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Summary   Recruitment of overstorey tree species 
is required for the long-term maintenance of riparian 
vegetation communities. The impact of weeds on tree 
recruitment in riparian zones is unknown. A recent 
study assessed vegetation cover, tree seedling num-
bers and number of taxa at 36 riparian sites across 
Victoria. Analyses of the data showed that cover of 
bare ground, rock and exotic herbs, and total number 
of taxa were positively associated with the presence of 
>40 seedlings per hectare, while cover of native grasses 
and ferns were negatively associated. At a site scale, 
recruitment niches resulting from natural disturbance 
provide opportunities for both exotic herbs and tree 
seedlings to establish.
Keywords    Overstorey trees,  riparian zone,  recruit-
ment, weeds,  bare ground,  exotic herbs,  seedlings.

INTRODUCTION
The riparian zone is the interface between terrestrial 
and freshwater systems and can be defi ned as ‘the 
area of land that adjoins, regularly infl uences, or is 
infl uenced by, a river’ (DNRE 2002). Vegetation com-
munities that inhabit riparian zones tend to be highly 
diverse due to heterogeneity of physical features, both 
spatially and temporally (Gregory et al. 1991, Naiman 
and Decamps 1997). One of the other major infl uences 
on riparian vegetation communities is the higher level 
of available soil moisture in these areas compared with 
adjacent parts of the landscape. 

In Victoria, as elsewhere in Australia, riparian 
vegetation communities have been degraded by a 
number of processes (DNRE 2002), and are particu-
larly vulnerable to invasion by environmental weeds in 
comparison with other habitats (Humphries et al. 1991, 
Carr et al. 1992). The frequency of natural disturbance 
that creates the mosaic of habitats within the riparian 
zone is thought to contribute to the high invasibility 
of riparian communities by exotic species (Naiman 
and Decamps 1997). 

It is often stated that weed species prevent the 
recruitment of native trees and shrubs in various 
habitats (e.g. Randall 1996, Muyt 2001) (for a list 
of studies on the effect of weeds on recruitment, see 
Adair and Groves 1998), but empirical evidence to 
support such claims is often lacking. In riparian habi-
tats, understanding the impact that weeds have on the 
recruitment of native trees is further limited by the 

paucity of information relating to the natural recruit-
ment processes of key overstorey species. 

Where resources are not available for intensive 
land management, the long-term maintenance of 
riparian vegetation communities relies on natural 
regeneration. Overstorey tree species provide an im-
portant structural component of the community and 
if their recruitment fails, it is likely that signifi cant 
change will result.

This paper describes a fi eld survey undertaken 
in Victoria that investigated the relationship between 
weed cover and tree recruitment in riparian zones.

MATERIALS AND METHODS
Site selection   Due to the nature of the processes un-
der study, it was not practical to use an experimental 
approach involving controls, treatments and replicates. 
Instead a correlative approach was taken to determine 
whether associations existed between different meas-
ures of weediness and tree recruitment. Therefore it 
was important to maximise the number of sites as-
sessed during the fi eld survey, while restricting the 
duration of the survey to minimise seasonal differences 
arising from assessments done several months apart. 
The sampling aimed to collect suffi cient information 
to allow comparisons across sites that were highly 
variable in vegetation cover, topography, size of wa-
terway and extent of riparian zone. However, in order 
to complete suffi cient sites within the sampling period, 
measurements were constrained by the practicalities 
of ensuring that a team of three people could assess 
each site within one day.

A fi eld survey of 36 riparian sites across Victoria 
was undertaken between October 2003 and January 
2004. Sites were located in the south-west, north-east 
and south-east of the state, with 23 rivers included in the 
survey. Site selection was based on a number of criteria, 
with the fi rst being presence of mature native overstorey 
trees, to provide a viable seed source. As the focus of 
the study was on the natural processes of tree recruit-
ment, sites that had been replanted, or had undergone 
recent weed management (especially chemical control) 
or had been grazed by domestic stock were excluded. 
The requirement for sites to be at least 20 m wide also 
constrained site selection. As a result of these selection 
criteria, the sites used had structurally diverse riparian 
vegetation, which generally included mixtures of exotic 
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and native species. Selection was not made on the basis 
of the presence or abundance of particular weed species. 
Sites on both public and private land were included.

Assessments   At each site, vegetation cover was 
assessed using the point intercept method (Elzinga 
et al. 2001). Lines (between 20 and 40 m long), run-
ning perpendicular to the river, were laid out at 40 m 
intervals along one bank, with the starting point for 
the fi rst line randomly determined. Transects (20 m 
long) were systematically spaced at 10 m intervals 
along each line with the transects running parallel to 
the river, with the position of the fi rst transect on each 
line also being randomly selected. Between eight and 
twelve transects were measured at each site.

Vegetation cover was measured at 0.5 m intervals 
along each transect by identifying the vegetation which 
intercepted a perpendicular beam of light from a laser 
pen held level at 1.2 m. This height was chosen both 
for reasons of practicality and also because it was 
thought that tree seedlings would be most affected 
by vegetation in this height range. At each point, the 
life form and species (when known) of the vegetation 
were recorded. Quantifi cation of hits was limited to 
determining whether there was one, or more than one, 
hit on any life form. The cover of the ground surface 
was only recorded if no vegetation was encountered 
below 1.2 m. The life form and species of any vegeta-
tion between 1.2 m and 3 m was also recorded for each 
point, with a visual estimate made as to whether the 
cover was either dense or not dense.

The diameter at breast height (d.b.h.) of all mature 
and sapling native trees in the site was measured. The 
height and collar diameter of all tree seedlings were 
measured, as were the distance of each seedling from the 
river and the distance from the nearest parent tree. 

The identity of native and exotic taxa across the site 
and additional notes about the site were recorded.

Data analysis   Data presented in this paper relate to 
the vegetation life forms, the number of taxa and the 
number of seedlings at each site. As the transect was 
the sampling unit for vegetation cover, these data have 
been averaged across all transects for each site. The 
percent cover data were arcsine transformed before 
undertaking logistic regression analyses to identify 
variables or combinations of variables that were sig-
nifi cantly associated with the presence of seedlings.

Rather than analyse the absolute number of seed-
lings found at each site, sites were divided into the cat-
egories of those with substantial numbers of seedlings, 
and those with so few seedlings that it is unlikely that 
mature trees would be replaced. The threshold for this 
division was 40 seedlings per hectare. 

RESULTS
Although 36 sites were assessed in this study, only data 
from 35 sites are presented here. A rainforest site was 
excluded because all other sites were dominated by 
sclerophyllous overstorey species.

Seedlings of native trees were found at 25 sites, 
although the number of seedlings was often very low. 
The majority of seedlings were Acacia spp., with 
eucalypt seedlings only found at 12 sites. 

The percent cover below 1.2 m provided by several 
life forms (exotic and native trees, native tree ferns 
and exotic and native vines) was very low (Table 1). 
Generally, the remaining life forms (exotic and native 
shrubs, native sedge, native fern, exotic and native 
herbs and exotic and native grasses) each provided 
between 5% and 20% cover (Table 1). Litter with no 
overlying vegetation was the only type of cover found 
at every site with the minimum cover at any site being 
9% (Figure 1), while the mean cover across all sites 
was 26%. There was less variation amongst sites in 
litter cover than in other variables (Figure 1). For ex-
ample, the median for exotic grass cover was 6% but 
fi ve sites had more than 30% cover (Figure 1). 

Across all sites, 60% of the taxa recorded were 
native species and 40% were exotic species (Table 
1). However as full fl oristic analyses were not a com-
ponent of this study, it is likely that more taxa would 
have been recorded if complete species surveys had 
been done.

Of the more than 60 weed taxa recorded in the 
study, the most frequent species was blackberry (Ru-
bus fruticosus L. agg.), which was present at 33 sites. 
Various species of thistles were found at 25 sites, while 
Yorkshire fog (Holcus lanatus L.) was present at 21 
sites and cleavers (Galium aparine L.) at 20 sites. Sev-
eral other herbaceous and graminaceous weeds were 
found at more than a quarter of sites, including Rumex 
spp., Ranunculus spp., Lotus spp. and cocksfoot (Dac-
tylis glomerata L.). Willows (Salix spp.) were the most 
prevalent exotic trees (found at 15 sites), with tutsan 
(Hypericum androsaemum L.) present at 12 sites.

Four variables were signifi cant (P <0.05) and posi-
tively associated with >40 seedlings ha-1; these being 
total number of taxa, cover of exotic herbs, bare ground 
and rock. Cover of native ferns and native grass were 
signifi cant (P <0.05) and negatively associated with 
>40 seedlings ha-1 being present (Table 1). Interest-
ingly, cover of exotic shrubs (including blackberry) 
had no association with seedling counts per hectare, 
despite the high cover of this life form at many sites. 
There were signifi cant (P <0.05) positive correlations 
between bare ground and both exotic herb cover and 
total number of taxa.
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DISCUSSION
Four variables were positively associated with the pres-
ence of more than 40 tree seedlings ha-1, these being 
the cover of bare ground, rock, exotic herb and the 
total number of taxa. This result is in agreement with 
other ecological studies which have found that riparian 
zones have a high level of diversity in both physical and 
biological components, resulting from the frequency 
of natural disturbance, which also contributes to the 
high invasibility of the system (Gregory et al. 1991, 
Naiman and Decamps 1997). 

The higher incidence of bare ground and rock in 
the sites with >40 seedlings ha-1 probably refl ects the 
prevalence of more frequent fl oods at these sites, al-
though this has not yet been fully examined. Whatever 
the cause, bare ground provides potential recruitment 

Table 1.   The percent cover by life form and the 
number of native, exotic and total taxa for sites with 
>40 tree seedlings ha-1 (n = 12) or <40 tree seedlings 
ha-1 (n = 23).

Variable

Mean of sites with 
>40 seedlings ha-1 

(SE)

Mean of sites with 
<40 seedlings ha-1 

(SE)

Per cent cover

Exotic tree 0.5 (0.4) 0.3 (0.3)

Native tree 0.7 (0.2) 0.1 (0.0)

Native treefern 0.3 (0.3) 0.7 (0.3)

Exotic vine 1.4 (1.4) 0.9 (0.8)

Native vine 0.2 (0.2) 0.1 (0.1)

Exotic shrub 15.7 (6.3) 12.1 (3.3)

Native shrub 6.4 (2.3) 5.1 (1.4)

Native sedge 0.9 (0.5) 5.8 (2.0)

Native fernA 5.5 (4.7) 18.6 (4.6)

Exotic herbA 24.7 (6.6) 8.0 (2.9)

Native herb 4.0 (1.5) 8.0 (1.9)

Exotic grass 10.4 (2.9) 14.0 (4.7)

Native grassA 2.2 (0.8) 12.2 (2.7)

Litter 29.0 (4.3) 24.9 (2.6)

RockA 0.6 (0.3) 0.1 (0.1)

Bare groundA 4.1 (0.8) 0.8 (0.2)

Log 1.6 (0.4) 1.5 (0.3)

Tree base 0.2 (0.1) 0.3 (0.1)

Bryophyte 0.4 (0.1) 0.3 (0.1)

Water 0.0 (0.0) 0.3 (0.1)

Taxa

Exotic taxa 17 (2.2) 14 (1.4)

Native taxa 25 (2.4) 21 (1.7)

Total taxaA 42 (2.0) 35 (2.1)

A Simple logistic regression showed these variables had a 
signifi cant (P <0.05) association with sites that had >40 
seedlings ha-1.

Figure 1.   Plot showing cover of life forms across 35 
riparian sites. Box indicates median value and encloses 
50% of values. Whiskers and symbols indicate spread 
of values.
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niches for tree seedlings. This is in contrast to areas of 
sites with litter cover, which might also be expected to 
provide recruitment opportunities as there is no compe-
tition from existing vegetation in these areas. However, 
there was no relationship between litter cover and seed-
ling presence indicating these areas are not potential 
sites for tree recruitment in these riparian systems. 
It is likely that the depth of litter that accumulates is 
inimical to seedling establishment.

The higher diversity of taxa at sites with >40 seed-
lings ha-1 is consistent with the idea that these sites are 
more highly disturbed and that there are recruitment 
opportunities for a greater range of species than at 
sites with <40 seedlings ha-1. These recruitment op-
portunities can be exploited by a range of both exotic 
and native species and, in many of the riparian areas 
studied, exotic herbs have been highly successful in 
colonising these recruitment niches. 

The positive relationship between cover of exotic 
herbs and seedling presence found in this study con-
trasts with fi ndings by other authors. For example, 
Standish et al. (2001) found that increasing biomass 
of Tradescantia fl uminensis Vell. in lowland forests 
in New Zealand resulted in decreased numbers of 
woody seedlings. However, it is likely that such dif-
ferences in results between studies relate to the scale 
at which the studies are undertaken. Standish et al. 
(2001) compared seedling counts in small quadrats 
with differing levels of weed biomass, while our study 
assessed weed cover and seedling numbers over a total 
area of 2800–4000 m2. Although fi eld observations 
indicated that in areas of sites with continuous exotic 
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herb cover there were few tree seedlings, sites with 
high levels of exotic herb cover also had high levels 
of bare ground and thus contained patches suitable 
for tree recruitment. 

Native ferns and native grasses were negatively 
correlated with occurrence of >40 seedlings ha-1. The 
native grasses recorded were mainly tussock forming 
perennials, while bracken (Pteridium esculentum (G. 
Forst.) Cockayne) was the predominant native fern. It 
is possible these life forms may be effective in exclud-
ing establishment of tree seedlings, but it is also likely 
that their abundance refl ects a low frequency of the 
soil disturbance or other factors that are required by 
tree seedlings.

Exotic vines were only present at three sites, one 
of these had >40 tree seedlings ha-1. Vines have the 
capacity not only to cover the soil and prevent seedling 
emergence but also to overgrow and kill established 
seedlings. Vines may therefore have particularly severe 
impacts on recruitment, as has been demonstrated for 
Clematis vitalba L. (old man’s beard) in forest reserves 
in New Zealand (Ogle et al. 2000). However, the lim-
ited number of sites with exotic vines in this study 
prevents analysis of the effect of vines on tree recruit-
ment and further work needs to be undertaken.

The results reported here outline only a small subset 
of analyses to be undertaken on this extensive dataset. 
Comprehensive multivariate analysis of the dataset will 
further elucidate the nature of the relationship between 
weed cover and tree recruitment in riparian zones. An 
important step will be to consider the different tree 
species separately. Analysis of the tree age class data 
will provide more information about recruitment events 
and the impact of weeds over a longer time scale, as the 
seedling numbers represent only a snapshot of the most 
recent recruitment events. Integration of data relating 
to fl ood frequency and intensity and other disturbance 
events (such as fi re) will also assist in interpretation 
of the dataset. However, as can be seen from the early 
analyses presented here, it seems unlikely that there 
is a simple negative linear relationship between weed 
cover and tree recruitment at a site scale. The complexi-
ties of effects of different weeds in different types of 
riparian zone need to be understood better before it is 
possible to develop best weed management practices 
to enhance tree recruitment.
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