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Background and Objectives 

Hydrological connectivity has emerged in recent years as a critical factor for understanding the transference of runoff, sediments and nutrients across scales, with important implications for 

ecosystem dynamics in drylands (Bracken & Croke, 2007, HP; Moreno-de las Heras et al. 2012, JGR). Here we explore its relevance for the analysis of (a) the relationships between scale and the 

processes of runoff and erosion in Mediterranean-dry reclaimed slopes of Spain, and (b) ecosystem functionality and landscape stability in Australian semiarid rangelands. 

Connectivity of runoff and sediments in Mediterranean-dry reclaimed slopes (El Moral field site, Spain) 
 

 

El Moral field site consist of three reclaimed mining slopes that were restored about 25 years ago and have developed different levels 

of vegetation cover (29-55%) and rill density (0.6-0.0 m m-2). We monitored runoff and soil erosion in 2007-08 using a nested 

approach (Merino-Martín et al., 2012, HESS): (i, patch scale) 27 Gerlach plots (ranging 3-16 m2) within the three experimental slopes 

at 7 different surface types, (ii, slope scale) 3 catchment plots (ranging 500-1500 m2); one plot per slope. 

We apply two concepts to interpret connectivity and its controlling factors in our experimental system: (i) Structural Connectivity, the 

extend to which surface units that facilitate the production of runoff/sediments are physically linked to one another, and (ii) 

Functional Connectivity, the continuity of runoff/sediments across scales. 

Ecological implications of connectivity: degradation thresholds and pattern transitions in Mulga landscapes (Australia) 
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We use a landform evolution model that includes coupled dynamic vegetation, hydrology, and landform evolution (Saco & 

Moreno-de las Heras, 2013, WRR) to analyze self-organization of vegetation and evolution of connectivity for varying 

slope gradient (S) and soil erodibility (βb), under typical conditions for the formation of banded and striped Mulga patterns. 
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Site location and experimental layout at El Moral field site 

Slope structural connectivity 

Functional connectivity: flow continuity of runoff and sediments Controlling factors of runoff and sediment connectivity 

Aerial view and functioning of 
Mulga landscapes 

Relationship between the rain-use 
efficiency of vegetation and 

landscape structural connectivity 
in semiarid Mulga landscapes 

with different conservation status 

Simulated pattern transitions for 1000 year-long model runs 

Schematic diagram showing the flow of information 
between the coupled Vegetation Dynamics and Landform 

Evolution modules, and model equations 

 

Dryland landscapes generally show self-organized spatial patterns as mosaic-like structures of sources and sinks 

of water runoff and sediments with variable interconnection. Good examples of such landscapes are the 

patterned shrublands displayed by semiarid Mulga (Acacia aneura F. Muell) in central Australia, where the 

spatial organization of vegetation (bands and/or stripes/strands) optimizes the redistribution and use of water and 

other scarce resources (i.e. soil, nutrients) at the landscape scale (Saco et al, 2007, HESS). 
 

Empirical observations in semiarid Mulga shrublands with different conservation status indicate that the flow of 

water across the landscape affect the response of vegetation to precipitation: rain-use efficiency (i.e., the 

vegetation response per unit amount of precipitation) varies with the connectivity of bare areas or source 

intergroves (Moreno-de las Heras et al. 2012, JGR). The relationship indicates two alternative ecosystem states 

(functional vs. dysfunctional) with a critical degradation threshold between them. 
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Structural Connectivity: We determine the connectivity of source areas (<50% cover patch) applying 

an algorithm that calculates the length of the flowpaths from any location in the slopes to the down-

slope closest sink (>50% cover patch), based on terrain elevations. Flowlpath measurements are 

standardized to obtain a Structural Connectivity indicator (SC) that ranges between 1 (sources 

connected to the slope outlet without any flow obstructions) and 0 (sinks). 

 Structural Connectivity of Slope 1 is very high (Mean SC=0.47, with 42% source patches directly 

connected to the slope outlet), chiefly due to the presence of a dense rill network that increases the 

connectivity of source areas across the slope. Conversely SC is very low in Slopes 2 and 3. 

Functional Connectivity: We determine the flow continuity of runoff and sediments using the ratio 

of slope-scale to patch-scale observations. Connectivity equals 0 when there is complete 

redistribution of runoff/sediments across scales. Connectivity increases to 1 as runoff/sediment 

redistribution decreases.  
 The flow continuity of runoff and sediments is much larger in Slope 1 than 

in Slopes 2 and 3, as described by both the cumulative and per-event cross-

scale connectivity responses. 

 The connectivity of sediments can take values above 1 in Slope 1, due to 

the contribution of active rilling within the rill networks to slope-scale 

sediment yield for highly erosive storms. 

Controlling Factors of Runoff and Sediment Connectivity: 

 The Connectivity of Runoff is controlled by Storm Depth and Antecedent 

Precipitation, while the Connectivity of Sediments is largely controlled by 

Rainfall Intensity. 

 The magnitude of these effects is more pronounced for slopes with higher 

Structural Connectivity (Slope 1). 

 

Vegetation patterns change depending on prevailing mechanisms: Vegetation evolves into banded vegetation under 

dominant diffusive mechanisms and laminar flow conditions (low soil erodibility and/or slope gradient) associated with 

low levels of slope structural connectivity, while under dominant fluvial erosion and concentrated flow conditions (higher 

erodibility and/or gradient) vegetation is organized into less productive strands along highly connected slopes. 

The model offers a useful tool for analyzing the interrelationships between functional and structural connectivity with 

coevolving vegetation and landforms in semiarid systems. 


