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Appendix R19:


The Procedure for Generating Riparian Vegetation Information for the Comprehensive and Intermediate Reserve (Quantity)

R19.1
The role of riparian vegetation in river structure and functioning 
Riparian vegetation forms an integral and important part of any river ecosystem and it has been reasonably well documented that riparian vegetation plays a number of important geomorphological, ecological and social roles which have a bearing on the condition and long term structure and functioning of the river itself (Arthington et al, 1993) and regional biodiversity (Naiman et al, 1993).  These roles include stabilisation of river channels, banks and floodplains; flood attenuation; maintenance of water temperature and quality; provision of habitat, refuge and migration corridors for terrestrial, avian and aquatic fauna; the interception and breakdown of pollutants; the interception and deposition of nutrients and sediments; and the provision of fuels, building materials and medicines for local communities.

R19.2
The role of riparian vegetation in the determination of the ecological reserve (ER)
Riparian vegetation is one of the three biotic components commonly applied in the Building Block Methodology (BBM) for the overall assessment of the ER of rivers. Unlike the other biotic components, which are mainly good indicators of low flow requirements, the riparian vegetation component generally spans a much wider range of flows. 

The position of riparian vegetation within the riparian zone generally indicates the need for a flow of some type or magnitude to cater for its requirements in order to ensure that it perpetuates and functions correctly.  This requirement may be for a low flow, a freshet or a flood. Depending on the characteristics of a site, riparian vegetation commonly occupies a range of positions relative to the macro-channel floor and the macro-channel bank. Marginal vegetation in the form of mesic grasses and sedges are very often found on the edges of the river, while other herbaceous and woody species may occupy this area as well as others further away from the river on the macro-channel floor or on the macro-channel bank. This wide range of positions of vegetation and the associated range of flows required to sustain riparian vegetation requires that recommendations be made for low flows as well as elevated flows during different seasons. These recommendations are then used to supplement those provided by other components of the methodology. It is important to note that like the other biotic components of the BBM the riparian vegetation methodology cannot be used in isolation for the determination of ecological flow requirements as it forms only a single part of the multi-disciplinary BBM.

Due to the general paucity of empirical and historical information on riparian plant species and their specific water requirements and the complexity of riparian zones typically associated with Southern African rivers, this methodology is extensively reliant on the professional experience and judgement of the specialists responsible for its application.

R19.3
Minimum and ideal data sets
The ideal data set includes:

· data collected from ER sites which include representative and suitable vegetation components which can indicate the requirements of the riparian vegetation within selected river reaches,

· a comprehensive site description of riparian vegetation at the ER sites based on one or two site visits preferably during different flow conditions or even different seasons,

· river profile which indicates the location, species and size of important vegetation components, the extent of recruitment,  substrate, vegetation zones, and indications of debris lines from previous floods.

· photographs of the sites which are dedicated to providing specific detail on plant distributions relative to the river and the macro channel bank along with their rooting characteristics.

R19.4
The comprehensive ecological reserve quantity process 
R19.4.1
The sequence of necessary activities
Site selection and description

These two activities are usually undertaken together and are therefore combined within the same activity below.

· Purpose

The purpose of this activity is twofold:

Firstly, to identify and select a site which is suitable for describing the flow requirements of the river for all of the BBM components used. From a riparian vegetation perspective this involves identifying a site which displays a healthy, representative and indicative riparian vegetation component.  Within the site a specific cross section will then be identified which best describes the vegetation at the site.

Secondly, once it has been established that the site is suitable for ER purposes,  to describe it from a vegetation perspective, taking note of distinct vegetation zones, species present, their size classes, extent of recruitment  and where this vegetation  is located relative to the river and the macro channel bank.

· When undertaken 

The site selection task is obviously only undertaken once, while the site description is undertaken as many times as possible within the budgetary and time constraints of the study. This is preferably undertaken at different flow levels in order to gain as much understanding of the determining factors responsible for the spatial and temporal distribution of species and their various size classes.  It is usually of considerable value to describe the sites at the seasonal extremes of low flow, during winter and summer and possibly even during elevated flow events. 

· By whom

This activity is undertaken by the vegetation specialist who will attend the specialist meeting. This specialist is preferably a vegetation ecologist with riparian vegetation experience and who has a good understanding of vegetation dynamics, particularly in response to changes in flow regime, distribution patterns and associated determinants, and the management of riparian vegetation. 

· Where done

Riparian zones are often highly disturbed and, as such, are often totally or partially devoid of riparian vegetation, particularly woody vegetation. It is often the case that suitable areas are confined to those where the local population and their livestock are not able to gain access. However, in order for the site to have value, it is essential that the vegetation is representative of the river reach of interest. For example, a site to be located within an alluvial reach must have vegetation which displays alluvial characteristics such as Ficus sycomorus or  Trichelia emetica. It is of little value to identify an ER site in an inaccessible area simply because it has a healthy riparian community when the characteristics of the vegetation are more indicative of a different reach. It is also essential that the vegetation present have some form of indicative value. In other words, a site which has a vegetation component comprised of species with known or partially known water requirements or whose distribution patterns, age structure or recruitment rates are determined by specific flow related characteristics of the river at that point.     

Ideal sites are those which display the following characteristics:

· a wide diversity of different riparian species which are representative of the specific reach, with  a good population of the dominant species, 

· a range of age classes ranging from seedlings through to mature individuals for most species present particularly the dominant and certain key species, 

· a variety of riparian zones indicative of the vegetation types  associated with different flow and geomorphologically related environmental gradients,

· good connectivity between the river and the riparian zone,

· good sensitivity of vegetational response to slight changes in river flow regime (vertical sensitivity).

It must be understood that not all of these requirements can be met during the site selection process. Given that site selection is a multi-disciplinary process, it is often necessary to make trade offs between the ideals of one component for those of another in order to achieve a healthy balance. For example, the site selection group may settle for a site which may not have the ideal vegetational characteristics, but may instead have a more value for quantifying the hydraulic aspects.  

· Other BBM components linked to this and how

The site description aspect of this activity is linked with the site survey. Important vegetation and vegetation zones need to be surveyed in on the selected river cross sections. This requires that the surveyors are kept informed of the vegetation requirements and duly include these during their site survey tasks.  

· Equipment and techniques used

(a) Site selection

No equipment is used apart from a suitable vehicle, appropriate maps and a GPS in order to gain access to the river and to acquire the co-ordinates of the site. The technique applied involves a thorough investigation of the site and its characteristics and the application of extensive experience on riparian vegetation dynamics in relation to changes in physical and hydrological conditions and the impact of disturbances at the site. 

The present vegetational state of the site is determined in terms of its species composition, size/age structure, recruitment rate, and its distribution and zonation relative to the river and the macro-channel floor and bank. Thereafter, the riparian vegetation dynamics which have evidently taken place over time are considered in response to physical and hydrological changes as well as non-flow related disturbances which have occurred at the site. This picture of site dynamics is then used to ascertain the extent to which hydrological characteristics and history are responsible for the present vegetational state. A decision to accept a site from a vegetation perspective is then made.  This decision is usually quite a clear one as long as present day vegetational conditions are largely explained by hydrological characteristics at the site. However, this is rarely the case since non-flow related disturbances are very often responsible for the state of the vegetation. In cases where disturbances are the primary determinants of vegetational state, the site has very little value for assessing flow requirements and it is necessary to move on to another site.  The disturbances which are usually responsible for this situation are those of large scale vegetation removal for farming, fuels or building purposes or the impacts of intensive grazing and browsing by cattle and goats.

Since the site selection process is a multi-disciplinary one it is often necessary to find a compromise where a certain fraction of the vegetational state at a selected site is not explained purely by hydrological characteristics and a consequently a degree of uncertainty is attached to associated flow recommendations. This is often the case if a potential ER site is located on bedrock where the lateral movement of water into the areas adjacent to the river is prevented by rock and a clear riparian zone is absent.

After a site has been selected it is then necessary to select an area through which the cross section should run within the site. This is undertaken by optimizing the number of important plants and riparian zones through which the cross section runs. Plants which do not coincide with the cross section, but which are in the nearby vicinity (less than 20 meters) of the cross section are simply indicated on the cross section during the survey.     

(b) Site description

Very little equipment is required for this activity. During the initial site visit, brightly coloured nursery tags and spray paints are used in order to mark the various plants and zones of importance. 

The technique applied requires the identification of important and indicator plants and vegetation zones along the cross section selected. Important and indicator  plants are those which have reasonably well understood flow requirements or which are located in areas where specific flow requirements are required. For example a  patch of Typha capensis in a small side channel or a Ficus seedling within a reed bed or a mature individual of the dominant woody species on the macro-channel floor, all qualify as potentially important plants. All important plants and riparian zones are  identified during the  initial site investigation  and marked with a brightly coloured plastic nursery tag.  The tags are then  numbered in sequential numerical order, using a permanent black marking pen,  from the top of the macro-channel bank towards the edge of the river. The numbering continues from the rivers edge on the opposite bank towards the top of the opposite macro-channel bank.  Important plants and riparian zones are later Asurveyed in@ in  relation to the cross section by the surveyors who will capture the position of the base of the marked plant or the precise position of the marked riparian zone. 

· Data collected

The appropriate data are collected on a field data sheet as in Table 1. The data collected are associated with the important plants and riparian zones which have been marked and included in the cross sectional survey of the site. 

Table 1.  Example data sheet for application at ER sites

RIVER :   Thukela ......................................
CO-ORDINATES : S ................... N ....................

ER SITE No :   A .......................................
DATE : ............................25/07/98

CROSS SECTION :   C ...............................
LABEL START :    LHB / RHB

CHANNEL TYPE :     Bedrock anastomosing,     Mixed anastomosing,     Pool – rapid,     Braided


TAG No
BANK
SPECIES / ZONE NAME
HEIGHT

(m)
SURFACE

SUBSRATA
SITE NOTES / COMMENTS

1
LHB
Combretum erythrophyllum
7.5
Non alluvium
Top of transect -  red painted

2
LHB
Acacia karroo
7
Non alluvium
5 m downstream of transect

3
LHB
Start of terrace 1
-

at base of 2

4
LHB 
Celtis africana
6.6
Firm alluvium
On transect line, 3 stems

5
LHB
Ziziphus mucronata
5.3
Firm alluvium
3 m upstream of transect

6
LHB
End terrace 1/Start terrace 2
-

2 m below base of 5

7
LHB
Salix mucronata / end terrace 2
1.2
Loose  sand
On rivers edge

8
RHB
Phragmites spp.
0.6 -1.5
Gravel
Submerged at rivers edge

9
RHB
Salix mucronata
1.5
Mud
Within bed of 9

10
RHB
Salix mucronata
1.8
Mud
0.5 m above 9

11
RHB
Salix mucronata
2.3
Mud
On transect 

12
RHB
Combretum erythrophyllum
2.3
Loose sand
5 m downstream of transect

13
RHB
Combretum erythrophyllum
2.9
Loose sand
On transect, top of transect

The field data sheet provides spaces for the name of the river; ER site number; site co-ordinates; date visited; cross section number (in the case where more than one cross section are identified for various hydraulic and ecological reasons); and starting point for plant numbering, such as top of left hand bank (LHB) or (RHB).

The relevant data collected at each site are: 

· the number of the plant or riparian zone (riparian zones are marked on the edges);

· the species of plant or name/description  of the riparian zone (e.g. Sandy lateral bar or ephemeral channel);

· the size class of the plant (either as herbaceous, seedling, or approximate height in metres); and 

· relevant site notes (such as position relative to cross section, clump of trees, thicket etc.).

The data sheet also includes a space where a rough overhead map or cross sectional profile is drawn and the position of the various plants and riparian zones can be detailed to aid with the survey or later activities of the BBM. Copies of the data sheets are provided to the surveyors to aid with their task, particularly in the case where tags are difficult to find due to density of vegetation or the removal of tags by inquisitive locals.

Other data collected at the sites are concerned with the specific site and vegetation characteristics relating to the flow level at the time of the visit and responses of vegetation to previous flow levels.  This information is used extensively during the specialist worksession and forms the empirical basis of many of the flow recommendations. For every visit of the sites this type of information should be gathered. It is difficult to provide a list of the type of data which should be collected as this differs extensively from site to site. In order to make the maximum benefit of this type of information it is essential that the vegetation ecologist successfully “reads” the site and forms a picture in his/her mind about the important ecological processes which function under different flow conditions and how these relate to each other. It is also essential that the various zones within the riparian environment be spatially defined correctly.  These aspects are often not entirely elucidated during a single site visit, and require a number of visits at different time, particularly after events such as floods, freshets and different flow levels.  

Important aspects which need careful investigation at the sites are:

· Low flows

Low flows are a very important component of the total river flow as these are primarily responsible for the day to day water requirements of the vegetation such as that for transpiration,  photosynthesis and growth.  Due to a distinct paucity of knowledge on rooting depths, uptake of water by roots of different plant species and the sub-surface characteristics at each site, most of the low flow recommendations are based  on the marginal zone and its requirements. The marginal zone is that area where characteristically mesic species exist due to the close proximity of the water table in the river bed. The species present rely on very frequent or continuous direct contact with water. The characteristics of both the marginal vegetation and the marginal zone itself are important considerations for low flows. The emphasis of the investigation is therefore on the interface between the vegetation and the river during low flows.

Marginal vegetation characteristics such as: 
The permanence of the vegetation and the marginal zone itself.   Some plants manage to remain in specific areas within the marginal zone for many years. This is usually applicable to woody species (such as Breonardia and Salix), reeds, large sedges or grasses with persistant and well developed root stocks such as Arundinella spp.. Some marginal species are more opportunistic and continually shift their position  according to the seasonal flow levels, which is typical of many grasses such as Cynodon, Imperata, Chloris and the smaller sedges. 

Other characteristics such as: 
· the extent of contact with the water i.e. whether they stand directly in the water;

· the depth of water required and whether this is a seasonal characteristic or not;

· the extent of utilisation of the marginal vegetation for grazing, reed cutting etc. 

Marginal zone characteristics such as: 
· the number of  channels flowing; when these should flow (either perennially,  seasonally, or ephemerally);

· the control points that determine when seasonal and ephemeral channels flow; the presence of small backwaters, pools and wetlands and when these should be filled and the required frequency of replenishment; 

the nature of the substrate whether these being fast draining alluvial soils or clays etc.

· Freshets

Important here are the upper spatial extents of marginal terraces which, when inundated by freshets, defines the full extent of the marginal zone. The point of freshets is to ensure saturation of the marginal zone and to provide the zone with sediments and nutrients. Freshets are also important to ensure that lateral flows of water feed into the adjacent riparian zone as well. This area needs to be inundated several times or even regularly during the wet season.

This area is usually easy to identify and define as it is extensively covered by mesic species.  Other clues on site for the definition of the marginal zone are provided by the presence of fresh sediments and debris washed up from previous freshets.  

· Floods 

Floods are a very important component of river flows in that they provide for a number of riparian functions. These being: the removal and translocation of debris; the recharge of the macro-channel bank; the deposition of nutrients and sediments; the removal, with varying success,  of old, terrestrial and exotic plants; the dispersal of seeds and propagules and the turnover of the seed bank; the prevention of terrestrialisation of the macro-channel floor;  the creation of space and new habitat for colonisation by other plants and the provision of diversity for the regeneration of species.

The emphasis on flood requirements focuses on the riparian zone on the entire macro-channel floor and the macro-channel bank. The identification of the spatial extent of the riparian zone, particularly at the highest level, is very important as well as the identification of previous flood levels. Various clues are sought during the site visit which will later provide empirical motivation for the future sizing and frequency of floods.

Clues on the floods and flood levels are obtained on site by the transition from the riparian zone to the adjacent terrestrial areas, which is demarcated by the transition of species from one to the next. This is usually quite clear except in cases where previous very large floods have disturbed this transition and a confused species distribution has resulted. Other clues are the level at which debris is found in the trees on the macro-channel bank. The age of which, which is very difficult to establish, provides some clue to  the frequency of large flood events. 

Data analysis and presentation

No specific analysis or presentation of data is required for this task.

Preparation for and participation at the specialist meeting

· Purpose

The purpose of this task is twofold: 

Firstly,  to ensure that the data collected in the field is effectively presented and available for use at the specialist meeting, and secondly,  to ensure that the riparian vegetation component of the BBM is represented by the vegetation ecologist with adequate first hand experience of the ER sites and the specific characteristics of the vegetation present

· When undertaken  

This is undertaken prior to and during the ER specialist meeting.

· By whom 

This is undertaken by the vegetation ecologist / aquatic scientist who collected the  riparian vegetation data at the ER sites. This specialist must have visited the sites on a number of occasions and must have developed an understanding of the sites and the flow requirements of the riparian vegetation present.

· Where done

The specialist work session is usually conducted at a venue near the river under investigation in order to make it possible for the participants to undertake an additional site visit just prior to the session. 

· Other BBM components linked to this and how

As stated above, the survey component is strongly linked to the riparian vegetation. However, once the data has been collected and surveyed, the linkage with the hydraulics component becomes important for the determination of flows at specified points on the transects. The geomorphological and hydrological are  also an important linkages in that the physical characteristics of the site and the amount of water available determine the habitat conditions and therefore the spatial distribution of riparian vegetation.

· Equipment and techniques used

Preparation and presentation of data

A colour printer and computer with appropriate graphics software is required to produce the required vegetation profiles. Preparation of the ER starter document only requires an appropriate word processor.

It is recommended, however, that a survey of appropriate literature on the prominent species on site is undertaken in preparation for the specialist meeting. The type of information required, if available,  pertains to the life history characteristics of prominent species  such as the times of flowering, fruit production and seed set; whether deciduous or evergreen; the way  in which reproduction takes place, whether by seeding, coppicing  or a combination of the two; the way in which seed dispersal takes place; typical spatial distribution characteristics; water requirements and responses to changes in flow regime and flood events.    

The presentation of data usually takes the form of a vegetation profile and a vegetation table. 

· Vegetation profile

The vegetation profile is based on the actual cross sectional profile obtained from the surveyors and the location of important plants as observed during the site visits. The vegetation profile is aimed at providing a once off look at the vegetation characteristics of the site in order to inform worksession participants of the characteristics of the site as well as provide a refresher look of the profile for the vegetation ecologist during the session. It has proven itself to be an exceptionally useful aid in previous worksessions. An example vegetation profile is presented in Figure 1. 

In order to produce the vegetation profile it is necessary to obtain the cross sectional data from the surveyors which is usually in spreadsheet format. A plot is then made of the river cross section at a scale which will provide a realistic picture of the cross section once vegetation annotations have been added.  The sizing of the plants on the cross section should be as realistic as possible with the cross section scale. The actual measured heights of the plants should be used as a guideline for comparative sizing. Various labels are then added to the profile which would include the species names, riparian zone types, sizes of trees or dimensions of the site or any other details which would assist in presenting the vegetation characteristics of the site.


Figure 1.  An example river profile showing the location of important vegetation components and zones on the ER site  

Vegetation table
The vegetation table is a table which lists the important species at the ER sites along with pertinent information which will be used during the specialist worksession. Some of this information is obtained directly from the vegetation profile and the field data sheets, but is in a more workable format and has proven useful in a number of previous worksessions .

This table is based on the information provided by Van Coller and Rogers (1996). A typical vegetation table is provided in Table 2.

Table 2.  Typical vegetation table
RIVER :   Thukela ......................................


ER SITE No :   A .......................................
CROSS SECTION :   C.................................

CHANNEL TYPE :      Pool – rapid     


Tag

no:
Species name
Height 

(m)
Bank
Position  

on  MC
Surface

Substrata

type
Vertical 

Position 

(m) *
Lateral 

position

 (m) **

1
C. erythrophyllum
7.5
LHB
Bank
Non alluvium
8
17

2
A. karroo
7
LHB
Bank
Non alluvium
7.5
16

4
C. africana
6.6
LHB 
Bank
Firm alluvium
6.5
15

5
Z. mucronata
5.3
LHB
Bank
Firm alluvium
6
10

7
S. mucronata
1.2
LHB
Floor
Loose  sand
1
2

8
Phragmites spp.
0.6 -1.5
RHB
Floor
Gravel
0.5
36161

9
S. mucronata
1.5
RHB
Floor
Mud
0.6
2.5

10
S. mucronata
1.8
RHB
Floor
Mud
0.7
3

11
S. mucronata
2.3
RHB
Floor
Mud
0.75
8

12
C. erythrophyllum
2.3
RHB
Bank
Loose sand
2
16

13
C. erythrophyllum
2.9
RHB
Bank
Loose sand
2.5
18

Where: *     - is the vertical height above the lowest channel level on the profile

           **   - is the distance away from the river’s edge or edge of closest channel

Further preparation for the ER specialist meeting takes the form of a short report for the worksession starter document. The aim of the document is to summarise the available riparian vegetation data in a form which can enlighten the other worksession participants of the vegetation, its characteristics and those of the riparian zone,  as well as provide the data required in a simplified format to assist with formulating riparian vegetation flow requirements at the worksession.

The typical report should include the following headings:

· Introduction

Site specific vegetation and physical characteristics at sites (including vegetation profile and vegetation table)

Site advantages and disadvantages 

Literature review of pertinent species and their flow requirements

Areas which may be addressed by flow recommendations

Conclusions 

Participation at specialist meeting

During the specialist meeting the riparian vegetation specialist is required to assess the water requirements of the riparian vegetation, to the best of his/her ability, based on a combination of pertinent information sources:

empirical evidence on site observed during site visits (vegetation profiles, vegetation tables and site notes) 
available data on specific plant species, obtained from the literature review
commonly applied information on riparian vegetation such as  that of Van Coller & Rogers (1996)
expert knowledge and experience of the specialist
The BBM considers different components of flow independently. These being: low flows (base flows) for average years and drought years and elevated flows (freshets and floods) for average and drought years. Assessments are made month by month, unless it is generally felt by the specialists that certain months have specific relevance and can be pegged to represent other months in the same season which have similar water requirements.  From a vegetation perspective, particularly in the summer rainfall areas, it is often easy to start the assessment at the beginning of the wet season when increasing temperatures and photo-period lead to increased vegetation water demands. However, it is not essential that the assessments be started here. In winter rainfall areas, or in areas where different levels of knowledge are available it may be pertinent to start at other logical points. 

Important considerations about the various components of flow are discussed below:

· Low flows

At the start of the wet season the water demands of vegetation begin to increase in response to increasing transpiration demands for thermo-regulation, growth of new leaves, roots and flowers for some species and  germination of seeds. In order to provide this water it is necessary to recharge river banks and aquifers to make the water available in the capillary areas for absorption by the roots of the plants. Aquifers are often recharged very quickly in response to slightly elevated river flows in response to the first rains of the season.

Marginal vegetation situated at the rivers edge and on islands and mid channel bars is an important habitat for amphibians, fish and invertebrates and therefore needs to be provided with adequate water, sediments and nutrients to serve its purpose. The requirements of this component are largely during the wet season when the habitat is required, and when the water levels of the river fluctuate in response to different elevated events and increased base flow. Marginal vegetation usually flourishes between the levels of the summer baseflows and the annual bankfull elevated flow event of the season. However, it must be borne in mind that marginal vegetation is generally very opportunistic and will grow at virtually any position where the substrate conditions and the soil moisture conditions are satisfactory. Motivations provided on behalf of marginal vegetation are usually secondary to those of fish and invertebrates unless very clear cues are evident relating to limited substrate conditions which would retard or prevent growth of marginal vegetation.

Certain tree species are very dependent on the correct low flow conditions. Good examples are Breonardia salicina in bedrock areas and Croton megalobotrys in highly alluvial areas. Since these trees are often very old they indicate the extent to which specific water levels have been provided in the past. The root systems of highly mesic species, particularly that of Breonardia often provide clear indications of the levels required during different seasons. However, these levels are very difficult to interpret since the roots of these species do extent themselves during extreme periods. Careful examination of the roots under different circumstances is required in order to provide low flow recommendations with suitable confidence. 

Low flows during the dry season are also required, but since temperatures are lower and evapotranspiration is generally down during that time of the year, the requirements are generally only for survival and marginal growth. Adequate consideration must be made for species which flower or set seed during the dry season.

· Elevated flows

Elevated flows are very important for a wide rage of riparian species. The major functions of elevated flows for vegetation are:

· to recharge banks and specific habitats which are isolated from the river due to clay lenses, bedrock or rocky outcrops

· to provide sediments and nutrients to prepare nursery areas for germination and growth of seedlings

· the removal debris from the riparian zone and thereby open up sites for new colonisation by seedlings

· the deposition of seeds and other propagules from upstream in the catchment and thereby facilitating their spread in downstream areas

· the removal of terrestrial species and reeds in the active channel   

It must also be considered that certain invasive exotic species, such as syringa and black wattle, which have successfully adapted to elevated flows by the provision of extensive seeds and highly reproductive propagules which are then extensively distributed within riparian areas throughout entire catchments. This is an important consideration in certain highly degraded catchments.

Very clear flooding cues are provided in some riparian areas by distinctive flooding terraces occupied by species such as Combretum erythrophyllum and Croton megalobotrys. The frequency of required flooding varies from species to species and area to area which is sometimes best understood from experience and previous observations. Flood cues are also provided by debris lines and different vegetational zones present at a site. The levels at which these cues occur need to be noted during site selection and site description, and if possible, surveyed in at the same stage when important species takes place.

The riparian vegetation component often provides primary motivations for elevated flows alongside the geomorphological motivations for channel maintenance and annual bankfull floods. There is often incredible co-incidence in the elevated flows required for geomorphological and riparian vegetation considerations.

· Drought flows

Drought flows are also considered in the BBM process. Riparian vegetation is also an important consideration under these conditions, particularly in alluvial or areas which experience sub surface flows. Major considerations are those of vegetation survival. Certain mesic species such as Ficus sycomorus, Trichelia emetica, Syzigium guineense and Breonardia salicina are very sensitive to extended periods of drought or very low flows and require particular consideration in this regard. Rooting characteristics such as root depth, if known, are used for such recommendations.

· General participation

The participation of the riparian vegetation specialist during the specialist meeting is similar to that of the other specialists. Recommendations are initially provided based on the evidence of specific cues for particular flows and flow events. These recommendations are then considered in terms of the other components which require similar flows or which may be impacted by such flow recommendations.  In many cases the flows are supported by the other components, or it may be required that compromise between the various components may be required. In which case the site information should be re-considered to see whether lesser or greater levels may be possible and if cues might also be present at these new levels.  In any case, it is highly important that motivations for all flows must be provided. Motivations must be of a well described and nature and, if possible, must be backed up with clear cues which are evident at the ER site. Depth of flow recommendations are usually provided by the vegetation specialist which are then translated into flow rates by the hydraulician who has extensively modeled the flow levels at each site and has calibrated the model a number of times using actual measurements of flow at different times of the year for a variety of different flows. Flow motivations can also be provided on the basis of flow velocities, if these are know, to remove certain undesirable vegetation components, or to meet a specific or optimum wetted perimeter for marginal vegetation. These values associated with different flows are also provided by the hydraulician who also derives these from the hydraulic model for the site.  

R19.4.2
Example terms of reference
The typical terms of reference for the riparian vegetation component of the BBM are:

· To make use of existing or available  information on riparian vegetation in the catchment, including the aerial video, aerial photographs, reports and publications;

· To identify suitable ER sites on the river in question which have important riparian vegetation components and characteristics which can be used to determine the ER of riparian vegetation;

· To  describe and quantify, if possible, the important riparian vegetation components present at the ER sites relative to the river and the macro-channel using survey diagrams and cross sectional profiles, if available at the time of the survey;

· To mark the important and appropriate riparian vegetation components at the ER sites using numbered tags to ensure that these are included in the site survey;

· To compile a literature of the important and appropriate riparian species at the ER sites which could be used to make flow recommendations for riparian vegetation;

· To prepare a vegetation  profile of the river cross section with appropriate scaling, which indicates the location, species and sizes of the main riparian vegetation components and vegetation  zonations at the ER sites;

· To prepare a riparian vegetation report for the ER starter document which includes information collected in 3;

· To attend the ER specialist meeting and make the appropriate riparian vegetation contributions and recommendations towards the formulation of an overall  ER for the river under consideration;

· To attend follow-up hydrological scenario meetings used to determine the acceptability of the ER after incorporation with the system yield model and to make appropriate riparian vegetation suggestions and recommendations. 

R19.4.3
Minimum and optimum specialist training
The optimum specialist training would entail the exposure of a qualified vegetation ecologist to a wide diversity of riparian environments alongside an experienced riparian vegetation ecologist. The objective of which would be to make the candidate intuitively aware of the structural, compositional and functional aspects of this highly dynamic environment and to give provide him / her with the experience to lend himself / herself to the ER process. 

R19.5
The intermediate reserve process 
The riparian vegetation component of the Intermediate Reserve is basically a scaled down version of the Comprehensive Reserve.  Along with this reduction in work and participation of specialists in the process it is to be expected that the level of confidence in the assessment is somewhat reduced. This is particularly true for the riparian vegetation component and its contribution to the Intermediate Reserve determination. 

The differences between the two processes are centred around the activities involved in the selection of the ER site, the participation of the specialist in the preparation of information for the specialist meeting, the length of time involved in the determination of the Intermediate Reserve as follows:

R19.5.1
Site selection

The selection of sites for the intermediate Reserve is not attended by the riparian vegetation specialist. The site is primarily selected on the basis of general ecological considerations and primarily those which have hydraulic appeal. Only very basic information is collected with regard to the riparian vegetation. The bit which is collected is not collected by a vegetation ecologist, but is adequate to compile a vegetation profile which can be presented to the vegetation ecologist just prior to the specialist meeting to provide him / her with sufficient information about the vegetation and the environmental characteristics of the site. The risk is taken in the process that the chosen site is inadequate for use by the riparian vegetation specialist due to the distinct absence of cues and the  indicator species.

R19.5.2
Site visit 

The specialist meeting is initiated by a reasonably extensive visit to all of the ER sites where the vegetation ecologist will then be exposed to the sites for the first time. It will be his / her duty to then familiarise himself / herself with the site and collect as many cues as necessary to make intermediate recommendations at the specialist meeting. The vegetation profile is modified and refined to reflect the true and useful vegetation characteristics at the site. This information will then serve as the primary information used for riparian vegetation recommendations.   

R19.5.3
Specialist meeting

The specialist meeting is generally held on site, which gives the specialist the opportunity to provide motivations with the site at in close proximity. Water level cues can therefore be revisited during the process if necessary, particularly if compromise is required at any stage during the work session.

R19.5.4
Conclusions

The major consideration is that of the confidence of the recommendations made. It is important that the riparian vegetation specialist is able to select a suitable site and visit this site on more than one occasion . This is necessary in order to ensure that the chosen site is useful, and to gain a more in depth understanding of the river, the site, the cues present, the response of the vegetation to different flows and the natural dynamics of the vegetation at the site. Consequently, it must be accepted that the levels of confidence are reduced significantly.
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