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Executive Summary

EXECUTIVE SUMMARY

El. Introduction

Rationale for the project

The adjective riparian generally refers to biological communities and environments on the
shores/banks of rivers, ponds, lakes and wetlands. Though the ripanian zone occupies a small area in
relation to the greater catchment, its influence on the surrounding landscape, mostly through its
vegetation, is great. In particular, bank vegetation affects the flow of the river, inputs leaves and other
organic material into the river which is food for aquatic life, acts as a buffer that protects the river
from sediments, fertilisers, pesticides and other matter draining downhill through the catchment, and
provides food and shelter for people and wildlife. As they are naturally disturbed by floods, which
create and remove patches of vegetation habitat, riparian zones are vulnerable to invasion by alien
plants and need active management in areas where such species occur.

This three-year project was designed to investigate the effects of woody alien invading tree species on
the natural vegetation of Western Cape headwater riparian zones, and the recovery of the indigenous
vegetation after aliens had been cleared.

The project objectives, as redefined through the steering commitiee meetings, were as follows.

I. Identify riparian plant communities of undisturbed and invaded ripanian zones in Western Cape

rivers, and describe their species composition.

Ascertain if cach invasive species occurs in one or more lateral riparian vegetation zones.,

3. Begin an exploratory investigation into whether or not allelopathy can be detected in selected
common invasive woody alien species, and the possible effects of alien species on common soil
variables.

4. Monitor the carly stages of recovery of indigenous vegetation in situ afier clearing.

1o

The report consists of five parts. Following the introduction, Part 2 (Chapter 2-5) covers the principal
work of the project. Chapter 2 contains the literature review, Chapter 3 the Methods, and Chapters 4
and S the characteristics of undisturbed and invaded riparian zones respectively. Part 3 (Chapter 6)
reports on the status of recovering indigenous vegetation after different methods of clearing aliens, and
Part 4 (Chapter 7) describes early investigations into allelopathy. Part 5§ (Chapter 8) presents the
conclusions and recommendations. All of the project objectives have been met and are reported on in
the appropriate chapters.

E2. Approach to the main study

Overview of approach
The research was confined to:

e river banks, with floodplains and wetlands not addressed;
e the upper reaches of rivers: mountain stream, mountain stream (transitional) and upper foothill
zones in Western Cape streams;
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e summer data, collected at a time of reasonably constant low flow in 2004/5/6;

e rivers with natural flow regimes;

e reasonably straight sections of channel, so that a grid of sample plots could be laid out along the
bank.

Nineteen undisturbed sites were used to define and test a reference condition for the indigenous
riparian communities. Six invaded and ten cleared sites were then compared to the reference condition
1o assess the impacts of invasion and clearance on a number of biotic characteristics.

Data collection

Four sets of data were collected at each site of the plant communities and their physical environment:

e plant species and distributions;

e cross-section measurements of the shape of the channel and banks;

e measurements of some physical and chemical soil parameters, such as pH, texture (particle size)
and organic matter content;

e other supporting data, for example the frequency of different sized channel substrata, longitudinal
profiles of cach river studied and 20 fixed point photographs of the channel and bordering riparian
arcas at cach study site,

Vegetation data were collected from sample grids established on one bank of cach site. The sample
grid was 20 m long, along the wetted edge of the river, and several metres wide as dictated by the
width of the zone of riparian vegetation. The entire grid was divided into a series of 1 x 5 m sample
plots. Each sample plot was labelled by number (1 to ‘n”) to indicate distance from the water in
metres, and by letter A 1o D to indicate its location along the 20 m length of the grid. The number,
height, condition and contribution 1o canopy cover were recorded for every species in every 5 m’ plot.

—— . ——— —

Cross-sections were surveyed across the full width of the macro-channel, from bank top to bank top,
through each of the lines A to D of sample plots. Two soil samples were collected from each of the
dry and the wet banks and await analysis as part of a post graduate thesis,

Data analyses

Whole si "

A single species list was collated for each study site. The lists for all sites were compared using
CLUSTER analysis and Multi-dimensional scaling (MDS) ordination, which measure the similarities
between sites. This allowed an overall assessment of whether or not the plant communities of
undisturbed sites were basically different from those of disturbed sites.

To assess exactly how aliens affected the nature of riparian vegetation communities, it was necessary
to continue investigations at the level of each sample plot. Using MDS ordination and CLUSTER
analyses of plant species data, groups of similar sample plots within any one site were identified.
Over all 18 reference sites, using a simple set of rules based on species present, four common

——————— -
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groupings of sample plots were recognised. These grouping, here called assemblage types, were, from
the water's edge upwards across the bank:

e wet bank: Water's Edge (WE);, Channel Fringe (CF);

e dry bank: Tree and Shrub (TS) and Outer Transitional (OT).

OT formed the outer boundary of the ripanian zone, and the terrestrial vegetation beyond this was
recognised in a few sample plots as Non Riparian (NR). The characteristics of each assemblage type,
including typical species and typical location on the bank, were summarised using the data from 12
reference sites. These characteristics were then tested using data from the remaining six reference
sites, 10 produce what was considered 10 be a reasonably robust description of a reference condition.

Invaded or cleared sites could then be compared to this reference condition, in order to assess how
much and in what way they had changed. The comparisons were done at the level of the four
assemblage types. This required a preliminary identification of their probable locations at cach
disturbed site, because in many cases the natural clues provided by typical species had been partially
or completely obliterated. The probable locations were predicted using a simple physical model.

A predictive model for locating assemblage tvpes

The model took the form of a Classification and Regression Tree (CART), Based on the data from the
reference sites, the CART model predicted the height above summer low water and the distance up the
bank from the edge of the water where each of the four assemblage types should occur. These rules
were used to allocate each sample plot at a disturbed site to an assemblage type. The characteristics of
the four groups at cach disturbed site could then be compared to the reference condition.

E3. Reference Condition

Reference condition (Chapter 4) was addressed in two ways:

e at the catchment scale (km’), through the overall species composition of undisturbed riparian
zones;

e at the site scale (m?), through the distribution of species in assemblage types

Catchment-scale patterns

Most reference sites supported a plant community dominated by smaller shrub and tree species,
including four common small tree species: Metrosideros angustifolia (smalblad), Brabejum
stellatifolium (wild almond), Brachylaena neriifolia (waterwitels) and Morella serrata (waterolier).
This community is commonly referred to as Riparian Scrub. Three sites supported a community of
larger trees such as Cunonia capensis (rooiels), llex mitis (cape holly) and Rapanea melanophlocos
(cape beech). This community is usually referred to as Afromontane Forest. The two communities
may represent different successional stages of riparian vegetation, with the Afromontane Forest
community being the more mature and the Riparian Scrub community younger, possibly due to
vegetation clearance, fire or other disturbance. The two communities are not exclusive, but do share
common species.

ﬂ
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One of the two communities occurred at cach of the 18 reference sites. The Afromontane Forest l
community was confined 1o two reference and one disturbed site on Table Mountain whilst the
Riparian Scrub community was at all the other reference sites, scattered widely over the study area.
Although one or other community was recognizable at each site, the sites nevertheless also had
specific identities. Sites from the same catchment were more similar to each other than to sites from
other catchments, and within any one catchment, sites on any one river were more closely related to
one another than to sites from another river in the same catchment group. Finally, within any one
river, sites within a longitudinal zone were more similar 1o each other than to sites in an adjacent zone
on the same river. In other words, the riparian plant communities had catchment, river and zone
signatures. There was no clear indication from physical data collected of why a site supported an
Afromontane Forest or a Riparian Scrub community, although higher altitude, narrower valleys and
protection from fire and disturbance may favour the former. It is well know that Afromontane Forest
requires naturally fire-protected sites (steep kloofs, cliffs, boulder screes etc.) to establish,

Site-scale patterns

The reference condition was defined only for the Riparian Scrub community, as insufficient study sites

supported Afromontane Forest to make a confident summary. In the Riparian Scrub sites, the four

assemblage types were defined in terms of: species richness per sample plot and per the larger sample

grid; growth forms; and two other measures of biodiversity (Table E1). The typical growth forms .
were outlined and possible indicator species listed. No species was restricted (o one assemblage type
and thus there were no perfect indicators. Rather, the mix and proportions of species shifted from one
to the next assemblage type. Of note were the sedge Isolepis prolifer and the shrub Prionium serratum
(palmiet) which were good indicators of the wet bank, and the restios Calopsis paniculata and Elegia
capensis and the shrub Erica caffra (water heath), which were common to CF and TS. Three other
species, Diospyros glabra, Pteridium aquilinum (bracken fern) and Rhus angustifolia, were common
on the dry bank and most common in OT. Diaspyras glabra was one of the last indigenous species 1o
persist under heavy invasion,

No one species was an ideal indicator of riparian vegetation as a whole or its component assemblage
types. The characteristics described for the reference condition, however, together capture the essence
of undisturbed riparian vegetation communities in Western Cape headwaters.

From the physical data from cach reference site, the CART model specified where cach assemblage
type was most likely 1o occur (Table E2). The probability of locating the correct assemblage 1ypes
using these rules differed from type to type, mostly relating to uncommon channel or valley shapes ‘
(Chapter 4). One recommendation of this project is that the CART model be further refined to

accommodate these kinds of sites.

E4. Invaded and Cleared condition

With the reference condition defined, 17 invaded or cleared sites were described and compared to it
(Chapter 5).

v
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Table E1. Tentative guidelines for the biological reference condition of Riparian Serub vegetation assemblage types on the banks of Western
Cape headwater streams,
Attribute Vegetation assemblage type
(50 m?) Wet Edge [ Channel Fringe Tree Shrub Outer Transitional
| Species richness 6142 ] 9.1+59 88429 199:79 |
Fquitability (H) N - per SO m* plot: 2.38 1 0.23 |
Relative diversity (J) per S0 m* plot: 0.77 + 0.06 1
Growth form e Sedges most common *  Restios most common ®  Sedges, restios and shrubs e Most growth forms present at |
e Restios common ®  Sedges and shrubs rare very rare low frequency
*  Rushes present but very rare | ©  Rushes present but rare Rushes absent *  Rushes absent
®  Adult Riparian Scrub trees e All life stages of Riparian Adult Riparian Scrub trees e Small shrubs most common 10
very rare Scrub trees rare common this assemblage type
®  No large tree species e No large tree species ®  Large tree species very rare e  Riparian Scrub trees less
common
I o _Large tree species rare
Possible indicator Isolepis profyfer prolific Calopsis pamicuiata very common | Calopsis paniculata very common | Elegia capensis and Calopsis
species Priomium serratum common Elegia capensis very common Elegia capensis very common paniculata rare
Calopsis pamiculata very common | Erica caffra common Erica caffra common Erica caffra. Priomiwm serratum,
Elegia capensis very rare Isolepis prolifer common Isolepis prolifer very rare and Isolepis prolifer absent
Diospyros glabra very rare Diosparos glabra common Diosparos glabra very common
Morella serrata and Metrosideros | Metrosideros angustifolia adults Preridinm aguwalirmem common Rhius
angustifolia seedlings common prolific; juveniles common angustifolia rare but most common
Morella serrata puveniles common | Brabejum stellatifolium adults 1o this assemblage type
common All life stages of Morella serraia,
. Moarella serrata adults and Metrosideros angustifolia,
| juveniles common Brabejum stellatifolium and
Brackyiaena neriifolia rare

Note: Prolific = > 50 % frequency of occurrence (), very common = 35 % < f < 50 %, common = <20 % < < 35%, rare = 10 % < f < 20 % and very rare = {

< 10 %.
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Table E2 Tentative physical rules using the CART model for locating assemblage types in
undisturbed Riparian Scrub assemblage types on the banks of Western Cape

headwater streams.
Assemblage type Physical rule Probability of locating
correct assemblage type
(%)
Wet Edge Less than 1.5 m distance from summer low-flow water's 82
edge, and less than 0.1 m above the water
Channel Fringe Less than 1.5 m distance from summer low-flow water's 39
‘edge, and greater than 0.1 m above the water
Tree Shrub Between 1.5-4.5 m distance from summer low-flow
water's edge LB}
Tree Shrub Greater than 4.5 m distance from summer low-flow
water's edge, where the outer edge gradient is less than
02
Outer Transitional Greater than 4.5 m distance from summer low-flow 62
water's edge, where the outer edge gradient is greater
than 0.2
Catchmeni-scale patterns

Disturbed and undisturbed sites were clearly distinguishable from one another based on simple species

presence/absence data. Additionally:

e cleared sites in a catchment were more similar to one another than to uncleared sites within the
same catchment;

e disturbed sites retained their catchment identities, but finer definition at the level of river was
weak, particularly for invaded (uncleared) sites; in other words, no sites were impacted to the
point where their catchment signatures had been obliterated, but they had begun to lose the finer-
definition river and zone signatures;

e asile heavily invaded by the gum (Eucalyptus leucaxylon), and possibly one invaded by the grey
poplar (Populus X canescens), appeared most affected in that they no longer grouped by
catchment; this was interpreted as a severe loss of catchment identity.

e Sites heavily invaded with various species of Acacia appeared less impacted as they remained
within their catchment groupings.

Site-scale patterns

The CART model was used to identify the potential bank location of the four assemblage types in the

17 disturbed sites, and the same character descriptors were developed for each. There were

considerable differences between the reference condition on the one hand, and the most heavily

invaded and most recently cleared sites on the other. For example, comparison of species richness

showed that:

e invaded sites generally had lower values than the reference condition (between three and ten
species as opposed to an average 23 at the reference sites);

e sites that had been cleared for five to ten years generally had values that were about the same as
those of the reference sites (22.7 £+ 5.8);

e sites that had only been cleared within the last one to four years generally had higher values than
reference sites, probably reflecting opportunistic invasion of the cleared arcas by a range of
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species, many of which would ultimately disappear again as the ripanian community matured (29
10 47 species as opposed to an average 23 at the reference sites).

The other measures of biodiversity - relative diversity (J) and equitability (H) - reflected similar
trends.

In terms of growth forms, sites with the oldest recovering vegetation generally showed the closest
match with reference conditions. Sites with vegetation less than four years old were least similar to
the reference condition. Channel Fringe (CF) seemed the most impacted of all the assemblage types,
with higher occurrences of sedges, rushes, grasses and forbs, and also many trees — mostly alien
although none had occurred in any reference site. An initial flush of herbaceous growth characterised
the carlier stages of recovery of the wet bank (WE and CF) and for TS of the dry bank.

Of the ten indicator species identified for the reference group, eight were missing from the most
severcly invaded site ~ that invaded by Eucalyprus. Over all the disturbed sites, the sedge /solepis
prolifer, typical found at the water's edge, was one of the first to take advantage of cleared arcas,
perhaps because of an ability to establish itself quickly in a variety of naturally-disturbed habitats.
The restio Elegia capensis and the shrub Erica caffra were absent from cleared sites up to 13 years
later despite being present upstream. They appear among the most heavily impacted by invasion. By
contrast, the shrub Prionfum serratum was noticeably more abundant in disturbed than reference sites,
although not in the mostly recently cleared ones. Its higher frequencies at the disturbed sites might
suggest the modified conditions provided by alien trees, perhaps through trapped sand deposits,
favoured its proliferation. It could also be that the habitat was more favourable for the proliferation of
this species prior (o the invasion. The shrub Diospyros glabra was one of the last indigenous species
1o persist under severe invasion.

In summary, all of the measures of biodiversity fell outside the reference condition range for all of the
sites that were still heavily invaded (Figure E1). After clearance there was a flush of new growth that
led to biodiversity values recovering back towards, or exceeding, the reference values. Values later
declined to reference levels and remained the same for up 1o ten years post-clearing. Trends beyond
ten years are not clear since only one cleared site had older vegetation and its values at this stage
remain somewhat anomalous, These indices should be used in parallel with other information on
growth forms and indicator species to assess post-clearing recovery.,

Location of invading species

Most disturbed sites had been invaded by, or cleared of, Acacia mearnsii. and its typical location
within the vegetation could be described with some certainty. Seedlings were present on the wet and
dry banks in all assemblage types but were most common in CF even up to ten years after clearing.
Saplings and adults were less common and were also mostly found in CF, followed by TS.
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ES  ASSESSMENT OF THE CART MODEL

The physical location of the assemblage types - through a predictive physical model based on height
and distance from the water - was a useful way of addressing the problem of what species should have
been at heavily invaded or cleared sites. It worked quite well for most of the sites, but was less
effective for sites with floodplain development and not effective at the Afromontane Forest sites
because of their steep narrow valley shapes. The model needs further development 1o work well for a
wider range of geomorphological site types. A version for the Afromontane Forest sites can only be
derived with additional data from more undisturbed A fromontane Forest arcas.

Figure E1 Means and standard deviations of biodiversity indices for reference and
disturbed sites. RC = reference condition, UC = un-cleared (i.e. heavily invaded), C
1-2 = cleared one to two years ago, C 3 = cleared three years ago etc.
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E6 CLEARING METHODS AND POST-CLEARING RECOVERY

A small investigation of alien clearing methods addressed the following questions:

e |s there a significant difference in floristic or growth form composition between reference
vegetation and cleared vegetation?

e s there a significant difference in floristic or growth form composition among the recovering
vegetation stands following different clearing treatments?

e  Which of the more commonly used clearing methods best facilitates vegetation recovery in the
riparian zone?

Only sites cleared at least two years previously were chosen, to allow sufficient time for some post-
clearance recovery. Twenty-seven plots on seven rivers were sampied with multiple plots on any one
river being at least 200 m apart to provide some independence. Three initial clearing treatments were
investigated: Fell Only; Fell & Remove slash; and Fell & Burn slash.
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All the cleared sites were significantly different to the reference condition for some of the following
variables: indigenous cover, species richness and growth form structure. An overlap in species
composition between the unburnt treatment plots and the Reference plot, however, indicated that
vegetation recovery following those clearing treatments was moving toward natural conditions, The
Fell & Bum treatment showed the poorest recovery relative o the reference condition and it is
recommended that fires of unnaturally high severity be avoided in the riparian zone by removing some
of the felled and dried alien biomass. Of the treatments tested, Fell & Remove appeared to best
promote vegetation recovery in the short-term,

Data from the main study suggested the following trajectory of recovery:

e Phase |: recruitment of fynbos, scrub and other wet or dry bank species, including aliens and
pioncering annuals, takes place in the first year as a flush of new growth,

e  Phase 2: herbaceous cover (sedges, rushes, grasses and forbs) establishes between one and four
years,

e Phase 3: restios, shrubs and small trees establish in and amongst the herbaceous cover between
four and ten years. Woody alien and small Riparian Scrub tree species also establish during this
phase.

e Phase 4: long-term recovery occurs that takes longer than a decade because of sensitivity of some
species to invasion or clearance, and also due to slow development of a dense canopy cover.
Elegia capensis and Erica caffra are examples of probable sensitive species.

E7  ALIEN TREES AND ALLELOPATHY

A small study of the possible allelopathic effects of alien invasives was also completed.

Allelopathy refers to the inhibitory or stimulatory effect that chemicals (termed allelochemicals) of
plant or microbial origin have on the growth, development and distribution of other plants and micro-
organisms in natural communities or agricultural systems. The invasive nature of many alien species,
including those of interest to this project (eucalyptus, wattle, poplar and pine) may, to some extent, be
due to their production of allelochemicals. In South Africa, bare arcas around and/or under invasive
tree species such as Eucalyptus are a common sight both within and outside plantations. Considerable
rescarch has been carried out into this topic worldwide, but the relevance of the research findings in
South Africa is not clear. Four questions were thus addressed.

L. Do young saplings of selected invasive alien tree species exert an interference effect on

indigenous colonizing plants?

What is the effect of the linter (leaves, twigs, bark) of invasive species on the germination and

growth of indigenous colonizing species?

3. What are the implications of the above for the management of alien-infested lands and for
clearing programmes?

4. What is the way forward?

e
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The study results suggest that young alien saplings probably do not exert an interference effect on
establishing indigenous seedlings. Field trials should be done to confirm this. The work needs to be
extended to examine the effect of mature alien trees. With regard to the impact of litter from alien
species, the results suggest that litter from Eucalyprus may have some phytotoxic effect on sensitive
indigenous species, but that this is not an over-riding effect.

In terms of management implications, this study and the general international literature suggest that
of the four species examined in the project, Eucalyprus probably has the greatest interference
potential. Eucalyprus may inhibit seed germination and seedling establishment, perhaps through
allelopathic influences but possibly also through competition for resources. The establishment of
under-storey vegetation would probably be improved by removal of Eucalyprus liver.

A proposed road-map for future research into allelopathy has three main thrusts:
e identification of the most important avenues for rescarch;
e suggestions for useful and necessary research;
® other possible experimental or investigatory approaches.

The recommended primary avenue for research is 10 investigate effective clearing and management of
invaders. Any rescarch on allelopathy should be designed to answer questions about clearing
techniques. This should include field trials and the inclusion of fire — a bum will volatilize the
allelopathic chemicals in the litter and promote fynbos recruitment.

ES CONCLUSION AND RECOMMENDATIONS

Management considerations

All the heavily-invaded arcas investigated during this study supported a number of Riparian Scrub
species beneath the dominant alien canopy. In most cases the wet bank was abundantly vegetated with
indigenous species whilst the dry bank had a few isolated indigenous shrubs and small trees of cither
Afromontane Forest riparia or Scrub riparia affilistion. Individuals such as these are important
sources of seed in the initial post-clearance recovery. [n many arcas, most notably on the Molenaars
and the Witte Rivers, there was abundant evidence from cleared sites that clearing teams had removed
indigenous trees as well as alien ones. Tree species take far longer to re-establish than do smaller
herbaceous species, with the data suggesting that more than a decade is needed to approach natural
levels of canopy cover and species composition.  Clearing programmes would greatly enhance
recovery of the riparian vegetation if all operators could effectively distinguish indigenous from alien
species, and protection of indigenous vegetation stocks was a strong priority.  Failure 1o target alien
species alone, leaving Afromontane Forest and Riparian Scrub woody species in tact during felling
operations retards recovery by limiting propaglue supply; an unnecessary disturbance. In the absence
of herbicide application most woody shrubs and small trees re-sprout but take longer than ten years o
establish again. Protecting indigenous stocks is cheaper in the long run than attempting complex
revegetation strategics at sites where clearing has removed established indigenous stock.
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Re-vegetation strategics

If re-vegetation of cleared areas is attempted, it may be difficult to establish what species should be re-
planted. Valuable clues can be gleaned from upstream areas, which would have provided propagules
in the past. Failing this, species from neighbouring catchments could be used. As a last resort
common riparian species could be planted, and other less common species could be left to colonise the
rchabilitated area naturally from the surrounding landscape. A practical manual of concepts and
strategies for rchabilitation is needed (Section 8.2). In the meantime the manual for restoration
following clearing, in a variety of habitats by Holmes (1998) should be referred to.

Research recommendations

Post-clearing recovery patterns of riparian vegetation may differ according to the invading species

present, and thus restoration projects may require different re-vegetation strategies. Several avenues

of rescarch could help guide this process, some of which are presently being pursued in a post-
graduate thesis:

¢  Further investigation of the data gathered in this project on possible trends in the trajectory of
recovery of cleared sites.

e Further development of the CART model to capture a wider range of bank shapes and different
riparian communitics.

® Further investigation of the data gathered in this project on indigenous species-specific responses
to invasion and clearance.

e Further investigation of the data gathered in this project on the characteristics of identified
vegetation assemblage types.

e Data on species distributions and further work, started by Prins et al. (2004), on classifying
riparian vegetation community types for the Western Cape - and the rest of South Africa. This
would allow better selection of appropriate species for rehabilitation in order to protect genetic
stocks and catchment identities. In the meantime it is recommended that genetic stock from the
same catchment be used, if possible.

e A practical manual guiding concepts and strategies for riparian rehabilitation, parts of which are
already underway Holmes et al. (in press).

e  Further studies on the impacts of different follow-up treatments.

* An investigation on the impact of secondary alien invasions by, for instance, kikuyu grass
(Pennisetum clandestinum) on indigenous vegetation recovery.

¢ The role of propagules from the surrounding landscape in influencing recovery rate.

Additionally, promising avenues for allopathy research could be as follows.,

e Growth trials of indigenous species under alien tree canopies, with and without alien litter, under
different soil conditions, and after clearance by a range of methods, especially the role of fire.

e  The rate of degradation of allelopathic chemicals under different conditions.

¢ Inter-country rescarch on the allelopathic potential of Eucalyprus.

e Other rescarch topics as listed in Chapter 7.
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« E9 CAPACITY BUILDING

The following students have either completed post-graduate theses or benefited from training in field

or laboratory techniques:

Theses

e Mr Karl Reinecke is registered for an M.Sc degree and plans to use the data from this project to
upgrade to a Ph.D in 2007.

e Mr Jeremy Shelton completed a B.Sc (Hons.) in Zoology in 2004 on aspects of invertebrate
recovery following alien clearing on the Silvermine River.

e  Mr Gareth Mann completed a B.Sc (Hons.) in Zoology in 2005 on aspects of invertebrate recovery
following alien clearing on the Silvermine River.

e  Mr Edward Akunji completed a B.Sc (Hons.) in Environmental and Geographical Science in 2003
on aspects of bank erosion and floodplain development following alien clearing on the Silvermine
River.

Training

The following students were trained in various aspects of data collection:

e  Mr David Miller, Mr Steven Kirkman, Mr Sandile Koni, Ms Victoria Napier, Ms Ruth
Richards, Ms Penelope Barber, Mr Adrian Evans, Mr Graeme Ellis, Mr Ross Turner, Mr Ryan
Blanchard.

The following students were trained in various aspects of data processing and analysis:

o Ms Andrea Bematzeder, Ms Bronwyn O’Connel, Mr Blaine Pritchard, Mr Terence Wilson,
Mr Tekie Anday, Mr Jeremy Shelton, Ms Claire Malan, Ms Penclope Barber, Mr Steven
Kirkman, Ms Michelle Potgicter, Mr Louis Du Boisson, Ms Katherine Watermeyer.
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Introduction
K INTRODUCTION

1.1  RATIONALE FOR THE PROJECT

Riparian generally refers to biotic communities and environment on the shores/banks of rivers, ponds,
lakes and wetlands (Naiman et al., 1998). Riparian zones may be defined in at least three ways from a
hydrological perspective (Swanson ct al., 1982): most narrowly, as the water's edge; in a broader
sense, as riverine arcas (bed, banks and floodplain) that are periodically inundated on an annual basis;
and lastly, as the entire indirect area over which the aquatic and terrestrial environments interact. In
arid areas the boundary between the riparian and the terrestrial community is often quite marked, with
the riparian zone visible as an obvious band of green against a much drier and less densely vegetated
terrestrial landscape higher up the slopes. In these drier environments, riparian zones could be
considered as biological oases, often supporting a much greater number and diversity of species than
the surrounding catchment (Rood et al, 2003). In some temperate environments it may be difficult to
locate the boundary of the riparian zone as precisely (Tickner et al, 2001), as neighbouring arcas may
also be densely vegetated because of higher rainfalls or lower temperatures.

Though the riparian zone occupics a small area in relation to the greater catchment, its influence on the
surrounding landscape, mostly through its vegetation, is greater than predicted by the land-arca effect
(Gregory et al., 1991). For instance, some of the most important physical attributes of riparian zones
are their ability to trap, buffer and transfer sediments and associated nutrients laterally and
longitudinally within the riverine ecosystem (Steiger & Gumnell 2002). In particular, their impact on
flow, and their input and recycling of allochthonous material from upstream to downstream arcas, are
critical aspects of riverine ecology (Tabacchi et al, 1998). Further, they regulate sunlight inputs
thereby moderating river temperature (Wilson and Imhof 1998), influence bank stability (Rowntree
1991), reduce erosion (Goebel et al., 2003), and provide key wildlife habitat and corridors for wildlife
movement in otherwise disturbed areas (Corbacho et al., 2003), Their role as a filter or buffer between
the terrestrial and the aquatic ecosystem helps protect both the aguatic ecosystems from many of the
negative effects of land-use and the riparian lands from many of the impacts of flooding. The zone as
a whole is a vital component of the river ecosystem.

Because of their association with scarce water resources, riparian zones are vulnerable 1o many
anthropogenic disturbances that alter the flow of energy and materials through the landscape. Among
the most serious of these globally are: impounding and diversion of water, pumping of groundwater
from alluvial aquifers, grazing of livestock, clearing of land for agriculture and to increase water
yiclds, mining, construction of roads, heavy demands for recreational use, and fire (Naiman e al,,
2005). In the process, indigenous organisms may be ¢liminated from the riparian zone and alien
species introduced. Ecotones in general, and riparian zones in particular, are known to be sensitive to
environmental change (Naiman & Decamps 1987) and particularly prone to invasion by alien plant
species (Tickner, Angold et al., 2001). This vulnerability of riparian zones to invasion by non-native
plants is particularly pronounced in semi-arid arcas (Dye et al, 2001), at least partly due w0 the
dispersal of water-borne alien seed by floods (Knight 1985), the availability of water in otherwise dry
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arcas, and the dynamic, frequently disturbed nature of riparian systems that creates patches of open
sediment ideal for germination (Versveld et al., 1998), Invasion of alien plants into riparian zones in
arid regions has important implications for our already scarce water resources, since these specics
have free access to water and consume more of it than do indigenous riparian species (Versveld et al.,
1998). Invasion of riparian zones will change the composition of the native communities and the way
the systems respond to natural disturbances (Andrews & Auble 1995), and could result in further
invasion and/or soil de-stabilisation (Rowntree 1991), and reductions in river water quality (Le Maitre
et al., 1995). Being frequently naturally disturbed, riparian zones require sustained management in
arcas where invasive species occur (Richardson et al., 1997).

The effect of alien invasive plant species on indigenous hill slope vegetation in the Western Cape
(Richardson & van Wilgen 1986, Richardson et al., 1989) revealed a reduction in vegetation cover and
total number of species beneath invasive canopies. Richardson & van Wilgen (1986) observed a
difference in the vegetative response to the presence of Pinus radiata between the hill slope and
riverbank vegetation but did not provide detailed information. There are very few detailed studies of
the impacts of invasion of riparian zones in the Western Cape. At the conception of this project one
consultancy was addressing the impact of Acacia mearnsii and Eucalyptus sp. on riparian vegetation
in the foothills of the Breede river system (Boucher, University of Stellenbosch, pers. comm.). Two
other studies, by Prins et al. (2004) and Sieben (2002), were nearing completion, both describing
reference conditions for riparian zones of the Breede River system. There had been no studies of the
impacts of different methods of clearing aliens from riparian zones and the recovery success of
indigenous riparian plant species. Some autecological studies (Pieterse & Caims 1986, 1988; Picterse
1997; Van den Berckt 2001) and other studies on invasive litter fall (Milton 1980, Versveld et al,
1988) had demonstrated enriched soil chemistries following invasion of terrestrial communities in the
Western Cape and suggested that nutrient enrichment hampered the survival of indigenous species
(Musil & Midgley 1990). Again, there are no studies of riparian soil chemistry, in terms of changes
caused by alien invasion or recovery after clearing.

To address this knowledge gap, this three-yecar project was designed as a comparative study of the
effects of woody alien invading species on the vegetation communities of riparian zones, and to collect
empirical data on the recovery of indigenous riparian vegetation post alien clearing.

1.2 BACKGROUND TO THE PROJECT

This project followed a previous Water Research Commission project entitled ‘River rehabilitation:
literature review, case studies and emerging principles’, and was partially in response to a call for
proposals by the Working for Water (WfW) programme (van Wilgen et al., 1998) for research on the
impacts of alien clearing on freshwater ecosystems using macro-invertebrates as river health
indicators. The project’s overall aim was to describe the characteristics of plant communities in
undisturbed riparian zones in Western Cape headwater streams, and how these changed with invasion
by alien woody species and again during recovery after clearance of the aliens,
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Items included in the terms of reference for this project included: a literature review; the main study
on community composition of undisturbed, invaded and cleared riparian zones; the building of a
botanical herbarium (species reference) collection of riparian plant species that would be housed in the
Freshwater Research Unit at the University of Cape Town; and the use of physical and chemical soil
variables and seed-bank germination studies to investigate the recovery potential of disturbed and
cleared riparian zone soils. Some project objectives were adjusted with the approval of the Steering
Committee on 7 October 2003 and 26 October 2004; the final versions are given below.,

1.3 PROJECT OBJECTIVES

In summary, the project objectives, as redefined through the steering committee meetings were:
1. ldentify riparian plant communities of undisturbed and invaded riparian zones in Western Cape
rivers, and describe their species composition.

L4

Ascertain if each invasive species occurs in one or more lateral riparian vegetation zone.

3. Begin an exploratory investigation into whether or not allelopathy can be detected in selected
common invasive woody alien species, and the possible effects of alien species on common soil
variables.

4. Monitor the carly stages of recovery of indigenous vegetation in situ after clearing.

Objectives 1 and 2 were addressed in a series of data-collection activities during the summers of
2003/4, 2004/5 and 2005/6 by the main rescarcher on the project, Mr Karl Reinecke. Data on 11 sites
from five rivers were collected during the first summer and modifications made to the methods of data
collection and analysis, after which data from a further 24 sites on a further six rivers were collected.

Objective 3 was addressed through a series of investigatory experiments into allelopathy by Dr
Heather Malan. Allelopathy may be defined as the effect that chemicals (termed allelochemicals) of
plant or microbial origin have on the growth, development and distribution of other plants and micro-
organisms in natural communities or agricultural systems (Einhellig 1993a).

Objective 4 was met through a field-based comparative study of the recovery of riparian vegetation
post-clearance of aliens, by Mr Ryan Blanchard, supervised by Dr Pat Holmes. This formed part of
their larger Working for Water programme funded project on “Targets for ecosystem repair in riparian
ecosystems in fynbos, grassland and savanna biomes'.

The project focuses on vegetation aspects of nparian zones. It is acknowledged that other aspects of
these zones, particularly their geomorphological and hydrological attributes, are fundamental in
understanding the nature and functioning of the plant communities they support.  Such a
multidisciplinary approach, though ultimately necessary, remained outside the scope of this report.
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1.4  PROJECT REPORT

The report consists of five parts. Following this introductory part, Part 2 consists of a five-chapter
section on riparian vegetation zones, covering the main literature review and the main study. Part 3
covers the in situ comparisons of methods of clearing, and Part 4 the investigations into allelopathy.
Part 5 presents the conclusions and recommendations.
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2.  LITERATURE REVIEW

2.1  DEFINING RIPARIAN ZONES

In general terms a riparian arca is an arca of land directly influenced by the presence of a permanent
freshwater body. As such, riparian systems are associated with nearly all continental waters — lakes,
rivers, wetlands, springs and estuaries. Riparian zones are structurally diverse areas, from broad,
forested floodplains to narrow, intermittent areas along rivers in incised valleys (Naiman et al., 2005).
Where floodplain development is restricted, riparian zones are linear and narrow features of the
landscape (Holmes et al,, 2005), with vegetation communities that are distinctive in terms of the
composition of species and growth forms from the vegetation within the river and the terrestrial
vegetation on drier (higher) ground. Riparian zones occupy a three-dimensional (Wilson & Imhof
1998) transitional area (or are ecotones, Swanson ¢t al, 1992) between aquatic and terrestrial
ecosystems and serve as conduits for the exchange of materials and energy from the one to the other
(Richardson et al in press). Riparian zones genecrally exhibit sharp gradients in environmental and
ecological processes (Swanson et al, 1992; Naiman et al, 1998), which result in a mosaic of
environmental patches (Naiman & Décamps 1997) and a considerable variation in species richness
and composition (Corbacho et al., 2003).

In this project the phrase riparian zone refers to arcas directly adjacent to the active channel of the
river that support vegetation communities that are distinctly different to neighbouring terrestrial
communities and that show a distributional relationship 1o the flow regime of the river. As such, the
vegetation of active floodplains and terraces immediately adjacent to the river channel is included
whilst usually-submerged aquatic communities within the active channel are not. Two main features
separate riparian ecosystems in this sense from other wetland ecosystems (Rogers 1995):

1. alincar form due to their close proximity to rivers;

2. an hydrological connection to upstream and downstream areas, at least intermittently.

22  THENATURE OF RIPARIAN ZONES

Riparian zones are complex, dynamic, heterogencous and multidimensional. There is a considerable
body of knowledge on them, and a number of basic concepts as outlined below have emerged
regarding their occurrence, structure and functioning.

2.2.1 Rivers in the landscape

Natural rivers manifest a diversity of landscape elements (Ward et al, 2002). Their ecological nature
and functioning are influenced primarily by river size, position in the catchment’s drainage network,
the hydrologic regime and local geology and geomorphology (Naiman and Décamps 1997). Riparian
zones may be small along headwater streams and completely embedded in forest; wider along mid-
sized rivers, forming distinct bands within the landscape that are determined by long-term (>50 yrs)
channel dynamics and annual discharge; or well-developed, physically-complex floodplains that
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experience seasonal flooding and lateral channel migration with diverse vegetation communities and
moist soils. Study of them thus recognises three main perspectives:

e longitudinal - from the river source 1o its mouth;

e vertical - between the bank, river bed and fluvial aquifers;

e lateral across the floodplain.

The principal driver is the hydrological regime of the system, which in turm works on its geomorphic
features to produce a dynamic and constantly changing physical template (Lorenz ct al., 1997) for the
biotic component of the riparian zone. These two principal drivers are considered further below.

222 Hydrology

Gradients and patterns of zonation in aquatic and riparian biotas result from the spatial and temporal

variation in the input, retention and flow of matter along a river’s length (Lorenz et al | 1997). Several

authors have recognised bands of different kinds of plant communities up river banks from the water’s

edge 1o the outer edge of land influenced by flooding. Taman (2001), for instance, recognised:

e the ‘submergent zone': contains surface water most of the year; submerged plants are rooted
beneath the surface though their leaves may float at the surface;

e the ‘emergent zone': supports plants with roots that are submerged for at least some of the year
and with leaves and stems above the water surface;

e the ‘damp zone': permanently damp for most of the year and experiencing flow during flood
events;

e the ‘ephemeral zone™: dry for most of the year, and may become wet during floods.

Similarly Thayer et al. (2005) divided riverine forests into six zones using an clevation gradient from
the water's edge up the bank reflecting the flood-recurrence interval in cach case. All zones are not
always present, nor will the pattern of zonation necessarily follow the expected progression from | to
VI
e Zone | is the main channel with 100% flood probability.
e Zones I1-V constitute the active floodplain:

o Zone Il is the deepwater swamp (backwater) with near 100% probability of flooding;

o Zone Il is semi-permanently flooded with a 51-100% probability of prolonged annual

flooding;
o Zone IV is scasonally flooded with a 51-100% chance of short-term annual flooding;
* Zones Il 10 IV provide seasonal spawning, nursery and foraging habitat for fish
when inundated;

o Zone V is only temporarily flooded with an 11-51% probability of annual flooding.

e Zone V1 is the floodplain-upland transition, intermittently flooded with a 1-10% chance of annual
flooding.

Boucher (2003) recognised three principal zones (aquatic, wet bank and dry bank) subdivide into six
subzones: one aquatic, the rooted aquatic macrophyte subzone; two wet bank, the fringing sedge
subzone and the shrub or willow subzone; three dry bank, the lower dynamic subzone, the tree/shrub
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subzone and the back dynamic subzone. The wet bank is determined by within year flows while the
location of the dry bank is determined by floods with recurrence intervals of more than one year.

Recent research on integrated management of river flows has reflected a new understanding of the
significance of a river’s flow regime in maintenance of the nature and functioning of the whole river
ccosystem. It is now generally recognised that the whole flow regime is important for river
maintenance (King et al, 2003) including:

o the dry-season low flows;

o the small floods that occur every year;

e the intermediate floods with occurrence intervals of two 10 about five years;

e the rare, larger floods that can be catastrophic for the system;

e natural flow variability at daily, monthly annual and inter-annual levels,

This approach has shown for several rivers across southern Africa, for instance, that the 1:2 year flood
correlates with the lowest edge of the main band of woody vegetation and thus may be responsible for
controlling encroachment of trees and shrubs into the active channel (Tharme & King 1998, King
et al, 2000). The largest of the intra-annual floods similarly correlates with the dynamic band of
pioneer species assemblages next lowest in elevation below the trees and shrubs — in the longitudinal
strip sometimes referred to as the Fishermen's Walk. This strip may be too elevated to support sedges
and reeds and too low for trees to establish because of regular annual flooding.

The recognition that bands of differemt species assemblages occur up river banks was one of the
fundamental concepts built into design of the study programme for this project.

223 Geomorphology and geology

The basic premise of fluvial geomorphology is that “rivers adjust their morphology (width, depth,
slope and planform) to carry the water and sediment supplied from the drainage basin: during the
passage downstream the caliber of the bed material declines as channel gradient decreases. These
changes allow the river to achieve a balance of energy and material™ (Newson et al, 2002). Rowntree
and Wadeson (1999) and Rowntree (2001) developed a hierarchical geomorphological classification
system for South African rivers that encapsulated the changing downstream nature of rivers. In this
classification system, river channel zonation patterns are assessed in terms of gradient, valley form and
characteristic channel features (substratum and reach types). The classification divides a river
longitudinally within its catchment through a nested hierarchy of segments, zones, reaches and
morphological units. Each level of the hierarchy reflects the changing physical nature of both the river
bed and the banks. Upper reaches usually consist of narrow streams in narrow valleys, and so the
riparian zones tend to be poorly developed with indistinct or incomplete lateral zonation of plant
communities up the banks. The width of the riparian zone tends to increase with distance downstream
as valleys widen, resulting in less lateral constraint of river flow. Flood terraces and floodplains
become a more obvious feature of the riverine landscape, with a consequent increase in the extent and
complexity of the riparian vegetation.
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Riparian vegetation is shaped by disturbance regimes of the surrounding landscape, such as wind and
fire, and by those associated with lotic and lentic systems, such as flooding, debris flows and
sedimentation processes (Holmes et al, 2005). The distribution of riparian vegetation is determined
by gradients of available moisture, oxygen and nutrients, in part determined by altitude, underlying ;
geology (Sieben 2002) and the development of post disturbance successional phases of vegetation ;
(Holmes et al, 2005). '

224 Freshwater ecology

Recent years have seen a proliferation in concepts on the nature and functioning of river ecosystems.
Key concepts are outlined below, with comment on their relevance for riparian zones.

e The River Continuum Concept (Vannote et al, 1980) explained downstream (longitudinal)
ecological change as a function of changes in channel geometry, riparian vegetation and
organic matter (productivity), assuming maximum biodiversity in the middle river reaches.

There was no consideration of temporal changes, or of lateral and vertical dimensions in the
ecosystem.

e Paich dynamics theory described the physical river as a discontinuum (mosaic) of patches
formed by the combination of different environmental conditions and disturbance/succession
processes through time (Poole 2002). Swanson et al. (1992) separated geomorphic (as a result
of sediment movement) and non-geomorphic (due to topographic position, for example)
patch-forming processes or disturbances. Riparian vegetation communities are patchily
distributed responding both to localised conditions (availability of nutrients and moisture) and
the disturbance regimes of upslope (overland flow and fire) and upstream processes (sediment
delivery and bank erosion).

®  The Mood pulse concept (Junk et al.,1994) related ecological response 1o seasonal hydrological
change while emphasizing lateral connectivity and the role of seasonal variation in structuring
recruitment of obligate riparian species (Richards et al, 2002). It is increasingly being
acknowledged that a more holistic view of riparian zones is necessary for successful
management; one that includes a four dimensional view: lateral, vertical, horizontal transfer of |
matenials and energy through time.

e The telescoping ecosystem model (Fisher et al, 1998) viewed rivers as a series of nested
subsystems. This concept has been absorbed into riparian ecological thinking in order to
capture the multidimensional influences on riparian structure and community composition.

e The intermediate disturbance hypothesis described a trade off between competitive and
dominant species’ monopolies on stable habitats, and other fugitive species’ tolerance of high
instability levels (Richards et al, 2002). Higher species richness is expected during
colonization of newly formed habitat patches and is expected to decrease as the stability and
age of the patch increases,
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The flood-pulse concept and intermediate disturbance hypothesis are inter-related through patch
dynamics and together are particularly pertinent for riparian systems as they deal with channel
dynamics that create a diversity of habitat patch sizes, and with lateral and vertical linkages.

These concepts help formulate a useful framework in which to consider data collection and
organisation, particularly in terms of the longitudinal dimension of stream ecosystems, They focus
very poorly, however, on riparian zones and transitions within them and between them and other
neighbouring ecosystems (Ward & Tockner 2001). Further focus on the nature of riparian zones
comes from a growing body of specialised riparian studies.

2.2.5 Riparian species ecology and adaptations

The mosaic of constantly changing channel and floodplain features creates complex heterogencous
habitats (Stanford et al, 1996). Thus, for any one riparian plant species, the resources needed to
sustain growth and reproduction are distributed patchily within the riparian zone. Further, the plants
must continually resist the occasional or sustained physical force of moving water in order to persist at
a particular location. As a result, riparian plant species tend 10 occur in patterned locations reflecting
their adaptation to the frequency and duration of flood pulses (Standford et al., 1996) and the various
habiun effects caused by them,

Though physically harsh, the riparian zones are suited in many other ways for extended plant growth
and nutrient uptake: soil moisture is available all year; the humidity is relatively high, which buffers
against excessive cvapo-transpiration in summer; temperatures are generally lower than in the
surrounding landscape due 10 evaporative cooling; and there is considerable protection from the wind.
As a result, the zones are ideal for prolonged metabolic activity, and their status as ecotones results in
them supporting disproportionately species-rich communities compared to neighbouring ecosystems
(Swanson et al., 1982). Though the overall distribution pattern of the plant communities reflects flood
recurrence intervals, species-specific reproductive and physiological adaptations determine actual
colonisation, establishment, and succession patterns.  Adaptations include species that grow on large
woody debris (Rutherfurd et al, 2000), those that succeed on mineral floodplain soils, obligate
hydrophytes growing in flooded soils; and those with mechanisms to cope with flooding, sediment
deposition, physical abrasion and stem breakage. Functional adaptations fall into four categories
(Naiman et al, 1998):
¢ invaders produce large numbers of wind- and water-disseminated propagules that colonise alluvial
substrata;
e endurers resprout after breakage or burial of either their stem or roots from Noods;
e resisters withstand flooding for weeks during the growing season;
e avoiders lack adaptations to specific disturbance types.

Stresses associated with inundation can be coped with for varying lengths of time, depending on the
species.  Some adaptations include adventitious roots, stem buttressing, root and stem flexibility
(Thayer et al, 2005); acrenchyma or air spaces between cells in roots and stems, common in the
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Cyperaceae and Juncaceae, to cope with anoxia by facilitating diffusion of air from acrial parts of the
plant to submerged parts; and pneumatophores or air roots that grow above the anoxic zone and enable
oxygen uptake (Naiman et al , 1994).

The timing of seed production (phenology) to coincide with flood events, which create suitably open
and moist regencration sites (safe sites: Cellot et al, 1998), is critical for regeneration of woody
species. Generally seeds are produced 1o coincide with timing of the flood recession, suggesting the
evolution of dispersal strategies that maximise opportunities for successful regeneration and even
suggest that species on a particular river might respond to catchment-specific hydrology (Naiman
et al., 1998). This is not the case for unspecialised plant fragments however; dispersal of these may
take place at any time of the year, with stem fragments often producing roots upon breakage to boost
germination success once deposited on land (Riis & Sand-Jensen 2006).

Hydrochory

Hydrochory may be defined as the dispersal and transport of seeds and other plant propagules
(rhizomes, stolons, tubers, stem fragments and turions, Nilsson & Svedmark 2002) by flowing water
(Naiman et al., 1998). Germination success is influenced by an appropriate flow regime and flooding
pattern, soil characteristics such as particle size and organic matter content, temperature fluctuations
and light conditions (Kellog et al, 2003). In addition to seed buoyancy, dispersal efficiency depends
on the number of seeds produced and alternative means of transport: anemochory (wind dispersal) and
zoochory (animal dispersal, Coops & van der Velde 1995). Hydrochory is an effective means of seed
dispersal even for short-floating seeds, and was shown 1o increase the diversity of plant communities
in controlled plots by facilitating long-distance dispersal (Jansson et al, 2005, Budelsky &
Galatowitsch 2000). Sites that become isolated from inundation appear more likely 1o experience
local extinction as competitive species, entering via means other than water, colonize successfully, and
the transfer of propagules is halted (Nilsson and Svedmark 2002). Inundated sites continually receive
propagules with floodwaters, being disturbed but in this way maintaining diversity (Goodson et al,
2001).

Biodiversity and species richness

Biodiversity, species numbers (alpha diversity) and distribution (beta diversity) are primarily
determined by the availability of resources for reproduction and maintenance of individuals (Stanford
etal, 1996). The riparian species pool contains terrestrial and aquatic communities that inhabit lotic,
lentic and hyporheic habitats across a range of spatio-temporal scales (Ward et al, 2002). The
characteristic mosaic of landforms and diversity of abiotic and biotic influences on riparian landscapes
has led many to consider riparian zones to be, “...the most diverse, dynamic, and complex biophysical
habitats on the terrestrial portion of the carth...” (Naiman et al, 1993). Though much studied, few
have focused on the causes of their spatial patterns of plant diversity (Tabacchi et al., 1996). Some
have suggested that the middle reaches of rivers are the most species rich, reflecting the intermediate

10
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disturbance hypothesis (Tabacchi et al, 1998). Naiman et al. (1993) posit four reasons for the

exceptional diversity of riparian vegetation:

e the intensity and frequency of floods;

o small-scale variations in topography and soils as a result of lateral migration of river channels and
hank adjustments,

e vanations in climate from source to mouth or across biomes;

e disturbance regimes imposed by upland environments.

The riparian zones provide many ecological benefits, including providing migratory corridors and
breeding, feeding and nursery grounds that support floral/faunal communities in possibly otherwise
dry, hostile or transformed environments (Corbacho et al, 2003); controlling or ameliorating river
temperature through shading: inputting organic matter o sustain lotic and lentic food chains;
enhancing stream stability and buffering/storing nutrient-rich sediments draining from the landscape;
and maintaining soil moisture via capillary action,

2.2.6 Riparian zones in the Western Cape

Despite extensive rescarch in the Fynbos biome, its riparian vegetation has not been intensively
studied until recently and there is no formal classification of riparian vegetation communities for the
Western Cape (Prins et al.,, 2004) or the rest of Southern Africa. Riparian vegetation is normally
casily distinguished from the surrounding vegetation (Boucher 1978) and has been alternately
described as hygrophilous mountain fynbos (Taylor 1978), closed-scrub fynbos (Campbell 1985,
Cowling & Holmes 1992) or broad sclerophylious closed scrub (Cowling et al., 1997). Cowling &
Holmes (1992) described the vegetation as similar to forest and thicket, with a relatively high cover of
mesophyllous non-proteoid woody plants, but dissimilar in its high cover of Restionaccae and the
presence of Ericaceae. Taylor (1978) provided an overview of the succession of hygrophilous fynbos
through two stages of evergreen temperate forest: the first is dominated by Brabejum stellatifolium and
Metrosideros angustifolia and the second by Maytenus acuminata and Hartogiella schinoides. The
former usually develops into the latter, which is often referred to as Afromontane Forest, after about
50 years without fire (McKenzie et al., 1977). It tends to be restricted to steep kloofs sheltered from
fire, and is described by Campbell (1985) as “Low or tall microphyllous evergreen forest usually with
a spare ground layer’ and essentially as a feature of coastal mountains.

Two recent papers and a thesis addressed Western Cape riparian vegetation communities.  Sieben
(2003) completed a phyto-sociological study of riparian vegetation communities in the upper reaches
of five rivers in the Hottentots Holland Mountains near Cape Town. Sieben described three
environmental gradients determining riparian vegetation community structure, listed from most to
least important: the geographical gradient influenced by large-scale climatic processes; the lateral
gradient determined by inundation frequency and streampower and the longitudinal gradient
determined by altitude. He found the most species rich communities furthest from the water's edge at
intermediate altitudes. Prins et al . (2004), defined reference conditions for south-western Cape rivers.
The identified four prospective plant communities that formed a continuum with the two most
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separated communities differing in soil pH reflecting underlying geology. They concluded that
riparian specialists are widespread. Galatowitsch & Richardson (2005) assessed recovery of riparian
vegetation communities in the south-western Cape following the clearing of woody alien species and
synthesized various descriptions of plant communities into a database of 350 Western Cape riparian
species. They concluded that indigenous tree regeneration was very low following clearing and was
not disturbance triggered. Thus slow recovery is likely to result without restoration intervention.
These studies were useful in providing lists of species that could be referred to in the present project,
but differences in methodology, in some cases, excluded direct comparison of their community
descriptions (Boucher 2002). One of the first tasks in this WRC project was to assess how others had
studied riparian plant communities and adopt or develop a suitable approach to meet the project’s
objectives.

23 IMPACTS OF ALIEN INVASIONS ON RIPARIAN ZONES

Biological invasions are the second largest threat (after habitat destruction) to global biodiversity
(Richardson & van Wilgen 2004). Semi-arid riparian zones are particularly prone to invasion by alien
plant species (Dye et al.. 2001), to a large degree because of the availability of water in otherwise dry
areas (Versveld et al.. 1998). They are frequently disturbed by floods (Richardson et al in press),
which uproot plants and create new habitat patches (Versveld et al., 1998) through fluvial deposition
and erosion of sediments. These sites for germination are provided with suitable matenial - water-
borne rhizomes, seeds, and vegetative fragments — by the floods, which distribute the material
longitudinally along the system and up the banks (Tickner et al, 2001). Being frequently naturally
disturbed, riparian zones require sustained management in arcas where invasive species occur
(Richardson et al., 1997).

One of the most frequently cited impacts of woody alien invasion of riparian zones is the excessive
use of surface and ground water by the aliens compared to the volumes used by indigenous riparian
vegetation (Dye & Poulter 1995, Versveld et al., 1998; Calder & Dye 2001). In fact, the recovery of
streamflow following clearance of alien-infested catchments, was one of the primary motivating
factors for the Working for Water programme (van Wilgen et al, 1998) based on the premise that
indigenous forest or scrub uses less water (Scott & Lesch 1996; Dye et al, 2001). Woody alien
species have additional impacts, such as fundamentally altering the vegetation-mediated processes
caused by changes in canopy structure and in the abundance and variety of species and growth forms
present. Essentially, a mixed community is replaced by a woody monoculture. This alters the flow,
availability and/or quality of nutrient resources within biogeochemical cycles, trophic resources within
food webs, and physical resources such as light, sediment, space or water. Alien species that change
the physical structure of the ecosystem in this way are sometimes called ‘transformers’ (Richardson
etal, 2000) or ‘ecosystem engineers” (Crooks 2002).

The level 10 which riparian ecosystem processes are altered depends upon the type and density of the

alien cover (Richardson et al. in press), its degree of consumptive use of water (Ticker et al, 2001)
and its effect on the hydraulic resistance (or roughness) of the riparian area. In general, bank
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vegetation reduces bank shear stress, promoting sediment deposition, and binds the soil, increasing
resistance to erosion, but different Kinds of vegetation achieve this 1o different extents. Grasses and
other herbaceous vegetation have low biomass and are shallow rooting offering good cover against
surface scour but no defense against mass bank failure. On the other hand, trees lack a dense surface
root mat and have poor ground cover but are deeply rooted and thus increase protection from mass
bank failure (Thome 1990). Alien woody invasives change these processes, affecting flooding
patterns, sediment deposition, water table fluctuations and soil moisture conditions (Tickner et al,
2001).

Once they appear in riparian zones, many woody aliens exploit invasion windows created by flood

events and anthropogenic disturbance to further establish themselves. Once established, positive

feedback mechanisms may promote their further spread via habitat alteration and increased pressure of
propagules (Richardson et al. in press). This has been shown for Seshania punicea in South Africa

(Hofmann & Moran 1988). Other localised impacts recorded at the site scale include:

* suppression and replacement of indigenous vegetation (Holmes et al, 2005);

¢ increased transpiration, leading to a reduction in flows due to increased biomass when compared
10 indigenous vegetation (Holmes et al, 2005);

e reductions in rainfall-runoff into rivers and increased flow resistance caused by dense woody
stands, resulting in sediment deposition and changes in channel shape (Rowntree 1991);

o local channel widening in headwater arcas, with lateral erosion of channel banks (Rowntree 1991);

e deepening and narrowing of lowland rivers as sediment is trapped and stored (Rowntree 1991);

o alterations to soil chemistry, for example increases in soil nitrogen by Acacia saligna (van den
Berckt 2001) that may promote colonization by uncharacteristic indigenous species or secondary
invasion (Holmes et al, 2005), usually by nitrophilic (nitrogen-loving) species (Yelenik et al,
2004);

e lowering of the water table, which reduces the availability of suitable amphibian habitat for
sensitive species (Baard et al., 2001);

e reducing the canopy cover of indigenous trees in favour of shrubs, with associated reductions in
species richness and indigenous tree recruitment (Galatowitsch & Richardson 2005);

e changes in woody biomass and litter fall, which increase the lammability and heat generated by
fires, leading to ‘heat scars’ and the death of indigenous seeds in surface soil layers (Cilliers
2002).

Changes in invaded arcas should be interpreted with caution, as invasion by alien species may be a
consequence of change rather than a cause. Tamarix species in the and parts of western USA, for
instance, was attributed with a suite of impacts on invaded channels, including increases in the
width:depth ratio, salinization of river bank soils and modifications to existing habitat (Richardson
et al in press). Later studies showed Tamarix did not consume more water than indigenous
vegetation, and that reduced flows downstream of flow-regulating reservoirs were responsible for
increased sedimentation, with invasion by Tamarix being a secondary consequence of these reduced
flows and not a cause.

13
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Secondary ecosystem-level impacts of alien invasion are less well studied, and most evidence remains

at the level of undocumented observations. Richardson & van Wilgen (2004) discussed some

anecdotal evidence of alterations in the provision and delivery of riparian/fluvial good and services

other than water, and highlighted the need for further research:

e increased amount and diversity of seed resources for frugivorous birds and decreased availability
of food supplies for insectivorous bird species:

e increased biomass and woody fuel loads, leading to increased susceptibility to fire and soil
erosion;

e increased runoff in catchments devoid of topsoil and groundcover causing increased severity of
flooding, damage to property and siltation of reservoirs;

e decreased beach replenishment of fine sediments through stabilisation of coastal sand dunes by,
for instance, Acacia cyclops,

e compromised fishing in rivers because of invasion of channels by floating aquatics and of
riverbanks by trees;

e increased sediment delivery coupled with decreased flows, leading to a lower probability of
estuarine river mouth breaching, which impacts on the recruitment of marine species with
estuarine-dependent life stages,

The impacts listed above, though few in number, illustrate that alien invasions may be felt far beyond
the area of invasion. Research into these wider issues is being conducted through the Working for
Water (WIW) programme. WIW was initiated by the Department of Water Affairs and Forestry in
1994 and pioncered an approach of maximising a specific ecosystem service - the delivery of water -
whilst climinating invading plants, and a1 the same time promoting social equity through job creation
(van Wilgen et al., 1998). The impetus behind the programme was the relatively low cost of clearing
when compared to that of developing additional water-supply schemes (van Wilgen et al, 1997). Of
equal importance were the restoration and conservation of biodiversity, and enhancement of the
quality of life of previously-disadvantaged peoples. Research on more fundamental scientific
questions is still needed: whether or not the predictions of significant benefits arising from alien
control can be substantiated by good science, and whether or not the threat of invasive alien species
can be curbed (van Wilgen 2004).

24 STUDYING RIPARIAN PLANT COMMUNITIES AND THE IMPACTS OF INVASION
The concept of a plant community

A plant community is defined as a collection of plant species growing together in a particular location,
where the species show an association or affinity with cach other that is greater than would be
expected by chance (Kent & Coker 1992). Two opposing views on plant communities are those of
Clements and Gleason, which are summarised by Kent & Coker (1992).

Clements (1916) saw a plant community ‘as a clearly recognisable and defined entity that repeated
itself with great regularity over a given region of the carth’s surface’. This was linked 1o the concept
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of a climax community; he believed long-term stability over time favoured communitics at
equilibrium within the prevailing climate. Gleason (1926) on the other hand saw plant communities as
continua, with the species responding individually to variations in environmental factors over time and
space and the community thus subject to species immigrations and extinctions. The combination of
species at any point in space was therefore unique and dependant upon a combination of
environmental factors and the tolerances of the invading and resident specics. Since the idea of a
community was not static, samples could never be generalised into defined plant communities.

Kent & Coker (1992), in common with most modern plant ecologists, suggested that plant
communities lic somewhere between being continua and clustered units, In any region, broadly
similar conditions of environmental factors and biotic pressures will occur. Where these conditions
repeat themselves the vegetation type will be repeated (like pieces of a mosaic), will have definite
structure and could be scen as a plant community. There are also other groups of species, however,
which are transitional between recognisable communities and have properties common to more than
one group. These ecotones or transition areas form borders between different plant communities that
may not be clear,

This raises the question of how 10 treat these transition arcas, and how to distinguish at what point a
transitional group becomes a community. Two different approaches have emerged for studying plant
communities and dealing with the transition areas. In the Braun-Blanquet method (Werger 1974)
transition areas are ignored in order to strengthen group structure. In the numerical methods the
transitions are themselves seen as ‘communities’.

Phytosociology and the Zurich-Monipellicr (Braun-Blanquet) school of subjective vegetation
classification

The Braun Blanquet (BB) approach was devised and largely applied in Europe. Kent & Coker (1992)
summarise the method as follows.
1. The vegetation is sampled in a relevé. The position of the relevé is deliberately chosen to be
representative of a particular vegetation type and thus is sited non-randomly.
The vegetation within the relevé should be uniform and homogencous, implying species should
exist within the relevé over a sizeable area without any obvious variations,
3. Transitions between community types are purposefully avoided.
The minimal arca method (Werger 1972) must be used to determine the area of the relevé.
The sampled relevés are sorted manually into associations by re-arranging both the species and
relevé positions in the data table. The exact method by which this is done varies and is not well
described.
6. The resulting associations (plant communities) are “abstract” in that they are not considered to be
located in any particular space.  These associations may be described as “concrete” if, when
collecting the species data, the location of the sampled communities was mapped.

"

In this approach, the location of recognisable plant communities is determined a priori by visual
assessment, purposefully avoiding areas judged 1o be transitional between the selected community
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types. Different sized relevés are used to sample vegetation of differing size (e.g. larger relevés for
trees than for fems). A cover-abundance scale is used to record the composition of species within
cach relevé. The BB relevés are re-organised into a phytosociological table such that species common
across the sampled relevés are excluded as much as is possible from the described communities;
community descriptions are based upon key (isolated) species occurrences through the
phytosaciological table. Since this is based upon specialist knowledge and a certain intuition, different
rescarchers are likely to recognise different arrangements of vegetation assemblages in the data table.

Numerical classification — objective vegetation classification

Numerical methods do not recognise the location of plant communities @ priori. Data are collected
systematically over a wide arca, and data-reduction techniques used to identify assemblages based on
the grouping of similar samples. Samples falling outside these groups of similar samples may
represent transitions between groups, or they may be samples where 100 few species were present for a
proper identity of the sample to be made.

The goals of numerical classification are the same as for the tabular re-arrangement in the Braun-
Blanquet method: the grouping of a set of individuals (quadrats or vegetation samples) into classes on
the basis of their attributes (floristic composition). The numerical methods rely on a set of rules
dictating how the groups of individuals or samples are arranged and so, for any one set of data, any
researcher using a particular method should produce the same result.

Method requirements for this project

During this project, a key requirement was the need for a repeatable and consistent method that could
be applied by biologists with no specific training in the study of Western Cape riparian communities.
The Braun-Blanquet method did not fit this requirement as it requires specialist knowledge to identify
communities a priori and select suitably sized quadrats for the different communities present. A more
fundamental problem with the Braun-Blanquet method was seen as the somewhat circular logic of
defining communities a priori, and then using the species present in each to define the communities.

Kent & Coker (1992) considered phytosociological methods unsuitable for use in studying dynamic
ecotone environments such as riparian zones, as they are based on assumptions of community stability
at larger scales and were not designed for use in highly variable, narrowly-lincar environments. The
Braun-Blanquet approach works best where the vegetation community being sampled is truly
homogeneous and not an edge or ecotone between other vegetation types.

Its requirement to avoid transitions between communitics was seen as causing exclusion of important
data on the fundamental transitional and patchy nature of the riparian zone. Systematic information
would not be provided on the change in plant species from the dry-season water’s edge to the outer
riparian edge, and so it would have been difficult to identify the boundaries of different bands/patches
of vegetation in relation to this relatively fixed location. It was vital to be able 1o make this link
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between water’s edge and elevation boundaries of cach plant assemblage, as the assemblages '
themselves would be partially or wholly obliterated in invaded sites. The measurements from water's
edge would then become a vital guide as 10 where cach indigenous plant assemblage should have
been, this in tum allowing calculation of the changes in species richness and other biodiversity
measures of cach assemblage as a result of invasion.

These short-comings led to the choice of numerical methods for data collection and analysis. Two
methods were used: CLUSTER analysis and non-metric multi-dimensional Scaling (MDS) ordination,
CLUSTER analysis (or classification) aims to find ‘natural’ groupings of samples such that samples
within a group are more similar 10 one another generally, than 1o samples in different groups (Clarke
& Warrick 2001). MDS ordinations are similar in that they are designed to construct a *map’ showing
the relationships between different samples based on the similarity between samples (Manly 1992) but
differ from CLUSTER analyses in that they portray the gradation between the grouped samples
graphically (Clarke and Warrick 2001). Ideally each group, whether revealed from CLUSTER or
MDS ordination analyses, should contain quadrats with very similar species composition; these define
the plant assemblages for the area under study (Kent & Coker 1992).

Cluster analyses

Many methods of clustering exist. Clarke & Warrick (2001) chose to concentrate on one technique of
widespread utility in ecological studies. They emphasised the arbitrariness of all classification
techniques and stressed the need to perform cluster analysis in conjunction with a range of other
methods such as ordination or statistical testing, 1o obtain balanced and reliable conclusions. Methods
of hierarchical agglomerative clustering, chosen for use in this project, are the most commonly used
clustering techniques. Data are reduced 10 a similarity matrix from which samples are fused into
groups, starting with the highest mutual similarities and ending with a sample matrix that contains all
the samples. The results are portrayed on a dendrogram (or tree diagram) with the x axis representing
the full set of samples and the y axis defining the level of similarity. The analysis attempts to group
samples into discrete clusters and not display their inter-relationship on a continuous scale (Clarke and
Warrick 2001). Cluster analyses are scen as being useful to determine ‘true groups” in classifications
(Manly 1992).

Ordinai ( |
In contrast to cluster analysis, ordination shows the inter-relationships between samples on a continual
scale. It is widely recommended that it is performed in conjunction with cluster analysis since
agreement between the two methods strengthens the belief and adequacy of cach.

There are a number of ordination methods. The carliest was the Bray & Curtis polar ordination (PO)
followed by Principal Components Analysis (PCA), reciprocal averaging (RA) and correspondence
analysis (CA) and then detrended correspondence analysis (DCA). Canonical correspondence analysis
(CCA) is another method, differing from those already mentioned in that it incorporates the correlation
and regression between floristic data and the environmental variables within the ordination, whereas
the other methods (PO, PCA, RA, CA and DCA) are all indirect methods that produce the ordination
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independently of the environmental data. In these indirect methods, the explanatory environmental
variables are than superimposed onto the ordination afterwards. The mathematical algorithms for all
these methods vary in their complexity and numbers of assumptions made regarding the relationship
between samples and the nature of the data. Kent & Coker (1992), Clarke & Warrick (2001) and
Manly (1992) provided detailed descriptions and comparisons between the different methods.

The general consensus is that no one method is better/more important than any other, and there is no
clarity as to which might give the least distortion to the data (Kent & Coker 1992). Certain methods
have gained popularity and are used more often than others in different parts of the world. At the
present time DCA and CCA are widely accepted as *best methods’ but each has its problems.

In this project, non-metric multi-dimensional scaling (MDS), which is an indirect method producing
an ordination independently of environmental data in the same way that PO, RA and DCA do, was
chosen. MDS ordinations make few assumptions about the form of the data or the inter-relationship
between samples (Clarke & Warrick 2001). The starting point is the similarity matrix among samples
which can take whatever form is biologically relevant to the nature of the questions being asked.
There is flexibility in: 1) the choice of coefficient and possible transformation or standardisation, 2)
whether or not to ignore joint absences or emphasize similarity in common or rare species, and 3)
whether to compare using only percent composition or to allow sample totals to play a part. The MDS
ordination is a map showing the distance between samples, with less distance indicating greater
similarity. The 2-D ordination is a stressed representation of a 3-D plot, with low stress values (x<0.1)
indicating a good ordination with no real prospect of misleading interpretation.  Stress values
(0.3<x<0.2) indicate a potentially useful 2-D picture although for values at the upper end of this range
the plot should be cross checked against an alternative technique (e.g. the superimposition of cluster
groups). Stress values of (x>0.3) indicate that the points are close to being arbitrarily placed in the 2-
D ordination space. By superimposing groups from a cluster analysis onto an ordination plot, the
adequacy and mutual consistency of both representations can be checked.
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3. METHODS
31 APPROACH

An assessment of the impact of alien invasive trees on riparian zones has to start with an
understanding of the natural (i.c. undisturbed) condition. This acts as a reference condition against
which to evaluate how cach cleared or invaded (i.c. disturbed) site differs from natural. With this in
mind, the research was designed 1o use river sites along a trajectory from undisturbed, through heavily
invaded to recovering following clearance of the invader species. Ideally, such sites should be situated
as follows and in order of preference:

e invaded and/or cleared sites downstream of undisturbed reference ones in the same longitudinal

zone of the same river (e.g. all in the moumain stream zone);
® sites as above, but in different longitudinal zones (e.g. in mountain stream and foothill zones).

The research was confined to:

e river banks, with floodplains and wetlands not specifically addressed;

o the upper reaches of rivers: mountain stream (MS), mountain stream transitional (MST) and
foothill (FH) zones;

e summer data, collected at a time of reasonably constant low flow;

e rivers with natural flow regimes;

e reasonably straight sections of channel, so that a grid of sample plots could be laid out along the
bank.

3.2 STUDY SITES

Suitable sites were sought on rivers within a radius of approximately three hours drive from the city of
Cape Town: as far as the Hex River valley in the north, Clanwilliam in the north west and Gansbaai in
the cast. Discussions with officials from the South African National Parks, CapeNature and Working
for Water programme, researchers from various faculties at the University of Cape Town and
Stellenbosch University, and various private freshwater consultants led to a list of rivers where
suitable sites might be located. Ninety-cight possible sites situated on 47 rivers in the Cape Peninsula,
False Bay and Indian Ocean coastal arca, and the Berg, Breede and Olifants River systems were
visited during 20 days of travel between September 2003 and January 2004, The criteria used for
evaluating cach site are shown in Table 3.1.

Only one river, the Elands/Molenaars, presented a set of suitable sites that met the first criterion of

sites in different states in the same longitudinal zone. The four most common situations encountered

were:

e river banks completely invaded or disturbed in some other way from source to mouth (i.e. no
reference site upstream of an invaded site);
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river banks with indigenous and invaded riparian areas in different longitudinal zones (i.e. no
reference site on the same river and zone as the infested site);

river banks with a mixture of alien species (i.e. no stands of single-species invasions except in one
or two cases on non-perennial rivers),

river banks that had been cleared or burnt within the last ten years and that were at various stages
of recovery, cither with or without the presence of alien species

Table 3.1 The criteria used for evaluating potential study sites, ranked by priority.
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Dense single-species infestations with an upstream indigenous (reference) area in the same
longitudinal zone.

Dense same-genus invasions with an upstream indigenous arca in the same longitudinal zone.
Mixed-genera stands with an upstream indigenous arca in the same longitudinal zone.

Dense single-species infestations with an upstream indigenous area in a different longitudinal
zone ¢.g. an invaded foothill downstream of a pristine mountain stream.

Dense same-genus invasions with an upstream indigenous area in a different longitudinal zone.
Mixed-genera invasions with an upstream indigenous area in a different longitudinal zone.
Rivers with two pristine and contiguous longitudinal zones.

Rivers with two pristine sites in the same longitudinal zone.

Dense single-species infestations with no upstream indigenous area (control) e.g. an invaded
foothill or mountain stream,

Dense same-genus invasions with no upstream indigenous area (control).

Dense mixed-species stands with no upstream indigenous area (control).

Single adult alien trees within an otherwise pristine riparian stand.

Cleared and recovering areas with a single alien species present as re-growing juveniles,
Cleared and recovering arcas with alien species from the same genus present as re-growing
juveniles.

Cleared and recovering arcas with a mixture of different alien species present as re-growing
juveniles,

Non-perennial rivers, or rivers where no flow was observed.

Rivers where the riparian arcas have been cleared or disturbed for agricultural or other
purposes.

An isolated indigenous riparian area that is unsuitable due to significant catchment
disturbance, being in the incorrect geomorphological zone, or some other confounding factor,

Such conditions did not allow cach disturbed study site to have its own reference site in the same
longitudinal zone. Thus, the planned design was modified to provide a number of undisturbed sites
that would jointly provide a description of a reference condition against which each invaded or cleared
site could be compared.

20




Methods

The 35 study sites selected (Table 3.2) consisted of 19 undisturbed sites, six invaded ones and ten
cleared ones, in three longitudinal zones (Rowntree 2001: Table 3.3). Data collection was done over a
six month period in each of two successive summers (Table 3.4),

Table 3.2 Location of study sites. Site codes as listed, with | being the most upstream site on
Asterisked (*) sites support

that river. Altitudes are in metres above sea level,

Afromontane Forest.

Catchment  Mountain Range  River

Code  Gradient  Altitude  Aspect

Coordinates

Olifants Cedarberg Rondegat

Heks
Breede Hawcgquas Witte
Elands
Molenaars
Berg Hottentots Assegaaibos
Holland
. Eerste
. Sir Lowry's
- Table Cecehia
- Mountain Disa
e Silvermine

Ronl
Ron2
Ron3
Rond
Ron$
Ronb
Hek
Hek2
Hek3
Hek4d
Wil

Wi
Wi
Wid
Elal

Ela2

Ela3
Elad

Mol
Mol2

Mol4
Assl
Ass2/3
Eerl
Eer2
SLPI
SLpP2
SLP3
*Cecl
*Disl
*Dis2
Sill
Sil2

0.085
0.085
0.029
0.029
0.025
0.025
0.023
0.023
0018
0018
0.027
0.027
0.005
0.005
0.054
0.054
0017
0017
0.012
0012
0.006
0.006
0024
0024
0.040
0.040
0.087
0.067
0.042
0.167
0.053
0.053
0.050
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624
624
S0
497
33§
333
245
244
167
175
285
281
258
253
519
505
450

SW
Sw
ENE
ENE
Sw
“‘
ENE
ENE

§32°23.764', E019°05.384"
§32°23.762, E019°05.368'
§32°22.599, E019°04.015"
$32°22.569, E019°04.002'
§32°20.480°, E019°01.270"
S§32°20.105, ED19°01 200
$32°26.123", E019°00.530"
§32°26.116°, E019°00. 518
§32°26.187, E018°58 883"
S$32°26.209, E018°58 872"
$33°34311°, E019°08.317"
$33°34.293", E019°08.323"
$33%33.355, E019°09.12%8'
S33°33.5344°, E019°09.138°
$33°45.654". E019°07.708"
$33745.636°, E019°07.694'
$33°44.410°, E019°06.791"
S$33°44.361°, E019°06.786'
SI3°43.437, E01908 363"
S33°43387, E019°10.762'
S33742.580°, E01971 1 848’
S33°401.773, E019°12.893
$33°58.036°, E019°04.862'
S33°58.058", E019°04.777"
$33°59.625", E018°58.531"
S33°59.224°, E018°57 389
S$34°05.629", EO18°56.801"
S34°05.686", E018756.694'
S34°06.182, EO18°55 908’
S33°59.829 E018°25315
$34°00.246", E018°23 438’
S347°00.320°, E018°23. 420
S34°05.310°, EO18°25 1407

$34°06.256, E018°25.253

Four sets of data were collected at each site, in order to describe the composition of the plant
assemblages, the distribution of species and the supporting physical environment:

e vegetation data;

*  cross-section measurements of the shape of the channel and banks;

e soil data;
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e other supporting data.

Data collection centred on sample grids adapted from the Modified-Whittaker nested vegetation
sampling method (Stohlgren et al, 1995, which were established on one bank of each site. The sample
grid was 20 m long, along the wetted edge of the river, and several metres wide as dictated by the
width of the zone of riparian vegetation (Figure 3.1). In some cases, where the riparian species
extended into mini-floodplains or seeps, the width of the plot was restricted to no more than 16 metres.
The entire grid was divided into a series of 1 x 5 m sample plots labelled by number (1 to ‘n’), o
indicate the distance from the water in metres, and by the letter A to D, to indicate its location along
the 20 m belt with A at the upstream end (Figure 3.1).

Table 3.3 Longitudinal zonation and status of the 35 study sites. Longitudinal zones were
assigned according to guidelines described by Rowntree (2001). Site codes are listed
with | being the most upstream site on that river. Criteria (Crit.) met as per Table 3.1.
Longitudinal zone: MS = mountain stream zone, MST = mountain stream transitional
zone and FH = upper foothill zone. U = undisturbed, | = invaded and C = cleared.

River zone
MS MST FH
~ River & site | Code | Cric River & site | Code = Crit ﬂ River & site | Code | Crit
U Elands | Elal 7 Witte | witl 8 Elands 3  Elad 7
Elands 2 Ela2 7 Witte 2 wit2 8 Elands 4  Elad 7
Disa | Dis! ] Heks 1 Hek 7 Molenaars 2 Mol2 7
Disa 2 Dis2 ] Heks 2 Hek2 7 Heks 3 Heks 7
Eerste | Ferl 8 Rondegat 3 Ron3 7 Heks 4 Hek4 7
Eerste 2 Fer2 ] Rondegat4  Rond 7
Rondegat | Ronl 7
Rondegat 2 Ron2 7
I Cecclial  Cecl 13 Rondegat 6  Ron6 2 Molenaars 4 Mol4 14
Assegasi.2  Ass2 9 Witte 3 wit3 4
SirLowry's3  SLP3 9
C  SirLowry's1 SLPI 13 Assegasi. | Ass) 13 Molenaars | Moll 14
SirLowry's2  SLP2 13 Assegaai. 3 Ass3 13 Molenaars 3 Mol3 14
Silvermine 1 Sill 12 Silvermine 2 Sil2 12 Witte 4 Witd 4

Rondegat § Ron$ 2

3.3.1 Vegetation data
The following sets of vegetation data were collected for each site.
Cover: Cover, estimated visually as a percentage of ecach plant species in cach sample plot

Stratification or multiple layering of vegetation in a sample plot resulted in total cover values of over
100 percent in some cases.
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Position: The rooted position and number of tree species in five height classes (<0.3 m (seedlings),
0.3-2.0 m (juveniles), 2.0-50 m, 50-10.0 m and >10.0 m), as well as the number of each shrub

species.
Table 3.4 The schedule of ficld work for data collection.
River J Site code T Vegetation data (# days) Cruss-sections and soils
Disa sl 12 Feb to 24 Feb 2004 (9) 08 Mar 2006
Dis2 04 Feb to 10 Feb 2004 (7) 08 Mar 2006
Cecelia Cecl 26 Feb to 01 Mar 2004 (4) 08 Mar 2006
Assegaaibos Assl 16 Mar 1o 21 Apr 2004 (6) 13 Feb 2006
Ass2 23 Mar 1o 01 Apr 2004 (4) 13 Feb 2006
Ass 02 May to 05 May 2005 (4) 13 Feb 2006
Molenaars Moll 21 Aprto 25 Apr 2004 (5) 14 Feb 2006
Mol2 27 Aprto 01 May 2004 (5) 14 Feb 2006
Mold 15 Aprio 19 Apr 2004 (5) 17 Feb 2006
Mol 04 Aprto 09 Apr 2004 (6) 17 Feb 2006
Eerste Eerl 24 May to 27 May 2004 (4) 06 Mar 2006
Fer2 17 May 10 20 May 2004 (4) 06 Mar 2006
Witte Wil 26 Jan to 30 Jan 2005 (5) 04 Mar 2006
w2 01 Feb 1o 05 Feb 2005 (5) 04 Mar 2006
Wik 06 Feb o 10 Feb 2005 (5) 05 Mar 2006
Wid 11 Feb o 15 Feb 2005 (5) 05 Mar 2006
Elands Elal 26 Aprto 28 Apr 2005 (3) 16 Feb 2006
Ela2 29 Aprto 01 May 2005 (3) 16 Feb 2006
Ela3 23 Feb to 25 Feb 2005 (3) 15 Feb 2006
Flad4 01 Mar to 05 Mar 2005 (5) 15 Feb 2006
Rondegat Ronl 16 Aprto 18 Apr 2005 (3) 26 Feb 2006
Ron2 19 Aprto 21 Apr 2005 (3) 26 Feb 2006
Rond 07 Mar 1o 09 Mar 2005 (3) 28 Feb 2006
Rond 10 Mar to 12 Mar 2005 (3) 28 Feb 2006
Rons 15 Mar 1o 17 Mar 2005 (3) 26 Feb 2006
Ronb 18 Mar to 20 Mar 2005 (3) 28 Feb 2006
Heks Hek! 03 Apr to 05 Apr 2005 (3) 02 Mar 2006
Hek2 06 Aprto 08 Apr 2005 (3) 02 Mar 2006
Hek3 09 Aprio 11 Apr 2005 (3) 01 Mar 2006
Hekd 12 Aprio 14 Apr 2005 (3) 01 Mar 2006
Silvermine Sill 12 May 10 14 May 2005 (3) 09 Mar 2006
Sil2 09 May 1o 11 May 2005 (3) 09 Mar 2006
Sir Lowry's Pass SLPI 18 May to 20 May 2005 (3) 06 Mar 2006
SLPZ 21 May w0 23 May 2005 (3) 06 Mar 2006
SLP3 24 May 10 25 Jun 2005 (2) 06 Mar 2006
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Identification: Three specimens of each of the 528 species collected were pressed, dried and
catalogucd into three separate herbaria: one for field reference; one for the Freshwater
Rescarch Unit; and one for specialists to use in identification. Three hundred and cighty five
specimens were identified to species, 62 to genus, 46 to family and 35 could not be identified. All
identifications were done by plant taxonomists from the Compton Herbarium at Kirstenbosch National

Botanical Gardens in Cape Town,

Photographic record: In excess of 1000 photographs of the plant specimens were taken and are filed
as digital photographic records accompany ing the specimen herbaria.

20m
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Figure 3.1 Sample grid showing the matrix and numbering of sample plots. RBWE = right
bank water's edge. A few sample plots were located in the channel (shown by the
dotted lines) to record the position of non-aguatic species rooted on islands or cobble
bars, or when the edge of channel was not straight. The first entire sample row of
sample plots was always numbered 1.

3.3.2 Cross-section data
Four cross-sections were surveyed at each site using an electronic theodolite (Leica TC307 model) and
a standard Leica prism on a staff. One cross-section was surveyed through each of the four vegetation

blocks, A through D, the cross-sections thus being 5 m apart. The data were stored in EXCEL and are
presented in Appendix 3.1,

3.3.3  Soil data

Eight soil samples were collected from the banks of ecach site. Four were taken within a distance of 2
m from the water's edge, where the wet bank assemblage types were estimated to be. A further four
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samples were taken higher up the bank, usually between 4-8 m from the water's edge, at a point close
1o the middle of where the dry-bank assemblage types were estimated 10 occur. In total, 136 samples
were collected for analysis. Each sample consisted of approximately 200 grams of soil removed with
a hand held trowel 10 a depth of no greater then 0.2 m from beneath the surface debris and leaf litter,
Samples were spread out in thin layers in brown paper bags to air dry. Once dry, the samples were
passed through a 2 mm sieve (Boone et al, 1999) and sent to Bemlab (Pry) LTD for the following
analyses:

e pH(KCIH)
e Resistance (Ohm)
e H' (cmolkg)

e Stone (%evol)
e P Bray Il (mg/kg)

o Kimgkg)
e Exchangeable cations (cmol(+ ykg); Na, K, Ca and Mg
e %C

e Base saturation (% Na, K, Ca and Mg; T-Value ¢ molkg)
e Particle size (% clay, sand and silt; classification).

The data were stored in WORD files and will form part of more detailed analyses in Karl Reinecke's
thesis.

3.3.4 Other supporting data

Substrata: The percent frequency of cach substratum type was calculated according to the Wentworth
scale (Rowntree and Wadeson 1999). The raw data consisted of the length of the shortest axis of the
maximum projection plane (B; Gordon et al., 1992) of 100 stones from the riverbed at each site.

Longitudinal profiles: These were derived from 1:50 000 topographic maps.

Gradienis: The gradient of each study site was calculated, both through measurement at the site and,
for a more general slope for the river reach, from a 1:50 000 topographic map.

Photographs: Twenty fixed-point photographs of the channel and bordering riparian areas were taken
at cach site.

34  STATISTICAL ANALYSIS

3.4.1 Whole-site comparisons

A single species list was collated for cach study site based on the total percent cover of each species
per site. This list was transformed to presence/absence data and the Bray-Curtis similarity coefficients

25




Methods

between all the sample grids computed. Transforming the data in this way has the effect of down-
weighting the importance of highly abundant species so the similarities between sites depend not only
on their presence but on those of common species as well (Clarke & Warwick 2001). These
similarities were investigated using CLUSTER analysis and Multi-dimensional scaling (MDS)
ordination (Clarke & Gorley 2006), with agreement between their outputs re-enforcing the robustness
of each. Groups of sample plots selected within the analyses were further investigated for their
validity as discrete vegetation entities, as described below.

Comparison of growth forms of the groups

The total cover recorded for cach species at cach site was summed and reduced to a percentage of the
total cover per growth form per site (Table 3.5). Species were classified into one of the ten growth
forms based on their potential height according to Goldblatt & Manning (2000). These percentage
covers were averaged across all the sites present in cach of the selected groups to give the mean
percent cover for cach of the ten growth form categories per group. A Kruskal-Wallis ANOVA by
ranks for multiple independent samples was performed on cach of the growth groups. This test
searches for differences between the mean values of cach growth form in cach group.

Table 3.5 Growth forms assigned to species, with heights referring to the adult of the
species. Growth form nomenclature follows Goldblatt & Manning (2000).

Growth form  Definition

1 forb A broad leafed herbaceous plant other than gramminoids (grasses, sedges and rushes) and restios.
2 geophyte A perennial plant that propagates by underground bulbs or tubers or corms.

3 rush Plants in the family Juncaccae.

4 sedge Plants in the family Cyperaceac.

5 grass Plants in the family Poaceac.

6 restio Plants in the family Restionaceae.

7 small shrub A low woody perennial plant often with multiple stems (<1m).

8 shrub A medium sized woody perennial plant often with multiple stems (1-2m).

9 small tree A large woody perennial plant usually with multiple stems or with main trunk (2-10m).

10 tree A tall woody plant with main trunk, branches and a distinct elevated crown (> 10m).

Comparison of family compaosition of the groups

The total cover recorded for each species at each site was summed and reduced to a percentage of the
total cover per family per site. These percentage covers were averaged across all the sites present in
each of the selected groups to provide the mean percent cover per family per group. The families
within each group were ranked by cover dominance with the frequency of occurrence also shown.

342 Within-site analyses
The species level cover data for all sample plots (each Sx1m block) at each study site were 4* root

transformed in order 10 boost the presence of smaller species at lower covers, and a similarity analysis
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of sample plots was completed using MDS ordination and CLUSTER analyses. Groups of sample
plots with greater than 40% similarity were tentatively recognised, along with a few clusters of sample
plots with a lower similarity but obvious cohesion as a group. These groups were investigated in
terms of possible driving environmental variables, using BIOENV (Clarke & Gorley 2006), which
assessed nine variables in terms of their ability to distinguish between groups:

e distance from water's edge (metres),

e clevation from water’s edge (metres);

o the percentages (by cover) of:

o water;

bedrock;
boulder;
cobble;
gravel;
sand;
debris.

0O 0 0 0 00O

The analysis identifies the best fitting combination of physical variables that matches with the outputs
from the biological analyses (MDS and CLUSTER) and is thus considered to explain the community
pattern (Clarke & Warwick 2001). Across the nineteen undisturbed sites the most consistently
selected variables were distance (16 of 19), followed by clevation (9 of 19) and then percent water (8
of 19). Based on this, the groups tentatively recognised in the similarity analysis were found to be
coherent in terms of clevation and distance from the water's edge, and were accepted as vegetation
assemblages.

Assemblages were numbered from 1, closest to the water’s edge, and in ascending order towards the
top of the bank. Those with greater than 50 or 60% similarity and no discernable difference in species
composition were combined. Species cover data for cach assemblage were ranked by frequency of
occurrence, with 100% indicating a species presence in all sample plots of the assemblage, with
average cover per S m’ sample plot also shown.

Assigning assemblages to an assemblage type

Each site produced several assemblages numbered from | upwards. These were assigned to

assemblage types in order to produce a standard set of vegetation types across the sites. The process

of deciding on the assemblage types was:

e an initial recognition of two outer boundaries: the aquatic zone (in the water) and the non-riparian
zone (at the top of the bank and beyond);

e recognition of transition areas within these two boundaries with two generally distinet vegetation
types: @ wet bank (closer to the water) and dry bank (higher up the bank);

e ignoring the aquatic vegetation, which was not addressed in this project, five vegetation
assemblages were recognised:
e at the water's edge and moving up the bank, assemblage type one was the Wet Edge (WE);
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e assemblage type two was the Channel Fringe (CF), at the outer limit of the wet bank;

e assemblage type three was the Tree Shrub (TS), on the lower dry bank;

e assemblage type four was the Outer Transitional (OT), representing the highest extremity of
riparian vegetation;

e assemblage five was essentially outside the influence of the river and was assigned Non
Riparian (NR).

Each species had to be assigned to one of these assemblage types in order to recognise which
assemblage type any one assemblage (group of sample plots) in the similarity analyses belonged to.
This was done by synthesising information on their habitat preferences (Goldblatt & Manning 2000),
as summarised in Appendix 3.2. Species that occur on or near streamsides, seeps, rivers and
watercourses were considered 1o be riparian (wet) species.  Those described as occurring on rocky
slopes and outcrops or mountain slopes were considered to be non-riparian (dry) species. Finally any
species described as occurring in bush, woodland or forests were considered to be forest species.

Using these assignments the following logic was applied in order to assign a particular assemblage to

one of the five assemblage types:

e starting at the outer extremity of the riparian zone, any assemblages that contained no riparian (or
wet) species were assigned to NR;

e those assemblages containing a mixture of riparian and non-riparian species, were assigned to OT;

e since Western Cape riparian zones may contain both a mixture of forest and scrub species
(Cowling & Holmes 1992), TS was assigned to assemblages that contained both these kinds of
species and no fynbos or other terrestrial-habitat species;

e certain species are considered to be obligatory riparian (or wet) and tend 10 occur at or
immediately adjacent to the water's edge; examples include Salix mucronata, Isolepis prolifer and
Isolepis digitata. Assemblages that contained a mixture of these typically wet species as well as
recognised TS species were assigned to CF;

o finally, assemblages that had a high occurrence of ‘“typically wet’ species and that occurred
immediately adjacent to the water's edge were assigned to WE.

343 A predictive model for reference condition

From the above analyses, a reference condition was defined and tested (Chapter 4), and then used to
assess the impacts of alien invasive trees at disturbed sites (Chapter 5). Reference states (ic.
restoration targets) are one of several pieces of information required for restoration initiatives. Other
necessary data include quantitative data on the current composition and structure of the riparian
corridor, environmental conditions affecting or likely 1o affect community composition and structure
including diversions from natural conditions and spatial associations between environmental
conditions and streamflow (Harris 1999). Definitions of reference states typically consist of
descriptions of community composition and structure for each environmental condition and each
community to be restored. Using multivariate CLUSTER analysis for estimating reference conditions
is not new for classifying plant communities, but its application in restoration has rarcly been
exploited.
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In order o assess this impact, the defined reference condition should ideally allow prediction of where
cach vegetation assemblage type should occur at a disturbed site, and whar its biological attributes
should be. To aid this process, a classification tree was employed (Breiman et al, 1984).

This uses measurements of one or more predictor variables (in this case, measured physical vanables)
o assign cases (i.e. individual sample plots) to one of a fixed number of classes (i.e. assemblage
types). The tree is produced by the Classification and Regression Tree module (CART) of
STATISTICA (v 7.0) (Statsoft 1995) and is arranged as a series of nodes and splits. Each split is
based on a rule using measurements of one of the physical (predictor) variables and leads to two
nodes. Each of the nodes is assigned membership to one of the classes of the dependant variable (i.c.
an assemblage type).

In this project, CART determined all the possible splits in the tree from the leaming sample (i.e. the
raw data from the undisturbed sites on the Rondegat, Heks and Elands Rivers) 1o produce a set of
physical rules of where cach assemblage type should occur. These were tested using data from
additional undisturbed sites (Chapter 4) before being applied 1o the disturbed sites (Chapter 5).

A number of potential predictor variables were investigated in the construction of the classification

tree. These were, for each sample plot or group of plots:

distance from summer low-flow water’s edge;

clevation from summer low-flow water's edge;

gradient 1, over the first three sample plots (from water's edge upwards):

gradient 2, covering sample plots four to six (4-6 m distance from water’s edge up the bank);

the difference between gradients 1 and 2 (a negative value indicated a concave bank and positive

value a convex bank);

whether the river bank overall was convex or concave;

gradient 3, over the last three sample plots (the steeper this gradient the narrower the valley);

longitudinal river zone;

ratio of wetted channel length:the riparian zone length (floodplains were expected to differ 0

narrowly restricted riparia);

10. wetted channel width:wetted channel depth ratio (riffles with a greater width to depth ratio were
expected to differ to pools, where the width to depth ratio is lower);

11, percemage of sand per sample plot,

12. percentage of water per sample plot.

DB =

© ® N2

The classification tree for the physical reference condition is reported on in Section 4.4.3,
3.4.4 Applying the CART model to the disturbed sites

The CART model was used to determine the position of the four assemblage types at each of the
disturbed sites in tum. Species frequency and abundance data were summarised for all assemblage
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types present at these disturbed sites (as done for the reference sites) to produce lists of species ranked
first by frequency and than abundance (% cover). These disturbance data were summarised and
reduced in exactly the same way as was the reference data so that direct comparisons could be made
between the two data sets. Comparisons between the observed and expected conditions are presented
in Section 5.4.1.
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4. REFERENCE CONDITIONS

4.1 INTRODUCTION

Reference conditions may be defined as any historical, predicted, or existing condition or site against
which a restored area may be compared (Thayer et al., 2005). In this project the term refers 10 a
condition where there appears to be undisturbed indigenous vegetation with no or a minimal presence
of alien invasive plants. This is assumed to be the undisturbed and natural or near-natural condition.
In this chapter, reference conditions for the plant communities of riparian zones of Western Cape
headwater streams are defined by the vegetation characteristics of 12 undisturbed sites and this
definition is then tested on another six undisturbed sites. The final form of the reference condition is
thereafter used to evaluate the impact of selected invasive woody plant species on indigenous riparian
communities and to gauge recovery towards the reference condition post clearing of these invasive
species (Chapter §5).

Reference conditions are addressed in two ways in this chapter:
e at the catchment scale (km’), through the overall species composition of study sites in riparian
zones of many rivers (Section 4.2);
e at the site scale (m?), through the distribution of species in sub-zones from water's edge 1o the
highest flood level (Section 4.3).

42 CATCHMENT SCALE PATTERNS
For analytical details please refer to Section 3.4,
4.2.1 Catchment groupings

The study sites were located in rivers that originated in five adjacent mountain ranges and included
both undisturbed and disturbed riparian areas in either the mountain stream, mountain-stream
transitional, or upper foothill zone (Tables 3.2 and 3.3).

The focus of this chapter is the undisturbed sites, but an initial assessment was made of whether or not
those identified as such a priori were distinguishable from those classified as disturbed. A
presence/absence list of riparian vegetation species was collated for cach study site, and the Bray-
Curtis similarity coefficients between all sites computed. The results were displayed as a cluster
analysis (Figure 4.1) and a multi-dimensional scaling (MDS) ordination (Figure 4.2) (Clarke & Gorley
2001).

There are three main groups (Figure 4.1):
1. undisturbed and disturbed sites from the Cedarberg and Hawequas mountain ranges, together
with two undisturbed sites from the Hottentots Holland range (Group 1);
2. disturbed sites from the Table Mountain and Hottentots Holland ranges (Group 2);
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3. two near-pristine and one disturbed site from the Table Mountain range (Group 3).
4. One outlier, SLP3 in the Hottentots Holland range, is the only site heavily invaded with
Eucalyptus leucoxylon.
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Figure 4.1 Cluster analysis of Bray-Curtis similarities between all 35 study sites. Multiple
sites on rivers are numbered | to 6, Site codes as per Table 3.1. U = undisturbed, |1 =
invaded and C = cleared.
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Group | contains undisturbed sites (A) and disturbed sites (B & C) from the Cedarberg and Hawequas
mountain ranges and two Eerste River sites (Eerl and Eer2) from the Hottentots Holland range.
Within group (1A), the undisturbed sites separate further into catchment groups (i) to (iii), The four
sites cach on the Heks and Rondegat Rivers (i), both part of the Cedarberg group, separate from the
sites on the Witte and Elands Rivers in the Hawequas group (ii) and from the two Eerste River sites in
the Hottentots Holland range (iii). Within the undisturbed catchment groups containing more than one
river (i) and (ii) a further separation of sites occurs by river (a = Rondegat; b = Heks; ¢ = Elands; d =
Witte). A final separation to zone occurs within each of the river groups (a) to (d). For example,
within Group (i) the four sites on the Rondegat River (group a) split into two mountain stream sites
(Ronl and Ron2) and two mountain stream (transitional) sites, Ron3 and Rond.

The same pattern is evident in other parts of Group 1. For example, group (b) on the Heks River splits
into two mountain stream (transitional) sites and two upper foothill sites; whilst group (¢) on the
Elands splits into two mountain stream sites and two upper foothill sites. The two sites each on the
Witte and the Eerste Rivers, groups (d) and (iii) respectively, also group together but separate by river.

These patterns suggest that there are characteristic riparian plant communities that distinguish the
larger river systems and, within their catchments, further distinguish both individual rivers and zones
along those rivers. Catchments that are geographically closer tend to be more similar in riparian
community composition, and the Table Mountain range has the least similar sites. The invaded or
cleared sites appear in this pattern in ways described below.

Groups B and C contain sites judged as disturbed (cither invaded or cleared) with one exception.
Mol2 on the Molenaars River, was designated undisturbed by Boucher (1988) and so selected here as
a reference site for the three disturbed sites on the same river. In this analysis Mol2 groups closely
with the two cleared sites (Moll and Mol3) and thus has been excluded from the analyses of
undisturbed sites that follow and, due to this uncertainty, will be designated a disturbed site. It seems
probable that all three sites are close 1o the reference condition but have not quite achieved it.

Group B consists of five sites in the Haweqwas and Cedarberg ranges: three are heavily invaded with
Acacia mearnsii, and two were cleared approximately cight years ago (Table 4.1). One of the cleared
ones (Wit4) has had no follow-up treatment since then, and the other (RonS) is 200 meters upstream of
the heavily-invaded section at Roné.

Group C consists of two sites from the Hawequas range that were cleared seven to ten years ago (Mol3
and Mol respectively) plus the possibly undisturbed Mol2 mentioned above.

The separation of Group B from Group C sites suggests that time since clearance is one of the factors
to be considered when distinguishing vegetation communities. Another important factor is intensity of
invasion at the landscape scale (alien density and/or length of invasion), which is not known for most
sites. The Group B sites were either heavily invaded or were cleared less than eight years ago, whilst
the Group C sites were cleared more than seven years ago or were possibly undisturbed. Nevertheless,
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even the most heavily invaded sites still clustered within their paremt Cedarberg-Hawequas group,
indicating that their catchment identities had not been completely lost.

Table 4.1 Invasion status of disturbed sites. Site codes as per Table 3.2, Invasion status (as
percentage projected alien canopy cover in this study) H = >75%, M = 25 - 50%, L. =
<25%. Cleared = time of first clearing operation. Clearing method: F = Fell, H =
herbicide applied to cut stumps, S = hacked material stacked, B = stacked material
bumnt, Rs = recruiting seedlings foliar sprayed with herbicide, R = felled material
removed, P = recruiting seedlings hand pulled. Bumt = wild fire. Age ~ vegetation
age in years at time of sampling.

Site  Invasion Cleared  Method  Bumt  Age Alien species

Wik H - = Acacia mearnsii, A. melanoxylon

Ronb H . = Acacia mearnsii, A longifolia Eucalyptus sp

Witd H 1997 FH 2001 4.8  Acacia mearnsii, A melanoxylon

Mol4 H - - Acacia mearnsii

Ron$ H 1998 FHSH 7 Acacia mearnsii, A longifolia Eucalyptus sp

Mol2 ? ? ? ?

Moll H 1994 FHSBRs 10 Acacia mearnsii

Mol3 H 1997 FHSBRs 7 Acacia mearnsii

Ass2 M 2000 FR 4 Pinus pinaster

Assl M 2002 FR 2 Pinus pinaster

Ass3 M 2004 FRBP 1 Acacia longifolia. A mearnsii

Sil2 H 2000 FHSBP 2000 5  Acaciasaligna A longifolia

Sill " 2000  FRRh 2000 S Pinus pinaster

SLP2 H 2002 FHSHP 3 Acacia mearnsii, A longifolia, A. saligna. Pinus pinaster
SLPI H 1992 FHSBP 13 Acacia mearnsii. A longifolia. A saligna. Pinus pinaster
SLP3 H - < Ewcalyptus leucoxylon, Acacia mearnsii

Is2 L ? 65 Acacia melanoxylon, (uercus robur

sl L ? 65 Acacia melanoxylon, Quercus robur

Cecl H 2004 FR ? _ Populus X canescens N

Group 2 in Figure 4.1 consists of two sites from the Table Mountain range and five sites from the
Hottentots Holland range. All have been cleared of aliens and are in various stages of recovery (Ass2
is the same plot as Ass3; the data for Ass2 is the before-clearance data). Again, the sites cluster by
river, but there are too few sites to distinguish any possible groupings by zone. [t secems probable that
time since clearance is playing a role in the grouping: the Group (2D) sites on Table Mountain (Sil |
and Sil2) and one set of Hottentots Holland sites (SLP1 and SLP2) were cleared five to thirteen years
ago, whilst the Group 2E sites, also in the Hottentots Holland range (Ass1-3) were cleared one 1o four
years ago. The age of SL1 indicates that age is not the only factor playing a role here as it is much
older than the others in groups (D) and (E). Thus, the major distinction in Group 2 seems 1o be by
catchment, but with a secondary influence reflecting the degree of recovery toward a native

community of species.

Group 3 contains three sites, all on the Table Mountain complex. The two sites on the Disa River
were relatively undisturbed although there were isolated Acacia melanoxylon and Quercus robur trees
nearby, whilst the Cecelia site was heavily invaded with Popwlus X canescens. Some thinning out of
sapling and juvenile Populus X canescens took place in 2004 but this did not obviously affect the alien

35




Reference Conditions

canopy structure. Again, rivers were distinguished by the site groupings with the two Disa sites
grouping separately from the Cecelia site, although this may have been due to the latter being heavily
disturbed rather than through natural differences in community structure. These three sites did not
cluster with the two Table Mountain sites in Group (D), possibly because the latter (Sill and Sil2)
were in a much more open landscape some distance from the river's source as opposed to the Disa and
Cecelia ones. which were closer 10 their sources and in fire-protected areas. Instead the two Group
(D) Table Mountain sites on the Silvermine River grouped with the Sir Lowry's Pass and Assegaaibos
Rivers at the East side of the Cape Flats to form Group (2). The disturbed sites making up this group
showed strong similarities in their vegetation, mostly through a paucity of the species typical of Group
(1).

The overall picture is one of riparian communities being distinguished by catchment, river and zone,
as a result of differences in the species present. The only sites that have not grouped within their
larger geographical arca are the two Eerste sites, which are Hottentots Holland sites grouped with the
Hawequas/Cedarberg sites in Group (1). These two sites are least like the rest of Group (1), and may
be grouped there because of their undisturbed condition: the other sites in Group (2), which contains
the remaining Hottentots Holland sites, are all classified as disturbed. There is an overlay on this basic
pattern that reflects various levels of disturbance due 1o alien invasion and recovery post clearing, but
none of these levels have completely obliterated the natural catchment identities.

The MDS ordination reveals the same pattern (Figure 4.2a). The same three major groups and one
outlier can be distinguished. Agreement between these two types of analysis re-enforces the
robustness of each, and the stress of 0.15 in the 2-d representation of the proximity (i.e. similarity) of
the sites indicates a potentially useful 0 good ordination with very little chance of a misleading
interpretation (Clarke & Warwick 2001). A closer inspection of Group 1 reveals an arrangement that
possibly reflects several driving forces (Figure 4.2b). An cast-west axis across the middle of the figure
separates the undisturbed sites at the top from disturbed ones at the bottom. In the top half of the
figure, the Cedarberg sites cluster 1o the lefi, the Hawequas sites to the right, and the two Hottentots
Holland sites to the top; there is thus a geographic distinction. In the lower half of the figure the three
cleared sites and Mol2 — the anomalous site - are 1o the left and the heavily infested sites, together with
Witd where no follow-up clearing has taken place, are to the right.

The arrangement of disturbed and undisturbed sites in Group 3 is the opposite to that in Group |
(Figure 4.2a), with the undisturbed sites to the bottom end of that ellipse instead of at the top as in
Group 1. It could be speculated that the top half of the Group 1 ellipse and the bottom half of the
Group 3 ellipse represent part of a ‘space’ that defines the reference condition. The other halves of the
two ellipses, plus the total Group 2 ellipse (E, iv and v), sit outside that reference condition to varying
degrees. There is no clear trend in the MDS plot of sites moving back toward the central reference
condition with time after clearance, although there is a slight suggestion that the most heavily invaded
sites sit toward the outside of the whole plot.
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The same approach was used 1o investigate the relationship between the undisturbed sites only. The
CLUSTER analysis and the MDS ordination (figures not shown) reveal the same pattern of four main
river groups, delineated by the mountain ranges they drain.  Within these main groups, individual
rivers and zones separate out clearly.

In summary, the trend in terms of species composition of riparian plant communities along Western
Cape headwaters secems 1o be as follows:

e undisturbed sites from the same catchment are more similar to each other than 1o sites from
other catchments;

e within any one catchment, multiple undisturbed sites on a river will be more closely related to
one another then 1o sites from another river in the same catchment group;

e within any one river, sites within a longitudinal zone will be more similar to each other than to
sites in an adjacent zone on the same river;

o these similarities in presence or absence of species decrease 1o varying extents in sites with
alien invaders, but in none of the sites studied had the catchment identity completely
disappeared;

e cleared sites may be showing an intermediate position in terms of similarity, with a possible
positive trend between the time since clearing and the level of recovery to reference condition;

e sites that were cleared as long as twelve years ago were still not fully recovered to what is
considered to be the reference condition.

An analysis of similarity of the undisturbed sites (ANOSIM, Clarke & Gorley 2001) using the same
presence-absence vegetation data as above revealed that the four main groupings were significantly
different (data not shown here), but provided no new insights on the relationships between rivers and
zones. This was probably mainly due 1o the paucity of replicates, which in tum was caused by a lack
of suitable sites. Thus, an analysis of similarity patterns remains the most suitable approach to begin
an understanding of the subtle relationships between sites in a study such as this.

The next step was to probe further into the vegetation data to explain what might be causing the
groupings described above. Growth forms and family and species-level data are analysed in the
following sections.

4.2.2 Comparison of growth forms in undisturbed sites

The total cover recorded for cach species from each site was summed and reduced to growth form
cover as a percentage of the total cover per site. This was averaged across all the sites present in cach
of the four catchment groups to give a mean for each of the ten categories of growth form (Table 3.5)
in cach catchment group (Table 4.2). All species from all sites are listed in three appendices.
Appendix 3.2 shows the growth form assigned to each (nomenclature follows Goldblatt & Manning
2000), Species are arranged in the phylogenetic classification described by Leistner et al (2000) in
Appendix 4.1. Finally in Appendix 4.2 the occurrence of each species at each study site is shown.
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Forbs (growth form 1), grasses (growth form 5), shrubs (growth forms 7 and 8) and trees (growth
forms 9 and 10) were generally well represented. The Table Mountain group had less restio cover
(growth form 6) and more large trees (growth form 10) than the other three groups, as well as having
the highest recorded covers of sedges (growth form 4) and grasses. The Hottentots Holland,
Cedarberg and Hawequas groups all had higher covers of small trees (growth form 9) than did the
Table Mountain group.

Table 4.2 The mean (and standard deviation) percentage cover of cach growth form in
cach of the four catchment groups (undisturbed sites omly). Growth form
categories as per Table 3.5. (n) = the number of sites in cach group and (N) = the # of
sites where this growth form was present in cach group. From the Kruskal-Wallis
ANOVA, * against two groups denotes a significant difference between them. *
denotes a large difference that was not significant.

.s
£ = ¢ £ i
&
EEREEEEERE
S flann - z 3 7 5 3
Table
Mountain
n=2 A ¢
Mean 2335 003 600 962 128 012 000 2340 536 1845 032
sD 288 00 56 109 87 02 00 42 39 56
N 2 1 2 2 2 1 0 2 2 2
Hottentots
Holland
n=2
Mean 11.57 040 000 744 637 1708 040 139 2203 1070 97
SD 136 06 00 25 25 1.4 06 82 29 60
N 2 1 0 2 2 2 | 2 2 2
Hawequas
n 6 a
Mean 878 000 002 361 1145 1564 247 2593 2425 7% 000
SD 792 00 01 27 69 33 24 139 6.1 S0
N 6 0 I 6 6 6 ) 6 6 6
Cedarberg
n-8 - - *
Mcan 1098 002 237 479 932 1569 020 1226 3667 742 034
SD 119 01 43 35 93 67 04 35 163 48
N s | 3 8 s 8 3 8 N 5

A Kruskal-Wallis ANOVA by ranks for multiple independent samples was performed on each of the
growth groups (Table 4.2). This test scarches for differences between the mean values of cach growth
form in each group. Only the presence of small trees in the Cedarberg group and the Table Mountain
group were significantly different. These same two groups of sites had a noticeable difference in the
abundance of shrubs (growth form K), though not significant. Similarly there was a noticeable
difference in the cover of small shrubs (growth form 7) between the Cedarberg and Hawequas groups,
but again this was not significant.
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From these patterns it can be speculated that it is the dominance of large tree species and paucity of
small trees that separates the Table Mountain group from the other three. Several authors, such as
Taylor (1978), Campbell (1987) and Galatowitsch & Richardson (2005) recognize a Riparian Scrub
set of species, with lower growth forms including small tree species, and an Afromontane set, with
larger trees, within the fynbos biome. The literature suggests that differences in the fire history drive
the continuum between Riparian Scrub and Afromontane Forest (Taylor 1978), The family and
species level investigations reported on next are expected o show the more fire-protected Table
Mountain sites to typically have Afromontane Forest species, while sites of the other three groups,
with possibly less fire protection and more harvesting, will have Riparian Scrub species. This would
then suggest a major reason for the relationship of the groups shown in the dendrographs and MDS
plots.

4.2.3 Families and species

The total cover recorded for cach species at each site was summed and used to calculate a percentage
of the total cover per family for cach site. These percentage covers were averaged across all the sites
present in each of the four catchment groups to give the mean percent cover for cach of the families
represented in cach catchment group. The total list of families represented was sorted per group, and
the dominant ones by percent cover and frequency of occurrence were selected for further analysis
(Table 4.3). The dominant families fall into four main groups: cosmopolitan families that were well
represented in all four catchments; those dominant in the Cedarberg-Hawequas-Hottentots Holland
groups; those dominant in the Table Mountain group and those more prominent at the disturbed sites
(disturbed conditions are discussed in Chapter §, Section 5.2.4.

Within the cosmopolitan group of families, the Poaceae (grasses) and Cyperaceae (sedges) were
dominant in terms of percent cover in all four catchment groups. They are among the top ten most
speciose families in Western Cape fynbos (Cowling & Holmes 1992). Generally, there were different
species of grass and sedge in cach catchment and on each river, with some species occurring along
more than one river and in more than one catchment, Overall, Ehrhata spp. were the most common
grass species, and Ficinia spp. the most common sedges. One grass species Penniselum macrourum
was always and only found in the Hawequas sites.

The other three families listed in the cosmopolitan group, the Dennstacdtiacea, Ebenaccae and
Osmundaceae, were mostly found in all catchment groups in similar proportions. The Osmundaceace is
represented by a single species, Tadea barbara which is a woody rhizomatous fern found at all the
Table Mountain and Hawequas sites but only at half of the Hottentots Holland and Cedarberg sites. It
was also found by Sieben (2003) but not by Galatowitsch & Richardson (2005) or by Prins et al.
(2004) (Table 4.4), Two different species were responsible for the dominant cover of each of the
Dennstacdtiaceae and Ebenaceac. In the Table Mountain sites, Preridium aquilinum and Histiopteris
mncisa (Dennstacdticac) and Diospyros whyteana (FEbenaceac) were common.  Neither Diospyros
whyteana nor Histiopteris incisa were found in the other three catchment groups, where the families
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were represented by Preridium aquilinum and Diospyros glabra. Galatowitsch & Richardson (2005)
and Prins et al. (2004) also listed these two species as common,

Table 4.3 Mean percentage cover for cach family in cach catchment group of undisturbed
sites. (n) = the number of sites in cach catchment group. (N) = the # of sites in which
the growth form occurred in each group.

Hottentots Table Mountain
Hawequas (n=6) Cedarberg (n~8) Holland (n=2) (n=2)
mcan SD N mean SD N mean SD N mean SD N

1. Cosmopolitan families

Poaceae 113 68 6 93 96 1§ 64 24 2 129 85 2‘
Cyperaceae 36 27 6 46 34 3 Mmo 75 2 96 109 2
Dennstacdtiaccac 2.3 26 4 69 93 4 S0 28 2 33 22 2
Ebcnaccae 1.5 08 6 33 31 7 18 09 2 1S 20 2
Osmundaccac 18 24 6 21 49 § 04 06 2 2.5 13 2
2. Riparian Scrub affiliation families
Restionaceae 156 33 6 151 66 8 171 114 2 0.1 02 1
Encaceac 74 36 6 31 47 4 104 47 2 05 02 2
Asteraccac 69 42 6 64 4% & 41 5.7 2 0 09 2
Myrtaccae 16 30 6 223 96 8 116 06 2
Myricaceae 49 43 6 91 76 8 S54 62 2
Protcaceae 46 33 6 60 65 8 58 S50 2
3. Forest affiliation families
Asparagaccae 00 01 1 01 01 2 | 203 46 2
Blechnaceae 11 1.7 4 07 18 3 04 03 2 100 78 2|
Myrsinacaca 01 02 | 723 42 2
Juncaceae 00 o1 | 07 19 2 60 S6 2
Cunoniaceae 1.7 29 4 03 04 2 50 01 2
Fabaceae 04 03 § 00 o1 2 04 05 2 25 02 2
Rubiaceac [ 30 46 3| 02 03 3 32 24 2
Apocynaceac | 16 21 2
4. Other families prominent at disturbed sites
Prioniaceae 101 152 4 10 22 4 1.7
Anacardiaceac 02 04 1 31 28 7 26
Scrophulanaceac 00 00 1 18 21 6 13
Campanulaceac 01 02 4
Podocarpaceac 01 02 |
Salicaceae 0.6 iS5 1 00 01 1
Brumaceae 24 43 4 0.1
Haloragaceae 00 00 1
Thymeleaceae 01 02 1 01
Pinaccac
Aizoacecae 00 o1 2
Celastraceac I8 18 5§ 08 16 4 03
Phytolacaceae
Polypodiaceac
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Six dominant families were recorded in the Cedarberg-Hawequas-Hottentot Holland group (Table
4.3), the first three - the Restionaceae (restios), Ericaceae (ericas) and Asteraceac - being in the top ten
most abundant fynbos families (Cowling & Holmes 1992). Two restio species, Calopsis paniculata
and Elegia capensis. were present at all sites in the Hawequas, Cedarberg and Hottentots Holland
catchment groups. The dominant presence of Elegia capensis is confirmed by Prins et al. (2004) and
of Calopsis paniculata by Sieben (2003). The dominamt erica, Erica caffra, was found on all studied
rivers in the Table Mountain, Hawequas and Hottentots Holland catchment groups, and also on one of
the Cedarberg rivers (Rondegat) but not the other (Heks). Many species of Asteraceae were recorded
in all sites, most of them terrestrial species. One dominant species commonly found in riparian arcas,
however, was the Riparian Scrub tree Brachylaena neriifolia, which occurred at all the Hawequas sites
and half the Cedarberg and Hottentots Holland sites but not at the Table Mountain sites.

Table 4.4 Rivers investigated in three recent riparian studies.

Sicben (2003) Prins et al., 2004  Galatowitsch (2005)

Eerste Ecrste Eerste
Riviersonderend  Steenboks Waterval
Herg Molenaars Jakkals
Palmiet Palmiet Molenaars
Lourens Rooiels Louws
Wit Silvermine
Elands

The next two families in this group, the Myraceae and Proteaceae, contain two of the most frequently
cited riparian species Metrosideros angustifolia and Brabejum stellatifolium respectively. These two
species commonly occurred in the study sites, their cover dominating all the sites in the Hawequas,
Cedarberg and Hottentots Holland catchment groups. Brabejum stellatifolium was also found at one
of the Table Mountain sites (Dis1) but was not dominant. The final dominant family in this group was
the Myricaceae, due solely to the cover of Morelia serrata (formerly Myrica serrata). This species
has not often been cited as a common riparian species in the Western Cape, with both Galatowitsch &
Richardson (2005) and Prins et al. (2004) not recording it. It was, however, listed by Sieben (2003).
In this study it was recorded in every site from the Hawequas, Hottentots Holland and Cedarberg
catchment groups.

The third group of families was most abundant at the Table Mountain sites (Table 4.3). The most
dominant by cover was the Asparagaceae, due to a single species Asparagus scandens that was also
found in the Hottentots Holland system. This species is known to occur in high numbers in forest
communities (Glyphis et al., 1978). Other species within the Asparagaccae, Asparagus africanus and
Asparagus rubicundus, were found at single sites in the Hawequas and Cedarberg groups respectively.
The next most dominant family was the Blechnaceae: in the Table Mounain group due mostly 1o
Blechnum capense along with Blechnum punctulatum, with Blechnum australe in half the Hottentots
Holland and half the Hawequas sites and a quarter of the Cedarbery sites.
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High covers of Myrsinaceae, due to Rapanea melanophloeos, were only found at the Table Mountain
sites, with a single occurrence of Myrsine africana at one site in the Cedarberg group. Cunonia
capensis, responsible for the high cover of Cunoniaceae in the Table Mountain group, was also
recorded at one site in the Hottentots Holland system and four (on the Elands River) out of six sites in
the Hawequas group, along with another member of this family Planvlophus trifoliatus. The Table
Mountain group had the highest recorded cover for the Juncaceae, through three species, in order of
dominance: Juncus effusus, Juncus lomatophyllus and Juncus capensis. Juncus capensis was also
found at a single site in both the Hawequas and Cedarberg groups. The Fabaceae was represented
solely by the tree Virgilia oroboides, which occurred in none of the other groups. Two species were
responsible for the dominance of Rubiaceac in both the Table Mountain and Hawequas groups:
Canthium ventosum, found only at the Table Mountain sites, and Anthospermum spathulatum,
recorded with a relatively high percentage cover at one Hawequas site and low percentage at two

Cedarberyg sites.

All the analyses 1o this point showed the Table Mountain group of sites to be very different from the
others, and most different from the Cedarberg and Hawequas groups. There were differences in
growth form, specifically in the higher numbers of large trees and lower numbers of small trees at the
Table Mountain sites. Families and species cited as being characteristic of Afromontane Forest
(Campbell 1987, Galatowitsch & Richardson 2005; Taylor 1978) such as Myrsinaceae (Rapanea
melanophloeos), Fabaceae (Virgilia oroboides) and the Cunoniaceae (Cunonia capensis), were found
cither only in the Table Mountain group where they had high percentage covers at all sites, or at much
reduced covers in one or more of the other three groups.

4.2.4 Summarising catchment-wide community patterns

Two main community types emerge from this analysis — a community dominated by large tree species
at the Table Mountain sites and a community dominated by smaller shrub and tree species at the other
undisturbed sites. Species commonly found in this study have been listed by others as typical of
Afromontane Forest or Riparian Scrub communities (Table 4.5).

Species cited as indicators of Afromontane Forest were found at the Table Mountain sites, as were
some others recorded as dominant in this study but not cited as such elsewhere. Species cited as
indicators of Riparian Scrub were found at the Cedarberg-Hawequas-Hottentots Holland sites, as were
some others recorded as dominant in this study but not cited as such clsewhere (e.g. Morella serrata)

Slow growing, shade-tolerant Afromontane Forest species require the cover of well established and
enclosing scrub to germinate (van Wilgen et al., 1998). In this study they tended to occur in areas
sheltered from fire and other agricultural or anthropogenic disturbances. The shrubby growth forms
and smaller trees species typical of Riparian Scrub re-generate by sprouting or from seeds stored in the
canopy or soil (Holmes 1998) and so can recover more quickly from fire or disturbances such as
harvesting. In this study they tended to occur in less sheltered arcas than the larger tree species typical
of Afromontane Forest. Naturally, the two community types form part of a continuum, and there was
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no clear differentiation in these analyses between the two community types in terms of altitude or
slope (Table 3.2).

Table 4.5 Indicator species for Riparian Scrub and Afromontane Forest communities.
Asterisked (*) species are those also cited in the literature as such: sources are Taylor
(1978), Campbell (1987) and Galatowitsch & Richardson (2005), (n) = the number of
pristine sites, F = frequency of occurrence in the relevant group of study sites. # =
unknown, as Psoralea genus under revision. Bolded species were allocated w0
cosmopolitan families (Table 4.3).

Family Species F (%)
Riparian Scrub (n=16)
Myrtaccae Metrosideros angustifolia * 100
Restionaceae Elegia capensis * 100
Restionaceae Calopsis paniculata 100
Myricaceae Morella serrata 100
Ebenaceae Diospyros glabra 94
Proteaceae Brabejum stellatifolium * 88
Asteraceae Brachylaena neriifolia * 81
Ericaceae Erica caffra * 75
Osmundaceae Todea barbara 69
Dennstaedtiaceae  Preridium aquilinum 63
Prioniaceae Prionium serrata * 56
Scrophulariaccac  Freylinia lanceolata * 31
Anacardiaceae Rhus angustifolia * 31
Fabacecae Psoralea pinnata * 1
Salicaccac Salix mucronata * 25
Restionaceae Cannamois virgata * 13
Juncaceae Juncus lomatophyllus * 13
Scrophulaniaceac  Halleria elliptica * 13
Afromontane Forest (n=2)
Asparagaccac Asparagus scandens 100
Blechnaceae Blechmum capense 100
Poaceae Ehrharta erecta 100
Myrsincaceae Rapanea melanophloeos * 100
Juncaceac Juncus effusus 100
Dennstaedtiaceae  Histiopteris incisa 100
Cunoniaceae Cunonia capensis * 100
Osmundaceae Todea barbara 100
Rubiaccae Canthium ventosum 100
Blechnaceae Blechnum punctulatum 100
Ebenaceae Diospyros whyteana 100
Fabaccae Virgilia oroboides * 100
Kiggelaniaceae Kiggelaria africana * 100
Aquafoliaceae Hlex mutis * 100
Scrophulaniaccae  Halleria lucida * 100
Podocarpaceac Podocarpus sp. * 50
Apocynaceac Secamone alpinii * 50
_Dennstaedtiaceae  Preridium aquilinum 50
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In summary, the riparian zone of Western Cape headwater streams are composed of a mix of forest
(Afromontane), riparian (Riparian Scrub) and fynbos (cosmopolitan) species that is considered to be
typical of such zones (Sichen 2003). This also accords well with the description of Cowling &
Holmes (1992), who describe riparian arcas as being similar to forest and thicket in that they have a
high cover of non-proteoid mesophyllous shrubs, but dissimilar in their higher cover of Restionacecae
and Fricaceae.

The status of a new site in terms of reference condition and whether it is predominantly Afromontane
Forest or Riparian Scrub could be assessed through the check list in Table 4.5. The species listed for
Afromontane Forest were only recorded from two sites so are very initial approximations at this stage.
The cosmopolitan species also shown in this table provide more insight into the community likely to
be found, but it is suggested they not be used to assess reference condition as the species mix differed
considerably from site to site,

Schael & King (2005) found a similar pattern of catchment and river identities to that described here
in their study of aquatic invertebrates of invertebrates of Western Cape headwater streams.  They
termed these identities catchment and river signatures. They concluded that the present national
approach of allocating lengths of the country’s rivers 1o ecoregions and then sub-ecoregions based on
longitudinal river zones bypasses the vitally important spatial unit of catchment. Catchments may be
more important, or at least equally as important, as either of the other two units in guiding the
management of biodiversity at scales from microhabitat to landscape.

43  SITE LEVEL PATTERNS
43.1 Overall approach

The catchment patterns and reference condition described above offer a perspective on the overall
nature of Western Cape riparian communities in headwater arcas. To assess the impact on these
communities of alien invasive plants, however, the detailed structure and characteristics of undisturbed
sites need to be understood so that these can be compared with those of disturbed sites. This was done
through meticulous recording of the position, number, growth form and height, and condition of all
plants found in 20 metre-long sample grids along the river length at each of the study sites (Section
3.3). Within the sample grids (Figure 3.1), | m-wide x 20 m-long bands were cach divided into four |
X 5 m-long sample plots (A to D); sample plots were adjacent to one another. The number of these
bands, from water's edge to bank top, was dictated by the presence of riparian plant species, whilst the
total array of 1 x 5 m sample plots within the sample grid was designed to allow detection of where
vegetation assemblages changed between water’s edge and bank top. A series of environmental
variables was also mecasured (Section 3.3), cither per sample plot or per sample grid, to aid
interpretation of patterns of assemblage distributions.

As explained in Section 3.3, no @ priori assumptions were made about the nature and location of
different vegetation assemblages and instead the data would be used to define these from first
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principles. Different vegetation communities up the banks have been described by Boucher (2002)
and Sicben (2002), but these were based on pre-identification and delineation of the various
communities. As this would probably not be possible in heavily-invaded sites, the approach of
making no a priori decisions on community identification and location seemed more appropriate in
this project on the impact of aliens on indigenous riparian vegetation. This also entailed not using any
names for the communities/assemblages that are given elsewhere, to avoid confusion.

432 Preliminary data management

The species-level cover data from all the sample plots at each study site were 4 root transformed
before being analysed using a non-metric Multi-dimensional Scaling ordination and a CLUSTER
analysis, both based on the Bray-Curtis similarity coefficient between each of the sample plots.
Transforming the data in this way has the effect of downweighting the importance of highly abundam
species so the similarities depend not only on their presence but those of common species as well
(Clarke and Warwick 2001). Groups of sample plots with a natural coherence were identified; these
usually showed 40% or more within-group similarity. Each group was recognized as a possible
vegetation assemblage and allocated a number, with |1 being closest 1o the water’s edge and numbers
increasing with physical distance from the water's edge. Each assemblage so identified was assessed
in terms of its species composition and, in cases of two assemblages with an overall 50-60% similarity
and no substantial difference in the composition or abundance of species, the groups were merged.

When searching for the dominant or typical species of each assemblage, species-cover data were
ranked per assemblage by frequency of occurrence (100% = a species occurred in all sample plots
comprising the assemblage in question) with additional consideration of cover (the average over all
sample plots within the assemblage). Ranking by frequency allows assemblages to be defined
primarily by species that are gencrally or always present rather than by species that contribute the most
cover, thus allowing smaller, common species 1o contribute towards the identity of the assemblage.

Assigning assemblages to an assemblage type

Cluster analysis and MDS ordination distribute the vegetation samples, which probably represent a
continuum of species changes, into subjective groups. In order to reduce the confusion of possibly
dozens of assemblages, all differing from site 10 site and river 1o river, these may be allocated 10 a
smaller number of assemblage types that are recognizable across the sites. This was done as described
in Section 3.4.2.

With this preparation, the distribution of vegetation assemblages of three groups of four reference sites

on the Rondegat, Heks and Elands Rivers - are described in detail in the following sub-sections. In
cach case, the four reference sites exist within two different longitudinal zones (Table 3.3). These
twelve sites are used to create a tentative definition of the reference condition, which is then tested on
the remaining six undisturbed sites (Section 4.4.4),
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433 The Rondegat River (Cedarberg — Olifants system)

The four sites on the Rondegat River consisted of two in the mountain stream zone and two in the
mountain stream (transitional) zone (Plate 1). Each site is discussed in turn below and then a summary
is provided for the river.

Ronl: mountain stream zone (riffle)

Ron| was situated alongside a fast-flowing turbulent riffle, which was a high point in the channel bed.
Eight assemblages were recognised in the CLUSTER and MDS ordination analyses (Figure 4.3).
Assemblage 1, found at the water's edge, separated from the two other groups, one containing
assemblages 2, 3 and 4 and the other assemblages S, 6, 7 and 8. This latter group was furthest and
highest from the water's edge. In the ordination there was a trend of those samples closest to the
water's edge appearing on the left and those n the right furthest and highest from the water.

The species found in cach assemblage are summarised in Table 4.6 and the position of each
assemblage on the bank in relation to the water's edge on the four surveyed cross-sections is shown in
Figure 4.4. All five assemblage types were present and are discussed below in terms of outstanding
features of cach assemblage type, in order from the water's edge upwards and outwards across the
river bank.

Assemblage | in the similarity analysis was assigned as WE, even though the height range was
slightly below the summer water level (-0.12 - -0.08m). This apparent anomaly occurred because cach
cross-section was surveyed through the middle of a vegetation block that was 5 m in length (along the
bank), and kinks in the channel edge resulted in the survey line sometimes being under water when
plants nearby within the same sample plot were not. The sedge Isolepis prolifer occurred in every
sample from the WE assemblage and reached its highest abundance of any assemblage type here.
There were smaller levels of frequency and occurrence of seedlings of the small tree Merrasideros
angustifolia, the shrub Erica caffra, and the riverine restio Calopsis paniculata, but for none of these
three species was this their assemblage type of highest occurrence.

The CF assemblage (number 2) occurred in close proximity to the water’s edge and up to an elevation
of 0.91 m above water level, with 19% of the area under water. This was the highest-elevation
assemblage type in which Isolepis prolifer occurred and the only assemblage type supporting the fern
Todea barbara and the sundew Drosera spp. It marked the first appearance of juvenile (0.3-2.0 m)
individuals of the small trees Metrosideros angustifolia, Brachylaena neriifolia, Brabejum
stellatifolium and Morella serrata as well as scattered older (2-5 m) individuals of all these species
and seedlings of the last three. It also marked the first appearance of the restio Elegia capensis and the
grass Ehrharta ramosa ssp. aphylla.

The Tree Shrub (TS) assemblage type occurred at an elevation of 0.56-1.22 m above water level and
encompassed assemblages 3 and 4. It marked the first and only appearance of mature (2-5 m)
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individuals of Metrosideros angustifolia and Brachylaena neriifolia and the upper limit of juveniles
and seedlings of the same species. Seedlings, juveniles and adults of Morella serrata reached their
outermost point of distribution in this assemblage type as did Erica caffra and juveniles of Brabejum
stellatifolium 1t supported the only individuals recorded of the fern Schizaea tenella. and the only
mature specimens of Hartogiclla schinvides and Brachylaena neriifolia.  Several species and life
stages reached their highest cover and frequency values in this assemblage type: scedlings of
Metrosideros angustifolia, Brachylaena neriifolia and  Brabejum  stellatifolium, juveniles of
Brachylaena neriifolia; adults of Metrosideros angustifolia; and Erica caffra and Calopsis paniculata.

The Outer Transitional (OT) assemblage type occurred at an clevation of 0.93-1.55 m and
encompassed assemblages 5 and 6. 1t supported the outermost occurrence of Brabejum stellatifolium,
in the form of some scedlings and the highest abundance in any assemblage type of adults. Calopsis
paniculata and Diospyros glabra also reached their outer limit. Some species present in TS reached
their highest abundance in OT, among them Ehrharta ramosa ssp. aphylla and Preridium aguilinum,
whilst others, such as Aristea capitata and Ischyrolepis gaudichaudianus, a common terrestrial
species, occurred only in this assemblage type. Many species that were abundant in the Non Riparian
(NR) assemblage type made their first appearance in OT: Ischyrolepis sieberi, Myrsine africana and
Anthospermum spathwlatum among others,

The Non Riparian (NR) assemblage type occurred at an clevation of 1.43-1.80 m and encompassed
assemblages 7 and 8. It contained less rock than the lower zones and a good accumulation of sand or
other finer particles, presumably because it was too high for regular scouring of fines by floods. NR
was dominated by typical terrestrial species, with only three species that occurred in lower-elevation
assemblage types: a grass, a small tree and the fern Previdium aquilinum. The mix of terrestrial
species occurring in NR and OT tended to differ from site to site and is not discussed further here and
in any detail during the site descriptions.

The assemblage types were well distributed along the four cross-sections (Figure 4.4). Vegetation
block A had a representative of cach assemblage type and in order from WE through to NR. Block B
did not contain a CF assemblage and blocks C and D had no NR assemblage.

Ron2: mountain stream zone (pool)

Ron2 was situated immediately downstream of Ronl alongside a pool. The narrow channel was
covered 1o some extent by the growth of the riparian canopy. Eight assemblages were formed (Figure
4.5), again in three groups, with those on the left of the MDS plot being closest to the water and those
on the right furthest from it. Assemblage | was allocated to the CF assemblage type, and 2, 3 and 4 10
the TS assemblage type. The OT consisted of assemblages 5, 6 and 7, with assemblage 8 representing
the NR. There was no WE group, assemblage | being assigned to CF rather than to WE because it
contained species that were frequent and abundant in the drier assemblage types (TS and OT) (Table
4.7).
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Table 4.6 The percent frequency (F) and the average cover in each assemblage type for all species at Ron 1. The assemblage type assigned to the
cight assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots.
Vegetation assemblage number and type
1 (n=4) 2(n=5) 3(n=3) | 4(n=3) S(n=2)  6(n=5) T(m=3) | 8(n=2)
Physical variables Wet Edge | Channel Fringe Tree Shrub Outer Transitional Non Riparian
% sand § 13 7 30 ] 20 40 43
% rock 95 87 93 70 9 80 60 S8
% water 7 19 2 0 0 0 0 0
_Elevation above summer low water (m)  -0.12.-008 0.17-0.91 0.65-1.04 0.56-1.22 0.93-1.12 1.15-1.58 1.43-1.57 1.65-1.80
Specics F |[Cover| F | Cover | F Cover| F | Cover| F [Cover| F  Cover| F  Cover| F | Cover
Isolepis prolifer 100 43 60 26
Metrosideros angustifolia scedling s 01 60 09 67 13
Erica caffra 25 08 0 12 L 1.7 33 1.0
Todea babara 60 12
Drosera spp. 20 04
Metrostderas angustifolia (0 3-2m) 80 96 3 13 6 30
Brackhyiaena reriifolia (0.3-2m) 40 108 100 97
Brabejum stellatifolivm (0.3-2m) 80 i6 33 30
Morella serrata (0.3-2m) I 30 3 13
Elegia capensis 40 22 100 157 a3 1.67
Morella serrata (2-5m) 20 14 33 40
Morella serrata seedling 20 04 kL 0.7
Metrosideros angustifolia (2-Sm) 10 350 100 173
Brachviaena reriifolia (2-Sm) 100 317
Schizaea tenella 33 0.7
Hartogieila schinoides (2-5m) LUK
Brachylaena neriifolia seedling 20 0l 33 0.2
| Calopsis pamicwlata 15 100 74 3 N7 3 13 20 40
' Brabepum stelianifolivm seedling | 80 30 100 40 67 27 S0 05 20 02
Brabepum steliatifolivm (2-5m) 20 20 67 130 67 90 100 400
Diospyros glabra 33 13 50 1.5 20 1.0
Ehrharta ramosa subsp. apinlic 20 04 67 18.3 10 60 100 240 100 600 100 150
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L) | 2(n=$)

3 (n=3) [ 4 (|=3)’

Reference Conditions

Sm=2) | 6(m=5) | T(n=3) | K(n=2)

Non Riparian

. Wet Edge | Channel Fringe Tree Shrub Outer Transitional |
Preridism aguilimm 67 57 S0 50 100 136 33 1.33 100 35
Aristea capitata | S0 10 K0 26
Hartogiella schinoides (0 3-2m) ) 33 1o 20 20 67 433
Phyvlica oleaefolia (0.3-2m) . 50 0.5 40 14 <0 20
Ischyrolepis gawdichaudianus o 20 06
Asteraceae sp.20 20 n4
Ficinia acwminata 40 24 67 40
| Clutia cf. ericoides 20 04 67 1.3
Furyops abrovanifolius 40 0% 33 0.7 0 3.0
| Ischyrolepis sieheri 20 0% 100 50
Cliffortia ruscifolia 20 06 100 70 S0 2.5
Myrsine africana 0 04 100 30
Amthospermum spathulanim ] 20 02 100 65
Protea sp.1 (0.3-2m) | 100 50 S0 6.0
Walldenowia incurvata o _ 67 60
Pelargonium scabrum - . 67 1.7 50 10
Elytropappus imricate o - 33 83 S0 100
Pentaschustis 4 . ] 33 13
Dodonaea viscosa (0.3-2m) 33 10
 Stocke plumosa o - 3 07 S 25
Phylica oleagfolia seedling 3 03
| Metalasia dregeana ) 100 6.5
Pentashistis sp.2 . 1 50 2.5
| Thesium sp.| B 50 20
| Protea sp.| seedling 50 1.5
Wahlenbergia rubiodes - N S0 05
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In contrast to Ronl, CF was situated close to the water’s edge up to an elevation of 0.11 m (Figure
4.6), where a WE assemblage might have been expected. As with Ronl, CF was the highest-clevation
occurrence of Isolepis prolifer (Table 4.7). It contained a mix of species found in WE and CF at
Ronl, namely Todea barbara, Erica caffra, Calopsis paniculata and Elegia capensis. No individuals
of the small tree species found at Ronl were present in CF at Ron2.

TS was the most speciose assemblage type, and was dominated by seedlings, juveniles and adults of
all of the main small tree species (Brabejum stellatifolium, Metrosideros angustifolia, Morella serrata
and Brachylaena neriifolia). With two exceptions (Calopsis paniculata and Elegia capensis) the CF
species petered out in TS, and a few species were restricted to this assemblage type, including
Schizaea tenella (also restricted to TS in Ronl) and Blechnum capense. The grass Ehrharta ramosa
ssp. ramosa first appeared in TS, as did the fern Preridium aquilinum. As with Ronl, Metrosideros
angustifolia reached its outermost distribution in this assemblage type, along with adult Brabejum
stellatifolium, which reached into OT at Ronl. Only seedlings of the latter reached into OT here.

OT ranged from 0.91 — 1.68 m, very similar to the range at Ronl. The other main riparian small tree
species — Morella serrata and Brachylaena neriifolia - reached their outer limits in OT, as did
Preridium aquilinum, Elegia capensis and Calopsis paniculata. Several species occurred only in OT,
including Oftia africana and Willdenowia incurvata, both of which occurred in OT or NR at Ronl.

NR occurred above 1.07 m elevation compared 10 above 1.43 m at Ronl. It contained several species
that had also been present in OT or NR at Ronl,

The three assemblage types were well represented in all four vegetation blocks, with NR being absent
from blocks B and C. CF was situated lower down the bank than at Ronl, while TS, OT and NR
occurred over approximately the same elevation range. The major difference between the two sites
was that the WE type was not present at Ron2. Being a pool, the channel at Ron2 was much deeper
than at Ronl and there was no gradual edge change from a rock-bottom channel over a cobble/gravel
bar onto the bank of the river. Instead a steep bank edge abutted the pool, leaving no space for
development of a WE assemblage.

Ron3: mountain stream (transitional) zone (riffle)

Ron3 was beside a riffle in the Mountain Stream (transitional) zone. The valley was wider and flatter
then at Ronl and Ron2, and the river reach studied had a series of small side channels, resulting in an
overall floodplain effect for many tens of meters from the wetted channel. Sample plots thus were not
laid out over the whole width of the riparian band but were restricted to the first eight meters from the
water's edge.
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Re ference Conditions

Table 4.7 The percent frequency (F) and the average cover in each assemblage type for all species at site Ron2. The assem! lage type assigned 10
the cight assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots.
| Vegetation assemblage number and type -
| 1 (n=4) 2(n=3) | 3(n=4) | 4(n=d4) S=2) | 6(n=4) | 7(n=3) 8 (n=2)
L __Physical variables | Channel Fringe Tree Shrub Outer Transitional Non Riparian
% sand 25 70 60 o 100 30 67 60
% rock S0 30 40 10 0 70 33 40
% water 100 17 25 10 0 0 0 0
Elevation above summer low flow (m) 062011 0.27-1.07 0.36-1.33 0.41-1.12 0.96-0 99 0.91-1.68 1.21-1 68 107165
Species F | Cover | F | Cover | F | Cover | F | Cover | F | Cover | F | Cover | F | Cover | F | Cover
Isolepis proiifer 25 1.0
Erica caffra <0 i N i3S 1.0
Todea babara 7% 10 100 203 100 263 100 2.0
Calopsis paniculata L 63 &7 47 28 2.8 25 25 n 33
| Brabejum stellatifolium (2-5m) 0 233 28 05 s 100
| Metrosideros angustifolia (2-5m) 3 33 s k8 S0 30
| Morella serrata seedling 3 13 50 1.3 2 08 M 1IN
Metrosideros angustifolia seedling 100 29
Hrabejum stellatifolium (0.3-2m) <0 25
| Species 18 o <0 25
 Hrabejum stellatifolium seedling <0 18 28 10 25 0917
| Schizaea tenella . <0 1.5
| Brachylaena nerufolia seedling <0 13
| Blechnum capense B 28 05
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1 (n=4) 20=3) | 3(n=4) | d4(n=4) | Sm=2) | 6(n=4) | T(n=3) 8 (n=2)
- | Channel Fringe ~ Tree Shrub | Outer Transitional Non Riparian

 Elegia capensis _ 100 213 100 150 100 223 160 350 10 115 7§ 9%
_Brachylaena meriifolia (2-5m) 100 153 S0 70 S0 25 25 23

Morella serrata (0.3-2m) 3 10 10 a8 7 30 33 17

Morella servata (2-5m) 75 S5 1w 200 25 25 3 3.3

Metrasideros angustifolia (0 3-2m) 50 i3 25 75

Brachvigena neriifolia (0.3-2m) 25 2.8 25 10

Ehrhata ramosa subsp. ramosa 25 LR 25 0.5 100 3 100 10,0
 Prersddium aquilinum 100 135 100 100 100 135 180 3

(ftia africana 50 20

Chatia of ericoides 50 1.5
El'fu'rglzgm galbanum (0. 3-2m) S0 1.0

Pelargonium scabrum - 100 9.0 kL) 1.7 100 17.0
_ Asteraceac sp.20 25 1.0
 Heeria argentea (0.3-2m) 33 33

Willdenowia incurvata 3 1.3
| Ehywropappus intricate — so 10.0
Ficinia acwminate - 50 40

Cliffortia ruscifolia 50 1.0
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Figure 4.6 Surveyed cross-sections showing the position of vegetation assemblages
recognised in Figure 4.5 and the assemblage types they represent (Table 4.7) in
the four vegetation blocks (A through D) at Ron2 on the Rondegat River., A
bird's eye view of the distribution of vegetation assemblages in the complete sample
grid is shown at the bottom right of the figure. OL = outlier, grey box = no sample.
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Seven assemblages in fairly poorly-defined groups were recognized for this site, with the trend on the
MDS plot being from the lower-elevation assemblage types on the left 10 the higher ones on the right
(Figure 4.7). Only three assemblage types = WE, CF and TS - were assigned; with no OT and NR
assemblages as no samples formed a separate group containing species normally associated with drier
environments,

As with Ronl, WE (assemblage 1) was located at the water’s edge (Figure 4.8) and was dominated by
Isolepis prolifer with smaller occurrences of the restio Elegia capensis and the shrub Erica caffra
(Table 4.8). Species at WE but not recorded at Ronl or Ron2 were the rush Juncus lomatophyllus and
the forb Wimmerella arabidea. Only Isolepis prolifer was confined 10 WE.

CF comtained a mixture of the common Riparian Scrub tree species and characteristic wetland species.
Brabejum stellatifolium, Metrosideros angustifolia and Moreila servata were all present as seedlings,
juveniles and adults, with only Brachylaena neriifolia being limited to adults; no seedlings of these
species occurred outside this assemblage type. Another small tree species, Rhus angustifolia, not
collected from Ronl and Ron2 did occur, and among the small trees was a mix of species from typical
wetland families such as the Juncaceae and Cyperaceae (see Table 4.8), and species typical of the CF
at the upstream sites such as Calopsis paniculata, Drosera spp.. and Ehrharta ramosa ssp. ramosa.

TS occurred at an elevation of 0.76-1.91 m or higher, and contained mostly species also present in CF
plus some with a first occurrence in this assemblage type. Mature individuals of the common Riparian
Scrub small tree species were more common here than in CF and some new small tree species
occurred: Maytenus oleoides, Hartogiella schinoides (also in TS at Ronl) and a new large tree
Kiggelaria africana. Many of the wetland species common in CF were not present, but some such as
Elegia capensis, Erica caffra and Calopsis paniculata extended into this assemblage type as they did
at Ronl.

In summary, the three assemblage types present were well distributed along the four cross-sections
(Figure 4.8) with a representative of cach assemblage type present in cach of the four vegetation
blocks, other than WE which was absent from vegetation block A. WE and the CF were situated at
similar elevation ranges to those at Ronl, while the TS was found both further and higher up the bank
at Ron3 than at Ronl. The valley shape of the two sites, Ron3 and Rond, situated in the mountain
stream (transitional) zone differed in being wider and flatter than found higher up at Ronl and Ron2,
This resulted in a riparian zone at these mountain stream (transitional) sites that was wider and less
steep with a much less distinctive transition from riparian to terrestrial vegetation. Hence, no OT and
NR assemblage types were recorded at Ron3 although, of course, they would have existed beyond the
chosen plot area
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Figure 4.7 CLUSTER analysis and Non-metric MDS ordination for all samples at Ron3 on
the Rondegat River. The vegetation assemblages are numbered in black circles. The
range of elevations in metres above summer water level is shown on the dendrogram.
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Table 4.8

assemblages is shown along with the physical variables recorded for cach assemblage. (n) = number of sample plots.

keference Conditions

The percent frequency (F) and the average cover in each assemblage for all species at Ron3. The assemblage type assigned 1o the seven

Vegetation assemblage number and type

1(n=3) 2(n=5)  3(n=2) 4(n=2) | S(n=2)  6(n=18§) T(n=2)
Physical variables | Wet Edge Channel Fringe Tree Shrub =
% sand 10 30 35 100 92 100
% rock 9% 70 65 0 8 0
% water 70 16 0 0 0 0
Elevation above summer low water (m)  -0.08 - -0.05 0.1-0.64 0.95-1.54 0.89-1.2 0.76 1.00-1.8< 1.85-1.91

Species

F |Cover| F [Cover| F |[Cover| F | Cover F | Cover | F [ Cover | F | Cover

| Isolepisprolifer
Juncus lomatophyllus

Wimmerella arabidea

Isolepis digitata

Paspalum wrville:

Restionaceoe sp.9

Morella servata (0.3-2m)

Laurembergia repens

Jumcus effusus

Pelargonium tabulare

Morella serrata seedling

Drosera spp

Brabeyum siclianfolum scedling

Morella serrata (2-Sm)

Metrasideros angustifolia seedling

Calopsis pamiculata

Elegia capensis

Erica caffra

| Lhrhata ramosa subsp ramasa

100 1.7
33 07 100 206
33 02 4 08
80 130
40 14
20 10
20 06
20 04
20 02
20 01
80 14
60 1.6

24
42
74
95
0%

67 13

08
0.3
0%
25
20
28
100
135
20

20
6.5

SEENe

D4
14
6.5
47
D4




Reference Conditions

[ o Cim=d) | 2m=% | 3m=2) | 4@=2) | Sm=2) | 6(n=18)  T(n=2)
- . Wet Edge Channel Fringe Tree Shrub B
| Rhus angustifolia | 40 70 50 05 B 3
Metrosideros angustifolia (2-5m) 20 04 100 185 61 134
Metrosideros angustifolia (0.3-2m) S0 5.0 17 0s
| Blechmum australe - 20 04 100 258 s6 S1 100 1.5
Preridium aguilimem . 100 6.5 Ll 9.1 100 10,0
Brabejum stellatifolium (0.3-2m) T 0 05 M 02 s 25|
Diospyros glabra S0 1.5 17 1.1
Todea babara 100 6.5 6 0.2
Cyperws demdatus o - 50 1.0
Brackylaena neriifolia (2-5m) 50 i s 100 S0 75 N 1.7
Halleria elliptica 50 75 S0 15 28 2.1
Maytenws oleoides (2-5m) S0 7.5 S0 250
Brabejum stellatifolivm (2-5m) 6 &6 100 125
Rhues lucida forma elliptica ] 1n 0.5 50 20
| Clunia sp.2 | 6 01 <0 20
Hartogrella schinoides (2-5m) 50 10.0
} Ficinia indica - , . 6 03
| Helichrysum cf_ odoratissimm 6 02
Restionacear sp.9 6 02
Mariscus thunbergii 3 0.1
| Kiggelaria africana (0.3-2m) (0 0.1
Maytenus oleoides seedling 3 0.9 |
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Rond: mowntain stream (transitional) zone (pool)

Rond was situated beside a pool in the same general terrain of a flatter bank as Ron3. Six assemblages
were recognised (Figure 4.9). Two of these (numbers | and 2) were assigned to the WE; the third
group (3) 1o CF and assemblages 4 10 6 to the TS assemblage type.

The two WE groups were quite different. WE assemblage 1, in vegetation blocks A and B (Figure
4.10), was situated on a small cobble bar within the wetted channel. Cross-section A was surveyed
just upstream of this bar and cross-section B just downstream of it. This is the reason that assemblage
1 on cross-section A (and assemblage 2 on cross-section B) appear to *float” in the main channel. The
cobble bar supported mainly the shrub Prionium serratum (Table 4.9) together with a number of
species already recorded in WE from the upstream study sites, particularly Ron3, that were less
frequent and in some cases at very low average percentage covers here; including Isolepis prolifer,
Juncus lomatophyllus, Wimmerella arabidea, Erica caffra, Calopsis paniculata and Drosera spp. The
first two, plus Pennisetum macrourum and Blechmum australe were confined to WE.  Also present
were seedlings of Metrosideros angustifolia and Brachylaena neriifolia, as well as juveniles of
Brachylaena neriifolia and a few adult Metrosideros angustifolia. The presence of these Riparian
Scrub small trees was not characteristic of WE at the other Rondegat sites.

WE assemblage 2 contained just four species. One, Wimmerella arabidea, was found only in the WE
at this site and in WE and CF at Ron3. Erica caffra and Elegia capensis occurred at all four sites, in
either WE and/or CF. Adult Merrasideros angustifolia mirrored the situation in WE assemblage 1.

The CF assemblage type, consisting of assemblage 3, was quite speciose, with six species common, as
they were at one or more of the other sites: the restios Elegia capensis and Calopsis paniculata, the
shrub Erica caffra, adults of Metrosideros angustifolia and Brabejum stellatifolivum, and the ubiquitous
fern Preridium aquilinum. Morella serrata occurred only in CF, as seedlings through to adults, whilst
scedlings of the other Riparian Scrub tree species petered out in this assemblage type. There were
fewer wetland species than at Ron3, but some, such as Drosera spp., Prionium servatum and Mariscus
thunbergii were recorded.

The TS assemblage type (assemblages 4-6) was characterized by juvenile and mature trees of the
common scrub tree species, and the fems Todea barbara, Blechnum capense and Pteridium agquilinem.
Of these three, Todea barbara, was confined to CF in Ronl and Ron2, but also occurred in TS at Ron3
and this site, suggesting an ability to expand its living arca on shallower-sloped banks. Preridium
aquilinum was not found below the TS assemblage type in the two upper sites but extended down into
WE and CF at the two lower sites. Other species reasonably common and restricted 1o TS were Rhus
lucida forma elliptica and Diospyros glabra. The latter species was consistently present in TS more
than in any other assemblage type at the Rondegat sites.
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Figure 4.9 CLUSTER analysis and Non-metric MDS ordination for all samples at Rond on
the Rondegat River. The vegetation assemblages are numbered in black circles. The
range of elevations in metres above summer water level is shown on the dendrogram.
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Table 4.9 The percent frequency (F) and the average cover in each assemblage type for all species at Rond. The assemblage type assigned 10 the
seven assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots.

Vggetalia ;ssem@e number and

ype

3 1(n=6) | 2 (n=6) 3 (n=7) im=3) | Sm=12) | 6(n=5)
Physical variables Wet Edge Channel Fringe Tree Shrub
Yesand 3s I8 93 92 %
% rock 63 53 7 £ 10
% water 97 n 0 0 0
Elevation above summer low water (m) -0.47-0.38 -0.63-1.08 0.42-1.62 0.66-1 83 0.48-1 81 1.05-192
Species F | Cover | F | Cover | F | Cover | F | Cover | F | Cover | F | Cover
Isolepis prolifer 83 68
Blechnum australe A L) 13
Pennisetum macrourim R L) 08
Juncus lomatophylus 17 03
Wimmerella arabidea K3 22 17 0.1
Prionium serratum 100 12.5 14 0.7 33 50
Erica a L) 103 100 158 86 81
Capensis 17 1.7 mn 6.1
Calapsis pamiculata S0 1.0 56 56
Brachylaena neriifolia (0.3-2m) AL} 13 14 06
Brachylaena neriifolia scedling 3 0.7 29 0.4
Metrosideras angustifolia seedling AL 0.s 14 03
Irosera spp 17 D3 29 07




Reference Conditions
[ ) C Am=6) | 2m=6) | 3m=7) | 4@m=3) | Ss5@=12) | 6(m=5 |
| - 7 7 | ~ WetEdge | Channel Fringe| ~__Tree Shrub
Morelia serrata (0.3-2m) 41 24
Mariscus thunbergii - B 1 29 09
Morella servata (2-Sm) B | 1B 14
Morella serrata seedling 1 4 0.1
| Metrosideros angustifolia(2-5m) | 17 67 17 42 8 1.1 100 238
| Preridivm agqunlinm B 33 20 86 54 100 203 100 236 100 2000
Blechnum capense 7 17 02 4 0.1 b 00
Brabejum stellatifolim (2-Sm) $? 164 100 283 28 33 |
Metrosideros angustifolia (0.3-2m) 4 0.3 LR i3 L 03 y
Todea babara . 4 0.1 25 09 40 36
| Brabejum stellatifolium (0.3-2m) 33 17 28 21 i
Rivs lucida forma elliptica 33 02 20 32
Diospyros glabra | 17 08
r Brachylaena neriifolia (2-5m) o | - . L L - - L 8§ 13 B
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Figure 410 Surveyed cross-sections showing the position of vegetation assemblages
recognised in Figure 4.9 and the assemblage types they represent (Table 4.9) in
the four vegetation blocks (A through D) at Rond on the Rondegat River, A
bird's eye view of the distribution of vegetation assemblages in the complete sample
grid is shown at the bottom right of the figure. OL = outlier, grey box = no sample.
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The progression of species and assemblage changes from the water’s edge 1o the top of the bank
followed the pattern described for the three upstream sites. At this site all four vegetation blocks
contained all three assemblage types in order from WE to TS. The height and position of the
assemblage types was the same as that described for upstream.

Summary of Rondegat sites

The sites in the two different zones - the mountain stream and the mountain stream (transitional) -
differ in that no OT or NR assemblage types were assigned to the mountain stream (transitional)
samples at Ron3 and Rond. This was because their flatter bank gradient resulted in a wider riparian
zone that could not be fully sampled. Species typical of OT and NR would have been encountered at
the lower two sites if the sample plots extended 1o the outer limits of the riparian zone.

TS and CF, present at all four sites, covered the largest arca of cach sample grid and essentially
constituted what is normally thought of as the riparian zone. WE was not always present but tended to
occur where there was a shallow gradient from the water’s edge up the bank, such as across a cobble
bar. It was poorly formed or missing where the bank rose abruptly from the wetted channel.

To a large extent the four sites had the same species and there were no obvious discriminating species
between sites and within zones. Further, there was not always a logical progression from smaller
typically wet-habitat species, such as rushes and sedges, through larger riparian shrubs and trees, to
shrubs and grasses more typical of the neighbouring drier landscape. Nevertheless the rushes and
sedges were more prominent nearer the water and the tree species, although widely spread as seedlings
and juveniles, mostly persisted into maturity in TS.

A plot of the elevation above and distance from the low-flow water's edge, for every sample taken
from all four sites on the Rondegat River shows a gradual progression from WE to NR at the two
upper sites, where the valley was narrow and the river banks steep (Figure 4.11a) and from WE 10 TS
at the two lower sites, where the valley was more shallow (Figure 4.11b). The same sequence of
assemblage types occurred. WE was always at, or extended into, the wetted channel. CF lay within a
band from the channel edge 0 an clevation of 1.0 m and distance from water of 2.0 m (mountain
stream) or 1.7 m elevation and 4.0 m distance (mountain stream [transitional]). TS sprawled over the
widest range of elevations and distance and, along with OT, would undoubtedly have been shown o
have an even wider range if the full riparian zone had been sampled at the lower two sites (Figure
4.11b). Nevertheless its elevation range was still restricted to 0.3 to 1.5 m in the mountain stream
zone and 0.8 to 2.0 m in the mountain stream (transitional) zone. Despite the overlap, any one sample
could only have occurred in a maximum of two assemblage types.

4.3.4 The Heks River (Cedarberg - Olifants system)

The Heks River is part of the Olifants River system, its sub-catchment bordering that of the Rondegat
River. Of its four study sites, two were in the mountain stream (transitional) zone and two in the
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foothill zone (Plate 2). Pristine foothill zones are rare in Western Cape rivers and sites representing
them are restricted in this study to this river and the Elands River (Section 4.3.5). The four sites on the

Heks are described below.
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Flevation and distance from low flow water’s edge for all sample plots at the four
Rondegat River sites. Outline (A) are sample plots at Ronl & Ron2 in the mountain
stream [MS] and outline (B) are sample plots at Ron3 & Rond in the mountain stream
(transitional) [MST] zones respectively. The five assemblage types are shown: WE =
Water's Edge, CF = Channel Fringe, TS = Tree Shrub, OT = Outer Transitional and
NR = Non Riparian.




Reference Conditions
Hek 1 mountain stream (transitional) zone (pool)

Hek1 was situated alongside a pool. It consisted of a well-defined riparian zone within the confines of
a well defined macro-channel. The riparian zone canopy was dense and closed with two stratified
layers: a tall canopy cover of mature Riparian Scrub trees beneath which were juveniles and seedlings
of these same trees and forbs and sedges.

Three main groupings were recognized, cach split into two assemblages (Figure 4.12): WE and CF
(assemblages | and 2 respectively), TS (assemblages 3 and 4) and OT (assemblages S and 6).

WE reached from below water level to an elevation of 0.26 m, and contained species already familiar
from the Rondegat River (Table 4.10): Isolepis prolifer, Calopsis paniculata, juveniles and seedlings
of Morella serrata and seedlings of Brabejum stellatifolium. A new species considered to be
obligatory riparian, Salix mucronata (the Cape willow), was the most abundant and frequent plant,
along with the riverine restio Calopsis paniculata.

CF covered an elevation range from just below water level 10 0.80 m (Figure 4.13), and contained all
species found in WE other than Salix mucronata, but each with a reduced frequency and cover. The
sedge, Isolepis prolifer, found mainly in the WE assemblages of the Rondegat River, was most
abundant in CF at this site. Species common in CF assemblages at Rondegat that made their first
appearance in CF at this site were Metrosideros angustifolia seedlings, Prionium servatum and Elegia
capensis, while those not recorded at Rondegat included the sedge Carpha glomerata, the shrub
Freylinia lanceolata (restricted to CF at this site) and the grass Panicum schinzii.

TS ranged from 0.15-1.57 elevation, and was the second most speciose assemblage type. It was
dominated particularly by juveniles and adults of Merrosideros angustifolia and Morella serrata, with
seedlings and juveniles of Brabejum stellatifolium and Brachylaena neriifolia respectively also
present. TS marked the outer limit of distribution of Calopsis paniculata, Isolepis prolifer, Prionium
serratum, Elegia capensis and Cyperus denudatus among others. Panicum schinzii reached its highest
frequency and cover, and the sedge Mariscus thunbergii, the small tree Rhus angustifolia, the grass
Ehrharta rehmannii and the shrub Diospyros glabra first appeared in TS, There was a first occurrence
of some species typical of drier habitats, such as Stoebe plumosa and Elytropappus intricata

OT occurred between 1,16 and 2.34 m elevation and was the richest in species. Adults of the small
trees Metrosideros angustifolia and Morella serrata persisted into this assemblage type, but were more
abundant in TS. Mixed with them was a small tree species typical of outer riparian zones, Rims
angustifolia, and a large array of species common to drier habitats (Table 4.10). Species prominent in
OT and NR on the Rondegat River and also found in OT at this site included Ficimia indica. Diospyros
glabra, Pelargonium scabrum, Cliffortia ruscifolia, Elytropappus intricata and Dodonaea viscosa

The distribution of the assemblage types up the bank followed the same pattern as that recorded for the

Rondegat River (Figure 4.13). The heights and positions of the assemblage types are similar to those
found on the Rondegat River, with WE below and in line with the water's edge, CF up to almost | m
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Figure 4,12

CLUSTER analysis and Non-metric MDS ordination for all samples at Hek1 on
the Heks River. The vegetation assemblages are numbered in black circles. The
range of clevations in metres above summer water level, are shown on the

dendrogram.
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Table 4.10 The percent frequency (F) and the average cover in each assemblage type for all species at Hekl. The assemblage type assigned 1o the
six assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots.

Vegetation assemblage number and type ]
1(n=2) 2=6) | 3(m=3) | 4(0=14) | S(2) | 6(n=9)
Physical variables Wet Edge Channel Fringe | Tree Shrub | Outer Transitional
% sand ] 18 ” 69 33 42
% rock 923 n” 2% 3l 67 <
% water 95 7 1 0 0 0
Elevation above summer low water (m) 0.10-0.26 -0.04-0.80 0.15-1.51 1.36-1.57 1.16-:.16 149-234
Species F | Cover | F | Cover | F |Cover F | Cover| F | Cover| F | Cover
Salix mucromnata (0.3-2m) 100 3
Salix mucromata seedling 100 10
Isolepus prolifer <0 15 100 172 v 34
Calopsts pamculata 100 100 67 144 100 170 S 02
Morella servata (0.3-2m) <0 15 n 0.2 6 315 1% 03 " 10
Brabejum stellatifolium seedling <0 05 6 01
Morella serrata seedling <0 03 3 12 19 04 n 02
Prionivm serratum 3 04 ¢ 01
@a‘a_agegu_ B 3 W & N2 2% 02
Carpha glomerata 22 12 19 1.2
Cyperus demadatus 2 04 nooe
Metrosideros angustifolia seedling 2 04
Freviinia lanceolata (2-Sm) 1" 03
Pernisetum macr owram n 0.2 LU Y
Brachyloena neriifolia (0.3-2m) [ 0.1
Psoralea sp 2 25 0.1
Panicum schinzii
L n 06 @ 73 1 08 3 02
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| , ) 1(n=2) 2 (n=6) 3(n=3)  4(=14) | S5(m=2) | 6(m=9) |

| } - | Wet Edge | Channel Fringe Tree Shrub Outer Transitional |
| Mariscus thunbergii o | 75 69 25 02 1 04
| Morelia serrata (2-5m) ' 69 9% 100 05 2 09
Staehe plimasa ) - | 19 19 67 03
Metrasideros angustifolia (0.3-2m) | 5 74 67 03 % 06
Metrasideros amgustifolia (2-Sm) ] 88 2% 100 N3 67 03 7™ 10

 Lhrharta rehmannii ‘ 13 18 75 04 100 283 44 05
Diospyros glabra A 6 01 100 04 100 04 B 08

 Elytropappus intricate | % 05 LU B
Rhus angustifolia 25 0.2 100 19.7

| Rius Iucida forma elliptica 10 03 11 0s

| Oscularia ornate 67 0l

| Crasswla rupestris_subsp. rupestris 33 03 1 04

Ficima imdica o 33 0.0

Pelargontum scabrum 3 00 33 03
Cliffortia ruscifolia 44 04
Eragrostis sarmentosa 33 18
Phylica oleacfolia (2-5m) ] 14
Ischyrolepis sieberi ] 14
Anthospermum spathwlatim 11 0s
Dodonaea viscosa (0.3-2m) 1 02
Dodonaea viscosa seedling 1 0.2
Asparagus rubicundus 11 0.0
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above summer low-flow level and TS up to 1.5 m above it. The lower limit of OT is more than | m
above the low-flow level and peters out just above 2.0 m,

Hek 2: mountain stream (transitional) zone (riffie)

Hek2 was situated alongside a riffle just downstream of the pool at Hekl. Again the riparian zone
vegetation was confined within the macro-channel. The structure and canopy of the riparian zone was
similar to that at Hek 1.

Five main groups were revealed in the CLUSTER and MDS ordinations (Figure 4.14): assemblage |
(WE), 2 and 3 (CF), 4 (TS) and 5 (OT).

WE occurred from just below the water line to 0.15 m elevation above it and was unusually rich in
species.  There was an abundant mix of seedlings of Merrosideros angustifolia, Brachylaena
neriifolia, Morella serrata and Salix mucronata, along with occasional adults of Morella serrata
(Table 4.11). Among these were high covers of typical wetland species such as Calopsis paniculata,
Isolepis prolifer and Wimmerella arabidea, the first two species also being abundant in WE at Hek 1.

As with WE, the CF assemblage type was unusually high in species numbers, many being species that
first appeared in WE and reached their outer distribution limit in CF: Calopsis paniculata, Cyperus
denudarus, Pennisetum macrowrum and Salix mucronata among others. Some reached their highest
abundance in CF: Panicum schinzii and adults and juveniles of Morella serrata, for instance. Typical
CF species from the Rondegat River, such as Elegia capensis and the sedge Carpha glomerata only
occurred in this assemblage type, as did Brabejum stellatifolium (adults) which were more typical of
TS or OT on the Rondegat. Some species characteristic of the Rondegat's outer riparian zone also
appeared in CF, such as Rhus angustifolia, suggesting that there were patches of higher or drier ground
in this assemblage type or that tongues of underground secpage were facilitating extension of CF
assemblages further up the bank than usual

TS was located at 1.22-2.68 m above summer low water level (Figure 4.15) and was the poorest
assemblage type in species numbers. It consisted almost entirely of juveniles and adults of Morella
serrata and Metrosideros angustifolia, with a few species typical of the outer riparian zone at the
Rondegat (e.g. Diospyros glabra, Rhus angustifolia) or drier landscapes (e.g. Arclotis revolwa,
Eragrostis sarmentosa).

OT occurred from 1.43 to 3.04 m clevation, and had a wide varicty of species. The tree species
mentioned for TS and the grass Ehrharta rehmannii showed a decline in cover, and the species from
drier habitats generally became more abundant, as at Hekl and some of the Rondegat sites. Other
species found in the OT assemblage type both here and at Rondegat included Dodonaea viscosa,
Pelargonium scabrum, Maytenus oleoides and Ficinia indica
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The same distribution of assemblages up the bank was evident as at Hekl and the Rondegat sites

(Figure 4.15).

Hek2 differed, however, in supporting species not found at the Rondegat sites, and

having a more speciose WE and CF and a depauperate TS that covered a relatively small area.
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Figure 4.14

CLUSTER analysis and Non-metric MDS ordination for all samples at Hek2 on
the Heks River. The vegetation assemblages are numbered in black circles. The
range of clevations in metres above summer water level, are shown on the

dendrogram,
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Table 4.11 The percent frequency (F) and the average cover in each assemblage type for all species at Hek2. The assemblage 1ype assigned 1o the
five assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots.
, - B Vegetation assemblage number and _
- - L 1(n9) 2 (n=3) 3(=21)  4(n=4)  S5(n=8)
Physical variables Wet edge Channel fringe | Tree/shrub Outer transitional |
% sand 0 9 60 9 21
% rock 85 91 40 91 79
% waler 67 n 13 0 0
Elevation above summer low water (m) -0.15-0.15 0.17-058  -0.02-2.00 1.22-2.68 1.43-3.04
LSpe_chs_A - - F [Cover]| F [Cover] F [Cover| F | Cover J_ F | Cover |
Metrosideros angustifolia seedling 4 0.7
Brachylaena neriifolia seedlings 44 0.5 1
Prionium serratum 11 0.2 ‘
Wimmerella arabidea 22 0.8 ‘
Isolepis prolifer 67 179 33 5.0 18 3.0 |
Panicum schinzit 22 22 100 567 95 231 25 75 |
Calopsis paniculata 100 21.1 59 124 l
Cyperus denudatus 33 0.6 5 0.1
Morella serrata seedlings 22 0.2 18 0.3
| Penmisetum macrourum 11 2.8 36 46
| Freylinia lanceolata 2-5 - 11 0.7 18 34
Salix mucronata seedling 1 0.1 5 0.0
Carpha glomerata 14 08
Elegia capensis o o 9 0.9
Brabejum stellatifolium 2-5 9 0.3 .
Psoralea sp.2 5 02 |
| Freylinia lanceolata 0.3-2 5 0.2
| Kiggelaria africana seedlings | 5 00 - o
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- ) l 2 (n=3) 3(n=21) | 4(n=4) | S5(n=8) 4
- B Wetedge | Channel fringe | Tree/shrub Outer transitional

Metrosideros angustifolia 0.3-2 44 2.1 41 32 50 1.8 13 03 |
Morella serrata 0.3-2 A 22 1.0 64 4.0 25 34
Morella serrata 2-5 11 0.2 77 162 25 3.0 38 8.1 ’
Metrosideros angustifolia 2-5 73 198 7§ 30.0 25 5.0
Mariscus thunbergii (Vahl) Schrad B 59 43 13 0.4
Diospyros glabra - 36 42 100 35 100 160 |
Ehrharta rehmannii 27 5.0 75 138 75 73
Rhus angustifolia 4 1.1 50 20.5 50 6.6
Rhus lucida forma elliptica 9 0.9 100 135
Cliffortia ruscifolia 5 0.2 25 2.3
Arclotis revoluta ' ‘ S0 28

Eragrostis sarmentosa 28 38
Crassula rupestris Thunb. subsp. rupesiris 25 1.0 13 1.3
Anthospermum spathulatum 38 1.5

Ischyrolepis gaudichaudianus var gaud. 25 1.9

| Maytenus oleoides 0.3-2 25 1.1
Euryops abrotanifolius 28 0.8
Pelargonium scabrum - 25 04

| Oleasp.] 2-5 13 1.0

| Kiggelaria africana 0.3-2 o 13 0.6

| Phyiica oleaefolia 0.3-2 13 0.5
Oscularia ornata (1. Bolus) H E K_Hartmann 13 05 |
Ficinia indica 13 04
Dodonaea viscosa ().3-2 - | 13 04

- Chelianthes contracta N ) 13 0.1 |
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Figure 415  Surveyed cross-sections showing the position of vegetation assemblages
recognised in Figure 4.14 and the assemblage types they represent (Table 4.11) in
the four vegetation blocks (A through D) at Hek2 on the Heks River. A bird’s eye
view of the distribution of vegetation assemblages in the complete sample grid is
shown at the bottom right of the figure. OL = outlier, grey box = no sample.
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Hek 3: foothill zone (pool)

Hek 3 was situated alongside a pool in a much wider valley than occurred at the upper two sites. The
riparian vegetation was less dense and generally more prominent alongside the channel, and in some
places extended sparsely out onto a floodplain with secondary flood channels.

Four main groups separated from one another in the CLUSTER analysis (Figure 4.16): assemblage |
(assigned WE), assemblages 2 and 3 (assigned CF), assemblages 4 and 5 (assigned TS) and
assemblage 6 (assigned OT). Again the inaccuracy of the cross-sections to record the channel edge
makes it appear as if WE is under water (Figure 4.17).

WE supported only three species. Two of these - Isolepis prolifer and the very common Calopsis
paniculata - were characteristic of this assemblage type at other Heks sites as well as at the Rondegat
ones (Table 4.12), while the third - Panicum shinzii — occurred in WE and CF at Hek | and Hek2.

CF was located between 0.20 and 0.79 m clevation, and was quite speciose. All three species from
WE were present, with Calopsis paniculata reaching its highest cover in this assemblage type. Three
of the four small tree species listed in the sites above were common, mostly as seedlings, juveniles and
adults, with only Brabejum stellatifolium absent. Mixed with these were characteristic wetland
species, such as Drosera spp., Elegia capensis and Cyperus denudatus, all but the last one confined to
CF. This is in contrast to the Rondegat sites where Elegia capensis was prolific and tended 1o occur
from CF through 10 OT.

TS ranged through clevations 0.80 1o 1.49 m, and was dominated by juveniles and adults of
Metrosideros angustifolia and Morella serrata and the shrub Freylinia lanceolata. There was a lower
cover of Brachylaena neriifolia adults and a single seedling of Brabejum stellatifolium. Several
species were unique to TS, including outer riparian ones such as Rhus angustifolia and Maytenus
oleoides, along with a few species from drier habitats, such as Stoebe plumosa, which was found in a
similar position at Ronl and Hekl. Other species typical of TS at this and other Heks sites were
Diospyros glabra and Ehrharta rehmannii

OT, situated at 1.10 ~ 1.59 m clevation, was poor in species and numbers of sample plots. It was
dominated by Diospyros glabra and Elytropappus intricata, with a smaller cover of Ehrharta
rehmannii, Stoebe plumosa and Rhus angustifolia
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Figure 4.16

the Heks River. The vegetation assemblages are numbered in black circles. The
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Figure 4.17  Surveyed cross-sections showing the position of vegetation assemblages
recognised in Figure 4.16 and the assemblage types they represent (Table 4.12) in
the four vegetation blocks (A through D) at Hek3 on the Heks River. A bird's eve
view of the distribution of vegetation assemblages in the complete sample grid is
shown at the bottom right of the figure. Grey box = no sample.
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Table 4.12 The percent frequency (F) and the average cover in each assemblage type for all species at Hek3. The assemblage type assigned 10 the
six assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots.

Veiehtion assemblage number and type

1(n=7) 2 (n=7) 3m=2) | 4(7) | S(n=14) 6 (n=5)
Physical variables | Wet Edge Channel Fringe Tree Shrub Outer Transitional |
% sand 9 43 S0 2 40 6
% rock 91 57 S0 S8 60 6
% water 95 kX) 0 0 0 0
Elevation above summer low water (m)  -0.76- -0.10 0.20-0.79 0.60-0.78 0.99-1.49 0.80-1.39 1.10-1 59
Species F [Cover | F | Cover | F [ Cover | F | Cover | F | Cover | F | Cover
Pamicum schinzii 100 50 57 19
Isolepis prolifer 50 30 4 09
Droscra spp. 71 2.7 j
Cyperus demdarus b | 24 ] 0.3 1
Metrosideros amgustifolia seedling v | 1.6 |
Elegia capensis 42 59
Brachylaena neriifolia (0.3-2m) 29 04
Isolepus digitata 14 14
Calopsis pamiculata 100 75 100 169 3 32
Elegia capensis 2 58
Metrosideros amgustifolia (2-5m) 7 174 100 26,5 100 320 57 9]
Morella serrata (2-5m) ) | 6.1 50 20 S8 10.7 93 206
Metrosideros angustifolia (.3-2m) 7 50 0 80 29 1.5 '
Brachyvlaena nerifolia (2-5m) 443 56 100 46.0 L 04
Morella serrata seedling 29 0.7 S0 05 17 0.3 14 0.1
Morella serrata (0.3-2m) 86 31 43 25 0 1.6
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N L iw=7 | 2(m=7) | 3m=2) | 4@=7) | S@m=14) | 6(n=5) |
' Wet Edge | Channel Fringe | Tree Shrub | Outer Transitional
Mariscus thunbergit ‘ 7 02
Fragrostis sarmentosa __i 7 0.1
Ischyrolepis sieheri - N ? 0.1
| Brabejum stellatifolrum seedling - 7 0.1
| Freyviinta lanceolata (2-5m) . 67 LR
Rirus Incida forma elliptica 17 03
| Freylinia lanceolata (0.3-2m) ] K 1.7
| Mayterues oleoides (0.3-2m) | N 03
| Dodonaea viscosa (0.3-2m) | ] 02
| Diospyros glabra | 92 R R 100 80 100 sS4
| Fhrharta rehmanmi | s 02 43 $4 40 18
| \‘hu'l\’lfhvmus.l | 5 01 14 1.5 20 08
{ Rims .mgmlg'nhu ] S0 i6 pd 1} i0 |
| Ebtropappus iniricate | ) 60 18
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The distribution of the assemblage types at this site was relatively patchy. WE only occurred in
vegetation blocks C and D and OT in blocks A and D. The transition from TS to OT ok place in the
pattern described for carlier sites but for a patch of OT found within TS on cross-sections A and D.
The lower limits of the height ranges for the assemblage types agree with those given on the Rondegat
River. The upper limits of all assemblages are one metre higher on the Heks.

Hek 4: foothill zone (riffle)

Hek4 was situated just downstream of Hek3 alongside a riffle, a high point in the channel, and in the
same terrain as described for Hek3,

Three main groups were formed from all samples at this site; assemblages 1 (WE) and 2 (CF),
assemblages 3 10 6 (TS) and lastly assemblage 7 (OT) (Figure 4.18),

WE contained only the sedge Isolepis prolifer, recognized throughout these sites as characteristic of
this assemblage type (Table 4.13).

CF also contained a high cover of Isolepis prolifer, along with Calopsis paniculata and lower covers
of other typical species such as Drasera spp., Cyperus denudatus and Mariscus thunbergii. The
remaining species in CF were the common small trees Brachylaena neriifolia, Morella serrata and
Metrosideros angustifolia, present mostly as seedlings and juveniles.

TS encompassed most of the sample plots and assemblages, ranging in elevation from 0.26-124 m. It
was dominated by the small tree species commonly listed in carlier sites, and included Brabejum
stellatifolium and Freylinia lanceolata, mostly as juveniles and adults but with some seedlings. Many
species, such as Calopsis paniculata, Cyperus denudatus and Mariscus thunbergii, reached their outer
distribution limit in TS and many (Table 4.13) were only recorded there. The sedge Isolepis digitata,
also recorded upstream at Hek3, was frequent adjacent to the water, while Elegia capensis was the
only species prominent in TS but absent from all other assemblage types.

OT ranged from 0.73-1.06 m elevation, and was dominated by the small tree species and mix of outer-
riparian and dry-habitat species listed for carlier sites. Morella servata and Metrosideros angustifolia
were abundant and occurred as scedlings, juveniles and adults, while Brachylaena neriifolia
(juveniles) and Freylinia lanceolata were scarce and present in only one life stage each. Diospyros
glabra dominated the shrubs, with most other abundant species being outer-riparian species or ones
from drier habitats (e.g. Stoebe plumosa, Ehrharta rehmannii and Cliffortia ruscifolia). Unusually,
OT occupied a larger area than at any other site (Figure 4.19), and most of its species occurred at low
frequencies and abundances since their distribution among the samples of assemblage 7 was sparse.
The arca may have been recently disturbed, perhaps by fire, but no records of this could be located. If
it is disturbed, it might be expected to recover towards the same kind of community as upstream at
Hek3 within ten to fifteen years,
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Figure 418  CLUSTER analysis and Non-metric MDS ordination for all samples at Hekd on
the Heks River. The vegetation assemblages are numbered in black circles. The
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Table 4.13 The percent frequency (F) and the average cover in each assemblage type for all species at Hekd. The assemblage type assigned 1o the
seven assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots.

Vegetation assemblage number and type

1(n=2) 2 (n=2) 3m=2) | 4(m=2) | SS9 | 6(m=6) | T(m=17)
Physical variables | Wet Edge | Channel Fringe ~ Tree Shrub | Outer Transitional
% sand 0 25 35 13 26 43 26
% rock 100 75 65 58 74 8 7
% water 100 73 25 0 0 0 0
_Elevation above summer low water (m)  -0.15..0.11 021.022 0.26-1.24 0.43-0 66 0.64-1.24 0.43-1.15 0.73-1.06
Speues F |Cover| F | Cover | F |Cover| F ]Covct[ F [Cover| F |Cover!| F | Cover
Isolepis prolifer 4 100 125 3 20
Droseraspp S0 3.0 7 27
Brachylaena nmg[nha seedling S0 05 33 03
Calopsis paniculata _ 100 00 67 60 100 70 M 74
| Oyperns denudatus . N <0 15 6 33 s 15 21 11
Mariscus thunbergii | S0 30 1 S0 4 13
} Wmnawma (0.3-2m) 7 17 100 35 11 03
7 83
ﬁ‘“ cqms 100 233 e 10 S 1.7
Freylinia lanceolata (0.3-2m) $ 30 1 04 17 08
Pelargomium scabrim 2 04 3 23
Brabejum stellatifolium (2-Sm) n 16
Brachylaena neritfolia (2-5m) 17 S0
Phylica oleaefolia (2-5m) 17 13
Ry hecidks Forma elliptica 17 02
Elytropappus imiricate 17 02
Morella serrata (0.3-2m) 100 35 w0 27 108 S5 2 18 se i3 100 80
Metrosideros angwstifolia seedling 100 3.0 67 1.7 3 0l 12 02
Morella serrata scedling 100 20 3 07 nmooor 17 02 4 0.3
Brachylaena neriifolia (0.3-2m) 20 20 2 1.1 3 02
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- -  1(n=2) 2 (n=2) 3(=2) | 4(=2) | S(m=9) | 6@m=6) | T(m=17) |
| Wet Edge | Channel Fringe Tree Shrub “Outer Transitional

Metrasideras angustifolia (2-5m) - 100 183 S0 5.0 8 140 100 318 6 0.9
Merrasideros angustifolia (0.3-2m) 100 63 100 110 100 163 S8 5% 65 6.3

. Movella serrata (2-5m) 67 6.0 22 33 83 70 [ 1.2
Frevimia lanceolata (2-5m) 33 5.0 2 S4 17 10 6 0.5
Dospyros glabra | 100 28 67 13 L1 48

| Rhus angustifolia | 1 0.1 [ 0.1

| Ischyrolepis gadichaudianys var gawd 33 1.2 24 1.1

| Stoebe plumosa 53 2.6

| Ehrharta rehmanii - 38 16

| Species 17 SR 38 2.1

| Cliffortia ruscifolia | 29 20
Pelargonivm scabrum ‘ 29 1.2 ]
Ficimia indica o j 4 06
Willdenowia incwrvarta - ] 12 06
Ehtropappus intricate o { 12 06
Ischyrolepis gossypina - 12 0.5
Crassula rupestris. subsp. rupestris 12 02

| Rhus Incida forma ellipica 12 0.1
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Surveved cross-sections showing the position of vegetation assemblages

recognised in Figure 4,18 and the assemblage types they represent (Table 4.13)
in the four vegetation blocks (A through D) at Hekd on the Heks River. A
bird’s eye view of the distribution of vegetation assemblages in the complete sample
grid is shown at the bottom right of the figure. OL = outlier.

Summary of Heks sites

The four sites in the two zones - the mountain stream (transitional) and the foothill - were similar in
that four of the five assemblage types were assigned at cach site, but they differed in terms of which
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Reference Conditions

assemblage types were dominant. Hek| consisted mainly of TS, Hek2 of CF, Hek3 of TS, and Hek4
equally of TS and OT. Some possible reasons for these differences are:
e the high number of wetland species and hence the abundance of CF st Hek2 may have been
due to underground seepage from a nearby tributary.
e Hek4 may have been recently disturbed, possibly by a fire, and this could have caused the
paucity of typically wet species and the abundance of drier terrestrial species in OT.

In contrast to the Rondegat sites there was no NR. Prominent species found at the Heks sites but not
at Rondegat included Salix mucronata in WE, Panicum schinzii (mainly in WE) and Freylinia
lanceolata. Generally, the distribution of typical wet-habitat species and the riparian shrubs and trees
again followed the pattern seen on the Rondegat, with mostly wet-habitat species more prominent
nearer the water and trees persisting as adults mainly in TS although their seedlings and juveniles
were more widely spread. At all sites other than Hek4 there was a logical progression from WE up
the bank through the assemblage types.

A plot of the elevation above and distance from the low-flow water's edge, for cach sample taken from
the four sites on the Heks River shows a gradual progression from WE to OT at the two upper sites
where the valley was narrow and the channel confined (Figure 4.20a) and at the two lower sites where
the bank gradient was less steep (Figure 4.20b). The same sequence of assemblage types as at the
Rondegat occurred up the bank. WE was always at, or extended into, the wetted channel. CF ranged
from the channel edge to an elevation of 2.2 m and distance from water of 6.0 m (mountain stream
|transitional]) or elevation of 1.0 m and 4.0 m distance (foothill). TS again sprawled over a wide
range of elevations and distances and, as at the Rondegat lower floodplain sites, would have shown a
wider range if the sample plots had extended to the edge of the floodplain (Figure 4.20b). The
clevation range of TS was restricted from 0.15 m to 2.7 m in the mountain stream (transitional) and
from 0.4 m to 1.5m in the foothill. The two upper sites on the Rondegat and the Heks Rivers
displayed similar patterns for the WE, CF and OT assemblage types and bank profile. The two lower
sites on each river were similar in that cach had a small floodplain with flood channels beyond the
macro-channel; they differed, however, in the abundance and density of riparian scrub in the
floodplain, with Rondegat having the more dense foliage.

4.3.5 The Flands River (Hawequas - Breede System)

The Elands is part of the Breede River system, in the Hawequas mountain range. Of its four study
sites, two were in the mountain stream zone and two in the foothill zone (Plate 3). The four sites on
the Elands are described below.

Elal: mountain stream (pool)

Elal was situated in the mountain stream zone of this river alongside a deep pool, where the valley
was narrow and the river banks rocky. The riparian vegetation was relatively sparse compared to the
other two rivers, with scattered patches along the river interspersed with large boulders or bedrock.
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Figure 420  Flevation and distance from low flow water’s edge for all sample plots at the four
Heks River sites. Outline (A) are sample plots at Hek! & Hek2 in the Mountain
stream (transitional) [MST] and outline (B) are sample plots at Hek3 & Hek4 in the
Foothill [FH) zones respectively. Four of the five assemblage types are shown: WE =
Water's Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer Transitional.

Five groups formed in the CLUSTER and MDS ordination analyses and allocated to assemblage types
as follows: assemblage 1 (WE), 2 (CF), 3 and 4 (TS) and 5 (OT) (Figure 4.21).
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WE covered an clevation range from just below water level to 0.01 m above it and was dominated by
species shown to be typical of this assemblage type on the two previous sets of study sites: Isolepis
prolifer, Priovnium serratum and Todea barbara (Table 4.14). Seedlings of Metrasideros angustifolia,
juvenile Brachylaena neriifolia and the shrub Erica caffra also occurred at lower abundances and
frequencies, as did two species not recorded before: a grass Pentameris distichophylla and a shrub
Pseudobaeckia africana.

CF occurred higher up the bank than expected, ranging from elevations of 1.08 -~ 2.29 m, The small
tree species were represented by Brachylaena neriifolia juveniles and adults, and Metrosideros
angustifolia seedlings, all reasonably frequent but at relatively low cover. Grasses and shrubs were
abundant: Pseudobaeckia africana, Ehrhata sp.2 and Pentaschistis pallida, the latter being only found
at this site and assemblage type. Three other species typical of CF in the other rivers were also
common: Elegia capensis, Todea barbara and Erica caffra.

TS also occurred over an unusual elevation range, from water level to 2.13 m. The species count was
high, with a mix of typical small tree species, some Afromontane tree species, other riparian species
and some species from drier habitats. Brachylaena neriifolia, Metrosideros angustifolia. Morella
serrata and Brabejum stellatifolium were all represented by seedlings, juveniles and adults, while
scattered adults of the Afromontane species Platylophus trifoliatus and lex mitis and scedlings of
Cunonia capensis occurred.  None of the tree species dominated, with the highest frequencies and
cover being from the restio Elegia capensis and the shrubs Pseudobaeckia africana and Erica caffra.
Among these was a mix of wetland and drier-habitat species (Table 4.14),

OT sat within the same clevation range as TS and had few unique species. 1t marked the highest
abundance of the grass Pemtameris distichophyila and the restio Ischyrolepis subverticillata. All of
the small tree species were absent from this assemblage type except a low cover of juvenile Brabejum
stellatifolium. The other species present were mostly those named for earlier sites as outer riparian or
terrestrial. The riparian zone at this site was narrow and in some cases TS occurred on the water's
edge (Figure 4.22, vegetation blocks C and D). The anomalies in clevation of the various assemblage
types can be explained by the variation of bank shape within vegetation blocks that was not captured
by the single cross-section per block. Thus, the height of CF in block A, for instance, appears higher
than its actual elevation. In vegetation blocks C and D, TS was located as low as the water’s edge, and
as such had a very different height range to TS on the other two rivers. Al the ecarlier sites WE
occurred in this area, on cobble bars on deposits of smaller substrata. Perhaps the relative lack of
gravels and sands on the banks at this site precluded the establishment of WE species. The main
difference between this site and those on the Rondegat and Heks Rivers was the presence of forest
species.
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Figure 421  CLUSTER analysis and Non-metric MDS ordination for all samples at Elal on
the Elands River. The vegetation assemblages are numbered in black circles. The
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Table 4.14 The percent frequency (F) and the average cover in each assemblage type for all species at Elal. The assemblage type assigned to the
five assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots

Vegetation assemblage number and type

1 (n=5) 2 (n=2) 3m=4) | 4(n=6) 5 (n=3)
- | Wet Edge Channel Fringe Tree Shrub Outer Transitional
% sand 0 3 20 16 0
% rock 100 98 80 84 100
% water 61 5 14 13 0
Elevation above summer low water (m) -0 45- -0.01 1 08229 D011 004213 132-19%
Species " F | Cover | F | Cover | F | Covct | F | Cover | F | Cover
Isolepis prolifer 100 40 28
Priontum serratiom 80 26 28 o.s
Todea babara 60 1.3 S0 10 S0 18 66 73
Pyendobacckia africana 40 1.0 100 4.0 100 83 100 95
Metrosideros angustifolia seedling 20 06 S0 1.0 25 13 o 20
Brachlaena nerifodia (0.3-2m) 20 04 50 2.8 75 is
Erica caffra 20 02 S0 1.0 100 80 100
Pentameris distichophylla 20 02 25 40 6 07 100 6.7
Braciylaena nerifolia (2-5m) - S0 10 25 13 33 33
_Hegia capensis S0 2.5 100 9.5 83 67 33 13
Ehrhata sp2 100 20 3 10
Pentaschistis pailida i 100 15
Blrchluv australe S0 0s
| Morella serrata (0. -2m! o 78 iR
| Cyclopia sp.| - - <0 20
Ficinia sp.2 50 18
Morella serrata (2-Sm) 28 13
Aristea caprata 25 1.0
Morella serrata seedling 25 04
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o L 18 | 2m=2) | 34 |  4(m=6) 5 (n=3)
Wet Edge Channel Fringe Tree Shrub Outer Transitional

Metrosideras angustifolia (0.3-2m) S0 45 16 0s

Restio perplexus 25 28 16 13

Calopsis paniculata 25 13 33 1.5

Drosera spp 25 13 33 13

Metrosideros angustifolia (2-5m) 7 25 23 83 11.0

Schizaea tenelia ) 25 1.0 83 100

Ischvrolepis subverticillata 50 is 100 6.7

Cliffortia ruscifolia 25 1.5 67 4.7

Hartogrella schinordes (0.3-2m) 25 1.0 67 23
| Diospyros glabra 25 1.0 67 2.7
| Brabejum stellatifolism (0.3-2m) I 25 0.8 7 1.0
| Epischoenus gracilis - — S0 2.5 7 23
| Cunoma capensis seedling .-} 33 0.5
| Brabejum stellatfolium scedling — 33 0.5

llex mitis (2-Sm) - 16 33
| Platylophus irifoliatus (2-Sm) | 16 13
Brachylaena weriifolia seedling | 16 0.5
 Podalyria sp.1 - PE— 16 0.3

Ischyrolepis sieberi — 67 30
| Preridium aguilimem o 33 33

Ehrhata ramosa subsp. ramosa ‘ 33 1.3
| Protea lawrifolia scedling ) - 3 1
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Ela2: mountain stream (rapid)

Ela2 was situated downstream of Elal alongside a rapid. The valley floor and bank structure was
much the same as upstream. A seep was located outside of the ripanan zone for some distance up the
valley slope, and 50 in some parts of this site vegetation on the outer edges of the ripanan zone
consisted of wetland rather than fynbos species.

Eight assemblages were recognized, cach containing very few sample plots (Figure 4.23), and each
quite dissimilar to the others (< 40% similarity). This was unlike all the other sites discussed so far,
due to these weak relationships. It was difficult 1o assign assemblage types to the eight groups and so
the patterns of distribution outlined for the other sites had to be used as a guide to allocate each group
to an assemblage type.

WE (assemblage 1) contained only Prionium serratum and juvenile Metrosideros angustifolia. The
cover of vegetation was low and the water's edge rocky (Table 4.15).

TS (assemblages 2 to 6) ranged from 0.15 to 2.48 m elevation on 100% rocky ground and had no clear
dominant species. The group as a whole contained the small trees typical of Riparian Scrub (adults
and juveniles of Brachylaena neriifolia. Brabejum stellatifolium and Metrosideros angustifolia and
seedlings of Brabejum stellatifolium) and more generally ubiquitous species such as Preridium
aqualinum,. Blechnam capense). Mixed with this were some forest and dry-habitat species, such as
Hartogiella schinoides, Phylica imberbis and Stoebe plumosa, and species found in OT assemblages
upstream (Ischyrolepis sieberi) and at other sites (Ehrharta. ramosa ssp. aphylla and Ficinia indica).

OT (assemblages 7 and 8) occurred from 1.68 to 2.93 metres on ground that was mainly rocks. It
contained species that occurred from CF through to NR on the other two rivers as well as a long list of
species reported for the first time, many of which are normally found in mountain seeps as well as
along rivers (e.g. Leucadendron salicifolium and Camnamois virgata). The mix of species in
assemblages 7 and 8, together with their position on the MDS plot decided their allocation to OT, OT
contained three forest species (Cunonia capensis, Platylophus trifoliatus and Hartogiella schinoides)
and juveniles and adults of the common small tree species (Morella serrata, Brachylaena neriifolia,
Brabejum stellatifolium). True 1o the literature, this site more than any of the others adhered to the
general description of south-western Cape riparian zones as containing a mixture of scrub and fynbos
species, many of which are commonly found in other wet non-riverine habitats. Elegia capensis,
Blechnum capense, Pteridium aquilinum and the restio Askidiosperma chartaceum were common with
high cover. Dry-habitat species present such as Erica bergiana. Erica canescens, Phylica imberbis,
Ursinia abrotanifolia and Hackea sericea were not recorded at the earlier sites.

Overall, these two mountain stream sites differed to those previously discussed in that there was not a
dominant species or suite of species, nor clearly delincated assemblage types. They also differed in
the presence of the Afromontane tree species (Platylohpus trifoliatus and Cunonia capensis), The
vegetation of both these Elands sites was difficult to classify into assemblage types since the species
within the assemblages were patchily distributed (Figure 4.24) and consisted of a mixture of forest,
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Figure 423  CLUSTER analysis and Non-metric MDS ordination for all samples at Ela2 on

the Elands River. The vegetation assemblages are numbered in black circles. The
range of clevations in metres above summer water level, are shown on the
dendrogram.
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Table 4.15  The percent frequency (F) and the average cover in each assemblage type for all species at Fla2. The assemblag: type assigned to the
eight assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots.

Vegetation assemblage number -
1m=2) | 2(m=3) | 3(=2) i dn=4) | Sm=3) | 6(m=2) | T(=2) | S(n=2)
L R o Wet Edge Tree Shrub Outer Transitional
% sand 0 0 0 0 0 0 0 23
% rock 100 100 100 100 100 100 100 n
% walter 40 0 0 0 0 0 0 0
Elevation above summer low water (m)  031-025 031132 0.15-1.29 0.80-1.53 125248 134203  230-251 168293
Species F [ Cover| F [ Cover| F | Cover| F [Cover| F [Cover| F | Cover| F [Cover| F | Cover]|
Priontum serratum 100 2.5
Metrosideros angustifolia (0 3-2m) 9 15 3 17 s 25 s 20
Metrosideros angustifolia (2-Sm) 100 123 100 158 00 167
Brabejum stellatifoliom seedling 307 3 0r
Brachylaena neriifolia (2-5m) 1 185
Brachylaena neriifolia (0 3-2m) 100 165 0 175
Brabejum stellatifolium (0.3-2m) 0 10 0 35
Psewdobacckia africana S0 1.0
Hartogiella schinoides (2-5m) 7 67
Erica caffra S0 40 100 113 33 13 100 45
Phylica imberbis 0 25 67 23
Stoche plumasa - s 15
Ficinia indica ] 0 15
Pentameris distichopinlla ) S0 20 S0 20 o 128
Epischoenus gracilis 3 27 o 20
Fhrharta ramasa subsp aphyila S0 20 50 15
 Brabejum stellatifolism (2-Sm) B we 217 0 15 3B 07
Preridium aquilinum . 3 33 10 35 100 210 3 20
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[ CAm=2) | 2(m=3) | 3(m=2) | 4= | 5(m=3) | 6(m=2) J T(n=2) | 8(n=2)

. " _ Wet Edge Tree Shrub Outer Transitional

_ Hggra«gr_um\ - — 3 17 100 40 100 87
Ischyrolepis sieheri S - A3 10 S0 2.5 33 2.7
Blechmm capens . | 33 50 S0 1.5 77
Askidio _mhuma eum | S0 1.5 e 40 67 83
Cliffortia plerocarpa S0 50
Ehrhata sp.2 S0 1.5

| Platlophus trifoliatus (2-5m) o S0 15

| Cliffortia ruscifolia - 50 10
Anthospermuem spathulatum B 100 2453
Cullwmia ciliaris | w73
Cyvelopia sp.| | I 67
| Cannomois virgata S ;| 67 50
In- a bergiana _1 67 47
l ewcadendron salic llulmm , 67 3.7
Inra canescens ] 67 i0

| Hartogiella schinoides (0.3-2m) 6 20

| Cumonia capensis (2-5m) ! 33 10,0
Hartogiella schinoides (2-5m) 13 50
| Cunowia capensis (0.3-2m) 33 20
!Iaruuu thunberges 13 17
Asteraccac sp. 18 - 13 1.7

| Asteraceae sp.19 o = 13 1.7

| Morella serrata (2-5m) B R L Lo
Ursimia abrotanifolia 33 1.0
Hackea sericia (2-5m) AL 10
Cunonia capensis seedling N 33 07
Calopsis panicwiata K 33 0.7

| Brachylaena neriifolia seedling - ' _ 33 0.3
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Figure 4.24 Surveyed cross-sections showing the position of vegetation assemblages
recognised in Figure 4.23 and the assemblage types they represent (Table 4.15) in
the four vegetation blocks (A through D) at Ela2 on the Flands River. A bird's
eye view of the distribution of vegetation assemblages in the complete sample grid is
shown at the bottom right of the figure. OL = outlier, grey box = no sample.
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Riparian Scrub, seepage and non-riparian specics. Perhaps this area is in transformation from one
riparian community to another — from Riparian Scrub to Afromontane Forest, for example or perhaps
it represents an carly successional stage driven by high-energy floods (as suggested by the lack of fine
substrata).

Ela3: foothill zome (plane bed)

Ela3 was situated alongside a plane bed and an extensive cobble bar. The sampled bank was wider
than at Elal or Ela2, although the riparian zone was clearly delineated with no wider floodplain effect.
Six assemblages formed into five groups: WE (assemblage 1), CF (2), TS (3 and 4) and OT (5 and 6)
(Figure 4.25).

WE was dominated by seedlings, juveniles and adults of Salix mucronata, together with less frequent
occurrences of Metrosideros angustifolia seedlings, the sedge Juncus effusus, the restio Calopsis
paniculata, the shrub Erica caffra, and the grass Pennisetum macrourum (Table 4.16).

CF also supported seedlings and juveniles of Salix mucronara and a high frequency of Morella serrata
scedlings. Elegia capensis made its first appearance and both Erica caffra and Pennisetum
macrowrum maintained about the same presence as in WE.

TS encompassed the elevation range 0.43 o 1.38 m, and contained a good variety of Riparian Scrub
and Afromontane trees. The former was represented by Metrosideros angustifolia. Brabejum
steliatifolium, Movella serrata and Brachylaena neriifolia, and the latter by Halleria lucida,
Platylophus trifoliatus and lex mitis; most were present as adults and some also as seedlings and
juveniles. The ferms Todea barbara and Blechnum capense were abundant as was Elegia capensis.
Grasses commonly found at the other sites - Pennisetum macrowrum and Ehrharta ramosa subsp.
ramosa - Were common,

OT occurred from 0.92 to 2.37 m elevation and was a mix of riparian and dry-habitat species. The
Afromontane tree species did not appear in this assemblage type although adults and juveniles of the
small Riparian Scrub trees were quite common, Still persisting in high cover and frequencies were
Elegia capensis, Permiserum macrowrum, Calopsis paniculata. Ehrharia ramosa subsp, ramosa and
Preridium agualinum. A number of species characteristic of drier habitats were not recorded at carlier
sites. The sedge Epischoenus gracilis occurred in OT both at this site and at Elal or Ela2, along with
Leucadendron salicifolium and Penmtameris distichophylla. There was a number of new dry-habitat
species only recorded from this site.

The assemblages are logically ordered (Figure 4.26), as at the Rondegat and the Heks Rivers, with the
CF and the WE lower down the bank, the TS and the OT occupying approximately the same overall
area in the sample plots with one representative assemblage from cach assemblage type present in
most vegetation blocks. Only WE was absent in one vegetation block, as has been the case on all the
sites described so far,
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Figure 426  Surveyed cross-sections showing the position of wvegetation assemblages
recognised in Figure 4.25 and the assemblage types they represent (Table 4.16) in
the four vegetation blocks (A through D) at Ela3 on the Flands River. A bird's
eye view of the distribution of vegetation assemblages in the complete sample grid is

shown at the bottom right of the figure. OL
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Table 4.16 The percent frequency (F) and the average cover in each assemblage type for all species at Elal. The assemblage type assigned to the
six assemblages is shown along with the physical variables recorded for each assemblage. (n) = number of sample plots.

Vegetation assemblage number and type
1 (n=4) 20=6)  3(m=13) | d4@=2) | S@m=15 | 6@d)
Wet Edge | Channel Fringe | Tree Shb | Outer Transitional j
% sand 14 B 60 75 96 60
% rock 87 86 40 25 4 40
% water 10 6 0 0 0 (i
Elevation above summer low water (m) 028010 017037  043.138 1.18-128 0.92-2.14 2.06-2.37
Species ' F | Cover | F | Cover = F | Cover | F | Cover | F | Cover | F | Cover
Salix mwcronata (2-5m) 0 08
Merrosideros angustifolia seedling R0 01
Juncus effusus R L 03
| Salix mucronata (0.3-2m) L 50 60 10
| Salix mucronata scedling 60 09 60 0.5
| Erica caffra 10 10 20 04 3 28
| Morella serrata seedling 100 12 § 0.2 7 01
| Eiegia capensis 60 1.0 100 118 80 42 25 0.1
| Permisetum macr ourum 40 4.1 20 04 A8 0 87 19.7
Calopsis pamiculata 10 02 o 40 25 08
Todea babara 3 44 50 2.8
Hex mitis (2-5m) 15 kN | 50 150
Halleria lucida (2-5m) N 0.2
Brachylaena mertifolia (2-5m) 15 27
Preridinm aguilinum 15 0.3
Platylophs trifoliatus (2-5m) . 23
Brabejum stellatifolium seedling 15 0.5 7 0.1
Podalyria sp.] . 0.2 40 07
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2 (n=6) 3Im=13) | 4m=2) | Sm@=15)  6(n=9)
| ‘ | WetEdge | Channel Fringe | Tree Shrub | Outer Transitional
Cyclopia sp. ) _ . S0 25 20 16
Metrosideros angustifolia (2-5m) ) 185 50 75 S0 50
| Biechnum capense - 5 12 100 17.5 13 03 25 03
| Ehrhata ramosa subsp ramosa o S0 25 7 43 100 S8
Diaspyros glabra - - 23 12 7 0.7 25 05
Brabejum stellatifolium (2-5m) 1 15 1.2 13 40 25 100
Movella serrata (0.3-2m) L] 02 20 0.7 25 08
Brabejum stellatifolium (0.3-2m) 15 25 6.3
Aristea capitata - _ 40 1.5 100 5.5
Pentameris distichophyila 27 23
Lencadendron salicifolium ‘ 20 04
Urstma abrotanifolia 13 0.1
Species 16 7 0.1
Rubiaceae sp. | 67 e 75 150
Pteridivm aguilinm — 53 29 100 LR )
Epischoenus gracilis 27 33 25 20
Elegia asperifiora i ‘ 20 0.6 s 20
Tetraria ¢t flexuosa B | 13 23 S0 38
Morelia serrata (2-5m) B 13 0.8 25 05
, Cyperaceac sp. | 13 0.5 25 08
\ Cultuma ciliaris - 7 03 75 io
Ischyrolepis fratermal 1 7 0.1 50 1S
Osteospermum ciliotum - 100 L8
| Metrosideros angustifolia (0.3-2m) | 50 38
| Restio multiflorus V 1 25 08
| Asparagus africanus ) _ 25 08
Othonna quingodemtara 25 08
| Cugorasp 1 s oS
| Helichrysum odoratissimum 25 03
[ Stocbe spiralis o 25 03
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Ela4: foothill zone (pool)

Elad4 was situated downstream of Ela3 alongside a pool with the bank dropping into the pool. The
valley shape and riparian vegetation structure was much the same as Ela3. Seven assemblages formed
into three assemblage types: CF (assemblage 1), TS (2-6) and OT (7) (Figure 4.27 and Table 4.17).

CF consisted exclusively of Elegia capensis, which was common and with high cover.

TS encompassed the majority of the samples plots and was the most rich in species. Juveniles and
adults of Morella servata, Brabejum stellatifolium and Metrosideros angustifolia were common, as
were adults of two forest species Maytenus acuminata and Hartogiella schinoides. Afromontane tree
species Cunonia capensis and llex mitis were rarer. Common species listed elsewhere and also present
here were Calopsis panciculata. Elegia capensis, Pennisetum macrourum, and Diospyros glabra.

OT was dominated by Erica pinea, a fynbos species, followed by the grass found at all three sites
upstream in OT and TS, Pentameris distichophylla. Again a number of species not found at the other
sites occurred in OT, mostly characteristic of drier habitats.

The distribution of the assemblages across the site (Figure 4.28) followed the same pattern as recorded
at the other sites on the Rondegat and the Heks Rivers of a steady progression from the wetter
assemblages through TS to the drier OT higher up the bank. The height range over which these
assemblage types were distributed matched that recorded in the Olifants system.

Summary of Elands sites

The sites in the two zones - the mountain stream and mountain stream (transitional) - differed in that
no CF assemblages were assigned 1o Ela2 in the mountain stream and no WE assemblages to Elad in
the foothill; each of the other two sites had four of the five assemblage types: no NR assemblage types
were assigned. TS and OT were equally prominent at Ela2 and Ela3 while TS was more abundant at
Flal and Elad. WE was found at the three uppermost sites and absent from the pool in the foothill
where the channel bank dropped sharply into the channel.

Generally the four sites had the same species and none of the sites were obviously different in terms of
species dominance. A number of new species were recorded, including Pseudobaeckia africana,
Pentameris distichophylla and the forest species llex mitis, Cunonia capensis, Platylophus trifoliatus
and Maytenus acuminata. At all sites, other than at Ela2 (discussed below), there was the recognised
progression of assemblage types up the bank. Ela2 differed in that WE and CF were absent over half
its area and in their place TS was located down to the channel edge. This was the only site of the 12
where this was recorded.
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Table 417 The percent frequency (F) and the average cover in each assemblage type for all species at Elad. The assemblag: type assigned 1o the
seven assemblages is shown along with the physical variables recorded for cach assemblage. (n) = number of sample plots.

[ Vegetation assemblage number and type . ]
1(n=2) 20=5) | 3m=3) | 4(n=5) | S5(m=2) | 6(n=2) @ T(n=8)
Channel Fringe B Tree Shrub Outer Transitional
% sand 10 20 57 48 30 8 28
% rock 9% 80 43 S0 70 63 72
% water 60 21 17 0 0 0 0
Elevation above summer low water (m) -0.23-0.31 0.11-0.64 0.92-147 0.80-1.20 1.48-2.25 146256 157228
Species F | Cover | F |Cover| F | Cover| F |Cover| F [Cover| F [Cover] F | Cover ‘
Cunonia capensis (0.3-2m) 20 0.6 |
, Saiux mucronata scedling ———— 2 ol |
| Morella serrata (0.3-2m) | 67 127 20 04
Brachyvlaena neriifolia (0.3-2m) 67 50 60 a8
Cyclopia sp.1 0 40
Blechnum capense 40 12
Species 13 2 04
Metrosideros angustifolia (0.3-2m) 20 06
| Elegia asperifiora 2 04
Morella serrata seedling - 2 02
Stoebe spiralis S - 20 02
| llex mitis (2-5m) ) - 20 04 0 125
_Bracihylaena neniifolia (2-5m) - 33 47 S0 50
 Erica caffra 60 140 33 17 s 86 SO 10
| Clutia sp.| 100 210 100 137 100 96
Calopsis pamiculata - e 94 10 267 S0 66 100 30 S0 2.5
Fiegia capensis 100 35 80 90 80 66 100 20 13 0.4
Penmisetiom macrourum o 26 B 83 80 102 1w 65 100 20 13 0.3
Morella serrata (2-5m) 20 22 100 193 60 6.0 e 75 2§ 50
Diospyros glabra 20 0.6 80 44 S0 0.5 25 10
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[ [ 1(n=2) 2n=5) | 3m=3) | 4@m=5) | S@m=2) | 6(n=2) 7 (n=8)
I | Channel Fringe - ~ Tree Shrub - | Outer Transitional
| Cliffortra ruscifolia ' 03 L0 1.0 63 63
| Brabejum stellatifolium (2-Sm) 67 47 20 30 % 150 25 19
Brabejum stellatifolium (0.3-2m) 33 20 20 06 100 35 13 04
Metrosideros ungmlynha 1_2-.‘!_!\) 33 g 100 300 <0 100 <0 120
Podalyria sp.| 20 04 50 1.0 13 0.1
Todea babara - 50 1.0
Maytenus acuminata seedling 50 05
| Hartogiella schinoides (2-5m) | 50 )
{ Maytenus acwminata (2-5m) | 50 75
| Cannomols virgata ] 20 20 38 L
| Protea lawrifolia (2-Sm) ] 20 0.6 13 04
| Pentameris distichophyila - S0 25 88 13.0
Erica pinea - | 100 141
Ischyrolepis fraternal : 63 LR
Brahepum stellatifolium seedling j 38 04
| Aristea capitata - | 25 0%
Pentameris thuarii | 25 04
| Hartogiclla schinoides (0.3-2m) ' 13 19
Stoebe plumosa 13 13
| Rubiaceae sp.| 13 06
|_Thamnochortus Iucens 13 06
| Species 16 - 13 04
| Osteaspermum ciliatum . 13 0.3
_ Othonna quinquidentata < 7 13 03

109




A o1
) " e
'2 ts | -t
. O\ \
- _ Y
u — “<“.7 . '0
-— - H n
B FIYITITI v anuBswTneenn
Chainage (m;
4
° = ‘@
3
15 ' ° b i |
E2 B 0O\ |-
i e\ M
P
.- g 2
0 Ry —— - '_‘,-")
. o [
t I EEEREERE RN RIRIA R BRI RIAI RLE I8
Chamage (m|
4
c s Sl
s e 0
15 @\ /¥t
| CF ° Y
i o
S \, ¥
o ‘;_\~ _/_/.-\_'__’——'Ja
L e’ B o
I SRR R A R B L UL A R L P
Chainage (m)

4 - - .
D OI . P
o o

0 J"
| & ‘ )/;
i' . "
NSO \\.\ \—!/
o L >

Lo _ g g

-

» &
AR R RA R B B A R A R Fib bk
Chainage (m;

(m)

S =N WAL u e

Reference Conditions

D C B A
or' | oT’
or | or’

Up bank

| Water's cdge

Figure 428  Surveyed cross-sections showing the position of vegetation assemblages
recognised in Figure 4.27 and the assemblage types they represent (Table 4.17) in
the four vegetation blocks (A through D) at Elad on the Elands River. A bird’s
cye view of the distribution of vegetation assemblages in the complete sample grid is
shown at the bottom right of the figure. OL = outlier, grey box = no sample.

A plot of the clevation above and distance from the low flow water's edge, for every sample taken
from the four sites on the Elands River (Figure 4.29a) showed a disjointed pattern at the two upper
sites, where the valley was narrow and the channel rocky (figure 4.29a) and a progression from WE
and CF, through TS to OT where the valley was wider and the bank gradient less steep (Figure 4 29b)
WE, as on the other two rivers, was restricted to the channel margin. CF occurred between 1.0 and 2.4
m clevation and 1.0 o 2.0 m distance at the upper two sites and overlapped with WE below 0.5 m

clevation on the channel margin at the lower two sites.
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zones respectively.  Four of the five assemblage types are shown: WE = Water's
Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer Transitional.
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The progression described for the two other rivers, from WE through CF to OT and overlaid to
varying extents by TS, was not apparent for the Elands sites. The ranges for WE, CF and OT were
restricted in favour of TS that overlapped less than previously described with the three other
assemblage types. TS occurred from the channel edge to an elevation of 2.5 m and distance of 1.0 o
5.0 m (mountain stream) and for a further 4.0 m distance at the two lower foothill sites. OT was
situated over much the same range as on the other two rivers of elevation 1.3 m to 2.8 m and distance
3.0 10 6.0m (mountain stream) or 0.7 m to 2.5 m elevation and distance 1.0 m to 10.0 m distance
(foothill).

No NR was assigned but would have occurred if the sample plots had extended into the adjacent
fynbos.

44 USING THE 12 SITES TO OBTAIN A FIRST DEFINITION OF THE
REFERENCE CONDITION

The purpose of the above intense exercise 1o define the reference condition was to ultimately allow an

assessment of how alien invasive plants could impact riparian plant communities. Before that could

be achieved, certain additional analyses were required. The full sequence of steps was:
1 Use 12 undisturbed sites to recognise and describe vegetation assemblage types that are

typical of Western Cape headwater riparian zones (completed above);

describe where these were located in undisturbed sites and correlate this, if possible, with

some casily measured physical variables (partially completed above);

3 describe the biological characteristics of the vegetation assemblage types or of the sample
grids as a whole;

4  derive from steps 2-3 a first tentative description of the reference condition;

S test this using similar data from six more undisturbed sites;

6  use the physical variables defined in the reference condition to locate the arcas where the
various assemblage types should be located in invaded or cleared sites (Chapter 5);

7  assess how the biotic characteristics of the assemblage-type arcas have changed in invaded
or cleared sites (Chapter 5).

"

The following Sections 4.4.1-4.4.2 address steps 2 and 3, whilst the tentative derivation of reference
condition (step 4) appears in Section 4.4.3.

4.4.1 Physical variables correlated with the distribution of assemblage types in
undisturbed sites

The graphics of distance from water versus elevation above water for the 12 undisturbed sites (Figures
4.11, 4.20 and 4.29) revealed a trend of assemblage types changing from the water's edge through to
the outer riparian zone. There was considerable overlap of the assemblage types, however,
particularly of TS with cither CF or OT. As cach of these graphics was a composite drawn from two
sites, the overlaps may have been due to differences in the bank shape at the sites. To investigate this,
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the plots were redrawn site by site (Figures 4.30 to 4.32). This revealed much less overlap between
assemblage types, although TS and OT still overlapped noticeably at sites where the upper bank
Mattened out (e.g. Figure 431: Hek3 and Hek4). The two variables used thus appeared to be
potentially useful for predicting where a specified assemblage type should occur. This was
investigated further in Section 4.4 4,
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4.4.2 Biotic characteristics of assemblage types in undisturbed sites

Step 3, the biological characterisation of each assemblage type, further defined the reference condition
through four main variables. These are addressed below.
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Figure 431  FElevation and distance from low flow water's edge for all sample plots at the four
Heks River sites. The five assemblage types are shown: WE = Water's Edge, CF =
Channel Fringe, TS = Tree Shrub, OT = Outer Transitional and NR = Non Riparian.
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Species richness of the assemblage types

Species richness was calculated by averaging the number of species per § m’ sample plots (Table
4.18). Overall the OT assemblage type showed the greatest species richness, with an average 19.9
species per sample plot, usually because of the presence of a large number of non-riparian species
from the neighbouring fynbos communities. Though there was often a high number of species
present, generally no one species dominated.
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Figure 432  FElevation and distance from low flow water's edge for all sample plots at the four
Elands River sites. The five assemblage types are shown: WE = Water's Edge, CF =
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Table 4.18 Species richness (5 m’ sample plot) in each assemblage type at each of the
reference sites on the Rondegat, Flands and Heks Rivers.

Site code | Ronl | Ron2 | Ron3 | Rond | Hek1 | Hek2 | mnjiqilj}-_l_[_lzuztsg&um‘

_ Zome MS | MStr MStr FH L MS FH | AVE SD
WE 1 - 5 14 6 12 3 1 x 2 6 - 6.1
Cr 12 3 21 15 12 2 w 8 ¥ - 5 i 23 =
TS 1 6 10 5 10 n L 10 13 X b 13 88 29
o1 19 15 . - 21 23 6 19 12 32 3121 199 719

TS and CF had approximately the same species richness at 8.8 and 9.1 species per sample plot
respectively, but the variability about the mean was much lower in TS. WE was the most species-poor
assemblage type (6.1 species per sample plot) and also generally less frequently encountered. From
site to site the most species rich assemblage type differed although, in most cases where it was present,
OT scored highest.

Growth forms of the assemblage types

The occurrence of ten growth forms (definitions as per Table 3.3, Section 3.4.1) in each of the
assemblage types for the 12 reference sites is shown in Figure 4.33. WE consisted mainly of sedges,
restios and shrubs, in decreasing order. CF contained more restios than WE, fewer sedges and shrubs,
and more seedling, juvenile and adult small trees; and forbs. Rushes were only present in WE and CF.
TS and OT were similar in their low frequency of sedges, restios and shrubs, and contained similar
proportions. Large trees were only found in TS and OT, but these two assemblage types differed in
that TS contained the highest frequency of adult small trees and only OT contained small shrubs. Of
all the assemblage types, OT had the most even and overall lowest frequencies of occurrence of the ten

growth forms,
Measures of biodiversity in 50 m’ sample plots

Ten adjacent sample plots, of 5 m’ each, were chosen at random from each sample grid to create a
larger sample plot totaling S50 m’ so that the results could be compared to those from other riparian
studies (Chapter 6). A data sct was compiled of presence-absence data for all species within the larger
sample plot. The species richness at this scale showed some variation between sites (Table 4.19), both
within the same zone on the same river (for example between Ronl and Ron2) and between the same
zones on different rivers (for example between Ron3/Rond and Hek 1/Hek2), but all were within the
range 16 to 31. Both the Shannon-Weiner function (equitability: H, Zar 1996) and relative diversity
(evenness: J, Piclou 1966) were relatively constant.  The high values of J indicate that the species
cover is well distributed amongst the species recorded in cach sample plot. Lower values would
indicate a dominance of one or two species with low cover values in the majority of species categories.
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Figure 433

Fringe, TS = Tree Shrub and OT = Outer Transitional. | = seedling, 2 = juvenile and

3 = adult.

types on the Rondegat, Flands and Heks Rivers. WE © Wet Edge, CF =~ Channel
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Table 4.19 Measures of diversity calculated for the twelve pristine study sites: species
richness (per 50 m’ plot). Shannon-Weiner function (equitability: H) and Piclou’s
relative diversity (J). MS = mountain stream, MStr = mountain stream (transitional)
and FH = foothill. Ron(1-4) =~ 4 sites on Rondegat River, Hek = Heks River and Ela =

Elands River.
Zinie 39;5\’"1" i i
Ronl MS 3l 248 0.72
Ron2 Ms 19 2.23 0.76
Ron3 MStr 30 2.53 0.74
Rond MStr 16 2.04 072
Hek1 MStr 17 238 084
Hek2 MStr 16 2.19 0.79
Hekd FH I8 2.00 0.69
Hek4 FH 28 2.57 077
Elal M 27 2.79 0.84
Ela2 MS 18 2.51 087
Ela3 FH 26 2.34 0.72
Elad UL 26 2.51 077

Sites from any one river were not noticeably more similar to one another then 1o sites from the other
two rivers nor were sites in the same zone, from the same river, also markedly more similar (Table
4.20). In some cases a particular site, for example Elal, was more similar to a site on another river in
a different river system, Ronl! On the Elands River, the two mountain stream sites (Elal and Ela2)
showed only a 36% similarity. Both these mountain stream sites were more similar to the mountain
stream (transitional) sites (Ela3 and Elad). Overall the four Heks River sites show the highest
similarity to one another, greater in all cases than the similarities between the Elands and the Rondegat
sites.

Table 4.20 Sorenson’s index of community similarity (Clarke and Warwick 2001). Data are
percentage similarities for the Elands (el1-4), Heks (h1-4) and the Rondegat (r1-4)
Rivers are shown.

el c2 E3 ¢4 hi h2 h3 h4 rl r2 r3 r4

¢l

€2 | 356

ed | 453 409 s.ul

409 229 419 465

279 176 333 380 | 727

444 222 455 455|570 529

400 261 370 370|578 545 609

552 449 526 456 375 340 449 4715

12 435 324 489 489 333 286 432 340 560

3 351 333 429 321 298 304 417 414 459 408

M 545 400 465 372 529 364 514 489 542 500 511
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Indicator species

No species occurred exclusively in any one assemblage type. The most frequently occurring species
in WE was the sedge Isalepis prolifer, occurring in 54% of WE sample plots (Figure 4.34). In CF the
probability of finding this species halved (27%) while it was present in only 5% of TS sample plots
and none of those designated OT. The only other species virtually restricted to WE was the shrub
Prionium servatum, which occurred in 24% of WE (and 4 and 2% of CF and TS respectively). As
with the sedge, this species was not found in OT. Two restios were common on all three rivers and
were found in all of the four assemblage types: Calopsis paniculata was more frequent in WE than
was Elegia capensis (34% and 6 % respectively), but the two species were equally frequent in CF (49
and 47%), TS (35 and 46%) and OT (6 and 5%). Pennisetum macrowrum occurred in all assemblage
types but was not dominant. Erica caffra. Todea barbara and Preridium aquilimem were found on the
Rondegat and the Elands (and not the Heks) Rivers, with the two former being quite common in all
but OT. Preridium aguilinum occurred in all four assemblage types but was more common in TS and
most common in OT. Rhus angustifolia, only recorded in the samples from the Elands River though it
was observed to be present at other locations in the general arca of the other river sites, was not found
in any WE sample plots and occurred with increasing frequency further up the bank, being most
frequently found in OT (10%). Another species restricted in distribution up the bank was the shrub
Diospyros glabra found in 2% of CF, 26% of TS and 44% of OT.

' In terms of potential indicator species, none was restricted 1o one assemblage type and so none were
perfect indicators.  Assemblage types were distinguished more by shifis in proportions of various
species than by presences and absences. Isolepis prolifer and Diospyros glabra, however, did show
opposing trends in distribution that could help delinecate some boundaries: Isolepis prolifer could be
used to identify the position where the riparian zone begins at the water's edge (WE) and Diospyros
glabra the outer limits of the riparian zone (OT) where species from adjacent drier habitats take over,
An increasing presence of the fern Preridium aguilinum and the shrub Rhus angustifolia would also
confirm the likely presence of OT. CF and TS are most difficult to distinguish. Both have a high
frequency of the restios Calopsis paniculata and Elegia capensis, which helped distinguish them from
WE and OT. In addition, CF may be distinguished from TS by its higher frequency of Isolepis
prolifer and lower frequency of Diospyros glabra.

Common small Riparian Scrub trees

In addition to any potential indicator species mentioned above, the potential as indicators of the four
common Riparian Scrub small trees (Figure 4.35) was assessed. The four species generally occurred
in all four assemblage types, with all life stages low in frequency in WE, and frequencies tapering off
again in the upper bank in OT. Although scedlings were scattered throughout the assemblage types,
juveniles and adults were most common in TS, with the most common species and life stage being
adult Metrosideros angustifolia (63% of TS sample plots). No juvenile or adult Brabejum
stellatifolium or adult Brachylaena neriifolia were found in WE. No seedlings of Brachylaena
neriifolia and Metrosideros angustifolia were found in OT.
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Figure 4.34  Distribution of ten common riparian species among the four assemblage types.
WE = wet edge, CF = channel fringe, TS = tree shrub and OT = outer transitional.

The presence of any of these four species would indicate the position of the riparian area in general but
none were ideal indicators for any one assemblage type. For all of these species there was a higher
probability of finding adults, and either a higher or approximately equal chance of finding juveniles, in
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TS than in CF and OT. In most cases their lowest probability of occurrence, in all life stages, was in
WE.

4.4.3 Defining a tentative reference condition

Step 4 (Section 4 4) is the derivation of a tentative reference condition This can he done by using the
data from the 12 undisturbed sites to construct rules of two aspects of the riparian zone:
e a physical reference condition: physical measures of where specific assemblage types
generally occur;
e a biological reference condition: biological attributes of the various assemblage types.

Physical reference condition

The description of a physical reference condition was constructed with the aid of a Classification and
Regression Tree (CART) model (Breiman et al, 1984). The goal of the technique is to predict
membership of cases of a dependent categorised variable from their links with continuous or

categorised data of predictor variables. In the data sets for the 12 sites, the categorised dependent
variable was the assemblage type to which cach sample plot had been allocated.

Twelve physical variables dealing with bank shapes and slopes, the proximity to water and the
rockiness of sample plots, and the zone type were entered into the CART model. It then searched
through all available combinations for the one with the best goodness of fit (accuracy of predictions)
to the categorised variables. Of the 12 physical variables tested the following three best predicted
assemblage type:

e clevation from water;

e distance from water;

o gradient of the outer edge of the riparian zone.

The results were summarised in a classification tree (Figure 4.36), allowing derivation of four simple
rules of physical measurement that provided a high degree of certainty of locating a specific
assemblage type (Table 4.21).

The grey box in Figure 4.36 was pruned, or disregarded, as the rule based on percent cover of water
does not discriminate CF and TS effectively. From the rules derived by the tree CF is the assemblage
type most likely to be wrongly located. This is probably because CF is sensitive to ground water
conditions and thus 1o localised differences in bank gradient that were not picked up in our data.

Biological reference condition
As with the physical reference condition, no set of biological attributes uniquely distinguished cach

assemblage type. Some values and guidelines were drawn from Section 4.4.2, however, for
comparison with those from disturbed sites in order to assess the degree of impact that had occurred
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(Table 4.22). Some values were available per assemblage type (e.g. species richness ~ Table 4.18) and
others per 50 m* plot (e.g. species diversity — Table 4.19).

Table 4.21 Tentative physical rules for locating assemblage types in undisturbed
vegetation on the banks of the upper reaches of Western Cape rivers,
| Assemblage type | . Physical rule o [  Probability of locating
! ) __correct assemblage type (%)
' WE Less than 1.5 m distance from summer low-flow | 82
water's edge, and less than 0.1 m above the water | |
CF Less than 1.5 m distance from summer low-flow 39
water's edge, and greater than 0.1 m above the
o water
TS Between 1.5-4.5 m distance from summer low-
) flow water’s edge ) 84
T8 Greater than 4.5 m distance from summer low-
flow water’s edge, where the outer edge gradient
is less than 0.2
L OT Greater than 4.5 m distance from summer low- 62
flow water’s edge, where the outer edge gradient
is greater than 0.2

_____ OutEdg=0uter edge gradient | WE —0
_q Dis=Distance | CF~~-1
R Ele=Elevation | TS~ 2
ooy ‘ OT~--3
. l
09
Dis<=1.5
% »
® e
Ele<=0.1 Dis<=4 § l
] 3 S
ﬂ I i i N
- M b ‘i.A n .: :;‘
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[ 1 Y]
» ) »
Water<=2 § °u£dg<9° 2
' 3 N
e B TS oT

Figure 436  Classification tree of physical variable predictors for riparian assemblage types.
WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer
Transitional. Grey box = pruned branch of tree to be disregarded.
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Table 422 Tentative guidelines for the biological reference condition of undisturbed vegetation on the banks of the upper reaches of
Western Cape rivers. Data are averages values for the 12 reference sites on the Rondegat, Heks and Elands Rivers.
 Attribute Vegetation assemblage type
WE CF TS or
Species richness per Sm’ plot: 6.1 £ 42 per Sm’ plot: 9.1 £ 59 per Sm’ plot- 88 £ 29 per Sm plot: 199+ 79
| Equitability (H) - per SO m” plot: 2.38 £ 0.23 S R
Relative diversity (J) per 50 m” plot: 0.77 + 0.06 B
Growth form *  Sedges most common *  Restios most common o Sedges, restios and shrubs o Most growth forms present at
¢ Restios common o Sedges and shrubs rare very rare low frequency
o  Rushes present but very rare | o Rushes present but rare *  Rushes absent *  Rushes absent
*  Adult Riparian Scrub trees o All life stages of Riparian *  Adult Riparian Scrub trees o Small shrubs most common o
very rare Scrub trees rare common this assernblage type
o No large tree species *  No large tree species *  Large tree species very rare ¢  Riparian Scrub trees less
common
7 - o Large tree species rare
Possible indicator Isolepis prolifer prolific Calopsis pamiculata very common | Calopsis paniculata very common qum capeniis and Calopsis
specics Priomivm servatum common Elegia capensis very common Elegia capensis very common paniculata rare
Calopsis pamculata very common | Erica caffra common Erica caffra common Erica caffra. Priomium servatum,
Elegia capensis very rare Isolepis prolifer common Isolepis prolifer very rare and Isolepis prolifer absent
Diospyros glabra very rare Irospyros glabra common Diospyros glabra very common
Morella serrata and Metrosideros Metrostderas angustifolia aduhs Ptersdivm ag salimem common
angustifolia scedlings common prolific. juveniles common Rhws angustt olia rare but most
Moreilla serrata juveniles common | Brabejum stellatifolivm adults common to thas assemblage type
coOmmon All life stages of Morella serrata.
Morella serrata adults and Metrosideros angustifolia,
Juveniles common Brabejum stellatifolium and
- Brachvlaena neriifolia rare

Note: Prolific = > 50 % frequency of occurrence (f), very common = 35 % < f < 50 %, common = <20 % < < 35%, rare =

< 10 %.

10 % < £ <20 % and very rare = f
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444 Testing the tentative reference condition

The temative definitions of physical and biological reference condition were tested on a further six
undisturbed sites from three rivers, the Disa River (Plate 4A) in Hout Bay, the Eerste River (Plate 48)
near Stellenbosch and the Witte River (Plate 5) in Bainskloof (data presented in 4.3).

Physical reference condition

Each sample plot on the six rivers was allocated to an assemblage type, following the same procedure
as for the earlier twelve undisturbed sites (Section 4.3.2). The physical rules listed in Table 4.21 were
then applied to each sample plot to assess how accurately they predicted the observed assemblage
type.

The results (Table 4.23) indicated a high success rate for five of the six sites: for Disa 2, Eerste | and 2
and Witte 1 and 2, 60 to 89 % of the sample plots were predicted correctly. Addressing these five sites
first, overall 68 out of 220 sample plots were predicted incorrectly (30 %). Of these, and assuming the
sequence WE to CF to TS 1o OT, only twelve sample plots were predicted more than one assemblage
types from their observed one. Nine of these twelve were at one site: Wit2, Irrespective of the degree
of misidentification, most cases occurred around the 4.0 m mark where localised depressions in the
bank possibly created ground water conditions that allowed CF o expand beyond the 1.5 m distance
specified in the rule. Most mis-identifications thus involved CF.

The poorly-performing site, Disa | (Table 4.23) supported Afromontane Forest in a deep narrow
gorge. The forest extended up the sides of the gorge, far removed from the river channel, with no
typical non-riparian (drier) species taking over. TS did not transform into OT within the confines of
this site, and the physical cut-off distance for this transformation, given as 4.5 m by the model, was not
valid. OT was thus incorrectly predicted through three of the four vegetation blocks,

Biological reference condition

The species data were summarised for cach assemblage type, following the same procedure as the
twelve carlier undisturbed sites.  The assemblage types from each site were examined against the
biological reference condition guidelines (Table 4.22). In each case the presence of at least some of
the possible indicator species, listed in the table, matched those present. The distributions of the
growth forms were also similar 10 those described. Though the species richness for the different
assemblage types was higher than the average reported (Table 4.22) the trend of increasing species
richness from WE through to OT remained. Five of the six sites had values of H and J (Table 4.24)
comparable 10 those reported for the reference condition; only those for Witte 2 fell outside of the
range expected. At this site the 50 m’ sample plot over which this was measured did not capture any
TS or OT assemblage types and so was relatively species poor.
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Classification model results from six undisturbed sites on three rivers, Results are presented in the full sample prid for each site (as per

Sections 4.3.3, 4.3.4 and 4.3.5). Tables WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT

Table 4.23
Disa 1 < Flow Accuracy 26 %
C B .
15 or 7s|T8 T8
14 OT_TS|OT TS |78 T8
13/ 0T _TS|OT TS |OT TS [ 78 7§
12, 0T _ TS |OT 718 OT T8 T8 TS
11/0T TS|OT TS |OT TS|[TS T8
1W0[OT TS |OT TS OT TS |TS TS
9| OT TS|OT TS OT TS|TS TS
B8/OT TS|OT 7S OT TS |¥S TS
7/OT T1Ts|/OT 1s/OT TS |TS TS
6/, OT TS |OT T8  OT TS |78 T8
5| OT CF OT CF|TS TS
4 TS CF| TS CF
3 TS CF | TS CF
2 1S CF TS CF TS CF |
1 | CF__CF | | CF__CF |
Eerste 1 < Flow Accuracy T75%
D C B A
50T _OT OT OT OT OT OT OT]
A TS OT|TS OT!TS OT
3
2
1 -

Disa 2 Flow > Accuracy 60 %
A t D
13 T8 TS TS TS
12|78 T8|TS TS |T8§ TS|TS TS
1" TS TS |TS TS|TS TS
10 TS TS |78 TS|TS TS
9|TS TS |TS TS |TS TS|TS TS
B|TS TS|TS TS |TS TS|TS TS
7,78 TS |TS TS |TS TS|TS TS
6|TS TS |TS TS | TS CF | TS CF |
5/TS CF|TS CF |TS CF|TS CF|
4TS WE|TS CF |TS CF | TS CF|
3|7TS WE|TS CF |TS CF|TS CF|
2 TS CF |TS CF! TS CF
1 CF_CF_CF CF|WE CF
Eerste 2 Flow > Accuracy 89 %
A C D
10, 0T OT|OT OT |OT OT OT OT
g/ OT _OT|OT OT |OT OT OT OT|
8/ OT _OT|OT OT OT_OT
7 _OT _OTIOT OT |OT OT OT OT
6 OT OT |OT OT|OT OT
5/, 0T |[OT|OT OT |OT OT|OT OT
4, T8 TS|TS OT (TS OT|TS OT
3, TS _TS|TS TS T8 T8 TS TS
2, TS TS|TS TS TS TS Ts TS
1/ CF TS|CF CF_CF CF CF CF

Outer Transitional,

Left Predicted from model
Right Cbserved (allocation)
ﬁ No record (outlier/rock)

Correct
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< Flow Accuracy 72 % Witte 2 < Flow Accuracy 66 % Left Model prediction

N C B ', - D C 8 A Right  Assigned assemblage
13 OT_OT|OT OT|OT OT|OT Or 13, 0T _OT_OT _OT _OT OT OT OoT No record (outher/rock)
12 OT_OT|OT OT|OT OT|OT OT 12 _OT_OT_OT_OT _OT OT _OT OT Correct
11| OT _OT|OT OT|OT OT|[OT OT 1M OT_OT _OT OT _OT OT OT OT
10 OT_OT|OT OT|OoT OT 0/ OT_OT _OT OT OT OT OT OT
9/ OT_OT|OT OT|OT OT|OT OT 9 _OT _OT OT OT OT OoT
8, OT _OT|OT OT OT OT|OT OT 8/ OT_OT OT OT OT OT | OoT TS
7/ OT _OT|OT TS OT OT|OT TS| 7| OT_OT _OT OT _OT OT|OoT TS
6, OT TS OT TS OT TS|OT TS| 6| OT CF|OT CF|OT CF|OT TS|
5§ OT TS,|OT TS OT TS|OT TS| §| OT CF OT CF|OT CF|OT TS
4 CF | TS CF | 4/ TS CF TS CF|TS CF|TS CF |
3 | CF | TS CF 3| TS CF|TS WE|TS CF| TS CF
2, TS CF|TS WE TS CF|TS CF 2| 1S _CF TS WE|TS WE TS CF
1| CF |[cF|cF|cF|CcFCF|[CF]CF 1
0 WE WE[WE WE CF WE WE WE 0
41 WE WE -1
2| WE _WE 2
3| WE WE -3
< WE WE ol
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Table 4.24  Shannon-Weiner function (equitability: H) and relative diversity (J) for
the six undisturbed test sites.

246 | 207 | 285 | 294 | 248 | 069
076 061 @ 080 @ 084 073 036

—

Disal Disa2  Eerste | FEerste 2 Wite | WichJ
i

I
|

L A

el B

4.4.5 Summary of reference condition

The preceding sections have defined and tested a reference condition for riparian vegetation that
shows good potential for guiding studies of disturbed sites. The physical predictors performed worst
for the CF assemblage type, and for the riparian zone in deep, narrow headwater gorges; both of these
arcas need further rescarch to better define physical predictor variables. The biological reference
condition matched the results of the test satisfactorily. The predicted assemblage types all contained
the expected species and range of growth forms and five of the six sites had comparable biodiversity
measures (H and J). An attempt was made to tighten the biological descriptors beyond the general
descriptions given (Table 4.22).

Further refinement of the reference condition is beyond the scope of this project. For the purpose of
this assessment of the impact of aliens on riparian zones the reference condition as described and
tested above is accepted as being sufficiently robust to guide a useful analysis of disturbed sites. This

follows in Chapter 5.
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5. INVADED AND CLEARED RIPARIAN ZONES

5.1 INTRODUCTION

In this chapter, the impact of alien tree species on the riparian vegetation of river ccosystems is
assessed, through a study of the nature and status of invaded and cleared riparian zones.

First, the 17 disturbed sites (Table 3.3) are described in the context of their general riparian character
and their relationship with the 18 undisturbed sites (Section 5.2). Then, the uncleared, heavily invaded
sites are described individually (Section 5.3.3) at the site scale, followed by a similar section on the
cleared and recovering sites (Section 5.3.4). Section 5.4 summarises the trends from the individual
site analyses and compares the disturbed sites to the reference condition.

52 CATCHMENT-SCALE PATTERNS

The 35 study sites in this project Table (3.2) were located on rivers draining five adjacent mountain
ranges and included undisturbed (Chapter 4) and disturbed sites. An initial assessment of the nature of
the riparian zones of the 35 sites (Section 4.2.1) revealed that the disturbed and undisturbed sites were
clearly distinguishable from onc another based on simple presence and absence data of riparian
vegetation species (Figures 4.1 and 4.2). Further, within these two broad groupings, undisturbed sites
grouped by catchment and then by river. This section investigates how the disturbed sites fitted into
this pattern,

5.2.1 Catchment groupings

A presence/absence list of riparian vegetation species was collated for each disturbed site, following
the same procedure used for the undisturbed sites, and analysed to produce a CLUSTER analysis and a
Multi-Dimensional Scaling (MDS) ordination (Figure 5.1). The disturbed sites displayed a pattern of
catchment groupings in much the same way as had the full set of 35 sites (Figure 4.1).

There were four main groups in the disturbed-sites data set (Figure 5.1):
1. heavily invaded and cleared sites from the Cedarberg and Hawequas mountain ranges (group
B).
cleared sites on the Molenaars River in the Hawequas mountain range (group C);
cleared sites in the Hottentots Holland and Table Mountain ranges (group D).
cleared sites in the Hottentots Holland mountain range on the Assegaaibos River (group E).

¥

> W

The group letters were assigned as in Figure 4.1, with Group A missing in Figure 5.1 because it
consisted of undisturbed sites. Additionally in Figure 5.1 there were two outlier sites: Cecelia Ravine
(Cecl) on Table Mountain, which was heavily invaded with the grey poplar Populus X canescens; and
the Sir Lowry’s Pass River (SLP3) in the Hottentots Holland mountains, which was heavily invaded
with Eucalyptus leucoxylon. These were the only two disturbed sites that did not contain Acacia, all

129

#——



Invaded and Cleared Riparian Zones

of the others containing Acacia mearnsii, other Acacia, or Acacia mearnsii mixed with other Acacia or
other species (Table 4.1). The two outlier sites are not discussed further in this section but their
characteristics are summarised later in the site-level descriptions (Section 5.3.3).

|
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CLUSTER analysis (#) and Multi-Dimensional Scaling (MDS) ordination (b) of
Bray Curtis similarities between all 17 disturbed sites. Multiple sites on river are
numbered | through 3, site codes as per Table 3.2. | = invaded and C = cleared.
Group A, the undisturbed sites (Figure 4.1) is excluded from these figures. Grey
shading in figure 5.1b indicates the five invaded sites.
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Groups B and C and groups D and E formed two larger groups within the similarity matrix (Figure
5.1b). Groups B and C sites were located in the Hawequas and Cedarberg mountain ranges and
groups D and E in the Hottentots Holland and Table Mountain mountain ranges. Thus there was a
similar identification of sites by catchment and river to that described in the larger analysis in Chapter
4.

5.2.2 Within-group characteristics

Apart from the two outliers, all the heavily invaded sites (Mol4, Wit3, Ron6) were in group B. Mol4
and Wit3 were invaded with Acacia mearnsii while Ron6é had a mixed invasion of Acacia mearnsii,
Acacia longifolia and Eucalyptus spp. The other two sites in group B (RonS, Witd) were cleared
seven and eight years before this study in the years 1998 and 1997 respectively, were within 100 m of
the heavily invaded arcas (Ronb and Wit3 respectively) and though subject to post-clearing clean-ups
this was not done at annual intervals as was the case for many of the other disturbed sites (Table 4.1,
section 4.2).

Group C contained two cleared sites (Moll and Mol3) and the anomalous site Mol2 (Section 4.2.1) on
the Molenaars River. Moll was first cleared in 1994 and Mol3 in 1997; the adult Acacia trees were
felled and the cut stumps treated with herbicide. At the time of sampling the vegetation was ten and
seven years old respectively. These sites had been subject to follow-up clearing operations; recruiting
Rubus spp. and Acacia seedlings were treated with herbicide foliar spray.

Despite the invasions and clearances, all the sites within groups B and C retained their greater
catchment identity as part of a Cedarberg-Hawequas grouping, as had the undisturbed sites.
Nevertheless, there was poorer distinction than in the undisturbed sites at the river level, suggesting
that the finer details of their identities had been lost.

Group D contained only cleared sites: two on the Sir Lowry's Pass River (SLP1 and SLP2) in the
Hottentots Holland mountains and two on the Silvermine River (Sill and Sil2) on the Table Mountain
range. The two Sir Lowry's sites had supported mixed invasions of Acacia mearnsii. Acacia
longifolia, Acacia saligna and Pinus pinaster, whilst the uppermost site on the Silvermine River (Sill)
had been infested with Pinus pinaster and the lower one (Sil2) with Acacia saligna and some Acacia
longifolia. The recovering vegetation at these four sites was between three and thirteen years post-
clearing age when this project started, and all were receiving intensive follow-up clearance. At the
time of sampling (Table 3.4) very few individuals of the relevant alien species were present,

Group E contained three cleared sites on the Assegaaibos River in the Hottentots Holland mountains.
Ass3, Assl and Ass2 were one, two and four years post-clearing age respectively at the time of this
study. The entire catchment around these three sites supported pine plantation that was being clear-
felled during the study. Ass2 was subject to a secondary invasion of Acacia longifolia and Acacia
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mearnsii, the individuals being between two and four metres in height. This was subjected to follow
up clearance immediately after sampling and re-sampled one year later as Ass3.

The MDS ordination revealed the same pattern of four groups and the two outliers. The stress value of
0.13 in the ordination (Figure 5.1b) indicated a small chance of the 2-d relationship portrayed being
misleading or inaccurate (Clarke & Warwick 2001).

In summary the trends were as follows.

e Cleared sites from a catchment group were more similar to one another than 1o uncleared sites
within the same catchment group.

e The main catchment groupings identified for the undisturbed sites (Chapter 4.2.1) were still
discernable in the disturbed sites but finer definition at the level of river was weak, particularly for
invaded (uncleared) sites.

e  The heavily invaded site with the gum Eucalyprus leucaxylon (SLP3), and possibly that with the
grey poplar Populus X canescens (Cecl), appeared most affected in that they no longer grouped
by catchment. This might be interpretable as a severe loss of catchment identity. Heavily invaded
sites with Acacia (Mol4, Ron6é and Wit3) appeared somewhat less impacted as they remained
within their catchment groupings.

523 Comparison of growth forms at disturbed sites

As with the undisturbed sites (Section 4.2.2), the total cover of each species at each disturbed site was
summed and reduced to a percentage of the total cover per growth form per site. These percentage
covers were averaged across all sites present in each of the four catchment groups to give the mean
percent cover for each of the ten growth form categories (Table 3.5) in cach catchment group (Table
5.1). The two outliers, Cecl and SLP3, are not included here in discussions on characteristics of the
disturbed groups; individual site discussions are presented in Section 5.3.3 for all disturbed sites,

Large trees were generally well represented in all of the four catchment groups duc to the

overwhelming presence of alien trees at various life stages at most sites. Notable differences between

the four groups were as follows:

e  The uncleared and heavily invaded Hawequas/Cedarberg group differed to the cleared groups in
that it contained the lowest proportion of forbs as well as a high proportion of shrubs;

e the cleared Hawequas group on the Molenaars River contained a similar proportion of small trees
to the uncleared group, which was much higher than in the two Hottentots Holland groups;

e this Hawequas Molenaars River group also differed from all the other groups in its high proportion
of restios;

e the two Hottentots Holland groups differed in their higher proportion of small shrubs when
compared o the heavily invaded Hawequas Cedarberg group (p<0.05),

e the combined Hottentots Holland/Peninsula group contained the most sedges and grasses of any of
the groups;

e the Hottentots Holland group on the Assegaaibos River had the highest proportion of rushes and
the lowest of shrubs;
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e geophytes were gencrally poorly represented, as they were at the undisturbed sites,

Table 5.1 The mean (and standard deviation) percentage cover of each growth form in
cach of the four catchment groups (disturbed sites only). Growth form categories
as per Table 3.5. n = the number of sites in each group. N = the number of sites in
which the growth form occurred in each group. From the Kruskal Wallis ANOVA, *
against two groups denotes a significant difference between them (p < 0.05). *

; Denotes a large difference that was not significant (0.05 <P <0.10).
£ -
H 5 it
. < z 3 £ = .f. 5
Growth £ £ 1 : d.l z z I
foom £ = <) 7 z z - =
B Hawequas/Cedarberg (uncleared and cleared 7-8 yrs)
nzs - ~ -
Mcan 325 000 072 248 823 648 005 2831 2432 2571 050
sD 4. 090 12 25 14 6.1 0.1 149 214 185 07
N ) s 4 s Rl 3 S I 5 2
C Hawequas (Molenaars; cleared 7-10 yrs)
n-3 o
Mean 1100 010 18 651 79% 1172 043 1454 2758 1660 157
sD 107 02 03 42 42 1o o2 4.1 122 120 02
N 3 1 3 3 3 3 3 3 3 3 3
D Hottentots Holland/Table Mountain (cleared 3 - 15 yrs)
n-.. ~ » -
Mecan 1581 002 236 1455 2364 245 347 1835 LS9 1659 1.7
sD 57 0.0 1.0 124 1.5 16 4.0 10.2 09 136 14
N < | 4 4 Rl 4 4 4 1 4 2
E Hottentots Holland (Assegaaibos; cleared 1-4 yrs)
n-3 ¢ .
Mean 1367 006 1601 826 1444 511 250 208 325 2464 398
SD 5.1 0.1 103 1.3 4% 24 20 6.1 29 19.1 2.5
N 3 2 3 3 3 3 3 3 3 3 3

5.2.4 Families and species

The wotal cover recorded for cach species at each site was summed and reduced to a percentage of the
total cover per family per site. These percentage covers were averaged across all the sites present in
cach of the four catchment groups (B through E) to give the mean percent cover for each of the
families represented in ecach catchment group. The total list of families was sorted per group, and the
dominant ones by percent cover and frequency of occurrence were selected for further analysis (Table
5.2). The families were arranged in the table in the same way as for the undisturbed sites (Table 4.3)
so that comparisons could be made between those prominently found at the undisturbed and the
disturbed sites. The dominant families for disturbed sites fell into four main groups: cosmopolitan
families, those affiliated with Riparian Scrub communities, those affilisted with Forest communities
and those prominent at disturbed sites. The four catchment groups of disturbed sites, B 10 E, were
compared with the reference condition, by comparing cach disturbed catchment group (B through E)
with the general range of reference conditions encompassed by the Hawequas, Cedarberg
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Mean percentage cover for each family in each catchment group of disturbed
sites. (n) = the number of sites in each catchment group. B through E are the four
catchment groups as per Figure 5.1. (N) = the number of sites in which the growth
form occurred. From the Mann-Whitney U test | * denotes a significant difference
(p<0.05) between the family and the set of reference condition data (16 Riparian
Scrub sites, Table 4.3, section 4.2.3).

B Hawequas C Hawequas D Hottentots Holland E Hottentots Holland
Cedarberg (n~5) (Molenaars, n=3) Table Mountain (n~4) (Assegaaibos, n=3)
Cleared'uncleared Cleared Cleared Cleared
Mean SD N Mean SD N Mcan SD N Mcan SD N
1. Cosmopolitan families
Poaccac e AT A 64 31 3 210 15 4 144 43 3
Cyperaceae 26 28 4 65 42 3 13.5 124 4 £3 13 3
Dennstacdtisccac 12 a3 a 103 111 2 34 34 4 19 26 3
Ebenaceae 155 160 § 3z 35 2 04 04 2 02 03 2
Osmundacecae 04 06 2 1.7 341
2. Riparian Scrub affiliation families
Restionaceac *64 62 4 138 137 3 *23 1.5 4 ‘52 24 13
Erncaceae 32 28 3 0.7 05 4
Asleraceac 20 23 3 55 56 3 * 137 48 4 153 139 3
Myraceae 160 108 § 10.4 59 3 0.1 0.l I 36 35 3
Myricacecae 08 07 4 42 39 3
Proteaceae 97 127 4 141 115 3 6.3 80 2 19 i 2
3. Forest affiliation familics
Asparagaceae 00 0.1 1
Blechnaceae 00 00 1 03 04 2 04 03 2
Myrsinaceae
Juncaceac 14 26 4 21 02 3 5.1 46 4 160 103 3
Cunoniaccae 22 44 0.0 00 2
Fabaceae 107 63 § 33 10 3 * 106 126 4 202 166 3
Rubiaceae 02 03 1 05 08 1
Apocynaceac 00 o1 |
4. Other families prominent at disturbed sites
Prioniaceae 16 115 § 38 62 3 25 0 1
Anacardiaccace 03 07 1 89 117 3 0.5 01 4
Scrophulariaceae 0.1 02 2 ‘46 31 3 08 08 3 29 27 3
Campanulaccac 02 04 1 00 01 1 04 0S5 2 0.1 0.1 1
Podocarpaceae 20 34 4
Saliaccae 0.1 03 1 1.5 T3
Bruniaceae 00 o0 2 16 35 4
Haloragaccac 0.7 1.5 1 01 01 T L o
Thymeclacaceae 22 14 4 12 19 2
Pinaceae 1.7 iy 2
Aizoaceae 06 1.1 1
Celastraceae 06 1.2 2 1.0 1.7 I
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and Hottentots Holland mountain ranges (Table 4.3). The Table Mountain sites were excluded on the
basis that they were Forest and not Riparian Scrub. A Mann-Whitney U test was used 1o test
significance between any large differences noted (differences reported where p <0.05).

Group B

Group B, containing five heavily invaded ‘or recently cleared sites from the Hawequas/Cedarberg
mountain ranges, deviated from the average covers defined for the reference condition (Table 4.3). In
the cosmopolitan group of families (1) there was a disproportionate cover of Diospyros glabra
(Ebenaceae) - more so than in any of the undisturbed or other disturbed groups. The high standard
deviation is due 10 high covers of this species at the three Hawequas sites (Mol4, Wit 3 and Witd) and
much lower covers at the two Cedarberg sites (RonS and Ron6) (Appendices 5.6 & 5.7). Perhaps
invasion by Acacia mearnsii favours the proliferation of this species in some way; this is an arca
needing rescarch,

Two of the Riparian Scrub families (group 2) were noticeably more sparsely distributed beneath the
alien canopy than in the reference condition, namely Morella serrata (Myricaceae, p<0.05) and the
dominant riparian restios Calopsis paniculata, Cannamois virgata and Elegia capensis (p<0.05)
Where present, these species tended to occur only at the water's edge in contrast 1o their wider
distribution at undisturbed sites. The common, dominant species Erica caffra (Ericaceae) in the
reference condition was completely absent from group B, as it was also from group E. The dearth of
Erica caffra at these heavily invaded sites cannot necessarily be attributed to the presence of alien
species as it was also absent from the undisturbed Heks River sites.

The comparatively high cover of Fabaceae (p<0.05) in the Forest-affiliated group of families (group 3)
was mainly due to the alien species Acacia mearnsii and Acacia melanoxylon. Some species of
Psoralea were also recorded here but were not dominant.

Among the final group, that of familics prominent at disturbed sites, the Podocarpaceae showed a
noticeable increase in occurrence and abundance due W the presence of Podocarpus elongatus.
Perhaps this forest species was favoured by the closed canopy created by the presence of the dominant
Acacia mearnsii,

Group C

Group C contained three sites on the Molenaars River in the Hawequas mountain range. Two of these
were heavily invaded with Acacia mearnsii but were cleared in 1994 and 1997; the status of the third
site is anomalous at this stage. This group is most similar to the undisturbed sites in that only three
familics deviate from the reference condition described in Table 4.3. The fern Todea barbara
(Osmundaceac) was absent, as for group E (the recently cleared sites on the Assegaaibos River). The
abundances of the Riparian Scrub and Forest families were similar to those described for the
undisturbed sites. Two families appeared to be more prominent than at undisturbed sites: the
Anacardiaceae, represented by Rhus angustifolia and, 10 a lesser extent, by Rhus crenata; and the
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Scrophulariaccae (p<0.05), represented by Freylinia lanceolata and Halleria elliptica. Oftia africana,
another member of this family, was also present but to a lesser extent. All were present at some other
disturbed and undisturbed sites, but in lower abundances.

Group D

Group D consisted of two sites cach in the Hottentots Holland and Table Mountain mountain ranges.
The two Hottentots Holland sites supported mixed invasions (Pinus radiata, Acacia mearnsii, Acacia
saligna and Acacia longifolia) while the Table Mountain sites were invaded with Pinus radiata or
Acacia saligna. The two Hottentots Holland sites were clear felled in 2000 and 2002 and the alien
debris was burnt in stacks (J. Manson pers. comm. 2006). The two Table Mountain sites were burnt in
a wild fire in January 2000 (K. Reinecke pers. obs. 2000). This group contained the highest recorded
presence of Poaceae (p<0.05) among all the disturbed and undisturbed sites. Many species of grass
contributed towards this (Table 5.3), the two most dominant being Ehrharta setacea and the alien
species Briza maxima. All of the alien grass species recorded in this group are indicative of
disturbance (Goldblatt & Manning 2000). Of the other grass species, the only one normally associated
with wet habitats was Pennisetum macrowum, and this was recorded at both disturbed and
undisturbed sites.

Table 53 Grasses (Poaceac) recorded at the disturbed sites on the Sir Lowry's Pass and
Silvermine Rivers (disturbance group D). Alien species are bolded. Brackets indicate
order of dominance, with 1 being most dominant by cover.

Species favoured by disturbance Species with other habitat requirements (sec text)
Goldblatt & Manning (2000)

Briza maxima (2) Ehrharta setacea (1)

Paspalum wrvillei (3) Pemaschistis barbata (5)

Pennisetum clandestinum (4) Pemtaschistis airoides (6)

Paspalum dilatatum (9) Penmisetum macrourum (7)

Digitaria debilis (10) Ehrharta ramosa (8)

All but one of the Riparian Scrub families deviated from that described for the reference sites. The
dominant riparian restios were conspicuously reduced in cover, with Calopsis pamiculata and
Cannamois virgata still present but Elegia capensis completely absent. Other species contributed to
the cover of Restionaceae (p<0.05), one of them, Ischyrolepis subverticillata, being associated with
riverine environments.  Though present, Erica caffra (Ericaccac) was sparse.  Metrosideros
angustifolia (Myrtaceae) was present at a conspicuously low cover and Morella serrata (Myricaceac)
absent. Asteraceae (p<0.05) also dominated these four sites; the family was recorded in many of the
undisturbed sites but its dominance was much greater in these disturbed sites. Five of the Asteraccac
species recorded here occurred at reference sites (Stoebe plumasa, Brachylaena neriifolia, Stoebe
cinerea, Osteospermum ciliatum and Taraxacum officinale, the latter an alien species of disturbed
places) two were weedy alien species (Comyza canadensis and Comyza bonariensis) and the remainder
were cither disturbance pioneers, or species favouring damp grassy, sandy or rocky slopes.
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: As with group B, Fabaceae (p<0.05) were prominemt members of the Riparian Scrub-affiliated
families, due to the presence of Acacia longifolia, Acacia mearnsii and, to a lesser extent, Acacia
melanoxylon.  Prominent non-alien members of the Fabaceae were Psoralea pimnata, Virgilia
orvoboides and Indigofera filifolia

Three families appeared more prominently in group D than in any other disturbed group. Berzelia
lanuginosa was solely responsible for the cover of Bruniaceae, occurring at a similar cover as in some
undisturbed sites from the Hawequas mountain range, although it co-occurred with Pseudobaeckia
africana in the undisturbed sites. Both these members of the Bruniaceae are typically associated with
riparian or wetland habitats.  Another species ofien @ very low cover at undisturbed sites,
Lawrembergia repens (Haloragaceae), reached its highest cover in group D,

Group E

Group E was similar to C in that Todea barbara (Osmundaceac) was absent from the cosmopolitan
family group, similar 0 B in the absence of Erica caffra (Ericaceae) from the Riparian Scrub
affiliation, and similar to D in the absence of Morella serrata (Myricaceae) and the low cover of
Metrosideros angustifolia (Myraceace), both from the Riparian Scrub group. Asteraceae, as in group
D, appeared to proliferate in the disturbed conditions at these three sites. As at the undisturbed areas,
there was a number of species contributing towards the total asteraceous cover but the average was
much greater than that recorded for any of the reference conditions. Only three species of Asteraceae
were recorded at any of the reference sites; Helichrysum odoratissimum, Stoebe plumosa and
Metalasia densa. Of the other species, two were weedy alien species. The first, Comza canadensis,
was the most prominent herbaceous perennial present in this group. The second, Inwla graveolens,
was much less prominent. All the others were either pioneer species, or species favouring damp
grassy or sandy slopes or rocky slopes. Since none of these species are specifically riparian they are
not considered further here.

Of the species affiliated with Forest communities, two main differences from the reference condition
occurred.  First, the Fabaceae, already mentioned for the other disturbed groups, was the dominant
family in this group. The two main species responsible were Acacia longifolia and Virgilia oroboides;
Acacia mearnsii and two Podalyria species were also present but less abundant. Second, there was a
high cover of Juncaceae (p<0.05) due to four species: Juncus lomatophylius, Juncus capensis, Juncus
effusus and Juncus exsertus, listed in order of abundance. The latter species was not recorded at any
other site.

5.2.5 Summary of catchment-wide community patterns

Four main groups of disturbed sites were apparent, with many similanities but also with unique
features. Group B, the most heavily disturbed, and group C, the least disturbed, were shown to be
most different from the other two groups. Group B had the lowest cover of forbs, rushes, sedges and
small shrubs, whilst group C had the highest cover of small trees due 1o the presence of gencrally
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abundant Riparian Scrub species. The other two groups were similar in their abundance of grasses and
small shrubs but differed in that group D had a high cover of sedges while group E had a high cover of
rushes.

The super-groups BC and DE were from different catchments and had different invading species; it is
not clear which of these, if either, was the over-riding influence in causing the super-groups. There
are few studies of riparian recovery in the Western Cape. One recent study by Galatowitsch and
Richardson (2005) found that arcas cleared of dense invasions that were between three and six years in
age had a diminished extent of trees in the canopy, an increased importance of shrubs or re-invading
trees, reduced species richness, reduced occupancy of one third of common Riparian Scrub species
and reduced incidence of indigenous tree regeneration (Table 4.5). Our data corroborate this finding
in that super-group DE (all sites < 6 years of age other then SLP1) contained a higher proportion of
small shrubs and reduced cover of Riparian Scrub species, particularly tree species (small trees in this
report). Super-group BC (all sites > 7 years of age other then the anomalous Mol2) had a higher cover
of Riparian Scrub species (small trees).

Families and species typically cosmopolitan at the undisturbed sites were generally present, other then
the Osmundaceae, absent from groups C and E (Table 5.2). Families generally more abundant in one
of the disturbed groups were Poaceae (grasses) in groups D and E, Cyperaceae (sedges) in group D,
Dennstaedtiaceae (the fern Preridium aguilinum) in group C and Ebenaceae (the shrub Diospyros
glabra) in group B.

The abundances of the undisturbed Riparian Scrub families (Group 2, Table 4.3) most closely
resembled those of disturbance group C (Table 5.2), while the other three disturbed groups differed
largely in reduced covers of Restionaceae and Ericaceae. Further, groups D and E differed from the
undisturbed Riparian Scrub group in having reduced covers of Myrtaceae (Metrosideros angustifolia),
an absence of Myricaceac (Morella serrata) and an increase in the cover of Asteraceae (many
species). The other two notable increases in cover were for the Juncaceae (four species, one new) in
group E and Fabaceae, largely due to the presence of alien Acacia in groups B, D and E; again group
C was most closely aligned with the undisturbed sites in this regard.

5.3 SITE-SCALE PATTERNS

To assess the impact on riparian vegetation of invasive alien plants, the detailed structure and
characteristics of disturbed sites were investigated through sampling of disturbed sites in the same way
as had been done for undisturbed sites (Section 3.3). No a priori assumptions were made about the
nature and location of different vegetation assemblages and instead the collected data were used to
define these, guided by the model developed for the reference condition (Section 4.4). This was done
through the following steps (the bolded text refers to the steps taken in this chapter):
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1. Use data from 12 undisturbed sites to recognise and describe vegetation assemblage types that are
typical of Western Cape headwater riparian zones (section 4.3);

describe where these assemblage types were located in undisturbed sites and correlate this, if
possible, with some easily measured physical variables (section 4.4.1);

e

3. describe the biological characteristics of the vegetation assemblage types or of the site plots as a
whole (section 4.4.2);

4. derive from steps 2-3 a first tentative description of the reference condition (section 4.4.3);

S. test this using similar data from six more undisturbed sites (section 4.4.4);

6. use the physical variables defined in the reference condition to locate arcas where the
various assemblage types should be in invaded (Section 5.2.3) or cleared (Section 5.2.4) sites;

7. assess how the biotic characteristics of the assemblage-type areas differ from the reference
condition in invaded (Section 5.2.3) or cleared sites (Section 5.2.4).

5.3.1 Preliminary data management

The vegetation data collected at the disturbed sites were prepared and analysed in the same manner as
done for the undisturbed sites: species-level cover data from all the sample plots at cach study site
were 4* root transformed and analysed using a non-metric Multi-dimensional Scaling ordination and a
CLUSTER analysis. Groups of sample plots with a natural coherence were recognized as a possible
vegetation assemblage and allocated a number, with 1 being closest o the water's edge and numbers
increasing with physical distance from the water’s edge. Each assemblage so identified was assessed
in terms of its species composition and, in cases of two assemblages with an overall 50-60% similarity
and no substantial difference in the composition or abundance of species, the groups were merged.
The full data set for all the disturbed sites appears as Appendix 5.

When searching for dominant or typical species of each assemblage, species-cover data were ranked
per assemblage by frequency of occurrence with additional consideration of cover. Ranking by
frequency allows assemblages to be defined primarily by species that are generally or always present
rather than by species that contribute the most cover, thus allowing smaller, common species to
contribute towards the identity of the assemblage.

5.3.2 Assigning assemblages to an assemblage type

Because natural vegetation distribution patterns were disrupted by the alien trees, the CART maodel
(Section 4.4.3) was used to assign each sample plot to an assemblage type (step 6 above). The model
used the physical characteristics of distance from summer water's edge and height above summer
water's edge to allocate cach sample plot to one of WE, CF, TS or OT assemblage types (Table 4.21;

Figure 436). The abundance and frequency of species present in the delincated area for an
assemblage type were then compared to the biological reference condition for that assemblage type
(Table 4.22), as step 7 of the above sequence.
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The results are presented below for cach of the 17 sites, starting with the heavily invaded sites. For
cach site the distribution of assemblage types, as determined using the CART model is shown.

5.3.3 Heavily invaded, un-cleared sites

Three of the five invaded sites were infested with Acacia mearnsii. with two also supporting some
Acacia melanoxylon individuals and one of these additionally containing a few Eucalyprus spp. adults.
One of the remaining two invaded sites was infested with Populus X canescens, and the other with
Eucalyptus leucoxylon together with scattered Acacia longifolia and Acacia mearnsii.

Sir Lowry s Pass River, site 3, mountain stream (transitional) infested with Eucalyptus leucoxylon

The Sir Lowry's Pass River (Plate 6 & Appendix 5.1) arises in the Hottentots Holland mountain range
near the town of Somerset West, and flows to False Bay. The site was the most disturbed of all
studied, with only seven species present and no evidence of any clearing activities. Using the CART
model rules (Table 4.21) five sample plots were assigned to WE, three to CF, 21 to TS and three to OT
(Table 5.4). The resulting measures of biodiversity were very low, with all assemblage types scoring
well below the values obtained for the reference condition (Table 5.5). The average species richness
(5 m’) of 0.9 was far below the reference condition average of 9.7. The species richness of the
complete sample grid (50 m*) was 3.00, far less than the reference condition average of 22.70. The
depauperate state of the flora at this site was best illustrated by the relative diversity (J) value of 0.00,
indicating the lowest possible species diversity based on the unevenly distributed vegetation present.
The low value for Shannon-Weiner Equitability (H) of 0.02 when compared to 2.38 for the reference
condition further illustrated the poor condition of the site,

Table 5.4 Distribution of assemblage types at SLP3 as predicted by the CART model.

Flow —

A B C D
AR oT TS TS
6 TS or TS TS
5 TS or TS TS
4 TS 1S TS TS
3 TS TS TS TS
2 TS TS TS 1S
1 CF WE WE CF
0 CF WE WE WE

It consisted almost entirely of adult (>10m and 2-5m) Eucalyptus leucoxylon with some adult (2-5m)
Acacia mearnsii and Acacia longifolia. Isolepis prolifer was found in small patches on the water's
edge (Tabie 5.6) as well as a single, small individual each of Diespyros glabra. Kiggelaria africana
and Maytenus acuminata.
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Cecelia Ravine, site I, mountain stream infested with Populus X canescens

Cecelia Ravine (Plate 7B & Appendix 5.2) flows through the Cecelia pine plantation on the eastern
flanks of the Table Mountain range. Its riparian zones had been infested with grey poplars Popedus x
canescens. Some clearance had taken place, and most remaining large adult poplars had been ring-
barked but were still living.

Table 5.5 Measures of biodiversity for the reference condition and for SLP3, Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
Attribute Reference Condition  SLP 3
50 m’
Equitability (H) 238:023 0.02
Relative Diversity (J) 0.77 = 0.06 0.00
Species Richness 22.70 £ 5.80 3.00
Sm’
Species richness: WE 6.1+42 1008
CF 9.1:59 1.3£10
L) §8+29 09+06
or 199:79 0.3+06
Average 9.7+1.7 09+07

Table 5.6 Dominant species frequencies at SLP3 per assemblage type designated using the
CART model. Tree life stage: seedling < 0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

(Growth form _ Life stage  Assemblagetype  F
WE (n=5)

Tree Sapling Acacia longifolia 33
Tree 2-5m Adult  Ewcalyptus leucoxylon 33
Sedge ... Isolepis prolifer 33

CF (n~3)
Tree 2-5m Adult  Acacia mearnsii 33
Tree 2-5m Adult  Ewcalyptus lewcoxylon 33
Tree 5-10m Adult  Ewcalyptus lencoxylon 33
Sedge Isolepis prolifer 33
Tree Sapling Acacia mearnsii 33
Tree ... Sapling Acacia longifolia 33
TS(n21)
Tree 5-10m Adult  Fucalyptus leucoxylon 46
Tree 2-5m Adult Eucalyptus lewcoxylon 46
Tree Sapling Eucalyptus leucoxylon 6
Shrub Diospyros glabra 6
Tree 0.3-2m Adult Kiggelaria africana 6
b | 0.3:2m Adult _ Maylenus acuminaia 6
OT (n"3)
Tree 5-10m Adult  Ewcalyptus lewcoxylon 46
Tree 2-5m Adult Eucalyptus lewcoxylon 46

Using the CART model, four sample plots were assigned to WE, four to CF, 20 to TS and none to OT
(Table 5.7). The species richness of CF and TS sample plots were similar to that of the reference
condition (Table 5.8) as were species richness (50 m’), Equitability (H) and Relative diversity (J). The
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location of WE, as predicted by the model, occurred in rocky or submerged sample plots with no
vegetation and thus the species richness for WE was zero.

Table 8.7 Distribution of assemblage types at Cecl as predicted by the CART model,

+ Flow

D .- B A
6 TS TS S | TS
5 s TS S TS
4 TS TS ™S TS
3] T8 | TS TS TS
2 TS TS TS s
1| CF CF CF CF
0 WE WE WE WE

Table 5.8 Measures of biodiversity for the reference condition and for Cecl. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
Attribute Reference Condition Cec |
50 m* . -
Equitability (H) 238:023 249
Relative Diversity (J) 0.77 £ 0.06 0.73
. Species Richness 22.70 £ 5.80 17.00
Sm
Species richness: WE 6.1+42 D0+00
CF 91x59 35270
TS 88+29 105227
or 199179 -
Average 97+77 80+53

Adult Popudus X canescens dominated the overhead canopy cover while many smaller poplars were
present in the understorey, along with many small healthy individuals of indigenous forest species
(Table 5.9).

Witte River, site 3, foothill infested with Acacia mearnsii

The Witte River (Plate 5 & Appendix 5.3) is a large tributary of the Breede River, flowing through
Bainskloof Pass in the Hawequas mountain range. At this point the river is wide (5-10 m) with
considerable floodplain development on the left bank. The right bank of the river is heavily infested
with medium to large (5-10 m) Acacia mearnsii trees. The floodplain on the left bank was cleared of
aliens some time ago, but there was no evidence that the right bank had ever been cleared.

Using the CART model), eight sample plots were assigned to WE, four to CF, 19 to TS and 22 10 OT
(Table 5.10). Overall the species richness (50 m”) was low - 8.00 compared to 22.70 for the reference

condition (Table 5.11) - with both Equitability (H) and Relative diversity (J) falling shont of the
reference condition but far less severely than at SLP3, the Eucalyptus site - 1.71 compared to 2,38 and
0.67 compared 1o 0.77 respectively. Species richness values (5 m’) for the two wet-bank assemblage

142




Invaded and Cleared Riparian Zones

types (WE and CF) were at or just below the bottom end of the range for reference condition, whilst
those for the two dry-bank assemblage types (TS and OT) were much lower. This was probably
attributable to the healthy fringe of Riparian Scrub persisting beneath the edges of the alien canopy
along the water's edge. The presence of Acacia mearnsii mainly suppressed the growth of indigenous

species higher up the bank where the alien canopy was more closed,

Table 5.9 Dominant species frequencies at Cecl per assemblage type designated using the
CART model. Tree life stage: seedling < 0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned 1o that
assemblage type. Bold = alien species.

Growth form _ Lifestage  _ Assemblage type F

WE (n=4)

CF (n4)
Sedge Carpha glomerata 25
Tree Sapling Cunonia capensis 25
Tree Seedling Kiggelaria africana 25
Tree Seedling Populus x canescens 25
Forb Asparagus scandens 25
Forb Todea barbara 25
Geophyte Zanmtedeschia acthiopica 25

TS (n=20)
Forb Asparagus scandens 100
Grass Ehrharta erecla 100
Shrub Diospyros glabra 59
Forb Blechnum australe 78
Tree Seedling Diospyros whweana 78
Tree Seedling Populus x canescens 72
Tree Seedling Kiggelaria africana 6
Tree Seedling Afrocarpus falcarus S0
Forb Achyranthes sicula i3
Tree 2-5m Adult  Afrocarpus falcarus 28
Tree 2-5m Adult __ Camthium ventosum 28

Table 5.10  Distribution of assemblage types at Wit3 as predicted by the CART model.

« Flow

D C B A
nl s T or ] or T or
10| -Is-—:-'()T Lot ol
9 1S | or | or __ _or
8 1S | oOoT | or | o1
718 | oT o1 oT
o ™S | or | or | o1
5. TS : or | or | ol
4 TS 1S TS TS
3 s | 1S TS s
20 18 | 1s |18 |18
i\[ cF | ¢ | ¢ | CF |
0. WE_ | WE | WE | WE
4 [ WE WE WE | WE
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Table 5.11 Measures of biodiversity for the reference condition and for Witd, Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
o e Attribute Reference Conditions Wit 3
50 m*
Equitability (H) 238023 1.71
Relative Diversity (1) 0.77 £ 0.06 0.67
. ~ Species Richness 2270+ 5.80 8.00
Sm’ -
Species nchness: WE 61242 21214
CF 91159 33221
s 88:29 3221.1
orT 199+79 34212
Average 9.3£7.7 Jiz14

|
|

Acacia mearnsii was generally dominant, but there were also many indigenous riparian and forest
species (Table 5.12). Prionium serratum and Cannamois virgata were present in both WE and CF,
together with the small Riparian Scrub trees Merrosideros angustifolia. Morella serrata and
Brachylaena neriifolia. Diospyros glabra, present in all four assemblage types, was most prominent
higher on the bank in TS and OT with the small Riparian Scrub trees Metrosideros angustifolia and
Brabejum stellatifolium and another tree species Podocarpus elongatus.  The presence of the
indigenous trees bencath the alien canopy suggests that once cleared of aliens the natural riparian
vegetation would recover quickly.

Molenaars River, site 4. foothill infested with Acacig mearnsii

Both banks of the Molenaars River (Plate 8 & Appendix 5.4) were heavily infested with Acacia
mearnsii for a river length of about 2 km around this site. Additionally, the river's floodplain, which
was 300 m wide on the right bank was also heavily infested. This was the most downstream reach of
the Molenaars River with a relatively natural channel and flow, as downstream the floodplain was
intensively cultivated and water was abstracted in and around the town of Rawsonville, At the site,
the channel was wide (15-20 m), with Acacia mearnsii canopy reaching over but not covering the
water. There was no evidence of any clearing activities at the site, although there had been extensive
clearing 2.5 km upstream.

Using the CART model, no sample plots were assigned 10 WE, eight to CF, 52 to TS and none to OT
(Table 5.13). Overall the species richness (50 m’) was poor with only seven species (Table 5.14) and
the Equitability and Relative diversity coefficients were low. Species richness (5 m’) of the two
assemblage types predicted to occur by the model were lower than the reference condition for TS but
not for CF,

The site was dominated by large Acacia mearnsii trees, some large individuals of Brabejum

stellatifolium and some other riparian shrubs scattered bencath the alien canopy (Table 5.15)
Indigenous riparian and forest species were less prominent then at Wit3, and the alien Acacia
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Table 5,12 Dominant species frequencies at Witd as per assemblage type designated using
the CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form _ Lifestage  Assemblagetype  F
WE (n=8)
Shrub Prionium serratum 86
Restio Cannamaois virgala 57
Shrub Diaspyros glabra 29
Small tree Sapling Movella serrata 29
Forb Todea barbara 4
Smallwee  Sapling  Brachyacna neriifolia | 14
CF (n~4)
| Shrub Priomium serratum 100
Restio Cannamois virgata 50
Shrub Diospyros glabra 50
Small tree 2-5m Adult  Merrosideros angustifolia 25
Small tree 2-5m Adult  Morella servata 25
| W 2-5m Adult  Acacla mearnsii -
TS (n=19)
Shrub Diaspyros glabra 94

Small tree 2-5m Adult  Metrosideros angustifolia 58
Small tree 2-5m Adult  Brabejum stellatifolium 35

Resto Camnamois virgata 35
Tree Sapling Podocarpus elongatus 24
Shrub Priowium serratum 18
Smalltree  _ Sapling Metrosideros angustifolia 12
OT (n=22)
Shrub Diospyros glabra 51
Small tree 2-5m Adult  Metrosideros angustifolia 76
Tree 5-10m Adult  Acacia mearnsii 38
Restio Camnamois virgala 24
Tree Seedling Acacia mearnsii 24
Small tree 2-5m Adult  Brabejum stellatifolivm 14
Shrub _ Prionium servatum 14

Table 5.13  Distribution of assemblage types at Mol as predicted by the CART model.

« Flow
D C B A
el 1S T s T rs TS
3 TS TS s TS |
2 TS | TS TS TS
n, 18 | T8 TS TS
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PR
s| T8 | TS | TS | TS
4 TS TS s TS
3, TS | 1S | TS 1S
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were much larger. The site was the second most depauperate one in terms of species afier SLP3,
probably due to a combination of the presence of large, mature alien trees and the magnitude of the
invasion. The lower bank was dominated by a herbaceous alien weed, Persicaria lapathifolia, and the
sedge Isolepis prolifer. Some alien and non-alien seedlings were present, along with smaller
occurrences of the forest shrub Diospyros glabra (Table 5.15).

Table 5.14 Measures of biodiversity for the reference condition and for Moid. Asscmbiage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
Attribute Reference Conditions Mol 4
50m*
Equitability (H) 238+ 023 0.10
Relative Diversity (J) 0.77 £ 0.06 0.05
Species Richness 22,70 + 5.80 7.00
Sm
Species richness: WE 61242 .
CF 9.1+£59 26+37
15 83+29 13211
orT 199279 -
Average 9.7+ 7.7 1SE1.7

Table 5,15 Dominant species frequencies at Mold per assemblage type designated using the
CART model. Tree life stage: seedling < 0.3m, sapling = 0.3-2m. n * number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

.............................................................

CF (n~8)
Forb Persicaria 100
Sedge Isolepis prolifer 67
Rush Jurcus effusus 33
Forb Xanthium strumarium 33
Shrub Diaspyras glabra 33
Tree Seedling Acacia mearnsii i3

Smallree  Seedling Salix mucronata 33

TS (n=52)
Small tree 2-5m Adult  Brabejum stellatifolium 51
Tree 5-10m Adult  Acacia mearnsii 35
Shrub Priomium servatum 19
Small tree Sapling Brabejum stellatifolium 19
Shrub Diospyros glabra 16
Small tree 5-10m Adult  Brabejum stellatifolium 14
Tree 2-5m Adult  Acacia mearnsii ¥
Tree 5-10m Adult  Podocarpus elongatus 3

Rondegat River, site 6, mountain stream (transitional) infested with Acacia mearnsii and Acacia
melanoxylon

The Rondegat River is a tributary of the Olifants River upstream of the Clanwilliam reservoir. This
small channel, 5 m in width, (Plate 9A & Appendix 5.5) was heavily infested on both banks for a large
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portion of its length, mainly with Acacia mearnsii and Acacia melanoxylon. The site was 800 m
downstream of RonS, where clearing had already taken place (Section 5.3.4).

Using the CART model no sample plots were assigned to WE, eight to CF, 40 to TS and none to OT
(Table 5.16). Overall species richness (50 m”) was low - 8.00 compared 10 22.70 for the reference
condition (Table 5.17). Equitability (H) and Relative diversity (J) both fell outside of the reference
condition range though this site was not as depauperate as SLP3 and Mold. Species richness (5 m”) of
CF and TS were both lower then that described for the reference condition.

Table 5.16 Distribution of assemblage types at Roné as predicted by the CART model.

+ Flow

D C 1 A
" S 18 TS TS
10 TS TS TS S
9| TS | TS ™S | TS |
8 TS TS TS s
7 TS TS TS TS
6 TS TS s 1S
5 s | TS TS e
4 TS TS TS TS
3. TS TS TS TS
2 TS TS TS s
1 CF CF CF CF
0 CF CF CF CF

Table 5.17 Measures of biodiversity for the reference condition and for Ron6. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
Attribute Reference Conditions  Ron 6
50 m*
Equitability (H) 2384023 1.60
Relative Diversity (J) 0.77 £ 0.06 0.59
Species Richness 2270 + 5.80 800
Sm’
Species richness: Wi 61442 .
CF 91459 09+15
TS 83+29 23+ 14
or 199+79 .
Average KTETTE 21215

Despite the density of the alien canopy the presence of the riparian scrub species overall bode well for
the restoration of this area should clearing commence in the future. The sparsely vegetated bank was
best reflected in the low species richness for the wet and dry bank (5 m”) sample plots. The presence
of a healthy and densely vegetated riparian scrub community 7 km upstream (Section 4.3.3) will
supply propagules for the natural re-colonisation of the riparian community here. Secedlings of two
riparian scrub species, Brabejum stellatifolium and Brachylaena neriifolia. were found on the wet
bank with the shrub Prionium serratum persisting beneath the alien canopy (Table 5.18). The bank
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was patchily vegetated with adult Merrosideros angustifolia and Brabejum stellatifolium, Ehrharta
ramosa, Pleridium aquilinum and Diospyros glabra occurring interspersed amongst the aliens. The
non-alien species, though patchily distributed, bode well to initiate recovery should clearing
commence here in the future.

Table 5.18 Dominant species frequencies at Ron6 per assemblage type designated using the
CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned 1o that
assemblage type. Bold = alien species.

Growth form  Life stage Asscmblagetype  F
CF (n-8)
Small tree Seedling Brabejum stellatifolivm 100
Shrub Priomium serratum 100
Small tree Scedling Brachylaena neriifolia 100
Tree ... Seedling Acacta mearnsii 100
TS (n ~40)
Small tree 2-5m Adult  Metrosideros angustifolia 53
Grass Ehrharta ramosa ssp. ramosa 33
Forb Preridium aquilinum il
Tree Seedling Acacia mearnsii 19
Tree Sapling Acacia mearnsii 14
Tree 2-5m Adult  Acacia melanoxylon 1
Small tree 2-5m Adult  Brabejum stellatifolium 8
Shrub Prionium serratum X
Shrub Diospyros glabra 6
Tree S-10m Adult  Acecia mearnsii 6

534 Cleared and recovering sites

The pattern of recovery is discussed in two parts following the similarity relationship between the sites
as shown in the four catchment groups B through D in Figure 5.1. The two outlier and the three
heavily invaded sites from group B have been discussed in section 5.3.3. First the two other sites in
group B, both which have been cleared at some stage, are presented followed by those in group C, the
three on the Molenaars River. This completes the site specific discussions for the Hawequas and
Cedarberg mountain ranges. Then sites in group D from the Table Mountain and Hottentots Holland
mountain ranges are discussed followed by the three in group E on the Assegaaibos River (Hottentots
Holland range). All of these arcas have different histories and are different post-clearing ages (Table
4.1).

Group B

Rondegat River, site 5, mowntain stream (transitional) first cleared of Acacia mearnsii and Acacia
melanoxylon in 1998

This section of the Rondegat River (Plate 9A &Appendix 5.6) is situated 800 m upstream of Ron6

(section 5.3.3) and 6 km downstream of the undisturbed sites (Section 4.3.3). It has been assumed that
this section of river was infested to the same degree as recorded at Ron6, before clearing began in
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1998. The adult trees were hacked and the smaller wood and twigs stacked; some of these stacks were
burnt though this was not part of the clearing operation. There have been two follow up clearings
since then, the last in 2002, three years before the vegetation was sampled.

Using the CART model rules (Table 4.21) nine sample plots were assigned to WE, three to CF, 36 1o
TS and none to OT (Table 5.19). The vegetation was noticeably young with most tree and shrub
individuals, including alien species less then 3 m in height. There was an abundance of new growth,
with all measures of biodiversity falling within or above the ranges described for the reference
condition (Table 5.20).

Table 5.19 Distribution of assemblage types at RonS as predicted by the CART model.

«~ Flow

D C B A
0, 1S TS TS TS
9 TS TS TS ™S
s TS TS TS TS
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-1 WE WE WE WE

Table 5.20 Measures of biodiversity for the reference condition and for RonS, Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
Attribute Reference Conditions Ron §
SOm*
Equitability (H) 2382023 284
Relative Diversity (J) 0772006 0.86
Species Richness 22.70= 5.80 25.00
Sm’
Species nchness: WE 6.1+42 £0+4
CF 9.1z59 120210
15 85829 48+ 16
oT 199£79 -
— A\'mE i 9.7+7.7 59+30

Many of the species found upstream at the reference sites on this river (Ronl-4, Section 4.3.3) were
present. Species not found downstream at the uncleared site (Ron6, Section 5.2.1) include a number
of small herbaceous ‘wet’ species such as Isolepis digitata, Laurembergia repens, Vellereophyton
dealbatum, Juncus lomatophylius and Wimmerclla arabidea.  All were found in both WE and CF
positions as at the reference sites upstream (Table 5.21). Both common riparian restios, Calopsis
paniculata (WE and CF) and Elegia capensis (CF and TS), were present, in contrast to the heavily
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invaded sites where Elegia capensis was absent. The riparian shrub Prionium serratum occupied a
large portion of this site both adjacent to and some distance away from the water's edge. Only one of
the four riparian small tree species, Metrosideros angustifolia, was present. There was recruitment of
both Acacia melanoxylon and Acacia mearnsii in CF and TS, The other species commonly occurring
in TS sample plots, though not specifically riparian, were Ehrharta ramosa ssp. ramosa and Pteridium
aquilinum.

Table 5.21 Dominant species frequencies at RonS per assemblage type designated using the
CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form _ Lifestage Assemblage type
WE (n*9)
Sedge Isolepis digitata &
Grass Paspalum wrvillei 88
Restio Calopsis pamiculata 75
Forb Laurembergia repens 75
Small tree Seedling Metrasideros angustifolia 75
Shrub Prionium serratum 75
Forb Vellereophyton dealbatum 75
Rush Juncus lomatophyllus 63
i IEN— Wimmerella arabidea 63
CF(n"3)
Restio Calopsis paviculata 100
Grass Paspalum urvilled 100
Sedge Isolepis digitata 100
Small tree Seecdling Metrosideros angustifolia 100
Forb Lawrembergia repens 100
Tree Sapling Acacia melanoxylon 100
Forb Vellereophyton dealbatum 100
Shrub Prionium serratum 67
Tree 2-5m Adult  Acecia mearnsii 67
Rush Juncus lomatophylius 67
Tree Scedling Acacia mearnsii 67
Forb Wimmerella arabidea 67
Small tree Sapling Metrasideros angustifolia 33
i DOT—— Elegiacapensis . .. .. 3.
TS (n-36)
Small tree Sapling Metrasideros angustifolia 66
Grass Ehrharta ramosa ssp. ramosa 66
Shrub Preridium aquilimum 438
Tree 2-5m Adult  Acecia mearnsii 4
o Flegia capensis 21

There had been successful recruitment of many of the typical riparian species, though a number of
common species were still missing: notably the shrub Erica caffra, the small trees Brabejum
stellatifolium, Brachylaena neriifolia and Morella serrata, and the shrub Diospyros glabra.  The
vegelation was seven years old. It is not known how destructive the initial clearing and follow ups
were to any indigenous species present at the time of clearing. If this section of river had once had
similar vegetation communities to Ron6, the invaded section downstream, Brabejum stellatifolium,
Brachylaena neriifolia and Diospyros glabra would have been present and Elegia capensis absent.
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Their absence in the post-clearing stand suggests they may have been destroyed during the felling
operation,

Witte River, site 4, foothill first cleared of Acacia mearnsii 1997

This site (Plate § & Appendix 5.7) was situated immediately downstream of the uncleared Wi3
(Section 5.3.4) so pre-clearing conditions were assumed to be similar, Witd was first cleared in 1997
with four follow up clearances and a wild fire in 2001, It is not known if the vegetation in the sample
grid was bumt in the fire. Photographs of the floodplain in 1998 (S. Steytler pers. com. 2006), after
the initial clearing, show many Brabejum stellatifolium adults coppicing after being felled during the
felling of the Acacia mearnsii. There were a number of mature riparian small trees present at the time
of sampling that must either have re-sprouted afier the fire in 2001 or not been bumt. Age of the
vegetation was thus taken to be between four and cight years, between the time of the first clearing
activities and the fire.

Using the CART model rules (Table 4.21) eight sample plots were assigned to WE, four to CF, 32 10
TS and none to OT (Table 5.22). Overall the biodiversity measures were similar 1o those recorded for
the reference condition. Species richness (50 m®) of 10.00 and (5 m’) for TS of 4.13, as opposed to
22.70 and 8.8 respectively (Table 5.23), were lower then the reference condition data; other measures
fell within the expected range. Though no woody alien species were present it seems inevitable that
this cleared patch will revert back to an invaded state should follow up clearing in the vicinity around
this site not take place again. The other areas of the floodplain adjoining this site had some scattered
Acacia mearnsii saplings 1-2 m in height amongst the other riparian species.

Table 5.22 Distribution of assemblage types at Witd as predicted by the CART model.

Flow —

A 14 C D
ol 1S | T8 TS s
g8, TS | TS TS TS
7 TS | TS s TS
o TS 1S 1S S
s|_ TS | T8 | TS S
a| TS s 1S s |
318 s 1S s |
2 TS 1S TS s
| | CF | C | CF
ol WE | WE WE | WE
A4 WE | WE WE WE

|
|

Apart from the high number and cover afforded by the expected species (Table 5.24) a number of
grasses (Poaccac) were prominent.  Merxmewliera cincia, recorded at one of the control sites (Wit2)
upstream, was particularly abundant. Pentameris distichophylla, recorded at the four Elands River
reference sites and all four Witte River sites (both in the Hawequas mountain range) was also present,
with another alien grass Briza maxima common in disturbed areas. It is unusual for grasses to
dominate to this extent in undisturbed riparian zones. As at RonS Calopsis paniculata and Diospyros
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glabra were abundant with another common riparian restio, Cannamois virgata and both Elegia
capensis and Erica caffra were absent. Three of the four small Riparian Scrub trees were present;
only Morella serrata was missing. There was no recruitment of Acacia from upstream or post-fire
from the seed bank even though individuals were present both up and downstream on both banks of
this cleared area.

Table 5,23

Table 5.24

Measures of biodiversity for the reference condition and for Witd, Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer
Transitional.

_ Auribute Reference Conditions Wit 4
— Sowm —
Equitability (H) 238023 2.00
Relative Diversity (J) 0.77 £ 0.06 0.72
Species Richness 2270+ 5.80 10.00
Sm*
Species richness: WE 6.1+42 33218
CF 91159 45221
TS 88+29 41418
or 199279 -
Average 97+7.7 1018

Dominant species frequencies at Witd per assemblage type designated using the
CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form __ Lifcstage Assemblage type .
WE (n §)
Restio Cannamols virgala §7
Shrub Prionium serratum 43
Grass Merxmuellera cincta 29
Shrub Diospyros glabra 14
Forb Todea barbara 14
Restio Calopsis paniculata 14
Rush Juncus lomatophilus 14
Smallwee Scedling _ Metrosideros angustifolia 14
CF (n-4)
Small tree Sapling Metrosideros angustifolia 75
Shrub Diospyras glabra S0
Restio Cannamois virgala S0
Grass Merxmuellera cincta S0
Restio Calopsis paniculata 25
Forb Todea barbara 25

Small tree 2-5m Adult  Metrosideros angustifolia 25
Small tree Scedling  Arachylaena neriifolia 25

I1S(n=32)
Shrub Diospros glabra 90
Grass Merxmucllera cincta 63

Small tree 2-5m Adult  Brabejum stellatifolium 30
Small tree 2-5m Adult  Metrasideros angustifolia 27

Restio Cannamois virgata 27
Grass Permtameris distichophpylla 23
Grass Pemaschistis pailida 20
CGirass Briza maxima 20
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Group C
Moalenaars River, site 1, foothill first cleared of Acacia mearnsii in 1994

This is the first of three cleared sites on the Molenaars River (Mol 1-3, Table 3.3). Mol2 was
designated undisturbed but grouped with these disturbed sites in the MDS ordination and CLUSTER
analyses unexpectedly (Figure 5.1) and so is considered here. The fourth Molenaars River site, Mold,
was uncleared and discussed in Section 5.3.3. There were thus four foothill sites (Plate 8) on the same
river at different stages of invasion or recovery. Moll (Appendix 5.8) was first cleared in 1994 and
has had regular follow up clearing (Table 4.1), the last being in October 2004 six months after
sampling was completed in April 2004 (Table 3.4). Acacia mearnsii stumps were cut and treated with
herbicide. Foliar spray of herbicide was applied to a secondary invasion of Rubus spp. (reported 1o be
R. fruticasus in the clearing history but this could not be confirmed by the herbarium) and Acacia
mearnsii seedlings. The age of the vegetation at the time of sampling was 10 years,

Using the CART model rules (Table 4.21) no samples plots were assigned 1o WE, eight to CF, 32 10
TS and none to OT (Table 5.25). Overall this area scored within the reference condition limits for all
measures of biodiversity (Table 5.26). Based on the species present and the calculated biodiversity
measures it could be said that this arca had recovered successfully following the clearing of Acacia
mearnsii. Though species present appear to be distributed normally and in sufficient numbers to
generate measures of biodiversity in line with the averages calculated for the reference conditions, the
maturity, density and height of the vegetation was not comparable to that seen at undisturbed areas
suggesting that ten years had been insufficient time for the vegetation to return to reference condition,
Further, the persistent presence of recruiting Acacia mearnsii individuals indicated that sustained
removal efforts were still needed. This was the disturbed site with the second oldest vegetation, the
oldest being SLP2 which first cleared in 1992 (discussed below in group D).

Table 5.25 Distribution of assemblage types at Moll as predicted by the CART model.

 Flow
D c B A
9o 18 | TS TS 15
8, TS TS TS 1S
7. TS TS TS 5 |
6 TS s TS s
5. TS s | TS s |
4 TS ™S | T8 | T8 |
318 | TS S | TS|
2| TS TS TS TS
1| _CF CF CF CF
0 CF CF CF CF

CF contained Isolepis prolifer and Pennisctum macrowrum found at reference sites in the same

position (Table 5.27). Pennisetum macrowrum and Platycawlos callistachyus were both not present at
the other disturbed sites discussed thus far, TS contained a mixture of typically Riparian Scrub and




Invaded and Cleared Riparian Zones

Afromontane Forest species with some scattered adult Acacia mearnsii trees.  Erica caffra and
Halleria elliptica, two species not found at the other disturbed sites thus far, were present. Morella
serrata was absent though the other three small riparian tree species were present,

Table 5.26 Measures of biodiversity for the reference condition and for Moll. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer
Transitional
Auribute Reference Conditions Mol |
- Som’
Fquitability (H) 238+ 023 273
Relative Diversity (J) 0.77 £ 0.06 0.78
Species Richness 2270 + 5.80 310
Sm"
Species nichness: WE 6.1+42 -
CF 9.1+£59 4449
TS $8+29 7.5+42
oT 199+79 -
Average 9777 6945
Table 5.27 Dominant species frequencies at Moll per assemblage type designated using the

CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form _ Lifestage e 3

WE (n-0)

CF (n~8)
Girass Pennisetum macrourum 100

Sedge Isolepus prolifer 100

TS (n=32)
Forb Pieridium aquilinum 48
Restio Calopsis pamiculata 45
Small tree Sapling Metrosideros angustifolia 41
Shrub Diospyros glabra 40
Small tree 2-5m Adult  Brabejum stellatifolium 35
Shrub Erica caffra 3s
Shrub Halleria elliptica 28
Restio Platycaulos callistachyus 28
Grass Pennisetum macrourum 28
Tree 2-5m Adult  Acacia mearnsii 24
Small tree 2-5m Adult  Metrosideros angustifolia 24
Small tree Seedling Metrosideros angustifolia 25
Small tree Sapling Brabejum stellatifolium 21
Small tree Seedling Brabejum stellatifolium 21

Molenaars River, site 2, foothill designated as undisturbed, history unknown

This site (Plate 8 & Appendix 5.9) was situated just upstream of the confluence with the Klip River
tributary in an area purported to be pristine by Boucher (1998). There was no evidence of previous
invasion (cut or burnt stumps) and few invader species were present.
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Using the CART model rules four sample plots were assigned to WE, four to CF, 23 1o TS and 17 w0
OT (Table 5.28). Measures of biodiversity all fell within the range expected of a reference condition
with only OT species richness (5 m’) of 4.1 falling outside of the expected 19.9 (Table 5.29). With the
exception of the few small invading species, this site showed few signs of disturbance, and had
vegetation that was noticeably more mature and dense than that at Mol) and more similar to that of
undisturbed sites.

Table 5.28 Distribution of assemblage types at Mol2 as predicted by the CART model

Flow —

A i C D
nl or T or TS oT
0 Or or 1s oT
9 OT or TS o1
g8 oOT or 1S | OoT |
7_OT or S | or
6, __oOr | or S | TS
s TS TS TS | TS
4 15 TS TS Ts
3 18 TS TS 15
2 TS TS TS TS
1 CF | CF CF CF
0, WE | WE WE | WE

Table 5.29 Measures of biodiversity for the reference condition and for Mol2. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
Attribute Reference Conditions Mol 2
50 m*
Equitability (H) 238+0.23 268
Relative Diversity (J) 0.77 £ 0.06 0.76
- Species Richness 22,70 + 5.80 28.00
— s m: —— ———
Species richness: WE 61242 15210
CF 9.1259 98222
1S §8:29 6048
or 199+79 41225
Average 9.727.7 52+4.1

OT contained very few species and was dominated by Preridium aquilinum and Rhus angustifolia,
interspersed between mature Brabejum stellatifolium trees. WE was typically a fringe of Isolepis
prolifer with seedlings of Brabejum stellatifolium (Table 5.30) and another riparian invader not yet
encountered; Paraserianthes lophantha (stinkbean). CF was dense and mostly contained Isolepis
prolifer, Pennisetum macrowrum and Juncus lomatophyllus with seedling and sapling Morella serrata
and Salix mucronata and the small riparian tree Freviinia lanceolata, all not encountered at any of the
disturbed sites discussed thus far. Seedling Acacia mearnsii were present as well as some Persicaria
lapathifolia, both alien species, as well as the common riparian shrub Prionium servatum. TS
contained a mixture of all the species found in both CF and OT though some individuals of the small
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riparian trees were larger, along with two restios Calopsis paniculata and Platycaulos callistachyus
and the shrub Diospyros glabra. Morella serrata was present in three life stages (seedling, sapling
and 2-5m adults) but the shrub Erica caffra was not recorded. Salix mucronata and Freylinia
lanceolata, both present on the Heks and Elands reference-condition rivers, were present.

Table 5.30 Dominant species frequencies at Mol2 per assemblage type designated using the
CART model. Tice lifc stage. scediing <0.3m, sapling = 0.3-2m. 0 = oumber of
sample plots. F = percemt frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form _ Lifesage Assemblage type ... F..
WE (n4)
Sedge Isolepis prolifer 100
Small tree Seedling RBrabejum stellatifolium 25
E . STY— Paraserianthes lophantha 25
CF (n-4)
Sedge Isolepis prolifer 100
Grass Pennisctum macrourum 100
Rush Juncus lomatophyilus 100
Small tree Sapling Morella serrata 75
Semall tree Sapling Salix mucronata 75
Tree Seedling Acacia mearnsii 75
Small tree Seedling Morella serrata 75
Small tree 2-5m Adult  Freylimia lanceolata 50
Forb Persicaria lapathifolia 50
Shrub Prionium serratum 50
Smalltree _ Seedling __ Salix mucromata . . . 30 .
TS (n=23)
Small tree Sapling Morella serrata 57
Small tree Sapling Metrosideros angustifolia 587
Rush Juncus lomatophylus 57
Small tree 2-5m Adult Rhwus angustifolia 50
Grass Pennisetum macrourum 50
Forb Preridivm aquilimim 43
Restio Calopsis pamculata 43
Restio Platycaulos callistachyus 29
Small tree Sapling Salix mucronata 29
Tree Seedling Acacia mearnsii 29
Small tree 2-5 Adult  Morella serrata 21
B — Diospyros glabra 21 .
OT (n=17)
Forb Preridium aguilinum 100
Semall tree 2-5m Adult  Rhus angustifolia 9
Shrub Diospyros glabra 41

Small tree 2-5m Adult _ Brabejum stellatifolium 18

Molenaars River, site 3, foothill first cleared of Acacia mearnsii in 1997

This site (Plate 8) is located between the anomalous Mol2 and the disturbed site Mold. Clearing of
Acacia mearnsii first ook place in 1997 with regular follow ups, the last in December 2004, The age
of the vegetation at the time of sampling was seven years. Alien trees were felled and cut stumps were
treated with herbicide while a foliar spray of herbicide was applied to recruiting alien seedlings. At
the time of sampling in April 2004 (Table 3.4) many of the re-sprouting small riparian tree stumps had
been felled during follow-up treatments and herbicide applied to the cut stumps. The felled
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indigenous wood was stacked with the Acacia mearnsii litter. There was evidence of stack burning
(large open spaces of sandy substrata with little vegetative growth and scattered bumt blackened
stumps) and generally the greater riparian area was disturbed, either burnt or covered in a stack of
hacked material.

Using the CART model rules (Table 4.21) six sample plots were assigned to WE, two to CF, 4510 TS
and 11 10 OT (Table 5.31). Surprisingly, the biodiversity measures fell within the ranges described for
the reference conditions (Table 5.32), other then for the lower OT species richness of 2.1 as opposed
to 19.9 for the reference condition. The wethank, particularly CF, was well vegetated and contained
many species recorded at a low frequency and therefore not shown in Table 5.32, which boosted the
measures of biodiversity. The dry bank (TS and OT) was less species rich and more disturbed due 1o
the clearing that had taken place. Despite the high scores for biodiversity this area remained disturbed
and requires sustained follow-up clearing by teams able to distinguish indigenous from alien species.

Table 5,31 Distribution of assemblage types at Mol3 as predicted by the CART model.

+ Flow
D c H A
as| ot 1S TS TS
12 or TS TS TS
1| or TS TS TS
| ot TS S 1S
9 oOr TS 1S TS
s, or | TS | TS TS |
7/ oOT TS TS TS
6| or | TS TS TS
s| or TS TS TS
4! TS TS TS TS
3| TS TS TS TS
2, TS | TS TS TS
1, CF | CF | WE  WE
0, WE | WE Wi WE

Due to the damaged nature and patchy distribution of the riparian plants many of the sample plots
contained few if any species. WE and CF (Table 5.33) were densely vegetated and contained many of
the species encountered upstream. Prionium serratum was more prominent then at the two upstream
sites and there were many seedlings of Salix mucronata. Juncus effusus, another rush not yet
encountered at any of the disturbed sites but quite common at some of the undisturbed arcas, was also
found in WE. Not all the species present are shown in the table, many more were scattered
infrequently amongst the sample plots (Appendix 5.10). The main species present in TS and OT were
the common small riparian trees Brabejum stellatifolium, Metrosideros angustifolia, Brachylaena
neriifolia and Morella serrata, all present in all three life stages (scedling, sapling and 2-Sm adults,
though not shown as such in Table 5.31). There were many seedling Acacia mearnsit recruiting from
the scedbank in TS and OT. Outside of the sample grid, further onto the right bank and into the
floodplain there were dense stands of Acacia mearnsii seedlings recruiting en masse.




Table 5.32

Table 533
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Measures of biodiversity for the reference condition and for Mol3. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer
Transitional.

" Attnibute Reference Conditions Mol 3
N m

Equitability (H) 238+023 266

Relative Diversity (J) 0.77 £ 0.06 0.79

Species Richness 2270 = 5.80 24.00

Sm* -

Species richness: WE 6.1+42 43+38
CF 9.1+£59 13535
TS 88+29 36228
orT 19979 21216
Average 97x7.7 37433

Dominant species frequencies at Mol3 per assemblage type designated using the
CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form  Lifestage  Asscmblagetypes -
WE (n"6)
Small tree Seedling Salix mucronata 86
Shrub Prionium serratum 71
Sedge Isolepis prolifer 57
Rush Juncus effusus 57
Small tree Sapling Salix mucronata 53
¥ TEEN—— Calopsis paniculata 3.
CF (n=2)
Sedge Isolepis prolifer 100
Small tree Sapling Morella serrata 100
Shrub Prionium serratum 100
Rush Juncus effusus 100
Rush Juncus lomatophyllus 100
Small tree Sapling Metrosideros angustifolia 100
I i ] Pennisctum macrowrum 100
TS (n=45)
Tree Seedling Acacia mearnsii 54
Small tree Sapling Brabejum stellatifolium 4]
Small tree Sapling Metrosideros angustifolia 33
Small tree Sapling Morella serrata 33
Small tree 2-5m Adult  Brabejum stellatifolium 21
Smaliwree  Sapling | Brachylaena neriifolia 15
OT (n=11)
Tree Seedling Acacia mearnsil 61
Small tree Sapling Brabefum stellatifolium 50
Small tree 2-5m Adult  Brabejum stellatifolium 25
Small tree Sapling Brachylaena neriifolia 25
Small ree Sapling Meirosideros angustifolia 25

158




Invaded and Cleared Riparian Zones

Group D
Sir Lowry's Pass River, site 1, mountain stream first cleared of Acacia mearnsii, Acacia longifolia and
dcacia saligna in 1992.

The two cleared sites on the Sir Lowry's Pass River (Plate 6, SLPI and SLP2) are situated 2 km
upstream of the invaded SLP3 discussed in Section 5.3.3: both are mountain stream sites whereas
SLP3 was located in the mountain stream (transitional) zone. Clearing first took place at SLPI
(Appendix 5.11) in 1992 when woody aliens were felled, stacked and bumt, and stumps were treated
with herbicide. Annual follow-up clearances, where seedlings are hand pulled, have taken place every
year since. The age of the sampled vegetation was 13 years.

Using the CART model rules (Table 4.21) four sample plots were assigned to WE, four to CF, 12 w0
TS and 12 10 OT (Table 5.34). The resulting biodiversity measures were higher then recorded for the
reference conditions except for the species richness (S m’) of OT and the average across the four
assemblage types, which both still fell within the range defining the reference condition (Table 5.35).
Amongst the riparian species, there were many patches of drier or rocky-habitat species that are
normally associated with other fynbos habitats. The river was heavily invaded upstream of this
uppermost site so a propagule supply was presumably limited.

Table .34 Distribution of assemblage types at SLP1 as predicted by the CART model.

Flow —
A B C D
7[ or or or oT
6| or or or oT
s oT or or | or |
4| TS TS TS TS
3|_TS s S TS
20 TS TS TS 1S
1 CF CF CF CF
0__ WE WE WE WE

Table 535 Measures of biodiversity for the reference condition and for SLP1. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
Aunbute Reference Conditions SLP
7‘7_ SOm’ . o

Equitability (H) 2382023 302

Relative Diversity (J) 0.77 2 0.06 0.80

Species Richness 22.70 = 5.30 41.00

Sm’

Species richness: WE 6142 95+29
CF 91+59 163+57
18 88:29 113226
orT 199:79 8020

- Average 97+77 105+39
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The wet bank (WE and CF) contained many of the expected sedges and shrubs found at many of the
undisturbed sites. Two alien species, the grass Paspalum wrvillei and the forb Taraxacum officinale
were found in WE and CF respectively at a higher occurrence then recorded for the reference sites
(Table 5.36). A new species of sedge Neesenbeckia punctoria was recorded, while there were few
small riparian tree species other then the less common Freylinia lanceolata. The two woody elements
of the dry bank were the small riparian tree Brabejum stellatifolium and Acacia longifolia, the latter

Table 5.36 Dominant species frequencies at SLP1 per assemblage type designated using the
CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form __ Lifestage Assemblage type F...
WE (n=4)
Shrub Priomium serratum 100
Sedge Neesenbeckia punctoria 67
Sedge Isolepis prolifer 67
Sedge Carpha glomeraia 67
Shrub Oftia africana 67
Shrub Helichrysum cymosum 67
Grass Paspalum urvillei 67
Shrub Berzelia lanuginosa 67
Rush Juncus capensis 67
CF (n~4)
Shrub Priomium serratum 100
Sedge Carpha glomeraia 100
Shrub Berzelia lanuginosa 75
Sedge Neesenbeckia punctoria 75
Small shrub  Sapling Freylinia lanceclata 75
Shrub Helichrysum cymosum 75
N P R— Taraxacum officinale 5.
TS (n=12)
Forb Preridium aguilimem 82
Grass Ehrharta setacea 73
Small tree Sapling Brabefum stellatifolium 64
Forb Taraxacum officinale 64
Shrub Berzelia lanuginosa 55
Sedge Ficina nigrescens 45
Shrub Prionium serratum 45
Restio Ischyrolepis subverticillata 45
" T Sapling Acacia longifolia 4.
OT (n~12)
Forb Preridium aquilimim 100
Forb Taraxacum officinale 80
Small tree 2-5m Adult  Brabejum stellatifolium 50
Grass Ehrharta ramosa 50
Restio Ischyrolepis subverticillata 40
Tree Sapling Acacia longifolia 40

only present as seedlings or saplings. Apart from these, the riparian flora remained generally
herbaceous and shrubby, more like that associated with seepage vegetation then riparian zones. The
forbs Pteridium aguilinum and Taraxacum officinale (an alien species) dominated TS and OT with
two other grass species Ehrharta setacea and Ehrharta ramosa.
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Full restoration towards a reference condition state is unlikely to occur soon in the absence of a re-
vegetation strategy or seeding programme. The neighbouring two rivers, the Lourens and the Eerste,
which arise from the same source region and have pristine mountain stream reaches, present the best
opportunity for reference condition data and a source of seed for a re-vegetation programme.

Sir Lowry’s Pass River, site 2. mountain stream first cleared of Acacia mearnsii, Acacia longifolia and
Acacia saligna in 2002

SLP2 (Plate 6 & Appendix 5.12) was situated 10.0m downstream of SLPI and was first cleared ten
years later than SLP1, so was three years post-clearing recovery at the time of sampling.

Using the CART model (Table 4.21) four sample plots were assigned WE, four CF, 12 TS and OT
(Table 5.37). All biodiversity measures fell within the ranges defining the reference condition except
for OT species richness (5m’) of 7.6 as opposed 10 19.9 (Table 5.38). Though these measures of
biodiversity indicate a speciose riparian area the species present were not indicative of natural riparian
vegetation as there were many more terrestrial species present and few Riparian Scrub indicator
species (Table 4.5). Presumably in seven years time the vegetation will resemble that of upstream
with less fynbos and more Riparian Scrub elements present.

Table 5.37 Distribution of assemblage types at SLP2 as predicted by the CART model.

Flow —
A B C D
7 oT or orT or
6 or or orT or
s or or or oT
4 TS TS TS 1S
3 TS TS TS TS
2 s TS TS TS
1 CF CF CF CF
0 WE WE WE WE

Many of the same species recorded upstream at SLP1 were also found here. Noticeably different was
the lower frequency of small Riparian Scrub trees, present only as seedlings in WE and saplings in TS,
the absence of Prionium serratum from the wet bank WE and CF, and the lack of dominance by
Preridium aguilinum in TS and OT: two alien species, Taraxacum officinale and Briza maxima were
recorded in its place (Table 5.39). Generally terrestrial fynbos shrubs, grasses and forbs dominated the
arca with recruitment of Acacia mearnsii and Acacia longifolia scedlings taking place in TS and OT
respectively. The dry bank was distinctly fynbos in character and did not appear to resemble Riparian
Scrub apan from a few scattered individuals of Calopsis pamiculata, Carpha glomerata and Brabejum
stellatifolium,

Silvermine River, site I, mountain stream first cleared of Pinus radigta in 2000

The Silvermine River is a small river that arises on the Steenberg plateau on Table Mountain, flows
alongside Ou Kaapse Weg and empties into False Bay at Fish Hoek. Sill (Plate 9B & Appendix 5.13)
was located in the mountain stream in an arca previously afforested with Pinus radiata until a wild
fire.
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Table 5.38 Measures of biodiversity for the reference condition and for SLP2. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer
Transitional.
Attribute Reference Conditions SLP2
S0 m* -
Equitability (H) 238+£023 278
Relative Divasity (5 8.77 L0.56 [ H
Species Richness 22.70 + 5.80 29.00
Sm*
Species nchness: WE 6.1+42 58229
CF 9.1+£59 8330
s 88229 93225
oT 199¢79 76223
Average 97277 8.1x2.7
Table 539 Dominant species frequencies at SLP2 per assemblage type designated using the

CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form _ Lifc stage  Assemblagetype  F

WE (n-4)
Sedge Isolepis prolifer 100
Rush Juncus capensis 100
Forb Taraxacum officinale 75
Restio Platycawlus compressus 50
Small ree __ Seedling __ Hrabejum stellatifolium S0
CF(n4)
Shrub Berzelia lanuginosa 100
Sedge Carpha glomerata 75
Scdge Isolepis prolifer 75
Forb Taraxacum officinale 75
Restio Calopsis paniculata 75
Shrub Stoebe plumaosa 50
Rush Juncus capensis 50
Grass Pentaschistis barbata 50
FO e Blechmum capense 50...
TS (n=12)
Forb Taraxacum officinale 83
Girass Briza maxima 75
Grass FEhrharta setacea 67
Grass Pemaschistis barbata 67
Shrub Stoebe plumosa 67
Restio Calopsis paniculata 50
Small tree Sapling Brabejum stellatifolium 42
Sedge Carpha glomerata 42
L ——— Seedling _ Acacia mearnsii . a2
OT(n=12)
Forb Taraxacum officinale 100
Girass Briza maxima X2
Girass Pemtaschistis barbata 73
Shrub Athanasia trifurcata 64
Shrub Asparagus rubicundus 55
Grass Paspalum urvillei 46
Tree Seedling  Acacia longifolia 46
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bumt most of the vegetation in 2000, The few remaining pines were felled and removed and
recruiting seedlings were hand-pulled in successive follow-up treatments. The vegetation was five
years old at the time of sampling.

Using the CART model rules (Table 4.21) five sample plots were assigned 10 WE, three to CF, 36 to
TS and none to OT (Table 5.40). The measures of biodiversity measured at the 5 Om’ scale (Table
5.41) all fell within or were slightly higher then the reference condition data. Species richness (S m’)
for WE was below the reference condition, whereas the other assemblage types fell within the
reference range. This area appeared to have recovered well from the fire and the subsequent alien
removal. Without any intervention other than alien clearance the site was on a trajectory towards a
forest canopy beneath which forest-adapted understorey species were already present.  Though not
present in the sample grid, one or two isolated Pinus radiata seedlings were present in the general
vicinity.

Table 5.40 Distribution of assemblage types at Sill as predicted by the CART model.

Flow

A B C D
10 S 1S TS s
9 TS 1S TS TS
8 TS TS TS TS

7 TS TS ™S | T8 |
6, TS 15 LE S
5 TS TS TS TS

4 T8 TS TS s
3 s 1S TS TS
2 TS TS TS TS

1 CF CF CF WE
0 WE WE WE WE

Table 5.41 Measures of biodiversity: reference condition and recorded for Sill. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
Attribute Reference Conditions Sil |
-_ - '_ b N .
Equitability (H) 238£023 2.86
Relative Diversity (J) 077 = 0.06 087
Species Richness 22.70 = 5.80 24.00
Sm’
Species richness: WE 61242 13210
CF 9.1+59 50+32
TS 58229 7425
(8]} 199+79 -
Average 97277 = 67+3.]

There were few alien species present although two, the forb Taraxacum officinale and the grass Briza
maxima, dominated TS (Table 5.42). WE and CF were similar in that they had high occurrences of
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the riparian forb Todea barbara and the sedge Isolepis prolifer. Seedling Cunonia capensis, a riparian
forest species, was also found in CF in all life stages, as were two common rushes Juncus capensis and
Juncus ¢ffusus. Another riparian forb Histiopteris incisa and the grass Ehrharta setacea were less
common in the wet bank. Virgilia oroboides dominated the canopy of TS as well as being abundantly
present as seedlings, along with Cunonia capensis and another forest species Maytenus acuminata.

Table 5.42 Dominant species frequencies at Sill per assemblage type designated using the
CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percemt frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

WE (n-5)
Forb Todea barbara 100
Sedge Isolepis prolifer 75
Forb Lawrembergia repens 25
Forb Histiopieris incisa 25
Rush Juncus effusus 25
Rush Juncus capensis 25
. — Scedling Cuwnonia capensis 25
CF (n=3)

Forb Todea barbara 67
Sedge Isolepis prolifer 67
Shrub Berzelia lamuginosa 67
Tree 2-5m Adult  Cunonia capensis 33
Rush Juncus effusus 33
Grass Ehrharia setacea 33
Forb Histiopueris incisa i3
Tree Sapling Cunonia capensis i3
Tree Seedling Cunonia capensis 33
Smallwee  Seedling __ Maytenus acuminata

TS (n=36)
Forb Taraxacum officinale 85
Grass Briza maxima 52
Tree Seedling Cunonia capensis 45
Tree Seedling Virgulia oroboides 42
Tree 2-5m Adult  Virgilia oroboides 19
Tree 5-10m Adult Virgilia oroboides 9
Shrub Indigofera fillifolia i3
Small tree Seedling Maytenus acuminata 33
Sedge Isolepis ludwigii 30

Silvermine River, site 2, first cleared of Acacia saligna, in 2000

Sil2 (Plate 9B & Appendix 5.14) was situated 2.5 km downstream of Sill in the mountain stream
(transitional) zone of the river. It was in a wider valley infested with large and dense Acacia saligna
that was also bumnt to the ground in the wild fire of 2000. The vegetation was five years old at the
time of sampling and was quite different to that found upstream at Sill.

Using the CART model rules (Table 4.21) one sample plot was assigned to WE, three 10 CF, 1210 TS
and 48 10 OT (Table 5.43). The resulting measures of biodiversity (Table 5.44) were equivalent 1o the
reference condition data for those at the 50 m” level and for all measures of species richness at 5§ m’
excepting that for OT which was lower — 5.9 as opposed 10 19.9.
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Table 5.43 Distribution of assemblage types at Sil2 as predicted by the CART model

Flow
A B C D
6! o1 or or or
15 o1 o1 or or |
14 OT or or or
135 OT or or or |
12 or or or o1
] or or or oT
o OT or or o1
9  OT or or o1
% or or or | o7
7/ or o1 or or
6 OT oT or or
5 oT oT oT or
4 TS TS TS TS
3 TS TS TS TS
2 TS TS TS TS
1 CF CF CF WE

Table 5.44 Mecasures of biodiversity for the reference condition and for Sil2. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional,
Attribute Reference Conditions Sil 2
S0m’
Equitability (H) 2381023 239
Relative Diversity (J) 0.77 £ 0.06 0.78
Species Richness 22.70 £ 5.80 21.00
Sm’ A -
Species nchness: WE 6.1+42 5000
CF 9.1%59 77206
TS 83+29 87425
orT 199+£79 59+33
Average 97%17.7 65%32

Many typically riparian species of sedges, forbs and shrubs were present mixed in with other fynbos
shrubs and grasses (Table 5.45). Common riparian species included Lawrembergia repens and
Isolepis prolifer, more prominent in the wet bank (WE and CF), and larger species such as Psoralea
pinnata, Carpha glomerata and Berzelia lanuginosa, more prominent in TS. The latter two species
were also prominent in OT. Other dominants not typically riparian were the alien Paspalum dilatatum
and non-alien Ehrharta setacea grasses, dominant in CF and OT, and Erharta ramosa subsp. aphylla
and Ehrharta setacea both dominant in TS, Noticeably lacking were the forest trees or small Riparian
Scrub trees, either of which normally constitute a large proportion of the wet and dry banks.

Though the measures of biodiversity (Table 5.44) appear to indicate a healthy riparian zone they are
misleading. Though speciose, this riparian zone is missing vital elements of the upper canopy, the
small tree and other tree species, as well as the larger restios and riparian shrubs (Table 4.22). This
section of river, which once ran through a farm with livestock on non-indigenous pasture, would
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benefit from a revegetation strategy in order 10 re-establish the shrub and small ree/forest species. It
is not certain which species would be most appropriate for the site as there were no Afromontane
Forest of Riparian Scrub species present to indicate its likely former nature. Though forest specics
occur upstream, this does not necessarily mean they would have naturally occurred at this site.

Table 5.45 Dominant species frequencies at Sil2 as per assemblage type designated using the
CART model. Tree life stage: scedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form _ Lifestage _ Assemblagetype A
WE (n=1)
Sedge Isolepis prolifer 100
Forb Laurembergia repens 100
Sedge Juncus capensis 100
Shrub Psoralea pinnata 100
Sedge ... Caphaglomeraa 100
CF (n+3)
Forb Laurembergia repens 100
Grass Ehrharta setacea 100
Shrub Psoralea pinnata 100
Forb Histiopteris incisa 100
Grass Paspalum dilatatum 100
Sedge Carpha glomerata 50
Sedge Isolepis prolifer 50
Shrub Helichrysum cymosum 50
Shrub Berzeha lanuginosa 50
Restio ... Playcaulus compressus 30 .
TS (n=12)
Sedge Carpha glomerata 100
Grass Ehrharta setacea 92
Shrub Psoralea pinnata 92
Shrub Berzelia lanuginosa 67
Sedge Fuirena hirswia 58
Shrub Helichrysum cymosum 50
Grass . .............Ehrharta ramosa subsp. aphylla 50
OT (n=48)
Sedge Carpha glomerata 69
Shrub Helichrysum cymosum 66
Girass Ehrharta setacea s1
Shrub Berzelia lanuginosa 43
Forb Laurembergia repens 43
Girass Paspalum dilatatum 43

Assegaaibos River, site 1, mountain stream (transitional) first cleared of Pinus radiata in 2002

The Assegaaibos River (Plate 7A) is one of the source tributaries of the Berg River, arising on the
Franschockberge. The entire surrounding catchment was afforested with Pimus radiata but
subsequently cleared. Ass] (Appendix 5.15) was the upper most of three sites on this short section of
river. It was first cleared in 2002, with the woody aliens felled and removed; the area was not burnt.

Using the CART model rules (Table 4.21) two sample plots were assigned 1o WE, six to CF, 2810 TS
and none to OT (Table 5.46). The resulting biodiversity measures (Table 5.47) at the 50 m® scale were
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all larger then the defining reference condition data as was species richness (5 m®) for TS while that
for CF was within the defining limits,

Table 5.46 Distribution of assemblage types at Assl as predicted by the CART model.

Flow —

A H e D
] S | TS S TS
? TS 15 TS TS
6 TS TS TS TS
5 TS 1S TS TS
al TS| TS TS TS
3 TS 1S TS TS
2 TS TS TS TS
[ CF | CF CF CF
0 CF | WE WE CF

Table 5.47 Measures of biodiversity for the reference condition and for Assl, Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
- Attribute Reference Conditions Ass |
T ' -
Equitability (H) 2381023 39
Relative Diversity (J) 0.77 + 0.06 0.84
Species Richness 2270 £ 5.%0 47.00
Sm*

Species richness: WE 6.1+42 0000
CF 9.1259 64+47
TS §8:29 109z:4)
oT 199+79 -

This site was well vegetated generally with a mix of both forest and scrub species (Table 5.48). The
sedge Isolepis prolifer, rush Juncus effusus and alien grass Paspalum wrvillei dominated CF. There
were smaller occurrences of the alien forb Taraxacum officinale and the non-riparian grass Agrostis
lachnantha and shrub Helichrysum odoratissimum. Brabejum stellatifolium sapling and adult small
riparian trees were present, as were sapling Acacia longifolia in the wet bank as a result of a secondary
invasion by this species. TS had the same three alien species as CF but no sedges and rushes.

As at the Silvermine River sites (discussed above) there were adult and sapling Virgilia oroboides. In
addition there were sapling Rapanea melanophioeos (forest), Brabejum srellatifolium (scrub) and
Acacia longifolia (woody alien). This abundance of species presents a confusing picture as many of
the species present are not specifically riparian. This was similar 1o that found at Sil2, on the
Silvermine River in the area cleared of Acacia saligna, where a mix of forest, fynbos and riparian
species were found all together.
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Table 5.48 Dominant species frequencies at Assl per assemblage type designated using the
CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form _ Lifestage Assemblagetype  F
WE (n+2)
CF (n=6)
Sedge Isolepis prolifer 67
Grass Paspalum urvillei 50
Forb Taraxacum officinale 50
Rush Juncus effusus 50
Sedge Juncus lomatophyllus 33
Girass Agrostis lachnantha i3
Shrub Helichrysum odoratissimum 33
Tree Sapling  Acacia longifolia 33
TS (n=28)
Forb Taraxacum officinale 68
Tree 2-5m Adult Virgilia oroboides 56
Tree Sapling Rapanea melanophloeos 52
Grass Paspalum urvillei 48
Tree Sapling Virgilia oroboides a4
Restio Ischyrolepis subverticillata 40
Tree Sapling Acacia longifolia 40
Small tree Sapling Brabejum stellatifolium 36
Shrub Helichrysum cymosum 36

Assegaaibos River, site 2, mountain stream (transitional) first cleared of Pinus radiata 2000

Ass2 (Plate 7A & Appendix 5.16) was situated 200 m downstream of Assl, also in an area formerly
afforested with Pinus radiata. The pines were felled in 2000 and removed, with no burning taking
place. There were no subsequent follow-up clearing activities and as a result there was a secondary
invasion by Acacia mearnsii and Acacia longifolia. At the time of sampling the vegetation was four
years old.

Using the CART model rules (Table 4.21) one sample plot was assigned to WE, three to CF, 36 to TS
and none to OT (Table 5.49). The measures of biodiversity (Table 5.50) generally fell within the
range expected for most indices. Relative diversity was slightly lower then expected - 0.67 compared
to 0.77 and species richness (50 m’) was slightly higher: 29.00 species as opposed to 22.70.

There was a densely vegetated WE and CF mainly consisting of the sedge Isolepis prolifer; the rushes
Juncus lomatophyllus, Juncus capensis. Juncus effusus and Juncus exsertus; the small shrub
Helichyrsum odoratissimum, the grass Agrostis lachnantha and the two alien species found at the
Silvermine River and Sir Lowry’s Pass River sites: Taraxacum officinale, a forb, and Paspalum
wrvillei, a grass (Table 5.51). There were also sapling Acacia longifolia in CF with seedling Cunonia
capensis. 1S contained the three alien species already mentioned as well as the forest trees Virgilia
oroboides and Rapanea melanophloeos and the small Riparian Scrub tree Brabejum stellatifolium.
Though the alien species were a prominent part of the canopy, the other riparian and forest species
were still flourishing. Non-woody species were also abundant and only two alien herbaceous species
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were present. This area was cleared soon after the sampling visit and the same sample grid was
sampled one year later as Ass3.

Table 5.49 Distribution of assemblage types at Ass2 as predicted by the CART model.

Flow —

A B C D
w/ TS TS TS TS
9 TS TS TS TS
s 1S TS TS TS
7 TS TS TS TS
6 TS S TS TS
5 TS 1S TS TS
4 TS s 1S Ts
3 TS TS TS TS
2 TS TS TS TS|
1|_CF CF_| WE_ CF__ |

Table 5.50 Measures of biodiversity for the reference condition and for Ass2. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional.
Attribute Reference Conditions  Ass 2
SOm*
Equitability (H) 238+0.23 224
Relative Diversity (J) 0.77 £ 0.06 067
" Species Richness 2270+ 580 29.00
Sm
Specics richness: WE 6.1142 90200
CF 9.1259 90+30
T8 88129 7.1£30
oT 199+79 -
Average 971277 73230

Assegaaibos River, site 3, mowntain stream (transitional) first cleared of Acacia longifolia and Acacia
mearnsii 2004

Ass3 (Plate 7A & Appendix 5.17) and Ass2 represent the only BACI (Before-After, Control-Impact:
Stewart-Oaten et al., 1986) set of sample grids successfully employed during this project. Ass2
(discussed above) was cleared of Acacia mearnsii and Acacia longifolia one year before it was re-
sampled as Ass3. The woody aliens were felled, stacked and burnt in 2004,

Using the CART model rules (Table 4.21) five sample plots were assigned to WE, three 1o CF, 36 10
TS and none to OT (Table 5.52). Additional samples were collected closer to the channel in this
second survey as new wet bank vegetation extended into the channel (sample plots 0A-0D, Table
5.52). The resulting biodiversity measures were cither within the limits defining the reference
conditions or were higher (Table 5.53). Measures that were higher were species richness (5 Om?) -
36.00 as opposed 10 22.70 and TS species richness (5 m*) - 17.0 as opposed to 8.8. Similar high
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measures of species richness were recorded at Ass! on this river and at the two cleared sites on the Sir
Lowry's Pass River,

Table 5.51 Dominant species frequencies at Ass2 per assemblage type designated using the
CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

Growth form _ Lifestage Assemblage type | .
WE (n~1)
Sedge Isolepis prolifer 100
Rush Juncus lomasophyiius 100
Forb Taraxacum officinale 100
Grass Paspalum urvillei 100
Rush Juncus capensis 100
Grass Agrastis lachnantha 100
Shrub Helichrysum odoratissimum 100
Rush Juncus exsertus 100
Grass .. Digitariadebilis 100
CF (n"3)
Grass Paspalum urvillei 100
Rush Juncus lomatophylius 100
Forb Taraxacum officinale 100
Grass Agrostis lachnantha 100
Sedge Isolepis prolifer 100
Shrub Helichrysum odoratissimum 100
Tree Sapling Acacia longifolia 100
Rush Juncus effusus 100
Rush Juncus capensis 50
Rush Juncus exsertus 50
Forb Solanum nigrum 50
Sedge Carpha glomerata 50
b N Seedling _ Cuwmoniacapensis 0.
TS (n=36)
Forb Taraxacum officinale 68
Tree 2-5m Adult  Viegilia oroboides 56
Tree Sapling Rapanea melanophioeos 52
Grass Paspalum urvilled 48
Tree Sapling Virgilia oroboides 44
Restio Ischyrolepis subverticillata 40
Tree Sapling Acacla 40
Small tree Sapling Brabejum stellatifolium 36
Shrub Helichrysum cymosum 36

Many of the same species persisted in WE and CF after the fire, presumably regenerating from the
seed bank. The most notable changes took place in TS where the forest and Riparian Scrub species
were cither killed in the fire or were felled and removed along with the woody aliens. The only tree
species 1o regenerate after the fire was Acacia longifolia (Table 5.54). Many new species not present
before the fire included the shrubs Sroehe cinerea, Ursinia paleacea, Hippia frutescens; the forbs
Nemesia diffusa, Pseudognaphalium undulatum, Conyza canadensis, Phytolacca americana, the latter
two being alien species; and the grass Ehrharta ramosa and the ripanian restio Calopsis paniculata
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The presence of these alien and non-riparian species might be typical of riparia in the first year
following clearing, or some other disturbance event such as flooding or fire. Presumably successful
recruitment of typically riparian species follows this initial *pioneer’ phase.

Table 552  Distribution of assemblage types at Ass3 as predicted by the CART model.

Flow —
A B _____C D_
o[ T T 1 [ Tt [ 15 |
9, TS 1S TS TS
8, TS 15 TS 1S
71 18 | TS TS TS
6 TS 1S 1S TS
s| TS TS 1S T8
1 TS TS 1S | TS
3| TS TS s 15
2 TS s L.
1 CF CF WE CF |
0| WE WE WE | WE

Table 5.53 Measures of biodiversity for the reference condition and for Ass3. Assemblage
types: WE = Wet Edge, CF = Channel Fringe, TS = Tree Shrub and OT = Outer

Transitional,
- Attribute B Reference Conditions Ass 3
SOm’ o
Equitability (H) 238+023 27
Relative Diversity (J) 0.77 £ 0.06 0.76
) i Species Richness 22,70 = 5.80 36.00
Sm*
Species richness: WE 6.1+42 44+ 15
CF 91+59 63+25§
s 88129 170+48
oT 199+79 -
Average 874 2.7 148+64

54  SUMMARY OF THE IMPACTS OF INVADING ALIEN TREES

The data presented above were used to summarise the impact of woody alien plants on natural riparian
vegetation communities. In all analyses presented, the study sites were grouped according to the
patterns shown by the CLUSTER analysis (Figure 4.1) and MDS ordinations (Figure 4.2). The status
of the groups/sites may be summarised as:

Fi — Riparian Scrub sis
1. Reference sites (Group A): close to natural riparian communities, with no known history of
alien invasion and clearance;

Group B sites: presently uncleared and heavily invaded with Acacia mearnsii (3 sites) or
invaded with Acacia mearnsii and cleared seven 10 eight years ago (2 sites);

o
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3. Group C sites: previously invaded with Acacia mearnsii and cleared seven to ten years ago (2 |
sites), plus an anomalous site with unknown invasion history; '

4. Group D sites: previously invaded with Acacia mearnsii, Acacia saligna. Acacia longifolia
and Pinus pinaster and cleared three or 13 years ago (2 sites), plus previously invaded with
Pinus pinaster or Acacia saligna and cleared five years ago (2 sites);

5. Group E sites: previously invaded with Pinus pinaster (2 sites), or Acacia longifolia and
Acacia mearnsii (1 site); all cleared one to four years ago.

6. SLP3: a single outlier to groups A through E, this site was heavily invaded with the yellow

gum Eucalyptus leucoxylon;

SUPCT-RIOUD — AITOMOnLan eSS Of) Sl LILTALAIT

Group 3 sites: close 1o natural Afromontane Forest communities approximately 60 years old
(2 sites: Disl and Dis2), plus an outlier, Cec1, heavily invaded with the grey poplar Populus X
canescens.

Table 5.54 Dominant species frequencies at Ass3 per assemblage type designated using the
CART model. Tree life stage: seedling <0.3m, sapling = 0.3-2m. n = number of
sample plots. F = percent frequency of occurrence in sample plots assigned to that
assemblage type. Bold = alien species.

_Growth form _ Lifestage  Assemblagetype .
WE (n=5)
Sedge Isolepis prolifer 100
Rush Juncus lomatophyiius 100
Forb Taraxacum officinale 80
Rush Juncus exsertus 60
Grass Paspalum urvillei 40
Rush Juncus capensis 20
Grass Agrostis lachnantha 20
. —— Vellereophyton dealbatum 20
CF (n-3)
Rush Juncus lomatophyllus 100
Sedge Isolepis prolifer 100
Grass Paspalum urvillei 100
Rush Juncus exsertus 67
. PR Taraxacum officinale 67
TS (n=36)
Grass Paspalum urvillei 100
Shrub Stoebe cinerea 86
Forb Conyza canadensis 86
Forb Nemesia diffusa 83
Rush Juncus capensis 77
Grass Digitaria sanguinalis 74
Forb Pseudognaphalium undulatum 74
Shrub Ursinia paleacea 66
Shrub Hippia frutescens 60
Forb Phytolacca americana 57
Grass Ehrharia ramosa 54
Rush Juncus effusus 51
Restio Calopsis paniculata 4t
Tree Seedling  Acacia longifolia 46
Rush ~ Juncus lomatophyllus 40
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Most of the sites in the study (Groups A through E) supported Riparian Scrub communities (Table 4.5)
and thus these were the focus of this report.  Two sites supported near-natural Afromontane Forest
communitics, as shown by the presence of different indicator species (Table 4.5), and could be used to
provide a first definition of the reference condition against which the only other Afromontane site, the
invaded Cecl, was compared. Findings for this small group are summarised first, followed by those .
for the Riparian Scrub sites.

5.4.1 Afromontane Forest communities (Group 3)

Since there were only three Afromontane sites the full suite of analyses seemed premature, and instead
the three main biological attributes assessed for the Riparian Scrub sites are briefly summarised in this
section. The three sites are also listed in the summary tables at the end of this chapter, but are not
referred to again.

Growth forms

As previously, the Riparian Scrub small tree species (Figure 4.33) were represented by the three
growth forms *small treel to small tree3’. The other category of ‘small tree” was for other species not
specifically restricted to Riparian Scrub (Appendix 3.2). Large tree species were indicated by ‘treel to
treed’.

No small Riparian Scrub tree species were recorded at these three sites (Figure 5.2). Seedlings of
large forest trees were present in the undisturbed WE but were absent at the disturbed site. The CF of
both reference and disturbed sites contained a similar distribution of sedges, shrubs, forbs, scedlings
and saplings, but the disturbed sites lacked rushes, grasses and adult trees.

The TS assemblage type differed most between undisturbed and disturbed sites. The latter had a far
higher frequency of sedges, shrubs, grasses, forbs and all life stages of large trees, and lacked the
rushes, restios and small shrubs of the reference sites. Whilst the large trees present at the reference
sites were all indigenous Afromontane species those at the disturbed site were not. Instead, the alien
Populus X canescens provided mature trees and the forest canopy, with a mixture of alien and
indigenous seedlings and saplings in the understorey.

The CART model did not recognize an OT assemblage type at the disturbed site (Table 5.7), and so
there were no data 10 compare with the reference growth forms.

Indicator species

The disturbed and undisturbed arcas shared six indigenous dominant species (Table 5.55).
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Distribution of growth forms in all four assemblage types for the disturbed and
reference Afromontane Forest sites. REF ~ two Disa River sites (Dis] & Disl, site
codes as per Table 3.2).

Though there was an overwhelming presence of Populus X canescens at Cecl, this did not show up
well in the analysis as only trees rooted in the sample plots were scored. Fewer typically Afromontane
species (Table 4.5) were dominant members of the canopy at Cecl, when compared to the two Disa
River sites: three compared to nine, Perhaps the six species that were missing from the Populus X
canescens invaded site (Cecl; Virgilia oroboides, Hex mitis, Halleria lucida. Podocarpus sp.,
Secamone alpinii and Maytenus acuminata) are more sensitive to the presence of Popudus X canescens
than the other three species also present at both undisturbed forest sites (Dis] and 2; Kiggelaria
africana, Cunonia capensis and Rapanea melanaphlocos). With so few replicate forest sites it was not
possible to test this hypothesis further.
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Table 5.55 Dominant species at two undisturbed and one disturbed Afromontane Forest
sites. Asterisked (*) species are typically Afromontane (Taylor 1978, Campbell
1987). Bolded species indicate cosmopolitan families (Table 4.3). Shaded species are
present in both undisturbed and disturbed groups.
Disa River (n=2) F Cecelia River (n=1) ¥
Asparugaccac  Asparagus scandens 100 Podocarpaceac  Afrocarpus falcatus 100
Blechnaccae  Blechrnum capense 100 Asparagaccac  Asparagus scandens 100
Poaceae Fhrharta erecta 100 Blechnaceae  Blechnum capense 100
Myrsincaceac  Rapanea melanophloeos® 100 Cyperuceac  Carpha glomerata 100
Juncaceae Juncus effusus 100 Ebenaceae Diospyros glabra 100
Dennstacdtiaceae  Histiopteris incisa 100 Salicaccac  Populus X canescens 100
Cunoniaceac  Cunonia capensis® 100 Kiggelariaceae Kiggelaria africana® 100
Osmundaceae  Todea barbara 100 Rubiaceae  Canthium vemiosum 100
Rubiaceae  Canthium vemtosum 100 Ebenaceac  Diospyros whyteana 100
Blechnaceae  Blechmum punctulatum 100 Amaranthaceae  Achyranthes sicula 100
Ebenaceac  Diospyros whyteana 100 “elestraceae  Cassine peragua 100
Fabaccae Virgilia oroboides* 100 Fabaceae Acacia melanaxylon 100
Kiggelanaceae  Kiggelaria africana® 100 Cunoniaceae  Cunonia capensis® 100
Aquifoliaccac  flex mitis*® 100 Myrsinaceac  Rapanea melanophlocos® 100
Scrophulariaccac  Halleria lucida® 100 Osmundaceae Todea barbara 100
Podocarpaceae  Podocarpus sp * 50 Polypodiaceae  Pleopeltis macrocarpa 100
Apocynaccac  Secamone alpinii® 50 Flacourtiaceae  Scolopia mundii 100
Dennstaedtiacene  Preridium aguilinum S0 Aspleniaccac  Asplenium acthiopicum 100
Celestraceae  Maytenus acuminata® S0 Araceac  Zamiedeschia aethiopica 100
Biodiversity indices
Although the measures of biodiversity were not appreciably different between the undisturbed and
disturbed sites, the latter did support fewer species (Table 5.56). The values shown are in line with
those described for the Riparian Scrub reference condition below.

Table 556  Measures of biodiversity (50 m’) for two undisturbed and ome disturbed
Afromontane Forest sites. Sites codes as per Table 3.1. MS = mountain stream

zone. H = Equitability, J = relative diversity.

o Zone Sp/50 m* H ]
Dis) MS 21 246 0.76
Dis2 MS 26 207 0.61
Ceel MS 17 249 073

5.4.2 Riparian Scrub communities (Groups A through F)

Because of the greater number of sites in this super group it was possible 10 summarise more
comprehensively the impacts of alien invasives in terms of growth forms, indicator species, presence
of the four common Riparian Scrub small tree species and presence of two of the more common
riparian woody alien species. Biotic indices are addressed later (Section 5.4.4).
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Growth forms

The occurrence of the ten growth forms (Table 3.5) for the six Riparian Scrub groups is shown in
Figure 5.3 for the wet bank (WE and CF) and Figure 5.4 for the dry bank (TS and OT) assemblage
types. Each assemblage type is compared to the reference condition and discussed in tum. In all of
the disturbed groups, the “trees’ present were generally alien species.

Wet Edge assemblage type

The most heavily disturbed site sampled during this study, SLP3, had only four indigenous species
present (Table 5.6). Of these the sedge Isolepis prolifer was present in WE.  Adult Eucalyprus
leucoxylon and seedling, sapling and adult Acacia longifolia were present in the tree category. There
was one indigenous tree present here, a sapling (0.3-2m) Kiggelaria africana, that barely contributed
towards the canopy cover. E had more sedges, rushes, small shrubs, grasses and forbs than the
reference group and no other growth forms. Group D also showed higher than reference levels of
these five growth forms, but also supported small trees, restios and shrubs in about the same frequency
as reference sites. The spread of growth forms in both Groups B and C was closer 1o reference
condition, but with Group C having higher levels of sedges and Group B having alien trees in both
seedling, sapling and adult form. Interestingly, Group B, with its three heavily invaded sites, retained
a WE that was comparable to the reference sites, albeit it with large alien trees scattered throughout it,
but crucially also with a sparse scattering of the indigenous species characteristic of this assemblage
type.

There is an incomplete knowledge of the fire history of these sites and of their original indigenous
vegetation but, accepting these uncertainties a tentative trajectory of recovery can be hypothesised.
Within the first year or so after clearance, a flush of new growth occurred in WE in the form of sedges,
rushes, forbs, grasses and small shrubs. The three former tended 1o be species more closely allied with
wet environments while the grasses and small shrubs were more typical of drier environments
(Appendix 3.2). By about five years after clearance the occurrence of these growth forms had
declined and restios, shrubs and seedlings and saplings of riparian scrub trees had appeared in about
the same proportion as at reference sites. By seven 1o ten years after clearance, the distribution of
growth forms was approaching the reference condition, with a further decline in sedges, the
disappearance of small shrubs, a persistent low level of grasses and forbs and, in some cases, the re-
appearance of alien trees as scedlings and saplings,

The most noticeable differences between disturbed and reference condition of all four assemblage
types were in CF. There were no indigenous species recorded at the outlying SLP3; only adult
Eucalyptus leucoxylon and sapling Acacia mearnsii and Acacia longifolia. All the other four groups
of disturbed sites had many trees — mostly alien - compared to none in the reference sites, and also
higher occurrences of sedges, rushes, grasses, forbs. Other growths forms varied in their response:
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some, such as restios were most abundant in the reference condition, whilst other, such as shrubs, had
their highest frequencies in the older recovering groups. Again, Group B appeared most similar to the
reference condition and Group E least similar.
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Figure 5.3 Distribution of growth forms in the two wet bank assemblage types; WE (wet
edge) and CF (channel fringe). B = Hawequas/Cedarberg, C = Haweguas, D =

Hottentots Holland/Table Mountain, E = Hottentots Holland and SLP3 = Sir Lowry's
Pass River site 3 invaded with Eucalyprus leucoxlyon.
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Using the trends suggested by the groups, the trajectory of recovery may be hypothesised as follows.
An initial flush of herbaceous growth (sedges, rushes, grasses, forbs) occurs, much as in WE, but with
these growth forms persisting at high levels for several years into the recovery period and still being
higher than those of reference sites up to ten years after clearance. Small shrubs also establish
themselves in this assemblage type, but decline after 5-10 years, whereas restios show the opposite
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trend by increasing in frequency with time. Small Riparian Scrub tree species, almost absent from
heavily degraded sites, gradually colonise the arca, mostly as seedling and saplings, with the numbers
of their seedlings, in particular, higher than reference condition up to ten years afier clearance. This
trend is mirrored by shrubs. Alien trees reappear, first as seedlings and saplings but with adult trees
becoming obvious after about five years. In contrast to WE, sites with recovering vegetation up to ten
years old were still obviously different from the reference condition although moving toward it
probably because the initial recruiting species had not yet thinned out. Thus, ten years appears not o
be a sufficient time span for recovery of CF vegetation after alien clearance.

Tree/Shrub assemblage type

TS at the disturbed sites was less obviously different to the reference condition than were wetbank
assemblage types, as a wider range of growth forms was present in all cases except the heavily
invaded SLP3. The three indigenous species persisting at SLP3 under a canopy that was almost
exclusively Euwcalyprus leucoxylon were represented by single individuals of Diospyros glabra
Maytenus acuminata and Kiggelaria africana.

The four cleared groups of sites tended to have more growth forms than did the reference group. The
most recently cleared sites had a slightly higher proportion of sedges, rushes, grasses and forbs than
reference sites, as has already been described for WE and CF, but also contained a greater proportion
of restios. Seedlings, saplings and adult small trees were present at all sites, indicating that the
recruitment of indigenous Riparian Scrub species had occurred soon after clearing and had persisted.
This was in contrast to the wethank situation where they only began to establish themselves in the
older stands of vegetation.

The hypothesised trajectory of recovery is an initial growth flush of herbaceous flora that persists at
higher than reference frequency levels for up to ten years although there is some decline during that
time. Restios, shrubs and small shrubs mirror this pattern. Small Riparian Scrub trees establish
themselves within the first one to four years and maintain their presence through sapling and carly
adult phases. Their carlier presence in TS than in WE or CF may be because the trees require an
already established cover of herbaceous vegetation for successful germination, and this happens
sooner in TS due 10 less disturbance from floods — about once in two years in the lower TS as opposed
to approximately yearly in CF and WE. The same microclimate and flooding conditions that allow the
indigenous trees to become established are also favourable for alien tree species. Thus, these also
establish themselves carly and persist through all phases of recovery.

0 Transitional bl
The invading species appeared to have the greatest effect on recovery in this assemblage type.

Perhaps at this position on the bank the alien canopy and other influences of the invading species
(Chapter 7) might be more pronounced.

178




Invaded and Cleared Riparian Zones

TS oT

Reference w0 Reference

8

o X8R R
888

n ]
L...-—-—J-‘.L.—.- l.—.—-v.s ) .---v.'—w.vlv.v.v.O.O.v‘v‘M

B B

-l

.

o X2 BRSB

% Frequency
e~f!:g§._,xsr..-a

.fa

;

w

: w
._Hn“nl:[]““n“““ilﬂ ‘:_ nnﬂnnl—]vﬂ nﬂ'l_n' n
‘m‘g ‘qu

~ %0 4

“ e 0 4

w ©

70 4 0 9
o-ﬂﬂv&ﬂL‘ﬂMW 0

o SLP3 oo SLP3

8 4 o 4

@ )

« «

~ x I
n-——-—v—l—-—-—v—-—-A—l—l-— 0 —— ~—— v

830183371 . e ss0is313311°
iid §!l ;gilii fiiiititiiini

Figure 5.4 Distribution of growth forms in the two dry bank assemblage types; TS (tree
shrub) and OT (outer transitional). B = Hawequas/Cedarberg, C = Hawequas, D =
Hottentots Holland/Table Mountain, E = Hottentots Holland and SLP3 = Sir Lowry's
Pass River site 3 invaded with Eucalyptus leucoxlyon,

At the heavily invaded sites SLP3 there was only one species present ~adults of the alien Eucalyprus
lewcoxylon.

Group E did not have an OT assemblage type assigned and so there were no data for comparison,
Of the remaining disturbed sites, group D displayed the most variety of growth forms, closely

resembling that in TS. The four herbaceous forms and restios were dominant and there was
recruitment of small Riparian Scrub trees. Group C had a smaller varicty of growth forms, with no

179




Invaded and Cleared Riparian Zones

sedges, restios or rushes and a reduced frequency of grasses and small trees. As with Group D the
frequency of forbs was high.

Group B, containing some invaded sites and some that had been cleared for some time, had the most
depauperate OT of any of the cleared groups. It is not known why this should be so as invading
woody species were not concentrated in this assemblage type (Section 5.4.3).

Perhaps successful recruitment of propagules and germination of seed banks was limited by the drier
conditions in this highest part of the riparian zone and a lack of other germination cues (e.g. fire)
appropriate for recruitment of the non-riparian vegetation elements associated with this assemblage
type. The flush of herbaceous vegetation growth shown on the wet bank may result from downstream
propagule dispersal during low flow periods (spring and summer). Perhaps vegetative recovery of
Riparian Scrub species higher up the bank is only possible once vegetative cover has established lower
down.

Indicator species

The occurrence of the ten indicator species (Figure 4.34) in the disturbed and reference groups of sites
is illustrated in Figure 5.5. All were missing from SLP3 except where mentioned below.

The sedge Isolepis prolifer was almost completely absent from group B sites and was present as one
small clump in the WE of SLP3. In the other disturbed groups its levels of occurrence were higher
than in the reference condition. This species naturally occurs in the main channel on exposed
boulders, bordering mid-channel bars, or further up the bank on damp, sandy or stony deposits. It
appeared to be one of the first to take advantage of cleared areas, perhaps because of an apparent
ability to establish itself quickly in a variety of naturally-disturbed habitats.

The riparian forb Todea barbara was common in both Afromontane and Riparian Scrub reference
sites, more often on the wet bank than dry bank. It was generally absent or less frequent in the
disturbed groups in WE, CF and TS. Though casy to identify and generally present sometimes to
dominance, its overall occurrence was not sufficiently high to detect recovery trends with any
confidence.

The shrub Erica caffra was generally abundant in most reference sites, in WE, CF or TS. It was not
present at invaded sites and recovered slowly after clearance. Mostly individuals were adult, even at
reference sites, suggesting very low fecundity. If this is the case, it would explain the slow recovery
rale.

The shrub Prionium serratum was noticeably more abundant in WE, CF and TS of disturbed groups B,

C and D than in the reference sites, although it did not occur in the mostly recently cleared sites (group
E). Its higher frequencies at the disturbed sites suggests the modified conditions provided by alien
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trees, perhaps including trapped sand deposits, favour proliferation of the species in WE and CF

(Boucher 1998).
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Diospyros glabra was one of the last indigenous species 1o persist under severe invasion. It occurred
as a single individual in SLP3, was rare in the youngest vegetation group (E) and was most common in
the oldest cleared vegetation group (C).

The riparian restio Calopsis paniculata was less frequent in disturbed sites than in reference sites, and
was less common at the recovering sites with the youngest vegetation. It was generally present except
at the most heavily invaded and most recently cleared sites, appearing between four and seven years
after clearance.

The forb Preridium agquilinum is not restricted to riparian areas, occurring widely over the landscape.
It was found in both disturbed and undisturbed sites, generally on the dry bank, and sometimes acted
as a pioneer species, being one of the first to appear and one of the most abundant after clearance. It
appeared to reach a reference-level frequency of occurrence in TS and OT quite soon after clearance
and maintain that level through the next few years of recovery.

The riparian restio Elegia capensis was abundant, mainly in CF and TS, of the reference sites. It
appeared to be one of the most heavily impacted and to recover very poorly from invasion and/or
clearance, still being absent at cleared sites with vegetation up to 13 years old even when upstream
propagules sources were abundant. Of the ten indicator species, this was the one least likely to recruit
into cleared arcas.

Rhus angustifolia is a small tree that was more common in the dry bank, although it only occurred at
some reference sites. When present, it was a useful indicator for OT. In disturbed sites, it was most
common at the sites with older vegetation, often reaching higher than reference-condition frequencies.

The grass Pennisetum macrowrum occurred at some reference sites, where it was characteristically
found in CF. It reached slightly higher to very much higher frequencies in recovering sites, but in no
discernable recovery pattern.

Comparing distributions of fowr small Riparian Scrub species in disturbed and reference sites

The distribution of three life stages (seedling, sapling, adult) of the four common small Riparian Scrub
trees is shown in Figures 5.6 and 5.7. Generally Brachylaena neriifolia and Morella serrata (Figure
5.6) were cither missing or occurred at lower frequencies than recorded at the reference sites. These
two species were not recorded on the Assegaaibos River (disturbance group E) and were rare in
disturbance group D (the Sir Lowry's Pass and Silvermine River sites). The exception to this general
pattern was the higher occurrences of Brachylaena neriifolia seedlings in CF of group B and of
Morella serrata saplings in CF of group C. As adults, Morella serrata was the rarest of the four
Riparian Scrub species at disturbed sites, which explain why its seedlings and saplings were only
present in the older recovering sites (group C).
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Figure 5.6 Life stage distributions of the common Riparian Scrub species Brachylaena
neriifolia and Morella serrata. Data are percent frequencies in cach of four
assemblage types, WE = wet edge, CF = channel fringe, TS = tree shrub and OT =
outer transitional. R = reference, B-E = invaded & cleared supergroups.

Metrosideros angustifolia and Brabejum stellatifolium (Figure 5.7) were generally more abundant than
Brachylaena neriifolia and Morella serrata in recovering sites.  Adults, recruiting seedlings and
persisting saplings of Metrosideros angustifolia were quite common in all the disturbance groups,
other then for group D, the Sir Lowry's Pass and Silvermine River sites.
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Figure 5.7

Life stage distributions of the common Riparian Scrub species Metrosideros
angustifolia and Brabejum stellatifolium. Data are percent frequencies in each of
four assemblage types, WE = wet edge, CF = channel fringe, TS = tree shrub and OT
= outer transitional, R = reference, B-E = invaded & cleared supergroups.

No individuals were recorded on these rivers although it was the most common Riparian Scrub species
present at all of the reference sites and all the other disturbed sites. Brabejum stellatifolium adults
were generally abundant in OT, while saplings were common in OT and TS of all four disturbance
groups. In many cases for both of these species, seedlings and saplings had higher frequencies in
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disturbed sites than in reference sites but this was reversed for adult individuals, where reference sites
had the highest levels.

Following the same comparative trajectory from the younger disturbance super group DE towards the
older super group BC, the following recovery pattern is suggested:

*  Morella serrata is only presemt in group C, the oldest in terms of vegetation age since
clearing. This species might be the most sensitive to invasion pressure and the least likely of
the four to recruit into a newly cleared area. An alternative explanation is that this species,
similar in appearance 10 alien species such as Acacia longifolia. may have been cleared with
the alien species.

®  Brachyiaena neriifolia, though generally sparsely distributed, persisted at some of the heavily
invaded sites (group B) and recruited slowly in the cleared environment if adults were present.

o Metrosideros angustifolia, the most common species recorded during our surveys, was
missing from the youngest of the cleared groups (group E), but produced relatively high
numbers of seedlings and saplings in all three lower assemblage types (WE, CF, TS) although
adults persisted mostly in TS.

o Brabejum stellatifolium persisted as a few individuals under heavy invasion and was present at
sites at all ages post-clearance, though sometimes sparsely or only as scedlings or saplings.
Although seedlings, in particular, were scattered in many parts of the bank, adults tended w0
occur in TS or OT.

If adults of these four species are present, recruitment into the post-clearing environment will probably
occur. In many sites studied, however, they were hacked and cleared together with alien trees. On the
Molenaars River in 2002 or 2003, particularly downstream of the Klip confluence, almost all adults
were felled and the stumps treated with herbicide; on the Witte River many were felled and bumt,
Such activities will confuse the picture of recovery, retard recovery and possibly exacerbate further
invasion by creating an unnecessary and greater disturbance.

5.4.3 The distribution of Acacia mearnsii and Acacia longifolia in the four assemblage
types

The distributions of Acacia mearnsii and Acacia longifolia. two common riparian invading woody
species, are compared in Figure 5.8. Acacia mearnsii was by far the more common, with seedlings in
all assemblage types but most abundant in CF, followed by TS and then OT. Saplings and adults were
less common and occurred mostly in CF, with a noticeable presence also in TS.

Acacia longifolia seedlings also occurred in all assemblage types and, along with adult individuals,
were most abundant in TS although many saplings were found in CF. There was possibly a trend of
highest frequencies in newly cleared sites with declining numbers as the vegetation aged — possibly
due 10 repeat clearances or the presence of a biocontrol agent for a longer period of time, when
compared to Acacia mearnsii
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Figure 5.8 Life stage distributions of two common woody alien invaders of riparian zones
species. Data are percent frequencies in each of four vegetation assemblage types, WE
= wet edge, CF = channel fringe, TS = tree shrub and OT = outer transitional. B-E =
invaded & cleared supergroups.

Thus, both species recruit seedlings into all four assemblage types, but the trend suggested by the
study sites is that they persist as adults mostly in CF (Acacia mearnsii) or in TS (Acacia longifolia)
Unlike Riparian Scrub species, which showed recruitment only in the presence of adults, Acacia
mearnsii seedlings appeared in the absence of adults, for example in disturbance group D. Perhaps the
Riparian Scrub scedbanks become diminished or lost after a lengthy invasion, or other variables
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influence germination such as dispersal distance and increased sand deposition around alien trees.
These aspects were not studied in this project.

544 Assessment of the CART model

The CART model was used to predict the assemblage type that would have occurred in each sample
plot of each disturbed site if alien invasives had not been present. To do this, it used simple rules of
physical attributes derived from the reference sites (Table 4.21). The assemblage type it identified for
cach sample plot was compared to that derived from the groupings of plots shown in the cluster
analyses for the same sites, using the rules shown in Section 3.4.2.

The comparison was produced as a table of comparative percent ratings of accuracy (Table 5.57). The
model predicted the location of WE and OT most accurately, with perfect scores (100%) for some
assemblage types at some sites, and averages over all sites of 52% (WE) and 47% (OT). CF and TS
were predicted accurately less often, perhaps because they share many species and are most similar,

Table 5.57 Percentage of sample plots at disturbed sites assigned to the same assemblage
type by the CART model as by the cluster-analysis approach. Site codes as per

Table 3.1.
WE CF TS or
SLP3 40% 0% 14% 0%
Cecl 0% 0% 90% -
wig 0% 50% 78% 38%
Mol4 - 37% 46% -
Ron6 . 0.0% 52% -
Ron$ 22% 100% 47% -
Wid 0% 50% 37% -
Moll . 0% 43% -
Mol2 100%% 100% 0% 100%
Mol3 33% 100% 1% 0%
SLPI 0% 100% 41% 91%
SLP2 100% 25% 16% 91%
Sill 80% 33% 50% .
Sil2 100% 66% 0% 56%
Assl 50% 0% 64% -
Ass2 100% ) 0% -
Ass3 100% 0% 0% 0%
Average 2%  39%  38%  47%
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The inaccurate predictions could have been caused by assignment of a group of sample plots in the
cluster analysis to an inappropriate assemblage type, or by an inadequate set of rules in the model.
Each of these is discussed below.

Mis-idemtificationbetween physical and floral groups in the cluster analysis

In many cases it was difficult to assign a cluster of sample plots to one of the four assemblage types
for three main reasons:
e some clusters, though speciose, might have contained species not encountered at the
undisturbed sites;
e heavily invaded sites often had sample plots that were species poor or contained no plants;
e terrestrial species often occurred far lower down the bank than in the reference condition, and
the rules assigned these sample plots to OT even though they were physically in an area that
might naturally have been inhabited by TS, CF or WE assemblages.

In the first two situations, there were insufficient data of the kind used to create the reference condition
to allocate a cluster accurately. In the third situation dry-bank species were in locations shown in the
reference sites to be wet-bank arcas (and thus identified as such by the CART model). In any of these
three circumstances, the CART outputs could have disagreed with the cluster analysis allocation
without it necessarily having been an inadequacy of the model.

Inadequate rules in the model

The physical rules are based upon the commonest condition derived from the reference sites, namely,
that the bank slopes up fairly evenly from the water's edge to the outer riparian zone. Some sites were
different however. A few had noticeably convex-shaped banks that rose sharply from the water and
then flattened out. Others had concave shapes including a few - particularly lower down the systems
~ that had small floodplains, and so the bank nearest the water was very flat and the outer limit of the
riparian zone was too distant 10 be covered by the sampling method. The simple physical rules in the
model worked less well for such sites, mis-identifying the location of assemblage types, although
usually only by one category: WE might be identified as CF, which was next up the bank, and so on.
Modification of the model to incorporate these and other kinds of bank shapes would improve its
accuracy. This will be addressed in Mr Reinecke’s post-graduate thesis.

Though data collection was labour intensive using the method described in this project, it provided the
benefit of being able to predict the natural plant assemblages that could be expected to occur in a
section of river bank invaded by alien trees. This is of great potential use in restoration projects where
indicator species are absent and where assemblages are to be planted out. Locally, this might be
prohibitively expensive however. Morcover, since many persons tasked with restoration may not be
professional botanists, and thus may not be able to recognise some of the indicator species used to
determine the position of the assemblage types mentioned in this report, a simple model based on
casy-to-measure physical characteristics is valuable and warrants further development.
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5.4.5 Summarising the impacts of aliens on biodiversity indices

The measures of biodiversity for all seventeen disturbed sites are shown in Table 5.58. All of the
measures, both at the scale of 50 m® and 5 m’, fell outside of the reference condition range for all of
the sites still heavily invaded (SLP3, Wit3, Mol4 and Ron6). Cecl, which had been partially cleared,
had lower values for species richness for the wet bank assemblage types (WE and CF), with all other
measures within the reference condition ranges. Witd, four o eight years since clearance and with no
follow-up clearances, had lower equitability (H), relative diversity (J), species richness (50 m”) and TS
species richness (S m”). Of the remaining sites, all of which had been cleared, all but two had higher
equitability and half of them higher relative diversity than the reference condition. Several of these
sites also had a higher number of species than the reference condition, with few examples of species
numbers being lower. The only disturbed site where all the measures fell within the expected
reference condition range was Sil2. Without a full detailed history it is difficult 1o speculate why this
may be so. There are lottery effects in community assembly so there will always be a large amount of
variability,

Table 5.58 Comparison of biodiversity indices for the reference condition and disturbed
sites. Bolded figures are lower then reference condition ranges, italicised figures are
higher. Site codes as per Table 3.1. H = Equitability, J = relative diversity. WE =
Wet Edge, CF = Channel Fringe, TS = Tree Shrub, OT = Outer Transitional.
Disturbance groups as per Figure 5.1.

S0 m* Species richness (5 m’)
Disturbance . Species
group Site code H J . e WE CF TS or Average
Reference 2382023 0.7740.06 2274580 6.1442 91159 88429 199479 9.747.7
- SLP3 0.02 0.00 3 1.0 1.3 0.9 0.3 0.9
B wia 1.7 0.67 X 2.1 33 32 34 31
B Mol4 0.10 0.05 7 - 2.6 1.3 - 15
B Ronb 160 059 8 - 09 23 e T
- Cecl 2.49 0.73 17 0.0 s 10.5 - 8.0
B Wi 200 0m W 33 AS ar . 49
B Rons 284 0.56 25 8.0 120 48 - 59
C Mol 2.73 0.78 3! - 14 7.5 - 6.9
C Mol2 268 0.76 28 1.5 98 6.0 4.1 52
C Mol3 2.66 0.79 24 43 13.5 3.6 2.1 3.7
D SLPI 3.02 0.50 41 95 16.3 1.3 8.0 10.5
D SLpP2 2.78 081 29 58 83 93 76 8.1
D Sill 2.86 087 24 1.3 5.0 74 - 6.7
D Sil2 239 0.78 21 5.0 7.7 8.7 59 6.5
E Assl 3.91 .54 47 0.0 64 109 - 93
E Ass2 224 0.67 29 9.0 9.0 7.1 - 73
E Ass3 271 0.76 36 44 6.3 17.0 - 14.8

These indices appear to reasonably reflect biodiversity changes that occur through the process of
invasion and recovery. Biodiversity was seen to plummet in heavily invaded stands of riparian
vegetation stands. After clearance there was a flush of new growth that often led to species (alien and
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indigenous) numbers initially being higher than the reference condition. Some of these species may
not necessarily have been naturally associated with the riparian zone but could be seen as pioneers:
forbs, rushes and sedges that appeared low on the bank, and fast-growing grasses and small shrubs
higher up. Many of these species would gradually decline in numbers as recovery proceeded, to be
replaced over a decade or more by a more typical and balanced riparian community.

The indices provide useful signposts to recovery, but do not present the full picture. They should be
used in parallel with other information such as on growth forms and the presence of indicator species.
The absence of certain common growth forms might indicate the absence of certain basic riparian
habitat requirements, for example recently deposited fluvial sands. The presence of certain of the
indicator species, apart from helping to locate the position of the assemblage types, also indicate
favourable recovery: the absence of these species might indicate a protracted state of recovery and the
presence of a threshold barrier to full and naturally functioning recovery (section 2.3.3).
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6. THE EFFECTS OF ALIEN-CLEARING METHODS ON
RECOVERY OF RIPARIAN VEGETATION

Ryan Blanchard and Patricia M Holmes, Leslie Hill Institute of Plant Conservation, Botany
Department, University of Cape Town

6.1 INTRODUCTION

Considerable effort is being expended on the removal of invasive alien plants from South African
indigenous ecosystems. A national initiative charged with this task is the Working for Water
programme of the Department of Water Affairs and Forestry (DWAF), but the effects of its numerous
clearing projects have yet 1o be assessed. In this chapter the methods used by the Working for Water
teams are addressed and their impacts on the recovery of indigenous riparian vegetation evaluated.
This evaluation forms part of a larger Working for Water initiative entitled: “Targets for ecosystem
repair in riparian vegetation in Fynbos, Grassland & Savannah biomes™. It aims to provide baseline
information on the impacts of alien plant invasions and clearing on riparian vegetation recovery. The
data collected will help assessment of the progress of alien-clearing operations in terms of
rehabilitation of riparian ecosystems, and make input into improved management tools.

Classified as a semi-arid country, South Africa receives an average 500 mm rainfall per annum, which
is not evenly distributed (Hoffman & Ashwell 2001). Owing to the large vanation in climate and
other environmental factors, South Africa has many different vegetation types and is known
worldwide for its high levels of plant endemism and diversity (Cowling & Hilton-Taylor 1994). The
Cape Floristic Region (CFR), which lies primarily in the Western Cape Province, is one of the world's
botanical hotspots and recently has been declared a World Heritage Site. The western part of the CFR
experiences a winter rainfall climate with hot, dry summers that may lead to water shortages (Deacon
ctal, 1992).

South African river systems are important 10 the economy as they provide much of the water for
industrial, irrigation and drinking water requirements. Invasive alien plants have major impacts on
these ecosystems, infesting river channels and using more water than comparable indigenous species
(Le Maitre et al, 2000). Trees and shrubs are the most important alien invaders in the CFR (Nel et al
2004), and have been shown to reduce water run-off and affect hydrological processes in mountain
catchments (Dye & Poulter 1995; Higgins et al, 2000). Increased evapo-transpiration from them may
also affect the overall water balance within a river system (Weins 2002).

Alien species used in commercial forestry, such as Pinus and Eucalyprus species, prompted whole-
catchment experiments as early as the 1930s to ascertain their effects on water vield (Macdonald
2004). The removal of invasive alien vegetation was highlighted in 1995 with the inception of
DWAF's Working for Water (WfW) programme. The main aims of WIW are threefold: to promote
biodiversity by removing invasive alien species; to increase surface-water runoff; and to provide
poverty relief through job creation (van Wilgen et al, 1998). The focus is on both terrestrial and
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riparian habitats. Methods used for removal of the invasive vegetation fall into three categories:
mechanical, chemical and biological control.

Mechanical methods of control are labour-intensive and include hand pulling, brush cutting, hacking
and ring-barking. Buming may also be used as a tool to kill non-resprouting aliens, or to remove
excessive above-ground biomass (slash) and initiate vegetation recovery, in fire-prone ecosystems
such as fynbos shrublands in the CFR. Chemical methods include the use of herbicide applied cither
as a foliar spray if the plants are below knee height, or to stumps after cutting or via stem injection
(frilling). Biological control is a more long-term method for controlling an alien species. Its efficacy
will depend on how casily the vector is able to spread and how efficient it is in reducing fecundity of
the targeted species. South African biological control researchers have contributed much in terms of
successful controlling agents and ecological information needed in understanding invasions (van
Wilgen 2004; Zimmermann ct al , 2004).

Guidelines for promoting the restoration of indigenous vegetation following invasion by alien plants
were prepared for WIW in December 2000 (Anon 2000). They included protocols on the removal of
alien vegetation for initial, follow-up and maintenance clearance (Table 6.1). Treatments are
integrated for effective control (Richardson 1998). As an example, by using both mechanical and
chemical methods on re-sprouting aliens, plant biomass is reduced while also killing the plant
effectively. Integrated control measures should be species-specific, thus knowledge of the biology of
invading species is vital. The follow-up treatments are an important part of alien control as they
normally bring the infestations under control, largely by reducing the amount of seed input by new
recruits.

Table 6.1 Alien control methods designed to promote recovery of indigenous vegetation

(Anon 2000).
Major Groups Species Initial (preferred) Follow-up -
Serotinous non- Hakeas & pincs Fell & bum Hand pull or fell older
sprouters plants before they reach
maturity
Thicket resprouters Wattles, mesquite & Fell close to ground and  Hand pull while still
gums treat stump with small or spot spray
herbicide; or frilling herbicide
Thicket non-resprouters  Acacia cyclops Fell & leave slash; fell Hand pull or fell before
(Rooikrans) & bumn; or bumn standing  maturnity
Subtropical resprouters  Lanmtana, Pereskia Dig out with hand pick:  Hand pull
and scramblers aculeata, Caesalpima where lagers usc a
spp bulldozer; fell close to
ground & treat stump
with herbicide,

All lowland rivers have been transformed to a greater or lesser extent (Brown 1998) because the rich
alluvial soils and available water provide suitable conditions for a number of farming activities.
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Higher up the systems, many foothill and some mountain-stream river segments have natural riparian
vegetation, but in many cases this has been densely invaded by invasive alien plants. These invasions,
followed by their clearance, have changed the species composition of riparian plant communities in
many CFR headwater systems. The composition has shified from one dominated by riparian scrub
with tall trees o one dominated by small shrubs, emerging aliens and herbaceous vegetation
(Galatowitsch & Richardson 2005). These changes have in turn impacted the downstream supply of
riparian tree propagules from upland arcas. It is important to restore the indigenous riparian
communitics as they play a vital role in the regulation of stream flow and stabilisation of riverbanks
(Sicben 2002).

6.2 OBJECTIVES OF THE STUDY

In the Western Cape, alien clearing has been implemented for several decades to remove both dense
and emerging stands of invasive alien vegetation. Little monitoring of past clearing projects has taken
place, particularly in riparian zones, 1o assess the impacts of the methods used on natural vegetation
recovery. In this chapter, investigations of the main initial clearing treatments applied in riparian
zones during the past ten years in the Western Cape are outlined, namely: felling (with or without the
removal of slash), and treatments using buming after felling. To date, insufficient stands have been
killed standing (by ring-barking or frilling) to investigate the impacts of this method. Owing to large-
scale transformations in lowland river systems, and the lack of reference systems there, this study
focused on mountain stream and foothill segments where dense alien invasions and reference
vegetation stands both occur.

The aim of this study was to investigate which alien clearing methods best facilitate the recovery of

natural riparian vegetation, through the following questions:

1. Is there a significant difference in floristic or growth form composition between reference

vegetation and cleared vegetation?

Is there a significant difference in floristic or growth form composition among the recovering

vegetation stands following different clearing treatments?

3. Which of the more commonly used clearing methods best facilitates vegetation recovery in the
riparian zone?

L

In order to answer these questions previously cleared sampled plots were compared 1o reference plots
with no records of invasion or clearing. The latter provide a description of the reference condition to
which the cleared plots can be compared, in order to assess which, if any, species or growth forms are
missing and whether their absence could be related to a particular clearing method. To minimise the
effects of catchment differences, reference plots were sampled on as many rivers as possible.

6.3 METHODS

6.3.1 Study area and site selection

Sample plots were located based on invasion densities and previous management histories. Sites of
moderate to dense alien infestation (25-75% canopy cover) generally had sufficient indigenous
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vegetation remaining to facilitate recovery, thus the focus of this study was on the closed alien stands
(>75% canopy cover) where recovery may be protracted. These arcas would be most affected by bad
management since the regeneration of indigenous vegetation was already severcly impaired by the
presence of invasive alien species. Possible sites were located using the WIW database and then
confirmed by discussions with CapeNature and DWAF's WIW project managers. Management
histories were collected from records kept within cach department. The records obtained from WIW
offices comprised the contracts issued to the contractors used to remove alien vegetation, and included
initial clearing methods, alien plant species and densities, dates of initial clearance, follow-up methods
and dates. To confirm burning as part of the initial treatment other databases were consulted, as the |
contractor was not responsible for burning and therefore it would not be recorded in the WIW
database.

Only sites cleared at least two years previously were chosen, to allow sufficient time for some post-
clearance recovery. Twenty-seven plots on seven rivers were sampled (Table 6.2), with multiple plots
on any one river being at least 200 m apart to provide some independence (Galatowitsch & Richardson
2005). Three initial clearing treatments were identified (Fell Only, Fell & Remove slash, and Fell &
Burn slash).

Table 6.2 Locations of study plots for each of the three clearing treatments and reference
plots along Western Cape rivers. * = reference data taken from Prins et al (2004), *
= additional reference plots sampled in this study.

Clearing Treatment River No. of Reference u:;:(::’h ol Altitude
(total plots) Name recovering plots  plots (28) : ) (masl)
Fell & Remove (12)  Sir Lowry ) 1* S34.1004-E18.9342 268
Molenaars 4 8" S33.7115-E19.1965 300-500
Waterval 2 S333603-E19.1024 220-240
Titus 2 S$33.2530-E19.1614 300
Fell only (8) Witte 3 8 S$33.5606-E19.1486 240-600
Assegaaibos 2 b S33.5502-E19.0452 300
Palmict 3 & S34.270883- 40-500
E19.022083
Fell & Bumn (7) Jakkals 2 S34.20711-E19.15918 261
Hocks 2 1® S3399774-E1983792 259
Houtbaai 3 251

6.3.2 Vegetation sampling

Vegetation survey plots measuring 10 x 5 m, which is the commonly used size for phytosociological
studies in fynbos shrubland vegetation (Boucher 1977), were set up in the riparian zone with the long
edge parallel to the river. Although different lateral riparian zones up the banks have been identified
in fynbos rivers (Boucher 2002), this study focused on sample plots chosen in the major (dry bank)
zone, that is, the area that may be flooded at times during the wet season. This zone is dominated by
riparian scrub (shrubs and small trees) and may incorporate some clements of neighbouring fynbos
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communities, The wet bank zone closer to the river is seasonally inundated and is often very narrow
or, in mountain streams, may be almost non-existent.

Within each plot, the total indigenous vegetation cover was visually estimated as a percentage of the
entire plot (50 m’), while vegetation composition was estimated as a percentage of the projected
canopy-cover values for individual perennial plant species (indigenous and alien) present within the
plot. Indigenous species richness was recorded in three | m” quadrats within the plot, as well as for
the entire S0 m” plot. The | m* measurement of richness is a surrogate for heterogeneity and indicates
the diversity found at a smaller scale in the plot.

The species richness data were gathered by recording all recognizable species in the field and taking
specimens of unknown species for later identification. Species’ identifications were done in the
Guthrie and Bolus herbaria at the University of Cape Town.

A useful way to measure the success of vegetation recovery is by comparing the trajectory of different
variables with reference sites (Ruiz-Jaen & Aide 2005). Data on reference sites and target vegetation
were obtained from Prins et al (2004), who determined reference characteristics for riparian
vegetation along six rivers in the Western Cape in areas with no previous history of invasion and
<25% presence of alien vegetation. That study included the Witte, Molenaars and Palmiet Rivers, all
of which were sampled in the current study. For rivers included in this study but with no such
reference data, new reference plots were created (Table 6.2). Invaded and cleared sites were located
downstream of reference sites, with the exception of the Palmiet River where the only pristine
vegetation is in the Kogelberg Nature Reserve at the downstream end of the system (Prins et al. 2004).

6.3.3 Data Analysis

The effects of the three different clearing treatments were assessed in terms of the variables total
indigenous cover, indigenous species richness and diversity, and alien cover. Values for cach cleared
site were compared to those for the appropriate reference plots using & one-way analysis of variance
(ANOVA). In order to determine any differences between treatments the data were first assessed to
see if they met the criteria of normality as required for ANOVA analysis. Levene's test was used 10
test for homogeneity between samples and the Kolmogorov-Smimov test was used 1o test for
normality in data. Percentages and proportions were transformed using arcsine transformation where
required. Where normality was not achieved the nonparametric Kruskal-Wallis (H) test was used to
determine significance. Where ANOVAs were significant, a Tukey's Multiple Range Test (TMRT)
was used 1o test for differences among the groups. Significance for all statistical tests was determined
at P <0.05 using Statistica 7 (Statsoft 2004).

Diversity per 50 m” plot was assessed using cover values per species as a proportion of the total

vegetation cover calculated for the Shannon Weiner (77) index and Evenness using “Pielou’s J* (Zar
1984).
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H'= -tp“ln P,
where &k = number of species and pi = the proportion of species found in plot i.
H' 4
J=-=" and H.. =logk
I

Indigenous species were assigned 10 one of four growth-form classes: tree, shrub, graminoid or forb,
and the average growth-form structure of the vegetation following cach clearing treatment was
calculated by summing the cover values in cach growth-form. Contingency table analyses, applying
the Pearson’s Chi-square statistic, were used to compare growth-form structure in each treatment
separately with that of the reference data (Statistica 7, Statsoft 2004).

Ordinations

According to Ruiz-Jaen & Aide (2005), who conducted a survey of popular methods used in
describing recovery success, the use of ordination techniques were mostly used in determining the
recovery of diversity. Firstly, plots were clustered according 1o species composition based on
presence/absence values, using the Bray Curtis distance measure and flexible beta group linkage
method. The same matrix was plotted in ordination space. Ordinations have proven useful in
community ecology in secking and describing patterns in species composition (McCune & Grace
2002). By plotting species data in ordination space it can be assessed whether cleared sites are on a
trajectory towards reference status. Species data were analysed using Detrended Correspondence
Analysis (DCA), to assess shifts in floristic and growth form composition in relation to various
clearing methods and time since initial clearance. As part of the options, rare species were down-
weighted and the axes were rescaled. Ordinations and cluster analysis were carried out in PC-Ord
(version 4, MjM Software design, 2002). Table 6.3 summarises the various analytical approaches
used.

Table 6.3 Summary of the statistical analyses performed. * indicates which tests and graphic
the variable “Alien cover’ is linked to.

Variable Test Tab. & Fig.
1 Species richness, Growth forms, Diversity, Evenness,  Levenes test, Kolmogorov-Smimov~ Tab. 6 4 & 6.5
Indigenous vegetation cover, Alien cover* test, ANOVA or Kruskal-Wallis*
2 Growth form Chi squarc® Fig. 6.1* & 62
3 Plots arc analysed based on species percentage cover  Cluster analysis Fig 63
and grouped by clearing methods and age since
cleanng

4 Plots arc graphed based on species percentage cover  Detrended Correspondence Analysis  Fig 6 4
and grouped by clearing methods and age since
clearing

5 Plots are graphed based on percentage growth form Detrended Correspondence Analysis  Fig. 6.5
cover
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6.4  RESULTS
6.4.1 Analyses of vegetal cover, diversity and richness

A total of 235 indigenous perennial species was recorded in the cleared and reference sites, although
only 95 species occurred in more than 10% of the plots. The highest species count (23) was found in a
site with Fell & Remove treatment and the lowest species count (3) in a site with Fell & Bum
treatment.

The vegetation vaniables monitored showed some variability among the plots, which became more
apparent when plots were grouped by clearing treatment.  Indigenous vegetation cover was
significantly different between the reference plots and cleared plots (ANOVA, P<0.05; Table 6.4),
with the reference plots having significantly higher cover than those that had been cleared. There was
no significant difference in indigenous vegetation cover between cleared plots,

Table 6.4 ANOVA results indicating the effect of clearing on vegetation variables
d.f. = degrees of freedom. MSS = mean sum of squares. F = test statistic. P =
significance level. *: n=3 for | m’ reference plots instead of 28

Vegetation variable Effect MS (df)  Error MS (df) F P
Indigenous vegetation cover 4820.8(3) 2963 (51) 16.3 <0.0001
Diversity (11" 0.24 (3) 0.16 (51) 1.52 0.22
Evenness () 0.08 (3) 091 (51) 0.90 0.44
Species richness: 50 m* 822(3) 203 (51) 403 0.0l

‘I m’ 6.79(3) 1.90 (26) 3.57 0.027

At the 50 m’ plot scale, plant species richness differed among treatments (ANOVA, P<0.05; Table
6.3). The Fell & Remove treatment had significantly higher species richness than the Fell & Bum
treatment (TMRT P<0.05; Table 6.5). Species richness at the 1 m? scale differed significantly among
treatments (ANOVA, P<0,05; Table 6.4). The Reference plots had significantly higher point richness
than the Fell Only and Fell & Bum plots (TMRT P<0.05; Table 6.5). There was no difference in
diversity (H') and evenness (J) between Reference and cleared plots nor among the different clearing
treatments ( Tables 6.4 & 6.5).

Table 6.5 Summary statistics (means + SD) for vegetation variables. *:n=3 for | m’
reference plots instead of 28.

Vegetation variable Reference Fell Fell & Remove  Fell & Burn
N % s 12 i
Indigenous vegetation cover (% of total plot)  75.1 = 13.4* 4224205 472:197 37.0+227
Diversity (/) 1.72< 038  1.66+ 035 1.75 £ 0.45 1.38 £ 0.45
Evenness (/) 165+025 1572020 1492032 1.59 £ 0.49
Species richness:

SOm’ 116+430% 1274+49" 157452 £70+38
‘I'm’ 500£1.70° 225:12" 260+ 1.6% 200+ 09"
Alien cover (% of total plot) 4102613 215:239° 30%:224° 178+ 189"
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Alien cover distribution was not normal even after arcsine transformation. The Kruskal-Wallis
nonparametric (H) showed that alien cover was significantly different among treatments (H 5 «, =
21.9, p=0.0001). Differences occurred between Reference plots, Fell Only and Fell & Remove
treatments, with Reference plots having the least alien cover. Of the clearing treatments, Fell & Bumn
had the least alien cover but was not significantly different to the other treatments,

Different letter superscripts indicate a significant difference between clearing treatments within a
particular vegetation variable (TMRT, P<0.05). Alien cover tested using nonparametric Kruskal-
Wallis test.

In summary:

e reference plots had significantly higher indigenous vegetation cover than all cleared plots;

e cleared plots had similar levels of indigenous vegetation cover,

e there was no significant difference between Reference and cleared plots in terms of diversity and
CVEnness;

e species richness was highest in cleared plots for Fell & Remove plots at the 50 m* plot scale;

e Fell & Bumn treatments had the lowest species richness and vegetation cover of all treatments;

e invasive alien plants were still present after clearing had taken place.

6.4.2 Growth form distribution

Growth-form distribution differed significantly between all treatments and the Reference condition
(Figure 6.1), at least partly because of the lower cover of trees and shrubs in cleared plots.

Average % canopy cover
cwosaB3RB8BESES

fed A remowe fed & bum reference

Figure 6.1 Growth form distribution following each treatment plotted as average
percentage canopy cover. 1) values for contingency table analysis (above bars)
compare cach treatment separately with reference plots: **P<0.01; ***P<0.001.
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Sites cleared more than five years ago appeared more structurally similar to Reference plots than those
that were recently cleared (Figure 6.2). The older plots had a higher cover of trees and shrubs than did
the younger plots and also supported a greater overall indigenous canopy cover

45

40

35
g 30 s forb
2 25 @ graminosd

20 | m shrub
E ~4 —
< O'I

5

0

< 5 years >5 years

Figure 6.2 A comparison of growth form distribution for reference sites and those cleared
more or less than five years ago.

Diospyros glabra was the only species found in all the treatments at high concentrations (Table 6.6).
Other species common 1o all treatments included Metrosideros angustifolia, Calopsis paniculata and
Stoebe plumosa. whereas Berzelia lanuginosa, Elegia capensis and Camnomois virgata were only
found in reference conditions.

Burning riparian zones appears to remove, or prevent early recolonization by, common species such as
Brabefum stellatifolium, Priontum servatum, Pteridium aguilinum and Rhus angustifolia

6.4.3 Ordinations

At the species level, overall similarity among plots in the cluster analysis was low (Figure 6.3). Two
groups were apparent: a cleared group and a reference group, with some anomalies. Most cleared
plots that fell in the reference group had been cleared longer than five years ago (Figure 6.4);
exceptions were Asscgaaibos 3, Sir Lowry Pass 5, Molenaars 2 and Molenaars 4, which were all
cleared less than five years ago. Although some cleared plots clustered with reference plots (e.g.
Molenaars 4 and Titus 2) none of the Fell & Bum plots did.

The reference plots grouped mainly according to river, suggesting the presence of river signatures, as

has been noted in other Western Cape river studies (Schael & King, 2005; Reinecke & King, Chapters
1&5)
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Table 6.6 Top ten species recorded after each type of treatment. * = the species is present in
at least one of the relevant plots.
Reference Fell & Remove Fell Only Fell & Burn
Diospyros glabra Diospyros glabra Diospyros glabra Diospyros glabra
Metrosideros Metrosideros Metrosideros v
angustifolia angustifolia angustifolia
Brabejum Brabejum Brabejum
stellatifolium stellatifolium stellatifolium
Brachylaena neriifolia  Brachylaena neriifolia  Brachylaena neriifolia
Prionium serratum Prionium serratum Prionium serratum
Preridium aquilinum Preridium aquilinum  *
Rhus angustifolia ¢ Rhus angustifolia
Berzelia lanuginosa
Elegia capensis
Cannomois virgata .
. Calopsis paniculatus ~ Calopsis paniculatus~ *
¢ Passerina vulgaris Passerina vulgaris
Ehrhata ramosa ¢ Ehrhata ramosa
¢ Stoebe plumosa . .
o ¢ Stoebe cinerea
¢ . Erica caffra
» . Cliffortia strobilifera
Athanasia trifurcata
Ehrhata thunbergii
¢ Isolepis prolifer
_ Carpobrotus edulis
. Chrysanthemoides
monilifera
. Juncus lomatophylus
Cyperus sphaenopermus

Figure 6.4a is a graphic representation of the plots as represented in ordination space. The
Eigenvalues for the first and second axis were 0.72 and 0.63 respectively, but the percentage variation
explained was low for both axes combined (R"'O.Iz). The DCA analysis separated the Fell & Bum
treatment from Fell Only and Fell & Remove, with the latter treatments more similar to the Reference
plots. Burning in the riparian zones appeared to have an effect on the species composition in a way
that sets the Fell & Bumn group apart from the others. The overlap of the Fell Only and Fell &
Remove treatments with the Reference plots indicated a similar species composition, although the
older plots were more similar to the Reference plots than were the younger plots (Figure 6.4b). Plots
burnt more than five years previously had not recovered sufficiently to overlap with the Reference

plots.
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Figure 6.3 Cluster analysis for all indigenous perennial species found in both cleared and
reference plots, grouped by clearing treatment. **’ indicates plots older than five
years. Reference plots have *R’ preceding the location.

6.4.4 Growth forms

The DCA ordination of growth forms varied 10 that of species composition (Figure 6.5). The results
showed no clear aggregations of clearing treatments, The spread of reference plots indicated the
variability in natural patterns and cleared plots mirrored this trend,
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Figure 6.4 a) DCA ordination for all indigenous perennial species found in both cleared and
reference plots grouped by clearing treatment. Ellipses are drawn around the two
distinctive groups: Reference and Fell & Burn plots.

b) The same ordination for all indigenous perennial species found in both cleared
and reference plots grouped by age since clearing.
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Figure 6.5 DCA ordination for cover values of the growth forms (forb, graminoid, shrub,
tree) found in each plot, grouped according to clearing treatment. The dashed
lines illustrates that none of the burnt plots are spread along axis 1, which is correlated
with trees (Pearsons and Kendall = 0.612).

The Eigenvalues for the first and second axis were 0.35 and 0.14 respectively (Figure 6.5). Whilst this
was low, the percentage variation explained by both axes was high (R*=0.85). Testing Pearsons and
Kendall correlation coefTicient, axis | was correlated with trees (0.612) and axis 2 with graminoids
(0.48). The spread of Reference plots indicated the variability in natural patterns, and cleared plots
mirrored this trend although their greater spread indicated more graminoid cover than in Reference
plots. All the Fell & Burn plots fall on the left side of the inserted dotted line (Figure 6.5), as there
were fewer riparian trees species present. Table 6.6 indicates which species are likely 1o be absent
from Fell and Burnt plots.

6.5 DISCUSSION

Major questions in restoration ecology relate to how long an ecosystem takes to recover and what the
goals of recovery should be (Ruiz-Jaen & Aide 2005). Reference sites have often been used in
rehabilitation and restoration efforts 10 provide recovery goals (e.g. Buijse et al., 2002). In this study,
natural rates of recovery were assessed for various methods of alien clearing and by comparing the
floral community with that of Reference sites. This showed that the method of removal of alien trees
does have an impact on the recovery of indigenous riparian vegetation,
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6.5.1 What is the difference in floristic and growth form composition between
reference vegetation and cleared vegetation?

Areas that have not been invaded and cleared had higher vegetation cover, and generally higher
species richness than cleared plots. An anomaly was the highest species count, which was found in a
Fell and Remove plot. The study by Prins et al (2004) revealed various indigenous riparian
communities. Although many structural components were present, the lack of overlap in species
composition for cleared plots indicated a change in riparian communities.

Figure 6.4 indicates a similarity between some cleared plots and the Reference plots, and the overlap
in ordination space of particularly the Fell & Remove treatment plots with the Reference plots
suggests that vegetation recovery is on a positive trajectory where buming is not involved. A
depiction of the plots based on time since clearance further supports the contention that recovery is
moving in the direction of the reference condition, and that given sufficient time indigenous riparian
communities will become re-established. This may also be true for the Fell & Bumn treatment plots,
although the much slower recovery rate there suggests that after fire active re-introductions could
substantially accelerate recovery.

Results from the analyses of growth-form distributions and species composition mirrored those of the
other vegetation variables tested. In all cases, plots receiving the Fell & Burn treatment were least
similar to the Reference plots, owing to their very different species composition and a dearth of trees.
Galatowitsch & Richardson (2005) indicated that riparian scrub species colonized only stable banks
and rock fractures, suggesting that open, fire-prone environments are likely o be unfavourable for
their recruitment. Colonization by these riparian scrub species may only take place once an initial
pioneer herbaceous and shrub cover has sufficiently stabilized the river banks and insulated the soil
surface from extreme conditions.

The same study showed that some tree and shrub species (c.g. Brabejum stellatifolium, Metrosideros
angustifolia, Rhus angustifolia and Prionium serratum) have been classified as ubiquitous. The
absence of these species in the Fell & Burn plots may be an indication of an above-normal disturbance
regime.

In summary, the vegetation of cleared plots was different to that of Reference plots by having reduced
cover and species richness, and an altered growth-form structure,

6.5.2 Are there differences between plots cleared using different methods?

The Fell & Burn initial clearing treatment was more detrimental 1o vegetation recovery in the short-
term than the Fell Only and Fell & Remove treatments. Fell & Bum resulted in the lowest indigenous
vegetation cover, diversity and richness at point and plot scales, This finding requires consideration
by managers, as fire is a preferred tool 1o reduce above-ground biomass after alien clearing has taken
place.
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Natural fires do burn riparian scrub vegetation, and the vegetation has a natural resilience to this
through the resprouting capability of species from epicormic or basal stem buds. Fires of unnatural
intensity and severity, however, may kill ripanan scrub species and set the succession back 10 a stage
requiring initial colonization by pioneer plant species. Such high-intensity fires may happen after
clearing if the felled, dried biomass is not removed from the site.

In fynbos systems hotter fires linked to felled alien species have been held responsible for a loss of
species and a reduction in seedling density (Euston Brown et al, 2002). This occurs because such a
disturbance window provides the opportunity for secondary invaders, particularly fast-growing
herbaceous species, to colonize. Similar effects have been reported from Ponderosa pine plantations,
where slash piles are accumulated and bumt (Korb et al., 2004). Soil chemistry may also be altered
and sced viability decreased (Korb et al, 2004), suggesting that fires should be avoided where
unnaturally high fuel loads are present (Breytenbach 1989). Instead, biomass should be removed from
the river corridor and, perhaps, sold as firewood 10 offset some of the costs. Where this is not feasible,
stacks of unwanted biomass could be burmt on exposed sandbars during low flow periods or on
existing roads (Korb et al, 2004), thereby avoiding the negative impacts of fire on any surviving
indigenous vegetation.

In this study, burning was shown to reduce the amount of alien cover after clearing (Table 6.5), but the
burned plots retained the least similarity to the Reference plots.

6.53 Which clearing method best facilitates indigenous vegetation recovery?

Compared to the reference condition, the Fell & Remove treatment performed slightly better than all
other assessed clearing methods in all the measured variables though not significantly more so than the
Fell Only method. It is unlikely that propagule pressure (either from soil-stored seed banks or
dispersing propagules) differed between these two treatments, so the most likely explanation for its
marginally better performance is that biomass removal promoted the growth of establishing species
and possibly provided a larger number of establishment niches. The differences between the two
treatments may not be of sufficient magnitude to justify the cost of biomass removal. 1If biomass
levels are unnaturally high, however, the risk of a severe wild fire may also be high with a potentially
negative impact on vegetation recovery. For this reason, biomass removal (of especially the larger
pieces) is recommended.

6.54 The way forward

This study revealed the importance of long-term monitoring in restoration experiments or ecosystem
repair projects, as it provided insights into a definite trend for species composition and growth form
structure in cleared plots to more closely resemble the reference condition with time, Thus, provided
that invasive aliens are controlled appropriately, time may be the prime criterion for ecosystem
recovery and in many cases active revegetation programmes may not significantly improve recovery
rates. There may be subcatchment arcas that are too degraded to supply indigenous propagules for
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riparian vegetation recovery, however, and in such cases a revegetation programme to re-introduce
key riparian scrub species should be considered.

Further studies are required to investigate the impacts of different follow-up treatments and secondary
alien invasions on indigenous vegetation recovery. Where alien grasses such as kikuyu (Pennisetum
clandestinum) invade following alien tree clearance, for instance, the regencration niche may be
usurped, further delaying vegetation recovery. The influence of the surrounding landscape in
supplying propagules is also likely to be important in influencing recovery rate. In un-invaded rivers,
flooding increases plant species richness through the delivery of propagules (Jansson et al., 2005), but
if the upstream catchment is degraded no propagules may be supplied to promote vegetation recovery |
post-clearance.

The results reported here are preliminary and based on a limited number of sample plots. It is
anticipated that vegetation patterns in response to different alien clearing treatments will become
clearer once a larger number of plots have been sampled. A larger data set will also allow other
factors influencing vegetation composition, such as biogeography (i.c. catchment) and environment
(especially geology and soil type; Prins et al., 2004) to be taken into account when interpreting the
effects of clearing treatment.

6.6 CONCLUSION

All clearing treatments produced significantly different results to the reference condition for some of
the following variables: indigenous cover, species richness and growth form structure. An overlap in
species composition between the unburnt treatment plots and the Reference plot, however, indicated
that vegetation recovery following those clearing treatments was moving toward natural. The Fell &
Burn treatment showed the poorest recovery relative to the reference condition and it is recommended
that fires of unnaturally high severity be avoided in the riparian zone by removing some of the felled
and dried alien biomass. Of the treatments tested, Fell & Remove appeared to best promote vegetation
recovery in the short-term.

Further results and discussion on this topic are presented in Mr Blanchard’s M.Sc thesis:
Blanchard, R. (in press). To what extent are the alien plant clearing methods currently used in
the Western Cape resulting in riparian vegetation recovery. M.Sc thesis, Institute for Plant
Conservation, Botany Department, University of Cape Town.
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7. INVESTIGATION INTO THE ALLELOPATHIC POTENTIAL OF
ALIEN TREES

Heather Malan, Freshwater Research Unit, Zoology Department, University of Cape Town

7.1 INTRODUCTION
7.1.1 Background to the project

It was originally envisaged that the allelopathy section of the project would form a student thesis or
dissertation. Despite an extensive search for a suitable and interested student no such candidate could
be found. The work was then finally taken on by Dr Heather Malan and started in July 2005. The
limited length of time lefl to carry out the work (six months) imposed several constraints on the type
of experiments that could be conducted (for example no field trials) and the extent 1o which definitive
answers could be obtained. Because of these limitations one of the major products of this study is a
road map of suggested future research.

The following approach was used in this study:

. Appropriate objectives were set for the study (Section 7.2)

. A review of the literature was carried out (Section 7.3).

. The experimental methods to achieve the project objectives were planned.
. Suitable target plants were identified and cultivated (Section 7.4).

. Field trips were carried out in order 10 obtain soil, plants and leaf litter,

. The various experiments were conducted (Section 7.5).

. The results were analysed and reported.

. A road map of future research was drawn-up (7.8).

7.1.2 Rationale

The phenomenon of allelopathy is concerned with the effect that chemicals (termed allelochemicals)
of plant or microbial origin have on the growth, development and distribution of other plants and
micro-organisms in natural communities or agricultural systems (Einhellig 1993a). Both inhibitory
and stimulatory effects of allochemicals produced by a source plant on a target plant have been
observed. It has long been recognized that the invasive nature of many alien species, including those
of interest to this project (eucalypts, wattle, poplar and pine) may, to some extent, be a result of the
production and action of allelochemicals. Thus the typical bare areas, devoid of plant growth, under
some invasive tree species may ofien (although not necessarily) be a result of allelochemicals
inhibiting germination or seedling establishment of indigenous plants (Inderjit and Callaway 2003). In
South Africa, bare arcas around and/or under invasive tree species such as Eucalyprus are a common
sight both within, and as these species increasingly escape cultivation and infest natural arcas, outside

207




Allelopathy

of plantations. Considerable research has been carried out into this topic worldwide, but the relevance
of the research findings to the South African situation is not clear,

In the realm of allelopathic research it is useful to refer to a plant species with suspected or confirmed
allelopathic potential as the “source™ (or donor) plant. The term “target™ (or receptor) plant is used for
the plant species that is affected by the allelopathic compounds released by the donor plant (Foy
1999). This convention has also been used in this chapter.

7.2 AIMS AND CHALLENGES OF THE PROJECT

7.2.1 Aims

Overall, the project aims to carry out simple, preliminary experiments to investigate potential

allelopathic effects of the alien trees under consideration, and to consider whether the invasive success

of these trees in the riparian area is due to this phenomenon. The work includes identifying

indigenous plants that can be used as “target plants,” recommending future research avenues that

could be pursued in order to gain a fuller insight into allelopathy and finally, using the knowledge

gained in advising future management activities. In particular, the aims of this study are to answer the

following questions:

1. Do young saplings of the invasive alien trees under consideration exert an interference effect on
indigenous colonizing plants growing nearby?

2. What is the effect of incorporation of invasive species litter (leaves, twigs, bark) on the
germination and growth of indigenous colonizing species?

3. What are the implications of the above for the management of alien-infested lands and for clearing
programmes?

4, What is the way forward?

7.2.2 Challenges

There are several challenges that faced this project and these are discussed below. Some of the
challenges are general to the field of allelopathic rescarch and others are peculiar to working with
fynbos vegetation,

The complexity of allelopathic interactions

Most allclopathic effects appear to involve a complex of chemicals rather than just one chemical that
is phytotoxic (Foy 1999) and this makes investigations into allelopathy difficult. In addition, several
hundred allclochemicals have been identified and a given plant species is likely to produced more than
one type of allelochemical. Furthermore, frequently the source of a compound that is exerting an
allelopathic effect is not obvious. A further complication is that the same chemical compound may
have different effects on different target plants and be present in the soil in minute amounts (Einhellig
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1993a). The above factors make investigations into potential allelopathic effects particularly
challenging and are discussed in more detail in the literature review (Section 7.3).

Distinguishing between allelopathy and resource competition

Another aspect that contributes to the challenge in this field of research is the difficulty in
distinguishing between resource competition and allelopathy. A considerable number of papers
investigate the allelopathic potential of various species of Eucalyprus, Acacia, Pinus and Populus (del
Moral, Willis and Ashton 1978; Schumann, Little and Eccles 1995; Bernhard-Reversat 1999; Kohli,
Daizy, Singh and Batish 1996), and it is well established that species of these alien trees interfere with
other plant species that try to establish them selves as an under-storey level (see the literature review,
Section 7.3.9). Furthermore, allelochemicals have been extracted from many of the above-named
alien trees. It is extremely difficult, however, to differentiate between different forms of interference
and in particular between allelopathy and competition for resources. This difficulty has been widely
acknowledged in the literature (Inderjit and del Moral 1997; Reinhardt, Khalil and Bezuidenhout
1999a). For example, it has been postulated that the lack of vegetation under mature Eucalyprus trees
may be due to release of allelochemicals, to the trees taking up large proportions of nutrients and
water, to shading, or 10 a combination of these and other effects (Tshivandekano 1989).
Consequently, whilst it is recognized in South Africa that in the field, indigenous, and other plants
struggle to establish under mature cucalypts, acacias, pines and 10 a lesser extent poplars, the exact
reason for this is not clear.

From a management perspective, and at this early stage in the investigation, whether the failure of
indigenous under-storey plants to thrive is a result of allelopathy or of resource competition is not of
critical importance. What is important, however, is determining whether after clearing infestations of
these aliens there is a lasting effect in the soil. Would this effect be alleviated by removing the litter?
How long does this effect last? At what age do the invasive alien seedlings start to produce
allelochemicals? Therefore the rescarch in this short-term project is directed towards potential
allelopathic effects noted after clearing efforts, rather than the effects induced in established stands of
the alien trees. The focus is thus on the practical implications for management of infested riparian
land rather than the mechanism of interference per se.

Ultimately, in order to obtain a deeper understanding of the effect of these invasive species on
indigenous vegetation, it will be necessary to distinguish between resource competition and potential
allelochemical inhibition. For example, the action of fire may remove allelochemicals (Keeley,
Morton, Pedrosa and Trotter 1985) but would not necessarily affect competition for water or nutrients.
This in turn would influence the management actions that would be most effective.  Unfortunately,
due 1o the short duration of this project it will not be possible to pursue such detailed investigations,
This type of approach should, however, be considered for future work (Section 7.8).
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Ecological relevance

Allied 1o the difficulties in distinguishing between resource competition and allelopathic effect is the
need 1o establish the ecological relevance of experimental results. Many studies are reported in the
literature, in which organs of putative allelopathic species have been macerated or extracted with
organic solvents. The phytotoxic properties of these extracts have then been tested, often on plant
species that would not occur in the natural situation. As far as possible, the experiments carried out in
this study mimicked the situation in the field.

Time constraints

As mentioned in the introduction there were constraints with regard to the time available to carry out
the experimental work. Many indigenous species are extremely slow (and notoriously difficult) to
germinate. Because of this, several potential species could not be used, cither because seed was not
available during the period of the study or, if available, the seed could not be germinated (Section
7.4.2).

An obvious question that needs to be answered but that is not listed under the aims to this project is
“Do mature trees of the alien species under consideration exert an interfering effect on the soil around
them, and does this then inhibit the establishment of colonizing species™ This question is best
answered using field-trials. Because of the constraints of time within the present project, it was
decided that field experiments were not feasible. Consequently field trials occupy a prominent
position in the suggested road map for future research (Section 7.8).

7.3  LITERATURE REVIEW

The phenomenon of allelopathy has been recognized for over 2000 years and has been studied
intensively for the last few decades or so (Dakshini, Foy and Inderjit 1999; Macias 1993). As a result,
there is a relatively large body of literature covering this topic. Thus, although a discussion of
allelopathy in terms of definition, manifestations and causes is presented in this report, this discussion
is not exhaustive and the reader is directed to several comprehensive reviews of the subject (e.g.
Indejit, Dakshini and Einhellig 1993; Indejit, Dakshini and Foy 1999; Hierro, and Callaway 2003).
The focus of this review is directed towards allelopathy in the context of the overall project. In other
words, how this phenomenon relates to the invasion of alien plant species and allelopathy in and
environments (the prevailing condition over a large part of South Africa). Of the four alien invasive
trees that were studied in the broader project, two (Eucalyprus and Acacia) are discussed in detail
because these are considered 10 possess the greatest allelopathic potential (Coder 1999) and the most
has been written about allelopathy in these species. Factors that may influence allelopathic effects in
fynbos and riparian areas are also highlighted.
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7.3.1 What is allelopathy?

Mollisch (1937 — cited by Reinhardt, Mphephu and Bezuidenhout 1999b) coined one of the carly
definitions of allelopathy stating that “allelopathy ...involves both growth-stimulating and growth-
inhibiting plant responses to chemicals released from other plants into the environment.” This
definition has been extended over the years 10 emphasize that the term “plams”™ includes micro-
organisms such as fungi and bacteria. As understanding of the complexity of chemical signaling
developed it was realized that plant-animal interactions also occurred, for example, in plant defense
responses 10 insect predation (Einhellig 1993a). In this project, however, as in most studies in this
ficld, allclopathy is understood to include plant-plant interactions, and is defined as:

Allelopathy, a subset within the broader scope of chemical ecology, is concerned with effects that
chemicals of plant or microbial origin have on growth, development and distribution of other planis
and micro-organisms in natural communities or agricultural systems.” (Einhellig 1993a).

Several hundred organic chemicals, known to have an effect on the growth or functioning of target
species, are released from plants and microbes. These compounds cover a wide range of chemical
forms (Macias 1993). It should be remembered, however, that in addition to allelochemicals, many
other organic compounds are also released by plants - either from living tissue or during
decomposition (Bertin, Yang and Weston 2003). These may have no apparent impacts (either positive
or negative) on other plants, or possibly some of them do, but these have not yet been recognized.
When investigating and establishing evidence for an allelopathic effect it is necessary to show that the
donor plant is capable of accumulating allelochemicals in the environment at phytotoxic levels and
that the observed patterns of vegetation distribution are not solely explained by physical (e.g. resource)
or biotic (e.g. herbivore) factors (Blum 1999).

7.3.2 Some case-studies of allelopathic effects

Three case-studies of allelopathic interactions are presented below in order to demonstrate different
aspects of this phenomenon.

A classical case of allelopathy is exemplified by the effect of juglone, a chemical produced by black
walnut (Juglans nigra L.) as discussed in Bertin, Yang and Weston (2003). Established walnut trees
generally cause wilting, browning of vascular tissue and eventual necrosis and death of sensitive plant
species growing near them. Plants susceptible to damage include tomato, potato, pea, pear, apple,
com, barley as well as some omamental species The toxic effect is due to the production of juglone
(5-hydroxy-1,4-napthoquinone) by the walnut trees. In living tissues, juglone is generally found in a
reduced, non-toxic form but when exposed to air it becomes oxidized and toxic (Rietveld et al., 1983
cited by Bertin, Yang and Weston 2003). Since juglone is not particularly water-soluble it is not
readily leached from soil and persists undemneath the tree canopy where the living roots are located.
Consequently, susceptible target plants fail to thrive near these trees. According to Einhellig (1993)
this chemical interaction is unusual in the field of allelopathy in that only one chemical (juglone)
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appears to be involved. Several allelochemicals are usually responsible for exerting a toxic effect -
although it is possible that further rescarch into the allelopathological effect of black walnut will
implicate more chemical substances.

Another well-studied example of chemical interaction between two different plant species occurs
during nodule formation in leguminous plants, a step that is critical in the process of nitrogen fixation.
The initiation of Rhizobium-symbiosis involves a complex series of steps in which the bacteria and
higher plant influence each other through chemical signaling. Rhizobium bacteria are chemotactic
towards plant roots and the colonization, growth of roots, and formation of nodules is stimulated by
the production of flavonoids (amongst other compounds) produced by leguminous plants. Recent
studies show that in turmn Rhizobium produce chemical compounds that control root growth (Einhellig
1993aa; Bertin, Yang and Weston 2003).

A third interesting case of allelopathy is represented by the areas of bare ground around individual
plants, or stands of one type of plant, in the chaparral of southemn California. According to Einhellig
(1993) studies on the zonation of vegetation in the chaparral (an arca with a Mediterranean climate
such as the Western Cape) have shown that Salvia lewcophylla, Artemisia califorrnica and other
aromatic shrubs release a variety of volatile terpenes. These terpenes solubilize into the leaf cuticle of
other plant species growing nearby. They also adsorb onto soil particles from which they may later
transfer into root tissues of seedlings that try to establish in proximity to the allelopathic shrubs.
Water soluble phenolic acids are also leached from leaves of Salvia and Artemesia and other shrubs,
adding to the complex of inhibitory allelochemicals that will be encountered by colonizing herb and
grassland vegetation. Annual grasses are sensitive to these allelochemicals and the net result is a
border zone of sparse vegetation around stands of Salvia and Artemesia. The situation is complicated
by the action of herbivores making the extent of the allelopathic effect unclear (Inderjit and Callaway
2003).

7.3.3  Direct and indirect effects of allelochemicals

From the above examples it can be scen that a key aspect of allelopathy is the transfer of chemical
substances through the environment from a source plant to the target plant. The medium through
which the allelochemical travels is usually soil, but may be air or surface water (Cheng 1993;
Elakovich and Wooten 1993). A source plant could influence a target plamt ecither directly, or
indirectly (Figure 1) via the mediation of micro-organisms such as bacteria or fungi (Inderjit and
Nilsen 2003). In the case of the allelopathic effect of black walnut discussed in the previous section,
juglone has been found to be directly inhibitory to the growth of other higher plants (Bertin et al,
2003). In some cases the chemical compound produced by a higher plant is not directly toxic, but
becomes so only after chemical modification by micro-organisms (for example after partial
decomposition of leaf litter). The effect may be even more indirect in that the activity of an
allelochemical against a target plant species is through inhibition of the growth of microbial symbionts
present in the soil around the roots (the rhizosphere). For example, as noted in the previous section,
growth of Rhizobium bacteria has been found to be sensitive to various allelochemicals, The presence
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of allelopathic plants (or plant residue) can lead to poor growth of the microbial symbiont, which in
turn results in sparse nodulation and subsequent reduction in nitrogen available to legumes growing in
close proximity. The resultant effect is poor growth of the leguminous plants. Free-living nitrogen
fixing bacteria can also be affected by allelochemicals (Einhellig 1993a; Kluson 1993). Suppression
of mycorrhizal (fungal-root) colonization can also hinder absorption of water and other nutrients from
the soil, slowing growth (Bertin, Yang and Weston 2003).

Higher plant ﬂﬂh" plant

Micro-organism » Micro-organism

Figure 7.1 The direct and indirect effects of allclochemicals (adapted from Einhellig 1993a).
7.3.4 The chemicals involved

One of the major difficulties in studying allelopathy is the lack of comprehensive knowledge of
allelochemicals and root exudate chemistry in general (Cheng 1993). This is partly because such
chemicals are usually present in minute quantities, but also because many are labile (Bertin, Yang and
Weston 2003) and are thus difficult to isolate and identifv. Furthermore, several hundred
allelochemicals have been identified with a wide range of chemical structure (Cheng 1993; Marcia
1993). Allelochemicals are organic chemicals that can be released through volatilization, leaching
from leaves, degradation of plant residues or root exudation. Root exudates, however, are likely to
represent the largest source of allelochemical inputs into the soil environment (Bertin, Yang and
Weston 2003). Allelochemicals belong to several differemt categories of chemical compounds
including: phenols, benzoic and cinnamic acid derivatives, flavanoids, coumarone, tannins, terpenoids,
alkaloids, and polyacetylenes, of which the phenolics and terpenoids have been the most widely
investigated (Inderjit and Dakshini 1995 - citing several different sources).

With few exceptions, allelochemicals have been found to be secondary compounds. Thus, in general
they have no central metabolic function, although some allelochemicals do have a recognized role in
the source plant. For example, cinnamic acid, ferulic acid and p-coumaric acid are common
allelochemicals and are also intermediates in the formation of lignin. Frequently though, no obvious
metabolic function can be assigned. Most allelochemicals reported from higher plants originate from
cither the acetate or shikimate metabolic pathways or from both (Einhellig 1993b) and in general most
allelochemicals tend to be water-soluble (Inderjit and Dakshini 1995; Reinhardt, Khalil and
Bezuidenhout 1999a).

Bioactivity varies between the different compounds by several orders of magnitude. For example the
coumarins, cinnamic and benzoic acid, exert an effect on target plants at concentrations ranging from
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100 to 1000 uM. Allelopathic interactions include both inhibitory and stimulatory effects and even for
a single chemical compound, low concentrations frequently stimulate growth (possibly due to the fact
that this represents a nutrient source). At higher concentrations the same allelochemical is often found
to inhibit growth (Reinhardt and Meissner 1996). Analytical techniques that have been employed to
quantify these substances include multi-nuclear and 2-D NMR associated with GC-MS which was
used to identify the chemical composition of barley and wheat root exudates (Fan et al., 1997b cited
by Bertin, Yang and Weston 2003). Various other technigues including HPLC have also been
employed depending on the chemical nature of the compound(s) under investigation (Souto, Gonzalez
and Reigosa 1994, Inderjit 1996, Inderjit and Nilsen 2003).

In most cases it is not clear whether the release of allelochemicals by a particular source plant is a
result of active exudation or passive leakage and the regulation mechanisms of these processes are also
generally unknown (Einhellig 1993a). As noted previously, most cases of allelopathic inhibition are
due to a combined cffect of several compounds acting in a synergistic or additive manner (Einhellig
1993a). The activity of an allelochemical may be altered by the presence of other substances that may
act as promoters or inhibitors, and consequently, it may not be very useful to isolate the suspected
allelochemical (Inderjit and Nilsen 2003). A common experimental practice is to measure the total
concentration of phenolics in the soil, since phenolics are frequently allelopathic,

7.3.5 The scope of allelopathic effects

Allelochemicals can be highly selective influencing the growth of only one organism or exhibit broad
activity, influencing the growth of many species (Bertin et al, 2003 - citing several authors).
Susceptibility of target plants to the allelochemical effects of a source plant is often species- and even
cultivar-dependent (Reinhardt and Meissner 1996). The reason for differential species sensitivity 1o a
given allelochemical is not understood. Not surprisingly, considering that the primary mode of action
of allelochemicals is generally unknown. Since an allelopathic effect on a target plant is usually the
net result of a combination of chemicals interfering with several physiological processes in the target
organism, identifying the primary mechanism(s) of action is extremely difficult. Coumarins and
phenolic compounds derived from cinnamic and benzoic acids have been found o exert a deleterious
effect on several key plant processes including cell division, mineral uptake, stomatal function, water
balance, respiration, photosynthesis, protein and chlorophyll synthesis and the activities of plant
hormones (Einhellig 1993b). Despite the uncertainty regarding the underlying mechanisms of impact,
one of the primary sites of activity of allelopathic compounds is likely to be at the cell membrane (Foy
1999).

At the organism-level, some allelochemical effects are manifested in reduced seed germination. In
other cases, normal germination occurs, but seedling growth is impaired (Inderjit and Dakshini 1995;
Reinhardt and Meissner 1996). For example, the effect of aqueous extracts of leaves, roots, litter and
soil from the heath plant Kalmia augustifolia was tested on spruce scedlings. There was no significant
effect on germination, or stem growth, but the growth and development of primary roots was inhibited
(Mallik and Zhu 1993). At the ecosystem level, a whole range of effects have been postulated to result
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from allclopathy, These include vegetation patterns and associations of plant species, succession,
invasion by exotic plants, nitrogen fixation, seed preservation and some of the dynamics of plamt
discase (Einhellig 1993a; Dakshini, Foy and Inderjit 1999),

7.3.6 Allelopathy and other interference effects

In nature, several plant-plant interference mechanisms, other than allelopathy, are also likely to be in
operation. These include resource competition, nutrient immobilization by micro-organisms, and
planUmicro-organism interactions, In practice it is extremely difficult to separate these mechanisms
since they are generally thought to operate sequentially and/or simultancously (Dakshini, Foy and
Inderjit 1999; Inderjit and del Moral 1997). For example, the reduction in growth of a target plant as a
result of allelochemicals simultancously reduces competition with the source plant for resources.
Similarly, Reinhardt et al. (1999a) note that plants growing under conditions of stress (for example
due to competition for resources) may frequently produce allelochemicals in response. Stress factors
such as shade, drought or nutrient-limitation are known to enhance the production of secondary
metabolites (Inderjit and del Moral 1997). Many secondary metabolites such as phenolics and
terpenoids have been reported to act as allelochemicals, and are known to complex with inorganic ions
and influence the accumulation of soil nutrients.  Thus, Inderjit and del Moral (1997) conclude that
“separating allelopathy from resource competition is essentially impossible in natural systems,
Furthermore, any experimental design to separate allelopathy and resource competition will create
conditions that will never occur in nature.™

Although the two interference effects of allelopathy and resource competition are closely linked
(Inderjit and Callaway 2003), an interesting experimental technique has been used to try to distinguish
between them. The approach involves comparing the growth of target species planted at different
seedling densities in the presence of a suspecied allclopathic source plant. If no allelochemicals are
produced by the putative source plant then growth of the target plants will decrease with increasing
seedling density due to competition for resources. If, on the other hand, an allelochemical is present in
the soil, growth should increase with increasing density of target seedlings. It is hypothesized that this
is due 1o dilution of the allelochemical effect (due 1o uptake by many target seedlings). Such an effect
was demonstrated by Gentle and Duggin (1997) who examined the growth of two indigenous
Australian species afler different removal methods for Lantana camara thickets,

7.3.7 Extrapolation from laboratory results to the field

Because of the complexity of natural ccosystems and the difficulty in distinguishing resource
competition from allelopathic interference, extensive use is made of bioassays in this field of rescarch
(Inderjit and Dakshini 1995; Rice 1995; Inderjit and Nilsen 2003). Laboratory bioassays (i.e.
measuring responses in living plants) can be carried out under controlled conditions in order 10
investigate some of the confounding variables that influence allelopathic effects. They are useful
approaches for screening plant species for allelopathic potential, and determining the toxicity of crude
extracts and fractionated components obtained from various sources (Reinhardt, Khalil and
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Bezuidenhout 1999a). Unless careful thought is given to the design of bioassays, however, many will
have little or no correspondence with the situation in the field (Inderjit and Dakshini 1995; Hierro and
Callaway 2003).

Central to the development of ecologically sensible bioassays is the use of appropriate (i.e. natural)
concentrations of allelochemicals (Inderjit and Callaway 2003; Inderjit and Nilsen 2003). As
explained previously (Section 7.3.4), allelochemical effects are usually mediated by a range of
chemicals, present in very low concentrations, whose profile is likely to change with time. Bioassays
provide a means of determining the presence/absence of allelochemicals in a gualitative manner, In
order for the technique to be used guantitatively the allelochemical(s) responsible for the effect need to
be isolated, identified and the biologically active concentration determined (Reinhardt et al | 1999a).

Inderjit and Dakshini (1995), Blum (1999), and Inderjit and Nilsen (2003) give guidelines for making
bioassays more ecologically relevant. Especial caution is given against the grinding of plant material
and the extraction of putative allelochemicals using organic solvents. An often-quoted, but none the
less valuable insight is given by Harper (1994 - cited by Inderjit and Nilsen 2003) who notes that
“almost all [plant] species can, by appropriate digestion, extraction and concentration be persuaded 1o
yield a product that is toxic to one species or another.,” Other suggestions for improved bioassays
include the use of co-occurring target species — (i.e. species that would naturally be found in an arca,
rather than artificially sensitive species such as Lactuca), the use of soil as a growth medium (and
careful examination of microbial involvement), and consideration of different aspects of the growth
response in the target plant (Inderjit and Dakshini 1995; Inderjit and Nilsen 2003). A list of
parameters that can influence the outcome of allelopathy assays is given in Inderjit and Nilsen (2003).
Blum (1999) also gives a list of experimental considerations that must be addressed when carrying out
plant debris-soil bioassays (such as the litter experiments in this project — Section 7.5.1). Where
possible these guidelines have been followed in the experimental procedure used in this study.
Despite the need for caution when designing bioassays to demonstrate potential allelochemical effects,
this experimental approach is invaluable. Bioassays offer the advantage of measuring only the
phytotoxic portion of an extract. In comparison with chemical analyses, bioassays are ofien extremely
sensitive, economical and simple to perform (Reinhardt et al., 1999a).

7.3.8 Factors that influence allelochemical effects
Plant-related factors

Potential allelochemicals can originate from different plant parts and not all allelopathic plants will
produce allelochemicals from all organs (Inderjit and Nilsen 2003). Many allelochemicals originate
from decaying plant tissues such as leaf litter (Inderjit, Cheng and Nishimura 1999). It was found, for
example, that mature sunflower plants that are cut and lefl as residue on the soil surface have a
beneficial effect on the control of weeds in the next growing season (Reinhardt, Khalil and
Bezuidenhout 1999a). There has been considerable interest in the use of plant residues that can act as
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alleloherbicides (Chou 1993) since such natural herbicides have the advantage of being unlikely to
persist in soil.

The growth stage of the source plant can also affect the production of allelochemicals (Inderjit and
Dakshini 1995). For example, Bertin, Yang and Weston (2003) report that the extent of toxicity of
Juglone produced by black walnut trees is dependent on the age and size of the tree (in addition 10 soil
environmental conditions) which influence toxin production. The highest concentrations of juglone
are found around actively growing roots. Reinhardt and Bezuidenhout (2001) found that in Cyperus
esculemus, maceration of immature \eaves produced an extract that was more phytotoxic than mature
leaves. Of interest to this project is the finding that regrowth of Kochia plants (an invasive species)
may give rise to increased production of allelochemicals (Hierro and Callaway 2003). This effect was
demonstrated, however, using laboratory bioassays and it is not clear if similar allelochemical effects
occur in the field.

Environmental stress

Allelopathy is tightly coupled with competition for resources and stress from disease, temperature
extremes, moisture deficit and herbicidal impacts (Einhellig 1993a). In general, environmental stress
usually (although not always) increases the production of allelochemicals (Einhellig 1993a; Reinhardt,
Khalil and Bezuidenhout 1999a). Einhellig and Echrich (1984) grew one batch of soybean seedlings
at a day temperature of 23°C and another batch at 34°C. The latter value is towards the upper-most
limit of the temperature tolerance of these plants, although no difference was exhibited between the
biomass of the two batches. If the allelochemical ferulic acid was added to the soil at a concentration
of 100 uM, growth of plants held at the lower temperature was not affected, but those grown at 34° C
were significantly smaller in size.

Although there is a general lack of understanding of the identity and actions of allelochemicals,
enough is known to conclude that both the synthesis and the impacts of allelochemicals are influenced
by stress, although the mechanisms are rarely understood in any detail (Einhellig 1993b).

Soil-related factors

In order for an allelochemical effect to occur, transport of the allelochemical(s) between the source
plant and target plant must occur and this is frequently through soil (Cheng 1993), Soil is a complex
and dynamic medium and the mobility of organic compounds within soil is dependent on the chemical
and physical character of the compound under consideration, as well as that of the soil through which
it moves. Environmental factors such as soil moisture and temperature also affect allelochemical
mobility (Reinhardt, Khalil and Bezuidenhout 1999a).  Phytotoxic substances that leach from plant
matter by rainfall or irrigation contribute to the complex interactions between plant residues, the
environment and micro-organisms (Kil and Lovett 1999). Once allelochemicals reach the soil they are
often altered due 1o adsorption to soil particles, degradation by micro-organisms, or chemical reactions
(Einhellig 1993a). Certain soil types, due to their physical and chemical nature, are able to adsorb
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allelochemicals to a greater extent than others. For example, it was found that loamy soils are able to
retain a higher proportion of toxic factors than sandy soils (del Moral and Muller 1970).

Quite apart from the abiotic characteristics of soil, the type and distribution of microbial populations
within that soil is also important from the point of view of allelopathy. This was discussed in Section
7.33.

Allelopathy and invasion of alien plants

Various theories have been put forward to explain the remarkable success of many invasive plants in
different parts of the world. One of the most popular of these is the “absence of predators™ theory.
This theory proposes that in newly-invaded ecosystems, the lack of pathogens and herbivorous
predators that would normally keep the population in check in native ecosystems causes the plant 1o
become invasive. There is, however, increasing evidence to suggest that in some cases allelopathy is
also an important reason for the invasive success of some species, allowing certain weeds to dominate
an ecosystem over time (Gentle and Duggin 1997; Bertin, Yang and Weston 2003; Inderjit and
Callaway 2003).

A key debate around the importance of allelopathy in plant invasion is provided in Hierro and
Callaway (2003) and much of the discussion below is taken from that source. The effect of Centaurea
diffusa, an invasive weed in North America, on other plant species both in invaded communities and in
its native regions of Eurasia, was examined by Callaway and Aschehoug (2000). The target plants that
were chosen were three species of bunchgrass that co-exist with C. diffusa in Eurasia and three
congeners (or near-congeners) from North America that were similar in morphology and size.
Planting trials were conducted with combinations of a grass species and the weed plant grown in sand.
Centaurea diffusa had a much stronger negative effect on the North American species than on the co-
patriot Eurasian species. None of the North American grasses appeared to reduce the biomass of the
weed (although the Eurasian grasses did reduce growth of C. diffusa). Further planting trials were
conducted in which activated carbon (which absorbs organic compounds and thus would ameliorate
allelopathic effects) was added to the growth medium. The growth of North American grasses with C.
diffusa was enhanced in the presence of activated carbon, presumably due to inactivation of the
allelochemical compounds. In contrast, the growth of all Eurasian grass species growing in the
presence of C. diffusa was decreased. One of the major allelochemicals involved in the action of this
invasive weed has been identified as (+)-catechin (Bais et al., 2002).

From experiments such as those described above it has been postulated that native species that come
into contact with an allelopathic invasive species from another region may be especially susceptible 1o
the effects of the allelochemicals produced (Willis 1999). They are “naive,” not having previously
been exposed o that particular rhizochemical environment, and have not had time to evolve tolerance
1o potential allelochemicals. Work carried out by Callaway, Ridenour, Laboski, Weir and Vivanco
(2005), however, provides initial evidence that indigenous plant species can fairly rapidly adapt to
tolerate the allelochemical effects of an exotic plant invader. They conclude that indigenous plant
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species can evolve resistance 1o invaders and that invaded communities may recover some aspects of
natural structure and function so that invaders and natives may eventually coexist. Of interest is the
finding that an invasive plant often stimulates the germination of its own seeds thus giving it a
competitive advantage (Hierro and Callaway 2003). The question of competition for resources versus
allelopathy (Section 7.3.6) is also of critical importance when considering the invasion of indigenous
communities by alien plants. It has been postulated that allelopathy is especially important in
resource-poor plant communities making them prone to invasion (Hierro and Callaway 2003).

Although it is strongly suspected that in some cases of alien plant invasions at least, allelopathy is
likely to be involved to a greater or lesser extent, the challenges described previously in trying to
isolate allelopathy from other inference effects also hold. As stated by Hierro and Callaway (2003)
“there is a great deal of evidence for strong allelopathic effects of exotic invaders on native species,
but very little that escapes methodological quandaries.” It appears that allelopathic interactions are
likely to be very species specific and thus it is important that indigenous species are used to test for an
allelochemical effect rather than laboratory test species. Experiments need to be carried out that
investigate the allelopathic potential of an alien plant both in its native community and in invaded
communities in order to compare the vulnerability of target plants (Inderjit and Nilsen 2003).

Eucalyptus

The genus Eucalyprus has been investigated by many researchers from different parts of the world
because of its suspected allelopathic potential (Coder 1999; Kil and Lovett 1999). Many cucalypt
species are often surrounded by arcas of bare ground (Nishimura and Mizutani 1993; Bernhard-
Reversat, 1999). Even after felling stands of adult trees, these areas of bare ground can persist for
several years until eventually tolerant plant species begin to establish in the bare patches
(Tshivandekano 1989; Bemnhard-Reversat, 1999). Ewcalyptus spp. tend to be rich in secondary
compounds and several studies have examined the allelochemical nature of these compounds. Volatile
terpenoids are characteristic of the genus and various types of this class of chemical have been
identified (Wang and Fujimoto 1993 - cited by Kils and Lovett 1999),

Several studies have also been carried out on the allclopathic potential of eucalypts in their native
communities (see Kil and Lovett (1999) and Willis (1999) for a summary of this work). Of especial
interest is the so-called “auto-toxicity™ effect, whereby several species of cucalypts (some of
commercial importance) appear to suppress germination and growth of their own seedlings (Bowman
and Kirkpatrick 1986; Willis 1999).

The arcas of suppressed plant growth under Eucalyprus trees have been attributed to different causes
by different authors and are listed below. It is important to note though that the genus “Eucalyprus™
includes many hundreds of species (850 native to Australia alone (Beadle 1981)). Allelopathic
interactions operate in combination with other interference effects and allelopathy tends to be species-
specific. Thus, although various explanations have been given to explain the reasons for the absence
of vegetation below eucalypt species, not all mechanisms are likely to be operating in all situations.
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Growth of under-storey plants bencath Eucalyprus trees may be prevented by:

1. Allelopathic effects resulting from compounds leached from litter or other plant parts (del
Moral, Willis and Ashton 1978; May and Ash (1990); Singh and Kohli (1992); Souto,
Gonzalez and Reigosa, 1994; Bemnhard-Reversat, 1999).

e B Competition for water (Bowman and Kirkpatrick 1986).

3 Competition for nutrients (Igboanugo 1988 cited by Kil and Lovett 1999).

4. Mobilization of iron from soil by eucalypt litter leachate - which could result in a competitive
advantage over other plants (Bernhard-Reversat, 1999).

s Inhibition of nitrogen fixing bacteria due to allelochemicals (Tshivandekano 1989).

6. Stimulation of microbiological pathogens that adversely influence other plants (Willis 1999).

Tshivandekano (1989) examined arcas of non-vegetated ground below E cinerea, on the slopes of
Table Mountain, South Africa. He postulated that the difficulty in revegetating previously
Eucalyptus-dominated arcas was due to erosion of topsoil after removal of the trees. This would make
the establishment of new vegetation difficult due to the depletion of nutrients, humus and the resultant
poor water-holding capacity of the soil. Soil erosion would be accelerated by the lack of vegetation
and possibly aided by the observed hydrophobicity of soil in the test area (Tshivandekano 1989),

Bernhard-Reversat (1999) examined the effect of litter leachate from two Eucalyprus hybrids on the
growth of rice seedlings. It was found that litter leachates obtained from fresh litter (i.c. from recently
fallen leaves) decreased root growth of the rice seedlings. However, leachates from litter older than
five days did not exhibit any effect. Bernard-Reversat (1999) opines that because inhibition occurs
when fresh litter is used but not old litter, this supports the theory that allelopathy is causing the
suppression of growth and that the allelopathic compound is washed out of the litter carly in the
decomposition process. In Eucalyptus plantations litter-fall occurs throughout the year and
allelopathic compounds are likely to be leached from fresh litter during the entire rainy season (Molina
et al, 1991). Puri and Khara (1991) also studied the effect of leachates from E fereticornis leaves of
different ages on the germination and seedling growth of a target plant. They found that seedling
growth was decreased in the presence of leachate from green and brown leaves, but not from decayed
leaves. In fact growth was often increased in the presence of leachate from decayed leaves.
Germination of mung beans, on the other hand was unaffected by leachate from leaves of any age.
The authors hypothesized that allelopathic substances present in the Eucalyprus litter interferes with
the growth of the mycorrhizal fungi present in the root systems and this in tumn affects the nutrient
uptake and growth of seedlings.

De Moral and Muller (1970) examined the failure of herbaceous plants to grow under or near £
globulus and E. camaldulensis trees and also attributed it to the allelopathic effect of these trees. They
found that fresh leaves of £ camaldulensis and E. globulus produced large amounts of volatile
terpenes that are toxic to plant growth. Insect frass (droppings) falling from E globulus was
demonstrated to suppress germination, growth and survival of herb plant species due to the
allelopathic nature of the frass (Silander, Trenbath and Fox 1983 - cited by Willis 1999). These
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results were contested by other rescarchers, however, as being non-representative of the natural
situation. De Moral, Willis and Ashton (1978) also reported that the suppression of under-storey layers
benecath £ haxteri was due to the production of allelochemicals rather than to resource competition.
They found that topsoil extracts from below £ haxteri were inhibitory to the establishment of some
scedling species due to the presence of resins and, possibly, terpenoids. On the other hand Lamont
(1985 ~ cited by Willis 1999) demonstrated that under £ wandoo — the bare areas were due 10 the
superior ability of these trees to compete for water,

Willis (1999) summarized the rescarch on allelopathy caused by Eucalyptus saying that despite many
attempts, there has been no unambiguous demonstration of allelopathy in native eucalypt forests in
Australia. This is in marked contrast 10 situations overseas where eucalypts are well known 10 affect
the growth of under-storey species, or in Australia where introduced species may grow poorly
undemcath eucalypts.

Acacia

Considerably less research has been conducted on the allelopathic potential of Acacia compared to
Eucalyptus. Schumann, Little and Eccles (1995) examined the effect of litter leachate from Acacia
mearnsii (in addition to that from Eucalyptus grandis and Pinus patula) on the establishment of
weeds. They found that although litter leachate appeared to reduce the biomass of target plants
relative to controls, this effect was statistically significant only for Pinus. The use of leaf mulch of 4.
mearnsii appeared to have no allelopathic effect on pot-grown wheat and maize (Pieterse 1997).

Gonzalez, Souto and Reigosa (1995) examined phytotoxic compounds formed during the
decomposition of Acacia melanoxylon decomposition in soil. The process was investigated in
different ecosystems, namely an oak wood, a ecucalypt stand, and a stand of Pimus pinata.
Decomposition of Acacia residues caused an inhibitory allelopathic effect which was strongest in fresh
linter and declined with litter age. However, the soil in which this occurred influenced the extent of
toxicity. The authors identified various phenolic compounds and flavanoids from the leachate. They
noted that whilst the allelochemical effect is more potent in freshly decomposed leaves, this species
sheds litter the whole year round, and thus a toxic effect may be exerted both during the germination
and growth periods of under-storey species.

Allelopathy in the fyinbos biome

From the foregoing discussion of allelopathy it is clear that many environmental variables including
the temperature and pH of the growth medium, the presence of micro-organisms, and soil moisture
content are likely to affect allelochemical potential in the field. Consequently, factors characteristic of
fynbos ecosystems are also likely to affect allelopathic potential.  Fynbos arcas, for example, are
typically characterized by acidic soils with low nutrient concentrations (Deacon, Jury and Ellis 1992;
Cowling and Richardson 1995). According to Hierro and Callaway (2003) allelopathy is of especial
importance in resource-poor communities making them more prone to invasion. Micro-organisms in
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the form of bacteria in proteoid roots and mycorrhiza play an extremely important role in fynbos
ecosystems in extracting nutrients from the soil (Stock and Allsopp 1992; Cowling and Richardson
1995).

At the same time, nutrient limitation has been found to stimulate the production of allelochemicals in
many plants (Inderjit and del Moral 1997). Vegetation in the fynbos biome is known to have a high
content of secondary compounds — which is believed to be an adaptation to reduce grazing under
conditions of low nutrients (Cowling and Richardson 1995). As noted in Section 7.3.4 many
secondary plant compounds are also known to be allelopathic and reference was made to the
allelopathic nature of species of the chaparral of southern California, an area similar in climate to the
Western Cape. Although no information could be found in the literature on recorded allelopathic
effects demonstrated by fynbos plants, it is very likely that some indigenous fynbos plants are also
allelopathic and that this mechanism is involved in community structuring. Leaching of secondary
compounds produced in the leaves of fynbos plants leads, in tumn, to a build-up of humic acids in the
soil (DWAF 1996). Reinhardt, Khalil and Bezuidenhout (1999a) report that clay minerals and humic
acids appear to be involved as catalysts in the inactivation of phenolic compounds through
decomposition, mineralization, and adsorption of these chemicals. They conclude that organic
compounds bound to humic acids may then be relatively easily broken down by micro-organisms.

The fynbos biome is found in Mediterrancan climatic regions, characterized by long hot, dry,
summers. May and Ash (1990) examined the allelopathic potential of several Eucalyprus species.
These authors found that stemflow (i.e. water flowing down the stem) was one of the most potent
sources of inhibitors from the cucalypt species examined. From their own studies, and from others,
they calculated that the volume of stemflow channeled down this route is typically up to eight times
the volume of rainfall for a given area. May and Ash (1990) also noted that evaporative concentration
of leachates from Eucalyprus species showed an increase in inhibitory action. They found that, in the
field, allelopathic chemicals from cucalypts could accumulate in the soil under appropriate conditions
but that the allelochemicals involved were water-soluble and therefore prone to leaching from soils.
They concluded that allelopathy must therefore be considered in relation to the amount of source
material, rainfall and the soil water balance. They calculated that low rainfall events that were
insufficient 1o cause runoff or deep drainage would tend to maximize allelochemical concentrations -
especially if followed by hot weather which would allow evaporative concentration of the chemicals,
Horsley (1991 - cited by Inderjit and Dakshini 1995) postulated that phenolics are likely to be the
primary allelochemicals in temperate ecosystems whilst terpenoids are of greater importance in arid
and semi-arid environments. Del Moral and Muller (1970) found that the concentration of
allelochemicals in soils under £ camaldulensis peaked at the end of the dry Californian summer,
declining after the onset of autumn rains. On the other hand, the activity of soil micro-organisms is
sensitive to the soil moisture content, and can also be expected to vary with this parameter (Reinhardt,
Khalil and Bezuidenhout 1999a).

Finally, fire is an important process in fynbos ecosystems and periodic fires are typical of the region
(Stock and Allsopp 1992). Willis (1999) discussed the relevance of fire in the allelopathic activity of
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cucalypts and notes that the effects of fire on this phenomenon are very poorly understood. It has been
noted that fire can lead 1o a stimulation of seedlings under potentially allelopathic trees, and this has
largely been attributed to the removal of allelochemicals and/or release of nutrients into the soil
(Tshivandekano 1989). Renbuss et al. (1972) suggested that the increase in plant growth is due to the
removal of soil micro-organisms by the fire. Promotion of seedling growth after fire is by no means a
universal effect, however., Everett et al., 1995 found that buming of slash increased both the
hydrophobicity and allelopathic potential of the soil below. Part of the confounding results may well
be due to different soil environments and fires of different temperatures. Willis (1999) states that
whilst numerous investigators have hypothesized that the improved germination/and or growth on
burnt soil may be due 10 the removal of aliclopathic inhibitors, hard evidence for this is lacking.

From the above discussion of fynbos vegetation it can be seen that it is difficult to make conclusions
concerning the prevalence of allelopathy. Mapping of alien plant species has indicated that the fynbos
biome appears to be more severely invaded than other South African biomes (Macdonald 1984,
Versfeld, Le Maitre and Chapman 1998). Several theories have been put forward 1o explain the
susceptibility of fynbos vegetation to plant invasion, although no single theory appears to be fully
satisfactory (Richardson, Macdonald, Holmes and Cowling 1992). Allelopathy within indigenous
fynbos communities may well be an important ecological factor in structuring plant communities.
Whether the specific environmental conditions that characterize fynbos soils would enhance the
allelopathic potential of alien plants and hence their invasive success is not clear.

Allelopathy in the riparian zone

As reported in Section 7.3.4, most allelochemicals (although not all — see the example of juglone,
Section 7.3.2) appear to be water-soluble in nature. Thus rain (and groundwater) flowing down steep
river-banks may result in an accumulation of allelochemicals at the base of these banks. At the same
time, in riparian zones, areas that are periodically inundated by streamflow are likely to be leached of
allelopathic compounds. The persistence of allelochemicals is likely to be dependent on the physico-
chemical nature both of the allelochemical and of the substrate, as well as the climate and inundation
regime. Little could be found in the literature specifically on allelochemical effects in riparian zones.
Xiong and Nilsson (1997) concluded that leaf litter production (a potent source of allelochemicals) is
higher in riparian corndors than in upland ccosystems. At the same time, due to high leaching and
microbial activity, decomposition of this plant matter is faster than in upland areas. Consequently,
they consider that phytotoxins are unlikely to be important in riparian systems due to leaching or
dilution by water. Nevertheless, reports of allelopathic inhibition of phytoplankton in pools of
standing water (but not running water) were noted by these authors.

It would appear from the above discussion that the accumulation of allelochemicals and possible
allelopathic effects along river banks is likely 1o be extremely site-specific.,  Allelopathic activity
would depend on the source and target plants involved, the physico-chemical nature both of the
allelochemical(s) and the substrate, the inundation cycle of the area concerned, environmental factors
(such as rainfall) and localized topography. The large number of variables, in addition to the complex
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nature of allelopathy would make it very difficult 1o predict, for a given site, the importance of this
phenomenon. With a deeper understanding of the allelochemicals involved and the environmental
factors that mediate allelopathic activity it may be possible to model and predict ecosystem response.
At this stage, however, this is premature and attention should rather be directed towards optimizing the
control of invasive species in riparian belts.

74  THE PLANT SPECIES STUDIED

This section of the report discusses which source and target plants were used in the experiments and
the methods used in their cultivation. Recommendations are made for target plants that can be used in
future experiments.

7.4.1 The source plants

The alien trees (source plants) that were studied for putative allelopathic effects in this study were:
o  Eucalyptus leucoxylon and
®  Acacia mearnsii (black wattle),

Due to time constraints, the allelopathic potential of poplar and pine were not investigated. Of the four
genera, Eucalyptus and Acacia are likely to exhibit the most pronounced allelopathic effects (Coder
1999).

Seedlings of Eucalyprus leucoxylon were obtained from the Sir Lowry's Pass River (site SLP 3, Tables
3.1, 3.2). Acacia mearnsii seedlings were sourced from various areas near 10 the Molenaars River as
well as from the banks of the Sir Lowry’s Pass River. Leaf/bark litter from each alien tree species was
collected at the same time as the saplings by gathering the litter from arcas undemeath heavy
infestations of the trees,

In preliminary experiments Virgilia sp. feither oroboides or divaricata) saplings were used as control
source plants. Virgilia saplings were obtained from the banks of the Silvermine River. Litter from an
indigenous small tree and shrub (Mererosideros angustifolia and Rhus angustifolia respectively) was
used in some experiments (Section 7.5) and was obtained from the banks of the Molenaars River.

Cultivation of source plants

The saplings of Eucalyptus leucaxylon, Acacia mearnsii and Virgilia sp. (approximately 0.25 - 0.5 m
in height) were planted in plastic pots (18 cm in diameter, 3 litre in volume). The soil used was
obtained from a riparian area (Orange Grove, Disa River) that had no history of invasion by alien
trees. The plants were grown outside at the University of Cape Town, in an arca that received
moming sun only. They were watered twice per week and supplied with full-strength commercially-
available nutrient solution every second week. The plants were placed in a random design and moved
cach fortnight to minimize the effect of micro-climate. There was a high rate of montality and the
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plants were eventually moved to a greenhouse. Even under these more favourable conditions there
was still gradual attrition of saplings. Of the 25 individuals of each genus that was obtained from the
ficld only nine cucalypts, eleven wattles and no Virgilia survived after four months. 1t is suggested
that for future work, cucalypts be obtained from a forestry nursery (none were available during the
course of this project). Wattle and Virgilia should be grown from seed (this was not a feasible option
during this project due to time constraints),

7.4.2 The target plants
The use of Lactuca as a standard target plant

The interference effects of the alien trees (source plants) were investigated on target plants including

Lactuca sativa (cv. Great lakes). Lactuca (lettuce) is not an indigenous species and this presents an

inherent obstacle in extrapolating results obtained using these plants 10 the field. Nevertheless,

Lactuca was used as a target plant for the following reasons:

¢ This species has been used in a wide range of studies on allelopathy and results from these
experiments can therefore be compared with those in the literature. Thus Lactuca was used as a
“standard™ target plant in these experiments,

e In general Lactuca has been found 10 be very sensitive to allelochemicals (Blum 1999).

¢ The seeds exhibit a rapid, uniform and reliable germination capacity.

e The plants are easy to cultivate.

¢ The seed is readily available throughout the year.

e Because of the difficulty in germinating and cultivating indigenous plants, the use of Laciuca in
conjunction with indigenous target systems ensured at least some results were obtained.

Indigenous target plants

Considerable time and effort was directed towards identifying and sourcing suitable indigenous target
plants that could be used in the allelopathy experiments. The aim was to identify indigenous species
that are commonly found in riparian fynbos areas so that the potential impact of alien trees could be
investigated. Dr Patricia Holmes (Cape Ecological Services, Cape Town) was consulted for advice on
suitable indigenous candidates and the project team is greatly indebted for her input in this regard.

The choice of suitable fynbos riparian target plants was governed by practical considerations,
Availability of sufficient quantities of sced, ease of germination and cultivation were critical factors in
identifying suitable candidates. As far as possible, species with large seeds were avoided since it has
been found that these are less susceptible to allelochemicals than are small sceds (Reinhardt and
Meissner 1996). Some species were found to be more useful than others. Seed from several species
that may potentially be useful in future allelopathic experiments could not be obtained in sufficient
quantity during the short term of the project, or else took 100 long to germinate and establish. A brief
discussion is given below of all the target plant systems that were investigated. Also given is a list of
plants that were not used, but that may offer possibilities in future studies:
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Virgilia oroboides (“keurboom™) seeds were germinated successfully during the project and
healthy seedlings were cultivated. This species was used as an indigenous target plant in the
allelopathy experiments (Section 7.5). Germination was found to be reasonably consistent,
although there was a difference depending on seed size. Large seeds germinated more readily than
small seeds. The latter ofien remained hard even after the imbibition treatment.

Virgilia divaricata seeds were also germinated successfully and were used as target plants, The
two Virgilia species are considered by some authorities to hybridise. Virgilia oroboides is
generally found in the W. Cape and V. divaricata in the E. Cape (Palgrave 2002).

Ehrharta calycina (a perennial indigenous grass) was considered to be a potential useful
candidate, since this species, unlike many other fynbos plants is tolerant of nitrogen enrichment in
the soil and is often a pioneer after the removal of Acacia (Dr P. Holmes, Cape Ecological
Services, Cape Town, pers. comm. August 2005). Seed was unavailable from commercial sources
during the project and so stolons of this species were obtained from the field and were cultivated
with reasonable success. It was hoped that these plants could be used as target plants. Preliminary
trials, however, indicated that there was considerable failure of individual stolons during
transplantation. This meant that it was difficult to separate the effect of transplantation shock
from possible allelopathic inhibition (for example from litter mulch of a source plant) and thus this
plant system was not used in further trials.

Seeds of Brachylaena neriifolia (a small riparian tree) were obtained from an indigenous seed
nursery. According to the seed suppliers (Silverhill Seeds, Kenilworth, Cape Town) this species
germinates in the field in autumn. Attempts to germinate these seeds either in vitro or in the soil
were unsuccessful. Vanations to the germination protocol that were tried included imbibing seeds
in water (for different lengths of time) before planting, altering the temperature and light regime,
and submitting the seeds to a stratification (chilling) treatment. Even placing the seeds in a growth
cabinet with the temperature and light conditions appropriate to autumnal conditions did not result
in germination. It is possible that this batch of seed was non-viable because success in
germinating these seeds has been reported by other researchers (Dr P. Holmes, Cape Ecological
Services, Cape Town, pers. comm. July 2006).

Other indigenous plant systems (from the fynbos region) that may be of use as target plants in
allclopathy studies (Dr P. Holmes, Cape Ecological Services, Cape Town, pers. comm. August 2005)
are listed below. The seed from these species were unavailable from commercial suppliers at the time
of this project. An alternative approach in future work would be to obtain seeds from plants growing
in the field. The first two species are serotinous, and thus seed is available from mature plants the
entire year (Dr P. Holmes, Cape Ecological Services, Cape Town, pers. comm. July 2006):

Leucadendron salicifolium,

Berzelia sp.,

Erica caffra and

Various members of the family Restionaceae e.g. Elegia capensis.
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It may be possible to use Salix mucronata cuttings as target plant systems if they exhibit consistent
regeneration. These cuttings root easily in riparian arcas and their use has been considered as a
possible rehabilitation strategy.

Cudtivation of target plants

In the current project Lactuca and Virgilia sp were used as the target plants. Pilot experiments were
conducted to establish the optimum conditions required for germination. Seeds were germinated both
in an in vitro system and in the soil. The variables that were investigated included temperature, light
regime, volume of water added during imbibition, and control of fungal infections. Similar methods
were found to be suitable for germinating both Lactuca and Virgilia seeds and are described below.

Germination in vitro
The method used was adapted from that of Malan (1999):

First Lactuca seeds were surfaced-sterilised by immersing in a 0.5% solution of sodium hypochlorite
for 10 min to minimize fungal infection. The seeds were then rinsed twice in distilled water and
allowed to drain for a few minutes. In the case of Virgilia seeds these were first placed in a glass
beaker and hot water (approximately 90° C) added. The seeds were left to imbibe in this water for 24
hrs and were then drained and surface-sterilised as described for Lactuca seeds.

Than a piece of paper toweling was folded in four and placed in the bottom of a S00ml plastic
container that had been surface sterilized with concentrated sodium hypochlorite. Seeds (either 20
Lactuca or 10 Virgilia) were spread evenly over the surface of the toweling and then covered with
another piece of the same.

The toweling was then moistened with 15 ml of distilled water and the germination containers scaled
with air-tight lids, wrapped in black plastic to exclude light and placed in a controlled environment
chamber (Temp 25/15° C day/night; 12h/12h light/dark; relative humidity 30%). The position of cach
container in the growth cabinet was changed every day in order to minimize site effects.

The number of seeds that had germinated was recorded each day. Seeds were considered 10 have
germinated when the radicle length was > 2 mm for Lactuca and = 4 mm for Virgilia (both divaricata
and oroboides). Assessment of germination was terminated after 10 days for Laciuca and 14 days for
Virgilia. Results were expressed in terms of mean daily germination (MDG), the peak value of
germination (PV) and the germination value (GV) according to the method of Czabator (1962).

Where MDG represents the completeness of germination and is given by:

MDG = % Final germination
Total no. of test days
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Where PV represents the speed of germination and is given by:
PV = maximum T value

And T = %Cumulative germination on a given day
No. days since the beginning of the test

Where GV represents the composite germination value and is given by:
GV =MDG X PV

7.5  EXPERIMENTAL APPROACHES USED AND RESULTS OBTAINED

This section discusses the experimental design used to investigate the allelopathic potential of
Eucalyptus leucoxylon and Acacia mearnsii on Lactuca and Virgilia. Because of the difficulty in
demonstrating allelopathic effects in plant systems, four different approaches were used to answer the
questions posed in Section 7.2.1. Namely:

e  Tree liter experiments (Section 7.5.1),

e Sapling experiments (Section 7.5.2),

Soil experiments (Section 7.5.3) and

Leachate experiments (Section 7.5.4).

For each approach the methods employed and the results obtained are presented, followed by a
discussion of the implications of those results. Section 7.6 draws together the overall conclusions
from the experiments.,

7.5.1 Approach 1: The effect of alien tree Litter on target plants

Introduction

Deposits of litter (leaves, twigs, fruits/seeds) are usually found beneath thickets of Eucalyprus and
wattle covering the soil surface. Such plant litter has been identified in the literature (Section 7.3.8.1)
as a common source of allelochemicals, which may potentially affect the germination and

establishment of colonizing plants. The aim of this section was to answer the question

“What is the effect of incorporation of invasive species litter in the growth medium on the
establishment of colonizing species™?

An answer to this would guide management activities in the field - indicating whether, afier removal
of infestations of the alien trees, the plant debris remaining on the ground surface should also be
collected and removed
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Alien tree litter was added as a mulch layer 1o pots containing seeds of Lactuca or Virgilia and the
effect on germination and growth examined. Two different control treatments were examined namely;
no litter and litter from non-alien trees - termed “indigenous litter™ (mainly a mixture of Metrosideros
angustifolia and Rhus angustifolia leaves and twigs obtained from the ficld - Section 7.4.1).

Method

The following method was used:

e Gravel chips, followed by 190 ml of uncontaminated soil (Section 7.4.1.1) were added to small
(270m1) plastic containers.

o Either 3 Lactuca or 2 Virgilia sceds per container were placed on the soil surface and covered by
more soil (to a depth of 10 mm).

e  The effect of the alien tree litter on seed germination was examined in one treatment group and the
effect on scedling growth in another. In the case of the germination effect group, the litter mulch
was placed immediately after planting the sceds. In the second (seedling growth effect) group,
seeds were first germinated in vitro (Section 7.4.2.3) and were transplanted into the containers five
days later. Mulch was placed on the soil surface after the seedlings emerged from the soil, and the
cotyledons (in the case of Virgilia) or leaves (in the case of Lactuca) had grown 1o just above the
rim of the pots (approximately four days after planting).

e All sources of litter were first coarsely macerated by passing through a commercial plant shredder
and mixed to ensure homogeneity. It was then air-dried and stored at room temperature prior to
use. The litter was dark brown in colour (i.e. not fresh). In both treatment groups, the volume of
litter added to the soil surface of each container was approximately 80 ml (a thickness of
approximately 20 mm). For the no-litter control 80 ml of soil were used.

e Four different treatments were investigated, namely, addition of i) Eucalyprus litter ii) Acacia
mearnsii litter iii) litter from an indigenous source or iv) no litter (control). There were &
replicates for cach treatment.

e The seedlings were grown in the greenhouse at the Dept. Botany, UCT. Placing of the containers
was randomized and changed every week to minimize the effect of micro-habitat on plant growth.

e The experiment was terminated after 6 weeks. The effect of litter on the germination of the target
plants was examined by counting the total number of sceds that had germinated per treatment, the
effect on germination rate was determined by recording the number of seeds germinated cach day

e The effect of alien tree litter on the growth of the target seedlings was examined by measuring
radicle and plumule lengths on harvesting. The seedlings were weighed after drying for 24hrs at
105°C to determine biomass.

Results

The results from these experiments are summarized in Table 7.1, In the case of germination of
Lactuca seeds, the highest total germination occurred in the control group that had no mulch (although
this was not statistically significant). There was no difference in shoot, root length, or shoot 1o root
ratio in any treatment group relative to the controls. A statistically significant difference (ANOVA, p<
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0.05) was found, however, in seedling biomass. The presence of any litter appeared to reduce seedling
biomass compared to the (no litter) control (Tukey honest significant difference test for unequal n, p <
0.05). The biomass of seedlings grown under Eucalyprus litter was found to be significantly lower
than the biomass of seedlings under wattle litter, but neither of these differed significantly from the
indigenous litter seedling biomass (Figure 7.2).

In the case of germination of Virgilia sceds, no statistically significant effects were recorded with
regard to the extent of germination (Table 7.1). Furthermore no effect was recorded on the rate of
seed germination for cither of the target plant species (results not shown).

With regard to the scedling establishment experiment, there was considerable loss of Lactuca
seedlings that were germinated in vitro and then transplanted to the containers (indicated as “%6 plants
survived” in Table 7.1). This occurred amongst all the litter treatments, In the case of the Virgilia
seedlings however, these transplanted successfully, and 100% plant survival was obtained. None the
less, no significant effects were noted in shoot length, root length, or shoot:root ratio for either
Lactuca or Virgtlia in the seedling establishment treatment. Virgillia seedling biomass, however, was
significantly lower in the presence of Eucalyptus litter compared to wattle litter.

Discussion

The results from the above experiments indicate that the presence of litter, whether from Eucalyprus,
wattle, or an indigenous source, does not appear to have a marked effect on seed germination or
seedling establishment.  Slight inhibition was exhibited by Fucalyptus litter under some
circumstances, however.

For example, the biomass of lettuce seedlings that were germinated in the presence of eucalypt mulch

was reduced (an effect that was not recorded if seeds were germinated elsewhere).  Eucalyprus litter
also significantly reduced the biomass of Virgilia scedlings.
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Table 7.1 The effect of plant litter on germination and scedling growth of Lactuca and Virgilia. Bold ~ significantly different (Tukey honest
significant difference test for unequal n, p < 0.05).

Allelopathy

‘Seed germination treatment
“Target plant Litter trestment % Seeds germinated  SD  Shoot length (cm) SD  Total length  SD
EUCALYPTUS 704 23 48 0.9 19.4 33
WATTLE 792 30.5 6.1 19 203 a0
KA INDIGENOUS 75.0 35.0 59 09 203 32
NO LITTER 100.0 10.0 6.1 1.3 204 28
EUCALYPTUS 929 189 6 14 19.4 32
— WATTLE 813 372 3 22 17.1 6.7
INDIGENOUS 643 378 49 22 174 67
NO LITTER 667 W08 a7 20 16.2 63

Seedling establishment treatment

Target plant Litter treatment % Plants survived
ELCALYPIUS 714
_ WATTLE 66.7
| Lactuca seedlings |\ DIGENOUS 792
| NO LITTER 875
EUCALYPTUS 100
Mt WATTLE 100
INDIGENOUS 100
NO LITTER 100

SD

0.0
178
248
17.3

Shoot length

6.6
6.2
69
6.2

5.1
69
56
S
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S
09
23
1.5
14
12
14
10

1.7

Total length
233
222
22.7
209

194
21.9
214
20.5

S
5.7
44
28
20

19
LS
28
29

Shoot:root
250
0.300
0.301
0299

0.290
0.340
0253
0259

Shoot:reot
0282
0275
0.302
0297

0.262
0.312
0.260
0.247

)

0.041
0.058
0.086
0.051

0.037
0.271
0.104
0.097

Sb

0.047
0.082
0.057
0.059

0.056
0.053
0.036
0.075

Biomass (dry) SD

D058
0080
008

0.157
0.147
0.167
0.154

Biomass (dry)

0.093
0.126
0.120
0.097

0.190*
0.280
0211
0230

0018
0.042
0018
0031

0.047
0.087
0075
0078

SDh
0.024
0.063
0.053
0.041

0.045
0.057
0037
0.069
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Eucalyptus Wattle Indigenous No litter

Figure 7.2 The effect of plant litter mulch on Lactuca seedling biomass,

There are a number of factors that need to be kept in mind when extrapolating the above results to the
ficld, however. The use of plant mulch to reduce germination of ruderal (weed) plants is an age-old
practice and it is therefore not surprising that germination of seeds (albeir not statistically significant)
was higher in the no-litter treatment. The application of litter to the surface alters the amount (and
spectral quality) of the light reaching the seeds, which in turn has an effect on germination. It should
be noted that other parameters are also changed, and there are many co-lincarities on adding plant
debris to soil.  Similar inhibition effects may be due to physico-chemical (e.g. nutritional, soil
temperature and soil moisture) and biotic (e.g. microbial) modifications associated with increasing
plant debris in the soil. For example, as the amount of added debris is increased, soil lemperature is
likely 1o decline, soil water content to increase, and many chemicals are likely to be released into the
soil including phenolics, nutrients, carbon. Therefore, the potential presence of allelochemicals
leached from the litter is not the only factor that differs between the control and treatment groups.
According 1o Blum (1999) allelopathic interactions cannot be definitively proved in litter experiments
~ and such plant debris experiments are deceptively simple. Nevertheless such experiments do
represent a starting point from which to examine the possibility of allelopathic effects.

Of the three types of litter used, Eucalyprus plant debris, does seem 1o exert the most potent effect on
plant growth. Seedling biomass was usually the lowest of all the treatments when a layer of
Eucalyptus mulch had been applied. Litter from wattle and an indigenous source did not greatly affect
seedling establishment. Similar results were found by Pieterse (1997) who examined the effect of A.
mearnsii leal mulch on pot-grown wheat and maize.

To minimize the differences between the environmental parameters experienced by the source plants

in the treatment and controls, some rescarchers have used washed (inactive) plant debris. In such
experiments, litter is first washed several times in water to remove potential allelochemicals (but also
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other organic and inorganic substances). This approach was not used in these experiments because it
is difficult to ensure that all chemical constituents are removed.

The physical nature of the litter obtained from different tree sources, can also vary. The litter from
Eucalyptus, for example, is coarser than that from the indigenous shrubs and wattle. This in turn can
affect the mechanical resistance experienced by seedlings as they grow through the mulch layer. In
addition, from observations made on watering the plants, mulch composed of Eucalyprus litter has
hydrophobic properties which results in water running off the surface. Although this is not likely to be
an important factor in pots (where the water runs 1o the side of the pot and then under the soil surface)
in the field this may be significant and contribute to lowered moisture levels under stands of mature
trees. Tshivhandekano (1989) noted a similar effect and attributed it to the presence of hydrophobic
aromatic terpenes leached from the leaves.

Leaf litter is heterogencous and is likely to exude a multitude of complex substances. The chemical
profile of this leachate may change depending on the age of the litter. In these experiments only litter
that appeared to be aged was used (i.c. it was dark in colour), Fresh litter may well be more toxic (see
literature review Section 7.3.9). Further experiments could be carried out in which litter is collected in
litter traps in order to examine the effect of litter age on phytotoxicity.

The target plants were grown in small containers with soil that was fairly sandy in nature.
Allelochemicals have been demonstrated to persist longer in loamy soils than in sand (del Moral and
Muller 1970). In addition, the containers were watered frequently in order to prevent moisture stress
inhibiting germination and seedling establishment. Thus allelochemicals released from the litter may
have been leached out of the pots.

7.5.2 Approach 2: The effect of alien tree saplings on target plants
Introduction

This experiment investigates the allelopathic potential of root exudates from juvenile invader plants,
and is thus directed at the question (Section 7.2.1):

“Do young saplings of the invasive alien trees under consideration (Eucalyptus sp. and Acacia
mearnsii) exert an interference effect on colonizing plants growing nearby?

Studies have shown that allelopathic activity of source plants varies with age (Section 7.3.8). Thus it
is possible that the alien species do not exude allelochemicals when still young, in which case no
inhibition of target species will be observed. The answer to this question will guide management
interventions by indicating whether, in order to encourage recolonisation of natural vegetation,
saplings of alien trees in, addition to mature trees need to be removed. This in tum would indicate the
need for follow-up activities after clearing.
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Method

Young saplings of Acacia mearnsii and Eucalyptus leucoxylon were obtained from infested riparian
sites and cultivated as described in Section 7.4.1. Two control treatments were initially employed in
these experiments namely; pots containing the indigenous plant Virgilia oroboides and pots containing
no sapling tree, only soil. There was, however, gradual attrition of the Virgilia saplings, and
ultimately there were insufficient saplings left alive 1o obtain statistically viable results (Section 7.4.2).

To prevent competition for nutrients and water, these were supplied in excess, thus all pots were
watered twice per week with tap water and with nutrient solution once every second week. The plants
were laid out in a randomized design, and the pots moved every second week to minimize localized
habitat effects.

After a period of four months for the saplings 1o establish, four Lactuca seeds per pot were planted.
Initial experiments showed that the target plants were prone to under-watering, therefore a 2 cm layer
of the appropriate litter mulch was then added to the soil surface. In the case of controls (i.e. no
sapling), a layer of plastic beads was added to help retain moisture.

The number of germinated seeds was recorded every third day.

The experiment was terminated four weeks after planting and the following parameters measured:

e Number of seedlings surviving;

e Secedling length (shoot and total);

e Scedling biomass (plant material oven-dried for 24hr at 105°C);

e The above experiment was repeated using the same alien saplings one month later. The mulch
layer was removed, as were any Lactuca plants. The pots were fertilized and left for a period of
two weeks. Three Virgilia seeds per pot were planted as the target plants, and a layer of fresh
mulch applied to the soil surface;

e At the end of this experiment, all source and target plants were removed. The uppermost layer of
mulch was also removed from cach pot. The remaining soil was mixed until homogencous, a sub-
sample removed and analysed for pH, resistance, exchangeable cations (Na, K, Ca, Mg), macro-
nutrients (N and P) and organic carbon.

Results

Effect on plant growth
The results using firstly Lactuca and secondly Virgilia as target plants are shown below (Figures 7.3

and 7.4). Neither Eucalyptus nor wattle saplings appeared o exert a significant effect and no
significant differences were measured between the treatment or control groups with regard to seedling
survival. Similarly, no significant differences in seedling length or biomass were recorded (data not
shown). In the case of Lactuca, maximum seedling survival occurred in the control (no sapling)
treatment. In the case of the Virgilia seedlings, however, survival was the lowest in the control group.
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scedlings,
Eff il chemical ot

The laboratory results (Table 7.2) for each soil treatment (control, wattle and Eucalypius) were tested
for normality within groups and homoscedasticity of variances between groups. They were then
compared using either the parametric ANOVA test or the non-parametric Mann-Whitney U test
depending on whether or not the assumptions of normality were met.  The post-hoc Tukey Honest
Significant Difference test for unequal sample sizes (Table 7.3) was used 10 compare individual
treatments in the cases where a significant difference between treatments was found.

In order to obtain an overall picture of how similar the soils from each treatment were, multivariate
analyses were conducted using only the chemical variable found to differ significantly between
samples. The data were normalised and a principle components analysis (PCA) performed on the
transformed data. A resemblance matrix based on Euclidean distance was constructed and a 2D
multidimensional scaling (MDS) plot constructed.
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All treatments were found to have similar (not significantly different) pH, H+, Ca, and C values. Only
potassium (K) was found to differ significantly between all treatments with the highest concentration
of this element in the soil, from the Eucalyptus leucoxylon treatment.

The Eucalyptus and wattle treatments (i.c. the presence of sapling and litter) significantly decreased
resistance and increased the concentrations of K and Na and Mg cations compared to the control (no
litter) treatment. Nitrogen concentration was increased slightly compared to the control, but this was
only significant in the case of the wattle treatment. Soil concentrations of P (Bray II) were
significantly low in the Eucalypfus treatment, but wattle treatment had no effect on the concentration
of this element.

Table 7.2 Chemical characteristics (means and std dev.) of the soil from the three
treatments. * =~ p <0.05.

[Litter:  Control Eucalyptus Wattle Ll‘
Variable Units Mean sD Mean s Mean  SD Difr
pHl A 441 013 47 017 433 016 N
Resist. Ohm 11986 2269 664 1053 998 269 E°
" cmolkg 1055 0.05 a8 0.07 3 007
P Bray Il mghkg 10.11 1.83 a1 145 1075 456  [Y*
Na cmol(+)kg 10.02 0.00 04 0.0 04 002 ¥
K cmol(+)kg 0.02 001 006 0.01 04 001 Y*

» emol(+)kg 10.70 012 068 0.11 68 013 N

Mg cmol(+)kg 10.06 002 01 0.02 13 005 Y*
N “ 05 001 006 0.00 07 001 Y*

I}ss 47 009 044 008 039 010 N

Table 7.3 Results of the post-hoc comparisons (Tukey Honest Significant Difference for
unequal n) between treatments for the variables found to differ significantly. * =
p <005,

o p-values
Variable ConvEue ConvWat Eucv Wat

——

Resist. 00* 0.00* 0.79 |
P Bray Il 0.03* 0.90 001+
Na 00° 0.01* 0.36
00° 0.01* 0.00*
M 01* 0.00* 0.47 |
35 0.00* 0.08 1

v

The first two principle components explained 72.3% of the variation (Table 7.4). The first component
is primarily determined by resistance, K, Na and Mg while the second is primarily nutrient (i.e. N and
K) based (Table 7.5). The control samples are differentiated from the litter samples along PCI (i.c.
due mainly to differences in resistance, N, Mg and Na) while the eucalypt samples are differentiated
from the control and wattle samples along PC2 (i.e. due mainly to K and N, Fig. 7.5).
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Table 7.4 Figenvalues from the principle components analysis
PC Eigenvalues | “Variation | Cum.%Varistion |
v [342 T Tass TTass |
2 168 23.5 (723 J
3 10385 122 84.5
? l\_o‘ou jEL 933 T 4
s 0288 I 974
Table 7.5 Eigenvectors (coefficients in the linear combinations of variables making up
PC's) of the principle components analysis,
I Varable | PC1I | PC2 | PC3 PC4 | PCS
Resist. 0458 | 0289 | 0117 | 017 | 0207
PBrayll | -0.191 | 0378 | 0853 0011 0217
K | 042 | -0435 0241 0092 oan
| Na 0414 0.051 0092 | 0.767 0.149
Mg 041 0358 0105 | -0.159 | -0.805 |
N 10289 Toas2 0339 | -0503 | 047 |

The multidimensional scaling (MDS) plot of the soil samples shows that the samples from each

treatment do separate out from the other treatments (Fig. 7.6). The control and Eucalypius samples

form tight groupings while there is more variation amongst the wattle samples
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Figure 7.5 The two main principle components,
Discussion
Difficulties were experienced during the course of this experiment with cultivating both source and
target plants. As explained in Section 7.4.2 there was a gradual loss of source saplings of all species

especially of Virgilia. In future work Virgilia and wattle saplings should rather be grown from sced as
both grow rapidly. Eucalyptus saplings should be obtained from a forestry nursery.
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Figure 7.6 Multidimensional scaling (MDS) plot of the soil samples.

There were also difficulties in growing target plants under greenhouse conditions, and loss of
scedlings occurred during the hot summer months. Thus the decreased survival of control Virgilia
plants in the second experiment (carried out in December) compared to control (Lactuca) seedlings in
the first experiment (carried out in late October/early November) is likely to be due to increased
temperature in the case of the Virgilia experiment. These results highlight the need to conduct future
work under controlled environmental conditions. The initial experimental plan was 10 omit a mulch
layer from the pots in order to examine the role of the saplings as the sole source of potential
allelochemicals. Because of the problems with plant moisture stress, the litter mulch was added to
promote soil moisture retention. The plastic beads that were used for the controls are considered to be
inert with regard to the generation of chemicals, but do help to retain soil moisture. As a consequence,
the difference in the physico-chemical attributes of the soil samples may result either from root
exudates or leaching of chemicals from the litter, or from both.

No apparent allelopathic effects from the presence of the Eucalyprus leucoxylon or wattle saplings or
from litter on the soil surface were recorded. This indicates that in the field, young alien trees may not
exert an allelopathic effect. This result is also substantiated by the absence of a significant difference
in organic carbon levels in the soil samples from the different treatment groups. Caution should be
used, however, in extrapolating to the field. Allelochemicals may well have been leached out of the
pots due to frequent irrigation (which may not occur in the field). Furthermore, as explained
previously, the litter added was not fresh. Further experiments would need to be conducted in the field
to examine if there is an increase in the allelopathic potential of Eucalyprus or wattle saplings as they
malture,

Differences in soil physico-chemical attributes were recorded. Nitrogen levels were significantly
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higher in the wattle treatment group, compared to the Eucalyptus or control treatments. This is 1o be
expected since Acacia mearnsii is a legume and therefore obtains the bulk of this element from
nitrogen-fixation. The exchangeable cations (K, Na and Mg) were present in significantly higher
concentrations in the Eucalyprus and wattle soils compared to the control soil (also reflected in the low
resistance for these treatment groups). This may be a consequence of the presence of litter (from
either plant source) on the soil surface which gave rise to an overall increase in ions (compared to the
inert plastic beads in the control).

One of the most interesting findings was the significantly lower concentration of P in soil from the
Eucalyptus treatment. Phosphorus is an essential element for plant growth and thus colonizing plants
near to Eucalyptus leucoxylon stands may suffer P-starvation and fail to establish. Reduced P may
possibly be a consequence of the superior ability of Eucalyprus saplings to scavenge this element from
the soil. This finding requires further study.

Due to the low survival rate of source plant saplings, Lactuca seeds were first co-planted with the alien
tree saplings, followed by Virgillia seeds in the same pots.  This is not an ideal experimental protocol
since Lactuca seedlings may themselves potentially exert an allelochemical effect which could in tum
inhibit Virgillia scedling establishment. In mitigation of this strategy, no report of allelopathic effects
by Lactuca could be found in the literature despite the fact that it is commonly used in allelopathic
investigations. Nevertheless the slight possibility remains.

7.53 Approach 3: The effect of soil from alien saplings on the germination of target
plants

Introduction

In the previous approach (Section 7.5.2) to facilitate the establishment of target plant seedlings, pots
were well-watered and fertilized. As discussed in the literature review, however, the production of
allelochemicals by many plants appears to increase under stressful conditions. To test this hypothesis
two Eucalyptus and wattle saplings were grown in pots for three months under conditions of low soil
moisture and low nutrient levels. The soil was then used as the potting medium for target plants in
order to examine whether any allelochemical effect was present in the soil. Thus the aim of this
section was to consider the question posed below, with specific reference to the role of environmental

stress on allelopathic potential:

“Do young saplings of the invasive alien trees under consideration (Eucalyptus sp and Acacia
mearnsii) exert an interference effect on colonizing plants growing nearby?”

Method

e Saplings (obtained as described in Section 7.4.1) of Eucalyprus and Acacia were grown in the
open for 3 months under conditions of low soil moisture and no fertilization. Two saplings from
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cach group were selected, the soil for each species was combined, mixed well and used as the
growth medium in further planting activities,

e Three lettuce seeds per container were planted as described in Section 7.5.1, and a mulch layer (2
cm deep) of the appropriate litter added.

o Control soil was used from a pot that contained no source plant. No mulch was added.

¢ The containers were watered with the same volume of water each day (and nutrient solution once
per week).

e The number of germinated seeds was recorded every three days. Seedling length and biomass
were determined on harvesting.

Results

This experiment could only be carried out using Lactuca seeds, due to a lack of enough Virgilia seeds.
Furthermore the experiment with Lacruca was terminated carly due to the seedlings being infected by
a fungal disease. Table 7.6 therefore shows only initial germination results.

Discussion

These initial results indicate that some factor in the soil in which alien saplings had grown inhibited
Lactuca seed germination or growth. Alternatively, allelochemicals may have been leached from the
litter mulch. Furthermore the results suggest that germination was slower in the Eucalypus-
contaminated soil than in wattle-contaminated soil. Further experiments are required to substantiate
these results,

Table 7.6 Effect of source of soil on Lactuca germination.

Soll source | Average number of germinated seeds/container ‘1
10 days after planting | 15 days after planting |

L S L
Ewcalyptus sczil_ l 0.08 04 |
Wattle soil | 0.42 042 il

This type of experiment could also be carried using soil obtained from the field (Section 7.8). Soil
could be obtained from under alien trees and from a nearby “uncontaminated™ site. This approach
was considered for the present project, however, there is an inherent difficulty in establishing suitable
controls. Soil is notoriously heterogencous in composition and to ensure that the only difference
between the control and treatment soil is the proximity 0 Eucalyptus or wattle stands may be
problematical. Nevertheless this approach has merit and should be pursued in the future (Section 7.8).

7.5.4 Approach 4: The effect of litter leachate on the germination of target plants.
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Introduction

As noted previously, leaf litter in various stages of decomposition has been reported to inhibit the
germination and growth of other plant species. The aim of this section, therefore, was to answer the
question:

“What is the effect of incorporation of invasive species litter (leaves, twigs, bark etc ) in the growth
medium on the establishment of colonizing species?”

In previous approaches, litter was used as mulch in pots and the effect on seed germination and
seedling establishment investigated. In this section, an alternative approach is described in which
leachate is prepared from the litter of both alien and indigenous trees and the effect on germination in
an in vitro system examined. Environmental conditions that may affect this process can be more
closely controlled in such bioassays compared to pot or field experiments. The extraction procedure
used in the experiments was standardized as far as possible in an attempt 10 obtain leachate that was
reproducible in terms of composition. The following aspects of the extraction procedure were kept
constant from one bioassay experiment to the next:

- The mass of litter added per volume of water,

. the length of time litter was left to soak in that water,

. the stirring procedure,

. ambient temperature during the extraction procedure,

Despite these efforts to standardize the extraction protocol it was recognized (and supported by pH
and conductivity readings from the leachate) that the chemical composition was likely to vary from
one extraction 1o another. For this reason, careful consideration was given whilst analyzing the results
before combining the results from different experiments (see later).

Method

o Eucalyptus leucoxylon, Acacia mearnsii and “indigenous litter”™ were used in these experiments
(Section 7.4.1). Litter moisture content was determined by oven-drying a sub-sample (in
triplicate) for 48hr a1 105°C according to the method of Gonzalez, Souto and Reigosa (1995).

e Leachate solutions were prepared as detailed in del Moral and Muller (1970). The well-mixed
litter was soaked in distilled water (1:10 mass/mass) for 18hr at room temperature. The litter was
stirred for approximately 1| min on adding distilled water and then left to stand overnight.

e The following morming the leachates were filtered through Schieicher and Schuell 602 EH filter
paper.

e Three different dilutions, namely 100%; 50% and 10% of cach litter leachate were prepared. The
pH and conductivity of cach leachate solution was measured immediately after preparation using a
Hanna HI 9025 pH meter and YSI EC300 conductivity meter respectively.
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o Lactuca or Virgilia seeds were germinated in vitro according 10 the standard protocol described in
Section 7.4.2. For the control treatment, 15 ml of distilled water were added to cach germination
container, whereas for each treatment, 15 ml of the appropriate leachate solution were added. For
cach treatment, at least three replicates per treatment were prepared.

e The germination containers were placed under constant environmental conditions as described in
Section 7.4.2. Each day, the number of germinated seeds was recorded. The standard germination
parameters were calculated.

e The first experimental protocol examined the effect of leachate from Eucalyprus and indigenous
litter (100%, 50% and 10% dilutions) on the germination of both Lactuca and Virgilia. The
experiment was then repeated using leachate prepared from Acacia and indigenous litter sources.
The results were examined for significamt difference using the Mann-Whitney U test in
STATISTICA. This is a non-parametric equivalent of the ANOVA test and was used on account
of the small sample size.

¢ In a subsequent experimental, the effect of imbibition in leachate was examined on Virgilia seeds.
Thus rather than placing the seeds in hot water and leaving them in this liquid overnight (Section
7.4.2.3), the seed coat was scarified by making a small incision with a scalpel blade. The seeds
were surface sterilized and then placed in a sample of leachate (cither Eucalyprus, wattle or
indigenous) of a given strength (100%, 50% or 10%) and left overnight at room temperature. The
seeds were then again surface-sterilised and germinated according to the standard procedure.

Results

The germination parameters examined were Mean Daily Germination (MDG) which gives an
indication of the extent of germination and the Germination Value (GV) which gives an indication of
the rate of germination (Section 7.4.2). In the initial experiments (results not shown) seedling biomass
and length was measured. No significant difference was found with regard to these parameters and
this aspect was investigated no further.

Lactuca seeds germinated rapidly and consistently under control conditions (i.e. imbibition in water)
and an average of 97% germination was usually achieved within 5 -7 days of the start of imbibition.
Virgilia seeds on the other hand, as expected from a non-cultivated species, exhibited greater variation
in the percentage germination under control conditions. From observation, there was a large vanation
in seed size for this species, and the smaller Virgilia seeds often remained hard after the imbibition
treatment and did not germinate. Virgilia seeds were also slower o germinate compared to Lactuca
and only reached the maximum percentage germination approximately 12 days after imbibition. As a
result of this, and because a smaller number of seeds per container were used, the MDG value (i.e. the
total number of seeds germinated divided by the number of days to maximum cumulative germination)
was higher for Lactuca than for Virgilia (Table 3),

The results for the controls from the two different experiments were combined because of the low
variability (Table 7.7).
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Comparison of results obtained for the control treatment
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| T Expl Exp2 Combined
- MDG =967+ 029 MDG = 9.67 = 0.58 | MDG = 9.67 + 0.4]
Lactuca | GV =838+53 GV =873+133 | GV =85+ 93
‘ n=3 n=3 n=6
MDG ~ 667+ 044 MDG = 6.15+ 1.09 | MDG ~ 6.46 + 0.69
Viegilia = GV =63+ 12 GV =~ 5826 GV ~61+9
| n=3 n=2 n=$ |
| l J

Two sets of results for the indigenous litter treatments were also obtained (Table 7.8). A greater
variation was obtained in these results than for the control treatments above (Table 7.7). This was
especially marked in the case of Virgillia, and particularly the difference between experiment 1 and 2
using 100% indigenous leachate. Despite this, the values did not appear to be too different and were

combined.

After air-drying, and prior to preparation of leachate for the first experiment the moisture content of
the litter was determined. The average percentage moisture content of the Ewcalyptus, wattle and
indigenous litter was 28 (+ 1.8); 25 (£ 2.3) and 22 (£ 3.3) respectively and thus did not differ greatly
between the different litter sources. Therefore, the mass of litter weighed out to prepare the different
leachate solutions was not adjusted to accommodate the difference in moisture content.

Table 7.8 Comparison of results obtained for the indigenous litter treatment.

- Seed | Leachate [ Expl (n-3) Exp2 (n-3) | Combined (n - 6)
1 100% Indigenous | MDG - 10.00 +0.00 | MDG - 9.50 +0.87 | MDG - 9.75 = 0.61
- GV ~950+50 |GV =813+160 |GV ~8814130
& [50% Indigenous | MDG - 9.50 £ 0.50 | MDG = 9.83 £ 0.29 | MDG = 9.67 « 041
E GV =7474143 |GV =902:48 |GV =8244127
S [ 10% Indigenous | MDG =967+ 039 | MDG = 9.83 + 029 | MDG = 9.75  0.37

GV =8554126 |GV =835477 |GV ~845494
100% Indigenous  MDG - 641 + 0.44  MDG - 705+ 147 | MDG - 6.73 = 1.0

- GV ~41x27 GV -61?25 GV ~S51+20
S | 50% Indigenous | MDG -~ 6924 0.00 | MDG = 6.54 + 0.54 | MDG = 6.77 2 0.34 |

§ GV ~5749 GV =53413 GV ~55:9
= [ 10% Indigenous | MDG - 615+ 077 | MDG - 6,07+ 0.90 | MDG - 6.11 + 0.75
[_ A GV =50+19 GV =59+26 GV =55+21 |

Table 7.9 shows the pH and conductivity values for the different leachates. As is to be expected, the
specific conductance decreased for ecach leachate type with increasing dilution. For the most
concentrated  solutions (100%) Ewcalyprus leachate exhibited the highest conductivity. All the

244




Allelopathy

leachates were circum-neutral in pH. Some became slightly more acidic with dilution (wattle and
indigenous), whereas the Eucalyptus became slightly more alkaline on dilution,

The effect of the various litter leachates on the germination parameters for Lactuca and Virgilia are
summarized in Table 7.10.

Table 7.9 The variation in pH and conductivity in different leachate batches,

 Leachate Specific conductance  pH |
Tﬂl s Mean | SD n
100% Eucalyptus | 173 a 604 | 0652
" 50% Eucalyptus | 93 23 628 [032]2
— —
10% Eucalyptus | 23 7 636 | 0212
100% Wattle 139 9% 625 | 024 2
50% Wattle 174 “Tas  Tea7 Tos2!2
10% Wattle 18 12 590 0852
T100% Indigenous | 148 80 648 003 2
| 50% Indigenous 71 134 618 03 |3
10% Indigenous 24 12 609 0693

e For Lactuca seeds, there was no significant difference (p > 0.05) in MDG compared to the control
for any remment group. Although there was a pattern of increasing MDG with decreasing
concentration of Eucalyptus leachate, this was not statistically significantly. Therefore the extent
of germination was not affected by addition of leachate from Eucalyprus, wattle or an indigenous
source.

e The rate of germination, however, as given by the GV value, was significantly reduced for
Lactuca seeds imbibed in Eucalyprus leachate relative to the control. The effect was most marked
for the strongest concentration (100%) of leachate (U = 0.00, z adj. = -1.99, p= 0.05), less marked
though equally significant for the 50% leachate (U = 0.00, z adj. = -1.99, p= 0.05), and non-
significant for the weakest concentration (10%). Consequently, Lactuca seeds in the 100% and
50% Eucalyptus leachate treatments took a week longer to germinate than the controls or the 10%
Eucalyptus leachate treatment,

e The rate of germination (GV value) in Lactuca was not affected by wattle or indigenous litter
leachate of any concentration.

o For Virgilia seeds, there was also no significant difference in MDG compared to the control for
any treatment group.

¢ The rate of germination (GV value) for Virgillia differed significantly from the controls only for
seeds imbibed in 100% indigenous leachate (U = 0.00, z adj. = -2.02, p= 0.04). This effect was
demonstrated only in Experiment 1. For all other treatments the GV value did not differ
significantly.




Allelopathy

Table 7.10 The effect of litter leachate on various germination parameters for Lactuca and
Virgilia (significantly different results shown in bold). * Results from two separate

experiments combined.
Treatment No.of Mean Daily Germination Germination
Seed replicates | Germination (MDG) rate (PV) value (GV)
Contral “e o7 Ty R4R |
Eucalyptus 100% 3 93 2.7 203
Eucalyptus $0% 3 97 378 363
Eucalyptus 10% 3 98 91.7 903
g  Acacia 100% 3 98 817 803
g Acacia S0% 3 10.0 £5.0 850
Acacia 10% 3 98 850 837 '
Indigenous 100% 6 9.7 90.0 873
Indigenous 50% | 6° 96 852 818
Indigenous  10% 6* 9.7 86.7 841 ‘
| Control 6 65 ' 94 Ter
Fucalyptus 100% 3 64 97 62
Fucalyptus 50% 3 6.7 87 57 .
Eucalyptus 10% 3 74 83 62 |
i Acacia 100% 3 6.7 8.7 59 4
£ Acacia 50% 3 64 83 53
Acacia 10% 3 6.7 96 66
Indigenous 100% 6 68 74 50
Indigenous 50% 6* 6.7 82 55
l Indigenous 100% | 6* 6. 87 53 1

The bioassay experiments in which the sced coats of Virgilia were mechanically ruptured rather than
imbibing in hot water were not successful. Many of the seeds became infected with a fungus making
interpretation of the results unreliable. In addition, many of the seeds that did germinate showed
abnormalities in seedling morphology. This approach was therefore not pursued further.

Discussion

Bioassays offer the advantage that variables that may affect seed germination can be more casily
controlled than in pot or field experiments. These experiments do suffer from the disadvantage,
however, that it is difficult to extrapolate from the laboratory situation to in the field (Reinhardt et al,
1999a). Nevertheless they are useful in yielding some insight into the situation and help to identify
substances that are potentially allelopathic. Various authors (Bowman and Kirkpatrick 1986, May and
Ash 1990; Inderjit and Dakshini 1994; and others) have used this, or a similar approach. The leachate
preparation method of del Moral and Muller (1970) was chosen for use in this study because the
original work used Eucalyprus litter.

Results from the bioassays indicate that leachate from Eucalyprus may well contain a factor that
inhibits seed germination. Extrapolating these results to the field, however, is not straight forward.
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The extent of seed germination was not affected, although the rate of germination was reduced. Seeds
that germinate more slowly in the field may well be at a competitive disadvantage to those that exhibit
rapid germination and this may be manifested as reduced colonization under Eucalyptus stands.
Further experiments are needed to elucidate these consequences in the field.

Reduction of germination rate was noted only in Lactuca, a non-indigenous species that is noted for its
sensitivity to allelochemicals (Elakovich 1999). The indigenous Virgilia seeds did not exhibit marked
inhibition in the presence of leachate from alien trees. It has been documented that large sceds do
secem 1o be less sensitive to allelochemical effects than smaller seeds (Einhellig 1993a; Reinhardt and
Meissner 1996). Furthermore Virgilia seeds were first imbibed in hot water overnight prior to placing
them in leachate. Thus the amount of potentially phytotoxic chemicals entering a Virgtlia seed in
proportion 1o seed mass is likely to be significantly smaller than for the Lactuca seeds (which were
imbibed directly in leachate).

In the ficld, Virgilia sceds are likely to imbibe leachate derived from the litter layer. Therefore, in
order to reproduce this effect in the laboratory and to increase the proportion of potential
allelochemicals entering the seed, the testa was ruptured antificially. This experimental approach was
not successful, however, and perhaps other methods for penetrating the testa could be investigated
(coupled with more effective sterilization methods). For example, Virgilia seeds could be stored in
soil for different lengths of time in order to encourage microbially-mediated break-down of the seed
coat which would more closely mimic the natural situation,

As noted previously, leachates and compounds released from litter contain a whole range of complex
chemicals and this chemical profile is likely to change with time and with the physico-chemical
environment. Thus care was taken 0 standardize the protocol for preparation of the leachate.
Nevertheless, there was variation in the pH and conductivity of the various leachate batches, which in
tum may have affected the germination parameters that were recorded. In Section 7.5.2 it was
reported that the soil nutrient concentrations differed, possibly due to the litter mulch. Thus the
leachates may well vary, not only in the concentration of potential allelochemicals, in other physico-
chemical properties such as pH, conductivity, osmotic potential, but also in nutrient concentration.
Differences in germination parameters may therefore be caused by these factors rather than by the
presence of phytotoxic chemicals. It is notable in this regard that the highest reduction in GV was
brought about by the leachate solution that exhibited the highest conductivity (100% Eucalyprus
leachate). Thus the possibility exists that the reduction in the rate of germination of Lactuca seeds was
brought about not by the presence of allelochemicals in the leachate but because of the high
conductivity.

Results from the first experiment indicate that leachate from indigenous litter may exhibit an
allelochemical effect. This effect was noted only for Virgilia, however, and not for the more sensitive
Lactuca. In Section 7.3.10 it was reported that fynbos vegetation is well-known for the production of
sccondary compounds and that such chemicals leach into the surrounding soil.  Thus the leaching of
potential allelochemicals from indigenous plant debris is not surprising. What is surprising is that
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Lactuca seeds were not affected. The Virgilia seeds exhibited greater natural variation in germination
compared to Lactuca and this may have caused an anomalous result. In order to examine this effect
more rigorously a larger sample size should be used.

Overall the results from the leachate experiments indicate that leaching of Eucalyprus litter may lead
to the presence of allelochemicals in underlying soil. Field trials are required to verify this.

7.6  CONCLUSION

Investigations into allelopathy are fraught with experimental difTiculties and no single approach is able
to demonstrate unequivocally that allelopathy is likely to be taking place. Whilst the use of various
bioassays can give indications of potential allelopathic effects, field studies are necessary to confirm if
this effect is expressed under natural conditions (Inderjit and Dakshini 1995). Conversely, because of
the variability in environmental parameters in the field situation it is difficult 1o separate potential
allelopathic effects from other confounding effects (notably resource competition). Thus a
combination of approaches is required.

No definitive proof of an allelochemical effect caused by alien plant debris or by root exudation from
saplings was found in this study. Results from in vitro bioassays with litter leachate indicated
potential phytotoxic effects of Eucalyptus on germinating lettuce seed, but not on the indigenous
Virgilia seeds. Al the same time, pot bioassays to which Eucalyprus litter had been added showed no
definitive phytotoxic effects. Similar disparities have been reported in the literature. Heisey and
Delwiche (1985) found leaf extracts of Trichoastema lanceolatum to be very toxic in petri dish
bicassays. But the same leaves when mixed with soil had low allclopathic effects. They concluded
that 7 lanceolatum had low allelopathic potential under natural conditions. Inactivation of
phytotoxins in the field compared to in vitro experiments may well be due to microbial activity or
adsorption to soil colloids (Inderjit and Dakshini 1995).

Considerable difficulty was experienced cultivating both target and source plants — a problem that was
exacerbated by the short duration of the project, the difficulty in cultivating many fynbos species, and
the lack of controlled environment facilitics. This made reproducing experimental results, as well as
interpreting the ecological relevance of those results, extremely difficult. Considerable effort should
be directed 1o establishing the routine germination and cultivation of a range of riparian fynbos plants
as recommended in Section 7.4.2.2. Furthermore these should exhibit a range of seed sizes, with the
emphasis being on small sceds (since they are potentially likely to be more sensitive to allelopathic
effects). Virgilia seeds are considered to be medium-large in size (P. Holms, Cape Ecological
Services, pers. comm. July 2006). This may be a reason for the absence of inhibitory effects on
Virgilia germination and scedling establishment found in this study.

Investigations into the allelopathic potential of Eucalyprus and Acacia mearnsii in the literature

(Section 7.3.9 and 7.3.9) have also yielded conflicting results. This may partly be due to the large
number of species (in the case of Eucalyprus especially) that occur. It is also likely to be due to the
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complex nature of this phenomenon and because in nature allelopathy is likely to operate in
conjunction with other interference effects. According to Foy (1999) it may not be possible to prove
that allelopathy is operative in a given situation and that it is the only responsible factor for the
observed pattern.

The results from this study suggest that whilst perhaps Eucalyptus at least does show some
allelopathic potential this is not an over-riding characteristic. Thus in the field-situation where plant
debris and saplings of the alien trees are involved, allelopathy is not considered to be an important
factor in prevention of colonization of vegetation. Caution should be employed, however, because the
effect of mature trees was not examined in these experiments.  There is an urgent need 1o extend this
work to investigate the allelopathic potential of mature trees, especially Eucalyprus.

The results from this study indicated that soil P levels may be lowered in the presence of Eucalypius
lewcaxylon saplings and litter. Thus reduced growth of colonizing plants under stands of E. leucaxylon
is possibly a consequence of competition for P rather than the presence of allelochemicals.  This
requires further investigation especially in the context of the fynbos biome which is characterized by
low nutrient availability.

7.7  MANAGEMENT IMPLICATIONS

At the beginning of this chapter four questions were posed. The extent to which these questions can

be answered is discussed below:

. Do young saplings of the invasive alien trees under consideration exert an interference effect on
colonizing plants growing nearby?

The results from this project suggest that young saplings probably do not exert an interference effect
on establishing seedlings. Field trials are required to confirm this using a range of indigenous target
species. The work needs to be extended to examination of the effect of mature alien trees.

. What is the effect of incorporation of invasive species litter (leaves, twigs, bark eic) on the
germination and growth of colonizing species?

Results indicate that plant debris from Eucalyptus may have some phytotoxic effect on sensitive
indigenous species, but that this is not an over-riding effect.

. What are the implications of the above for the management of alien-infested lands and for
clearing programmes?

Results from the literature review (and from this study) indicate that of the four species examined in
the overall project, Eucalyptus is likely 10 exhibit the greatest interference potential.

Allelopathic activity of Eucalyptus or Acacia mearnsii saplings or litter was not unequivocally
demonstrated.
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There are indications that Eucalyprus may inhibit seed germination and seedling establishment in
some situations. The origin of this inhibitory effect is not clear. Although allelopathy cannot be ruled
out, this effect may be caused by other processes (for example resource competition).

The establishment of under-storey vegetation may well be improved by removal of Eucalyprus litter.

78 ROAD MAP FOR FUTURE WORK

In this section a proposed “road-map™ for future research into allclopathy is presented. It is divided
into three sections:

. Investigative avenues that are considered to be the most important.

. Research approaches that would be useful, should sufficient resources be available.

. Other possible experimental approaches or fields of research.

The road-map has been based on the following premise:

. The most urgent research should not concentrate on demonstrating allelopathic potential of alien
trees per se but rather be directed towards effective management of these invaders. Any
research carried out into allelopathy of alien trees should be in close collaboration with
investigation of optimum clearing techniques. This should include field trials and the inclusion
of fire — a bum will volatilize the allelopathic chemicals in the litter and promote fynbos
recruitment.

. The potential interference effect from alien plant debris and small saplings appears to be low -
but this needs to be verified in the field situation,

. The interference potential of mature Eucalyptus and Acacia mearnsii trees needs to be
investigated further.

. Indigenous riparian plants from the fynbos region need to be cultivated and used as target plants
in any future allelopathy studies.

- There are many traps for the unwary investigator in the realm of allelopathy. Further
investigations should preferably be undertaken by experienced researchers.

Research programme - level |

e Conduct field trials in which indigenous target plants are planted under infestations of the alien
trees. Care should be taken to ensure that the plants receive adequate water and nutrients and that
both the treatment and control plots have similar soil. Trenches can be dug lined with plastic so
that potential root exudates cannot enter into the soil around the control target plants.

e Repeat the above experiments examining the effect of the presence of plant debris,

o Conduct trials similar to above, except that soil from sites both under alien trees and indigenous
trees is removed, taken back to a controlled environment facility and plant trials carried out as
outlined in Section 7.5.3. The rate of degradation of allelochemicals in the soil after removal of
mature plants also requires investigation. In addition, the hypothesis that the competitive success
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of Eucalyptus is due to its superior ability to take up P from the soil (Section 7.5.2.4) needs to be
examined by conducting soil analyses in conjunction with the above field tnals.

o Conduct the above type of experiments in arcas that have been cleared by various methods,
Include in this work an investigation into the use of fire to remove plant debris. This would
involve consideration of different soil types and fire temperature.

Research programme ~ level 2

The experiments listed above, and in addition:

e An inter-country research thrust in which the allelopathic potential of Ewcalyprus is investigated
both in its native habitat and in South Africa (and possibly in other countrics where invasion by
this genus is also problematic). A similar approach was used by Hierro and Callaway (2003).

e Pot trials (and in vitro leachate experiments) in which a known allelopathic species (e.g. Salvia
spp) is used. The effect of the alien trees on target plants could then be compared with this.

e In order 10 enhance the ecological relevance of leachate experiments, seeds could be germinated in
soil (both sterilized and non-sterilised) rather than on germination papers. This would enable the
effect of soil-related factors on allelopathic responses (including the binding of potential
allelochemicals to the soil particles and the effect of soil micro-organisms) to be examined
(Reinhardt pers. comm. Jan 2006). Different soil types (for example loamy soil versus sandy)
could be investigated.

¢ Root chamber experiments with and without activated carbon to absorb potential allelochemicals,

Suggestions for other experiments

Other possible avenues for research:

. Investigation into the effect of weed tree species on the ecology of soil microbe populations,

. Seedling density experiments such as those carried out by Gentle and Duggin (1997) w0
distinguish between allelopathy and resource competition (Section 7.3.6).

- An investigation into the allelopathic potential of indigenous fynbos trees.

There are a number of factors that need to be kept in mind when extrapolating these results to the field,

however:

. Differences in potential allelopathic effects between terrestrial/upland and riparian areas,

. An investigation into the extent that potential allelochemicals leach into the wetland/river and
have an effect on the biota.

. Many allelochemicals, including phenolics, are now commercially available. Based on the
allelochemicals that have already been identified from Ewcalypvus spp and A mearnsii in the
literature, it may be possible to obtain these for use as chemical “standards™ in experiments. In
this way many confusing effects can be avoided. (C. Reinhardt, University of Pretoria, pers.
com. July 2006).

. Further experiments could be carried out using litter traps in order to examine the effect of litter
age on phytotoxicity.




Helopathy

L]
wn
o

|
\
:
:




Conclusions and recommendations

8 CONCLUSION AND RECOMMENDATIONS

8.1 CONCLUSIONS

Four objectives were addressed in the research programme. Of these, the first two, constituting the
bulk of the research and most of this document, are reported on in Chapters 3, 4 and 5. Two linked
minor investigations are reported in Chapters 6 and 7. The findings related to each project objective,
and resulting conclusions, are summarised below.

8.1.1  Aim 1: ldentify riparian plant communities of undisturbed and invaded riparian
zones in Western Cape rivers, and describe their species composition

Two community types were recognised: Riparian Scrub, altemately called ‘closed-scrub fynbos’,
‘hygrophilous mountain fynbos' and ‘broad sclerophyllous closed scrub’ (Holmes et al, 2005) and
Afromontane Forest, It scems likely that these form part of a continuum of riparian communities,
linked to age since last major loss of the vegetation and possibly also 1o altitude and geology (Sieben
2002). The Afromontane Forest sites were all high on the slopes of Table Mountain in gorges that
provided some protection from fire and human clearance, whilst the Riparian Scrub sites were mostly
in more open landscapes. The Afromontane Forest was at only three sites; this was deemed
insufficient to provide a good assessment of reference conditions for this vegetation type or for the
impact on it of alien invasion, and so the findings for this group are addressed only briefly. Most of
this section focuses on the Riparian Scrub vegetation type.

Riparian Scrub vegetation type

Vegetation data from twelve sites with undisturbed Riparian Scrub vegetation were used to identify
four vegetation assemblage types: two on the wet bank, closest 1o the water (WE = Wet Edge and CF
= Channel Fringe) and two on the higher dry bank (TS = Tree Shrub and OT = Outer Transitional)
(Section 4.3.2), The reference condition was defined for these, in terms of growth forms, ten indicator
species, four small Riparian Scrub tree species and several biological indices: species richness at two
scales, relative diversity (J) and equitability (H) (Section 4.4.3; Table 4.22). These characteristics
were tested for validity on a further six undisturbed sites, with the conclusion that together they were
useful descriptors of the reference condition. The species composition of the assemblage types at all
18 reference sites is provided in Chapter 4 or Appendix 4.3,

In order to identify where the four assemblage types would probably have occurred in invaded or
cleared sites, a simple model, the CART model, was developed. This provided physical rules for
locating the likely position on the bank of each assemblage type (Table 4.21; Figure 4.36).

The model was used to identify the potential bank location of the same four assemblage types in 17

disturbed sites, and the same character descriptors were developed for cach (Table 5.58). The species
composition of the assemblage types at all 17 disturbed sites is provided in Appendices 5.1-5.17.

253



Conclusions and recommendations

There were considerable differences between the reference condition and the most heavily invaded and
most recently cleared sites. For example, comparison of species richness showed that:

e invaded sites generally had lower values than the reference condition (between 3-10 species as
opposed to an average 22 at the reference sites);

e sites that had been cleared for five to ten years generally had values that were about the same
as those of the reference sites (22.7 + 5.8);

e sites that had only been cleared within the last one to four years generally had higher values
than reference sites, probably reflecting opportunistic invasion of the cleared areas by a range
of species, many of which would ultimately disappear again as the riparian community
matured (29 to 47 species as opposed to an average 23 at the reference sites).

The other measures of biodiversity - relative diversity (J) and equitability (H) — reflected similar
trends.

Species compositions were also different (Section 4.4.2). The wet bank consisted mainly of
herbaceous vegetation and gramminoids, plus seedlings and saplings of the four typical Riparian Scrub
small trees Metrosideros angustifolia, Brabejum stellatifolium, Brachylaena neriifolia and Morella
serrata. The highest concentration of adults of these small tree species, however, was on the dry bank,
suggesting that seedlings might establish themselves indiscriminately but most would be eradicated -
perhaps by high flows — before reaching maturity.

A further ten indicator species (Figure 4.34) also characterised the reference sites. None of these
occurred exclusively in any one assemblage type, although most were more abundant in one or two.
The sedge Isolepis prolifer and the shrub Prionium serratum were good indicators of the wet bank,
and the restios Calopsis paniculata and Elegia capensis and the shrub Erica caffra were common to
CF and TS. Three other species Diospyros glabra, Pteridium aquilinum and Rhus angustifolia. were
common on the dry bank and most common in OT. Diaspyros glabra was one of the last indigenous
species to persist under heavy invasion.

It was concluded that no one species was an ideal indicator of riparian vegetation as a whole or its
component assemblage types. The characteristics described for the reference condition, however,
together capture the essence of undisturbed riparian vegetation communities in Western Cape
headwaters in the four identified assemblage types.

Identification of the four assemblage types through multivariate analysis was a useful approach for
generating some order and generalities out of a considerable body of data. Rules were laid out for
how each grouping in the CLUSTER analysis and MDS ordinations was recognised and how it was
allocated to an assemblage type. The assemblage types so recognised formed the basis of all
subsequent analysis, both of the reference condition and of the impact on it of invasions and clearance.
One weakness that emerged from this approach was that catchment signatures were 5o strong that sites
that were not necessarily greatly alike clustered together just because they were in the same catchment,
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In the disturbed group B (Figure 5.1), for instance, three heavily invaded sites (Wit3, Mol4 and Ron6)
clustered with two cleared sites (RonS and Witd), and so summary statistics of this group masked
possible trends in the trajectory of recovery of the cleared sites. Further analysis of individual
recovering sites will be done in Mr Reinecke’s post-graduate thesis.

The physical location of these assemblage types - through a predictive physical model based on height
and distance from the water - was a useful way of addressing the problem of what species should have
been at heavily invaded or cleared sites. It worked quite well for most of the sites, but was less
effective for sites with floodplain development and not effective at the Afromontane sites because of
their steep narrow valley shapes. The model needs further development to work well for a wider range
of site types, and a version for the Afromontane sites could only be derived with additional data from
more undisturbed Afromontane areas. Further development of the model will be addressed in Mr
Reinecke's post-graduate thesis.

Afromontane Forest

Results are tentative because of the small sample size of three sites. The four small Ripanan Scrub
tree species were missing or in very low numbers at the Afromontane Forest sites. Possible indicator
species were suggested from two sites (Table 4.5) and compared to the situation at the one invaded site
(Section 5.4.1). Typical growth forms missing from the assemblage types were: tree seedlings from
WE; rushes, grasses and adult trees from CF and rushes, restios and small shrubs from TS (Figure
5.2). Of the nine forest species considered to be typically Afromontane, nine were present at the two
reference sites and only three, Rapanea melanophlocos, Kiggelaria africana and Cunonia capensis,
were present beneath the Populus X canescens canopy at the disturbed site (Table 5.55).

8.1.2 Aim 2: Ascertain if cach invasive species occurs in one or more lateral riparian
vegetation zone

Most disturbed sites had been invaded by, or cleared of, Acacia mearnsii, and its typical location
within the vegetation can be described with some certainty. Some sites supported other alien species
also, but due to their comparative rarity, their typical location is less certain,

Acacia mearnsii (13 sites)

Acacia mearnsii seedlings were present on the wet and dry banks in all assemblage types but were
most common in CF, even up to ten years after clearing, Saplings and adults were less common and
mostly occurred in CF followed by TS,

Acacia longifolia (9 sites)

Seedlings and adults of Acacia longifolia occurred in all four assemblage types. Many saplings were
found in CF. Adults were most abundant in TS.

Acacia melanoxylon (6 sites)

No seedlings of this species were recorded at any of the sites. Saplings were most common in CF and
adults were equally present in CF and TS.
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Acacia saligna (1 site)

In the first year or two after a fire, seedlings of this species recruited en masse over the whole macro-
channel and floodplain. Five years later after regular annual follow-up clearings, most seedlings had
disappeared but a few adults, not cleared, remained at the outer edge of the riparian area in OT.

Pinus pinaster (1 site)
Seedling recruitment took place mainly in TS and OT, following clearing. At the time of sampling a
number of uncleared saplings were scattered through TS.

Populus X canescens (1 site)
Seedlings, saplings and adult trees were present throughout TS only.

Eucalyptus leucoxylon (1 site)
Saplings and adult trees were present throughout TS only.

Quercus robur (1 site)
An adult was rooted in WE while seedlings were found in CF.

8.1.3 Aim 3: Begin an exploratory investigation into whether or not allelopathy can be
detected in selected common invasive woody alien species, and the possible effects
of alien species on common soil variables

The study results suggest that young alien saplings probably do not exert an interference effect on
establishing indigenous seedlings. Field trials should be done 1o confirm this. The work needs to be
extended to exam the effect of mature alien trees. With regard to the impact of litter from alien
species, the results suggest that litter from Eucalyptus may have some phytotoxic effect on sensitive
indigenous species, but that this is not an over-riding effect.

In terms of management implications, this study and the general international literature suggest that
of the four species examined in the project, Eucalyptus probably has the greatest interference
potential. Eucalyptus may inhibit seed germination and seedling establishment, perhaps through
allelopathic influences but possibly also through competition for resources. The establishment of
under-storey vegetation would probably be improved by removal of Eucalyprus liver.

A proposed road-map for future research into allelopathy, outlined in Chapter 7, has three main
thrusts:

e identification of the most important avenues for research;

e suggestions for useful and necessary rescarch;

e other possible experimental or investigatory approaches.
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The recommended primary avenue for rescarch is to investigate effective clearing and management of
invaders. Any research on allelopathy should be designed to answer questions about clearing
techniques. Suggested research topics from the road map are given in Chapter 7.

8.1.4  Aim 4: Monitor the early stages of recovery of indigenous vegetation in situ after
clearing

In the main study (Chapters 4 and 5), Calopsis paniculata was presemt at a reduced frequency at all
disturbed sites. Elegia capensis was absent from all invaded areas and only found at the oldest cleared
sites despite being present upstream of more recently cleared areas. Similarly, Erica caffra was also
common to CF and TS but was rare at invaded sites and slow to recover following clearing. The latter
two species were the least likely to occur under invasion and during recovery following clearing.
Preridium aguilinum was one of the first species to colonise a recently disturbed dry bank and
persisted at some of the older cleared sites. Rhus angustifolia was most common at cleared sites with
older vegetation, and was sometimes more frequent than in undisturbed areas. These and other species
specific responses will be explored in more detail in Mr Reinecke’s thesis.

From the findings on sites of different post-clearing age, a trajectory of recovery may be hypothesised
(Section 5.4.2; Figures 5.3-5.7).

e Phase |: recruitment of fynbos, scrub and other wet or dry bank species, including aliens and
pioneering annuals, takes place in the first year as a flush of new growth.

e Phase 2: herbaceous cover (sedges, rushes, grasses and forbs) establishes between one and
four years.

e Phase 3: restios, shrubs and small trees establish in and amongst the herbaceous cover
between four and ten years. Woody alien and small Riparian Scrub tree species also establish
during this phase.

e Phase 4. long-term recovery occurs that takes longer than a decade because of sensitivity of
some species 1o invasion or clearance, and also due to slow development of a dense canopy
cover, Elegia capensis and Erica caffra are examples of probable sensitive species.

In the secondary study (Chapter 6) sites cleared at least two years previously were investigated to
assess how the indigenous vegetation had recovered following three clearing treatments: Fell Only;
Fell & Remove slash; and Fell & Burn slash.

All the cleared sites were significantly different 1o the reference condition for some of the following
variables: indigenous cover, species richness and growth form structure, An overlap in species
composition between the unbumt treatment plots and the Reference plot indicated that vegetation
recovery following those clearing treatments was moving toward natural. The Fell & Burn treatment
showed the poorest recovery relative to the reference condition and it is recommended that fires of
unnaturally high severity be avoided in the riparian zone by removing some of the felled and dried
alien biomass. Of the treatments tested, Fell & Remove appeared to best promote vegetation recovery
in the short-term.
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8.1.5 Comparing assemblage types to previously reported patterns of lateral zonation

Few studies have described vegetation zonation patterns for Western Cape rivers. Boucher (2002) and
Sieben (2002) identified three lateral zones; the aquatic zone, the wet and the dry bank. The wet bank
was further sub-divided into the lower sedge and higher shrub sub-zone, while the dry bank had three
sub-zones (at increasing clevation); the lower dynamic, the tree/shrub and the back dynamic (Table
8.1). Boucher (2002) described flood-recurrence intervals that maintained each sub-zone for the
Breede River and Senqu in Lesotho but did not provide indicator species for these sub-zones. Using
Boucher’s descriptions, Sieben (2002) sampled species distributions within these sub-zones for a
further five rivers near Cape Town on the Hottentots Holland mountain range. In both cases, the sub-
zones were chosen a priori and subjectively based on species’ presence or absence using specialist
judgement, whereas in this study the equivalent of the sub-zones — called here assemblage types -
were identified and located on the banks objectively through a developed set of rules. As far as can be
judged from species information, the two sets of zonation patterns appear to be correlated as per Table
8.1.

Table 8.1 A comparison of lateral vegetation bands on Western Cape river banks,

Bank position | Boucher (2002): sub-zones = This study; assemblage types

Terrestrial Not addressed Non Riparian
Back Dynamic Outer Transitional

Dry Bank Tree/Shrub Tree Shrub
Lower Dynamic .

Wet Bank Shrub/ Willow NI
Fringing Sedge Wet Edge

Aquatic | Rooted Aquatic Macrophyte | Not addressed |
Algae

Wet Edge and Tree Shrub correlate with Boucher's ‘Fringing Sedge’ and ‘Tree/Shrub’ sub-zones
respectively. Outer Transitional conforms with his ‘Back Dynamic’. Channel Fringe correlates with a
combination of his ‘Lower Dynamic’ and ‘Shrub/Willow". Further work on this and the species
present in cach will form part of Mr Reinecke's thesis.

8.1.6 Management considerations

Protecting remaining indigenous plants

All the heavily-invaded areas investigated during this study supported a number of Riparian Scrub
species bencath the dominant alien canopy. In most cases, except in the most severe states of
invasion, the wet bank was abundantly vegetated with indigenous species whilst the dry bank had a
few isolated indigenous shrubs and small trees of cither A fromontane of Scrub affiliation. Individuals
such as these are important sources of seed in the initial post-clearance recovery. In many arcas, most
notably on the Molenaars and the Witte Rivers, there was abundant evidence from cleared sites that
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¢learing programmes had removed indigenous trees as well alien ones. Tree species take far longer 10
re-establish than do smaller herbaceous species, with the data suggesting that more than a decade is
needed to approach natural levels of canopy cover and species composition, Clearing programmes
would greatly enhance recovery of the riparian vegetation if all operators could effectively distinguish
indigenous from alien species, and protection of indigenous vegetation stocks was a strong priority.
This would be more effective on many levels than attempting complex recovery strategies on badly
cleared sites.

Re-vegetation strategies

If re-vegetation of cleared arcas is attempted, it may be difficult to establish what species should be re-
planted. Valuable clues can be gleaned from upstream areas, which would have provided propagules
in the past. Failing this, species from neighbouring catchments could be used. As a last resort
common riparian species could be planted, and other less common species could be left to colonise the
rehabilitated area naturally from the surrounding landscape. A practical manual of concepts and
strategies for rehabilitation is needed (Section 8.2),

8.2 RESEARCH RECOMMENDATIONS

Post-clearing recovery patterns of riparian vegetation may differ according to the invading species
present, and thus rchabilitation programmes may require different re-vegetation strategies. Several
avenues of research could help guide this process.

o Further investigation of the data gathered in this project on possible trends in the trajectory of
recovery of cleared sites (Mr Reinecke’s thesis).

e Further development of the CART model to capture a wider range of bank shapes and
different riparian communities (Mr Reinecke's thesis).

e Further investigation of the data gathered in this project on species-specific responses of
indigenous species to invasion and clearance (Mr Reinecke's thesis).

e Further investigation of the data gathered in this project on the characteristics of identified
vegetation assemblage types (Mr Reinecke's thesis).

e Data on species distributions and a classification for riparian zones for the Western Cape - and
the rest of South Africa.  This would allow better selection of appropriate species for
rehabilitation in order to protect genetic stocks and catchment identities.

e A practical manual guiding concepts and strategies for ripanian rehabilitation.

e Further studies on the impact of fire as a restoration treatment in the riparian zone, especially
in relation to fuel loads, season of burn and the interval between felling and burning.

e  Further studies on the impacts of different follow-up treatments, For example, manual versus
chemical clearing and the impacts of these in relation to initial clearance with and without fire.

e An investigation on the impact of secondary alien invasions by, for instance, kikuyu grass
(Pennisctum clandestinum) on indigenous vegetation recovery.

e The role of propagules from the surrounding landscape in influencing recovery rate,
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Additionally, promising avenues for allopathy research could be as follows.

e Growth trials of indigenous species under alien tree canopies, with and without alien litter,
under different soil conditions, and after clearance by a range of methods.

e The rate of degradation of allelopathic chemicals under different conditions.

e Inter-country research on the allelopathic potential of Eucalypius.

e Onher recearch topics as listed in Chapter 7.
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Plate | Four undisturbed site on the Rondegat River.
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Plate 2 Four undisturbed sites on the Heks River,
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Plate 3 Four undisturbed sites on the Elands River.

C hannel Bank




——<ﬂ

I‘Il e

Plate 4 A: Two undisturbed sites on the Disa River.
B: Two undisturbed sites on the Ferste River.
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I'wo undisturbed (1 & 2) and two cleared (3 & 4) sites on the Witte
River.
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Plates

Plate 6 I'wo cleared (1 & 2) and one invaded (3) site on the Sir Lowry s Pass
River,
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\: Three cleared sites on the Assegaaibos River.
B: A cleared site on the Cecelia River,

Channel




Plates

Plate 8 Ihree cleared (1, 3 & 4) and one anomalous site (2) on the Molenaars
River.
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Plares

Plate 9 \: Iwo cleared sites on the Rondegat River.,
B: Two cleared sites on the Silvermine River.
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Appendices

APPENDICES

Appendices 3.1, 3.2, 4.1 and 4.2 are located on the CD distributed with this report.  Please
note that Appendices 4.3 and 5 are in press and will be published by Mr Karl Reinecke as part
of his Ph.D thesis. On completion, these will be submitted to the Water Rescarch
Commission. WRC Report 1407/1/07, appearing on the WRC web site (www wre org.za),
will then be updated with these appendices from where interested parties can download them
Readers may contact the author should they wish to communicate regarding these appendices
(karlreinecke @gmail.com).




L-"u; Other related WRC reports available:

Vol 1: A consultative project to situate, contextualise and plan for a water
rehabilitation program in SA, to link this to relevant water-related initiatives;
and to trial the Australian procedure for river rehabilitation on a small
degraded urban streams

Uys AC
The aims of this project were as foiilows.

1. Situation/anchoring of river rehabilitation in a South African context and
establishment of links with relevant current water initiatives

2. Consultatively developed plan for a long-term program for the development and
implementation of river rehabilitation in SA

3. Tralling of Australian river rehabilitation procedures on a small degraded urban
river in South Africa.
Aims 1 and 2 are addressed in Volume 1, and Aim 3 is addressed in Volume 2
Volume 1 begins by defining the meaning of river rehabilitation and other
related terms to foster the correct general understanding amongst people in the
field. This part of the project began with 6 regional workshops which were
attended by a total of 150 people. At each of these workshops a number of
presentations were made followed by a facilitated discussion. As each of the
workshops had a different mix of practitioners, managers, decision makers,
consultants and researchers, each of these discussions developed differently.
These discussions highlighted a number of areas requiring research,
development or application, and these are detailed in the report. In addition, the
identified needs were distilled into the terms of reference for a solicited project
on the topic.
Volume 2 covers a case study of the rehabilitation of the |hlanza River, East
London. The Ihlanza River runs through the suburbs of East London and
discharges into the sea on the city's top surfing beach. It was highly degraded
and polluted. Through an extensive process of public participation, funds were
mobilized (largely through Buffalo City Metro) to rehabilitate the river. The 12
steps of the process followed are detailed in the report in such a way that they
can be followed by others wanting to achieve the same outcome, and include
everything from planning and public participation to supervision, monitoring and
maintenance on the ground.
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