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lacking. Further, among a number of critical factors, plant diversity is expected to 
modulate these feedbacks (Bautista et al. 2007, D’Odorico et al. 2012), but this role is 
still largely unknown. 

 

 

Figure 1. Global (left) and patch-
scale (right) feedback loops 
connecting plant spatial pattern 
(and associated bare-soil 
connectivity) to plant growth and 
establishment through resource 
loss and transfer. Positive (+) 
and negative (-) signs represent 
positive and negative impacts, 
respectively.  

 

1.4 Experimental approaches to the analysis sudden shifts 
Although theoretical models predict that drylands can experience sudden shifts, empirical 
evidence on this topic is very scarce and shows contrasting results. For instance, while 
Gao et al. (2011) found a degradation threshold (�20% vegetation cover) for natural 
restoration of overgrazed rangelands in a long-term (35-years) observational study in 
China, Bestelmeyer et al. (2013) found no critical thresholds, even at low plant cover 
values, in Chihuahuan Desert grasslands after a long term (13-year) pulse-perturbation 
experiment of heavy grazing and shrub removal. Different strengths and modulating 
factors of the ecohydrological feedbacks studied in CASCADE-WP4 could provide 
insights on these apparently contradictory results. Although observational field 
experiments are essential to illustrate sudden shifts in ecosystems, they are often unable 
to provide conclusive results, which is in part due to the background environmental 
heterogeneity of the landscape, particularly strong in drylands, but mostly to the complex 
interactions occurring between multiple control factors. Conversely, appropriate 
manipulative experiments allow disentangling the relative role of the factors involved, yet 
they may imply an over-simplification of real ecosystems. CASCADE-WP4 has adopted 
a combination of mesocosm and field manipulative experiments with field observations 
as the most promising approach for the study of the feedback mechanisms that may 
trigger sudden shifts in ecosystems. Deliverables from CASCADE-WP4 will  sequencially 
report on WP4 experiments that address  (1) ecohydrological feedbacks linking plant 
cover and pattern, resource conservation/redistribution and plant growth (this report 
D4.1); (2) the role of increasing pressure in triggering rapid changes in ecosystem  status 
(D4.2); and (3) degradation reversal dynamics and thresholds as a function of plant 
colonization pattern and diversity. 
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2 Assessing dryland ecohydrological feedbacks 

2.1 Approach and objectives 
 

In order to disentangle the various components of the ecohydrological feedbacks that 
relate plant pattern, resource availability and productivity in drylands, as well as the 
independent role of critical factors that control these feedbacks, CASCADE has followed 
a fully manipulative experimental approach combined with field observations. 
Manipulative experiments allow the isolation of the processes and factors of interest, 
thereby facilitating the understanding of the underlying mechanisms and providing useful 
information for developing, parameterizing, calibrating and validating general models. 
Three interlinked experiments were used to determine: 

(1) The independent role of plant cover and plant pattern on resource (water, soil) 
conservation in drylands. 

(2) The two-way feedbacks between plant pattern and resource conservation, and 
the role played by plant diversity in modulating these feedbacks. 

(3) The relevance of local transfer of resources from bare-soil inter-patches to 
downslope plant patches for plant performance and patch productivity. 

The first two experiments were conducted on a set of 24 closed (2 x 1 m) plots, which 
allowed event-based monitoring of runoff and sediment yields, and where patch cover 
and pattern were manipulated in order to create a variety of patch spatial patterns. The 
first experiment (see section 2.2) focused on assessing one side of the feedback 
process: pattern�resource conservation. By using inert materials, we mimicked the 
structural role of vegetation on resource conservation, but avoided the potential response 
of vegetation to the resulting changes in resource availability; this way the feedback loop 
was artificially broken, facilitating the independent assessment of one of the components. 
The second experiment (see section 2.3) used real plant communities, artificially 
arranged in patterns of interest; this way both sides of the feedback loop (the effect of 
pattern on resource conservation and the effect of resource availability back to 
vegetation) were assessed. The third experiment (see section 2.4) focused on further 
assessing the local (patch scale) aspect of pattern-resource feedbacks (i.e., the effect of 
local redistribution of resources, from inter-patches to downslope patches, on plant 
performance) in natural communities, and used natural slopes from a degraded semiarid 
area on which a variety of shrub seedlings were planted in 2004.  

 

2.2 Spatial pattern and resource redistribution in drylands 

2.2.1 Critical questions and experimental design  
Contrasting water infiltration between bare-soil inter-patches and plant patches (Bochet 
et al. 2006, Mayor et al. 2009) combined with physical obstruction of water flow by plant 
patches (Ludwig and Tongway 1996) drive the redistribution of water and other 
resources in drylands: bare-soil areas act as sources of runoff water, sediment, seeds 
and nutrients that travel downslope and are captured by vegetation patches (Tongway 
and Ludwig 1997). These source–sink dynamics are considered to control soil and water 
conservation in dryland systems at multiple scales (Wilcox et al. 2003, Ludwig et al. 2005, 
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Yu et al. 2008). Although plant cover is considered to be the most critical vegetation 
property that control water and soil conservation in drylands, several works have pointed 
out that ecosystem efficiency in retaining water and sediments becomes higher as the 
density of plant patches increase and the grain size of the plant pattern decreases 
(Tongway and Ludwig 1997, Puigdefábregas 2005, Bautista et al. 2007). However, a 
decrease in the size of plant patches has been also considered a sign of land 
degradation (Kéfi et al. 2007). An ongoing debate exists on the relative importance of 
plant cover and plant pattern as indicators of ecosystem functioning (e.g., Kéfi et al. 2010, 
Maestre and Escudero 2010). It is worth noting that changes in plant cover and pattern 
are often linked, making difficult to disentangle and assess their relative ecohydrological 
roles. In order to do so, we independently manipulated patch cover and plant pattern and 
investigated their independent effect on runoff and sediment yield.  

Using synthetic sponges (8 x 12.5 cm in size) placed on 2 x 1 m plots (Fig. 2), we 
created different spatial arrangement of mimicked plant patches that ranged in patch 
cover (from 5 % to 30%), patch density (from 10 to 60 sponges/plot), and patch size 
(from 100 cm2 to 600 cm2, which represent patches made of 1 up to 6 sponge units). In 
addition, plots for intermediate values of patch cover (40 sponges/plot) and the various 
spatial arrangements considered (10, 20, 30 and 40 patches of decreasing size), were 
replicated three times (hereafter, replicated pattern plots). Table 1 shows the whole set 
of cover and pattern combinations considered (24 plots in total). The sponges were fixed 
to the soil using pins (See details in Fig. 2). 

 

Table 1. Patch size (cm 2) for each combination of patch cover and 
patch number, and total number of plots per each cover value 

Number of 
sponges (cover) 

Number of patches Total number 
of plots 0 10 20 30 40 60 

0 (0%) -      1 
10 (5 %)  100     1 
20 (10%)  200 100    2 
30 (15%)  300 150 100   3 
40 (20%)  400 200 133 100  4 x 3rep = 12 
60 (30%)  600 300 200 150 100 5 
In bold, Patch size in the replicated pattern plots: 3 replicates (rep) for each 20%-cover 
plot type (having 10, 20, 30 or 40 patches each). 

 

We monitored runoff and sediment yield after each natural rainfall event during the 
experimental period (6 rainfall events totaling 79 mm). In addition, to further explore the 
effect of patch pattern, we artificially increased the capacity of the patches for trapping 
runoff from overland flow by installing two small metal sheets on the laterals of the 
upslope side of each sponge (enhanced-sink patches) in the replicated pattern plots (see 
details in Fig. 3) and conducted a set of high-intensity rainfall simulation experiments (Fig. 
3) on these plots with and without the metal sheets. We used a large rainfall simulator, 
with two sprinklers that evenly distributed water over the entire surface of each 2 x 1 m 
plot, we applied a 65 mm h-1 rainfall over a 30 minutes period on each replicated pattern 
plots (intermediate patch cover: 40 sponges/plot; four different patterns: 10, 20, 30 and 
40 patches; 3 replicates per pattern type).  
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