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Whilst vegetation composition and patterning are strongly influenced by hydrogeomorphic process and form, 

plant species may significantly influence hydrogeomorphic processes and landforms. A study in the semi-arid 

Baviaanskloof River catchment in South Africa involving 13 study sites revealed the interdependence of river 

valley morphology, surface-groundwater interactions and vegetation in narrow and wide valley sections. 

PRIMER analyses showed a strong link between plant distribution patterns and water availability. Two groups 

of sites were closely related to flow permanence. Wetted channel sites grouped closely while dry bed channel 

sites grouped closely. The analyses also indicated that the environmental variables which best explained the 

variation in vegetation at the differing geomorphic landforms were related to landform position (elevation and 

distance), sediment size (fine and coarse sand) and available phosphorus (i.e. human impacts). The different 

plants in turn also affected landforms through their influence on sediment erosion, transport and deposition. 

Specially, they build, maintained or modified geomorphic landforms at confined, semi-confined and unconfined 

valley settings across the valley floor. 
 

1  INTRODUCTION  

A large body of literature exists on the importance of hydrogeomorphic controls on vegetation composition and 

distribution patterns. Vegetation composition and distribution typically vary along river systems with 

hydrological processes, geomorphic setting, sediment supply and surface-groundwater interaction [1, 9, 18, 19]. 

Despite the longstanding realization that vegetation also controls fluvial geomorphic form and process, this 

interrelationship was typically ignored [14, 28]. Interactions between flow disturbance, sediment and vegetation 

growth often lead to the development of distinct geomorphic landforms occupied by specific plant species [10, 

19, 28]. Complex feedbacks exist between these interacting variables [5, 15]. This study investigated the two-

way relations between fluvial landforms and processes, including surface-groundwater interactions, and 

vegetation distribution patterns on the valley floor. Moreover, process-form and vegetation relationships were 

examined to consider restoration options in the Baviaanskloof River valley.  

 

2 STUDY AREA 

The Baviaanskloof is a 75 km long inland river valley, cut off by two mountain ranges from the Indian Ocean 

[6]. This 1233 km
2 

catchment is situated in the south-western region of the Eastern Cape Province of South 

Africa. The landscape is dominated by quartzitic sandstones, shales and tillites of the Table Mountain Group 

[26] as well as alternating valley confinement settings (confined, semi-confined and unconfined). The general 

climate of the area is regarded as semi-arid and highly variable [16] with rainfall occurring throughout the year. 

The main water sources include surface flow in the Baviaanskloof River and its tributaries and groundwater in 

rock and alluvial aquifers [20]. The river valley supports a diverse but complex plant life [8]. The catchment 

consists of 69% of natural vegetation, 27% degraded land which is associated with mixed livestock production 

(e.g. sheep and goats) and 3% of various other uses (e. g. tourism). Only 1% is cultivated, i.e. irrigated and 

dryland. The Baviaanskloof Nature Reserve, a World Heritage Site, occupies over half of the catchment. 

Agriculture necessitated the need for river-floodplain engineering (e.g. channel straightening and levee 



construction) [7]. These activities have triggered major channel incision and groundwater table lowering which 

impacted negatively on the available water sources [20].  

3 METHODS 

First, historic rainfall (daily, monthly and yearly records, 1926-2010 and a climate chronology) and geomorphic 

(landscape and quadrat scales) and land cover (mapping using aerial photography from 1944-2007) change data 

were obtained. This was then followed by a field study which involved collecting field data at 13 study sites 

during a winter sampling programme in 2010. These sites were located alongside the Baviaanskloof River on 

private and state land at elevations ranging from 863 to 303 m. Four field routines were completed. This 

included: (1) a valley cross-section survey linked to quadrats set-up along cross-sections, (2) a resistivity survey 

(i.e. groundwater depth levels), (3) and quadrat sediment (grain size distribution and soil chemistry) and (4) 

vegetation sampling. Multivariate techniques in PRIMER V6 [4] were used to investigate species distribution 

patterns at the sample plot or geomorphic landform scale. 

 

4 RESULTS AND DISCUSSION 

PRIMER (R
2
 = > 0.6) revealed a strong link between water availability and vegetation changes in the 

Baviaanskloof River valley. Two groups of sites were closely related to flow permanence (i.e. the absence or 

presence of surface flow at the Baviaanskloof River). Wetted channel confined and semi-confined Group 1 sites 

(i.e. a near-surface groundwater table) had similar vegetation while the unconfined dry bed channel Group 2 site 

(i.e. a deeper groundwater table) vegetation patterns were again more similar. Flow permanence is usually a 

suitable indicator of groundwater depth fluctuations and vegetation cover is higher with greater flow permanence 

[23, 24]. The resistivity analyses confirmed that the groundwater table at the confined valley setting was close to 

the surface (e.g. < 2.5 m) whereas at the unconfined valley setting it was much deeper (e.g. up to 15 m). Water 

table depth generally effects soil moisture availability. Shallower water tables are associated with a more reliable 

water supply which is crucial for plant growth and survival [15, 23]. In addition, PRIMER (global R
2
 test values 

were < 3.0) indicated that although the vegetation patterns in the valley were spatially very variable (i.e. 

vegetation distribution was often widespread and associated with a degree of unpredictability), pair-wise tests 

showed that across valley settings certain plant species were landform specific. Hence, they had clear surface 

preferences linked to variable environmental conditions. BIO-ENV and BVSTEP results also showed that 

landform position (elevation and distance), sediment size (fine and coarse sand) and available phosphorus (i.e. 

agricultural activities at Group 2 sites) are relatively good correlates for vegetation distribution patterning (values 

were > 0.4). An output documented by various field studies [12, 25, 31].  

 

In the Baviaanskloof for example, instream, bar and wet bank geomorphic features which had mostly coarse 

sediments (Group 1 sites), consisted mainly of herbs of young age that were pioneer, ruderal or early 

successional (e.g. the sedge Cyperus denudatus and hydrophyte Persicaria decipiens). These species all share 

traits associated with regular flood disturbance such as both sexual and vegetative reproduction, the ability to 

resprout and dense adventitious root networks used for anchoring [2, 13, 14]. In contrast, across valley settings 

floodplains and terraces (i.e. more stable) which consisted mostly of fines, supported plant species that were 

adapted to the dryness at higher elevations. Here, the transition to an environment dominated by gap formation 

and competition for resources rather than floods are important [22]. Species of different age and density (i.e. 

inclusive of mature woody stands) included for example the grass Cynodon incompletes; the shrub Lycium 

cinereum and the tree Vachellia (Acacia) karroo. These drought tolerant species have adaptations such as 

producing long-lived soil-stored seed banks that are resistant to desiccation [17]. Likewise, succulents have 

fleshy stems and leaves that contain reserves of moisture while geophytes have underground storage structures 

such as rhizomes, bulbs and tubers [27].  

 

Aerial photograph comparisons also showed that the vegetation influenced cross-valley landform formation 

and morphodynamics in the study area. Specifically, the quadrat scale analysis demonstrated that the fluvial 

features at the three valley confinement settings are very variable and the direction of change is unpredictable. 

This produces a complex and shifting mosaic of habitats, landforms and related vegetation communities. Thus, 

reflecting the inter-annual variability of the rainfall. For example, existing features were abandoned (old 

channels), transformed into new landforms (e.g. bars and benches) or became densely vegetated (stable islands). 



Fryirs and Brierley [11] noted that spatial variability in particular control geomorphic processes and disturbance 

regimes. Furthermore, main channel contraction at study sites was associated with low-energy conditions which 

promoted sediment deposition in the form of narrow benches, bars and floodplains. These landforms provided 

new pioneer habitat for vegetation colonization. This in turn stabilized the channel banks and presumably also 

contributed to channel narrowing. Many studies have confirmed this relationship [21, 29]. Also, the low density 

vegetation at some of the semi-confined and unconfined was associated with landform instability. This included 

for example main channel expansion linked to high-energy conditions which promoted channel bed and bank 

erosion. A trend reported on by numerous researchers [3, 30]. The historic rainfall analysis revealed that the 

wettest periods were in 1953 and the 1970s and 1980s. On average, major floods tended to occur at roughly 10 

year intervals in the valley.  

 

In summary, the results in this study suggest important bio-physical feedbacks cross-valley at the three 

valley confinement settings. A strong link exists between valley confinement, surface-groundwater interactions, 

cross-valley landforms and vegetation in the Baviaanskloof. However, from the discussion above it is clear that 

the interactions between variables are many and complex. 
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