-plates and their effects upon a common inoculum were determined 
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from comparisons of microfloral enumeration between leachates (treat

ments) and a control of sterile tap water. 

The aims of these investigations were to determine, 

(a) whether mycotoxic effects were attributable to leaf leachates, 

(b) whether leaf leachates promoted microfloral activity, 

(c) whether an in vitr>o technique of leaf disc plating could be 

used to visualise the inhibition or promotion of growth of 

litterbed microflora, 

(d) pH of various leaf ,leachates. 

Due to problems that arose from techniqu_es a number of prelim

inary tests were carried out before successful assays were obtained. 

Initial tests are briefly discussed in order to outline the problems 

encountered (results available) and detailed results are given only 

for the first successful run and the final, larger, confirmatory 

investigation. Hence this topic is presented under the following 

headings: 

8.4.2 General methods and materials. 

8.4.3 Problems encountered in initial assays. 

8.4.4 Experiment 1. Details and results. 

8.4.5 Experiment 2. Details and results. 

8.4.6 Discussion of results. 

8.4.2 Methods and mater>ials. Leaf collection 

Leaves of E. obliqua, Phebaleum squameum and Phyllocladus 

aspleniifolius were picked with sterile gloves at random from the 

litter surface of Sites 1 ·and 2, and bulked per species in sealable 

plastic bags. All were relatively green, fully developed leaves that 

were considered to have only recently been shed. 

used in the preparation of treatment leachates. 

These leaves were 
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Decomposing leaves were similarly picked from several random 

locations within the lower litterbed layers of each site and bulked in 

a sealable plastic bag. These leaves were used for the preparation of 

a standard inoculum after sub-sampling the bulked collection to prov

ide 50 leaves in the ratio of normal accessional quantities per spec

ies viz. 

40 E. obliqua 

2 Acacia melanoxylon 

2 Phebaleum squ'ameum 

1 PittospdPwn bicoloP 

1 Eucpyphia Zucida 

1 Nothofagus cunninghamii 

1 AthePospe'Y'm:l moschatum 

1 AnoptePus glandulosus 

1 Phyllocladus aspleniif olius 

Leachate pPepaPation 

Fifty leaves were randomly selected from each bulked collection 

and a 10 mm disc was aseptically punched ;from the centre of each leaf 

with a cork-borer. The 50 disc samples of each species were washed .in 

100 ml of sterile tap water for S minutes in a laboratory "stomacher", 

and the washings filtered through a O. 4S micron millipore filter to 

exclude leaf microflora. The filtrates of the washings of each spec

ies comprised _the treatment leachates, and SO discs per 100 ml of 

sterile tap water was a standard 'dose'. 

Inoculum pPepapation 

The SO decomposed leaves were similarly punched and washed, but 

not filtered, and served as a standard inoculum. 
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Plating 

The standard inoculum washings were serially diluted from 

xl to 10-4 , and pour-plated, on 5 replicate plates per dilution of 

either Martin's (1950) agar with inclusion of streptomycin and chlor

tetracycline (Pennycock 1974), potato-dextrose agar, Jensen's (1930) 

agar, or nutrient agar, and 1.0 ml of sterile tap water was added as a 

control. 

Filtered washings of E. obliqua, P. squameum, and P. asplen

iifolius were substituted for the 1.0 ml of sterile tap water in prep

aration of treatment plates. There were 5 replicate plates per IIJedium 

per inoculll!Il dilution of each treatment. All plates were inverted and 

incubated in the dark at 23°C. 

Counts 

Numbers of fungi and bacteria present on control and treatment 

plates_ were counted after 5 to' 7 days. Martin's agar or potato-

dextrose agar was used for the. enumeration of fungi and Jensen's med

ium or nutrient agar for bacteria. 

Comparison of the numbers of colonies of fungi and bacteria per 

treatment against control numbers enabled direct measurement of the 

relative effects of the leaf leachates upon the growth of the litter

bed microflora. 

In some instances, colony numbers were too numerous to count on 

plates, and hence counts were made by cameru lucida of sections of the 

plate surface. -

Check on millipoPe filtPa~ion 

Washings were plated without inoculum to compare the micro

floral population densities of the tested species, and filtrates were 

similarly plated to ensure that all micrnflora had been excluded by 

millipore filtration. 
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pH 

The pH of each leaf leachate was measured with a Radiometer pH 

meter. 

Leaf disc plating 

In an attempt to visualise the inhibitory or promotive charact

eristics of leaves upon litterbed microfloral culture, discs of the 3 

species were aseptically punched with a 10 nnn cork borer, surface 

sterilised by immersion in a 1:9 chlorize-deionized water solution for 

3 minutes, and then placed flat upon the surface of 10 ml of prev-

iously poured plates of either Martin's or nutrient agar. Two discs 

were placed upon the agar surface of each plate as the medium was 

setting. A second layer of 10 ml of the appropriate medium was poured 

over the discs and allowed to cool. When set, 0.1 ml of the standard

ised inoculum at xl and 10-l dilution with sterile tap water, were 

uniformly spread over the plates with a sterilised bent glass rod. 

Plates were incubated in the dark at 23°C for up to 10 -days, and exam

ined daily fro_m day 4 to determine whether zones of cultural growth 

inhibition or promotion were associated ··with areas of the plates adj

acent to leaf discs. 

8.4.3 PPoblems encountePed UJith initial assays 

In October, 1981, two initial attempts were made to enumerate 

the microflora of the leaf leachates, the control inoculum, and the 

inoculum plus leachates. Both runs gave ambiguous results due to 

problems associated with millipore filtration. Leaf washings result-

ing from the vigorous agitation of the laboratory "stomacher" contain

ed the leaf discs and some particulate matter removed from leaf surf

ac;es and from the exposed leaf margins resulting from their punch

ing. E. obliqua washings were pale yellow, Phebaleum s_quameum wash-
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No colonies of fungi or bacteria were evident in the pour

plates of filtered P. squameum and P. aspZeniifoZius leachates, hence 

filtration was complete and colony counts of the microflora could be 

attributed solely to_the effects of the leachates. 

There was no inhibition or promotion of fungal growth in the 

inoculum by leachates of either leaf species. 

Bacterial numbers were so great at the inoculum dilutions 

employed (xl, 10-1 , 10-2) on both Jensen's and nutrient agars that 

plate counts could not be made accurately by normal means. Camero 

; Zucida counts were made of the nutrient agar cultures of the inoculum 

control, and of the filtered leachates of both species plus the inoc

ulum at the dilution level of .10-2 • Counts were made over 10 fields 

of view (O. 23 cm2 ) spread randomly over the plate surface for each of 

3 replicate plates. Results of the counts are given below, expressed

as the mean number of bacterial colonies per field of view: 

Control, inoculum + 1 ml sterile_ tap water 7.4 

P. squameum filtrate + inoculum 59.4 

P. aspZeniifoZius filtrate + inoculum 2.8 

Given that the mean number of colonies cultured on nutrient 

agar from the control was a relative number of 1.0, then P. aspZen

iifoZius inhibited bacterial growth to a relative level of O. 38 and P. 

squameum promoted growth to a relative level of 8. 02. these results 

are illustrated in Fig. 8.4.2. 

The result for P. aspZeniifoZius was confirmed by 'bacterial 

colony counts of unfiltered leaf washing listed in Table 8.4.1. 

Whereas both the inoculum and the-P. squameum unfiltered leaf washings 

gave colony counts in excess of 1.0 x 105 per cm2 of leaf surface, 

those of P. aspZeniifoZius reduced the counts to 2.33 x 103 • 
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ings light green, and those of P. aspleniifo"lius pale brown. Their 

filtration under vacuum took up to 15 minutes to complete, and a ser

ies of filters had to be employed due to their continued blockage with 

leaf material. Filtrates of P. squamewn in Run 1 and of P. asplen

iifolius in Run 2 were contaminated, i.e. the filtration had not been 

successful and some bacteria had not been excluded. A very small, 

rod-shaped, flagellate, gram-negative bacterium persisted in filtrates 

of P. squameum. However, this organism was eliminated from filtrates 

of later runs by repeated filtration and greater care during filter 

changes. 

Results of both runs indicated differences in the effects of 

leachates upon the enumeration of inoculum microflora, and hence 

investigations were continued. 

8.4.4 ExpePiment 1. Details and Pesults 

Methods conformed with those described in Section 8. 4. 2. Four 

media were employed to ensure that results were not affected by the 

antibiotics included in Martin's agar, and as a means ~f increasing 

replication. This was the first of two main investigations and E. 

obliqua leaves were excluded at this stage in order to concentrate 

upon detection of differences in effects of the'- leachates of P. squam

eum and of P. aspleniifolius 

Effects of leaf leachates upon inoculum cultuPe 

The numbers of colonies of fungi (including yeasts) and of 

bacteria were enumerated on the 4 media and expressed per cm2 of leaf 

surface area of the inoculum. Results for the unfiltered leachates, 

the control inoculum, and for the inoculum plus leachates are listed 

in Table -8.4.1 and illustrated in Fig. 8.4.1. 



Table 8.4.1. Numbers of fungal and bacterial colonies per treatment and control on Martin's (M) 
Potato-dextrose (PDA), Jensen's (J) and nutrient agars (NA) at 23°C. 

FUNGI ' ' BACTERIA 

MEDIUM M PDA J NA 

DILUT.ION DILUTION DILUTION DILUTION 

TREATMENT ' 0 10:--1 0 10-1 , 

0 10-1 10-2 0 10-1 

Control. Inoculum + 98.0 41.3 Colonies >1000 >1000 >1000 >1000 >1000 
1 ml. st. tap water merged -

I 

P. squameum, 22.0 19.7 . i I . Co onies >1000 >1000 >1000 >1000 >1000 
unfiltered, alone merged 

- I 

P. squameum, filtered 97.0 15.3 Cololnies >lOQO >1000 >1000 >1000 >1000 ,., 
+ 1 ml. inoculum merged 

P. aspZeniifoZius 23.7 1. 3 12.3 3.3 >1000 >500 - 34. 7 >1000 71.3 
unfiltered, alone 

P. aspZeniifoZius, 97.7 27.0 Colonies >1000 >1000 >1000 >1000 >1000 
filtered + 1 ml. merged 
inoculum I -

r/,, Camera Zucida counts made. 

All data the mean of three replicates (data available) expressed as numbers of colonies per cm2 of 
inoculum leaf surf ace area. 

rJ 

10-2 

>1000 

>1000 

>1000 

23.3 

ca.1000 

N 
.p. 
l.O 
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Leaf disc plating 

Surface sterilised discs of P. squameum and P. aspleniifolius 

were incorporated into plates of all four media, inoculated with 0.1 

ml of the standard inoculum, and the growth of the inoculum compared. 

There was no evident promotion nor inhibition of inoculum 

growth on· all plates with doses of either species. A brown zone 

(halo) up to 8 mm wide encir~led the leaf discs of P. aspleniifolius 

(see Fig. 8.4.3) on all media, but this zone had no apparent effect 

upon the inoculum. 

8.4.5 ExpePiment 2. Details and ~esults 

Previous investigations demonstrated that there were signif

icant effects upon the culture of litterbed microflora by aqueous 

filtrates of leaf washings of different species. 

was designed' to determine, 

This investigation 

(a) the effects of leaf leachates of E. obliqua, P. squameum, 

and P. aspleniifolius of increasing concentration upon litterbed 

microflora, 

(b) the pH of the leachates. 

Methods conformed with those of previous investigations excepf 

that a range of leachate concentrations were assayed. Increasing 

leachate concentration was obtained by increasing the numbers of leaf 

discs of the 3 species washed in the laboratory stomacher. 

Leachate pPepaPation 

250 leaves of P. squameum, - 300 leaves of E. obliqua, and 47 5 

leaves of P. aspleniif olius were collected from the litterbed , surface 

of Sites 1 and 2 on 17th November, 1981. P. aspleniifolius leaves 

were difficult to find in adequate numbers and approximately 275 were 
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FIG. 8.4.2. 'CAMERA LUCIDA COUNrS OF BACTERIAL COLONIES PER 
TREATMENT CULTURED ON NA PLATES AT 23°c 
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c'ol~ec~ed from a larger mixed-forest similar to Site 2, at North Lune, 

2 km south-east of the ~ain stu~y area. 

Four concentrations of leaf leachate were prepared per spec

ies. P. squamewn and P. aspleniifolius had demonstrated marked 

effects upon baGterial culture from the litterbed and hence their 

concentrations were selected as: 

25 discs/100 ml sterile tap water, 'stomached' 5 minutes 

50 

100 

200 

E. obliqua had demonstrated little effect upon the litterbed 

microflora in preliminary investigations and hence the leachate con

centrations were increased viz. 50, 100, 200, and 400 discs/100 ml 

sterile tap water. It was necessary to take more than one disc from 

some leaves to obtain the numbers required. 

Eff eets of leaehates upon inoeulwn eultuPe 

Martin's agar was used for the enumeration of yeasts and fungi, 

and nutrient agar for the enumeration of bacteria. 

The control, and the · inoculum were prepared in the standard 

manner, i.e. 50 discs of selected, decomposing leaves "stomached" in 

100 ml sterile tap water, but the number of dilutions were reduced to 

io-1 and io-2 for fungal enumeration, and 10-2 and io-4 for bac-

teria. Hence there were 2 medi.a, 2 dilution levels per medium, 3 

species of four differing leachate concentrations, the inoculum con

trol, and 5 replications per sample. 

Table 8.4.2 lists the results of counts of the numbers of fun

gal and bacterial colonies per leachate concentration plus inoculum, 

and of the inoculum plus sterile water control. Counts were expressed 

as the mean number of colonies per cm2 of inoculum leaf surface, and 



Table 8.4.2. Nlllllbers of fungal (M) and bacterial (NA) colonies per treatment and control cultured 
in Martin's (M) agar and nutrient agar (NA) at 23°C. 

NO. DISCS/100 ml. 25/100 50/100 !00/100 200/100 400/100 

~ 
M NA 

TREATMENT -
10-2 10-4 DILUTION 

Inoculum (I) + 1 ml. 
sterile tapwater, 
Control ' 

Phebaleum squameum 
filtrate + 1 ml. (I) 21.4 40.5 

E. obliqua filtrate 
+ 1 ml. (I) 

PhyUocZatlus 
aspleniifolius 23.2 19.9 
filtrate + 1 ml. (I) 

N.A., filtrate contaminated. 

</i, counts made by cOJnera Zucida. 

All data the means of 5 replicates. 

M 

10-2 

22.9 

21.9 

21. 4 

19.9 

NA M NA M NA M NA 

10-4 10-2 10-4 10-2 10-4 10-2 10-4 

' 
117 .1 

2780.9</i 21.4 75J5.5</i 20.4 21248.5</i 

, 

84.3 19.6 55.8 20.1 28.8 23.4 3.1 

26.2 22.9 9.2 21. 9 N.A. 

N 
VI 
.p.. 
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are illustrated in Fig. 8.4.4. The number of bacterial colonies on 

the nutrient agar plates of the P. squamewn treatments were so great 

at the 50, 100, and 200 disc concentrations that counts had to be made 

by cameru lucida. Five counts per replicate plate were made of each 

of these concentr.ations, and the means were included in Table 8. 4. 2 to 

allow comparison of treatment effects. 

Filtered washings of all species were plated on both media with 

negative results ·at all concentrations except one, indicating that 

filtration had removed all treatment leaf microflora. 

was the 200 disc concentration of P. aspleniifolius. 

The exception 

There were no apparent effects upon fungal culture of the 

litterbed inoculum by any of the filtered leachates of the 3 species 

at all concentrations. 

Effects upon bacterial culture we.re marked and differed between 

species, in agreement with the trends of Experiment 1. Table 8.4.3 

summarises the data of Table 8. 4. 2 by comparing the mean numbers of 

bacterial colonies of the inoculum control as a relative number of 1.0 

against· the mean relative numbers of the treatment leachates of vary

ing concentration. These results are illustrated in Fig. 8.4.5. 

There was a. progressive1y increasing promotional effect upon 

bacterial growth by P. sq1,1.ameum leachates with their increasing con

centration, and a similarly increasing inhibitional effect by leach-

ates of both E. obiiqua and P. aspleniifoiius. 

aspleniifolius leachates was most pronounced. 

Inhibition by P. 

pH of inoculum and filtePed leachates of tPeatment species 

Acidity of the filtrates of aqueous washings of the 3 treatment 

species increased with increasing leachate concentration. P. squameum 

exhibited an almost linear relationship between pH and leachate con-
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rrG. s.4.4. MEAN NUMBERS OF BACTEP.IAL AND FUNGAL COLONIES 
PER CONTROL AND TREATMENT 

LEGEND 

PS, PhcbaZeun squameum 

EO, Eucalyptus obZiqua 

PA, PhyZZocZadus aspZeniifoZius 

25/100, concentration, of 25 leaf discs in 100 ml washings 
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Table 8. 4. 3. Relative effects of leachate concentrations per species compared to inoculum control 
upon bacterial culture in nutrient agar. 

~ 25 discs/100 ml- 50 discs/100 ml 100 discs/100 ml 200 discs/100 ml 400 discs/100 ml 
T 

' 

'lnoculum, control - 1.00 - - -
' 

PhebaZewn squamewn 0.35 23.74 64.34 181. 43 -

Eucalyptus obZiqua - 0.72 0.48 0.25 0.03 

Phy Z Zoe Zadus 0.17 0.22 0.08 N.A. -asp Zeniifo Zius 

N.A., filtrate contaminated. 

N 
Ln 

.-....J 
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RELATIVE EFFECTS OF LEAF LEACHATES UPON BACTERIAL GROWfH 
OF INOCULUM COMPARED WITH INOCULUM CONTROL 

CONTROL 

25 50 100 200 

LEACHATE CONCENTRATION (LEAF DISCS/100 ML) 

••~''"---• P. squameum + inoculurn (I) 
•.t.--"--•A E. ob Ziqua + I ••i-----• P. aspZeniifolius + I 

400 
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centration, and E. obliqua a similar relationship for leachate concen

trations between 50 and 200 discs/100 ml sterile tap water. 

Results of pH measurements are given in Table 8.4.4 and illus

trated in Fig. 8.4.6. 

8.4.6 Discussion 

A seasonal enumeration of the microflora of leaves of the 

phylloplane and litterbed was beyond the means of these studies, but a 

Spring sampling in September, 1981, was expected to yield results 

pertinent to the relative activity of fungi and bacteria in the 

phylloplane and litterbed, particularly as rapid decomposition occur

red of. some leaf ·species confined upon the litter surface during the 

same period in 1980 (litter bag studies). Enumeration of microflora 

of the fastest (P. squamewn) and slowest (P. aspleniifoUus) decomp

osing f,:lpecies, and of the major litter component (E. obliqua) was 

expected to demonstrate the relative activity of fungi and bacteria in 

the two environments. Additional information regarding _leaves of the 

litter surface and the decomposed leaves of the litterbed was avail

able from leaf leachate studi t'S i.n October and November, 1981. 

There was little difference between September and November in 

the populat-ion densities of fungi on leaves of the litterbed, and 

little difference between the population densities of the various 

development stages of the leaves of the 3 species, or of the decomp

osing leaves used in the preparation of basic inoculum for leaf leach

ate studies. The lack of difference in fungal population was surpris

ing considering the between-species differences in breakdown rates 

that occurred in litter bags during the same season of 1980. The lack 

of fungal activity suggests that the initial rapid breakdown of the 

litter bag leaves was attributable to bacteria as litter bag experi-

l_ 
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Table 8.4.4. pH of inoculum and leaf leachates. 

Species 
No. discs Leaf surface pH 
per 100 ml area (cm2) 

50 78.55 6.1 

100 157.10 5.7 

E. obliqua, filtered 200 - 314. 20 - 5 .1 
leachate 400 628.40 4.7 

/ 

25 39.28 6.1 

50 78.55 5.9 

P. squameum, filtered 100 157.10 5.6 
-

leachate 200 314.20 4.7 
-

~ 

25 39.28 6.2 

50 78.55 6.2 

P. aspZeniifolius, filtered 100 157 .10 5.4 
leachate 200 314.20 4.9 

' 

-
Inoculum, unfiltered, mixed 50 78.55 5.6 

species -
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FIG. 8. 4. 6. pH OF INOCULUM AND LEAF LEACHATES 
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ments had already demonstrated microflora to predominate over invert

ebrates as decomposers. 

There was a general trend for bacterial numbers to increase 

with increasing leaf age through green, canopy, to sensecent canopy, 

to the litter surface, to the· decomposing litter layers. Populations 

increased between early and late Spring on leaves of the litter surf

ace (sampled for leachate preparation) and the lower litterbed (inoc

ulum preparation for the leachate studies). 

Two methods of observing the effects of leaf leachates of sel

ected species upon the culture of litterbed- microflora were attempt

ed. One method directly incorporated leaf discs into an uninoculated 

cu~ture medium, and the other studied the effects of aqueous leachates 

upon the same inoculum microflora. In both instances the leaf mater-

ial employed had their natural ·microflora removed either by surface 

sterilisation or by millipore filtration. 

No differences were apparent between effects of incorporating 

whole leaf discs of P. squameum, E. 6bliqua, or P. aspleniifolius into 

the selective media on the culture of either the bacterial or fungal 

populations of an inoculum prepared from decomposing leaves of the 

litterbed. In contrast leaf leachates of the 3 species had no effect 

upon the culture of the fungal fraction of the decomposing leaf inoc

ulum, but marked differences were obtained between the 3 species in 

their effect upon the culture of the bacterial fraction. 

Leaves of P. squameum promoted the g~owth of bacteria in the 

inoculum, growth promotion increasing directly with increasing leach

ate concentration to a factor of 180 when compared with a sterile tap 

water plus inoculum control. 

Leachates of both E. obliqua and P. aspleniifolius leaves 

inhibited bacterial culture from the inoculum, inhibition increasing 

.. 
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as the concentration of the leachates increased. At equal concent-

rations of leachate (50 leaf discs of 10 mm diameter washed in 100 ml 

of sterile tap water) their relative effects upon bacterial- culture of 

the inoculum, compared with a sterile tap water control with bacterial 

numbers of 1.0 were: 

P. squameum leachate 

E. obliqua leachate 

P. aspleniifolius leachate 

23.74 

o. 72 

0.22 

These results reflect the rapid rate of P. squaJneum leaf break

down during the initial 3 months of the confinement in litter bags, 

and the slow rate of breakdown of leaves of P. aspleniifolius. 

The pH of all leachates increased in acidity with increasing 

leachate concentration. The range of values was from 6.2 to 4.7, with 

the P. squameum lea cha tes the most acid of the 3 species, indicating 

that increasing acidity with concentrat~on of the leachates of E. 

obliqua and P. aspleniifolius was not the cause of their 'inhibition to 

bacterial culture, as remarkable growth promotion was caused by_ the 

200 discs/100 ml concentration- of the P. squameum leachate with pH 

4.7. 
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CHAPTER IX 

SYNTHESIS AND DISCUSSION 

This chapter brings toge~her the significant findings of the 

study and incorporates them into a working schema (Fig. 9.1) of the 

cool temperate forest system of Tasmania. It also relates certain 

findings of decomposition to other Australian studies. 

The study aroea 

The litter systems of a range of forest types characteristic of 

the Southern Forests of Tasmania were studied for 3-1/2 years near 

Hastings Chalet (Lat. 43°24 'S; Long. 146°20 'E). Study sites encamp-

assed commercially productive Eucalyptus obliqua regrowth forests -

mixed Nothofagus/Atheroosperoma forests tall scrub, with eucalypt 

overstorey basal area 85-43 m2 ha- 1• Stem numbers ranged from 8.940-

13,440 per ha. and Site Index from 30-18, with stand ages from 38-400 

years. Altitude and topography of all sites were similar ( 60-80 

m. a. s .1. ; 2-8% slope) and soils were duplex, yellow podzolics. Mean 

monthly maximum temperature was 21 °C for January and 11 °C for July, 

with mean annual rainfall 1400 rrrrn. 

Aecess1:on 

There was a marked correspondence in the temporal patterns of 

litter accession between sites that were maintained regardless of 

differences in accessional patterns between individual annual cycles 

(Fig. 4.3.1). , Annual cycles of overstorey and understorey leaf 

accession (Figs. 4.3.2 to 4.3.9) were unimodal, and st·rongly seasonal, 

with peak litterfall occurring during summer (January-March) and min

imum falls in winter (June-August), similar to results of Hatch 

(1955), Stoate (1958), McCall (1966), Webb et al. (1969), Van Loon 
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(1970), Ashton (1975), Rogers and Westman (1977, 1981), and Walker 

(1981). Total litterfall exhibited biomodality, with secondary peaks 

of fall evident for sampling intervals ending in October 1980, and 

September 1981. The bimodality of total litterfall of the 1979/80 and 

1980/81 cycles was attributable to the bark and twig component that 

were correlated with windrun and rainfall (r 

intervals(coincident with equinoxial gales). 

0. 64) during those 

The marked seasonal pattern of litterfall was significantly 

correlated with mean maximum temperature experienced during access-

, ional intervals, and the precision of the relationship was improved by 

removal of the non-leaf component of collections (Table 4.3.10). 

These findings substantiated those of Attiwill et al. ( 1978) in stud

ies of E. obliqua litterfall in Victoria, where part of the seasonal 

variation was explained in terms of temperature, and of Lee and 

Correll (1978) who, working in E. obiiqua stands in S.A., found- temp

erature accounted for 50% of the variatiorr in litterfall. 

Annual leaf accession rates (t.ha. -l) and the numbers of live 

stems per ha. per species at the two eucalypt regrowth and the mixed 

forest sites were compared by regression analysis, using logarithmic 

transformation of both parameters, and analysis of variance. A'relat

ionship existed that accounted for 64. 3 percent of the variance, but 

there were significant differences in both slope and intercept of the 

individual regression lines per site. In contrast, logarithmic trans

formation of annual leaf accession rate and basal area (m2ha -l) of 

individual species per site resulted in a highly significant correlat

ion (P<0.001) and no significant difference (P>0.05) in slope or 

intercept of the regressions for individual sites. The relati'onship 

existed regardless of taxonomic group, canopy class, leaf size or 

structure, suggesting an adaptative mechanism which balances photosyn-

thetic production despi~e varying degrees of insolation. 
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Annual rates of t~tal litter accession in the E. obliqua 

regrowth stands over 3 years of measurement ranged from 4.8 to 5.6 

h -1 t. a. , and from 4.1 to 4. 9 t. ha. -1 in the mixed forest. Non-leaf 

litterfall varied between 30.6 and 45.0 percent. The maximum to 

minimum ratio of total litterfall in the eucalypt study sites varied 

from 1:7.4 to 1:22.3, and in the mixed forest from 1:7.8 to 1:12.1. 

Ratios for leaf fall were 1:5.0 to 1:22.6, and 1:7.8 to 1:16.7, 

respectively. 

Analysis of variance between fixed and roving collection de-

vices, and between standard bins and ground traps yielded no signif-

icant differences in litter estimates.· Use of the ground traps at 

fixed positions is recommended. 

Accumulation 

The standing crop of litter was measured as 22.150, and 

20.541 t.ha.-1 in the 2 eucalypt stands, and -1 11.932 t.ha. in the 

mixed fares t. Decay- constants·, 'k' (Olsen, 1963), were 0.236 and 

0.215, and 0.425 respectively. Values of 'k' for .these E. obliqua 

forests were similar to the value obtained by Lee and Correll (1978) 

for E. obliqua forests in S.A. 

Comparison of the standing crop of woody material attributable 

to both the pre-regeneration and the current stand of the 2 eucalypt 

sites demonstrated a ratio of 1.4, the same value derived for their 

ratio of basal areas. Between sites- ratio for Site Index was 1.1, and 

this value was the ·same for litter accession and litter standing crop 

of the 2 stands. Litter production was shown to be significantly 

correlated with live basal area of individual species where both par-

ametes are indices. of net primary production, and of photosynthetic 

efficiency. 
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Decomposition 

Relative rates of decomposition of individual species of leaves 

of both overstorey and understorey components were measured in litter 

bag experiments, and the decomposition of naturally accumulating 

litter was monitored in situ by a new, double-trap technique. 

Significant differences (P<0.05) in decomposition rate were 

obtained between leaves of 10 species and leaves of 2 mixtures of 2 

species. There were significant differences between all material 

types except E. obliqua and E. nitida. The fastest decomposition 

occurred with leaves of the understorey species, Phebaleum squameum, 

and the slowest with PhyUocladus aspleniifolius. 

losses in the first 12 months of field exposure 

respectively. Leaves of E. obliqua lost 42.0, 

Percent dry weight 

were 51. 5 and 

and E. nitida 

12.9 

42.3 

percent of their initial dry weight in 12 months. During this period 

there was an absence of leaf fragmentation except in the case of the 

eucalypt leaf species. 

There was a general agreement between the rate of decomposition 

of individual species and their annual accession, those with the heav

ier fall having the faster decomposition rates. 

·'No relationships were appar~nt between the leaves of taxonomic 

groups (Curds, 1963, 1967; Curtis and Horris, 1975), their size, 

class, or structure (Fosberg, 1961), and their decomposition rate. 

Significant increases in decomposition occurred with increasing 

length of field exposure for all species except Pomader>r>is apetala 

leaves, that remained static between the 12 and 18 months sampling. 

Leaves of all species except PhyUocfodus aspleniifolius decompo.sed 

most rapidly in the initial .3 months of field exposure, and thereafter 

at a generally uniform rate between 3 and 6, 6 and 12, and 12 and 18 

months (except as stated for P. apetala). Phyllocladus a.spleniifolius 
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leaves decomposed at a low and uniform rate over the 18 months study 

period. 

Leaves decomposed at similar rates in both the tall, open euc

alypt stand (Site 1), and the'tall scrub (Site 4), regardless of the 

more extreme microclimate at the latter site. Exceptions were leaves 

of E. obliqua that decomposed more rapidly at Site 4, and E. nitida 

that decomposed more rapidly at Site 1. 

Analysis of variance demonstrated no significant differences in 

decomposition of leaves of species mixes alone, or in mixture. 

The treatment of leaves with fungicide caused a significant 

reduction in decomposition compared with control leaves without treat

ments. The reduction was apparent at all sampling times (3, 6, and 12 

months) but the treatment effect decreasea after 6 months field expos

ure. Treatment effect was greatest with E. obliqua leaves and leaves 

of the E. obiiqua/P., apetafo mixture. Treatment with insecticide 

reduced the decomposition rate of E. obliqua leaves but did not have a 

significant effect (P>0.05) upon the other material types. Treatment 

with a mixture of fungicide and insecticide had a similar effect to 

treatment with fungicide alone, and was significantly more effective 

in reducing decomposition rates than the use of insecticide. The 

inhibitory effect of the mixture was thus attributed to the fungicide 

component. 

It was c,ancluded that in the litterheds studied, microflora 

were the predominant decomposer agencies of le~f litter decomposition, 

with litter fauna of ,possible importance to the decomposition of E. 

obliqua leaves. 

A series of experiments were conducted to examine the effects 

of leaf development, and times of placement and of leaf harvest upon 

subsequen't leaf decomposition rates. Improved results were obtained 
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with senesced leaves established in the field coincident with the 

period of heaviest leaf fall (January-February). The trends of 

decomposition were similar between green leaves and senesced leaves, 

and it was considered that given situations where naturally shed 

leaves cannot be harvested in adequate quantities, then the use of 

green leaves will result in faster decomposition rates, but the gen-

er al trend will be the same as for naturally shed material. The use 

of green leaves may even 'be advantageous as they emphasize the decomp

osition process. 

Inv~stigations of the relative effects of incorporation of leaf 

material of -species with differing decomposition rate upon the culture 

of bacterial and fungal populations of an inoculum prepared from 

decomposing leaves of the litterbed resulted in: 

(i) Incorporation of leaf discs: no differences between spec

ies in the subsequent culture of bacterial or fungal populations. 

(ii) Incorporation of leaf leachates: no differences per spec

ies in the culture of populations of fungi, but- marked differences in 

the culture of bacteria. Leaf leachates of Phebaleum squameum en-

hanced the growth of bacteria, growth increasing directly with 

increasing leachate concentration to a factor of 180 compared with a 

sterile tap water control. This result emphasises th~ point that 

plate counts may not be real counts, and suggests that bacterial 

growth enhancement may be the result of additional nutrient provided 

by the leaf leachate, and not available in the standard media. E. 

obliqua and Phyllocladus aspleniifolius leaf leachates inhibited bact-

erial culture from ·the inoculum, inhibition increasing with increasing 

leachate concentration. 'fhe relative effects of the 3 leaf spieces 

upon bacterial culture as compared to a value of 1.0 for sterile tap 

water control were P. squameum 23.74, E. obliqua 0.72, P. asplen-



iifotius 0.22. This result reflected the rapid decomposition rate of 

'' 

P. squameum during the initial 3 months of litter bag experiments, and 

the slow decomposition rate of P. aspleniifolius. 

Leachate acidity was not responsible for the differences in 

bacterial culture. 

The relative phenolic and carbohydrate status of leachates of 

leaves of the 3 species collec.ted from_ the green canopy, litter surf-

ace, and decomposing litter layer were compared by thin-layer chromat-

ography. In general leaves of P. aspleniifolius contained greater 

concentrations of extractable phenolics. Less phenolics were extract-

ed from P. squameum leaves than from leaves of E. obliqua or P. 

aspleniifolius. However, an absence of either carbohydrates or simple 

phenolics in decomposing leaf, extracts suggests that they are rapidly 

decomposed, and he~ce their relative phenolic status cannot be 

responsible for their intrinsic differences in decomposition rate. 

A trapping system was devised that enabled accumulation and 

decomposition rates to be monitored in the field under conditions more 

natural than those created by litter bags. Results led to the view 

that there was an ever present inoculum -base that was activated by 

increasing litter temperatures, and which was not affected by litter 
} 

moisture under the conditions at Hastings. Hence adequate temperature 

for· microfloral activity' was the major factor affecting litter decamp-

osition' in these studies. 

Litter moisture and temperature were considered of prime imp-

ortance to litterbed decomposition processes. In E. obliqua fares ts 

in Southern Tasmania cooler temperatures. but year round adequacy of 

moisture resulted in a similar decay constant, 'k', value to E. 

obliqua forests in South Australia, where tell!peratures are higher but 

moisture is limiting for 6 months of the year {Lee and Correll, 1978). 



, The importance of moisture and temperature upon litter decamp-

osition has been discussed by many authors (Waksman and Gerretsen, 

1931; Jenny et al., 1949; Handley, 1954; Olson and Crossley, 1961; 

Witkamp and Van der Drift, 1961; Witkamp, 1963, 1969; Franz, 1962; 

Wood, 1974; Williams and Gray, 1974; Ashton, 1975; Richards and 

Charley, 1977; Singh and Gupta, 1977; Meentemeyer, 1978). Waksman and 

Gerretsen (1931) studied the decomposition of fresh plant material 

(oat straw) and its chemical constituents and found that the higher 

the temperature, the more rapi'd was decomposition of the plant mater-

ial. Temperature increase had a marked effect in increasing decamp-

osition of _the lignin content of the straw. Meentemeyer (1978) formu-

lated a general model of the interaction control of actual evapotrans-

piration (AET) and lignin concentration of litter on decomposition 

rates, with the aim of predicting regional decay :rates, and to deter-

mine the relative control of litter decomposition rates by macro-

climate and litter quality. For climates ranging from sub-polar to 

warm tem·perate, AET (macroclimate· index), was several orders of mag-

nitude of greater importance for the prediction of decay rates th~n 

lignin concentration (index of litter quality). 

·Davidson ( 1933, 1934a, 1934b) investigated the distribution of 

the lucerne flea, SmynthUY'US ViY'idis, in South Australia, and <level-

aped a monthly 
r 

hydric index, - (where r = rainfall and. e = evapor
e 

ation) that enabled maps for Australia to be compiled that indicated 

areas and periods in which S. ViY'idis could exist in the active 

stage. Davidson's studies found that, given favourable 

temperature, ..!::. most usefully indicated when S. ViY'idis activity and 
e 

population increase could occur. 

value of E. = 0.5 
e 

Davidson (1935) defined the monthly 
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"as the lower limit at which adequate moisture will be avail-

able for plant growth", and Davidson ( 1936) developed a series of 

defined monthly wetness or dryness values for regions of Australia, as 

he considered moisture to be the major influence affecting seasonal 

activity and distribution of insects. Gentilli (1971, 1977) discusses 

the. development of a range of climatic indices, notably the Waite 

Institute , Climatic Index (Prescott, 1946, 1949; Prescott et al. , 

1952), and the development of a monthly index of hydric biopotential 

( Gentilli, 1971). 

In these studies the monthly Waite Index and monthly mean temp-

erature were combined to derive a climatic index for localities rang-

ing from tropical closed forest in Q.ieensland to cool temperate, tall, 

open forest in Southern Tasmania, including alpine forests of the 

Snowy Mountains and warm temperate forests of NSW, WA, SA, and 

Victoria. The Waite index was calculated from .!:. , where r and e were 
m 

e 
monthly rainfall arid actual evaporation (mm), and m was a constant, 

O. 75 (Prescott et al., 1952). The mean _temperature of all months, in 

the year with a Waite Index value greater than 2.0 but less than 4.0 

were summed to give an annual hydric and thermic grade. The range 2.0 

to 4.0 was selected as the range of values indicative of optimum cond-

itions for biological_ activity, i.e. not too wet and not too dry. 

The importance of -relative humidity and substrate moisture 

content to eucalypt leaf litter decomposition has heen discussed by 

Nagy and Macauley (1982). 

Table 9 .1 lists the calculated climatic index and the decay 

constant 'k' (Olson, 1963) for each of 23 Australian litter studies. ' 

Fig. 9.2 illustrates a curvilinear relationship between calcul-

ated 'I' (the climatic index) and the decay constant, 'k'. There were 

two obvious anomalies (Sites 4 and 23) both of which were represent-
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R~!ativn~hi? bccvccn c~lculJtcd decay constants. k, and a climatic index, I, for a range of Australian forests. 

!..ocat!on 

I 
Latitul'!e Forest type L, x. k I Auth""'rity 

An:iu11l Standing 
litterfnll crLlp 
(t.ha.-1) (t.ha.-1) 

I~nis.f.u!, Q. i i.7°J2'S Tropical, 5.11 5.62 \ 0.91 89. l Jd•l~r (1976) i:i 
c lo~~d forest I •.1lk~r 0%1). (A) 

I j. 
Rvclh ... =.;iton, Q. :~ 0 os•s Grassy, open 6.S 2.93 0.45 70.0 Nich.,l 1' (u.1publ.) i:: 

I forC>st l>.1::...,r (lSSI). (.\) 

I C~i.J:.Li.l ~ .. ab!:I- l\;,O 6.0 0.60 70.0 I •.11:..~r \ l ~bi). (.\) 

I 

1.ind 

Br1~1J:."1l!, Q. 27"33'5 S. t4"Dl'a/ 3.25 10.2 0.32 165.6 Birk (1979a,b). (A) 
E: bai Zcyar.a· 

Alice S~r1~g&, ::.~. 23°28'5 Woodl11nd 0.3 2.2 0.14 0 Wink"'ort~ (!973} in 

I W~ll kt?r (l (hil). (.\) 

C<lnt~rr~. A.C.T. 

I 
35°17'5 O?en forest S.02 17.48 o. 30 29.7 Hutchings and O!.._.ald 

(1975). (.\) 

A.r:;i.:!J~e, ~ .• s.'.-.'. 3v 0 39'S E. saZipuz/ 10.01 12. 37 0.81 86.9 Richnrds j:':d Charley 
E. vi:nfralilJ 3.85 4.52 0.85 86.9 (I 9ii). (,\) 
Tempornte: 7.07 12.65 0.56 86.9 ~ats~n (!977) in 
clo~cd forest 1".il';<cr (19S!). (.\) 

Dwcllingup, W.A. 32°47'5 E. mal'gir.ata 2.68 16.3 0.16 29.5 Hatch (1955). (5) 

E. r.:m1ginata 2.37 18.78 0.12 29.5 Peet {1971) • 

KenCci: I 31°58'5 s. p:.lula'is 4.9 12.2 0.40 59.S ~ich~>ls.J~ .1nd Love 

I 
(197~). 

E~lla:i;;ri 

I · 
(T .. rc..!, r:. pi. lul.aris 7. l 15.5 0.46 59.5 \'a:> Loor. (l970, !977). 
l\.S.W. data) 

~iii.-'!.:15 Rl\. ~r E. piZulal'iB 4,3 13.9 0.33 59.5 Van Loon (1969). (!!) 

S--:.">·..ry ~o .. :lt 1ins. 36°40'5 Alpine, open 3.56 40.0 0.09 27.9 ""~" (1977) i:I 
~-~-~. forest Wuiker (1951). (S) 

B:-idt;0w.::.ccr. 35°5 E. obliqua/ 2.33 9.8 0.24 26.6 Lee .:md Correll 
S.A. (Addaide) E. b=t.Jl'i (1975). (A) 

::.2, T~. 41 °S O?en forest 3.8 25.0 C.15 38.3 J ac "-son (l 965) . (A) 

I 
I 

N 
'-) 

+:'-
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Tab!e 9.!. 

Re!atior.shi? bct~ce~ ca!culat~a c~~ay ~on&tants, k, nnd a climatic index, I, for a range of Australian (orests. 

R.::ercncc 

I 
;..oc~H 10:0 

I 
Latitude Forest c.ype 

nc.. 

I 
I 

I 1a , I 
rl.J~tio.ga, 7AS. 4J 0 J.o's ::. obZiqua ! 

1; 

I 

t:. o/Aioua 

I 20 Mixed forest 

21 Xt. Di•~??Ointmcnc 37°2o•s E. obiiqua 
enc.) 

I 22 ~allaby Cr~c~, V!C. 37•2o•s E. ragr~ns 

I 23 Stra.Cb:-ok.c I.;., Q. 21°so•s E. si~p:.ata 

' E. unbra 

! 
(A) • C!1:oatic data in Gent1::1 (1971). 

(!S) • Cli":J.atic. dat.:i ex. ~:c::c.orolog1c.:il Bure.:iu. 

(C) • Te:;:>crature d.:.cu ~x. !-:..?lbo~rne nnd !'fotropolita.n Board of Works, 
Ev~?C~atlon a~d rainfall dat3 ex. (B). 

'il> 

L, x. 
Annur.l Standing 

litter fall t"rOil 
(t. ha. -1) (t.ha.-1) 

I 
5. 31 22.5 

4.89 20.54 

4.69 11.93 

J.56 18.25 

7.76 21.B 

6.43 27.0 

Cont'd 

k I 

I 
0.2~ 16.9 

0.22 16.9 

0.43 16.9 

0.20 37.0 

0.36 37.0 

0.24 90.2 

,\uth1.."r1ty 

Thi~ ~tudy. 

" .. , 

" .. 
Attiwill (1965), 

Ashton (1975). 

Ro~crs ~nd W~stcan 

\l977)., 
' ' 

(5) 

(C) 

(C) 

(il) 

I 
I 
I 
I 
I 

! 
I 

! 
I 

I 
I 

N 
-...J 
lJ1 
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FIG. 9. 2. RELATIONSHIP BETWEEN k AND I FOR AUSTRALIAN FORESTS. 
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ative of mixed Euealyptus and Angophor>a communities near Brisbane. 

Study No.4 (Birk, 1979a,b) was carried' out in layered open-forest on 

shallow, stony soils derived 
/ 

from sandstone grit conglomerate mat-

erial, and study No.23 (Rogers and Westman, 1977) on deep, nutrient 

poor sands. It was consid~red that the low value for 'k' derived for 

both study areas was attributable to the rapid drainage and subsequent 

drying of the litter layer that would affect the decomposition rate. 

For these reasons, the k values for studies No .4 and 23 were consid-

ered aberrant-and were excluded from the data set. 

Fig. 9.3 illustrates a linear relationship betwen the square 

root of 'k' and the climatic index, 'I'. Linear regression analysis 

resulted in a highly significant (P(0.0001) correlation between lk and 

I, with r = _0.84, n 21, and S.E. = 0.1069. The significance of the 

correlation between a climatic index and decay rates for a range of 

-forest communities supported the finding of Meentemeyer (1978) that 

macroclimate is of greater importance to litter decomposition than 

litter quality. 

As discussed, total litterfall at Hastings was found to be 

significantly correlated with mean maximum temperature (both param-

eters logarithmically transformed) experienced during the period of 

accession (r = 0.73-0.87, n = ~7, p(0.0005), and this relationship was 

no~ improved by the addition of other climatic variables. Rainfall at 

Hastings was at no stage limiting to tree growth, but lack of moisture 

may be a limiting, factor in other Australian forests. Fig. 9.4 illus

trates the relationship between log litterfall, L (t.ha-1 x 10) and 

log 'I' for the same studies of Table 9.1. Linear regression analysis 

of the logarithmically transformed parameters resulted in a 

singificant correlation (P<0.0001) with r = 0.69, n 21, and S.E. 

0.1823. 



FIG. 9. 4. RELATIONSHIP BETWEEN LOG L~TTERFALL AND ~OG INDEX, I. 
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Thus temperature and moisture are the major factors affecting 

the litter processes of accession, decomposition, and hence accumul-

ation. The macroclimate will influence the relative importance of 

litter microflora and fauna in litter decomposition. In the cool, 

temperate forests of Tasmania the microflora are the dominant decomp-

oser agency, whereas in warmer climates the litter fauna may predomin-

ate. 

The importance of the macroclimate to the various litter proc-

esses, and in particular ,litter accumulation, lends itself to applic-

ation in fuel dynamics studies for prescribed burning in forest 

management. 



281 

REFERENCES 

ALEXANDER, M. (1971). Microbial Ecology, John Wiley, New York and 

London. 

ALLISON, F.E. and MURPHY, R.M. (1963). Comparative rates of decamp-

osition in soil of wood and bark particles of several hardwood 

species. Soil Sci. Soc. Am. Proc. 26, pp463-66. 

ANDERSON, J.M. (1973)~ The breakdown and decomposition of Sweet 

Chestnut and Beech leaf litter in two deciduous woodland soils. 

I. Breakdown, leaching, and decomposition. 

pp251-274. 

AND~RSON, J.M. and MACFADYEN, A. (1977) (Eds.). 

Oecologia 12, 

The role of 

terrestrial and aquatic organisms in decomposition processes. 

17th. Symposium of Brit. Ecol. Soc., Blackwell Sci. Pub., Oxford. 

474p. 

ANON. (1978). D.E. McLeod, CSIRO, Division of Forest Research, 

Dover. pers.comm. 

ANON. (1982). J.L. Honeysett and A.M. Graley, CSIRO, Division of 

Soils, Hobart. pers.comm. 

ASHTON, D.H. (1975). Studies of litter in E. r>egnans forests. Aust. 

J. Bot. 23, pp413-33. 

ASHTON, D. H. and MACAULEY, B.J. (1972). Winter leaf spot disease of 

seedlings of E. r>egnans and its relation to forest litter. Trans. 

Brit. Mycol. Soc. 58(3) pp377-86. 

ATTIWILL, P.M. (1966a). Chemical composition of rainwater in relation 

to the cycling of nutrients in mature eucalypt forests. Plant 

Soil 24, pp390-406. 

ATTIWILL, P.M. (1966b). A method for estimating crown weight in Euc

alyptus, and some implications of re-lationships between crown 

weight and stem diameter. Ecology 47, 795-804. 



282 

ATTIWILL,' P.M. (1968). The loss of elements from decomposing 

' 
litter. Ecology 49, ppl42-5. 

ATTIWILL, P.M. (1979). Nutrient cycling in a Eucalyptus obliqua "- -, 

(L'Herit.) Forest. III. Growth, biomass, and net primary product-

ion. Aust., J. Bot. 27, pp439-58. 

ATTIWILL, P.M., GUTHRIE, H.B. and LEUNIG, R. (1978). Nutrient cycling 

in E. obliqua Forest. I. Litter production and nutrient return. 

Aust. J. Bot. 26, pp79-91. 

AUSTIN, B., GOODFELLOW, M. and -DICKINSON, C.H. (1978). Numerical 

taxanomy of phylloplane bacteria isolated from Loliwn pePenne. J. 

gen. Microbial. 104, ppl39-155. 

BAILEY, S.W. (1976). Seasonal variation of litterfall in three North 

Queensland rainforests. CSIRO Aust. Div. Soils Tech. Memo. 

28/1976. 

BAMBER, R.K. (1975). Why heartwood forms. 17th. Forest Products 

Research Conference. CSIRO Division of Building Research and 

Chemical Technology, pp3. 

-BAZILEVIC, N.I., DROSDOV, A.V-. and RODIN, L.E. (1971). World forest 

productivity, its' basic regularities and relationship with 

climatic factors. In: Productivity of fares t ecosystems 

(Ed. 'p· Duvigneaud) Unesco, Paris. ppl35-53. 

BEVEGE, D.I. (1978). Biomass and nutrient distribution in indigenous 

forest ecosystems. Qld. Dept. For. Tech. Paper No.6, pp20 • 

. 
BIRK, E.M. (1979a). Overstorey and understorey litterfall in a euc-_ 

alypt forest spatial and temporal vadabili ty. Aust. J. Bot. 

27, 145-56. 

BIRK, E.M. (1979b). Disappearance of overstorey and understorey 

litter in an open eucalypt forest. Aust. J. Ecol. 4, pp207-22. 



283 

BIRK, E.M. and SIMPSON, R.W. (1980). Steady state and the continuous 

input model of litter accumulation and decomposition in Australian 

eucalypt forests. Ecology 61(3) pp481-85. 

BLACK, J.N. (1956). The distribution -of solar radiation over the 

earth's surface. Arch. Met~ Wien. Ser. B, 7, ppl65-89. 

BOCOCK, K.L. (1963). Changes in the amount of nitrogen in decomposing 

leaf litter of sessile oak. J. Ecol. 51, pp555-66. 

BOCOCK, K.L. (1964). Changes in the amounts of dry matter, nitrogen, 

carbon and energy in, decomposing woodland leaf litter in relation 

to the activities of the soil fauna. J. Ecol. 52, pp273-84. 

BOCOCK, K.L. and GILBERT, O.J!W. (1957). The disapearance of leaf 

litter under different woodland conditions. Pl. Soil. 9, 

ppl79-85. 

BONNEVIE-SVENDSEN, C. and GJEMS, O. (1957). Amount and chemical comp

osition of the litter from larch, beech, Norway spruce and Scots 

pine sta-g.ds and its effect on the soil. Medd. Norske Skogsfors

oksv. 48, pplll-174. 

BOWLING, P.J. and McLEOD, D.E. (1968). A note on the presence of 

A"'f'millar>ia in second growth - eucalypt stands in southern 

Tasmania. Aust. For. Res. 3, pp38-40. 

BRASELL, H~, UNWIN, G.L. and STOCKER, G.C. (1977). The pattern and 

chemical composition of litterfall in two forest_ types of tropical 

Australia. Unpubl. mimeographed. 20pp. 

BRAY, J.R. and GOR_HAM, E. (1964). Litter production in Forest of the 

World. Adv. Ecol. ~es., 2, pplOl-54. 

BUNNELL, F.L., TAIT, D.E.N. and FLANAGAN, P.W. (1977). Microbial 

respiration and substrate ':leight loss. II. A model of the' influ-

ences of chemical composition Soil Biol. Biochem. 9, pp41-7. 



284 

BURGES, N.A. (1965). In: Experimental Pedology (Eds. E.G. Hallsworth 

and D.V. Crawford). Butterworths; London, ppl89-198. 

CABLE, D.R. (1958) Estimating surface area of Ponderosa Pine foliage 

in central Arizona •. For. Sci. ~, pp45-9. 

CARNAHAN, J.A. (1976). Natural vegetation. In: Atlas of Australian 

Resources. Second series. Aust. Dept. Nat. Resources, Div. of 

Natl. Mapping, Canberra. 

CHARLEY, J.L. and RICHARDS, B.N. (1974). Energy and nutrient dynamics 

'at forest floors. IFA. 7th. Terrest. Conf. Proc. Vol.l, pp25-34. 

CLARY, W.P.· and FFOLLIOTT, P.F-. (1969) Water holding capacity of 

Ponderosa Pine forest floor layers. Journal of Soil and Water 

Con~ervation 24, pp22-23. 

CREMER, K.W. (1975). Temperature and other climatic influences on 

shoot development and growth of Eucalyptus Pegnan,s. Aust. J. Bot. 

23, pp27-44. 

CROMER, R.N., RAUPACH, M., CLARKE, A.R.P. and CAMERON, J.N. (1975). 

Eucalyptus plantations in Australia - the potential for intensive 

producti'on·and utilisatiOn. -Appita 29, ppl65-73. 

''CROSBY,'·J.S.·(1961). Litter· and duff ·fuel in short leaf ·pine stands·-.,, .. 

in' 1 Southeast Missouri. ·Tech.·- Pap.' cent. St. For. Exp. Sta.'f-1-7·8',-.r., ....... 

lOpp. 

CROSSLEY, D.A. and HOGLUND, M.P. (1962). A litter bag method for the 

study of microarthropods inhabiting leaf litter. Ecology 43, 

pp571-73. 

CURTIS, W.M. (1963). The Students Flora of Tasmania. Part 2. 

L.G. Shea, Government Printer, Tasmania. 

CURTIS, W.M. (1967) The Students Flora of Tasmania. Part 3. 

D.E. Wilkinson, Government Printer, Tasmania. 



285 

CURTIS, W.M. and MORRIS, D.I. (1975). The Students Flora of 

Tasmania. Part 1. (2nd Ed.). T.J. Hughes, Gove'rnment Printer, 

Tasmania. 

DAVIDSON, J. (1934a). The Lucerne Flea, SminthuPus ViPidis L. 

(Collemibola) in Australia. Comm. of Aust., CSIR, Bull.79, 66pp. 

DAVIDSON, J. (1934b). The monthly precipitation-evaporation ratio in 

Australia, as determined by saturation deficit. Trans. Roy. Soc. 

S.Aust. 58, pp33-36. 

DAVIDSON, J. (1934c). Climate in relation to insect ecology in 

Australia,_ 1. Mean monthly precipitation and atmospheric saturat

ion deficit in Australia. Trans. Roy. Soc. S.Aust. 85, ppl97-210. 

DAVIDSON, J. (1935). Climate in relation to insect ecology in 

Australia, 2. Mean monthly precipitation-evaporation ratio. 

Trans. Roy. Soc. S.Australia 59, ppl07-214. 

DAVIDSON, J. (1936). Climate in- ·'relation to insect ecology in 

Australia, 3. Bioclimatic zones in Australia. Trans. Roy. Soc. 

S.Aust. 60, pp88-92.-

DAVIES, R.I. (1971). Relation of polyphenols to decomposition of 

organic matter and to pedogenetic processes. Soil Science 111, 

No.l, pp80-85. 

DICK, R.S. (1975). A map of the climates of Australia: according to 

Koppens principles· of definition. Queens. Geogr. J. (3rd series) 

3, 33-69. 

DICKINSON, C.H. and PUGH, G.J.F~ (1974) Biology of Plant Litter 

Decomposition Vols. I and II Academic Press. 

DUVIGNEAUD, P. (1971). Productivity of Forest Ecosystems. Unesco, 

Paris. 



286 

EDWARDS, P.J. (1974). Macroarthropods. In: Biology of plant litter 

decomposition, Vol.2 (Eds. G.H-. Dickinson and G.J.F. Pugh). 

Academic Press, London and New York pp533-554. 

EDWARDS, P.J. (1977). II. The production and disappearance of 

-
litter. J. Ecol. 65, pp971-92. 

EDWARDS, C.A. and HEATH, G.W. (1973). Role of soil organisms in the 

breakdown of leaf material. In: Soil organisms (Eds. J. Doekson 

and J Van der Drift). North Holland, Amsterdam. 

EICKER, A. (1973). The mycoflora of E. maculata. Soil Biol. and 

Biochem. 5, pp441-48. 

FELLER, M.C. (1978). Nutrient movement into soils beneath eucalypt 

and exotic conifer forests in southern central Victoria. Aust. J. 

Ecol. 3, pp357-72. 

FELLER, M.C. (1980). Biomass and nutrient distribution in two euc- -

alypt forest ecosystems. Aust. J. Ecol. 5, pp309-33. 

FELTON, K.C. (1972). Eucalypt diebacks in Tasmania. Appit~ 26' 

pp207-8. 

FISHER, R.A. and YATES, F. (1963). Statistical tables for biological, 

-
agricultural and medical research. Oliver and Boyd, London. 

FLORENCE, R.G. (1961). Studies in the ecology of Blackbutt (Euc-

alyptus pilulaPis Sn.) Ph.D. Thesis, Univ. Sydney. 

\ FOSBERG, F.R. (1961). A classification of vegetation for general 

purposes. Trop. Ecol. 2, PPl-28 (Republished in modified form in 

G.F. Peterken. 1967). Guide to the check sheet for IBP areas. IBP 

Handbook No. 4 -Blackwell Scientific Publications, Oxford and 

Edinburgh, pp73-120). 

FOX, B.J., FOX, M.D. and McKAY, G.M. (1979). Litter accumulation 

after fire in a eucalypt forest. Aust. J. Bot., 27, ppl57-65. 



287 

FRANZ, H. (1962). Habitat characteristics with particular reference 

to the soil. In: Progress in soil zoology (Ed. P.W. Murphy) 

Butterworths, London. pp311-318. 

FRIEND, J.A. (1980). The taxonomy, zoogeography and aspects of the 
, 
ecology of the terrestrial amphipods (Amphipoda:Talitridae) of 

Tasmania. 'Ph.D. Thesis, University of Tasmania. 

FRITTS, H.C. (1976). Tree Rings and Climate. Academic Press, N.Y. 

GALBRAITH, J. (1977) Collins field guide to the wild - flowers of 

S.E. Australia. W. Collins Sons and Co. Ltd., London and Glasgow. 

GENTILLI, J. (19_71). Climates of Australia and New Zealand (In: World 

Survey of Climatology, Vol.13. Ed-in-Chief, H.E. Landsberg) 

Elsevier Puhl. Co., Amsterdam, London, N.Y. ppll9-88. 

GENTILLI, J. (1977)• Australian Climate Patterns. Thomas Nelson, 

Melbourne. 

GILBERT, J.M. (1959). Forest succession in the Florentine Valley~ 

Tasmania. Pap Proc. R. Soc. Tasm. 93, ppl29-52. 

GHILAROV, M.S. (-1971). Invertebrates which 'destroy the .forest litter -
. and ways to increase their activity. In: Productivity of forest 

ecosystems. (Ed. P. Duvigneaud) Unesco, Paris, pp433~442. 

GILBERT, O. and BOCOCK, K.L. (1960). Changes in leaf litter when 

placed on the surface of soils 'with contrasting humus types. 

II. Changes in the nitrogen content of o-ak and ash leaf litter. 

J. Soil Sci. 11(1), ppl0-19. 

GILBERT, O. and BOCOCK, K.L. (1962). Some methods of studying the 

disappearance and decomposition of ·leaf litter. In: Progress in 

Soil Zoology (Ed.-P.W. Murphy)' Butterworths, London. pp348-52. 



288 

GOODFELLOW, M., AUSTIN, B. and DAWSON, D. (1976). Classification of 

and identification of phylloplane bacteria using numerical tax-

onomy. (In: Microbiology of aerial plant surfaces. Ed. 

C.H. Dickinson and T.F. Preece) •. Academic Press, Liverpool. 

pp275-92. 

GOODFELLOW, M. and DAWSON, D. (1978). Q..talitative and quantitative 

studies of bacteria colonising Picea sitchensis litter. Soil 

Biol. Biochem. 10,, pp303-7. 

GOSZ, J.R., LIKENS, G.E. and BORMANN, F.H. (1973). Nutrient release 

from decomposing leaf and branch litter in' the Hubbard Brook 

Forest, New Hampshire. Ecological Monographs 43, ppl73-91. 

GREEN, J.W. (1968). Tables of random permutations. ' Bull. 44, Comm. 

of Aust., Dept. National Development, Forestry and Timber Bureau, 

Canberra. 

GREENLAND, D.J. and NYE, P.H. (1959). Increases in the carbon and 

nitrogen contents of tropical soil under natural fallows. J. Soil 

Sci. 10, pp284-99. 

~~ GYLLENBERG, H.G. and EKLUND, E. (1974). Bacteria. In: Biology of 

plant litter decomposition (Eds. C.H. Dickinson and G.J .F. Pugh). -t-

Academic Press, London and New York. 

HARBORNE, J.B. (1973). Phytochemical methods. Chapman and Hall, 

London. p217. 

HARLEY, J.L. (1971). Fungi in ecosystems. J. Appl. Ecol. 8(3), 

pp627-42. 

HANNON, N.J. (1958). The status of nitrogen in the Hawkes bury sand-

stone soils and their plant communities in the Sydney 

district. II The distribution and circulation of nitrogen. Proc 

Linn. Soc. NSW 83, pp65-85. 



tOl'i 289 

' 
HATCH, A.B. (1955),. The influence of plant litter in the Jarrah 

forest soils of the Dwellingup Region of W.A. F.T.B. Leaflet 

'70. Canberra, 18pp. 

HEATH, G.W., ARNOLD, M.K. and EDWARDS, C.A. (1966). Studies in leaf 

litter breakdown. I. Breakdown rates of leaves of different spec-

ies. Pedobiologia Bel., 6, ppl-12. 

HEIBERG, S.O. and CHANDLER, R.F.Jr. (1941). A revised nomenclature of 

forest humus layers for the NE United States. Soil Science 52, 

pp87-99. 

HINGSTON, F.J., TURTON, A.G. and DIMMOCK, G.M. (1979). Nutrient dist-

ribution in karri (Eucalyptus diver>sicolor> F .Muell.) ecosystems in 

southwest Western Australia. For. Ecol. Manag. 2, ppl33-58. 

HISSETT, R. and GRAY, T.R.G. (1973). Bacterial populations of litter 

and soil in a deciduous woodland. I. Q.ialitative studies. Rev. 

Ecol. Biol. Sol. 10, pp495-508. 

HOUNAM, C.E. (1955). Determination of the end of the growing 

season. Australia, Bur. Meteorol., Meteorol. Studies 4, 16pp. 
\ 

HOWARD, T.M. (1973). Studies in the ecology of N. cunninghamii 

. Oerst. II. Phenology. Aust. J. Bot. 21, pp79-92. 

.1.-'li 

'HOWAR!D, T.M ... (1975). Litter fauna·, in NoiJhofagus c,unn:vmghamii ,- , , . 

forests. Proc'~ Roy. Soc. Vic. 87(1-2), pp207-14. 

HUDSON, H.J. (1968). The ecology of fungi on plant remains above the 

soil. New Phytol. 67, pp837-74. 

HUTCHINGS, P.T. and OSWALD, K.M. (1975). Litterfall and litter accum-

ulation in eucalypt forests of the Australian Capital 

Territory. Proc 3rd. Aust. Specialist Conf. Soil Biol., Adelaide. 

JACKSON, W.D. (1965). Vegetation. In: Atlas of Tasmania, (Ed. 

J.L. Davies). Mercury Press Pty. Ltd., Hobart, Tasmania. 



290 

JACKSON, W.D. (1968). Fire and the Tasmanian Flora. In: Tasmanian 

Year Book, Government Printer Hobart, pp50-5. 

JACKSON, W.D. (1968). Fire, air, water and earth - an elemental ecol

ogy of Tasmania. Proc Ecol. Soc. Aust. 3, pp9-16. 

JACOBS, M.R. (1955). Growth Habits of the Eucalypts. Govt. Printer, 

Canberra. 

JENNY, H., GESSEL, S.P. and BINGHAM, ,F.T. (1949). Comparative study 

of decomposition rates of organic matter in temperate and tropical 

regions. Soil Sci. 68, pp419-32. 

JENSEN, H.L. (1930). Actinomycetes in Danish Soils. Soil Science 

30, pp59-77. 

JENSEN, V. (1974). Decomposition of Angiosperm tree leaf litter. 

In: Biology of plant litter decomposition (Eds. C.H. Dickinson and 

G.S.F. Pugh) Vol.l Academic Press, London. pp69-104. 

JONES, D.L. and CLEMENSHA, S.C. (1981). Australian Ferns and Fern 

Allies. A.H. and A.W. Reed P/L., Sydney, Aust. 

KAWAHARA, T. and SATO, A. (1974). Decomposition of litter in forest 

floor. (1) Study on the decomposition rate by litter bag method. 

Jap. For. Soc. J. 56, pp258-261. 

KENDRICK, W.B. (1959). The time factor in the decomposition of conif

erous leaf litter. Can. J. Bot. 37, pp907-12. 

KEVAN, D.K. (1962). Soil animals. Witherby, London. 

KING, H.G.C. and HEATH, G.W. ( 1967). T~e chemical analysis of small 

samples of 'leaf material and the relationship between the disapp

earance and composition of leaves. Pedobiologia, Bd.7, ppl92-97. 

KIRITA, H. and HOZUMI, K. (1969). Loss of weight of leaf litter 

caught in litter trays during the period between successive coll

ections - a proposed correction to account for the loss. Jap. 

Jour. Ecol. 19, pp243-46. 



,291 

KITTREDGE, J. , ( 1944) • Estimation of the amount of foliage of trees 

and stands. J. For. 42, pp905-12. 

KITTREDGE, J. (1948). Forest Influences. McGraw-Hill, New York. 

KOZLOWSKI, T.T~ (1976). Water supply and leaf shedding. In: Water 

deficits and plant growth Vol. IV. (Ed. T .J. KOzlowski) Academic 

Press, New York. ppl91-205. 

LANG, G.E. (1974) ·• Litter dynamics in a mixed oak forest _on the New 

J~rsey Piedmont. Bull. Torrey Bot. Club. 101, pp277-86. 

LAST, F.T. and DEIGHTON, F.C. (1965). The non-parasitic microflora on 

the surfaces_ of living leaves. Trans. Brit. Mycol. Soc. 48, 

pp83-99. 

LAWRENCE, P.R. (1978). Provisional Site Index and Yield Tables for 

Eucalypts in Southern Tasmania. Forestry Commission, Hobart. 

LEE, K.E. and BUTLER, J.H.A_. (1977) • __ Termites, soil, organic matter 

decomposition and nutrient cycling. 'Ecol. Bull. ·(Stockholm) 25, 

pp544-48. 

LEE, K.E.· and ,CORRELL, R.L. (1978). Litterfall and its relationship 

to nutrient cycling in a S .A. dry' ·sclerophyll forest. Aust. J. 

Ecol. · 3, pp243-52. 

i 

LEIGH, J.H., WILSON, A.D.~ and MULHAM, W.E. (1978)~ Seasonal variat-

ions in leaf fall and quality of the leaves of four A{istralian 

fodder trees. Aust. Rangelands J. 1, pp137-.41. 

LEITH, H. and WHITTAKER, R.L. ( 1975). In: Primary productivity -of the 

Biosphere (Preface). Springer-Verlay: New York. 

LOUB, W. (1962). Some European soil groups and· their characteristic 

microflora. In: Progress in soil zoology (Ed. P.W. Murphy) 

Butte~worths, London. pp311-18. 

LUTZ, H.J. and CHANDLER, R.F .Jr. (1946). Forest Soils
1

• John Wiley, 

New York. 



' 292 

MACAULEY, B.J. (1975) Biodegradation of litter in Eucalyptus pauci

floru communities. I. Techniques for comparing the effects of 

fungi and insects. Soil Biol. Biochem. 7, pp341-44. 

MACAULEY, B.J. (1979). Biodegradation of litter in E. paucifloru 

communities. II. Fungal succession in fungicide and insecticide 

treated leaves. Soil Biol. Biochem. 11, ppl75-79. 

MACAULEY, B.J. and THROWER, L.B. (1966). Succession of fungi in leaf 

litter of E. Pegnans. Trans. Br. Mycol. Soc. 49(3), pp509-20. 

MADDEN, J.L. (Unpub.). Senior Lecturer in Entomology, Department of 

Agricultural Science, University of Tasmania, Hobart. Pers.comm. 

MAGGS, J. and PEARSON, C.J. (1977). Litter fall and litter layer 

decay in coastal scrub at Sydney, Australia. Oecologia 31, 

pp239-50. 

MARTIN, J.P. (1950). Use of acid, rose bengal, and streptomycin in 

the plate method for es~imating soil fungi. 

pp215-32. 

Soil Science,69, 

McARTHUR, A.G. (1962). Control burning in eucalypt forests. Leaflet 

80, Forestry and Timber Bureau Australia, Commonwealth Govt. 

Printer, Canberra. 

McARTHUR, A.G. (1967). Fire behaviour in eucalypt forests. Leaflet 

107, Commonwealth of Australia, Forestry and Timber Bureau, 

Commmonwealth Govt. Printer,_ Canberra. 

McCOLL, J.G. (1966). Accession· and decomposition of litter in spotted 

gum forests. Aust. For. 30, ppl91-98. 

McCOLL, J.G. and HUMPHREYS, F.R. (1967). Relationships between some 

nutritional factors and the distribution of Eucalyptus gummifePa 

and E. maculata. Ecology 48, pp766-71. 



293 

,,. 
MEDWECKA-KORNAS, ~· (1967) Ecosyst~m studies in the beech forest and 

meadow in the Oj cow National Park. In: Studia Natururae, Ser. A. 

(Ed. A. Medwecka-Korna), Krakow, Wydawnictwo Nankowe, Zaklad 

Ochrony Przyrody. 213. 
,,. 

MEDWECKA-KORNAS, A. (1971). Plant litter. In: Q.iantitative Soil 

Ecology~ IBP Handbook No.18 (Ed. J. Phillipson). Blackwell Sci. 

Public., Oxford. 

MEENTEMEYER, v." (1978). Macroclimate- and lignin control of litter 

decomposition rates. Ecology 59(3), pp465-72. 

MUNSELL COLOR CO. (1954). Soil Color Charts. Baltimore. 

NAGY, L .A. and MACAULEY, B. J. (1982'). Eucalyptus leaf litter de comp-

osition: effects of relative humidity and substrate moisture 

·content. Soil Biol. Biochem 14, pp233-36. -
,,. 

NE~, L. (1957). Etat -actuel des connaissances sur le role des animaux 

dans la decomposition des litieres- de forets. Agricultura, 

Louvain (Ser.2) 5(3), pp245-316. 

NEILSEN, W.A. and PALZER, C. (1977). Analysis of foliar samples of 

- healthy and dieback Eucalyptus obliqua. Aust. For. 40, pp219-22. 

NETER, J. and WASSERMAN, W. (1974). Applied linear statistical 

models. Irw.in Inc. , Illinois. 

NEWBOULD, P.J. (1967). Methods for estimating the primary production 

of forests. Blackwell Sci. Puhl. Oxford and Edinburgh; 

NICHOLSON, C.A. and LOVE, L.A. (1972). Fuel equilibrium studies; dry 

blackbutt type. For. Comm. NSW. Internal Report. 

NICOLLS, K.D. and DIMMOCK, G.M. (1965). Soils. In: Atlas of Tasmania-

(Ed. J.L. Davies) Mercury Press, Hobart. 

NORTHCOTE, K.H. · (1971). In: A factual key for the recognition of 

Australian soils. 3rd. Ed. (Rellim. Glenside: South Australia). 



294 

REICHLE, D.E. (1971). Energy and nutrient metabolism of soil arid 

litter invertebrates. In: Productivity of forest ecosystems (Ed. 

P. Duvigneaud) Unesco, Paris. pp465-77. 

RICHARDS, B.N. and CHARLEY, J.L. (1977). Carbon and nitrogen flux 

, through native forest floors. In: Nutrient cycling in indigenous 

r forest - ecosystems. CSIRO Division of Land Res. Management. 

pp65-81. 

RODIN, L.E. and BASILEVIC, N.I. (1968). World distribution of plant 

biomass. Functioning of Terrestrial Ecosystems at the Primary 

Production Level. (Ed. F.E. Eckardt) Unesco, Paris. pp516. 

ROGERS, R.W. and WESTMAN, W.E. (1977). Seasonal nutrient dynamics of 

litter in a subtropical eucalypt forest, North Stradbroke 

Island. Aust. J. Bot. 25, pp47-58. 

ROGERS, R.W. and WESTMAN, W.E. (1981).- Growth rhythms and product

ivity of a coastal subtropical eucalypt forest. ·Aust. J. Ecol. 6, 

pp85-98. 

RUSCOE, Q.W. (197la). Mycroflora of living and dead tree leaves of 

Nothofagus tr>Uncata. Trans. Br. Mycol. Soc; 56(3), pp463-74. 

RUSCOE, Q.W. (1971b). The soil mycroflora of a hard Beech forest. 

N.Z. J. Sci. 14, pp554-67. 

SATCHELL, J.E. (196 7). Lumbricidae. In: Soil Biology (Eds. 

A. Burgess and F. Raw) Academic Press, London. pp259-322. 

SATCHELL, J.E. (19 7 4) • Litter interface of animate/ inaminate 

matter. (In: Biology of plant litter decomposition, Vol.l. (Eds. 

C.H. Dickinson and G.J.F. Pugh) Academic Press, London and New 

York. 

SATTOO, T. (1962). Notes on Kittredge's method of estimation of 

amount of leaves of forest stand. J. Jap. For. Soc. 44, pp267-72. 



295 

PENNYCOOK, S.R. (1974). Studies on the phylloplane microflora of 

unsprayed Dougherty apple tres. Ph.D. Thesis, University of Auck

land, N.Z. 

PHILLIPSON, J. (1961). Quantitative Soil Ecology. IBP. Handbook 

No.18, Blackwell Sci. Publ., Oxford. 

PLOWMAN, K. P. (1979). Litter and soil fauna of two Australian sub

tropical forests. Aust. J. Ecol. 4, pp87-104. 

PODGER, F.D., KILE, G.A., BIRD, T., TJJRNBULL, C.R.A. and McLEOD, D.E. 

(1980). An unexplained decline in some forests of Eucalyptus 

obliqua and E. r>egnans in Southern Tasmania. Aust. For. Res. 10, 

pp53-70. 

PREECE, T.F. and DICKINSON, C.H. (1971). (Eds.). Ecology of leaf 

surface microorganisms. Academic Press, London and New York. 

640pp. 

PRESCOTT, J.A. (1942). The phase and amplitude of Australian mean 

monthly temperatures. Trans. Roy. Soc. S.Australia 66, pp46-9. 

PRESCOTT, J.A. (19~6). A climatic index. Nature 157, p555. 

PRESCOTT, J.A. (1949). A climatic index for the leaching factor in 

soil formation. J. Soil Sci., 1, pp9-10. 

PRESCOTT, J.A., COLLINS, J.A. and SHIRPURKAR, G.R. (1952). The comp-

arative climatology of Australia and Argentina. 

42, ppll8-33. 

Geograph. Rev. 

PRESSLAND, A.J. (1982). - Litter production and decomposition from an 

overstorey of Eucalyptus spp. on two catchments in , the New EngLrnd 

region of, New South Wales. Aust. J. Ecol. 7, ppl71-80. 

RAISON, R,J, (1980). A review of the role of fire in nutrient cycling 

in Australian native forests, and of methodology for studying the 

fire-nutrient interaction. - Aust. J. Ecol. 5, pplS-21. 



296 

O'CONNELL, A.M., GROVE, T.S. and DIMMOCK, G.M. (1978). Nutrients in 

the litter of Jarrah forest soils. Aust. J. Ecol. 3, pp253-60. 

OLSON, J. S. (1963). Energy storage and the balance of producers and 

decomposers in ecological systems. Ecology 44, pp322-31. 

OLSON, J.S. and CROSSLEY, D.A. (1963). Tracer studies of the break-

down of forest litter. In: Radioecology. Proceedings of the 

first national symposium on radioecology, Colorado State Univers-_/ 

ity, Fort Collins, New York. Reinhold Puhl. Corp. pp411-416. 

OVINGTON,, J ._D. (1961). Some aspects of energy flow in plantations of 

Pinus sytvestPisL. Ann. Bot. 25(97), ppl2-20. 

OVINGTON, J.D. and MADGEWICK, H.A.I. (1959). The growth and . comp-

osition of natural stands of birch. 1. Dry matter production. 

Plant and Soil, 10~ pp271-83. 

OVINGTON, J.D. and MURRAY, G. (1964). Determination of acorn fall. 

Quant. J. For. 58(2), ppl52-9. 

OVINGTON, J.D. and NEWBOULD,_ P.J. General procedures for determining 

the organic production of woodlands. IBP Methodology Leaflet, 

Mimeograph by IBP Central Office. 

PARK, G.N. ( 1977). Nutrient cycling and secondary succession in sub-

alpine forests and woodlands. Ph.D. Thesis, Aust. Nat. Univ. 

PEET, G.B. (1965). A fire danger rating and controlled burning- guide 

for thfi! northern jarrah forest of Western Australia. Bu11·. For. 

Dept. W.A. No.74. 

PEET, G.B. (1971). Litter accumulation in Jarrah and Karri forests. 

Aust. For. 35, pp258-62. 

PENFOLD, A. R. and WILLIS, J. L. (1961). The E':1calypts: Botany, Cult-

ivation, and Utilisation. World Crops Books, Interscience Publ., 

London. p200. 



297 

' ,_ 

SPECHT, R.L. and BROUWER, Y.M. (1975). Seasonal shoot growth of Euc.:.. 

alyptus spp. in the Brisbane area of, Queensland (with notes on 

shoot growth and litterfall in other areas of Australia). Aust. 

J. Bot. 23, pp459-74. 

SPECHT, R.L. and GROVES, R.H. (1966). A comparison of the phosphorous 

nutrition of Australian heath plants and introduced economic 

plants. Aust. J. Bot. 14, pp201-21. 

STEPHENS, C.G. (1962). A manual of Australian soil. CSIRO Australia, 

Melbourne. 

STOATE, T.N. (1958). Silvicultural - and soils research. A. Karri 

- silviculture. Rep. For.- Dep. ,w,A. 25, pp25. 

SPRINGETT, J.A. (1976a). Effect of prescribed burning on the soil 

fauna and on l:i,tter decomposition in W .A. forests. Aust. J. EcoL 

1, pp77-82. 

_SPRINGETT, J .A. (l 976b). Effect of planting P. pinasteP on pop-

ulations of soil microarthropods· and on litter decomposition at 

Gnangara, W.A. AUST. J. Ecol. 1, pp83-87. 

SUFFLING, R. ·and SMITH, D.W. (1974). Litter decomposition studies 

using mesh bags: spillage inaccuracies and the effects of repeated 

artificial drying. Can. J. Bot. -52, pp2157-63. 

TUKEY, H.B. ( 1971). Leaching of substances from plants. In: Ecology 

of leaf surf ace micro-organisms (Eds. T.F. Preece _and 

C.H. Dickinson) Academic Press, London and New York. pp67-80. 

VAN DER DRIFT, J. (1958). The soil fauna in an Oakwood forest with 

different types of humus formation. Paper Colloquium on Research 

Methods in Soil Zoology, Int. Soc. Soil Sci., Rothamstead, No.6. 

VAN DER DRIFT, J. (1963). The disappearance of litter in mull and mor 

in connection with weather conditions and the activity of the 

macrofauna. -In: Soil organisms (Ed. J. Doeksen and 

J. van der Drift) Nqrth Holland Pub. Co., Amsterdam. ppl25-133. 



298 

SCOTT, D.R.M. (1955). Amount of chemical composition of the organic 

matter contributed by overstorey and understorey vegetation to 

forest soil. Yale School For. Bull. 62, 73pp. 

SCURFIELD, G. (1961). The effects of temperature and day length on 

species of Eucalyptus. Aust. J. Bot. 9, pp36-56. 

SHANKS, R.E. and OLSON, J .s. (1961). First-year breakdown of leaf 

litter in Southern Appalachian forests. Science, 134, ppl94-5. 

SINGH, J. S. and GUPTA, S. R. (1977). Plant decomposition and soil 

respiration in terrestrial ecosystems. Bot. Rev. 43, pp449-528. 

SLATYER, R.O. (1974). Effects of water stress on plant 

morphogenesis. In: Plant morphogenesis as the basis for the sci

entific management of Rangelands. USDA. Misc. Publ. 1271, pp3-13. 

SLATYER, R.O. and McILROY, I.e. (1961). Practical Microclimatology. 

Unesco, Paris. 

SNEEUWJAGT, R.J. (1973). Measuring forest fuels. Res. Paper 9, 

Forests Dept. W.A. -

SOUTHWOOD, T.R.E. (1977). Habitat, the template for ecological strat-

egies. Br. Ecol. Soc. Presidential Address. J. Anim. Ecol. 46, 

pp337-65. 

SOUTHWOOD, T.R.E. (1978). Ecological methods: with particular refer-

ence to the study of insect populations. The English Language 

Book Society and Chapman and Hall, Cambridge. 

SPECHT, R.L. (1970). 

(G.W. Leeper, Ed.) 

Vegetation. In: 

4th.ed. (rev.). 

University Press,. p~44-67. 

The Australian environment 

CSIRO Aust. and Melbourne 

SPECHT, R.L. (1981). Nutrient release from decomposing leaf litter of 

Banksia orrnata, Dark Island Heathland> South Australia. Aust. J. 

Ecol. 6, pp59-63. 



299 

VAN LOON, A.P. (1969). Investigations into the effects of prescribed 

burns on young even-aged blackbutt. For. Coil!IIl. NSW Res. Note 23. 

VAN LOON, A.P. (1970). All that litter is not old. A look at fuel 

accumulation in Blackbutt forests on the mid-north coast of NSW. 

A preliminary summary. Unpub. Report NSW Forestry Comm. Sydney. 

VAN LOON, A.P. (1977). Bushland fuel quant,ities in the Blue Mount-

ains, litter and understorey. For. Comm. NSW Res. Note No.33. 

VOLLPRECHT, R. and WALK.ER, D.R. (1975). Determination of the length 

of the growing season. Aust. Meteor'. Mag. 17, pp37-46. 

WAKEFIELD, N.A. (1975). Ferns of Victoria and Tasmania (Rev. ed. by 

J.A. Willis). Field Naturalist's Clu~ of Victoria. 

WAKSMAN, S.A._ and GERRETSEN, F.C. (1931). Influence of temperature 

and moisture upon the nature and extent of decomposition of plant 

residues by micro-organisms. Ecology 12(1), pp33-60. 

WALKER, J. (1981). Fuel dynamics in Australian vegetation. In: Fire 

and the Australian Biota. (Ed. A.M. Gill, R.H. Groves, and 

I.R. Noble). Pub. Aust. Ac. Soc., pplOl-27. 

WANG, T.S.C., YANG, T. and' CHUANG, T. (1967). Soil phenolic acids as 

plant growth inhibitors. Soil Sci. 103, pp239-46. 

WATSON, G.W. (1977). Metabolism of forest floors. _M.Sc. Thesis, 

University of New England. 

WEARY, G.C. and MERRIAM, H.G. (1978). Litter composition in a red 

maple woodlot under natural conditions and under insecticide 

treatment. Ecology 59, ppl80-184. 

WEBB, L.J., TRACEY, J.G., WILLIAMS, W.T. -and LANCE, G.N. (1968). The 

pattern of mineral return in leaf litter of three subtropical 

Australian forests. Aust. For. 33, pp99-110. 

WEST, P.W. (1979). Date of onset of regrowth dieback and its relation 

to summer drought in eucalypt forest' of Southern Tasmania. Annals 

Appl. Biol. 93; pp3~7-350. 



300 

WESTMAN, W.E. and. ROGERS, R.W. (1977). Biomass and structure of a 

subtropical eucalypt forest, North Stradbroke Island. 

Bot. 25, ppl71-91. 

Aust. J. 

WHITTAKER, R.H. (1970). Communities and ecosys terns, Macmillan, New' 

York. ppl62. 

WILLIAMS, S.T. and GRAY, T.R.G. (1974). Decomposition of litter on 

the -soil surface. In: Biology of plant litter decomposition (Ed. 

C.H. Dickinson and G.J.F. Pugh) Academic Press, London and New 

York. pp611-632. 

WILM, H.G. (1946). The design and analysis of methods for sampring 

microclimatic factors. Amer. Stat. Assoc. J. 41, pp221-32. 

WINKWORTH, R.E. (1973). Ecophysiology of mulga (Acacia aneupa). 

Trop. Grassl. 7, pp43-8. 

WITKAMP, M. (1963). Microbial populations of ·leaf litter in relation 

to environmental conditions and decomposition. Ecology 44(2), 

pp370-77. 

1WITKAMP, M. (1966). Decomposition of leaf litter in relation to env-

ironment, microflora, and microbial respiratjon. Ecology 47, 

ppl94-201. 

WITK.At'1P, M. (1971). Soils as components of ecosystems. Ann. Rev. 

Ecol. Syst. 2, pp85-110. 

WITK.At'1P, M. and AUSMUS, B. S. (197 5). Processes in decomposition and 

nutrient transfer in forest systems. In: The role of terrestrial 

and aquatic organisms in decomp0sition processes. (Eds. 

J.M. Anderson and A. Macfadyen) Blackwe-11, Oxford. pp375-96. 

WITKAMP, M. and OLSON, J. S. (19 63) • Breakdown of confined and non-

conf ined oak litter. Oikos 14(2), ppl39-47. 

WITKAMP, M. and VAN DER DRIFT, J. (1961). Breakdown of forest litter 

in relation to environmental factors. Pl. and Soil 15(4), 

pp295-311. 



301 

WOOD, T.G. (1970). The decomposition of litter in montane and alpine 

soils on Mt. Kosciusko, Australia. Nature 226, pp561-2. 

WOOD, T.G. (1971). Effects of soil fauna on the decomposition of 

Eucalypt leaf litter in the Snowy Mountains. In: Organisms du sol 

et production primaire, C.R. 4 

(I.N.R.A., Ed.) Paris. pp349-58. 

' eme Coll. Int. Zool. Soc. 

_ WOOD , T. G. (19 7 4 ) • Field investigations on the decomposition of 

leaves of E. de"legatensis in relation to environmental factors. 

Pedobiologia Bd. 14, pp343-371. 

WOOD, T.G. (1974). The distribution of earthworms (Megascolecidae) in 

relation to soils vegetation and altitude on the slopes of Mt. 

Kosciusko,- Australia. J. Anim. Ecol. 43, pp87-106. 

WOOD, T.G. (1976). The role of termites (Isoptera) in decomposition 
\ 

processes. In: The role of terrestrial and aguatic organisms in 

decomposition processes (Eds. J.M. Anderson and A. Macfadyen) 

Blackwell Sci. Ruhl. Oxford. ppl45-68. 

WOODS, P.V. and RAISON, R.J. (1982). An appraisal of techniques for 

the study of litter decomposition in eucalypt fares ts. Aust. J. 

Ecol. 7, pp215-25. 

ZAR, J. H. (19 7 4) • Biostatistical analysis. Prentice Hall. Inc. New 

Jersey. 



APPENDIX A. 

APPENDIX B. 

APPENDIX C. 

APPENDIX D. 

APPENDIX E. 

302 

SUPPLEMENTARY SITE DESCRIPTIVE DATA 

SUPPLEMENTARY ACCESSIONAL DATA 

SUPPLEMENTARY DATA RELATED TO DECOMPOSITION STUDIES 

MEDIA AND REAGENTS 

STATISTICAL ANALYSES 



I 

303 

APPENDIX A. 

Table 1. 2 -1 
Basal area (B.A.) m ha and stem numbers per ·ha, per species, 
Si_te 1. 

Species Live Dead Live Dead Total Total 
B.A. B.A. stems stems B.A. stems 

E. obliqua 57. 72 6.25 950 530 63.97 1480 

P. squameum 14.007 2.29 2160 1090 ., 16.30 3250" 
-

A. melanoxyZon 5.99 2.91 390 430 8.90 820 
--' 

M. squarrosa 12.44 1.05 1110 430 13.49 1540 

P. bicoZor 0.503 - 90 - 0.50 90 

N. cunninghamii 3.19 0.036 180 20 3.23 200 

A. moschatum 0.21' 0.07 110 20 0.2-8 130 
-

P. aspleniifolius 0.006 - 20 - 0.006 20 

'L·. scopc:&ium . I - 0.043 0. 02' ;' 10 -10 0.063 '"' ·2Q _·;r 

A. verticillata 0.12 - 30 - 0.12 30 

A. glanduZosus 0.079 0.002 130 10 0.08 140 

A. biglaridu losi:im' 1.14 0.13 430 50 1. n· ·480 
' 

c. glauca o·.12 0.071 40 30 0.19 - 70 
I ' ~ Cl 

,c_., nitida I L '·' 0.014 -, ,20 - 0. 01L4 ' )'.1120,(1, 

T. dis tic ha 0.003 - 20 - - 0. 003 20 

E. Zucida 1.29 0.76 450 130 2.04 580 

D. Zanceolata 0.033 - so - 0.033 50 

Total 96.91 13.58 6190 2750 110. 49 8940 

Data are for all species present on the plot wi~h DBHob greater 
than 1.0 cm. 

-
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APPENDIX A. 

Table 2. 
2 -1 Basal area (B.A.) m ha and stem numbers per ha, 'p~r species, 

Site 2. 

Species Live Dead Live Dead Total Total 
- B.A. B.A. stems stems B.A. stems 

' 

E. ·obliqua 3.22 0.017 60 10 3.24 70 

P. squameurn 0.47 0.013 80 10 0.49 90 

A. me lanoxy lon 8.02 0.041 170 10 -8. 061 180 
I 

M. squarrosa 2.52 - 100 - 2.52 100 

P. bicolor 0.12 0.0038 90 10 0.12 100 

N. cunninghamii 39.49 0.55 810 90 4.0032 900 

A. moschaturn 6.43 0.33 1770 150 6.76 1920 

P. asp leniifo lius . 3. 97 0.23 210 20 4.19 230 
\ 

-A. g landu losus 1.81 0.23 1380 300 2. 05! ':1'680 

c. glauca ·o.43 0.052 160 40 0.48 200 
: 

c. nitida 0.059 0.036 30 10 0.095 40 

T. distidia ' 0.044 0.0025 -180 10 0. 046 '• ' 190 
I 

E. lucida 14.06 4.10 2510 390 18.17 2900 
j 

-D.- lanceolata. 0.203 - 80 - o. 2q3,._ _,1.,_ 80, -

P. apetala. 0-. 97 0.062 70 30 1.04 100 

c. quadrifida 0.68 0.077 630 50 0.76 680 

0. diversifolia 0.101 0.0025 90 10 0.104 100 

o. argophylla 0.23 - 10 - 0.23 10-

Total 82.83 5.74 8430 1140 88.57 9570 
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Table 3. 
2 ...:.1. ' 

Basal area (B.A.) m ha and stem ntllllbers per ha, per species, 
Site 3. 

Live Dead Live Dead 
l' 

Total Total 
B.A. B.A. stems stems B.A. stems 

E. obliqua 32.38 0.84 650 210 33.22 860 
I 

P. squameum 12.22 2.16 3480 1860 14.38 5340 
-

A. meZanoxyZon 2.03 0.39 130 120 2.42 250 

M. squarrosa 8.99 0.56 1520 500 9.56 2020 

P. bicoZor 
J 

0. OOll - 10 - 0. OOll 10 

N. cunninghamii 0.88 0.013 200 '30 -o. 89 230 

A. moschatum 0.033 0.0038 60 20 0.036 80 

P. aspteniifolius 0.0026 - 20 - 0.0026 20 
-

Leptospermum spp. 8.06 1.33 1000 470 9.38 1470 

A. verticiZZata 0.73 0.305 160 140 1. 0301 300 

A. g'landuZosus 0.15 0.034' 220 50 0.18 270' -
A. bigZanduZosum 0.28 0.0086 340 10 0.29 350 

c. 'glauca 2.36 0.907 700 750 3.27 1450 

C. _nitida 0.07 0.029 120 50 0 .. 101 170 
' 

T. distidia 0.0031 - 20 - 0.0031 20 

E. Zucida 0.62 0.094 360 160 0. 72 520 

D. Zanceotata 0.0068 - 30 - 0.0068 30 

B. marginata 0. 96 0.0079 30 20 0.97 50 
J 

Total 69.78 6.68 9050 4390 76.46 13440 
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Table 4. 

Site 
No. 

1 
(1915) 

2 

3 
(1915) 

3 
(1940) 

4 
(1940) 

306 

Mean height and D.B.H.o.b. of selected dominants 
per site. 

Species 
-

DBHob 
(cm) 

Eucalyptus obZiqua 58.2 
II II 47.6 
II II 50.0 
II II 59.5 
II II 64.7 

MEAN 56.0 

Nothofagus cunninghamii 49.7 
Acacia meZanoxyZon 42.8 
Phyllocladus aspleniifolius 48.2 

' MEAN 46.9 
-

Eucalyptus obZiqua 50.5 
II II 61. 5 
II II - 57.4 -

II II 81.0 
II II 68.5 -

MEAN 63.8 

Euc'alyptus obZiqua 29.5 
- II II 39.0 
II II 26.6 

- II II 22.5 
II II 32.1 

MEAN 29.9 

Eucalyptus o_bliqua 7.6 
Eucalyptus nitida 21. 3 

II II -
II II 20.6 
II II 11.1 

MEAN 15.2 

At 
(m) 

33.3 
33.8 
32.6 
34.2 
36.9 

/ 

34.2 

23.9 
21. 4 
24.1 

23.1 

27.1 
29.4 
26.5 
35.6 
35 .1 

30.7 

24.8 
28.9 
22.9 
22.5 
22.1 

' 

24.2 

12.7 
12.4 
15.9 
11. 6 
10.4 

12.6 
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Table 5. Height layering of understorey species. 

Species Site 1 Site 2 Site 3 Site 4 

Acacia melanoxylon 18.0 17.6 13.8 

Melaleuca squarrosa 16.4 14.3 15.0 3.5 

Phebalium squameum .14. 4 11. 0 15.0 3.5 

Eucryphia lucida 13.1 12.8 13.8 

Atherosperma moschatum 11.0 11.5 5.0 

Anodopetalum biglandulosum 6.5 5.0 
-

Pittosporum bicolor 5.5 3.5 

Nothofagus cunninghamii 3.5 16.7 13. 8 

Cenarrhenes nitida , 2.5 6.0 4.0 

Anopterus glandulosus 2.0 5.0 3.0 

Phyllocladus aspleniifolius 3.0 16.6 4.0 

Drymis lanceolata 2.5 3.5 1.5 

Tropocarpa distida 2.0 4.0 1.5 

Cyathodes glauca 6.0 8.3 

Olearia argophylla 7.0 
-

Orites diversifolia 7.0 

Pomaderris apetala 12.8 
-· 

Coprosma quadrifida 5.0 

Leptospermum 16.2 6.5 

Acacia verticillata 11. 7 
I 

Banksia marginata 11. 7 5.0 

Bauera rubioides 2.5 

Oxylobium ellipticum 3.0 

Agastachys odorata 3.0 

Acacia riceana 3.0 

Acacia mucronata 4.0 



APPE:;orx A. 

Table 6. Vegetation present on study sites. 

Species Common name 

C..YX~O~t>ER..'IAE 

I POD/,CAR?ACEAE ' '-

Pl:yZZoaZadu.a aapZeni.ifoliua (I.a bill.) Hook. f. Celecy-Top Pine 

I 

A.'lGIOSPER.'L\E 

MO:;ocoTYl.r.IJO::EAE 

LII.IACCAE 

Dr~f'"'7QphiZr.: ct;ar.oaa:rpa R.Br. Turquoise Berry 

CYl'l:&\CEAE 

C(iJ.,1 '1 ~p·m-:JiiO (La bill. ut Sateria sp., 1800) 5,T, Blake Cutting Grass 

DICOTYLEDO~CAE 
I 

RAJa.1;c ULACEAE -
Cle~atia a1~atata R.Br. ex DC. I Tasmani_an Clematis 

WI~1i'E?.,\C:EAE 

D1•tr.yn ll'lnaeoZata (Ooir.) Baill, Mountain Pepper 

PITTOSPORACEAE 

Pittocporum biaolor Hook. Cheesewood, Tallow-wood 

lli 17 !'lrr!i:nra Zo>l{Jiflo1•a Lablll. Climbing Blueberry 

ELAl:OCARPACEAE 
-

lric:oteiia pedwtau.laria (Labill.) Hook,f. Heart berry 

Rl.."":ACCAI: 

Pr.·]i:,aU.um oq:u:uneun (Labill.) Engler. Lancewood, Satinwood 

Rl!AX:•ACEAE 

Po~a.lcrr-ia apetala Labill. Native Pear, Dogwood~ 

ML'IOSACEAE 

Acacia verticiZZata (L'Herit),Welld. Prickly Moses 

" melancX;Jlon R.Br. Blackwood 

1 

20 

15 

so 

-

20 

35 

-

45 

90 

-
-

10 

- 80 

% Frequency 
Site no. 

2 3 

48 35 

- 32 

58 15 

2 -
15 2 

10 2 

- 10 

52 52 

8 100 

12 -

- 40 

32 28 

4 

-

p 

p 

-

-

-
-

-
p 

-

-
-

w 
0 
cc 
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'!able 6. Vegetation present on study sites. 

Species 

MI:.oSACEM: Cont'd 

A'J(']'Jia ""''(•l•oriatrr Wi l ld. "'X• H.Wendl. 

ri.:!t!fVla lk>nslow 

F AliAC:i:,\E 

O:jlc"':>i:.-. eUiptfo1r1 (Labill.) R.Br. 

cu;-:o:;rACEAE 

/..r.oi"'pt?!r..71-1.""I biglanduZoawn A. Cunn. ex. Endl. 

f:a:N:l'a i~ioir..ft?i1 Andr. 

ESCAL!,O:HACi:AJ: 

.h>zo;:;i~al'''hn gZanti.ulom.A.'1 Labill. 

DROSE;t,\CEAE 

Di•o.";era bir.ata Labill. 
\ 

ELC.RYPllIACEA!: 

E.<r-r~pnta tucida (Ldbill.) Baill. 

HAI.ORAGACF AE 

fl'J'fU}O"Irp<,uJ t?.tioroi1J&n DC. 

KYRTACF.AE 

l ":''"ro.,,..,,.,.,....,,..,., :;~...,'['f1'Y'hQn J. R. & G 

n:tid"" 11.>ok.f. 

Xc1,1Z.::ou~!Z cqu.a:rr?aa Donn. ex. Sm. 

" .. 'lqlv:::-;ea Labil l. 

Ew·alypiw: obZiqtvi L'llerit. 

nitidri Hook. f. 

AP.AL l ACEAE 

11 ae? .. ,.::n?aro .. zx [}i.ir.r'.ii Philip~on 

Rt.~!ACEAE 

'Forst 

C~prourna q-..adrifida (Labill.) Robinson 

Cont'd /2. 

Common name 

Narrow-leafed Wattle 

Tasmanian Prickly Moses 

Golden Rosemary 

Horizontal 

River Rose 

Native Laurel -

Forked Sundew 

Featherwood 

Germander Raspwort 

Mann kn 

Giant Tea-tree 

Scented Paper-bark 

Mealy Honey-Myrtle 

Stringybark, Messmate 

Smithton Peppermint 

Native Ivy-Bush 

Native Currant 

65 

55 

90 

10 

88 

88 

25 

% Frequency 
Site no. 

2 

90 

98 

12 

8 

55 

3 

28 

35 

45 

82 

92 

80 

8 

2 

4 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

VJ 
0 
l.O 
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Table 6. Vegetation present on study sites. Cont'd /3. 

Species Common name 

ASTER/,CFAf: 

Ol1NA.J•ia argopiiylla F. Muell. Musk 

r.rACP.!Dt.CEAE 

C:1n.ti;olca gla:.ca Labill. Cheeseberry 
-

:;'racr.a.o·:z»pa diotfoh::i (R.Br.) Spreng Spreading Trochocarpa 

Fr.,o'1.otcn ca'!•enthnidcn (Labill.) R.Br. Climbing Heath 

,•-!r.r.otO<'!::. 1la'id-:Ja (La bill.) Druce Currant Wood 

::prP1'!'1''l-:12 ir.cal'"t:ata Sm , Pink Swamp Heath 

Af'OCY!·ACEAC 

Par.,-;in.:~a ntr(1J7if>:ea (R.Br.) F. Nucll. Twining Silk-Pod 

Mosrn;,CEAE 

A:i:eJ"'iJ?perwra mosc•J-..atr...'71 Labill. Sassafrass 

PR07EACE/.i': ' -
C::n.a:rrr"'1~~ca nitida Labill. Native Plum 

B~•1t--1ia marogiruita Cav. Honeysuckle 
' O:...,.~tea dive1•nifolia R. Br. Varied Ori tea 

/,g~Dlachya odo1•ata R. Br .. White Waratah 

T!ffi:ELACEAE 

Pim()lea dPupaceae tabill. Bushman's Bootlace 

FAC.\Cl:.AE 

iiothu,;r..gu..'1 cwmir.gr.amii (Hook.) Oerst. Myrtle 

PTERIDOPHY'fA 

HYXr:::OPHYLl.ACEAE 

i!;r:cr.?'p'l:'J lZ wi flabe ZZatwi Filmy Fern 

DICKSO:iIACEAE 

D1'.cbo"lia an.taratiaa Labill. Soft Tree Fern 

% Frequency 
Site no. 

l 2 

- 2 

30 30 

25 45 

- -
- -
- -

- 35 

' 35 80 

15 5 

- -
- 18 

- -

10 -
60 78 

15 8 

- 15 

3 

-

75 

22 

8 

-
-

2 

10 

15 

10 

-
-

-

30 

-

-

I 

I 

4 

-

-
-
-
p 

P, 

-

-

p 

p 

-
p 

-

-

-

-

u..i 
I-' 
0 
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Table 6, Vegetation present on study, sites. Cont'd /I+. 

Species Common name.. 

GRN~:ITIDACF.AF. 

~r.::-:-:~t:.io b~l!::rd .. ;eri Pille!. Finger Fern 

BLECHliACEAE 

Blao1zr:un nudurr. (Labill.) Mett. ex. Fishbone Water-Fern 

" wa.ctaii Tindale !lard ,Water-Fern 

DE:;•;<, T AEDT IACF./.E 

fiictiopt.eria inc1:na (Thunb.) J. Sm. Bats-Wing Fern 

PJ;;ole:>iP rug<:>si.la (Lab ill.) J. Sm. Ruddy Ground Fern 

Ftqrid:~~ encuZ~ntU'Tl (Forst.) Nakai Austral Bracken 

GLEICHE~.IACEAE 
I 

Stic;;.1ri..o te''°" (R.Br.) Ching. Silky Fan Fern 

Cl,.:rl·1 r .. 2•-:ia. dic,ru7Ja R. Br. Pouched Coral Fern 

PSII.OTACEAE 

'im.oc ~;;:r,i>io biUIZl'diel'i Endl. Long Fork-Fern 

LYCOi'SIDA 

LYCO!'ODIACEAE 

L~copodium deutel'odensum Herter. Bushy Club-moss 

1 

45 

-
100 

15 

20 

-

10 

-

-

-

% Frequency 
Site no. 

2 3 

20 30 

22 -
98 90 

- -
2 8 

- 28 

28 2 

2 -

2 -

- -

4 

-

-
-

-
-
p 

-
p 

-

p 

w 
I--' 
I--' 
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Table 7. Hastings Chalet meteorologi~al data. 

Access!on I !>.:>. days in I Collection I Na.<. Mln. Mean Mean No. days 
period I , accession I no. T°C T°C max. min. temperature 

I I T°C r•c recorded 

I 
120.12.78 

i I 31. 1.79 42 I 32.0 1.0 21.2 6.8 40 I 

I 
I 14. 3. 79 42 2 30.5 1.0 20.6 5.9 42 
I - ' I ~5. ~.79 42 3 25.4 -2.6 17.8 3.5 37 

I 6. 6. 79 42 4 17.5 -1. 2 13.5 2.6 24 
I -I I d. 7. 79 42 5 17.7 -1. 7 13. l 3.3 41 

i 29. 8.79 42 6 17.2 -2.2 12.l 3.0 42 

I 10.10.19 42 7 20.4 -2.0 14.7 4.6 41 

121.11.79 42 8 27.8 2.3 17.8 6.8 41 

I ~. 1.80 j, 42 9 27.l 3.0 18.4 8.4 41, 

113. 2.80 42 10 28.3 l. 8 18. 3 9.1 42 

. :6. 3.60 42 11 33.0 3.7 18.8 8.6 42 

I 7. 5.80 40 12 _ I 28.2 I. 4 17.5 7.2 37 I 
• ia. 6.so 43 I 13 21.5 -0.6 14.6 6.8 41 

I 30. 7 .so 42 14 16.6 -2.0 12.5 3.8 42 

Ill. 9. so 
I 

42 

I 
15 19.4 2.2 13.2 5.7 42 

n.10.so 41 16 29.9 -0.6 16.2 6.5 39 I 
I I 

3.12.80 
I 

42 17 29.0 2.1 18.0 7.2 42 

14. I.SI 42 18 30.0 3.5 20.6 9.1 40 

25. 2.81 42 19 37.5 3.2 22.6 10.8 41 

' 7. 4.81 42 20 28.6 3.5 20.5 10.0 42 

No. days per period with 
temnerature 

>,10 >,15 I ,,20 >,25 
I 

100 100 I 68 12 

100 98 55 10 

100 78 27 3 

92 29 - -
- 93 20 - -

74 l7 - -
93 44 2 -

100 78 22 5 

100 80 32 7 

100 88 29 5 

100 90 29 2 

100 - 62 30 8 

93 37 5 -
93 12 - -
88 24 - -
95 54 18 3 

' 100 74 29 10 

100 88 58 12 

100 100 66 24 

100 98 43 l/ 

Total 

I 
Total 

~a in fall evapor-
(i::m) ation 

<=> 

I 87.7 

81. 3 

152.l I 
90.2 

77 .2 

1,86. 5 

201.4 

106.9 

165.7 

170.2 

67.0 

150.9 

153.6 

137.1 25.2 

331.5 42.0 

228.2 61.5 

168.2 92.4 

46.8 120.6 

43.0 134.4 

150.3 71.4 

I 

I 

HastiPgs i ~!.!an 

"nndrun , . 
(k::i.24hr-'> I 

I 
I 
I 
I - I 
I 

25.2 I 
56.l 

I 78.5 - I 55.5 

I 
5_1.5 

5j.4 

29.9 

w 
I-' 
N 
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Table 7. 

Hastings Chalet meteorological data. Cont'd. 

I 
Accession No. days in Collection Max. Min. Mean Mean No. days 
period accession no. T°C T°C max. min. temperature 

T°C T°C recorded 

I 
21. 5.81 44 21 23.2 I l.4 15.4 6.4 41 

I 

I 

1. i. Sl 41 22 16.0 -l. 2 12.4 5.1, 41 

12; 8.81 42 23 16.3 -2.6 11.4 2. i . 41 

23. 9.81 42 24 21. l 0.6 14.l 5.2 41 

4.11.81 42 25 30.7 l.4 17.0 6.4 41 

16.12.81 42 26 28.2 2.0 17.5 7.8 42 

27. l.82 42 27 32.8 3.0 20.8 '9.5 40 

10. 3.82 42 28 - 38.9 4.8 20.7 9.4 42 

21. 4.82 42 29 29.7 l. 4 18.0 8.1 42 

No. days per period with 
temperature 

~10 ~15 ~20 ~25 

95 54 7 -
95 5 - -
68 7 - -
93 37 2 -

100 66 20 5 

100 69 24 5 

100 100 58 12 . 

100 98 45 10 

100 79 19 2 

Total Total 
rainfall evapor-

(mm) (nun) 

296.3 52.8 

152.3 20.5 

215.4 29.4 

218.l 58.8 

182.3 109.2 

142 .3' 113.,4 

78.8 147.0 

116. 3 138.6 

63.6 75.6 

Ha.,;tin,gs 
Mean 

wind run 
(km.24hr-l) 

49.0 

15.6--

24.4 

62.l 

70.3 

55.5 
-

82.6 

70.0 

39.0 

w 
I-' 
w 



A??~';JIX 3. 

Table l. 

! 
:i::itcrial I Int~rval ~:o. I 2 

type I • 3l.l.79 14. 3. 79 
1 

Date 

I 

Leaves of: I 
I E. Q:;l.·::ua 160.600 I 126.~00 
I 

I 
~- >.i'!i.d-:;. 

:;. ::r~r:irE:.-.._.--:ii. I. 582 3.987 

..;. r-:-:-'? ~i:.::~Z..-J 0.041 

P. ,..__ .. ~ Wr.i if-? liWJ 0.058 

h. ,.-.~ ~7,r,/[.l"JrZ 8.3l9 7. 459 

~- r.~:a~ 3. 65 7 3.301 

?. nc:1're.fll 14.l85 18.761 

a. r"'7]'"~r.T;.a 

I 
P. ~:~:,.,;r~ 0.253 

P. ":?e~~z.a-

A. !..ig!t::'-.:!.uW;;~ I. 161, I. 820 

A. 3!t::r.d.AZ.·x;~ 

D. Z:::r.~-3.::i Zrr.a 

O. t:::'~;yh./ ! !a 

c . ... :.:i.d~ 0.032 0.065 

0. q!::·~ticnn 

Xi:,cl i ri.;:.cous spp. ,18.:l9: 26. 328 

D•-H-frass-floral parts 5.919 7. 3P.7 

L<Jrk. anJ t..Jl f;S 4,,7. 6711 32.423 

Fe:-r..J e:.o..:! .. 1oss C!.5 

Gra~3es 0.003 

ro:AL 261.847 228. 040 

N.B. InGividt..al trap Gata available. 

Litter accession, Site 1. Bins, 

All data represent the total weight (g) in 10 traps of total area I. 8098 m2 

3 4 5 6 7 8 9 10 

26.4.79 7. 6. 79. 19. 7. 79 29.8.79 10.10. 79 21.11.79 2.1.80 13.2.80 

38. 640 8. 320 8.958 2.804 6.336 17.826 44.380 97.274 

l.51 l o. 630 0.741 0.169 0.223 0.354 0.508 I. 960 

0.099 0.044 0.244 0.219 

0.027 

2.864 I. 681 2.268 1. 572 4.045 2.092 3.048 4.245 

1. 851 o. 373 ' 0.152 o. 061. 0.263 2.411 2.174 3.066 

9.515 3.927 6.073 3.078 3.781 2. 992 5.909 8.594 

I 

0.173 0.132 0.044 

3.204 0.206 0.152 - 0.052 0.110 0.172 0.017 0.591 

9.604 I, 076 1. 241 0.608 0.509 1.512 5.275 11. 300 

2. 673 I . 2. 646 ·O. 737 o. 383 3. 772 4. 906 10.127 11.552 

63.902 24.9'i8 33. 425 3.013 10.385 8.887 94.557 33.347 

0.002 0.001 0.002 0.003 

0.001 

134. 043 43.867 53.879 11. 744 29.765 41.344 167.099 173. 880 

II - 12 

26.3.80 7.5.80 

99.204 39.3~7 

2.652 1. 442 

o. 438 

4.578 5.445 

17. 902 1.650 

12.003 9.691 

0.011 

0.259 o. 794 

0.099 

0.539 

23.979 14.652 

13. 961 1.593 

115.885 6.970 

0.144 

291. 799 82. 37 s 

13 

17.6.80 

31. 372 

0.216 

5. 331 

0.337 

8.159 

0.430 

6.305 

0.6!'0 

6. 259 

0.005 

59. 594 

~ 0 

12.214 

o. 3i i 

O.CliO I 
I l.Ol6 I 

0.070 

I 7.278 

0.012 

1.78~ 

0.624 

4.257 

0.002 

27.578 

w 
t-"' 

+--



;.P~E':TJIY J;. Ta:;,le 1. 

Litter accession, Site. 1. Cont 'd. 

Material I Interval .~o. 15 16 17 18 
t;7 e Date 10. 9. 80 22.10. 80 3.12.80 14.1. 81 

L~ave6 of: 
I 

E. obZiqzta 10.150 27 .1.95 26.449 56.795 

! E. rtitid'2 
I !J. cwmi.r.3r.anii 

I 
l. 154 1.121 0.617 0.698 

I A. 1"1-J.:;!!1::.:: tr1 o._080 0.066 0.159 
P. a,,,,z.a,,;,£.fali'-'3 0.462 

I h. -qlt.::.r~:--flon. J. 459 I 6. 191 4. 745 5.584 
! E. Zt..?i.c.·a 0.443 1. 052 3.469 3.104 

?. ;;~u.a-~U"T 6.611 9. 307 9.025 6.847 

3. r;~g--~>".ata 

P. b,:,coz.ar 0.048 0.096 o."145 0.018 

P. a:J-'1!a~a 0.039 

I h. higZCY".:!wloa:.m 0.259 0.161 0.205 0.832 

1-.. gZ"lr.duZ.Oaw 0.200 0.326 I 

D. lzraea lata 

o. m'g-:,.:Jr'jlla 

C. ni.t.i.ia 

O. e!Z:.?~icnrt 
I I Xi~cellaneous SP?· I 2. 977 I 4. 731 5. 936 10.401 i I D,_,;t-frass-floral parts 2. 1n I 3.576 1. 416 3.103 

Bark ond t..,.igs 24.713 124.369 9.390 18. 607 
I I fens anc! cosses 0.001 o. 01.0 I. 302 0.001 

G:-;;..:,~es 

TVTA!. 52.687 178.906 62.699 106.475 

ALL 07ll:':R XATEiUAL 

:;.B. Sorting re>tricted from 14.1.81; .N.A. not available. 

19 20 21 22 23 24 
25.2.81 7.4.81 20.5.81 1. 7. 81 12.8.81 23.9.81 

170.983 74.634 N.A. 9.485 8.793 22.232 

I 

19.224 14.689 

274.833 152.447 66.461 25.601 24.012 158.267 

84.626 63.124 N.A. 
(, 

16.116 15. 219 136.035 

I 
25 26 I 27 

4.11.81 15.12.81 27.1.82 

25.470 55.467 106.711 

86.263 87.505 176.930 

60. 793 32.038 ' 70.219 

28 

10.3.82 

13. 589 

I 
I 

I 
I 

I 

25.337 

ll.748 

29 

21.4.s: 

35.s5o I 
I 
I 
I 
' 

I 

i 
I 
I 

i . 
I 
I 

I 
I 

I 

I 
i 

n.s6:. I 
·, 

42. 31~ i 

w ...... 
Vl 



A?»?:';;}U ~. Table 2. 

! XaterialJ Inter-1al ~;o.T 
I ty;ie I I n;1te . 

I 

I
• Leave5 of: 

E. ob!iaua ' . 
I E. ?1f.4;i/!"l 

!I. mg;r:ir:gr.1ni.i. 

A. -.v.! :'.:";..,::~ :.n 

P .. c.J':JZ€r.i-(,,fOZiua 

A. r-:a l.-:zr.:;:j:On. 

E. ll<T..da 

P. ll'f ...r."'"Tt;?tr: 

a. "'1-:;:rgir.c:tc: 

P. E;oo:O,. 

P. a::t.?::a!a 

h. X::;:-::r~-iu !..?a;.n 

I h. gZtZY..iuZoaua 

1 
J. :ar.c·ev Z~a 

I 

I, 

r 

I
I ~: ~~~~:yZZa I 

"'1 • ... o. 2 •• 0;7-~C'trl 

J V!c:r-:?l!a..,~'l'J~ ~p">. I I Dns:-frai:;s-floral parts 

I li•r>< ar.d N!gs I 
I Fcrr.i.S a~d nosses 1' 

I Grii!>..,es 

I t 

! 70'rAL 

l I 
Jl.l.79 I 

19. 7 9-0 

25. 861 ' 
I 

4. 01,21· 
4.077 

9. 328 

25.118 

0.505 

l. 484 
1.230 

1.496 

i. 417 

0.154 

R !Ml 

s.2;5 

21. 747 

0.509 

133.121 

' 

~.3. In.Jividual trap data ava1la~le. 

14. 3. 7q 

3.750 

73.718 

4. Ol 5 ! 
6. 3421 

10.634 

9.224 

0.094 

0.057 

1.579 i 
0.059 

4.068 

0.2571 

4.1391 · 
3.755 

4. 325 I 

I 
0.011 

126. 026 

I.ltter accession, Site 2. Bins. 

All data represent the total weight (gm) in 10 devices (1.8098 m2) 

3 

26. t., 79 

l 
6 •• 010 I 

62.950 

4.430 

5. 770 

6. 213 

16. 318 

0.073 

0.083 

0.632 

2. 278 

0.266 

0.501 

?. 73Q I 
7 .976 

7. 759 

0.464 

124.457 

4 

7. 6. 79 

2. 950 

16.943 

o. 903 

o. 929 

2.034 

4. 635 

0.667 

0.132 

1.503 

1.170 

3. 734 

13. 701 

0.022 

0.004 

49.322 

5 

1Y.7.7q 

l. 495 

4.128 

0.769 

o. 307 

4.138 

1.438 

o. 722 

o. 351 

1.096 

4.325 

17.709 

0.017 

0.044 

36. 539 

6 

29.8.79 

0.840 

1. 551 

0.212 

0.232 

2.402 

0.440 

0.335 

o. 491 

o. 582 I 
1. 307 I 
5.614 

0.094 

0.021 

H.121 

7 

10.10. 79 

2. 323 

5.207 

0.674 

8.639 

1.536 

0.741 

0.112 

0.995 

0.046 

0.132 

0.860 

10. 320 

31.729 

1. 674 

64.988 

8 

21.11.79 

3.043 

11.546 

0.428 

0.044 

5.274 

34.267 

0.356 

0.039 

1.182 

0.160 

0.756 

2.516 

16.220 

19.264 

0.110 

95.205 

9 

2.1. 80 

11. 654 

15.583 

2.387 

0.890 

10.190 

15. 777 

0.273 

3.108 

2.454 

1.045 

6.810 

16. 787 

46.698 

0.220 

135.876 

10 

13.2.80 

28.565 

21.3891· 
2. 780 

2.965 I 
7 .591 

24.898 

0.510 

0.106 

3.602 

0.501 

3.115 

0.333 

0.397 

8.603 

28.667 

22.831 

0.004 

156.857 

11 

26.3.80 

9.756 

68. 522 

4.837 

2.295 

13. 211 

20.061 

0.090 

1.023 

l.299 

0.132 

3.815 

19.908 

43. 222 I 
0.174 

188.345 

12 

7.5.80 

3.150 

40. 791 

1.569 

2.275 

3.969 

9.118 

1.985 

0.281 

0.028 

0.990 

l. 737 

2.303 

7.002 

0.306 

75.404 

13 

17.6.80 

1. 891 

9.163 

1, 1,s4 

) • 348 

8.846 

2.983 

2.071 

0.023 

0.443 

0.692 

o. 625 

1. 457 

8.632 

0.006 

0.069 

39.733 

14 l 
30. 1. so I 

I 
2.192 i 

I 
3. 5361 
O.i58 
0.450. 

I. 821 

1. 223 

o. 22; 

0.194 

1.086 

1.} !17 

1.609 

1.404 

0.004 

15.651. 

15 

10.9.$0 

2. 275 

4.,915 

l. 31>9 

0.3b2 ,. 

4.021 

1. 0041 

1.192 

0.147 

o. 441 

, I 
l. 5~; J 

I 
. 5. 999 I 
21. 659 

0.118 

45.la23 

(....) 
...... 
0\ 



A??F.',:JIX B. Table 2. 

Litter access!.on, Site 2. Bins. Cont'd,, 

Hat~dal I Interval No. r16 I 17 I 18 19 
ty;>e Date 

1 22.10.eo I 3. 12. 80 I 14. l. 81 25.2.81 

' i 
I I Lea·1~s of: I 

E. obZ:qua I 15. 2 381 3. 8881 12. 772 38. 603 

E. ~ir:.i;.'11 

.'.'. cw:,,..:r.,iha.,ii I 10. 200 I 6.144 17.140 

,;,, •";?3".:i--...::i;tn 

I 
!. 930 o. 872 1.989 

P. (j-:;ten:f..ifoZius o. 830 o. 408 3. 490 

1~. -e Zo-.;?;:-J Zon 
I 

34.212 I 5. 326 9.332 

i E. z,,-:J-:.da I 9.944 n. 747 I 20.503 
I 

I 
0.858 ! P. ;;7w~""1eW1 0.689 0.031 I 

' i B. ,..czi .. rr~r..::!a 

I P. !Ji'XJ lor I 
I 

I P. ~ataZa 0.274 2.902 2.844 

h. :..:..2Z<::rd:: ... losun 

A. g!ar.dulo<:l."'3 0.606 1. 985 

D. !c:r.ce~ !cta 

I 
0.345 o. 317 

I D. arg,-;.-'::4ZZa o. 219 I 
0.2521 I c. r.~;Vi:z. 0.112 0.373 

I o. eUi;,~oa:r: 
I 

I I I Xhcellaneous spp. 2.394 2.067 8.215 5.439 

Dust-fraso-floral parts 

I 
12.008 3.533 7.432 

! Ba!"it and tYigs 167.455 11. 082 7.333 

I Ferns and mosses 0.596 0.027 0.025 

r Gr;::.ssi!S - 0.040 
i 
I T07A:. 227.215 59.276 119. 486 175.674 
' 

u:;soRTCD XATERIAL 131.632 

20 21 22 23 24 25 

7.4.81' 20.5. 81 l. 7. 81 12.8.81 23.9.81 4. l l. 81 

5.384 N.A. l.115 1.303 5.050 I 3.593 

15.215 N.A. 

155.137 117.247 40.334 22.572 133.553 99.580 

134.538 N.A. 39.219 21. 269 128.503 95.987 

/ 

26 27 

15.12. 81 27.1.82 

13.429 23. 509 

I 
I 

I 
I 

I 

I 

I 94.411 133. 061 

80. 982 109.552 

28 

10.3.82 

2.058 

I 
I 

i 

I 

11.278 i 
9.219 I 

29 

21.4.82 

I 

0.640 I 
I 

I 

I 
I 

I 
I 

I 
9. 60~ I 

I 

8.961 

\,.) ..... 
-...J 



A?PE::JIX B. 

!able 3. 

'fatlrl~l I Interval ::o. j I I 2 I 3 

.c:r-e Dace I , I I 26.4.79 31.1.79 1 14.3.79 

I 
I I I Leaves of: I 

71.4'i0 I 15. 'i90 I I 

I I E. o'!-.lio~'° 5.690 
I t" • 'I 

I 
I 

..... r.t::::t.' ... a 

:;. c-~rir.ir.-3r.c...,ii. 

I 
21.169 58.880 83. 600 

I.. ,..~.]C';..a~:r. 2.686 2. 7831 3.141 
I 
I P. a.,p'!...~1;.-!..1°foliUD I 2. 481) ' 5.336 4.411 
I I 
I h. r-~ Zar.:;r.:1Zon I 12. 776 7. 4381 5.532 

I 
I 

E. ! .... -::i-ia I 21 •. 066 18. 5031 16.378 

? . o~u.::::-:e'Z.<'1 

I 
! . 991 I. 675 1.080 

I B. r-~;r~r.ata 

I I 
?. Y.~c-:;Z.?:1 o. 2661 

?. C!?~G:~ I 6. 800 2. 9891 2.215 

I A. lr:.'1:i:r.:iu!J?Jurz I 0.044 

I 
I 

h. f7~:.i:.,z.vaus 2.150 I. 901 0.960 

I D. Zc:r.-::?a Zata 0.0~8 0.039 

I 0. ar2:.?r.yZla 0.105 
I 
I 

I C. n{.~ ;ia 0.218 
I 

0.575 
i I I " :!!-": .. ~-:,.,.-r 

I 
I 

6.690 I I '1i-;cellar.co1..r..3 spp. 6.rJ97 I 2.148 
I I 

I 
j Dt:st-fra;c;-flcral parts 

I 
8.054 a. 014 I 7.276 

Ear~ ar.d tvi ~s 

I 
26.297 7. ~44 I 9.550 

F~rn~ and mosbes 0.075 0.030 0.499 

Grt.i<:.-"3c5 

! 0.435 I 
TGT,;:... i 136. 731 138. 929 142.482 

:;. B. Inaividual trap data available. 

Litter accession, Site 2. Gro•Jnd Traps. 

All data represent total weight (p,m) in 10 traps (I. 8098 m2) 

4 5 6 7 6 9 

7. 6. 79 19.7.79 29. 8. 79 10.10. 79 21.11.79 2.1.80 

, 

o. 478 0.703 0.620 I 1.105 o. 791 11. 946 

22.604 6.504 2.384 5.077 15.518 13,810 

2.533 0.841 0.398 0.241 0.489 ' 1.075 

o. 717 0.820 0.333 0.334 0.026 1.274 

3.443 2.128 2.206 5. 323 2.185 6,213 

5. 074 2.014 0.789 0.595 59. 900 18.859 

0.385 0.670 0.253 0.135 0.147 0.530 

0.161 

1. 368 1.149 ' l. 319 0.696 4.404 3.103 

o. 799 0.609 0.309 

0.140 

o. 756 l.030 0.311 0.360 1.582 4.560 

1.891 3.101 o. 788 7. 492 18. 059 15. 720 

16.555 21. 859 4.154 12.229 41.280 41.274 

0.064 2.660 0.007 0.189 0.088 o. 308 

0.272 0.011. o. 291 0.369 0.194 

56.140 44.528 14.154 34.754 144.469 119.294 

10 II I 12 

13.2.80 26.3.80 I 7.5.80 

25. 230 ! 
I 
I 

17.854 3.5oa I 

I 29. 348 51. 215 41. 8331 
I. 428 3.914 1.193 

l.877 7.071 2. 2541 
12.732 9.261 4.001 

28.428 17.001 10.3421 

0.942 1.428 0.773 

2.046 0.090 

5.111 2.089 1.557 

0.010 

2.507 1.555 0.844 

4.549 6.881 1.956 

27.820 17.841 3.152 

26. 771 69. l 84 8.940 

0.163 0.1391 0.205 

0.226 0.128 0.173 

161.812 214.096 ao. 131 

13 14 I 
17.6.80 30. 1. Ev I 

I 
! 

4.820 2.'444 : 
I 

I 
9, 723 4. s 13 I 
!.412 o. 41 ~ I 
2.158 0.269 

4.222 I 2.n6 I 
I 

3.283 1.1~1 I 
0.696 0.359 

0.816 0.171 I 
0.629 0.4841 

I 
I 

1.159 o.500 I 
1. 636 1. 605 I 
2.893 15.570 I 
0.046 0.006 I 
0.001 

33.502 29.856 

:'i 
20.?.80 

).04U 

4.73? 

0. 9J5 

o. 7 ~3 

2 ... i:.3 

l. l 3!. 

0.626 

0.3i6 

0.783 

0.831 

3.845 

9.541 

0.029 

·1 
29.015 I 

w ,..... 
co 



APP:.::::>:X B. Table 3. 

Litter accession, Site 2. Ground Traps. Cont 'd. 

I ~aterlal I Interval So. 

I 
-16 1 l 7 I 18 

! type Date 22.10.so J 3. 12. 80 I 14. l. 81 I , I 

I I I 

I 
i Ltave., of: 

I I I 1 I I E. "bl0ua 

I 
ll.282 17.605 35. 919 

I 

\ 

I E. r.it-:/112 -I :.·. cw.,.,r.gr .. Tti.i. 8.617 5.839 15.949 

I 
I 

,;,. Mas:::..a-:Ll"'I' I l. 336 l. 22 l l. 788 

P. c..Jp:;r.ii.[.J!iua I 2. 091 I I 2.785 O.S67 

I A. ~a !..;r.n=4 Z..,n 5.0a7 5.899 16.134 

E. Zwr::!a I 7.913 22.598 24. 309 

i'. J7:..a-etr1 I 0.928 0.951 0.499 

a. w:a.:·•gi •.ate -P. Cic-::>~r i 
'?. tr:.:i:.::a 1. 871 I 2.465 5.245 

h. b~;!~~~~las'U"'I 

- A. JZC".i:~:..OJ1..WJ 0.079 

I 
o. 714 3.367 

.... Z'Z""~~&:r.!a 

O. ar3;pi-:?!!a , o. 325 

C. r.~!::c:z o. 122 

0. ez:::p~il"U": 

I I I ; !i!sr:e ~ la;1.?otJ.s s:>?· 2. l l 5 I 2.865 6. 307 

I 1 i:lt..,.,t-;:r..,,~!.-Clvrc&.:. parl:. l l. 61jl 4. 8(,c) l 0. 257 

! !ark an.:! twi;;s 118. 974 24. 67 l 18.528 

I Ferr.a ar.d C'O&ses 0.297 0.221 , 0.249 

I CraJ;ses 0.600 0.050 

I 707AL I 173.685 
I 

90. 706 I i4o. 973 
I 

L"!\SOi\'iED nAT<:il.:AL I 

19 20 21 22 23 24 

25.2.81 7.4.81 20.5.81 1. 7. 81 12.8.81 23.9.81 

, 25. 923 11. 122 N.A., 1.872 1. 447 12.462 

, 

15.866 13.678 N.A. 

169.004 186.197 109.943 41. 004 19. 880 145.963 

127.215 161.397 39.132 18.433 133. 501 

25 26 27 

4.11.81 15.12.Sl 27.1.82 

5.766 4.824 21.830 

I 
i 
I 

I 

I 

117.579 87.408 130. 901 

111.813 82.564 109.071 

28 

10.3.82 
I 

25.249 

' I 

T _. 

I 
I 

153. j5S 

128.109 

29 

21.4.82 

6. 793 I 
I 
I 
I 
I 

I 
I 

I 
I 

I 
! 

'! 

114.16• 

101. m I 

w 
f--' 
~ 



A?PE';;:irr. B. 

Table 4. Litter accession, Site 3. Bins. 

All data represent total wei~ht (gm) in 10 traps (l.8098 m2) 

!(at.rial I Interval No. I 1 I z 3 4 5 6 7 8 9 
ty;ie Date 31.1.79 I 14.3.79 26.4.79 7.6.79 19. 7. 79 29.8.79 10.10.79 32.11.79 2.1. 80 

I ~av~s of: 

I 126.195 I j ::. vbZU;u.'l 97.446 28.148 12.342 7.095 3.889 4.115 16.565 45.084 
I 

I I E. niti.ia. I 
I ,•1. aur."l.i.,..Jr.,!Z11ii 3.325 2.298 o. 766 0.474 0.098 0.031 0.008 0.204 0.121 
I 
I A. r:~'1r-Y...:ittrt 0.010 0.009 0.029 

I P. azp:~r.iifolii.s 0.051 
I . 
j /.. r.:eiar.:;.::-;1Wn 2.s80 I 0.532 !. 331 0.247 0.329 0.882 0.091 0.447 0.243 

E. Zw::idc. 1.209 I I. 368 0.496 0.283 0.087 0.035 0.064 0.501 0.999 I 

I P. <J1t.e:"ein J 1. 640 13.585 1!.207 3.695 4.830 3.030 3.508 2.921 7.837 

I B. -'U'gir .. a!a o.m I !. 746 0.632 0.028 0.285 0.064 0.080 0.006 - 0.475 

I ~ P. :;il'J,,zor 
I P. a;;e:-;ala I 
I A. higZ.~ui.uZoaun 0.073 0.250 2.664 0.074 0.069 0.004 0.023 
I A. glfff..i:i:,:J:;i...J 0.265 
I 
I D. ZC":~.ec>ia:a 

! 0. C1'GOpi::1 i :a 
C. r.i:i.:=a 0.606 

0. e~Zi-;;ticnn I 

1 Xiscellaneous SP?• I 35.676 25.627 I 12.347 2.077 2.169 2.357 I 1.866 6.838 15.543 

i vusc-frass-f1ora1 parts I 14. 774 6.205 I 2.766 0.510 0.942 1.901 4.238 3.732 25.220 

Bark and twigs I 118.612 10.619 16. 311 52.402 15.954 5.863 9.949 12.532 86.9841 

! 7er~s and :vsses 0.005 0.002 0.041 

! Grasses 0.002 0.002 0.019 
I 

T01AL 314.692 159.676 76.684 I 12.132 'll.858 18.058 23.970 43.789 183.183 

::.B. Individual trap data available. 

10 11 12 
13.2.80 26.3.80 7.5.80 

78.049 80.546 36.477 

' 
0.374 ,0. 733 0.846 

0.001 0.066, 

1.014 3.752 1.069 

2.536 0.762 0.254 

7.584 15.030 9.302 

1.535 1.232 0.171 

0.012 0.052 

0.207 

-

0.071 

28.824 20. 585 14.009 

12. 730 13.348 2.511 

39.116 86.050 6.691 

0.001 0.002 

0.001 

172. 054 222. 106 71.383 

13 
17.6.80 

25.174 

0.282 

3.570 

0.093 

7.615 

0.158 

0.081 I 

7.795 

2.033 I 

7.437 

54. 238 

14 I 15 
30. 7.8() I 10.9.BO 

14.025 12. i90 

0.104 0.182 

0.054 

I 
0.672 1. 652 

0.061 0.()34 

5.870 I 11. 302 
0.270 0.223 

0.086 0.047 

' 
2.690 3.927 

l.218 I 8.921 

4. 708 33.071 

0.004 

29.971 n.201 

l 
I 
I 

I 
I 
I 

I 
I 
I 
I 
' I 
I 

I 
I 
I 
I 

I 
I 

w 
N 
0 



APPE~:!)!X B. Table 4. 

Litter accession, Site '3. Bins. Cont 'd. 

I Xatalal I 
I ty;>o I Intervol 

Datt: 

I 

j Leaves of: 

l E. obZi1:.u.i 

! £. r.iti·l11 

••• C'td.~:-.r.g11GC'l"/'t.'L 

h. ~"'llJ'1~'Z!:r. 

P. a"'p1..en1:ifolius 

!. • ..,.,i.,-.o:-.1lon 

E. z~ida 

P. 81'/U'rlt.;L{rl 

a. ""'Cli'J'..,..r.ta 

P. bi~oz.o.,, 

P. a??:?!:a:'2 

1~. b:.gZar.du!oswi 

!.. Jl<:Y".d:.loa"8 

..... Z~.:J.::;l::!a 

I
, ~: :~~~:~zia 

1 • ~. o. 1;.tip.ic-.c. 

l ~isce~lClneous s;>p. 

~fo. 

I 
Dust-frass-iloral 

Bark ar:.d twigs 

Ferns and ~osses 

parts 

Grasses 

70TAL 

I 
I 

! 
l' 

I 
I 
i 
! 
I 

16 
22.10.80 

I 

33. 7021 

o. 378 I 

0.436 

0.624 

8.031 

0.073 

13.085 

7.562 

164.422 

0.002 

17 I 18 
3.12.80 I 14.1.81 

16. 9141 
" i 

'·"' I 

0.128 

1.168 

8.231 

0.138 I 

0.011 

I 
I 

12. 3551 

2.049 

5.644 

0.002 

I 

57.023 

0.314 

2.560 

0.700 

8.583 

l. lll 

0.148 

23.243 

6.668 

12.117 

0.001 

19 
25.2.81 

103.875 

17.276 

20 
7.4.81 

42.279 

8.248 

228.315 46.787 I 112.868 I 201.001 I 111.392 

!P.>SORTED MATERIAL 85.856 55.865 

21 
20.5.81 

N.A. 

N.A. 

69.087 

N.A. 

22 
l. 7. 81 

11. 470 

1' 

23 
12.8.81 

5.938 

25.704 I 20.002 

14.234 I 14.064 

24 
23.9.81 

22.008 

131.017 

109.009 

25 
4.,ll.81 

17. 555 

78. 770 

61.215 

26 
15.12.81 

40.189 

80.106 

39.917 

27 
27.1.82 

89.602 

165.139 

75.537 

I 
28 i 

lo.3.82 I 

. I 
90. 946 I 

I 

188.320 

97.374 

29 
21.4.82 

26.493 

67.413 

40. 920 

VJ 
N ,__. 



A?PrSDI.< B. 

Ta~le 5. Litter accession, Site 4. Bins - raised. 

All data represent total weight (g) in 10 bins (l. 8098 m2) 

1 

)fat.rial I lnterv"l No. 

typt I Date 
' I 

I I 2 l 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 I 13 I 14 I 15 I 16 
31.1.79 14.3.79 ! 26.~.79 I 7,6.79 19.7.79 29.8.79 10.10.79 21.11.79 2.1.80 13.2.80 26.3.80 7.5.80 17.6.80 30.7.80 10.9.80 22.10.80 

I Le;.ve~ of: I I i I } E. ob::.11ua 
1 E. ,,:_t~da 

l !i'. ~'r>ni1':gli..~i.i 
I A. r""t;i#-:~r..2t'1.+""Z 

I '" ,,. 
I 

I. 618 

25.026 

I 

5.445 

l.044 

2.617 

1.007 

4.095 I. 754 1.159 6.348 

0.461 

6.402 

1.469 

17.441111.969 

0.41.3 

10.894 
1.61ol 0.239 I 
8.688 4.662 5.482 3.180 - I 

I P. c-;plar.iifoZiu:J 

I
' A. Mq:(lY'.JJTjlOr. 

E. ~u::i~a 

I ;~. r":":vit:""IJ!.r1 

I E. -v:rJi>".t:Ita 

P. /:,'..c<·Z?r 

! P. at.1P!.~l:z ' 

i t.. ~;fza~.c._,z,,.1:&11 j 
I A. gLa>':.i~°!.o3U3 I 

I
' D. :ar.ceo k:ta I 

. . . o. c:rc"-:·r.viza I 
I c. r.::~u:a I l u. ~Z!~;:i:::icuo J 

I ~iscellanoou~ S?P• / 

I Dust-frass-flora~ parts l 
' i Bar~ and tvigs 

I Fern~ and C'.osc;cs 

I Grasses 

1
-o- .. 1 .. r.. ..... 

0.015 

o. 379 

3.981 

3.349 

6.162 

46.132 

I 

I 
I i 0.122 

' 0.294 
I I 0.315 

I 
I I 

I 

4.266 I 
0.392 I 
2.489 

I 
I 

I 0.006 

34.173 

2. 103 

0.289 

1.828 

0.001 

10.082 

N.B. Individual trap data available. 

Bins discontinued from 22.10.80. 

I 0.072 -

0,604 

0.366 

1.126 

0.001 

5.830 

0.0~3 

I 0.001 

o. 559· I 
0.192 

I. 303 I 
0.003 I 
7.222 

0.033 

0.260 

0.004' 

0.253 

7.304 

0.049 

0.590 

0.103 

0.514 

2.436 

0.009 

0.050 

1.520 

1.192 

0.983 

0.004 

10.106 

0.172 

0.227 

2.082 

0.775 

2.646 

12.765 

o. 0271 o. 089 

1.241 1.336 

4. 590 I 8. 874 

l. 938 3. 597 

5.426 19.632 

0.006 

30.686 I 46. 972 

0.050 

0.332 

4.619 

0.187 

0.989 

17.514 

0.140 

0.149 

0.015 

1.002 

0.268 

1.037 

0.002 

0.012 I 0.041 
I 

I 
0.310 ,1 

0.191 

0.801 

0.001 

0.637 

0.809 

1.149 

0.019 

12.911 I 6.216 I 8.137 

0.412 

0.403 

0.0'9 

1.565 

2.218 

9.830 

17.657 

w 
N 
N 



AP?E~;:JIX B. 

Table 6. Litter accession, Site 4. Ground traps. 

All data represent total weight (g) in 10 traps (1.8098 m2) 

I Material I Interval No. 
I l 2 3 4 5 6 7 8 9 10 I I t··pe ' Date 31.1.79 14.3.79 26.4.79 7.6.79 19.7.79 29.8.79 10.10.79 21.11.79 2.1. 80 13.2.80 

! ~aves of: 

I E. obZiaua 1.088 ,0.520 1.193 0.427 0.219 

E. r:itida 31. 335 25.436 8.674 3.254 4.739 2.080 3.119 4.703 

"~'." I "·'" j 
li. cur.n1:~~21-.r;r;ii I I 

I 
h. rQ::;-:)Jf:.:ri 

?. a~plqniifoZiua -
A. meiar.:;:r.ylon 0.104 0.013 

I E. ZU!.·..:,ria 

I P. 2quc..-wum 0.393 0.248 0.027 0.078 0.013 0.131 0.574 

B. ~a.v.~i >-:::;~a 6.124 9.157 6.872 1.331 1.282 0.630 0.437 0.483 2.001 7.737 

P. };:_o-:;Zor 

P. a; .. etc.:ta 

~. bi2Z~~.Jiuloswn 
-A. glar.Cu.W.1U3 

I 
~. ianoe0 la ta 

I O. argj;;h:;lla I 

I 
C. ni~i.-1'1 0.008 I 

I 0. eilip~'-":."" 0.555 0.635 0.244 0.303 0.200 0.178 0.586 !. 765 2.319 I 

/ P.i3c~l1anPous ~Pp. I 42.287 19.312 I 'i: l lllJ 3.9% 4.274 3.354 2.54J 6.::;s:. ·7 66' ~ .,, 2"'3 

'. tv.t-fr.:•,n-f!oral par't.s I 
l • l. I ...... l.; 

13.813 2.06! 10.180 0.438 0.476 0.535 IJ.765 5. 460 8.785 11.593 

I Bark and ::wigs 
I 

58.194 J(,.172 10.680 2.613 I 6.274 3.178 2.716 2. 946 11.882 9.194 

! fLrr.s and cos~~s 
I. 8831 0.41S 0.641 0.203 O.OS6 0.178 0.123 0.255 0.651 0.278 i r:r;_,scs 0.319 0.355 0.19'/ 0.082 0.526 0.203 0.195 I. 307 0.382 

I 
~ TuTAi. 154.128 i 74.763 53.764 13.477 17. 913 10.769 10.084 21.1~4 S6.178 72. 6S I 

:;. B. Indivic!ual trdp data available. 

11 I 12 I 13 

26.3.80 I 7.5.80 117.6.80 

I J.118 

14.099 '11.685 / '_8.161 

0.981 0.260 0.105 

10. 403 3. 967 I 2.940 

I 
I 

' I 

I I 

I I 
1. 260 0.370 I 0.232 

2~.63~ 13. 618 I 5.052 

8.248 l. 549 2.145 

12.685 I ::::: i 

2.142 

O.SIO 0.043 

O.SSS 0.064 i 

72. 493 34.641 20.824 

14 

30.7.80 

I 

0.551 

).ol9 

' I 
\ I 

I 
- ! 

0.109 

1.024 

I 
I 
I 
I I 
1 · 0.077 I 
i l. i34 

0.524 

1. 714 

0.020 

I 
0.003 

11.381 
I 

15 

10.9.80 

0.882 

8.781 

1.246 

0.•233 

J.31>4 

0.850 

S.46S 

0.352 

0.152 

21.375 

I 

I 
I 
j 

I 
i 

I 
I 

I 
I 
i 
i 
I 

l 
I 
I 
I 
I 
I 
I 
! 
! 
' 
i 

w 
N 
w 

ci 



AP?E':DI7. B. Tab le 6. 

Litter accession, Site 4. Grouna Traps. Cont'd. 

I Xate:r:!.al j Int~rval No. I 16 17 18 19 20 
I t'l?C · I Date ! 22.10.80 3.12.80 14.1.81 25.2.81 7.4.81 

' , I I I U:uves of: I 

I E. obZ-./1 ua I 2.091 

115,.297 

0.647 0.263 

! E. nitia~ 

I 

8.1+96 6.650 25.060 11. 363 

! 1.·. curr..i-'"a~v.:nii 

A. -io~~i;..zt:.."":1 I 
P. a<l?lqr..iifoZius . I 

I I.. r-e Zar.:;;r:/Zon I 
B. l~£da I 

P. ~:q:.c-:ei..., I 0.259 0.443 0.293 

B. rarg:,r.ata I 2.469 1.503 4.468 

P. b·Zc?l.or 
I ' 

[ ?. ~etaZa 

I ~. big!~r.d~Zoa'W71 

h. gz~.,,..::::..z.oc:.w I 
D. iw .. -::e? la ta 

I O. arg1Ypi.dlla 

C. r..it:..ia 

I 
0.302 

I O. eiliptirow: 1.002 0.868 1.790 

I Xi~cellaneous spp. I 11. 086 I 1I.018 119.882 3.578 4.Jl4 I , 
5.691 I 3. 702 4.964 I D~st-fras5-floral parts 

20.659 

I 
4.271 I 7.179 I tar;c. anc! twigs 

I F~rns c.nd t:iO&scs l. ~43 0.129 I 0.339 

' Gra:osi'!~ 0.893 I 0.170 0.222 

f i07 . .\L 53.98~ 29.056 54.665 76.148 55.017 
I 

U:\30~Ti:Il Y.ATERIAL 46.663 39.077 

21 22 23 24 

20.5.81 1. 7. 81 12.8.81 23.9.81 

' 

N.A. 0.483 

N.A. 2.924 2.397 4.314 

i 
' 

I 

' ' 

N.A. 

30.618 11. 468 6.579 36.151 

N.A. 8.544 4.182 28.822 

25 26 

4.11.81 15.12.81 

0.513 

6.816 

I 
I 

28.031 36.,151 

23.234 28.822 

27 28 29 

27.1.82 10.3.82 21.4.82 

DESTROYED BY FIRE 

i 

" 

I 

DESTROYED BY FIRE 

I 

I 
' 
I 
I 

I 
I 

I 
I 

I 
I 

(.;.) 

N 
~-
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AP?E'::rx c. 

Tc.ble l. Site 3. Double traps. , Litter input and accumulation per trap. 
Actual and calculated values 6-48 weeks. 

26.3.80 - 24 wks 7.5.80 - 30 wks 18.6.80 - 3b wks 30.7.80 - 4~ wks 10.9.80 - 48 1.ks I 22.11.79 - 6 w~s 2.1.80 - 12 wkb l3,2.80 - 18 wks 
l~~a~ ~ctual C.tic. Actu~l Cale. I ~-U-d~l~~-C-a~l-c-.-~--A-c_t_u_a~l-~-C-a-k-.~--A-c_t_u_n_l~-~-C-a_l_c_.-~--A-c_t_u_a_l __ ,_C_a_l_c_.+--,-~-c-tt_h_l_l_~_C_a_l_c_.-~--A-c-t-u-~-l-~-r-~-1-.-.• ~

1 I"''"'• ' I . ! ! ~~ I 1'10 ~.u I ~~ ~:O I ...:a I Wg '1 Wo Wo Wg Wo Wo Wg Wo Wo Wg V:o Wo Wg Wo t\o ~.;~ ! \\'v I ·~,, 
' I I I 

f 11 A I 23.7 · e.s j 22.•i I I 17.9 29.7 22.8 42.2 34.o 19.7 1.1 24.1 ' lO.l 12.1 I .\.1 36.51' i 15.8 

I il ·i • 114.2 11.l 41,.9 32.4 66.0 51.7 228.8 94.3 273.9 88.4 3,\2.4 SR.5 J)).4 ~9.4 
I c I 22.6 8.1 14.'l 11.2 35.6 27.3 43.7 35.2 22.2 8,7 13.t, 5.6 13.4 5.0 :6.311!-~ ~-

1 D I * 29.l 22.8 11.0 51.2 70.8 55.5 247.1 101.8 95.7 30.9 357.9 92.5 271.6 72.8 

1
172 A i 7.5 2.2 8.5 6.6 16.9 12.1 24.3 19.7 16.7 6.7 18.7 8.2 10.2 3.4 20.91 7.9 

a , 

1 

4.4 3.l 15.o 10.8 35.2 21.3 222.0 80.1 251.0 81.6 184.6 53.o :s3.5! 49.7 

i DI 49.l 34.9 3\.2 22.4 55.1 42.7 146.0 53.1 138.8 45.l 159.2 45.71 I 19S.8l 53.8 

! c 9.1 2.7 ' 22.8 ,17.7 22.0 15.7 27.6 22.4 25.0 10.0 16.1 7.1 9.5 3.2 11.7 4.4 

j 13;. ., 11.9 I' 5.8 I 22.5 i j 18.3 1 25.5 19.1 31.o 25.2 21.8 8.5 • 13.8 s.6 6.9 2.2 40.3~-111 .. s 
B 5.5 I 4.4 37.2 28.6 66.9 49.0 180.0 74.1 220.9 66.3 251.2 69.7 243.4 Sl.4 l c I 8.4 4.1 I 9.6 7.8 19.6 14.7 24.7 20.1 17.6 6.9 14.7 6.0 12.5 3.9 21.2 7.6 

I D I I 35.9 28.6 27.8 21.4 92.8 68.0 238.8 98.3 143.5 43.l 242.l 67.2 263.0 86.0 

j 74 A 13.6 4.0 14.5 r 11.3 30.3 '22.6 28.2 22.7 22.4 8.7 16.3 5.5 13.4 4.1 46.5
0 

r;;-;-
1 B 7.8 5.9 lo5.l 29.3 74.6 55.9 149.7 52.9 203.6 55.6 230.8 60.0 238.2 160.6 

c 13.2 3.9 19.2 14.91 19.0 14.2 3l.l 24.6 21.0 8.2 14.0 4.7 13.7 4.2 36.5 14.4 

D I 42.6 32.4 77.2 50.2 1100.3 75.l 162.3 57.3 287.1 78.4 303.3 78.9 ' 361.6 97.l 

I " ; l 
I D I 

iS.8 

18.1 I 4 .a 

4.2 114. 21 

I• 7 

8. 91 6.8 

30.2 22.9 

~g • gree~ ~tignt (g) 

·~o • oven-dried '"'eiz1ot (70°C,g) 

Cale. • calculaced viz. 

Cale • ..,
0 

A • r,:e A x ~·o C 
t;g c 

* • no accu:nulation for this period 

i 10.8 28.61 121.8 

J4.6 I I 25.0 
21.5 16.4 

22.4 16.7 

5.8 

39.o I 
1

31.7 

70. 31 53.4 
25.1 20.4 

86.7 65.8 

21.4 I I 8.8 

174.2 

18.8 7.7 

123.l I 43.o 

60.8 
15.0 I 6.6 

220.6 81.9 

2.5 l.l 

139.2 51.7 

11.4 I 4.1 

26i.o I 63.2 

15.l 5.4 

175.8 42.4 

2b.9 I I 8.6 

257.ol 1s1.2 
33.4 10.7 

266.7 84.3 

I,,,) 
N 
Vl 



AP?!:'.-;JIX C. 

Table 1. 

Site 3. Double tra;is. Litter inpur and accumulation per trap. 
Actual and c.:ilculated value~ 54-96 week&. 

22.10.80 - 54 ~-- 3.12.80 - 60 Wkb 

Tra;i Act u.:il I Cale. Actua1 
:-o. 

·~ \,"o ! 1.:0 w~ 

11:.!Ju! /29.al 9.7 

I B 1297.11 1142.01365.3 
I c 42.3134.3 8.1 

D 1291.2 ,133.7 I 195.6 

72 ;, I 20. 7 I . 15.3 7.7 

5 I l 4F,.5 84.2 193. 1 

c 17.3 12.8 8.3 

D I 77.8 44. 7 261. 9 

73 A I 27.31 I 22.0 7. 6 

B 1226.7 112.9 270.9 
- -c 42.3 I 34.l 6.6 I 

D I :97.? I 98.4 158.7 

74 ,\ I JU .1 25.0 15.3 

87.2 303. 2 

c 39.8 29.2 
B 1241.41 I 11. 7 

I D' 312.2 112.8 230. 7 
I 

175 A _, 5 7. 0 j 43.1 I a.o 

I 3 22:i.3 !09.51307.1 
I 

I 
i 

c ! 45. 2 j4.2 9.9 

:; l -""·:. 62.0 ! 200.2 

~z - ~rct~ Jeight (g) 

~o .. O'lw en Cr1i.d we!.,.,ht (70°c ,g) 

•Cole. • calculatec viz. 

Cilc. ~o A •\..'g A YWi:! C 
r:;; c 

1-:o 

5. '· 
83. 5 

5,2 

123.2 

4.2 

68-. 9 

6.0 

84.1 

5.8 

88.3 

C,alc. 

Wo 

6.5 

155.9 

4.8 

90. 8 

4.8 

117.6 

1.a 

1110.5 

4.7 

135.4 

14.1.81 - 66 wks 

Actual Cale. 

Wg Wo Wo 
·--

17.6 15.0 

246.6 160.2 

17.5 14.9 

196. 9 127.9 

l i. 3 9.3 

121.11 98.7 

8.0 6.6 

249.7 203.1 

18.4 15.5 

186.7 133.9 

11. 9 10.0 

161. 2 115.6 

13. 6 I 12. 2. 

239.4 108.0 

11.4 10.2 

191.8 144.2 

IQ.8 9.7 

1911.8 144.6 

9.3 7.9 

164.0 121. 7 

Cont'd. 

25.2.81 - 72 wks 

Actual Cale. 

Wg Wo Wo 

57.7 25.7 

272.3 202.6 

56.1 25.0 

278.5 207.2 

42.7 19.6 

148.1 119.5 

36.6 16.8 

310.2 250.2 

27.3 16.9 

189.2 128.2 

37. I 23.0 

146.5 99.3 

50.8 24.7 

252.6 170.0 

41.1 20.0 

209.9 141.J 

40.4 18.9 

240.0 138.8 

51. 3 24.0 

207.9 120.2 

8.4.81 - 78 wks 20.5.81 - 84 wks 

Actual Cale. Actual Cale. 

Wg Wo Wo Wg Wo Wo 

51.1 18.9 22. 7 8.0 

605.0 188.5 705.6 331. 7 

33.5 12.4 28.5 10.1 

571.1 177.9 586.1 275.5 

20.4 7.5 21.6 7.5 

338.0 98.9 379.0 131.1 

30.2 11.1 17.l 5.9 

278.5 81. 5 509.7 176.3 

24.2 10.4 18.9 7.1 

1149.6 143. 7 513.6 157.6 

21.1 9.1 20.3 7.6 

328.9 105.1 425.5 130.6 

44.4 12.7 23.9 8.2 -
497. 7 186.0 598.3 136.6 

59.2 16.9 30.2 10.3 

536.9 200.7 1,oJ.O 92.0 

23.9 8.6 47.6 15.0 

447.4 142.9 526.6 182.4 

24.1 8.7 19.7 6.2 

615.l 196.4 510.3 176.8 

1. 7.81 - 90 wks 

Actual Cale. 

WI( Wei Wo 

16.7 4.8 

795.3 1R6.6 

6.3 I. 8 

619.4 145.3 

14.9 I , 4. 7 

440.6 104.6 

6.4 2. 1 

526.3 124.9 

9.4 1. 7 

591.6 147.4 

7.6 1. 4 

685.6 170.8 

10.0 3.1 

660.7 142.1 

24.5 7.6 

818.6 I 76. I 

12.0 4.2 

644.5 161. 7 

9.1 3.2 

845.0 212.0 

12.8.Sl - 9~ W~$ 

ActUc1l Cale. 

'..'t~ ro Wo 

, • a I 2.5 . :!. 3 I 

759.~ 173.6 167.5 

5.4 I. 6 

732. l 161. 5 

3.7 1.3 i. 4 

4~S.3 93.0 96.9 

6.8 2.5 

550.7 121. 7 

4.8 1.4 i. 5 

56:!.7 115. 1 137 .4 

10.4 3.2 

538.9 131. 6 

5.3 1. 3 1.4 

636.7 134. 4 135.0 

11. 4 3.0 

909. 6 10:'. Q 

l l.11 3.6 3.5 

630.8 133.9 134.5 

7.8 2.4 

640.s j 136.6 

w 
N 

°' 



A?PE::nrx c. 

T.ible 2. Site 4. Double trnps. LHter input and acc11mulAtion pHr tn;.p. 
Actual and calculated values 6-48 weeks. · 

2. 1 , 80 - I 2 wks 13.2.80 - l8 wk• ~ , 26.3.80 - 24 wks j 7.5.80 - 30 wh 18.6.80 - 36 wks 30.7,80 - 42 wks l0.9.~0 - 45 vks 

I(..~!~. I Actual I Cale. ALtual Cale. Actual Cale. Actual Cale. Actual c.1lc. Actunl Cale. Ai:tu.tl I CLll~ . 
I ·n. ll.79 - 6 ..,ks 

.,___ /,c...tual rr::;-;.-

;-.a. I ~ 

76 /, 19.5 6.0 lS.Rli 9.9 16.7 1(5 l9.J 15.6 15.l 7.9 ll.3 4.9 6.8 3.0 8.4, 2.5 

f---

10
\1~ lio ;.;o -->-~ \.:0 \ Wo Wr, Wo fo Wg Wo • Wo Wg ___::_ Wo Wg Wo Wo lig Wo Wo W~ WoC: 11;<' 

ll
~ . I 10.2 I I 8.1 34.8 27.8 46.i )1.7 140.8 58.1 192.5 62.6 218.7 64.J 218.3

1 

60.9 

25.7 7.9' 15. 7 9.8 13. 7 11.9 14.6 11.9 14.3 7.5 13.4 5.8 12.6 5.6 7.3 2.2 

• I 2a.9 22.9 43.3 34.6 . 26.5 21.1 135.7 56.o 126.1 41.o 213.7 62.6 18s.o 151.6 
I 

I 
, I I '7 A 21.l 6.8 18.1 113.9 16.7 13.5 16.8 13.4 14.9 6.7 9.8 3.6 7.1 2.1 14.l I 6.9 

I 
ll I 9.7 

1

7.5 39.2 34.0 47.9 37.0 135.5 57.9 191.2 57.9 206.7 52.4 201.5 56.0 

c 23.l 7.4 12.2 9.4 19.2 15.5 12. 7 10.l 14.2 6.4 ' ' 10.5 3.9 5.3 1.6 33.2 16.2 

Ii 25.8 19.9 21.ol 18.2 35.1 21.1 122.4 52.3 138.3 41.9 192.2 48.7 160.1 44.5 

78 A 

B 

c 
D 

79 A 

B 

c 
!) 

eo A 

B 

c 
D 

16.2 

12. 3 I 4. 3 

6.5 

lig a green "Jeight (g) 

5.7 

2. l 

9.1, I 
9. 2 I 
6.0 I 1 •. s 

21 J, 16.
0

6 

5.2 

/_.,I 

~o • 0ve~-Cric<l w~ifht (70°C,g) 

Cale. • ~alcLlated viz. 

C-l W A • Wg A Y. 1.:0 C 
a C, 0 \..i; C 

* • no accu::iulation for this period 

7.5 

7.1 

3.9 

3.3 

7. 7 I 6. 6 
20.8 16.i, 

7. 1 6.1 

ll:S.8 14.8 

6.3 

11. 2 

5. 91 4.0 

27.3 

4.3 

9.1 

6.3 I 5.2 
25.7 18.7 

6.5 5.4 

28.8 20.9 

7.9 

17.8 

9.4 

25.2 

6.4 

13.7 

8.5 I 3.6 
51.2 ' 19.7 

~.8 4.2 

146.3 56.4 

10.2 

65.5 

14. 71 6.5 

106.7 41.6 

4.5 

25.5 

9.8 1 I 3.6 

99.11 29.5 
9.2 3. 4 

102.4 30.5 

8.9 

71. 6 

8.2, 3.4 

106.9 32.9 

3.7 

22.0 

5.5 11.8 
212.5 55.5 

5.1 1.7 

129.5 33.S 

4.7 

84.0 

7 .2, 2.5 
156.9 49.l 

1.6 

26.3 

2. 2 I I O. 4 

109.61 129,7 
10.2 l.7 

127.7 34.6 

4.8 1.8 

w 
N 
-..J 
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APn·;:nx c. 

Table 2. 

Site '· Doubl~ trap5. Litter input and acc1M11lation per trap. 
Actual and calculated values 54-8~ we~~~. 

I 7ra~ 22.10.80 - 54 wks I 3.12.80 - 60 wks 

I :.o. 
Actual J Cale. Actual 

I.',( .,~--
w~ 

I 

76 A 11. 7 9.8- 20.7 

B '172. 3 116.8 

I 
207.0 

c 21.1 17.7 4.9 

I D 12~.! 85.) 32.4 I 

F: .::::I I 
18.3 

I :o. l I 
I 

68.4 I 184.9 i 

I 

I 

c 16.9 13.9 I 24.8 

D 103.2 51.71 107.4 

78 A 3. 7 I 2.9 
;, 77.0 26.6 

c I 3. 5 10. ~ 

D 82.0 28.3 

79 A 5.J 

I 
4.6 

B 45.5 33.3 I I 

c 

I 
5.6 4.'i I 

I D 95.l 65.3 

80 A 18.7 

I 
18.7 

I 
B 45.5 28.5 

c 2.3 2. 2 1 

D 57.8 36. 2 \ 

\.:g • green wcignt (~) 

lio • oven-dried wcir,nt (70°C,g) 

Cale. • culculated viz. 

Cale. Wo A • We A x \.:o C 
Wg C 

3.2 

:;1. 9 

6.4 

85.8 

3.2 

53.8 

o.a 
86.7 

4.7 

61. 7 

2.5 

68.8 

Wo 

3.3 

49.3 

11 •• 9 

45.3 

2.4 

36.0 

0.6 

-60.3 

l.8 

Sl. 9 

, Cnle. 

Wo 

-13. 9 

123. 8 

6.1 

78.0 

l. 2 

21.8 

2.4 

37.4 

3.4 

46.5 

14.1.81 - 66 wks 

Actual Cale. 

Wg Wo Wo 

16.0 13.9 

161. 5 133.7 

14.3 12.4 

145.0 120.0 

11. 3 9.7 

117.7 94.1 

5.5 4.7 

70.2 56.1 

8.8 7.1 

42. l 32.3 

9. l 7.3 

70.8 54.4 
-

5.6 3.8 

41.0 33.7 

5.3 3.6 

96.6 79.3 

8.3 6.9 

58.6 49.6 

7.2 6.0 

50.8 43.0 

Cont'd. 

25.2.81 - 72 wks 8.4.81 - 78 wks 

ActuJl Cale. Actual CJ le. 

Wi; Wo Wn Wg I Wo Wn 

30.3 24.0 35.5 20.7 

160.5 130.0 405.1 138.0 

32.0 25.3 29.8 17.4 

235.3 190.6 451.0 153.6 

34.2 16.4 30.5 12.0 

144.2 71.2 328.5 103.6 

21. 9 10.5 20.9 8.2 

64.2 31.7 331.3 104.4 

16.5 10.9 13.4 5.4 

69.2 47.2 226.7 75.4 

22.1 14.6 12.1 4.9 

126.'3 86.1 123.8 41.2 

35.4 25.9 38.7 14.4 

51.3 38.4 170.3 53.6 

19.8 14.5 12.9 4.8 

117 .o 87.6 21-S. 8 67.9 

19.8 10.2 12.7 7.6 

93.9 48.4 167.8 5~.2 

14.6 7.5 21. 0 12.6 

55.1 28.4 208.2 73.5 

20.5.81 - 84 wks 

Actual Cnlc . 

\.:r, Wo Wo 

17.7 N.A. 7.8 

492.0 109.6 139.7 

13.2 5.8 

588.0 167 .0 

14.5 4.5 5.6 

393.3 95.3 131.l 

11. l 4.3 

452.9 151. 0 

8.3 2. l 3.4 

197.4 49.6 55.l 

6.4 2.6 

251. 7 70.'3 

11.0 3.7 3.8 

240.2 73.9 55.3 

7 .o 2.4 I 
241.4 55.6 

5.6 !. 6 3.2 

217.1 63.2 63.9 

12, 3 7.0 

- 185.8 54.7 

N.A. - not available 

w 
N 
CXl 



APPENDIX C. 

Table 3. 

Date 22.11.79 2.1. 80 13.2.80 26.3.80 

No. weeks 6 12 18 24 

l:A 72.5 82.6 131.0 164.7 

l:B 39.6 176.8 313.0 

l:C 71.4 74.8 117.7 151. 6 -

rn 186.9 229.6 405.7 

A 14.5 16.5 26.2 32. 9 

ii 7.9 35.4 62.6 

c 14.3 15.0 23.5 30.3 

ii 37.4 45.9 81. l 

·'-- - ------ ----

Site 3. 

7.5.80 

30 

102.0 

954. 7 

104.6 

917.3 

20.4 

190. 9 

20.9 

183.5 

Mean values of green weight (Wg), yields. 
6-96 weeks. 

18.6.80 30. 7.80 10.9.80 22.10.80 

36 42 .48 54 

87. 9 - 54.6 171.l 175.8 

1170.0 1271.0 1255.5 1135 .o 

60.7 64.2 129.1 186.9 

804.3 1238.3 1361. 7 1004.2 

17.6 10.9 34.2 35.2 

234.0 254.2 255.l 227.0 

12.l 1.2. 8 25.8 37.4 

160.9 247.7 272.3 200.8 

3.12.80 14.1.81 25.2.81 8.4.81 

60 66 72. 78 

48.3 71. 7 218.9 164.0 

1439.6 988.9 1102. 2 2097. 7 

44.6 58.1 222.2 168.l 

1047.1 963.6 1153. 0 2330.5 

9.7 14.3 43.8 32.8 

287.9 197.8 220.4 419.5 

8.9 11. 6 44.4 33.6 

209.4 192.7 230.6 466.l 

20.5.81 I. 7.81 

84 90 

134. 7 63.0 

2723. l 3132.7 

115.8 53.9 

2434.6 3494.9 

21?.9 12.6 

544.6 626.5 

23.2 10.8 

486.9 699.0 

I i 

12.8.81 

96 

33.1 

3027.9 

41.8 

3372. l 

6.6 

605.6 

8.4 

674.4 

I 

_J 

w 
N 
~ 



APPEl\"IlIX C. 

Table 4. 

Date 22.11.79 2 .1. 80 11. 2. 80 26.3.80 

No. weeks 6 12 18 24 

l:A 71.1 55.0 56.2 55.8 

l:B I 38.8 113.5 160.4 

i:c 80.4 53.3 54.8 53.3 

rn 138.2 128.9 I 150.8 

A 14.2 11.0 11. 2 11. 2 

ii 7.8 22.7 32.l 

c 16.l 10.7 11.0 10.7 

fi 27.6 25.8 30.2 

i 

Site 4. Mean values of green weight (Wg), yields. 
6-84 weeks. 

7.5.80 18.6.80 30.7.80 10.9.80 22.10.80 

30 36 42 ' 48 54 

59.0 46.0 28.1 36.8 61. 6 

445.0 629.8 805.6 702.6 479.8 

60.2 45.5 35.0 67.9 59.4 

543.3 554.0 824.7 890.5 464.2 

11.8 9.2 5.6 7.4 12.3 

89.0 126.0 161. l 140.5 96.0 

12.0 9.1 7.0 13.6 11. 9 

108.7 110.8 164.9 178.l 92.8 

3.12.80 14.1.81 

60 66 

41. 8 50.0 

559.3 420.9 

39.4 41.4 

431.l 433.4 

8.4 10.0 

111. 9 84.2 

7.9 8.3 
-

'86.2 86.7 

25.2.81 I 8.4.81 

72 78 

136. 2 130.8 

' 519. l 1298.4 

110.4 96.7 

597.9 1330.l 

27.2 26.2 

103.8 259.7 

22.l 19.3 

119.6 266.0 

20.5.81 

84 

57.1 

1540.0 

50.0 

1719.8 

11. 4 

308.0 

10.0 

344.0 

w 
w 
0 



I 

;.???:~:IlIX C. 

Taole 5. Site 3. Mean values of oven dry weight (Wo, 70°C) yields, actudl and calculated per trap, 6-96 weeks. 

D;ste 22.11.79 2. 1.80 13.2.80 26.3.80 7.5.80 18.6.80 

::o. weeks 6 12 18 24 30 36 

ZA I 24.7 64.9 98.4 133.3 40,4 36.0 

;;s I 30. 3 126.9 237.3 362.8 373.8 

;;c 23~6 58.4 88.3 122.7 41.5 24.5 

rn 141.6 161. 9 307.l 353.5 249.2 

;;, 4.9 13.0 19.7 26.7 8.1 7.2 

ii ' 6.1 25.4 47.5 72.6 74.8 

c 4.7 11. 7 17. 7 ' 24.5 8.3 4.9 

-ii 28.3 32.4 61.4- 70.7 49.8 

h am! B values represent equivalent oven dry weight by calculation. 

C and D are actual values. 

30.7.80 10.9.80 22.10.80 3.12.80 14. l. 81 25.2.81 

42 48 54 60 66 72 

17.9 65.4 135.2 28.6 61. 2 105.8 

334.4 362.3 •535.8 610.2 717.4 759.1 

21. 7 48.7 144.6 ' 26.6 49.6 108.8 

326. 7 396.0 456.6 448.0 712.S 818.2 

3.6 13.1 27 .o 5.7 12.2 21. 2 

66.9 72.5 107.2 122.0 143.5 151.8 

4.3 9.7 28._9 5.3 9.9 21.8 

65.3 79.2 91.3 89.6 142.5 163.7 

8.4.81 20.5.81 l. 7 .SI 

78 64 ,90 

58.1 4~.8 18.5 

760.0 939.4 742.4 

58.2 40.1 16.1 

761. 6 851.2 629.1 

11.6 9.2 3. 7 

152.0 163.8 148.5 

11. 6 8.0 3.2 

152.3 170.Z 165.8 

12.8.81 

96 

10.1 

671.3 

12.7 

74•.) 

2.0 

134. 3 I 
2.5 I 

148.9 

I 

V-l 
V-l ...... 

I 



A??E\-:JIX C. 

Table 6. Site 4. Mean \'alucs of oven dry weight (Wo, 70°C) yields, nctual and calculated, per trap, 6-84 weeks. 

I Date 
! 2. l. 8G 13.2.~ 26.3.80 7.5.80 18.6.80 30.7.80 10.9.80 22.10.80 3.12.80 14. l.81 , 22.11.79 

S ...... ~t?eks 6· 12 18 24 30 36' 42 48 54 60 66 
i . 

I EA ! 23.6 4G.6 46.0 45.2 30.6. 19. 5 10.3 15.7 511.3 27.0 41.4 

I -;:a 30.4 93.2 123.4 193.0 196. 7 223.5 200.8 273.6 307 .5 343.4 

re 26.4 39 • .\ 41._ 7 42.8 30. l 19.0 13.6 27.2 49.3 23.0 34.0 

E::> 109.1 J !011. 3 114.1 226.0 172.6 234.0 262.6 267.0 242.8 352.8 

I 

A. 4.7 
I a.1 

I 
9.2 9.0 6.1 3.9 2.1 3.1 10.9 5.4 8.3 

s 6.1 18.6 24.7 38.6 39.3 44.7 40.2 54.7 61.5 68.7 

c 5.3 7.9 8.9 8.6 6.0 3.8 2.7 5.4 9.9 4.6 6.8 

ii 21.8 20.9 22.8 45.2 34.5 46.8 52.5 53.4 48.6 70.6 
I 

I 

A and 5 values represent equivalent oven dry weight by calculation. 

C and D are actual values. 

25.2.81 8.4.81 

72 78 

87.4 60.l 

335.2 429.8 

72.4 47.9 

424.4 440.6 

17.5 12.0 

67.0 86.0 

14.5 9.6 

84.9 88.1 

20.5.81 

84 

23.8 

539.9 

22.1 

498.6 

4.8 

108.0 

4.4 

99.7 

I 
I 

w 
w 
N 
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i.1hll' 7. S!t,• 3. M01"t11rc ,.,,lll••nt lWrccnt o( ncct.'~slllg and uccumuluting lltt~r in Rocrlficinl trope C and n, 6-96 w~~kn. 

$.l<>j'l In~ 
-.tit,• 

~ ... i. W\.'i..•k~ 

[ ~!.11.;-1j 2.

1

uo 1J.2.so -20.3.SO 1.uo 18.6.BoF-ao 10,9,ao 22.10.so 3.12.soj 14.1.s1 I 2s.2.s1 I B.1t.B1 I 20.s.a1I 1.1.a1 l l 
J__~_ /2 !S . 21, JO J6 /___::__ 48 51, GO I 66 I 72 j 78 I 84 I 90 

12.8.f:I 

% 

11 I\ 

r, ,, 
'• D 

l 

13 [ 

( 

1:. r 

I I ;•l, 0 I 

I • I 

. ":.: I 
I 

·'. 5 I 

I 
I I Ill· 

I ·-· _,, 

I 

27.7 111.4 I 211.2 

1
1~5.2 

JN.7 27.6 142.7 21.h 

2d.tl I 40.l I 211.6 I 150.0 

:.0.1 J9.3 I 29.0 I 174.9 

I 
I 

I 

23. l J).J I 25.9 I 155.l 

29.9 J6,5 142.9 !5 . ., 

2~.9 33.8 I 24.0 I 156. l 

51.8 33.h 183.2 Jl. 5 

, ' 1 · ~n.1 I Jo.<J I Jl. l I 2:1.0 11114.2 
'~ I ' 

0 I .11 • I) I 31., l I JI • ,, 1:16. J 

119. 3 

20•1. 7 

121i.S 

20/ ,8 

l/1'i.O 

23l.9 

197.9 

266.2 

127. 3 

l (19, 2 

l6H,0 

286.9 

196.9 

248.4 

2?0.5 

260.3 

226.2 

201,,4 

179. 6 

Jl/1,6 

I JO, 7 

273.1 

165.9 

269.5 

171.8 

198.9 

153.5 

272.4 

212.1 

216.4 

23.) 

109.2 

35.2 

74.0 

i11.o 

100.0 

36.3 

176.8 

:l2. 2 

lOJ.9 

~o.o I 17.11 I 1211,4 I 170.21 18?.2 I ?~0,(J 
131,,3 53.9 311,4 221.0 310.li 326.3 

59.6 I 21.2 I 117.9 I 172.1 I 189.8 I 204.8 

112.6 22.9 24.0 241.7 189.1 321.1, 

57.1 I 19.0 I 61.J I l'Jl.9 I 167.l I 442.9 

130.3 39.4 47.5 712.9 225.8 514.B 

95.0 I 11.8 I 105.5 I 250.3 I 191.2 I 222.4 

174.3 33.0 48,5 167.5 318.0 364.8 

70.7 17.7 

126.7 311,R 

113.8 

73.0 

177.o.I 211.1 

213.2 I lBH,(, 

lM.4 

~9?,,lj 

-·-- _, ___ , _____ .,_ ____ __. ___ ~_ ... --- ~- ----- ___ , __ --·- --

2'17. 5 

'.'l53.3 

112.c.. 

3~2.5 

n~.o 

30~. 5 

2~.<J. (j 

37 l. 5 

2~5.() 

'Jf,'1. l --. -· -- -·-· -··· . - -· ---- J~ 
!t: I 1036.5 139.3 I 168.8 121.b 760.(, 

' -~-, "·' I '"" ~-' m.~- 1'7.3 190.i 16'.B I "" ~6.5 17.4 1011.6 rno.J I 190.0 2r.o.~ I 27~j 
r ~ 

1 
. 1'1.2 195 •• 

1 

lli2.7 830.0 1085.8 1394.6 1230.) 

1 

564.7 678.2 lllli.O 227.4 1056.311252.1 1825.9 r.
1

1755.9 : 

I '' i :i1.1, 39.2 36.5 1'66.o 211.2 21s.9 246.1 112.9 1JS.C1 36.s 115.5 211.3 I 250.4 365.? m.2 

736.3 991. 2 834.0 151.0 90U I 950.0 I 110ft.5 111'1. s 312.4 117. l 522.9 

l__ I I 

* :;_, a~<1•1lu !.1t.·d lit tcr 

w 
w 
w 



) 

;..??~:nrx c. 

rta~!e 8. SJ.t,e 4. Moisture contEnt percent of accessing and accumulating Utter 1.n sacrific1.al traps C and D, 6-84 weeks. 

Sa:::;> ling 22.11.79 -2.1.80 13.2.80 26.3.80 7.5.80 18.6.80 30. 7.80 10.q.80 22.10.80 3.12.80 14.1. 81 
<!at<> 

:-=o. vet:ks 6 12 18 24 30 36 42 4A 54 60 66 

I c 225.3 60.2 15. l 22.7 90.7 131.0 125.0 231.8 19.2 48.5 15.3 

I 76 D • 26.2 25.1 22.l 142.3 207.6 241.4 258.5 47.5 67.1 20.8 

I c 212.2 29.8 23.9 25.7 121. 9 169.2 231.3 104. 9 21.6 66.4 11.'o 

I 77, D 29.6 15.4 29.5 134.0 230.1 294.7 259.8 51.5 137.l 25.l 

c 186.0 25.0 16.4 20.4 133.3 170.6 200.0 264. 7 27.4 166.7 24.7 
73 D 28.9 27.0 37.8 159.4 235.7 283.2 269.1 189.8 138.3 30. l 

I 
I 

202.9 33.3 47.5 23.7 126.2 141.2 188.0 171. 4 11 •• 3 33.3 47. 2 I c 
79 D 24.2 - 23.0 29.9 156.5 224.9 219.6 204.9 45.6 lo3.8 21.8 

I 
I 

c I 163.6 19.5 23.6 24.4 30.9 68.0 118.2 77 .3 4.5 38.9 20.0 -

I COD 25.9 27.6 40.8 63.5 205.3 232.7 236.l 59. 7 32.6 18.1 

l:C 990.0 167.8 126.5 116.9 503.0 680.0 862.5 850.1 87.0 353.8 124.2 

c 198.0 33.6 25.3 23.4 100.6 136.0 172.5 170.0 17.4 70.8 24.8 

i---~0- -- - - -
I L • 134.8 118. l 160.l 655.7 1103. 7 1271.6 1228.4 394.l 418.9 115. 9 

I ii 27.0 23.6 32.0 131. l 220.7 254.3 245.7 78.8 83.8 23.2 

:;o accu::iulated litter 

25.2.81 

72 

26.5 

23.5 

108.6 

102. s I 

I 
51. 4 

46.7 

36.6 

33.b 

94. 7 ' 

94.0 

317.8 I 
63.6 I 

300.3 

60.1 

8.4.81 

78 

71. 3 

193.6 

154.q 

217.3 

146.9 

200.5 

168.8 

211.a 

66.7 

183.3 

608.6 

121.7 

1012.5 

202.5 

20.5.81 

84 

127.6 

109.9 

158. l 

199.9 

146.2 

258.0 

191. 7 

334.2 

75.7 

239.7 

699.3 

139.9 

1141. 7 

228.3 

w 
w 
+:-



y·rl'~:11x l'. 

Tsbl,• 9. Double trnp. Individual A (corrected) nnd n vnlues, Site 3, 

s:i~ril int' int~rvnl I 22.11. 79 2.1.80113.2.HO 26.3.80 I 7.5.80 I 18.6.80 I 30.7.80 I 10.9.BO 122.10.80 13.12.80 I 14.1.81I25.2.81 I B.4.Rl I 20.5.8111.7.81 I 12.8.81 

I 71 ,\ I II.I 23.9 ~'i.1 
r·--r--t 

1

_ t--~~1 -~--1""~~~-r~~~t--~~-t-~~~t--~~+-~~----l 

1\,·,•1u:iul.n.•,\ 1\ I II.I I J'i.O bll.3 

ll - 11. l J2, /1 

7~ A I ).1 I 8.6 I 18.5 

,\~~ui:m!ated A 3.1 11. 7 / 30.2 

B 

In ,\ 

A"· .... umu l.ltl•J A 

ll 

.. A 

M<"lll1111\.1t,•J ,\ 

!I 

s.s 
s.s 

5.9 

5.9 

). l 

22.H 

28.b 

4.4 

25. 3 

31. 2 

10.8 I 
211, 9 

J3. ~ I 
2s. r1 I 
1iO.l1 

71. ll 

45. I , 7. 7 

lO'i.4 ,llJ. l 

51. 7 91,, 3 

59.S I 6.7 

90.0 96. 7 

27.3 

30.9 

H/1,/1 

/19.0 

22.7 

'80. 7 

8.) 

92.9 

711, I 

8.7 

91..s I 103.2 

52.9 

10.1 

12J.2 

88.4 

8.2 

104.9 

81.6 

5.6 

9!l.5 

GG.3 

s.s 
IOR.7 

55.6 I - i 5,C) I ~9.J i 55.9 

75 A B' 5.8 2ldh JH,I, I 36.5 H.S I 6,6 
Ar.:umu\.1t,•J A ~.S 27.4 ~~.H ll02.3 111.1 117.7 

.___ B - I 5.8 ~ 53,11 60.8 I 81.9 

/1,I 

127.3 

80.5 

3.4 

108.3 

53.0 

2.2 

100.7 

69.7 

11. I 

112.8 

60.0 

11.I 

121. 6 

:J 

15.R 

!113.1 

09, /1 

7.9 

116.2 

49.7 

J/1, 8 

115.5 

81./1 

18,3 

131.1 

60.6 

H,6 

130.11 

01. 2 

29.8 

172.9 

142.0 

15.3 

131.5 

84.2 

22.0 

137 .5 

112.9 

25.0 

151i. 1 

87.2 

43. l 

173.5 

109.5 

6.5 

179.11 

rn.9 

4.8 

136.3 

90.8 

/1,!J 

l /12. 3 

117. 6 

7. B 

16J. 9 

110.5 

11, / 

178.2 

IJS.4 

15 0 

1911, 4 

160.2 

9.3 

145.6 

98.7 

15.5 

157 .B 

IJ3,9 

12.2 

l Ui. l 

180,0 

9.2 

187,4 

144.6 

25. 7 IR.9 

220.1 2J9.0 

202. 6 18fl. 5 

19.6 I 7.5 

165.2 172.7 

119.5 

16. 9 

111,, 7 

128.2 

24.7 

9R.9 

'10.11 

18~. l 

Jl1J. / 

12.7 

200.ll I 213.5 

170.0 

IB.9 

201 •• 3 

138.8 

186.0 

H.6 

2J/1, 9 

142.9 

8.0 4.~ 

11,7,0 251.fl 

211.3 186,6 

7. 5 I 4. 7 
1~0.2 184.9 

131. l 

7. I 

192.2 

157.6 

8.2 

104.6 

!. 7 

19). 9 

147.4 

3.1 

221.7 12211.8 

136.6 

I ~.O 

229. ~ 

1&2.4 

142.1 

4.2 

2111, I 

I r, 1. 7 

2.3 

2~1 •• 1 

167.5 

1.4 

186.J 

96.9 

1.5 

195.4 

I "J7 .4 

1.1, 

221,,2 

D~.O 

3.~ 

237 ,f, 

rn.5 

w 
w 
VI 



• .\P?E:;rJ IX C. 

Table :o. 

Sa:-?li:ig interval 22. l l. 79 2.1.60 13. 2. so 

I I -· c 22.8 43.1 I 36.2 .. 
I .\ccu::-.ul ated C 22.6 65.9 102.i 

I D - 22.8 51. 2 

In c I 
34.9 I 19. 7 22.3 

I 
Accu::mlated C 34.9 54.6 76.9 

D - 34.9 22.4 

I 
73 c 28.6 17.3 56. l 

Accu:::ulated C 28.6 I 45. 9 130.6 
D - ' 28.6 ll. 4 I 

74 c 32.4 46.3 55.3 
Acc•,;::ulated C 32.4 78.7 135.0 

I D - 32.4 I 50.2 i 
I 

I I 
75 c 

I 
22.9 11. 9 51,, 2 

Acc ... ulated C 22.9 34.8 89.0 

I D - 22.9 16.7 
I 

Double trap. Individual C (corrected) and D values, Site 3. 

26.3.80 7.5.30 18.6.80 30.7.80 10.9.80 22.10.80 3.12.80 14.1.81 

----
55.2 8.7 5.6 5.0 11.4 34.3 5.4 14.9 

157.3 166.0 171.6 176.6 188.0 222.3 227.7 242.6 
55.5 101.8 30.9 92.5 72.8 138.7 83.7 127.9 

22.4 10.0 7.1 3.2 4.4 12.8 5.2 6.6 
99.3 109.3 116.4 119.6 124.0 136.8 142.0 148.6 
42.7 53.l 45.l 45.7 53.8 44.7 123.2 ' 203. l 

71.6 6.9 6.0 3.9 7.8 34.1 4.2 10.0 
202.2 209. l 215.1 219.0 226.8 260.9 265. l 275.l 
68.0 98.3 43.1 67.2 88.0 98.4 68.9 115.6 

211. 6 8.2 4.7 4.2 14.4 29.2 6.0 10.2 
159.6 167 .8 172.5 176.7 191. l 220.3 226.3 236.5 
75.1 57.3 78.4 78.9 97.l 112.8 G4. l 144.2 

20.4 7.7 l. l 5.4 10.7 34.2 5.8 7.9 
109.4 117.l 118.2 123.6 134.3 168.5 174.3 182.2 
65.8 43.0 51.7 42.4 84.3 62.0 8!f.3 121. 7 

25.2.81 8.4.81 

25.0 12.4 

267.6 280.0 

207.2 177.9 

16.8 11. l 

165.4 176.5 

250.2 81. 5 

23.0 9.1 

298.1 307.2 

99.3 105.J 

20.0 16.9 

256.5 273.4 

141.3 200. 7 I 
24.0 8.7 

206.2 214.9 

120.2 196.4 

20.5.81 1.7.81112.8.?,ll 

I I 10. I 1.8 1.6 ' 
290. I 291.9 293. 5 

275.5 I 145.3 161.5 

5.9 2.1 2.5 

182.4 184.5 11'17 .o 
176.3 124. 9 I l 21. 7 

7.6 1.4 3. 2 

314.8 316.2 319.4 

130.6 170.8 131.6 

10.3 7.6 3.0 

I 283.7 291. 3 294.3 

92.0 176.l 192. 9 

6.2 3.2 2.4 

221.1 224.3 226.7 

176.8 212.0 136.6 

u.:> 
u.:> 
O"I 
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APPENDIX D. 

MEDIA AND REAGENTS. 

Maritin's (1950) glucose-peptone-riose bengal-strieptomycin agari, with 
chloritetriacycline (Pennycook 1974). 

tap water 

dxtrose 

pep tone 

K H2P04 

Mgso4.7n2o 

agar 

rose bengal 

autoclave then add 

streptomycin 

chlortetracycline 

Jensen's (1930) glucose-casein agari. 

glucose 

. .,; 

1000 ml 

10 g 

5 g 

1 g 

0.5 g 

20 g 

1:15,000 (0.07 

40 g.m1-l 

40 g.ml-l 

2.0 g 

0.2g casein dissolved in lOcc 0.1 N.NaOH 

K2HP04 
MgS04 

FeC13 

agar 

d.H20 

pH 5.5-6.6 

Nut r>ient agari 

Nutrient broth: 

beef extr~ct 

pep tone 

add agar 

Ringeri's solution (1/4 striength) 

NaCl 

KCl 

CaC12 

NaHC03 
d.H20 

0.5 g 

0.2 g 

0.1 g 

15 g 

1000 ml 

3.0 g 

5.0 g 

1000 ml 

15.0 g 

2. 25 g 

0.11 g 

0.12 .g 

0.05 g 

1000 ml 

g) 



Potato-dextpose agaP 

Potatoes 

Dextrose 

C.L.E.D. mediwn 

Pep tone 

340 

'Lab-Lemco' powder 

Tryptone 

Lactose 

L-Cystine 

Bromothymol blue 

Agar 

pH ea. 7.3 

MacConkey agaP 

Pep tone 

Lactose 

Bile Salts 

NaCl 

Neutral Red 

Agar 

pH ea. 7 .4 

200 g 

20 g 

15 g 

1000 ml 

4 g 

3 g 

4 g 

10 g 

0.128 g 

0.02 g 

15 g 

20 g 

10 g 

5 g 

5 g 

0.075 g 

12 g 



A?PE'iDI"\. STATISTICAL ANALYSIS, 1. 

Comparison of fixed and roving bins at Sites 1, 2, and 3 

An.ilVbl~ of vnriance. LOG Y. Litter yield transformed to logs. 

Source of variation DF (MV~ SS 

Between traps 

Treatment 1 0.0321 

Residual 14 5.8955 .. 
Withln trapA 

"fime 14 208.4905 

Treatment. Time 14 1.1635 

Residual 224 40.1073 

Grana total 269 256.5940 

lri.o"t· or back tran&for=ned log 1r.e;in data per interaction. 

T!mc 3 4 5 6 8 9 

Fixed bins 2l.03l 16.4l2 11. 023 3.200 3.529 1.204 3. ll3l 5.165 16.411 

Roving bJ.ns 21. 052 18.672 10.186 3.865 '\.800 1.025 3.161 5.191 13.763 

MS 

0.0321 

0.4211 

14.8922 

0.0831 

0.1791 

10 11 

15.256 21.999 

17 .184 i4. 7 30 

VR 

0.076 

2. 352 

83.173 

0.464 

12 

6.379 

6. 903 

13 14 

4.464 l. 819 

4. 918 2.316 

15 

4.821 

4.341 

w 
~ ,_.. 
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APPENDIX, STATISTICAL ANALYSIS, 2" 

Comparison of litter catches in 3 fixed and 7 roving devices at Sites 
1, 2, and 3 over 29 sampling intervals. 

Analysis of variance 

Source df SS MS F 

Site 2 1.5 0.7651 4.07 

Treatments (adjusted 1 0.4 0.3537 1.88 n.s. 
for times) 

Times (adjusted for - 28 450.0 16.0698 85.57 
treatments) 

Treatments x Times 26(2) 8.6 0.3289 1.75 n.s. 

Residual 808(2) 151. 7 0.1878 

Total 865 

Note: n.s.; not significant. 

Standard deviation for a single device = 0.433g. 

Standard deviation for the mean of any 10 devices 0.137g. 

\ 



AP?E'.9IX. STATISTICAL A.':ALYSIS. 3. 

Comparison of bins and ground traps at Site 2 

Analv&iA of variancL. LOG Y. liltter yield transformed to logs. 

Source of variation DF (MV) SS MS 

Bet\ll(>en traps 

Trea.tment 0.0006 0.0006 

Residual 18 8.1985 0.4555 

Within tr;;ps 

Time 14 200.4412 14.3172 

Treat,nent. Time 14 3.8747 0.2768 

Residual 251 (l) 44.6290 0.1778 

Grand total 298 257 .1440 

1d:Jl~ or oac.k Lru.1sfullned log llil!J.n UciLa ver int~i.cJ.ction. 

Ti::e 3 4 5 6 B 9 

ilins 13.001 12.46& 12.037 4. 768 3.013 1.105 4.953 9.070 12. 730 

Grou:id traps 13. 330 13.477 13. 695 5.312 3.846 1.259 3.111 9.650 10.924 

10 

15.029 

15.348 

VR 

0.001 

2.562 

80.522 

1.557 

11 

18.486 

20.863 

12 

2.625 

1.045 

13 14 

3.717 1.507 

3.174 2.100 

15 

4.393 

2.627 

w 
~ 
w 
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Al'PE:.1lIX. STATIS'fICAL ANAl.YSIS, 4, 

Co::1parison of overstorey catch of Eucalyptus obUqua and E. nitida in binn-on-stilts and ground traps at Site 4 

Analysis of variance. LbG Y. Litter yield tranaformed to logo, 

Sol•rce of variation DF CMV2 SS 

B~tw.:-~n tra;>s 

Treatment 1 1. 1368 

Residual 18 84.4074 

llit:1in traps 

Tin;c 14 217.9408 

Treatment. Time 14 8.2991 

Residual 238 (14) 122.1450 

-
Grand total 285 433. 9291 

Table of back transforr.ed log mean data per interaction. 

Ti::ie 2 3 4 

Bir.s, rabeu 2.912 2.326 0.392 0.323 

Ground traps 2.912 2.284 o. 723 0.386 

5 6 

0.445 0.151 

0.427 0.167 

0.097 

0.170 

8 

0.544 

0.299 

9 

0.634 

1.075 

MS 

1.1368 

4.6893 

15.5672 

o. 5928 

0.5132 

10 

1.394 

1.471 

11 

1.098 

1. 318 

VR 

0.242 

9.137 

30. 333 

, 1.155 

12 13 

0.941 o. 718 

1.022 0.676 

14 

0.410 

0.293 

15 

0.418 

0.761 

w 
~ 
~ 
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APPENDIX, STATISTICAL ANALYSIS, 5. 

Relationship between log basal area of individual species at Sites 1, 
2, and 3, and their respective log leaf accession per annum. 

To test for common slope and intercept: 

Test for coincidence : analysis of variance. 

df SS MS F 

(B-A); t 4 0.417 0.10425 ' 1.22 

Residual; tt 31 2.p50 0.08548 

Percentage variance accounted for: 92.7. 

Not~: t; (common line residual - full model residual). 

tt; full model residual. 

n.s. 

n.s.; no significant difference in slope or intercept of the 
regressions for individual sites. 

Table of regression coefficients 

INTERCEPT 

SLOPE 

Site 1 

Site 2 

Site 3 

Common 

Log- B.A. Site 1 

Log B.A. Site 2 

Log B.A. Site 3 

Common 

standard errors, t-values 

ESTIMATE 

-1.54098 

-o. s 1;301 

-1.50710 

-1.37627 

0.98723 

0.86182 

o. 99264 

0.96973 

S.E. 

0.31362 

0.40949 

0. 28960 

0.19026 

0.07453 

0.09609 

0.07333 

0.04588 

t 

-4.91 

-1.99 

-5.20 

-7.23 

13. 25 

8.97 

13.54 

21.13 
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APPENDIX, STATISTICAL ANALYSIS, 6. 

Relationship 'between live numbers of stems and their corresponding 
annual leaf accession per site. 

Analysis of variance. 

Test for coincidence: common slope and intercept. 

(B-A) t 

Residual tt 

df 

4 

31 

SS 

5.96 

13.01 

Percentage variance accounted for 64.3. 

MS 

1.49 

0.4197 

F 

3.55 

Note: t; (common line residual - full model residual). 

tt; full model residual. 

*; significant difference, P(0.05. 

Test for common slope: 

(C-A) t 

Residual tt 

df 

2 

31 

Test for common intercept: 

(D-A) t 

Residual tt 

Note: ** P<0.01 

df 

2 

31 

SS 

3.2 

13.01 

SS 

4.51 

13.01 

MS 

1.6 

0.4197 

MS 

2.255 

0.4197 

F 

3.812 

F 

5. 37 

* 

* 

** 
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APPENDIX, STATISTICAL ANALYSIS, 6 Cont'd. 

Regression coefficients: Live number of stems per site versus 
corresponding annual leaf accession. 

ESTIMATE S.E. 

Site .1 -1.67729 0.74316 

Site 2 1.18808 0.58665 

Site 3 -0.95262 0.68317 

Log stem. Site 1 1. 73479 0.30170 

Log stem. Site 2 0.70025 0.24390 

Log' stem. Site 3 1.35170 0.27793 

t 

-2.26 

2.03 

-1.39 

5.75 

2.87 

4.86 



348 

APPENDIX, STATISTICAL ANALYSIS, 7. 

Relationship between log leaf accession and log mean maximum temper
ature per sampling interval at Sites 1, 2, 3, and 4. 

Analysis of variance. 

Test for coincidence: common slope and intercept. 

df SS 

(B-A) t 6 i.459 

Residual tt 60 2.127 

Note: t; (common line residual -

tt; full model residual. . 

***• P(0.001. , 

Test for common slope. 

(C-A) l 

Residual tt 

df 

3 

60 

SS 

0.051 

2.127 

MS 

-o. 243 

0.035 

full model 

MS 

0.017 

0.03545 

F 

6.95 

residual). 

F 

0.48 

' ' 

*** 

n.s. 
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APPENDIX, STATISTICAL ANALYSIS, 7 Cont'd. 

Table of regression coefficients, standard errors, t-values. 

INTERCEPT 

SLOPE 

Site 1 

Site 2 

Site 3 

Site 4 

Common 

Site 1 

Site 2 

Site 3 

Site 4 

Common 

ESTIMATE 

-3.4444 

-3.4547 

-2.8619 

-2.6979 

-3.1147. 

4.8631 

4.8335 

4.3461 

3.9460 

4.4972 

S.E. 

0.7568 

0.7568 

0.7568 

0.7568 

0.4685 

0.6269 

0.6269 

0.6269. 

0.6269 

0.3881 

t 

~4.55 

-4.56 

-3.78 

-3. 56 / 

-6.65 

7.76 

7. 71 

6.93 

6.29 

11. 59 
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APPENDIX, STATISTICAL ANALYSIS, 8. 

Relationship between log bark and twig -accession and· log mean maximum 
_temperature per sampling interval at Sites 1, 2, 3, and 4. 

Analysis of variance: test for- coincidence. 

df SS MS F 

(B-A) t 6 4.22 0.7033 3.973 

Residual tt 64 11.33 b.1770 

Note: t; (common line. residual - full model residual). 

tt; full model residual. 

Regression coefficients, _standard errors, t-va1ues. 

ESTIMATE S.E. t 

Site 1 '-1.55679 1.60206 -0.97 

Site 2 1.09927 1.60206 0.69 

Site 3 -0.34536 1.60206 -0.22 
' Site 4 -3.11366 1.60206 -1.94 

Log temp. Site 1 z'. 99721 1.32039 2.27 

Log temp. Site 2 0.68434 1. 32039 0.52 

Log temp. Site 3 1.97571 1. 32039 1.50 

Log temp. s-ite 4 3.81809 1.32039 2.89 

• 
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APPENDIX, STATISTICAL ANALYSIS, 9. 

Relationship between log bark and twig accession and log mean windrun 
per sampling interval, at Sites 1, 2, 3, and 4. 

Analysis of variance: test for coincidence. 

(B-A) t 
Residual tt 

df 

6 

64 

SS 

4.009 

9.361 

MS 

0.6681 

0.1910 

Note: t; (common line residual - full model residual). 

tt; full model residual. 

Regression coefficients, standard errors, t-values. 

ESTIMATE S.E. 

Site 1 -2.53938 1.65906· 

Sit~ 2 -3.77166 1. 65906· 

Site 3 -3.43627 1.65906 

Site 4 .-0. 99025 1.65906 

Logwind. Site 1 2.17814 0.78234 

Logwind. Site 2 2.69169 0~78234 

Logwind. ·Site 3 2.58961 0. 78234. 

Logwind. Site 4 1. 18078 0.78234 

F 

3.498 

t 

-1.53 

-2.27 

-2.07 

-0.60 

2.78 

3.44 

3.31 

1. 51 

• 
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APPENDIX, STATISTICAL ANALYSIS, 10.· 

Multiple regression of log mean windrun, log mean maximum temperature, 
and log total rainfall with log bark, + twig accession per sampling 
interval. 

Regression coefficients 

Y - variate : Log bark + twigs. 

ESTIMATE S.E. t 

Constant' -2. 7778 o •. 9979 -2.78 

Wind run 2.2116· 0.4699 4. 71 

Correlation matrix 

DF = 66 

Mean maximum temperature 1 1.000 

Total rain 2 -0.3266 1.000 
I 

Mean windrun 3 0.3389 0.4259 1.000 

Log bark + twigs 4 0.4388 -0.1493 0.5013 1.000 

1 2 3 4 



A."PE:;JJIX. STATISTICl1L A.'\ALYSIS, l l. 

DECGXPJSITION STL1lIES. Litter bag Experi~ent 1. 

. Analzc;16 of ..,ari.J:tce. 

Source of variation 

lietwi:cn Hites 

Wjthin sites 

SpC>cles 

Times 

Species.Times 

Residual 

Grand total 

N.B.: *** P<0.001 

Table of Cl.bin&: bet'-·een s;iecics. 

I 
;J ""'! ~ '"1.1 :tJ !" 
.:.e~: Fi§ 

f~ ~ "'" ~ t.' -r•.rr, "'"" ~ .... ":JN 
I t~. r, ""' ........ 

I 
S;;e::cics I '.-;• ~~ I 

.. 
I 

~·..; ~ 

" ;l,ji; 
........ :: ,., 

I 
~··"' ti' + 
1; N .... 

I I 
§ 

I I 
j Rank l 2 3 

(b) Sites 1 and 4 at 3, 6, 12 and 18 months, Note that 18 values missing 
at 18 months sampling at Site 4. Missing values estimated • 

Dr SS MS VR 

191. 99 191. 99 11.552 

11 36134.45 3284. 95 197.653 ...... 
3 31617.18 10539.06 634.127 ..... 

33 2346.45 71.10 4.278 ...... 
221 (18) 3672. 97 16.62 

269 73963.04 

~~ """ i~ 
;; ,,.. "t>j :"'!"" P· .. " ... ., 
[~. ..,. " 

~~ ... 5 £" ~ ... .,, {l g. ir!§' "'"' ,5~ fi'~ "'' tl) N 

"' ~ ~ .s· s· n ~ . ..,. 
!)' Si f;'!\ "' .... " .... + 

4 5 6 7 8 9 

I Xean % wt. lc•a 12.26 29.118 29.87ab 31. 3Dt, , 33.0%c · 34.4lcd 36.10::! 42. 72e 42. 92e 

I 

w 
V1 
w 

"! ,. 

I 
g.::!' { ;r " '~ ~ if ..... <; 
<"" ~r [~ ""~ -"' ~ ....... ,,_ 

~i ~"" 
... 

"' " ~ '-' 
ll 

10 11 12 

46.99 49.79 56.85 



Al'PE:;JJIX. STATISTICAL ANALYSIS, 12. 

DF.COli?OSITIO~ STl'DIES. Litter bag Experiment 1. (a) Sites 1 and 4 at 3, 6, and 12 months, with data for 18 months sampling 
excluded due to 18 missing values caused by fire, 

~nalys1s of var1ance. 

Bet·•een si;ecies: L.S.D. (2.275) 

I 
I I 

!)?eCJ.~111 I 

Ran;,. I 
~:E"an % wt. loss 

- I L . 

~ .. ~ -.. . "• ... 
t•.·• 
·~:~· 
t"".':;; 

t. 

9.64 

Sou!ce of variAtion 

Between ,::;ites 

-Within sites 

I 

I 

I 

Species 

Tin;.cs 

Spec:fes.Time~ 

Residual 

Grand total 

N.B.: ••• P<O~OOI 

§ g' . I ,r:; ~ .. 
t:·~. 
'-"' I ,~ .. 

24.19a 

:t>!" 
'- 0 ,, <1" 

.,.J ... 

"'"'· """ ~Ji .... 
'Q>+ ... .... 
§ 

3 

26.08ab 

DF 

p 

2 

22 

179 

215 

N"J 
§ § 
~t~ 

""' '"" fl• 

4 

26.58b 

SS 

I 137 • 76 

26440.73 

13980.84 

933.24 

2136.53 

43629.11 

""" § g. 
;1. fr 
~ ~~ 

~~ .... .... 

5 

27.22bc 

MS 

137. 76 

2403.70 

6990.42 

42.42 

ll ,. 

"'" .. "' 
~ ~-
" '<! 

1>' 
" 

6 

11;94 

29.39cd 

~ ti1 
"ll irn. 
"'" "'~-

·"' 

VR 

11.542 

201.384 ••• 

585. 662 *** 
3.5'54 ••• 

""' ;-',:§ 

§:~ 
""' [ 

8 

30.97d 37.44e 

!" :-> 
"' 0 ""'.,. " . ' ....... 
"'.<:; 

li' !:i 
+ 

9 

37.78e 

0"' <1"!:! 

"'" "·"' .<:; ~ 

- '" fl1~ 
§ 

10 

44.llf 

I 
I 

;; ,,. 
<:. ~ 

" -~I) 
';r., 

~~ 
~ 

II 

44.58f 

_g ::;; I 
~[ 
~ ~ ,. 

1'l 

12 

53.19 

w 
\JI 
,i:.. 
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APPENDIX, STATISTICAL ANALYSIS, 13. 

Comparison of the effects of treatments with insecticide, fungicide, 
and a mixture of insecticide and fungicide upon the decomposition of 
individual leaf species and mixtures of leaf species. 

Analysis of variance. 

Source of variation DF 

Species 3 

Times 2 

Insecticide 1 

Fungicide 1 

Species.Times 6 

Species.Insecticide 3 

Times.Insecticide 2 

Species.Fungicide 3 

Times. Fungicide 2 

Insecticide.Fungicide_ 1 

Species.Times. 
Insecticide. 

Species.Times. 
Fungicide 

Species.Insecticide. 
Fungicide 

Times.Insecticide. 
Fungicide 

Residual 

Grand total 

Note: *** P<0.001 
** P<0.01 
* P(0.05 

6 

6 

3 

2 

244(2) 

285 

SS MS VR 

5584.99 1861. 66 81.575 *** 
28444. 77 14222.38 623.201 *** 

173.49 173 .49 7.602 ** 
5128.85 5128.85 224.738 *** 

976.06 162.68 7.128 *** 
232.06 77. 35 3.390 * 

10 .11 5.05 0.221 NS 

758.88 252. 96 11. 084 *** 
256.50 128-. 25 5.620 ** 

63.88 63.88 2.799 ·Ns 

193.57 32.26 1. 414 NS 

220.42 36.74 1. 610 NS 

89.39 29.80 1.306 NS 

54.53 27.27 1.195 NS 

5568.44 22.82 

47755.94 
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APPENDIX, STATISTICAL ANALYSIS, 14. 

Tables of means: percentage decomposition. 

Species.Times interaction 

Times (months) 3 6 12 MEAN L.s.n. 0• 05 values 

Species 

E. obliqua 22.33 32.06 51.25 35.22 Times 1.380 

E. nitida 23.42 30.58 47 .63 33.88 Species 1.592 

E.o. + P. apetafo 19.85 27 .10 44.94 30.63 Times. 2. 7 58-
species 

E.o. + P. aspleniif olius 17. 08 20.79 33.60 23.83 

MEAN 20.67 27.64 44.35 -

Times.Fungicide interaction 

Fungicide With Without MEAN L.S.D. 0.05 values 
Times ~months) 

3 15.79 25.55 20.67 Fungicide 1.126 

6 22._74 32.53 27. 64 Times 1.380 

12 41. 47 47. 24 44.35 Times.Fungicide 1. 950 

MEAN 26.67 35.11 

Species.Fungicide interaction 

Fungicide With· Without MEAN L.S.D. 
0.05 

values 

Species 

E. obliqua 29.14 41.29 35.22 Fungicide 1.126 

E. nitida 30.60 37.15 33 .88 ' Species 1.592 

E.o. + P. apetala 25.17 36.09 30.63 Species. 2.252 
Fungicide 

E.o. + P. aspleniif olius 21. 77 25.89 23.83 

MEAN 26.67 35.11 
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APPENDIX, STATISTICAL ANALYSIS, 15. 

Species.Insecticiderinteraction 

Insecticide With Without MEAN L.S.D •. 0.05 values 

Species 

E. obliqua 32.97 37. 46 35. 22 Insecticide 1.126 

E. nitida 33.26 34.49 33.88 Species 1.592 

E ._a. + P. apetala 30. 19 31.07 30.63 Species. 2.252 
Insecticide 

E.o. + P. aspleniifolius 24.02 23.64 23.83 

MEAN 30.11 31.66 

Insecticide.Fungicide interaction 

Fungicide With Without MEAN L.S.D. O.OS values 

Insecticide 

With 26.97 36.35 30.11 Fungicide 1.126 

Without 26.36 33.86 31.66 'Insecticide 1.126 

MEAN 26. 67 35.11 Fungicide. .1. 592 
Insecticide 



I APPE'~IX. STATISTICAL A'>,\LYSIS, 16. 

Com?a~iso:i of leaf development &tage at harvest, time of field establishment, and between species 
effects in species mixes, upon decomposition. 

A~alvsis of variance. 

Table of c:ea'"lc; 

Source of v . .iri:ition 

S?ecieH 

r:. ob!i11.a + P. G.•>pZemifohUa/2 vs. 
combined ;;, obZiqw1~ P. c,.apteniifotius 

E. obtiqu'l + P. al.lptimiifotiun/2 vs. 
combined E. obi iqua, P. asplaniifoUus 

Deviations 

I:xpcrirncnts 

'firH?S 

S~~cies.Experiments 

Species.Times 

LAµPrirncnt~.Timcs 

Sp~c1cs.Experiments.Times 

Re&iduJl 

Gra:id total 

Note: n.fi., not significant P>0.05 
**" P<0.001 

Bet~ccn ~2cci~s (L.S.D. 1.212) 

I ~~-,I 
·- ·~· ~... :-~ I I ~ §~ F~ 

(";. ~-

E:t~ 
§~ 
~ ~ - II ~-~ I 

I 
Specie• ·· ,· : 

I 
·-~ .: i 

~~.r: 
~::· I """ ,,. '" A 

... \.5 
;:s•-. 
"' ;i """' ~ ii 

I f ~~ I .. . , 
I I 

R,1ni< I ' 1 ' 

I ''-" I M.:::a:; % Wt. lO&S 

" 

2 3 

22.61 23.83 

... ... 

4 

26.67 

11 

9 

2 

2 

22 

~ 
4 

44 

216 

•323 

:ljr-J 
§~ ..,,... ...... 
"'"" ~.$ ... 
"c;>+ 
N ... 
~ 

5 

28.19 

38176.997 

1.580 

9.330 

38166.087 

380.969 

17633.076 

2828. 698. 

1927.424 

402.480 

1729.131 

1071.500 

64150. 775 

'3 ,,. .. " '""'" ~ ~· 
J! 
i_;' 

" 

6 

30.78 

3470.636 

1.580 

9.330 

4240.676 

190.485 

8816.538 

128. 577 

87.610 

100.745 

39.298 

4.961 

~~ 
<"Hl 
"~ 
~~. .. 

7 

36.41 

:ti!" 
{l g. 
" ... 
lf.~· 
Ii.$ 

+ 

8 

39.50 

699.634 

0.319 

1.881 

854.863 

38,399 

1777.296 

25.919 

17.661 

20.309 

7.922 

...... 
n.s. 

n.s. 

*** ...... 
...... 
...... 
*** ...... 

""' """ Nt> 

"·" .Q N 

$!§ ... 
~ 

9 

42.008 

""' ;;f, 
i:·~ 
~\ .., 

ff 

10 

42.3la 

'3 ,,. 
Cl .. ::) ~ 
g.~ 

"" "" Ii:" 
""" ~ 

11 

46.70 

w 
Vl 
co 

--i 
"'"' 1~ 
~ !; 
~ 

12 

51.52 
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A.0:'E'~r X. STATISTICAL ,\:;ALYSIS, 17. 

Bet~ee~ EYperiments.Tir.leg.Spccics Intcr~cti0n. 

r.Y~f.!ri:r.e:r.ts 1 3 

'i°iI:1C8 3 6 12 3 6 

c:.;;'!C"i e~ 

E. c..blitJWl 33. 81 45.17 54.83 30.00 38.33 

I E. r.:.c·(Ca 27.50 37.50 53.50 62.00 31.00 

!1'. c:..v:r.ir.g:..ar.i i 17.67 24.33 42.33 20.00 22.00 

,~. r:-:,:icr .. 1ttr. 37 .oo 45.67 53.17 43.83 50.83 

P. aapler~ifoliun 6.00 8.83 14.83 11.00 12.50 

P. oet~Za 21. 83 34.50 45.17 27 .17 33.67 

I - . . z ·~ ~U?r".,1pr.i::: ~t-a 16.00 23.67 36.17 18.33 22.50 

j ..:. -:eZ<:r.o:::-:1km 18. l 7 29.33 46.67 20.83 26.50 

P. ~::~.;ui 46.17 52.67 61. 83 43.33 51.17 

B. i--::.r:;ina!.'2 17.50 23.17 36.00 14.50 20.33 

E. Q~!i1u::z + P. a;;etaZa 26.83 36.00 52.00 28.50 39.33 

, .=:. (l:,.~iqw.z + P. ~G.:Jplenii.ji?l-:.u..1 17.00 24.17 35.33 23.17 28.17 

I v- ... -1 23.79 32.08 44.32 28.56 31.36 
1 

•• ;.r •. • .L wes 
' 

I XL\:; Er;>l!r 1:ncr.ts 33.40 35.04 

4 

12 3 6 12 

56.33 31.00 38.17 50.33 

70.67 26.17 28.00 44.50 

37.67 17.50 21. 67 36.83 

55.33 34.67 42.17 57.67 

16.83 11.50 15.17 19.00 

48.83 30.17 38.50 47.83 

33.00 14.50 21.33 29.00 

39.67 24.00 29.50 42.33 

61.00 42.17 49.17 56.17 

31.67 15.17 17.33 27.83 

53.33 33.33 39.50 46.67 

38.00 24.17 28.00 35.67 

45.19 25.36 30.71 41.15 

32.41 

MEAN 

Species 

42.00 Between species means 

42.31 Between experiments t'le;1.ns 

26.67 Between times means 

46. 70 Between 

12.85 species.experiments means 

36.41 Between 

23.83 species.times means 

30.78 Between 

51.52 experiments.times means 

22.61 Between 

39.50 experiments.times.species 
means 

28.19 

L.S.i>. 

0.05 

1.212 

0.606 

O.b06 

2.100 

2.100 

1.050 

3.938 

-

I 

1 

I 
I 

w 
l.J1 
l.O 
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APPENDIX. S'fA'fl~TICAL A!lAJ.YSIS. 18. 

Comparison of the decomposition of E. obliqua leav<'q of differing development. 

Annl:i:sis of vari~nce. 

Source of var11tion DF SS MS VR 

Species 2 1498.47 749.23 71.1124 *** 
Times 2 2267.34 1133.67 I 08.CJ71 *** 
Species. Times 4 331. 77 82.94 7.907 *** 
Residual 35(1) 367.15 10.49 

Grand total 43 4464.73 

Note: *** P<0.001 

Tables of means: Species.times interaction. 

Times 3 6 12 
L.s.na.os 

Species Mean 

E. obZiq= August 80 33.40 42.00 57.80 44.40 Between Times means 2.366 
I 

E. obZiq= February 81 27.80 37.25 46.40 37 .15 Between Speci?s means 2.366 

E. obZiq= February 81 fall 25.80 30.20 34.80 30.27 Between Speci\?s.Times means 4.096 

MEAN 29.00 36.48 46.33 

Note: E. obZiqua Ausust 80 = leaves plucked in August. 

E. obZiaua February 81 =leaves plucked in February 81. 

E. obZiqua February 81 fall = le&v~s naturally shed in February 81. 



-
Acccssh1n, Site 1 

Samrling -
A c date 

(g) (g) 

22.11.79 24.7 23.6 

2.1. 80 64.9 58.4 

13.2.80 98.4 88.3 

26.3.80 133.3 122. 7 

7.5.80 
' 

40.4 41.5 

18.6.80 36.0 24.5 

30. 7 .80 17.9 21. 7 

10.9.80 65.4 48.7 

22.10.80 135.2 144.6 

3.12.80 28.6 26.6 

14.1.81 61. 2 49.6 

25.2.81 105.8 108.8 

8.4.81 58. l 58.2 

20.5.81 45.8 40.0 

l.7.81 18.5 26.l 

12.8.81 10.1 12.7 

Regression of A+c versus Bins. 

Site 3: 

Ye= 0.012 + 0.89. X 

r ~ 0.952 

Site 4: 

Ye = 0.027 i 0.534. X 

r c O 872 

A+<: A+<: 
(g) t.ha-1 

48.3 o.~66 

123.3 0.631 

186.7 1.032 

256.0 1.414 

81.9 0.452 

60.5 0.334 

- 39.6 0.219 

114.l 0.630 

279.B 1.546 

55.2 0.305 

110.8 0.612 
-

214.6 1.186 

116.3 0.643 

85.9 0.475 

44.6 . 0.246 

22.8 0.126 

361 

At::ccRc:;ion, Site 4 -
Blns ,\ c A+<: A+<: Traps 

t.hJ-1 (g) (g) <cl t. ha-1 t. ha-I 

0.242 23.6 26.4 50.0 0.276 0.117 

1.012 40.6 39.4 80.0 0.442 0.310 

0.951 46.0 44.7 90. 7 0.501 0.401 

1.227 45.2 42.8 88.0 0.486 0.401 

0.394 30.6 30. l 60.7 0.335 0.191 

0.300 19.5 19.0 38.5 0.213 0.115 

0.166 10.J 13.6 23.9 0.132 0.063 

0.399 15.7 25.2 42.9 0.237 0.118 

1.261 54.3 49,3 103.6 0.572 0.298 

. 0.259 27.0 23.0 so.a 0.276 0.161 

0.624 41.4 34.0 75.4 0.417 0.302 

1.144 87.4 72.4 159.8 0.883 0.421 

0.615 60.l 47.9 108.0 0.597 0.304 

0.382 23.8 22.l 45.9 0.253 0.169 

0.142 

0.111 



APPENDIX. STATISTICAL ANALYSIS, TABLE 20. 

_, 

Site Regression Data Regression equation 
Ye = a+ b.,x 

A vs. C Wg Ae = 2.56 + (0.944)C 

3 Wo Ae = 0.70 + (0.99l)C 
I 

B vs. D Wg Be = 25.6 + (O. 904)D 

Wo Be = -1.31 + (0.988)D 

A vs. C , Wg Ae = -3.15 + (l.31)C 

4 Wo Ae = -1.53 + (l.29)C 

B vs. D Wg Be = 3. 89 + (O~ 909)D 

Wo Be = 1. 52 + (0. 915)D 

Correlation 
coefficient, -

r 

0.970 

0.979 

o. 977 

o. 952 

0.904 

0.973 

0.983 

0.964 
\ 

Standard error 
of estimate ,., 

se 

1.3 

14.9 

0.91 

7.9 

-
L.V 
CJ'> 
N 


