
CHAPTER SIX

Management determinants of ground-storey composition

Cattle grazing in an open woodland north-east of Armidale
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6.1 INTRODUCTION

A number of factors control the botanical composition of grasslands. Grazing, fertiliser and

cultivation (i.e. the agricultural disturbance regime) are all important features in

determining pasture composition (Kent and Coker 1992).

Agricultural management, in particular grazing, is a most influential land use on Australia's

vegetation. Grazing affects approximately 70% of the continent, and has sometimes

resulted in changed species composition and reduced groundcover (Australian State of the

Environment Committee 2001). These changes result from a combination of factors

including land clearing, nutrient addition, grazing, browsing and trampling by stock, and

are further compounded by the introduction of exotic plants and animals and changes in

burning regimes.

The study of vegetation management in agricultural landscapes is important for at least two

reasons. Firstly, landowners manage the majority of the Australian continent and therefore

they are the managers of most of the associated vegetation. Secondly, the development of

agriculture and ongoing agricultural production are thought to have influenced the

extinction of 55 plant species, endangered 172 species and threatened an additional 110

plant species (Leigh et al. 1984).

This chapter aims to determine how agricultural management (grazing, fertiliser and

cultivation) affects the composition of ground-storey vegetation in grazing production

systems on the Northern Tablelands ofNSW. The effects of management on species

composition were tested by:

1. identifYing which aspects of management (grazing, fertiliser or cultivation) affect

ground-storey composition on the Northern Tablelands, NSW;

2. investigating which species are significantly affected by grazing, fertiliser and

cultivation and the interactions between them; and

3. identifYing other management factors (e.g. land tenure/use and structural formation

of vegetation) that significantly influence species composition.
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6.2 METHODS

6.2.1 Sampling methods

The sampling methods for the regional survey of ground-storey vegetation on the Northern

Tablelands ofNSW were discussed in full in Chapter 4; Table 4.2 has a complete list of all

variables included in the analysis.

6.2.2 Data analysis

Multivariate ordination analysis was used to identify the relationship between the species

composition of vegetation and management (this chapter) (Figure 6.1) and environmental

variables (Chapter 7), determine the variables which were statistically important in

explaining the species data in a non-discriminatory way, and explain the species

composition patterns (Leps and Smilauer 2003). The data set is defined as the matrix of the

incidence (presence-absence) of 321 species x 373 sites, with 69 management (Figure 6.2)

and 103 environmental variables (including dummy variables in each case) (Figure 7.1).

Incidence data was used for analysis rather than cover data as the chapter aims to

investigate the diversity of species rather than patterns of the dominant species in the

ground-storey vegetation.

Univariate methods, which involve only one dependent variable, such as regression

analysis or generalised linear models, are not suitable for exploring the relationship

between species composition and management or environmental variables, as data for each

species must be analysed separately.

In contrast, multivariate techniques allow a single analysis of the relationships between two

sets of variables, rather than a series of analyses (Tabachnick and Fide1l2001). Multivariate

analysis also provides techniques for the study of variables that contain intercorrelations

(ter Braak 1986). As this and the next chapter aim to investigate the relationship between

species composition and management and environmental variables, respectively,

multivariate ordination analysis was selected as the most appropriate method of analysis.
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Unconstraine d 0 r dination
Detrended Correspondence Analysis

(DCA)

Aim: To determine ordination method
and inv estigate manage m ent and
enviro nme ntal re latio n ships with

fl ori sti c vari ati 0 n

Constrailled 0 r dination
Canonical Corre spondence Analysis

(CCA)

Aim: To detect patterns in relations
between specie s and management

variables

Automatic f0 rwar d selection 1

Ailn: To reduce the size ofthe data set

Automatic f0 rward selection 2

Aim: To rank the importance of each
environmental variable

Determining species re active to
manageInent

using management vectors

Aim: To d etermin e the ranking 0 f
species with respe ct to each

manage me nt vari ab Ie

Contingency 0 f managelnent on
species incidence using chi-square and

Fisher's exact test

Aim: To determine the influence of
each management variable on species

incidence

Figure 6.1 Flow diagram of the multivariate and univariate statistical approaches used in
analysis of the species incidence data set in this chapter.
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IJ
Management Variables

\}
Main stratification: Main stratification: Main stratification:

• Not grazed • Not fertilised • Not cultivated

• Episodic • Low levels of fertiliser • Cultivated 10-20 ya

• Planned rest • High levels of fertiliser • Cultivated 2: 20 ya

• Continuous

Grazing

Other variables:
• Paddock size
• Stocking rate
• Number of rests from

grazmg per year
• Number of months grazed

per year
• Type of stock grazed:

sheep, cattle, both sheep
and cattle

Fertiliser

Other variables:
• Time since fertiliser

application
• Seed added to fertiliser
• Species added to fertiliser:

rye grass, clover
• Type of fertiliser applied:

no type, single
superphosphate, other type
of fertiliser

• Weight of fertil iser applied
• Fertiliser frequency: never

applied, every year, every
second year, once off
application, twice yearly
applications.

• Number of years fertiliser
applied

Cultivation

Other variables:
• Time since cultivation
• Number of times

cultivated
• Cultivation frequency: not

cultivated, every year,
once, twice, sporadically,

. .
vanous regimes

• Species sown: lucerne,
potatoes, clover, rye grass,
vetch, pasture mix, fescue,
corn, wheat, barley, oats,
serradella, phalaris and
cocksfoot

Other Variables

Land tenure/use:
• Public
• Production
• Private remnant

Structural formation of
vegetation:

• Grassland
• Open woodland
• Woodland

Kangaroo grazing:

• nil
• light or intermittent
• moderate
• heavy
• severe

Rabbit grazing:

• nil
• light or intermittent
• moderate
• heavy
• severe

Figure 6.2 Management variables used in the analysis of the ground-storey composition data, Northern Tablelands, NSW. These variables
are defined in Section 4.2.3.
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Unconstrained Ordination - Detrended Correspondence Analysis

The use of the unconstrained ordination method, Detrended Canonical Analysis (DCA),

was described in Section 3.2.4. The unconstrained DCA of the 321 species x 373 site

matrix of species incidence data resulted in a gradient length of 4.019, demonstrating a

strong unimodal response. Canonical Correspondence Analysis (CCA) was selected as the

appropriate constrained ordination method as the gradient length> 4 SD and the data

contained many zeros (ter Braak and Smilauer 2002).

Constrained Ordination - Canonical Correspondence Analysis

The use of the constrained ordination method, CCA, was described in Section 3.2.4. All

management and environmental variables were included in the initial analysis, despite

variables being correlated (Section 4.3.4 - Relationships between management and

environmental variables). The existence of intercorrelated variables does not present an

obstacle for CCA analysis, but may be an obstacle for interpretation. Palmer (2001) states

"the purpose of ordination is to simplify the interpretation of a complex data set. However

this purpose is defeated if there are a very large number of variables."

Reducing the number of variables

Reduction in the number of variables may be undertaken in one of four ways as specified

by Palmer (2001). These include:

• Selection by external criteria;

• Examination of the correlation structure;

• Interpretability; and

• Stepwise analysis.

Step wise analysis was chosen over the other three methods to reduce the number of

variables as a non-discriminatory approach to inclusion of variables was favoured to avoid

removing important management and environmental variables from the analysis

indiscriminately.
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Step wise analysis

Step wise analysis through automatic forward selection was used firstly to reduce the size

of the data set (ter Braak and Smilauer 2002), and secondly, to determine the rank of each

management and environmental (discussed in Chapter 7) variable and its relative

importance in relation to the species data.

Palmer (2001) described forward selection as a process where explanatory variables are

added one at a time, until no other variables 'significantly' explain residual variation in

species composition. ter Braak and Smilauer (2002) state that in forward selection the best

variables are selected sequentially on the basis of maximum extra fit. The statistical

significance of each variable was tested during forward selection using a Monte Carlo

permutation test, through randomly permutating (shuffling) the samples and comparing the

generated test statistics with the test statistic generated from the null hypothesis. The large

numbers of management and environmental variables increase the risk of errors. The type I

error probability is estimated to be 0.001, the lowest achievable when 999 permutations are

selected (Leps and Smilauer 2003). To reduce the chance of type II errors, a full-model

method (an option in forward selection) was used to calculate which management and

environmental variables were significant (ter Braak and Smilauer 2002). If groups of

variables are closely correlated, then only a limited number of variables are selected.

Therefore care needs to be taken when interpre~ing identified effects as to real casual

relationships. Leps and Smilauer (2003) state that this is a general problem of all

observational studies with many correlated predictors. Palmer (2001) presents one other

problem with the inclusion of many variables: the arch effect may appear if the numbers of

variables approaches the number of samples, which did not occur in this study.

Variables with a significance of greater than 5% were deemed to not significantly

contribute to the model and were removed, with some important exceptions (ter Braak and

Smilauer 2002). The exceptions were a small number of 'dummy variables' that were not

independent of one another (i.e. states of the same variable) and were therefore retained in

the analysis (Palmer 2001). A unique problem that dummy variables create in forward

selection analysis is that for every categorical variable with K categories, only K-l

variables can be included in the analysis. CANOCO removes the superfluous dummy

variables automatically which does not result in any loss of information but must be taken

into account when interpreting the results. Output can generally be easily interpreted when

153



all resulting (K-1) variables are significant as the superfluous variable is also assumed to be

significant. Problems in interpretation arise when there is a combination of non-significant

and significant variables in the output. Due to the large number of management and

environmental variables, management (this chapter) and environmental variables (Chapter

7) are discussed separately. Tables of results in Chapters 6 and 7 are presented in the

following order: stratification variables first sorted by significance, followed by grouped

variables sorted by significance and finally other variables sorted by significance.

Interpreting Canonical Correspondence Analysis Axes

Canonical axes can be interpreted using canonical coefficients and intra-set correlations (ter

Braak 1995). Through examination of the signs and magnitude of the canonical coefficients

and intra-set correlations, the relative importance of each variable for prediction of species

composition can be inferred (ter Braak 1995). However, if there is correlation amongst the

management data, the canonical coefficients must be treated with caution. Intra-set

correlations do not suffer from these problems and can be used to interpret the importance

of each variable in determining species composition.

Management vectors are a management axis on the ordination diagram and species points

are subtended perpendicularly onto this axis (Leps and Smilauer 2003), the order of the

projected points corresponding to the ranking of the weighted averages of the species in

relation to the variable (ter Braak 1995). Species with frequencies of < 2% were deleted

from the matrix prior to analysis. Interpretation of the influence of management variables

on very infrequent species must be conducted with caution as putative relationships are

likely to be due to chance.

Partitioning variance

Variance partitioning was used to quantify the effects and the overlap of management and

environmental variables. In variance partitioning, the residual variability consists of the

variability not explained by the ordination model area and is marked as unexplained in

Figure 6.3; the effects of the management variables are marked as management, and the

effects of the environmental variables area marked as environment. The area marked as ME
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(management and environmental) represents the effect shared by both management and

environmental variables. Partial constrained analysis is used to estimate the fractions of

management, environmental, and management and environmental.

In determination of the management fraction, management variables are used as

independent variables and environmental variables are covariables and the reverse is done

for determination of the environmental fraction. The size of the overlap, management and

environmental, is determined by subtracting the sum of the management fraction and

environmental fraction from the amount of variability explained by an ordination model

with the management and environmental variables as explanatory variables.

Figure 6.3 Partitioning variance into the contributions of management and environmental
independent variables (management, environmental and the shared portion management and
environmental; ME) and residual variance (unexplained) (Leps and Smilauer 2003).

Evaluation of management impacts on species composition

Interpretation of the influence of anyone management variable on species composition

must be carefully considered, as its influence can be confounded with other management

variables. If a paddock has been sown to pasture, then fertiliser such as superphosphate is

also invariably added. This is generally associated with a subsequent increase in stocking

rate to recover the cost of pasture improvement. Therefore, interpretation of the influence of

one management variable on species composition must be considered in light of other

management variables. Various authors (e.g. McIntYre and Lavorel 1994a; Clarke 2003)

have concluded that lithology is influential in determining ground-storey species
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composition on the Northern Tablelands, so lithology was taken into account when

explaining species composition. Table 4.1 shows the resulting stratification of sites in

relation to the main management variables of interest as well as lithology. Site selection

was constrained so as to form subsets of sufficient sites to compare the effect of one

management variable on ground-storey vegetation on a given lithology, while holding the

other management variables constant. Many potential combinations of management

variable levels, in theory, could not be found in the region (e.g. ungrazed, fertilised

pastures).

The Pearson chi-square test was used to test for independence between the categorical

variables (Table 5.3), grazing, cultivation and fertiliser management, and the incidence of

individual species, using the software package SYSTAT (Wilkinson et al. 1992). The chi

square test assumes cells have a minimum expected count of 1.0 and no more than 20% of

values less than 5. Fisher's exact test was used to test for independence in 2 x 2 tables,

when the sample size was less than 50. Fisher's exact test is preferable over the chi-square

test especially when frequencies are small (Zar 1999). Fisher's exact test counts all possible

outcomes exactly, including outcomes that may produce an interaction larger than

observed. Type-1 errors (i.e. the false rejection of the null hypothesis) associated with

multiple comparisons were controlled for using a Bonferroni adjustment (Winer et al.

1991).

6.3 RESULTS

Unconstrained ordination using DCA indicated that CCA was the most appropriate

ordination method (Section 6.2.2). Forward selection of variables was used to reduce the

data set, which included 147 management and environmental variables (excluding dummy

variables). Some variables were excluded as they were non-significant at the 5% level, with

the exception of seven 'dummy variables' (Appendix 6.1). Care was taken when

interpreting the identified effects as real casual relationships.

The final CCA described 37.50/0 of the variance, with an overall variance (inertia) of 13.3.

The eigenvalues in the analysis for the first two axes were 0.29 and 0.23, which were

relatively small (Table 6.1). The intraset correlations indicated that axis 1 separated sites on
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land use tenure (production, -0.71) and axis 2 separated sites on soil fertility (nitrogen,

0.81) (Appendix 6.2).

Table 6.1 Response of species to management and environmental variables from the reduced
model in CCA.

Eigenvalues

6.3.1 Partitioning variance

Axis 1
0.292

Axis 2
0.231

Axis 3
0.196

Axis 4
0.170

Management and environmental variables explained 37.5% of the total variation in the

reduced data set of ground-storey species composition, leaving 62.5% unexplained

(Figure 6.4). Environmental variables accounted for the largest proportion of the explained

variation in the data. The overlap between environmental and management variables

accounted for only 4.4% of the total variation or 11.7% of the total explained variation.

The total variation explained by the measured management and environmental variables in

the partitioned variance (based on CCA analysis) was 37.5%, the same as that explained by

the unconstrained DCA analysis. Therefore the measured management and environmental

variables account for the main variation in species composition.

~
10.4%

EnvuonnEtt
22.-:;'0./0

Figure 6.4 Percentages of partitioned variation for the reduced data set of ground-storey
vegetation. Abbreviation: management environment overlap, ME. Values are percentages of
total variation in the data.
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Management variables (Section 4.2.3) accounted for 39% of the explained variance of the

reduced data set. Forward selection showed that the stratified management variables were

significant in explaining species composition at the 5°;/0 level of significance. Due to the

large number, management variables are discussed under the three main categories of

interest, grazing, fertiliser and cultivation, followed by other management variables.

6.3.2 Grazing

Grazing variables accounted for 22% of the variance explained by management (Figure

6.5), or approximately 9% of the total explained variance. Different types of grazing

management (no grazing, episodic and planned rest) were significant in explaining the

species data (Table 6.2). The fourth grazing variable, continuous grazing, was not included

in the forward selection results as the variable was superfluous. It is assumed that this

variable is significant as all other 'dummy' states of the grazing variable were significant.

Other significant grazing variables included the class of livestock (sheep, cattle or sheep

and cattle), paddock size and period grazed per year. Stocking rate was the only non

significant grazing variable (p = 0.082) and was removed after the first forward selection

analysis.

rabbit grazing
10%

kanagroo grazing
12%

landuse/tenure
12%

vegetation structure
8%

grazing
22%

cultivation
11%

Figure 6.5 Variance due to management from CCA of the reduced data set, apportioned
among management variables.
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Table 6.2 All forward selection results for the grazing variables in the CCA. Non-significant
(p > 0.05) variables removed after the first forward selection analysis, indicated by
superscript, z.

Grazing management variable
Grazing stratification: not grazed
Grazing stratification: episodic grazing
Grazing stratification: planned rest grazing
Type of stock: cattle
Type of stock: sheep
Type of stock: both sheep and cattle
Number of rests from grazing
Period grazed per year
Paddock size
Stocking rate

F
1.83
1.51
1.58
1.62
1.28
1.48
1.80
1.46
1.43
1.42

P
0.002
0.048
0.002
0.002
0.008
0.018
0.002
0.002
0.012
0.082z

The site ordination clustered the majority of sites in the centre lower left of the ordination

reflecting the 860/0 of sites located in commercially grazed paddocks (Figure 6.6).

:.
" caitie

'A:' .

numberof rests from grazing per year

N
I

-3

,

3

Figure 6.6 CCA ordination biplot illustrating significant grazing variables. Sites, *; nominal
environmental variables, A; continuous or scaler environmental variables represented by
vectors.
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Sixteen species were significantly affected by grazing management (not grazed, episodic

grazing, planned rest grazing and continuously grazed) on granitic lithology at sites with no

history of cultivation or fertiliser application (Table 6.3). Species including the herbs,

Asperula conferta, Dianella longifolia var. longifolia and the grasses, Sorghum leiocladum,

Themeda australis and Joycea pallida, were found at higher frequencies at ungrazed and

episodically grazed sites compared to sites with a planned rest or continuous grazing

regime. The grasses, Bothriochloa macra and Setaria gracilis, and the herb, Oxalis exilis,

were found at higher frequencies in continuously grazed sites. The grasses, Setaria pumila

and Sporobolus creber, occurred at higher frequencies at sites with a planned rest grazing

regime. The grazing sensitive herb Hydrocotyle peduncularis occurred at ungrazed sites.

Table 6.3 Frequency of occurrence (%) of reactive plant species under different grazing
management regimes on sites (n = 49) of granite lithology with no history of fertiliser or
cultivation. Only significant species presented from Pearson chi-squared tests (df = 3).

Grazing management

Species Not grazed Episodic
Planned

Continuous
(n= 9) (n= 8)

rest
(n = 20) P

(n = 12)

Asperula conferta 22 63 17 10 0.025
Austrodanthonia racemosa var.
racemosa 11 63 0 30 0.010
Bothriochloa macra 11 13 58 65 0.009
Dianella longifolia var. longifolia 22 25 0 0 0.041

*Festuca pratensis 55 0 0 0 0.000

Gonocarpus tetragynus 22 50 0 0 0.001

Hydrocotyle peduncularis 33 0 0 0 0.003

Oxalis exilis 33 25 50 75 0.049

*Petrorhagia nanteuilii 0 38 0 0 0.001

Scleranthus biflorus 44 38 0 15 0.044

*Setaria gracilis 0 0 25 55 0.003

*Setaria pumila 0 0 50 10 0.003

Sorghum leiocladum 33 75 25 15 0.019

Sporobolus creber 44 50 100 80 0.012

Themeda australis 56 75 25 10 0.003

Veronica calycina 0 38 0 0 0.001
* Exotic species

Six species were significantly influenced by grazing regime on basaltic soils at sites with no

history of fertiliser or cultivation (Table 6.4). The exotic species, Bromus racemosus and

Vulpia species, were only located in ungrazed or infrequently grazed sites.
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Table 6.4 Frequency of occurrence (%) of reactive plant species under different grazing
management regimes on sites (n = 34) of basalt lithology with no history of fertiliser or
cultivation. Only significant species presented from Pearson chi-squared tests (df = 2).

Species

Bothriochloa macra
*Bromus racemosus
Desmodium varians

Fimbristylis dichotoma

Sporobolus creber
*Vulpia bromoides / muralis / myuros
* Exotic species

Grazing management
Not grazed Episodic Continuous

(n = 18) (n = 8) (n = 8)

39 100 75

17 50 0

17 0 63

6 75 25

33 88 38

6 63 0

p

0.009

0.039

0.008

0.001

0.032

0.001

On metasedimentary sites lacking a history of fertiliser use or cultivation, the common

perennial grass, Sporobolus creber, occurred with higher frequency in continuously and

episodically grazed sites than ungrazed sites (Table 6.5).

On basalt sites with a history of low fertiliser application and no cultivation, Plantago

lanceolata and Cirsium vulgare occurred more frequently under continuous grazing than

planned rest (Table 6.6). Festuca pratensis and two native grasses, Elymus scaber and

Panicum effusum, occurred at significantly higher frequencies under planned rest than

continuous grazing. The native grass, Austrodanthonia bipartita, was surveyed exclusively

at continuously grazed sites, as were the native herbs, Oxalis exilis, Vittadinia cuneata var.

cuneata and Epilobium billardierianum subsp. hydrophilum, and the exotics, Medicago

laciniata and Plantago lanceolata.

Table 6.5 Frequency of occurrence (%) of reactive plant species under different grazing
management regimes on sites (n = 33) of metasediment lithology with no history of fertiliser or
cultivation. Only significant species presented from Pearson chi-squared tests (df = 2).

Grazing management

Species

Not
Episodic Continuous

grazed
(n = 17) (n = 8) (n = 8) p

Sporobolus creber 24 63 75 0.029
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Table 6.6 Frequency of occurrence (%) of reactive plant species under different grazing
management regimes on sites (n = 19) of basalt lithology with a history of low fertiliser
application and no cultivation. Only significant species presented from Fisher's exact test (df
= 1).

Species

Acaena agnipila /ovina
Austrodanthonia bipartita
*Cirsium vulgare
Elymus scaber var. scaber
Epilobium billardierianum subsp. hydrophilum
*Festuca pratensis
*Medicago laciniata
Oxalis exilis
Panicum effusum
*Plantago lanceolata
*Taraxacum officinale
Vittadinia cuneata var. cuneata
* Exotic species

Grazing management

Planned rest Continuous
(n = 7) (n = 12)

29 83
o 75

43 100
86 25

o 58
71 0
o 92
o 75

71 8
o 100
14 75
o 58

p

0.045
0.003
0.009
0.020

0.017
0.002

<0.001
0.003
0.010

<0.001
0.020
0.017

On granite sites with a history of low fertiliser use and no cultivation, the grass, Eragrostis

leptostachya, was absent from sites with a planned rest grazing regime, as was the pin rush,

Juncus filicaulis. Trifolium repens, the common exotic legume often added with fertiliser,

was found at significantly higher frequencies at continuously grazed than planned rest sites

(Table 6.7).

Table 6.7 Frequency of occurrence (%) of the plant species under different grazing
management regimes on sites (n = 17) of granite lithology with a history of low fertiliser
application and no cultivation. Only significant species presented from Fisher's exact test (df
= 1).

Species

Eragrostis leptostachya
Fimbristylis dichotoma
funcus filicaulis
*Trifolium repens
* Exotic species

Grazing management
Planned rest Continuous

(n = 8) (n = 9)
o 71
38 67
o 71
13 71

p

<0.001
0.050

<0.001
<0.001

Five species were found to be significantly affected by grazing management in basalt sites

with a high level of fertiliser application and cultivation 10-20 years ago (Table 6.8). The

two exotic annual pasture grasses, Bromus racemosus and Vulpia species, were

significantly more frequent under continuous grazing than planned rest, whereas Paspalum
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dilatatum, Carex inversa and Eragrostis trachycarpa were more frequent at planned rest

sites.

No species were found to prefer planned rest or continuous grazing on granite lithology

with a high level of fertiliser application and cultivation 10-20 years ago (n = 22).

Table 6.8 Frequency of occurrence (%) of reactive plant species under different grazing
management regimes on sites (n = 27) of basalt lithology with a history of high fertiliser
application and cultivation 10-20 years ago. Only significant species presented from Fisher's
exact test (df = 1).

Grazing management

Species

*Bromus racemosus
Carex inversa
Eragrostis trachycarpa
*Paspalum dilatatum
*Vulpia bromoides / muralis / myuros
* Exotic species

Planned rest Continuous
(n = 11) (n = 16)

55 94
64 13
64 13
73 19
18 81

p

0.027
0.011
0.011
0.015
0.002

On basalt sites with a history of high fertiliser use and cultivation> 20 years ago, Bromus

racemosus occurred at all II continuously grazed sites, whereas Paspalum dilatatum

occurred at all II planned rest sites (Table 6.9). Phalaris aquatica was only found under

planned rest grazing, whereas Asperula conferta, Dichondra repens and Elymus scaber var.

scaber were found at significantly higher frequency under continuous grazing.

Table 6.9 Frequency of occurrence (0/0) of reactive plant species under different grazing
management regimes on sites (n = 19) of basalt lithology with a history of high fertiliser
application and cultivation> 20 years ago. Only significant species presented from Fisher's
exact test (df = 1).

Species

Asperula conferta
*Bromus racemosus
Dichondra repens
Elymus scaber var. scaber
*Paspalum dilatatum
*Phalaris aquatica
* Exotic species

Grazing management
Planned rest Continuous

(n= 11) (n= 11)

9 63
9 100
9 63
9 88

100 25
45 0

p

0.041
<0.001
0.041
0.001
0.001
0.045
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On granite lithology with high fertiliser history and cultivation> 20 years ago, Juncus

filicaulis and J. usitatus responded differently to grazing management (Table 6.10).

J. usitatus was only present at planned rest sites whereas J. filicaulis was more frequent at

continuously grazed sites. Plantago lanceolata, an exotic perennial herb common in

nutrient rich areas, was absent from continuously grazed areas.

Table 6.10 Frequency of occurrence (%) of reactive plant species under different grazing
management regimes on sites (n = 24) of granite lithology with a history of high fertiliser
application and cultivation> 20 years ago. Only significant species presented from Fisher's
exact test (df = 1).

Species

Juncus filicaulis
Juncus usitatus
*Plantago lanceolata
* Exotic species

6.3.3 Fertiliser

Grazing management
Planned rest Continuous

(n= 12) (n= 12)

8 58
42 0
67 0

p

0.027
0.037
0.001

Fertiliser variables accounted for 25% of the explained management variance (Figure 6.5)

and 9% of the total explained variance. The two fertiliser stratification levels (no fertiliser

and high fertiliser application) were significant in the forward selection analysis (Table

6.11). The third fertiliser level, low fertiliser application, was not included in the forward

selection results due to coding. The type of fertiliser level, 'no type of fertiliser applied,'

was identical to no fertiliser but was included as a dummy variable because the other levels

of fertiliser type were included and were significant, as was the variable time since fertiliser

application. The addition of rye grass seed to fertiliser was found to significantly influence

species composition, although rye grass seed was only added to fertiliser on four sites and

therefore should be disregarded (Figure 6.7). The forward selection analysis demonstrated

that seed added in fertiliser and the addition of white clover seed did not significantly

influence species composition, but seed was spread at relatively few sites.

Many fertiliser variables did not significantly influence species composition (Table 6.11);

this is most likely due to their high correlation with other fertiliser variables. Non

significant variables included the weight of fertiliser applied at each application, the
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number of years for which fertiliser had been applied, the type of fertiliser (single

superphosphate or other fertiliser), and the frequency of fertiliser application (never

applied, applied once, applied every second year, applied every year, applied twice yearly).

On granite lithology under planned rest grazing and with no history of cultivation,

Microlaena stipoides, Bromus racemosus and Trifolium repens increased in frequency with

increasing amounts of fertiliser (Table 6.12). T repens was only found at sites with a

history of fertiliser, as was Eragrostis brownii. Conversely, Juncus usitatus and Setaria

pumila were found only in areas with no history of fertiliser. Cheilanthes sieberi subsp.

sieberi declined with increasing fertiliser and was absent from sites with a high fertiliser

history. More than half the species were most frequent in sites with low amounts of applied

fertiliser.

Table 6.11 All forward selection results for the fertiliser variables in the CCA. Non-significant
(p > 0.05) variables removed after the first forward selection analysis are indicated by the
superscript, z.

Fertiliser management variable
Fertiliser stratification: high fertiliser
Fertiliser stratification: not fertilised
Fertiliser frequency: every year
Fertiliser frequency: applied every second year
Fertiliser frequency: never applied
Fertiliser frequency: applied only once
Fertiliser frequency: applied twice yearly
Seed added: rye grass
Seed added: white clover seed
Seed added with fertiliser
Type of fertiliser: no type of fertiliser applied
Type of fertiliser: single super
Type of fertiliser: other type of fertiliser
Time since fertiliser application
Length of time fertiliser applied
Weight of fertiliser applied (per application)

F
2.52
1.73
1.16
1.15
1.39
1.10
0.66
2.66
0.92
0.90
1.40
1.06
0.80
1.44
1.06
0.62

p
0.002
0.002
0.090
0.098z

0.116z

0.178z

0.9782

0.002
0.704
0.748z

0.040
0.308 2

0.924
0.002
0.3322

1.0002
.

On granite soils under continuous grazing with no history of cultivation, Bromus

racemosus, Trifolium repens and many other species were more frequent with increasing

fertiliser (Table 6.13). Several species including Fimbristylis dichotoma, Eragrostis spp.

and Cirsium vulgare were less frequent at high fertiliser levels. Cheilanthes sieberi subsp.

sieberi was only present at sites with no history of fertiliser, and Juncus filicaulis only

occurred in fertilised sites.
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Comparisons of species occurrences on different lithology under continuous grazing with

no cultivation (Tables 6.14-6.15) showed how the interaction of lithology and fertiliser

affected certain species. For example, Bothriochloa macra on granite and basalt increased

in frequency with low levels of fertiliser, but on basalt it declined at high levels. Many

species responses were dependent on lithology and there were few consistent trends on

different lithologies. Trifolium repens was found on all three lithologies and increased in

frequency on granite and basalt with low levels of fertiliser, but was absent at sites with this

fertiliser regime on metasediments. Vulpia spp. were not responsive on granite, only

occurred at highly fertilised sites on basalt, but were found at unfertilised as well as highly

fertilised sites on metasediment.
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Figure 6.7 CCA ordination biplot illustrating the significant fertiliser variables. Sites, lP;
nominal environmental variables, ... ; continuous or scaler environmental variables
represented by vectors.

3

166



Table 6.12 Frequency of occurrence (%) of reactive plant species under different fertiliser
management regimes on sites (n = 33) of granite lithology with planned rest grazing and no
history of cultivation. Only significant species presented from Pearson chi-squared test (df =
2).

Fertiliser management
Species Never Low High P

(n = 12) (n = 8) (n = 13)

Aristida vegans 0 50 0 0.001

*Bromus racemosus 17 13 62 0.021

Cheilanthes sieberi subsp. sieberi 50 38 0 0.015

Eragrostis brownii 0 50 8 0.006

Eragrostis leptostachya 33 a 54 0.040

*Hypochaeris glabra / radicata 100 63 100 0.006

Juncus usitatus 50 a 0 0.002

Microlaena stipoides 17 38 69 0.028

Panicum effusum 25 63 8 0.023

*Setaria pumila 50 a 0 0.002

*Trifolium repens 0 13 77 <0.001
* Exotic species

Table 6.13 Frequency of occurrence (%) of reactive plant species under different fertiliser
management regimes on sites (n = 37) of granite lithology with no history of cultivation and
continuous grazing. Only significant species presented from Pearson chi-squared test (df = 2).

Species

Bothriochloa macra

*Briza minor

*Bromus racemosus

*Carthamus lanatus

Cheilanthes sieberi subsp. sieberi

Chloris truncata

*Cirsium vulgare

Cynodon dactylon

Dichelachne crinita

Elymus scaber var. scaber

Eragrostis leptostachya

Eragrostis trachycarpa

Fimbristylis dichotoma

*Gnaphalium coarctatum

*Holcus lanatus

Juncus filicaulis

Panicum effusum

Pennisetum alopecuroides

*Setaria gracilis

*Trifolium repens
* Exotic species

Fertiliser management
Never Low High

(n = 20) (n = 9) (n = 8)

65 100 100

o 33 a
5 44 38

o a 38

35 a a
10 56 a
5 44 38

o a 63

o 22 a
20 44 75

25 100 38

25 78 38

35 89 75

a 22 a
10 44 50

o 100 25

50 100 25

15 11 63

55 56 a
5 100 50

p

0.025

0.006

0.027

0.003

0.025

0.005

0.027

<0.001

0.037

0.023

0.001

0.027

0.013

0.037

0.039

0.000

0.005

0.017

0.020

<0.001
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Table 6.14 Frequency of occurrence (%) of reactive plant species under different fertiliser
management regimes on sites (n = 28) of basalt lithology with no history of cultivation and
continuous grazing. Only significant species presented from Pearson chi-squared test (df = 2).

Fertiliser management
Species Never Low High P

(n= 8) (n = 12) (n= 8)

Acaena agnipila /ovina 50 83 0 0.001
Asperula conferta 63 92 38 0.037
Austrodanthonia bipartita 25 75 13 0.010
Bothriochloa macra 75 100 38 0.007
*Bromus racemosus 0 0 100 0.000
*Conyza albida 0 67 0 0.001
Desmodium varians 63 75 13 0.019
Epilobium billardierianum subsp. hydrophilum 0 58 0 0.002
Geranium solanderi var. solanderi 63 92 13 0.002
Glycine tabacina 50 50 a 0.045
*Medicago laciniata 0 92 0 0.000
*Phalaris aquatica 0 8 50 0.017
Plantago debilis 0 42 0 0.017
*Plantago lanceolata 38 100 63 0.008
Poa sieberiana 100 100 38 0.000
Sorghum leiocladum 88 42 a 0.002
*Taraxacum officinale 13 75 a 0.001
*Trifolium repens 13 83 75 0.004
Vittadinia cuneata var. cuneata 0 58 0 0.002
*Vulpia bromoides / muralis / myuros 0 0 63 0.000
* Exotic species

Table 6.15 Frequency of occurrence (%) of reactive plant species under different fertiliser
management regimes on sites (n = 24) of metasediment lithology with no history of cultivation
and continuous grazing. Only significant species presented from Pearson chi-squared test (df
= 2).

Fertiliser management
Species Never Low High p

(n= 8) (n= 8) (n= 8)
Dichelachne micrantha 75 13 38 0.038
Eragrostis brownii 0 88 38 0.002
Eragrostis sp. A 0 63 0 0.002
Eragrostis trachycarpa 38 75 13 0.038
Haloragis heterophylla 63 88 25 0.038
Panicum effusum 13 88 25 0.005
*Paronychia brasiliana 50 13 75 0.041
*Plantago lanceo/ata 88 25 25 0.015
Rumex brownii 63 25 100 0.008
*Setaria gracilis 0 75 a <0.001
*Trifolium repens 38 0 63 0.028
*Vulpia bromoides / muralis / myuros 50 0 63 0.024
* Exotic species
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On basalt under planned rest grazing and no history of cultivation, the exotic species,

Festuca pratensis, and the native grasses, Elymus scaber var. scaber and Panicum effusum,

were significantly more frequent at sites with a history of low fertiliser application than

high (Table 6.16). High fertiliser favoured Microlaena stipoides and Oxalis exilis on basalt

and Eragrostis benthamii on metasediment (Table 6.17).

Table 6.16 Frequency of occurrence (%) of reactive plant species under different fertiliser
management regimes on sites (n = 19) of basalt lithology with no history of cultivation and
planned rest grazing. Only significant species presented from Fisher's exact test (df = 1).

Species

Elymus scaber var. scaber
*Festuca pratensis
Microlaena stipoides
Oxalis exilis
Panicum effusum
* Exotic species

Fertiliser management
Low High

(n = 7) (n = 12)

86 25
71 8
43 92
o 50

71 8

p

0.020
0.010
0.038
0.044
0.010

Table 6.17 Frequency of occurrence (%) of reactive plant species under different fertiliser
management regimes on sites (n = 20) of metasediment lithology with no history of cultivation
and planned rest grazing. Only significant species presented from Fisher's exact test (df= 1).

Species

Eragrostis benthamii

6.3.4 Cultivation

Fertiliser management
Low High

(n=9) (n=ll)
o 55

p

0.014

Cultivation variables described 11 % of the explained management variance (Figure 6.5), or

approximately 40/0 of the total explained variance. Time since cultivation (10-20 years ago

and> 20 years ago) was significant (p = 0.012 and p = 0.002, respectively) in explaining

species composition (Table 6.18). Time since last cultivation and the type of crop sown

were not significant influences, however. All other variables were not significant in the first

forward selection of variables and were removed from subsequent analysis. The ordination

plot illustrates the significant cultivation variables (Figure 6.8).

On granite lithology with a history ofhigh fertiliser use and planned rest grazing, one

exotic species, Setaria gracilis, and the native, Asperula conferta, were only found at sites
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that had never been cultivated (Table 6.19). In contrast, Cheilanthes sieberi subsp. sieberi

was found only at sites recently disturbed by cultivation, and Juncus usitatus and Phalaris

aquatica were only found at sites with a history of cultivation. Microlaena stipoides and

Anthoxanthum odoratum declined in frequency at sites with more recent cultivation, A.

odoratum not occurring in sites that had been cultivated in the last 20 years.

Table 6.18 All forward selection results for the cultivation variables in the CCA. Non
significant (p > 0.05) variables removed after the first forward selection analysis, z. Non
significant (p > 0.05) variables not removed after the first forward selection because of
dependence on other dummy variables, e.

Cultivation management variable
Cultivation stratification: cultivated >20 years ago

Cultivation stratification: cultivated 10-20 years ago
Cultivation frequency: once
Cultivation frequency: various regimes
Cultivation frequency: twice
Cultivation frequency: not cultivated
Cultivation frequency: every year
Cultivation frequency: sporadically
Species sown: barley
Species sown: phalaris
Species sown: wheat
Species sown: clover
Species sown: cocksfoot
Species sown: com
Species sown: fescue
Species sown: lucerne
Species sown: oats
Species sown: pasture mix
Species sown: potatoes
Species sown: rye grass
Species sown: serradella
Species sown: vetch
Number of times cultivated
Time since cultivation

F
1.45

1.49
1.13
1.14
1.10
0.98
0.98
0.93
0.98
0.98
1.05
1.52
0.79
1.10
1.09
1.39
0.90
1.13
1.58
1.21
0.66
1.61
1.03
1.17

p
0.002

0.0128

0.136z

0.192z

0.256z

0.532
0.540z

0.710z

0.462z

0.604z

0.328z

0.062z

0.914z

0.282z

0.256z

0.072z

0.782z

0.126z

0.090z

0.092z

0.894z

0.110z

0.414z

0.070
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Figure 6.8 CCA ordination biplot illustrating only significant cultivation variables. Sites, Q;
nominal environmental variables, ~.

Table 6.19 Frequency of occurrence (%) of reactive plant species under different cultivation
management regimes on sites (n = 36) of granite lithology with a history of high fertiliser
application and planned rest grazing. Only significant species presented from Pearson chi
squared tests (df = 2).

Species

*Acetosella vulgaris
*Anthoxanthum odoratum
Asperula conferta
Cheilanthes sieberi subsp. sieberi
]uncus usitatus
Microlaena stipoides
*Phalaris aquatica
*Setaria gracilis

* Exotic species

Cultivation management
Never >20 ya 10-20 ya
(n=13) (n=12) (n=ll)

54 42 100
46 33 0
46 0 0
o 0 27
o 25 55
69 33 18
o 42 36

38 0 0

p

0.045
0.027
0.002
0.038
0.015
0.026
0.027
0.006

On basalt lithology with a history of high fertiliser and planned rest grazing, no species

were significantly influenced by cultivation.
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On basalt soils with a history of high fertiliser and continuous grazing, three native grasses,

Chloris truncata, Eragrostis leptostachya and Sporobolus creber, were absent from sites

that had never been cultivated (Table 6.20). The common perennial native pasture grass,

Bothriochloa macra, increased in frequency with recency of cultivation, and the sedge,

Carex inversa, was more frequent at sites that have been cultivated in the last 20 years. A

decline in the frequency of the native pasture grass, Microlaena stipoides, was associated

with cultivation.

On granite with a history of high fertiliser and continuous grazing, Plantago lanceolata, an

exotic herb common on more fertile soils derived from basalt, was absent from recently

cultivated sites, and more common at older cultivated sites (Table 6.21). The effect of

cultivation on Bothriochloa macra was opposite to that of the trend observed on basalt: it

declined in frequency with recency of cultivation on granite. The same trend was observed

for the native pin rush, Juncus usitatus, a common weed ofpastures. The common sown

pasture grass, Phalaris aquatica, was found in sites that had a history of cultivation. Vulpia

species, increased in frequency with recency of cultivation.

Table 6.20 Frequency of occurrence (%) of reactive plant species under different cultivation
management regimes on sites (n = 32) of basalt lithology with a history of high fertiliser
application and continuous grazing. Only significant species presented from Pearson chi
squared test (df = 2).

Species

Bothriochloa macra
Carex inversa
Chloris truncata
Dichondra repens
Eragrostis leptostachya
Geranium solanderi var. solanderi
Microlaena stipoides
*Plantago lanceolata
Sporobolus creber
* Exotic species

Cultivation management
Never >20 ya 10-20 ya
(n = 8) (n = 8) (n = 16)

38 75 100
25 13 63
o 63 25
38 13 63
o 50 25
13 6 50
63 13 13
63 25 75
o 50 63

p

0.019
0.036
0.008
0.041
0.019
0.031
0.018
0.041
0.022
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Table 6.21 Frequency of occurrence (%) of reactive plant species under different cultivation
management regimes on sites (n =31) of granite lithology with a history of high fertiliser
application and continuous grazing. Only significant species presented from Pearson chi
squared test (df = 2).

Cultivation management
Species Never >20ya 10-20 ya P

(n= 8) (n = 12) (n = 11)
Aristida jerichoensis var. subspinulifera 38 0 0 0.008
Austrodanthonia racemosa var. racemosa 13 58 27 0.044
Bothriochloa macra 100 75 55 0.034
*Carthamus lanatus 38 0 0 0.008
Cynodon dactylon 63 92 55 0,025
Eragrostis leptostachya 38 50 100 0.032
Euchiton involucratum 0 25 0 0.049
Juncus usitatus 50 33 0 0.027
*Phalaris aquatica 0 50 27 0.033
*Plantago lanceolala 25 50 0 0.012
*Vulpia bromoides / muralis / myuros 13 67 82 0.010
* Exotic species

6.3.5 Other management variables

The type of land use/tenure, namely private remnant, public or production, explained 5% of

the total explained variance and significantly influenced species composition (p = 0.002)

(Table 6.22). The dummy variable, production, was located in the centre left of ordination

space close to the centre of the densest cluster of sites, reflecting the majority of sites

sampled in commercially grazed landscapes on private land (Figure 6.9). The dummy

variables, public and private remnant, were situated to the right centre of ordination space

in close proximity to axis 1. The result for the influence of land tenure/use on species

composition is presented in Appendix 6.3. Private remnants were positively associated with

the native grasses Dichelachne crinita and Sorghum leiocladum, and native herbs, Glycine

tabacina and G. clandestina. S. leiocladum also characterised public areas. The native

grasses Bothriochloa macra and Microlaena stipoides, native herbs Oxalis exilis and

Rumex brownii characterised production areas.

The structural formation of the vegetation explained 3% of the total explained variation,

and significantly influenced species composition (p = 0.002) (Table 6.22). Grassland was

not included due to coding. The centroids for open woodlands and woodlands were located

close to or on axis 1 to the right of ordination space, and were associated with the centroids
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for private remnants and public land (Figure 6.9). The result for the influence of structural

fonnation on species composition is presented in Appendix 6.4. Woodland and open

woodland vegetation was characterised by the native grasses, Sorghum leiocladum and

Themeda australis, and the native herbs, Glycine clandestinaJ Scleranthus biflorusJ

Hydrocotyle laxifloraJ Lagenifera gracilis and Plantago gaudichaudii. Grasslands were

characterised by native grasses, Bothriochloa macraJ Elymus scaber var. scaber and

Microlaena stipoidesJ and the native herbs, Leptorhynchos squamatus subsp. A J Oxalis

exilisJ Carex inversaJ Euchiton sphaericum and Ammobium alatum.

Table 6.22 All forward selection results for land tenure/use and structural formation
management variables in the CCA.

Other variables
Land tenure/use: public
Land tenure/use: production
Structural formation: open woodland
Structural formation: woodland

F
1.72
5.18
2.21
2.86

p
0.002
0.002
0.002
0.002
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Figure 6.9 CCA ordination biplot illustrating other significant management variables and all
kangaroo and rabbit grazing dummy variables. Sites, ~; nominal environmental variables, .6-.
Labels: kl, light or intermittent kangaroo grazing; k2, moderate kangaroo grazing; k3, heavy
kangaroo grazing; k4, severe kangaroo grazing; rl, light or intermittent rabbit grazing; r2,
moderate rabbit grazing; r3, heavy rabbit grazing; and r4, severe rabbit grazing.

Grazing by rabbits and kangaroos explained 4% and 5%, respectively, of the total explained

variance. Moderate and heavy kangaroo grazing were significant determinants of species

composition (Table 6.23). Light and severe kangaroo grazing were not significant, with

severe grazing only occurring at 13 sites (3%; Table 4.26). The absence of kangaroo

grazing was not included in the results of the forward selection due to coding. Only severe

rabbit grazing significantly influenced species composition. The significant kangaroo and

rabbit grazing variables were located to the centre right of the ordination, associated with

sites generally located on public land including travelling stock routes, or in private
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remnants (Figure 6.9). These sites were generally associated with no or only episodic

grazing by domestic livestock. The result for the influence of rabbit and kangaroo grazing

on species composition is presented in Appendix 6.5. The native grass, Sorghum

leiocladum, native herbs, Vittadinia muelleri and Hydrocotyle laxiflora, and the exotic

legumes Trifolium campestre and T. arvense, were among species positively associated

with moderate and heavy kangaroo grazing. Many native Eucalyptus species including E.

caliginosa, E. melliodora and E. viminalis, the native shrub Lissanthe strigosa and a

number of native forbs including Bracteantha bracteata, Glycine tabacina and Scleranthus

biflorus were associated with severe rabbit grazing.

Table 6.23 All forward selection results for the kangaroo and rabbit grazing variables in the
CCA. Non-significant (p > 0.05) variables not removed after the first forward selection
because of dependence on other dummy variables indicated with 8.

Kangaroo grazing variable
Moderate kangaroo grazing
Heavy kangaroo grazing

Light or intermittent kangaroo grazing

Severe kangaroo grazing
Rabbit grazing variable

Severe rabbit grazing
Light or intermediate rabbit grazing
Heavy rabbit grazing

Moderate rabbit grazing

6.4 DISCUSSION

6.4.1 Partitioning variance

LambdA
0.08
0.08

0.04

0.03
LambdA

0.09

0.04
0.03

0.03

F
2.51
2.25

1.34

1.01

F
2.64

1.51
1.13
0.92

p
0.002
0.004

0.1028

004028

p
0.002

0.1028

0.194

0.5368

Despite 62.5% of the variation in the species by site matrix being unexplained,

management and environmental variables are still important in explaining 10.4% and

22.7%, respectively. Henderson and Keith (2002) in a study of burning and grazing on

woody flora in a NSW forest park 50 km north-east of the study region, concluded that

grazing explained 15.3% of the total variance, a larger percentage than this study. The

grazing variables measured in their study were at a coarser scale than in this study, and

reliant on distances to watering points and presence of dung as landholder records were

unavailable (Henderson and Keith 2002). In contrast, this study relied heavily on

landholder records as details regarding specific management practices were of primary
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importance. Environmental variables in the study by Henderson and Keith (2002) explained

8.40/0 of the variance, a much smaller percentage than found in this study. Both results are

likely due to Henderson and Keith (2002) sampling in a narrowly defined range of sites,

whereas this study spanned a larger geographical range with wide variation in

environmental and management variables (Section 4.3).

6.4.2 Fertiliser

Kent and Coker (1992) described nutrient status as one of the most critical factors in

determining the botanical composition of grasslands. In agreement with this, fertiliser

variables were the most influential management variables affecting composition of the

ground-storey vegetation in this study. The fertiliser stratification levels, no fertiliser, low

fertiliser and high fertiliser application, significantly influenced species composition. In

addition, time since fertiliser application and the type of fertiliser applied were also

important.

Native species significantly affected by fertiliser regime in more than one set of controlled

comparisons were Aristida vagans, A. jerichoensis var. subspinulifera, Bothriochloa macra,

Cheilanthes sieberi subsp. sieberi, Eragrostis brownii, Eragrostis sp. A, E. leptostachya,

Juncus usitatus, J. filicaulis, Lomandra longifolia, Panicum effusum, Pennisetum

alopecuroides and Vittadinia cuneata var. cuneata. Lodge and Whalley (1989) described

Aristida species as decreasers under increased fertility. The present results are equivocal

because A. jerichoensis var. subspinulifera was only found at sites with a high level of

fertiliser application and A. vagans only occurred in low fertiliser sites.

Cheilanthes sieberi subsp. sieberi was infrequent or became completely absent with

increasing fertiliser application. Kahn et al. (2003) described the species as unresponsive to

improved soil fertility, but did not indicate that it declined with increasing fertiliser

application.

In contrast to the decreasers, Bothriochloa macra generally increased with increasing

fertility which accords with Lodge and Whalley (1989). Eragrostis species in this study,

particularly E. brownii and E. leptostachya, were also generally increasers in response to

177



increasing fertiliser, as concluded by Lodge and Whalley (1989) and Kahn et al. (2003).

Increased frequencies of Panicum effusum occurred at low levels of fertiliser, but its

response to higher levels of fertiliser was mixed. The species is an increaser in response to

increased nutrients according to Lodge and Whalley (1989), but not according to Kahn et

al. (2003). The results illustrate the ability of many native grasses to persist in fertilised

grazed landscapes. This is consistent with Lodge and Whalley (1989) who indicated that

the productivity of native and natural pastures in higher rainfall zones such as the Northern

Tablelands can be increased through fertiliser addition. Lomandra longifolia was also more

frequent under increased fertiliser application, however little is documented about this

species' response to increased nutrients (Eddy et al. 1998). Vittadinia cuneata var. cuneata

was only found at sites with a low level of fertiliser application, so it could be tentatively

described as a species that responds to a moderate increase in nutrient status.

Juncus species and Pennisetum alopecuroides demonstrated mixed responses to increased

fertiliser application, and their responses need to be studied in more detail. Conclusions

about the influence of fertiliser on other species in Tables 6.12-6.16 need to be treated with

caution, as the species' responses were only significant in one set of controlled comparisons

and may not be typical given the likelihood ofType-1 errors in these analyses.

Austrodanthonia species declined under high fertiliser applications. Robinson et al. (1993)

concluded that sites dominated by Austrodanthonia species generally had higher annual

average and total superphosphate application rates, but their results are not supported by

this study. The present results show that Microlaena stipoides increases with fertiliser

application. Robinson et al. (1993) concluded that M. stipoides did not respond to fertiliser

application, but M stipoides has been shown to respond positively to increased nutrients

(Magcale-Macandog and Whalley 1991).

The controlled comparisons showed five exotic species responding to fertiliser, namely

Bromus racemosus, Plantago lanceolata, Setaria gracilis, Trifolium repens and Vulpia

species. B. racemosus, T. repens and Vulpia species were increasers. Lodge and Whalley

(1989) described Vulpia species as increasers to fertility, and B. racemosus was also

described as an increaser by Kahn et al. (2003). T. repens increased with fertiliser which

concurs with the findings of Friend et al. (2003) and Reid and Richardson (2003).

S. gracilis and P. lanceolata showed mixed responses to increasing fertiliser. S. gracilis

was absent at high levels of fertiliser application on granite, and only occurred at low levels
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of fertiliser application on metasediments. Kahn et al. (2003) indicated that S. gracilis

increases with fertility which is different to the conclusion reached in this study. They also

described P. lanceolata as an increaser. In the present study, P. lanceolata increased on

basalt, but declined on metasediments in response to fertility.

Schippers and Joenje (2002) observed that Holcus lanatus was prolific at all levels of

fertiliser application in the Netherlands. A similar result was found in this study. At high

levels of fertiliser application on granite, H. lanatus occurred in 50% of sites, compared

with 10% at unfertilised sites.

6.4.3 Grazing

The composition and relative abundance of species in pastures is highly influenced by

domestic livestock grazing (Collins and Barber 1985; Collins 1987; Lodge and Whalley

1989; Noy-Meir et al. 1989; Puerto et al. 1990; Wilson and Hodgkinson 1990; Pettit et al.

1995). The results of this study concur, as grazing stratification variables (not grazed,

episodic, planned rest and continuous grazing) significantly influenced composition.

Paspalum dilatatum was significantly more frequent under planned grazing than continuous

grazing on basalt. Lodge and Whalley (1989) described it as an increaser under grazing

while McIntYre et al. (2003) regarded it as a grazing generalist. P. dilatatum was more

frequent under both grazing regimes at sites that had been cultivated> 20 years ago. This is

in agreement with Kahn et al. (2003) who stated that P. dilatatum is slow to establish in

sown pastures. The species is unlikely to dominate pastures as it is palatable and can be

kept at a manageable level by livestock grazing (Fensham 1998).

The results for Festuca pratensis, Phalaris aquatica, Plantago lanceolata and Setaria

gracilis vary with lithology, cultivation and fertiliser regimes in addition to the grazing

regime. P. lanceolata was described as a grazing generalist in studies in south-east

Queensland (McIntYre et al. 2003), but here it was significantly more frequent under

continuous than planned rest grazing on basalt, whereas on granite the reverse was true.

Earl and Jones (1996) concluded that Phalaris aquatica increased under cell grazing but

decreased in continuously grazed systems, as observed here. FitzGerald and Lodge (1997)
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recommended rotational (planned rest) grazing of P. aquatica during autumn-winter and

continuous grazing over spring.

Two exotic species, Medicago laciniata and Trifolium repens, had significant responses to

grazing in just one set of controlled comparisons each. Both were recorded at higher

frequencies under continuous grazing than planned rest. A study in north-eastern Israel

concluded that many annual Trifolium and Medicago species (different species to those in

the present study but similar to M. laciniata) decline in response to increasing grazing

intensity and are most abundant at light grazing intensity (Noy-Meir et al. 1989). This may

account for the possible preference ofM. laciniata and T repens for continuous grazing

rather than the periodic but more intense grazing associated with planned rest. The decline

ofM. laciniata and T repens may also be due to competition for resources, particularly

light. When grass species are rested and allowed to dominate, they may out-compete

smaller interstitial species such as M. laciniata and T repens that persist in inter-tussock

spaces when grasses are suppressed by grazing.

The native pin rush, Juncus filicaulis, was more frequent at continuously grazed sites than

planned rest sites under various cultivation and fertiliser histories. The data support the

conclusions of Jones and Earl (1999) and Wright and Wright (2000) that pin rush declines

under planned rest or 'cell' grazing. Oxalis exilis was sampled widely across the region

under all grazing regimes on granite lithologies with no history of fertiliser application or

cultivation, but its frequency was appreciably higher at continuously grazed sites. On basalt

soils at sites with low fertiliser history and no cultivation, O. exilis was only recorded at

continuously grazed sites. This small interstitial species may decline under planned rest

grazing on granite and basalt for the same reason discussed above with regard to M.

laciniata and T repens. Competition for resources in planned rest regimes may drive out

smaller interstitial species. This hypothesis requires further investigation and could be

tested by looking at a range of grazing tolerant small ground-storey species such as

Dichondra repens, Hydrocotyle laxiflora and Acaena agnipila/ovina, which are common in

the region, in addition to the species identified here.

Many native herbs including Vittadinia cuneata var. cuneata and Asperula conferta and

native grasses (Bothriochloa macra, Elymus scaber, Sporobolus creber and Eragrostis

species) exhibited mixed responses to grazing management depending on lithology,
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cultivation or fertiliser history. The native grasses, B. maera, E. seaber, S. ereber and

Eragrostis species, are widely distributed across the region (Appendix 4.2). Their mixed

responses may be due to interacting environmental or management factors. Chilcott et al.

(1997) described S. ereber as intolerant of high grazing, but this response was only

observed in this study on basalt where the species declined under continuous grazing

compared to episodic grazing. McIntyre et al. (2003) described S. ereber as a grazing

generalist, and a response consistent with this was observed here away from basalt soils.

Eragrostis species were common in grazed areas with enhanced fertility. Kahn et al. (2003)

stated that Eragrostis species increase in grazing systems with rest periods from grazing,

and this was seen for E. traehyearpa, but not E. benthamii or E. leptostaehya. Jones and

Earl (1999) concluded that Elymus scaber and other grasses generally increased with cell

grazing on granite. A similar result was observed in the present study on basalt with no

history of cultivation or fertiliser but not at basalt sites with a history of high fertiliser use

and cultivation. These species' responses require more detailed study at sites of differing

lithology, fertiliser and cultivation history, or experiments to elucidate their response to a

range of simultaneous disturbances on different soil types.

Lodge and Whalley (1985) found that Danthonia linkii (= Austrodanthonia bipartita)

declined under continuous grazing but increased overall if summer grazing was more

intensive than grazing in spring and autumn on the North West Slopes ofNSW. In this

study the season of grazing was not recorded, as most landholders undertaking a planned

rest grazing regime do not graze a paddock at the same time every year. The period or

periods grazed generally vary, allowing for flowering and subsequent seed set of species to

occur in paddocks over a number of years. Moreover, due to the summer dominant rainfall

pattern and dry autumns and winters, biomass is often highest in summer on the Northern

Tablelands and grazing pressure correspondingly less. Therefore the pattern seen by Lodge

and Whalley (1985) would not be expected here. Austrodanthonia species were not

recorded at planned rest sites, which is in contrast to the findings of Wright and Wright

(2000) who found that Austrodanthonia increased in paddocks under cell grazing on the

Northern Tablelands.

McIntyre et al. (1995) concluded from their Northern Tablelands study that chamaephytes

(species with perennating buds borne close to the ground) and possibly phanerophytes
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(species with perennating buds emerging from aerial parts of the plant), are intolerant of

grazing. This trend was evident for Hakea microcarpa and Hibbertia riparia

(phanerophytes) as both species occurred most frequently at ungrazed sites. The result was

not as clear for chamaephytes, because although Scleranthus biflorus and Veronica

calycina occurred at higher frequencies at ungrazed or only episodically grazed sites, other

species such as Asperula conferta showed mixed responses to grazing management.

6.4.4 Land tenure/use

Land tenure/use was significant in determining ground-storey composition in this study.

McIntYre and Lavorel (1 994b) concluded that land use significantly affected botanical

composition in the same region. Such a result is not surprising considering that public land

and private remnant native vegetation have undergone considerably less development in

terms of fertiliser application and cultivation. Private remnants on the Northern Tablelands

are often grazed by stock in times of low feed availability or are more regularly grazed, and

this grazing history has influenced species structure and composition (Benson and Ashby

2000). Despite this episodic grazing, private remnants are characterised by native grass

species such as Dichelachne crinita and Sorghum leiocladum, species that persist poorly

under grazing (Eddy et al. 1998; Kahn et al. 2003), and native herbs (e.g. Glycine tabacina

and G. clandestina) characteristic of woodlands (Kahn et al. 2003).

Production areas were characterised by native grasses (Bothriochloa macra and Microlaena

stipoides) and herbs (Oxalis exilis, Carex inversa and Rumex brownii), common species of

grazed natural pastures in the study region (Lodge and Whalley 1989; Eddy et al. 1998;

Kahn et al. 2003).

6.4.5 Kangaroo grazing

Many studies of Australian grassland diversity (e.g. McIntYre et al. 1993; Prober and Thiele

1995) have overlooked the effects of kangaroo grazing on species composition. Kangaroos

eat ground-storey plants, in particular, grasses (Griffiths and Barker 1966; Friedel and

James 1995; Woolnough and Johnson 2000), so previous studies have probably assumed

the effects of kangaroo grazing to be negligible, or that the main grazing influence observed
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was due to other herbivores. This study found that moderate and heavy kangaroo grazing

were significantly associated with ground-storey composition. Many species were

positively associated with moderate and heavy kangaroo grazing, including the native

grass, Sorghum leiocladum, native herbs, Vittadinia muelleri and Hydrocotyle laxiflora, and

the exotic legumes, Trifolium campestre and T arvense. Leigh and Holgate (1979)

concluded that grazing by native mammals had a large impact on species composition and

species diversity, particularly on the native grass, Poa sieberiana, which was negatively

affected by kangaroo grazing. In the present study, however, P. sieberiana was associated

with kangaroo grazing. The influence of kangaroos on vegetation has been studied by

Griffiths and Barker (1966), Kirkpatrick (1967), Jarman and Taylor (1983), Tiver and

Andrew (1997) and Reseigh (1999), but research into the effects of kangaroos on native

ground-storey vegetation has not been as extensive with a few exceptions (e.g. Leigh and

Holgate 1979). The effect of grazing by native herbivores on ground-storey vegetation is

highly relevant because many landholders claim that kangaroos significantly impact on

their livestock carrying capacity. However, their effect on biodiversity is unclear.

6.4.6 Cultivation

Cultivation and the associated sowing of species is one of the most dramatic ways of

changing species composition (Garden and Bolger 2001). The effects can be long lasting or

irreversible as cultivation increases colonisation opportunities. Older sown pastures on the

Northern Tablelands have generally been 'invaded' or recolonised by native species, but the

ability of these areas to return to the pre-cultivated condition is unknown. Montalvo et al.

(1993) concluded that ploughed grasslands in Spain suffered a short term species loss, but

after a 4-year period, the original diversity was recovered in grazed but not ungrazed

grasslands. In the present study, recently cultivated paddocks « 10 years) were not

sampled and the older (2: 10 years) cultivated paddocks sampled generally supported dense,

fertilised pasture.

McIntyre et al. (1995) found that sites with a history of soil disturbance had more

therophytes (plants which survive unfavourable periods as seeds) than non-disturbed sites

that were characterised by geophytes (plants with subterranean organs such as bulbs,

rhizomes or tubers), chamaephytes, phanerophytes and protohemicryptophytes (above
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ground parts of the plant die back in unfavourable conditions and poorly developed leaves

protect buds borne at ground level). The results of this study are equivocal as only one

therophyte taxon (Vulpia bromoides/muralis/myuros) was found at significantly higher

frequency in cultivated pastures. However, geophytes, chamaephytes and phanerophytes

were found only at uncultivated sites which supports the findings of McIntYre et al. (1995).

McIntYre and Lavorel (1994a) concluded that soil disturbance was the most important

factor affecting species composition. Disturbance variables measured in their study were a

result of vehicle and machinery use, and recently cultivated areas were avoided (McIntYfe

et al. 1993; McIntYfe and Lavorel 1994a, 1994b), but parallels between this study and those

ofMclntYfe et al. (1993) can be drawn. This study found that although cultivation was

important, other management variables were more important in accounting for variation in

species composition. The difference is likely due to the different sampling focus between

this study and that of McIntYfe et al. (1993). In this study, the focus was on sampling

commercially grazed pastures, some of which had been cultivated, whereas in their study,

the focus was on ungrazed and grazed public land where the principal type of soil

disturbance was due to earth-moving equipment.

Two exotic species were significantly influenced by cultivation in more than one set of

controlled comparisons of sites. Phalaris aquatica was only recorded at sites with a history

of cultivation. P. aquatica is commonly sown for pasture improvement on the Northern

Tablelands and its presence in previously cultivated areas is not unexpected (Reseigh et al.

2003). Plantago lanceolata increased with cultivation> 20 years ago on granite lithology

but decreased with cultivation> 20 years ago on basalt lithology. Eddy et al. (1998) stated

that the species persists under moderate disturbance and this agrees with the findings on

granite in the present study.

Eragrostis leptostachya was the only native species that increased in response to recency of

cultivation. Eddy et al. (1998) and Lodge and Whalley (1989) described native Eragrostis

species as common on disturbed ground, and good colonisers of such areas as they are free

seeders well adapted to colonising disturbed environments.

In agreement with the results reported here, Robinson et al. (1993) concluded that

Microlaena stipoides preferred sites that had never been cultivated. However, Munnich et

al. (1991) found that cultivation had no significant effect on M stipoides. Dichondra
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repens, Juncus usitatus and Bothriochloa macra showed mixed responses to time since

cultivation. D. repens was more frequent at recently cultivated, continuously grazed sites

on basalt but was absent from recent cultivation under planned rest grazing on granite. In

contrast, J. usitatus was absent from recently cultivated, continuously grazed sites but most

frequent at recently cultivated sites with a planned rest grazing regime. B. macra response

was dependent on lithology under continuous grazing. On basalt, the species increased with

recency of cultivation but the converse was seen on granite.

Although caution must be exercised with species that were responsive to cultivation in only

one set of controlled comparisons, comparisons of the results for these species

(Austrodanthonia racemosa var. racemosa and Cyperus gracilis) with the literature have

merit. Austrodanthonia species were found by Robinson et al. (1993) to be sensitive to

disturbance, and preferred areas with less overall disturbance. The present study showed a

higher overall frequency ofA. racemosa var. racemosa at cultivated sites but highest

frequencies at sites that had not been cultivated for> 20 years, contrary to Munnich et al.

(1991) and Robinson et al. (1993). The response of Cyperus gracilis to cultivation in the

present study showed a clear sensitivity to cultivation, as concluded by McIvor (1998).

6.4.7 Rabbit grazing

The influence of rabbits is generally determined by the proximity of warrens (Friedel and

James 1995). Species associated with rabbit grazing included the native tree species

Eucalyptus caliginosa, E. melliodora and E. viminalis, the native shrub Lissanthe strigosa

and a number of native forbs including Bracteantha bracteata, Glycine tabacina and

Scleranthus biflorus. These associations are unlikely to reflect the dietary preference of

rabbits. It is more likely that they arose due to the abundance of rabbits in private remnant

woodland and open woodland vegetation dominated by these species in the absence of

other herbivores. Previous studies in the region (McIntYre et al. 1993; Clarke 2003) have

not reported the effects of rabbit grazing on ground-storey vegetation, and as with kangaroo

grazing, their impacts were probably assumed to be either negligible or pervasive compared

to other grazing influences. However, as shown here rabbit and kangaroo grazing is much

more likely in private remnants and on public land with low grazing pressure of domestic

livestock than in commercially grazed paddocks. Rabbit grazing generally decreases the
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percentage of legumes and increases grasses and weeds in improved pastures in New South

Wales (Garden and Dowling 1995). Rabbit impacts on pastures dominated by native

species such as those on the Northern Tablelands are poorly understood and need further

research, particularly in regard to the possible ramifications for conservation goals.

6.4.8 Vegetation structure

Vegetation structure had a significant influence on ground-layer composition. Grasslands

and open woodlands in the region occur naturally or as a result of forest thinning and

clearing, with only 26% of the native tree cover remaining in the area (Benson and Ashby

2000). The ground-storey composition of woodland and open woodland was characterised

by the native grasses, Sorghum leiocladum and Themeda australis, the characteristic

grasses of pre-European vegetation (Lodge and Whalley 1989), and the native herbs,

Glycine clandestina, Scleranthus biflorus, Hydrocotyle laxiflora, Lagenifera gracilis and

Plantago gaudichaudii. Grasslands were characterised by the native grasses, Bothriochloa

macra, Elymus scaber var. scaber and Microlaena stipoides, and native herbs,

Leptorhynchos squamatus subsp. A, Oxalis exilis, Carex inversa, Euchiton sphaericum and

Ammobium alatum.

6.4.9 Conclusions

This study has shown how grazing management and the associated influences of

fertilisation and cultivation are likely to influence the composition of the ground-storey

flora of the grasslands and grassy woodlands of the Northern Tablelands ofNSW. The

study is a substantial step in the overall understanding of how landowners' grazing

management influences native vegetation in the region. In terms of grazing per se, a suite of

native species, was found to be sensitive to commercial grazing, including the native shrubs

Hakea microcarpa and Hibbertia riparia, the native grass, Joycea pallida, and numerous

native herbs including Hydrocotyle peduncularis, Gonocarpus tetragynus, Calotis dentex

and Dianella longifolia var. longifolia. The grasses, Phalaris aquatica and Paspalum

dilatatum, were more frequent under planned rest grazing than continuous grazing, whereas
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the exotic legumes, Medicago laciniata and Trifolium repens, and native herbs, Juncus

filicaulis and Oxalis exilis, favoured continuous grazing.

Fertilisation and cultivation are also important in affecting ground-storey composition. The

response of the native grasses, Bothriochloa macra, Eragrostis leptostachya, E. brownii

and Panicum effusum, known to increase in response to fertility, was confirmed by this

study. Further understanding of the native herbs, Lomandra longifolia and Vittadinia

cuneata var. cuneata, as increasers in response to fertility has been established. The

positive responses of numerous exotic grasses and herbs to fertiliser were also confirmed.

The influence of cultivation on native species was generally negative with the exception of

Eragrostis leptostachya, and a preference for uncultivated sites was found for Microlaena

stipoides and Cyperus gracilis.

Land tenure/use and vegetation structure influences on species composition were

confirmed. Themeda australis and Sorghum leiocladum species which are thought to have

dominated pre-European ground-storey vegetation, characterised remnant and public

woodlands and open woodlands in the study region. The common native grasses,

Microlaena stipoides and Bothriochloa macra, and a number of native herbs characterised

commercially grazed sites.

The possible influences of kangaroos and rabbits on species composition have been

documented and their impact needs further research as the ramifications for land managers

and conservationists may be larger than are currently assumed or understood. Management

history factors along with vegetation structure need to be taken into account when planning

management practices and for conservation at a farm and landscape scale.
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