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1. Abstract
Climate models predict a decrease in precipitation and prolonged dry seasons in large parts of the Mediterranean. Combined with grazing pressure these prolonged dry seasons impose high levels of stress on plant communities within arid ecosystems. This stress may cause loss of biodiversity due to a lack of adaptability within plant species. Interspecific facilitation may increase the sustainability of these communities. However, high stress levels may induce competition as well. The phenological and physiological changes that these interactions cause under such conditions, may provide useful information on the evolutionary development of plant communities. 
To determine these phenological and physiological changes we conducted a field experiment on the morphology and physiology of a protégé species. We tested this effect using the protégé species Anthyllis cytisoides and a facilitating species Artemisia barrelieri. Furthermore, a combination of treatments was applied using different grazing intensities, additional water and presence of a nurse to examine the physiological and phenological alterations of the protégé.
From these treatments we found that protégé plants get a significant temporal boost in water and nitrogen content as a consequence of adding water. Grazing pressure and presence of a nurse did, however, not affect physiological traits. Furthermore, we found no direct effects of the added water on morphological traits of the protégés. Height of the protégés was found to be negatively correlated to grazing intensity, while diameter was not. In general, conditions have been exceptionally dry which we expect to have caused the facilitator to become a passive factor within the interspecific interactions leading to a decreased facilitative and competitive ability. The results we found are signals of the incapability of plant communities to cope with the extended drought periods. This may cause biodiversity loss if environmental conditions fail to improve.    































2. Introduction 

Climate models predict a decrease in precipitation and prolonged duration of dry seasons in large parts of the Mediterranean (Giorgi and Lionello, 2008). These climatic developments pressurise local plant life, forcing changes in physiology, phenology and dispersion (Thuiller et al., 2005). Combined with the grazing pressure of local wildlife and/or domestic goats, stress levels may accumulate even more. Following this accumulation of stress, changes in plant physiology and phenology are likely to increase further.  Such changes may affect the outcome of interactions between plant species, which then affects the structure, diversity and functioning of plant communities (Callaway et al., 2003). The outcome of interactions is based on plants using the phenology or physiology of other plant species either by compensation for their less efficient traits (facilitation) or by the ability to use more efficient traits to exploit general resources better than other plant species (competition). As stress levels increase, such as in the Mediterranean zone, with increased drought and increased grazing pressure, the phenology and physiology of plants may change and thus interactions within plant communities are expected to change as well. 

2.1. Interaction shifts and its causes
The importance of interspecific facilitation lies in both increased biodiversity (Callaway et al., 2005) and higher survival rates of plant communities (Alhamad and Alrababah, 2013). Facilitation between plants may occur by nurse plants providing physical barriers against grazing pressure (Callaway et al., 2005), improving soil quality by adding nutrients (Moro et al., 1997) and, in the case of severe drought, decreasing water loss by protection against irradiation (Raffaele and Veblen, 1998). This causes plant species to ameliorate their environment which allows for the facilitation of other ‘protégé’ species. Research on the idea of amelioration by a facilitating species support this by showing aSeveral facilitation studies indeed show a  higher performance in density, growth, fecundity and survival in protégé plants when accompanied by a facilitator (Maestre et al., 2005, Gomez-Aparicio et al., 2004). 

[image: ]There is, however, a thin line between theHow environmental conditions which cause either a domination of positivefacilitative or competitive interactions is a key topic in community ecology. and conditions which stimulate competitive interactions between plant species. Attempts to distinguish how environmental conditions induce positive or negative interactions have resulted in the Stress Gradient Hypothesis (Bertness and Callaway, 1994).The Stress Gradient Hypothesis (SGH) (Bertness and Callaway, 1994) states that plant interactions change over a stress gradient (Figure 1). For example, plant communities which are assumed to be confronted by low abiotic (e.g. drought) or biotic (e.g. grazing) stress are characterised by negative interactions (competition) rather than positive interactions (facilitation), whereas with increasing abiotic or biotic stress, facilitative interactions are predicted to become more frequent (Bertness and Callaway, 1994). However, follow up studies showed that very high grazing intensities and extreme drought may result in a loss of facilitative effects or even a shift towards competitive interactions (Friedman and Orshan, 1975, Smit et al., 2007).Figure 1. Conceptual model of the occurrence of positive interactions in natural communities. Positive interactions are predicted to be rare under mild physical conditions and low consumer pressure. Neighbour amelioration of physical stress and association defences, however, are hypothesized to lead predictably to positive interactions under harsh physical conditions and intense consumer pressure. respectively. (Bertness and Callaway, 1994)


In environments with both increased consumer pressure as well as increased physical stress, such interactions become even more complex (Smit et al., 2009, Soliveres et al., 2011, Soliveres et al., 2012)(Soliveres et al., 2011, Soliveres et al., 2012, Smit et al., 2009). 
(Kefi et al., 2007)At these high combined stress levels both facilitation intensity and vegetation density need to maintain adequate levels  to cope(Verwijmeren et al., 2013), since it is predicted to decrease the risk of a discontinuous transition from a vegetated to a desert state (Kefi et al., 2007). (Kefi et al., 2007)
Therefore such conditions are uThereforeltimately stress levels may more likely toresult into induce a shift in dynamics interactions towards an earlier collapse of the plant communities (Maalouf et al., 2012, Verwijmeren et al., 2013).
Even though these studies provide a good answer for the general dynamics of the ecological interactions within the ecosystem, they lack an approach on the underlying physical and phenological responses of the protégé plants that undergo the increased biotic and abiotic stress. This is a vital step in understanding what implications the changing environmental conditions have since differences in physiology and phenology cause differences in adaptation to the environment. These may result in genetic changes (Campalans et al., 1999) and therefore evolutionary change or adaptations of the population to be able to withstand new environmental conditions. This is particularly relevant in Mediterranean plant communities, because of the high pace at which the climate changes in these areas and the resulting change in plant community composition. 

2.2. Application of the SGH on Mediterranean plant communities
Following the SGH one expects physiological and morphological traits of a protégé species to be better best adapted to its environment when exposed to intermediate amounts of abiotic and biotic stress. 
This expectation is based on the idea that cCommunities that are exposed to little abiotic and biotic stress are predicted to suffering from high levels of competition (Figure 1). I expect the protégé to prioritise adaptations to increased competition over and thus cannot development of physiological and morphological adaptations that would improve their capability to cope with other elements in their environment (drought and grazinggrazing and drought. 
). As a consequence ofAt intermediate stress levels I expect facilitative effects are expected to increase (Figure 1), according to the SGH model thus providing ameliorating effects which allow the protégé to develop adaptations to cope with drought and grazingallow protégés to increase development of physiological and morphological adaptations. At high stress levels I expect a rapid decline in growth and the development of drought and grazing resistance of the protégéphysiological/morphological adaptations is expected. I expect this effect to be enlarged because of, when accompanied by a facilitator, as a consequence of the overabundance of negative effectscompetition caused by the “facilitator” and lack of ameliorating effects because of(competition, a decreased  condition of the facilitatorincreased drought and increased grazing). 
When we apply this hypothesis on the situation as sketched before in semi-arid, grazed Mediterranean ecosystems we predict the following: a few predictions can be made.
Firstly, pProtégés in semi-arid ecosystems are exposed to high amounts of irradiation and drought causing plants that are not directly exposed to the sunand when shaded by a facilitator to will benefit by reduced water loss,. This is proven to resulting in increased nutrient uptake (Casper and Jackson, 1997), increased enzymatic activity (Lawlor and Cornic, 2002) and thus in increased growth.  meaning that Thus protégés that are facilitated in dry areas are likely to be wider and taller than protégés that are not being facilitated. The shading, however is also likely to cause competition between the pprotégé and facilitator for sunlight. Especially tThe protégé, because it is smaller,  is likely to be affected most by this. and Therefore it is one could therefore expected that the protégé to outcompete the facilitatorprioritises by growing tall branches over the facilitator to compete with its facilitator.
Secondly, protégés in grazed environments that are being facilitated are likely expected to be taller and wider due to the physical protection via thorns, toxicity or unpalatability of the facilitator  thatwhich decrease grazing pressure. The effects are expected to be and therefore allow protégés to growsimilar to the abiotic amelioration. 
Not having to invest into replenishment of tissue allows for growth within the plant itself. Thus one could expect that plants that are not being grazed, due to facilitation, are likely to be able to optimize nutrient subtraction using larger root networks. 

To test these hypotheses wWe conducted a study to test the effects of facilitation, in an environment with abiotic stress (drought) and biotic stress (grazing pressure) on the physiology and morphology of a protégé species, in a semi-arid Mediterranean environment with abiotic stress (drought) and biotic stress (grazing pressure).  Specifically, we hypothesized that a) At low stress levels a protégé prioritises competitive adaptations. b) At intermediate stress level the protégé prioritises developments to grazing and abiotic stress. c) At high levels of stress a prioritisation of adaptations to competition. For this experiment we used previously set-up plots in the semi-arid hills in the south-east of Spain. We studied the effects of facilitation using two species. Artemisia barrelieri, a shrub from the Asteracaea family which was observed to be unpalatable for grazers and to provide shade and thus may act as a facilitator (K. Eising, personal observation) and Anthyllis cytisoides, a deciduous shrub from the Fabacaea family, which showed a spatial relationship towards A. barrelieri and acts as a protégé species under grazed condition as it is highly palatable for both goat and rabbits, due to its high nutrient content To disentangle the effects of abiotic and biotic stress on the protégé we measured differences in multiple physiological an morphological traits between sets of plants that underwent different grazing treatments (ungrazed, low goat grazed, high goat grazed, rabbit grazed), drought treatments (watered and unwatered) and microsite treatments (open vs under shrub).





3. Methods

3.1. Study area
During April and May of 2014 we conducted a field experiment in the mountainousmountainous area of Cordillera Sur south  of Cabezo de la Plata  (37°57'43.4" N, 1°00'11.1" W) (See Appendix). The area is of a Mediterranean semi-arid climate with an average precipitation of 300 mm/year and an average annual temperature of 17.8 ⁰C (Ministerio de Agricultura, 2014). Most precipitation falls during September until May at which most plant growth takes place. Despite the fact that the soils are dominated by nutrient poor, loam to sandy loam regosols much of the area is cultivated for lemon, orange, olive, pomegranate and almond orchards. To do so, terraces were built and extensive irrigation systems were laid out with varying success (Calatrava et al., 2011). The terraces which turned out to be failing were often abandoned, which allowed for succession by local plant species. While the surrounding hill slopes were are dominated by fully grown Stipa tenacissima, A. barrelieri, A. cytisoides and woody perennial herbs such as Rosmarinus officinalis and Thymus vulgaris,. The terraces are mainly dominated by A. barrelieri bushes and annual species with A. cytisoides only present as smaller saplings. Both on the hills as well as on the terraces plants were standing individually or in small groups (patches) surrounded by bare non-vegetated areas uncovered by plants (typical patch – interpatch structure of (semi)arid systems).  These plant communities are subject to regular grazing pressure by a substantial rabbit (Oryctolagus cuniculus) population. Moreover the abandoned terraces were grazed by goats (Capra hircus) from local herdsmen adding to the biotic stress. In an ongoing study spatial relationships were found between fully grown Artemisia barrelieri shrubs and the saplings of Anthyllis cytisoides under grazed conditions (Verwijmeren et al, in prep). This spatial relationship was then used to set up an experimental  that studied study on the effect of abiotic and biotic stress on certain growth variables in the plant.. Finally these plant communities are subject to regular grazing pressure by a substantial rabbit (Oryctolagus cuniculus) population on top of that the abandoned terraces were grazed by goats (Capra hircus) from local herdsmen adding to the biotic stress. 

3.2. Study design
The experiment consisted out of four terraces with a similar vegetation type, with on each terrace four adjacent 20x20m areas. Within each of these areas we applied four different grazing treatments: 1)  a rabbit grazing treatment by leaving the area open to the local rabbit population, 2) high intensity goat grazing by 6 goats for 6 hours by fencing off the area to prevent the goats from escaping (enclosure), 3) low intensity goat grazing by 3 goats for 6 hours (enclosure) and 4) an area protected from grazing by rabbits and goats. At both the high goat grazed, low goat grazed and ungrazed plots, rabbits where excluded by a fine meshed fence that was dug into the soil for half a meter depth. Within each of these areas 80 A. cytisoides saplings were planted (obtained from a local nursery, grown in 10 cm deep trays filled with turf). Half of these saplings were planted underneath A. barrelieri patches and the other half was planted at interpatches (at least 0.,5 meters away from vegetated patches). We simulated tested the effect of drought by comparing two protégé groups, half of the sapling were left in the ambient drought  watering and half of the half of the A. cytisoides saplings were watered to decrease the drought effectstwice(Table 1),. oneThe first watering event took place before the grazing (April 13th until April 16th) and one the second after (May 3rd until May 5th ),. in both the patches and interpatches with 1.5 litres of water was used, corresponding with 11,9 mm of precipitation. The other half was left unwatered and thus experiencing the full effect of the ambient drought (Table 1). 






	
	
	Intensive goat grazing
	Mild goat grazing
	Intensive rabbit grazing
	Ungrazed

	+ Facilitator
+ Hydration
	20
	20
	20
	20

	+ Facilitator
- Hydration
	20
	20
	20
	20

	- Facilitator
+ Hydration
	20
	20
	20
	20

	- Facilitator
- Hydration
	20
	20
	20
	20


























Table 1. An overview of the treatments applied and the amount of individuals per treatment per plot.



3.3. Physiological measurements


We compared a sub selection of the examined protégés after application of the treatments using multiple physiological and morphological traits that are known to represent the condition of the plant and its capability to cope with drought and grazing.

TheA series of physiological traits that weere measured in this study to test the effects of drought. are theR relative water content (RWC) for osmotic regulation in the protégé (Morgan, 1984) (RWC), Nitrogen content to measure the response in enzymatic activity (Lawlor and Cornic, 2002) and/or nitrogen uptake (Casper and Jackson, 1997)  and Foliar density to measure leaf morphology changes (Ogaya and Penuelas, 2006). For the RWC we selected protégés with at least 5 to 10 green leaves of which we used three young, but fully grown, leaves to measure differences in water uptake between each treatment. We used this criterion to minimize damage for the plant so they could be used for additional research. A total of two control plots and three low-goat grazing plots on 3 terraces were selected with enough plants to gain sufficient data for statistical analysis. We were able to gather RWC-data from a total of 128 protégés with 3 measurements per plant, resulting in a total of 384 leaves. Three days after watering, leaves were taken from the plants at sunrise (7:30) to prevent evaporation, the leaves were then transported to the laboratory using a cool box. At the laboratory freshweights of the samples were measured and the leaves were kept in 5 ml Eppendorf containers with demi water to soak the leaves. The leaves were soaked for 24 hours, dried with tissue paper and then weighed. After weighing, the leaves were put in paper bags and dried in an oven at 65C⁰ for 24 hours after which leaves were weighed again. A total of two control plots and three low-goat grazing plots on 3 terraces were selected with enough plants to gain sufficient data for statistical analysis. We were able to gather RWC-data from a total of 128 protégés with 3 measurements per plant, resulting in a total of 384 leaves.
We measured nitrogen content on protégés with at least 1,5 mg of leaf material to determine effects of drought and grazing on nutrient intake by the protégé., fFoliar density of the leaves was measured on the same leaves before they were used for the nitrogen content determination. For both determinations we used a sub selection of protégés with a minimum amount of 15 living leaves (yellow or green) due to the increased biomass that was necessary to determine nitrogen content. This limited the sample size to the control plot on site 4. Within site 4 no plants suitable plants were found that were unwatered and situated under next to a facilitator, therefore we left these plants out of the measurements. These leaves were taken 10 to 15 days after the second watering and measured in the 3 days after. A total of 26 platnts were used in the Nitrogen and foliar density measurements.
Scans were made in the lab and software from the program WinRHIZO was used to calculate leaf area. These leaves were then used for the experiment for nitrogen-content using the Kjeldahl method.

3.4. Morphological measurements 
The morphological indicators we used were height, the diameter of the widest part of the plant (canopy diameter) and height-diameter proportions. Lengths were measured by stretching the longest branch out, the canopy diameter was estimated by measuring the distance between the two largest extremities of the plant. We measured canopy diameters of 1067 plants and protégé heights on allalive 1282 plants at two time periods, one before the grazing treatment by goats (April 23rd) and one after the grazing treatment by goats (May 2nd) in order to measure effect of the grazing treatments. Height/Diameter proportions were calculated using the heights measured on April 23rd and divided by the Canopy diameter data of 1064 individuals.
 These measurements provide information about the growth limitations that drought and grazing impose on the growing capacity of these plants and how the protégé morphologically responds to these stressors (Sala, 1988, Zhang et al., 2004). 

32.5.3. Data analyses
For comparing differences in RWC, nitrogen content and foliar density between watering treatments, grazing treatments and microsite we used fixed effect models for a two-way analysis of variance and normal distributions. For the protégé heights and canopy diameter that were measured on multiple terraces the data were pooled per treatment for all terraces and the effect of the terrace was added as a random effect. When significant effects were found in at least one variable we used TukeyHSD test as a post-hoc analysis. For all statistical analyses, we used R 3.1.0 (R Core Team, 2014).


4. Results
4.1. Physiological measurements
- Relative water content
We found significant differences between the two watering treatments except for plot 3C (Table 2). Average water content for unwatered plants lies between 30-45% while watered plants range up to 60-75%. When we take plot 3C out of consideration the results also show no effects by microsite and grazing treatment (Figure 2).


	[image: ]

	Figure 2. Average relative water content ± 1 SE grouped for each plot, treatment and microsite. Different plot are marked by the numbers at the bottom of the treatments and include the letters which define grazing treatments (C for low intensity goat grazing and B  for the control group) Watered plants are indicated by a green colour whilst groups that were not watered are marked by a brown colour. The letters above the bars indicate significant differences at  p≤0,05 from the Tukey-test.




		Average RWC
	P-Value
	DF
	F-Value

	Plot
	<0,001
	4
	8,5433

	Watering
	<0,001
	1
	175,6223

	Plot x Watering
	<0,001
	4
	7,9568








	Table 2. Results from the generalized linear model analysis on the Average Relative water content with normally distributed data. 








- Nitrogen content
The results show that the watering treatment increased Nitrogen percentage of the protégés in the interpatch (Figure 3, Table 3). The data also show no effect of the microsite for nitrogen content in protégés within patches due to large fluctuations within the group.
	[image: ]

	Figure 3. Average Nitrogen contents and standard errors grouped per watering treatment and microsite. Letters indicate significant differences of p<0,05 from a Tukey-test.




















-Foliar density
We found no effect of  either watering treatment or microsite on foliar density (Figure 4, Table 3).
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	Figure 4. Average foliar density ± 1 SE. Data is grouped for watering treatment and microsite with letters indicating significant differences of p<0,05 between groups from a TukeyHSD-test.




		N-content
	P-Value
	DF
	F-Value

	Microsite
	0,361
	1
	0,866

	Watering
	0,00246
	1
	11,559

	
	
	
	

	Foliar Density
	P-Value
	DF
	F-value

	Microsite
	0,574
	1
	0,325

	Watering
	0,249
	1
	1,397




	Table 3. Results from the generalized linear model analysis on the Nitrogen content and Foliar density with normally distributed data. 




4.2. Morphological measurements.
-Protégé heights
The watering treatment did not affect plant heights in any combination of treatment (figure 5 and figure 6). However microsite did affect height significantly (Table 4) in a way that plants inside patches were higher for both goat treatments as well as for the rabbit treatment. For the non-grazed plot heights we found no differences in plant height between the two microsites. We also found a significant difference between grazing treatments (P<0,001) with smallest plants within the high-goat grazed plots and highest plants in the ungrazed plots. No significant interactions were found between factors. Finally no significant differences were found between both measurement moments (i.e. April and May).
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	Figure 5. Average heights measured on April 23rd ± 1 SE, Different grazing treatments are coded for A (High-goat grazing), B (No grazing), C (Low-goat grazing) and R (Rabbit grazing). Letters mark significant differences of p<0,05 from the TukeyHSD-test. Protégé heights within the patch were marked in green and protégé heights outside the patch marked in brown.
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	Figure 6. Average heights measured on May 2nd ± 1 SE, Different grazing treatments are coded for A (High-goat grazing), B (No grazing), C (Low-goat grazing) and R (Rabbit grazing). Letters mark significant differences of p<0,05 from the TukeyHSD-test. Protégé heights within the patch were marked in green and protégé heights outside the patch marked in brown.






		Height 23 April
	P-Value
	DF
	F-Value

	Grazing
	<0,001
	3
	50,547

	Microsite
	<0,001
	1
	30,680

	Watering
	0,936
	1
	0,006

	Grazing x Microsite
	0,169
	3
	1,683

	Grazing x Watering
	0,562
	3
	0,684

	Microsite x Watering
	0,374
	1
	0,791

	Grazing x Microsite x Watering
	0,798
	3
	0,338

	Height 2 May
	
	
	

	Grazing
	<0,001
	3
	50,673

	Microsite
	<0,001
	1
	33,417

	Watering
	0,833
	1
	0,044

	Grazing x Microsite
	0,096
	3
	2,117

	Grazing x Watering
	0,516
	3
	0,761

	Microsite x Watering
	0,430
	1
	0,623

	Grazing x Microsite x Watering
	0,652
	3
	0,544




	Table 4. Results from the generalized linear model analysis on the plant heights measured on the 23rd of April and the 2nd of May with normally distributed data. 






-Canopy diameters
We found no effect of watering treatment and microsite on the diameter of the protégés. We did find significant differences between grazing treatments (Table 5) with higher diameters in the ungrazed and low-goat grazed plots and lower diameters in both the rabbit grazed and high-goat grazed plots. No significant interactions between different factors were found.

[image: ]
Figure 7. Average Canopy diameters measured before the grazing event ± 1 SE. Different grazing treatments are coded for A (High-goat grazing), B (No grazing), C (Low-goat grazing) and R (Rabbit grazing). Letters mark significant differences of p<0,05 from the TukeyHSD-test. 
Figure 7. Average Canopy diameters measured before the grazing event ± 1 SE. Different grazing treatments are coded for A (High-goat grazing), B (No grazing), C (Low-goat grazing) and R (Rabbit grazing). Different letters mark significant differences at p<0,05 (from the TukeyHSD-test). 






	Diameter
	P-Value
	DF
	F-Value

	Grazing
	<0,001
	3
	45,630

	Microsite
	0,375
	1
	0,787

	Watering
	0,411
	1
	0,677

	Grazing x Microsite
	0,276
	3
	1,292

	Grazing x Watering
	0,579
	3
	0,657

	Microsite x Watering
	0,633
	1
	0,229

	Grazing x Microsite x Watering
	0,217
	3
	1,487


Table 5. Results from the generalized linear model analysis on the Canopy diameters with normally distributed data. 















-Height/Diameter proportions
We found a higher Height/Diameter proportion for more intensely grazed (High goat grazing, Rabbit grazing) individuals and lower proportions for individuals that are not grazed or only by low goat grazing (Table 6). We did not find any effects of watering treatment or microsite.
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	Figure 8. Average height/diameter proportions calculated using the heights and diameters at April 23rd  before the grazing event  ± 1 SE. Letters mark significant differences of p<0,05 from the TukeyHSD-test.




		Height/Diameter
	P-Value
	DF
	F-Value

	Grazing
	0,005
	3
	4,299

	Microsite
	0,537
	1
	0,381

	Watering
	0,756
	1
	0,096

	Grazing x Microsite
	0,597
	3
	0,628

	Grazing x Watering
	0,226
	3
	1,451

	Microsite x Watering
	0,692
	1
	0,156

	Grazing x Microsite x Watering
	0,542
	3
	0,717




	Table 6. Results from the generalized linear model analysis on the Height/Diameter proportions using normally distributed data.











5. Discussion

We studied the effects of drought and grazing on the morphology and physiology of A. cytisoides and hypothesized that intermediate stress levels, as a result of average drought levels and/or average grazing pressure, would alter cause physiological traitsthe protégé to be best adapted to its environment. Further, we expected that high levels of drought and grazing pressure would accumulate to a great decay in the development of such traits. 
Contrary to our expectations, we found that RWC was not affected by microsite and grazing pressure. However, the added water from our treatments improved RWC in plants by at least 25%, but in a similar way for both microsites. Data from the Nitrogen content showed a similar pattern in which the watering treatment improved Nitrogen content within the leaves. Foliar density data suggest no effect by either watering or microsite.
The morphological measurements show that, during the measuring period, heights and canopy diameter of A. cytisoides were unaffected by our watering treatment. However, Wwe did findfound effects by microsite with taller plants inside the patch and shorter in the interpatches.increased heights of facilitated protégés while diameter was unaffected by the facilitator.  We also found aA negative correlation between grazing pressure and protégé height was found with high-intensity goat grazing and Rabbit grazing causing protégés to be the shortest,,  then Rwhileabbit grazing, then protégés under low-intensity goat grazing and with no grazing plants treatment to groew the tallest. For the diameter results we can conclude that, similar to height, diameter is not affected by watering. We did not find any effects of microsite on diameter and foundA similar correlation was found for canopy diameters smaller diameters in protégés grazed by rabbits and high-intensity goat grazing than low-intensity goat grazing and no grazing. These diameters translate toThis caused higher height/diameter proportions as a consequence of high-intensity goat grazing and rabbit grazing. In the following paragraphs we discuss the findings of our measurements.

-Physiology
Despite the evidence that has been found for the ameliorating character of facilitators on the abiotic environment (Alhamad and Alrababah, 2013) we found no physiological benefits for the protégé when accompanied by a facilitator. Most likely cause is the long drought period (Figure 9), with a total of 77.6mm precipitation between January until September 2014, which caused both A. cytisoides as well as  A. barrelieri to resort to leave senescence and ultimately abscission as a method to decrease transpiration (Munne-Bosch and Alegre, 2004). This water preservation method is similar to that in other plants (Werner et al., 1999). Direct consequence of abscission is the loss of facilitative effects such as the protection from irradiation causing the A. barrelieri to lose its facilitating properties. The fact that A. barrelieri is a drought tolerant species would mean that abscission is a drastic way to evade transpiration, despite its phenology to avoid doing so. I therefore expect abscission to be a consequence of the prolonged drought season that occurred, however a study over multiple years in which such drought periods reoccur to see whether this abscission is a common mechanism to drought. Figure 9. On the left side an overview of terrace 3 on April 2014. On the right an overview of terrace 3 on March 2013. Showing the effects of prolonged drought of 2014 on the condition of the plant community. With no flowering or green plants on the left image, and yellow patches of flowering plants on the right image. 
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The lack of interactions when looked at the watering effect can be explained due to complementing root systems, since A. barrelieri is known to have dimorphic root system with a larger vertical root for water uptake in lower dirt layers and horizontal roots for mineral uptake(Prieto et al., 2010) while A. cytisoides depends on a more horizontal root system (De Baets et al., 2007). Root competition may thus override other positive effects such as shading by the nurse canopy. Another explanation for the lack of effect of microsite on RWC is found in evidence of changes in the mycorrhizal status in  A. barrelieri as a consequence of drought that was found in other studies (Martinez-Garcia et al., 2012). Decreased amounts of vesicles and increased amounts of arbuscules were found after drought periods which suggests a loss of water storage capability over increased water transport capability. These shifts in mycorrhizal morphology may influence root interactions during drought periods between protégé and facilitator since the facilitator is now subject to different uptake speeds and concentrations of water. Considering the importance of mycorrhizal in water uptake rate (RuizLozano and Azcon, 1995) and nutrient uptake (Marschner and Dell, 1994), which could improve water uptake rates of the plant too, it may prove useful to include analyses of the soil surrounding the root system as it is expected to affect below-soil plant-plant interactions. Furthermore we did not find effects of grazing pressure on RWC despite its strong effect on plant heights. Literature regarding the effect of defoliation on root growth suggest a long-term negative effect (Oesterheld, 1992). , our results however found We found no effects of such a kind, possibly due to either low capability to prioritise above-ground growth or due to the higher importance of maintaining a large root-system in dry areas. 
Finally we have to take into account that the watering treatment may not be as effective as was previously assumed. , fFrom our RWC measurements we can conclude that A. cytisoides is able to absorb the available water, but it remains unclear for which time period this heightened increased water content is present in the plant and at which rate water content decays. Furthermore our measurements did not include measurements on water content in A. barrelieri which may provide us with additional information about the competition between nurse and protégé and the effectiveness of the watering treatment as a whole since the watering treatment may not be sufficient for watering both or may not penetrate to deeper ground layers which are exploited by A. barrelieri.
The increased nitrogen concentration in protégés that were watered coincide with the idea of increased uptake as a result of higher water concentrations (Casper and Jackson, 1997), or with higher enzymatic activity as a result of higher water content (Lawlor and Cornic, 2002) and thus a bigger demand for nitrogen uptake. These higher nitrogen and water concentrations are expected to improve the plant performance by higher survival and growth rates (Weih and Karlsson, 1999). However, our results show no evidence of increased performance over the long run (e.g. higher and wider plants). Possible causes may be that grazers are able to locate plants with higher water content, which is a strategy applied by other ungulates to cope with water deficits (Manser and Brotherton, 1995), and thus decrease performance of the plants by increased grazing pressure. The performance increase and grazing attractiveness may, in this study, require further research since our measurements spanned a period of 2 weeks and thus cannot prove any long-term effects. Final explanation that should be considered is the increased drought period to affect plant activity to be low and therefore cause the plant to not being able to utilize the increased nitrogen uptake. Foliar density has been proven to increase as a result of increase irradiation (Mendes et al., 2001), however foliar density in our sample size was found to be unaffected by either a facilitator which decreases irradiation. This could be the possible result of a lack in plasticity or response for this species of protégé. 

-Morphology
On the part of the morphological measurements we did fouind decreased heights with increased grazing pressure and with the facilitator decreasing this effect. This aligns with earlier research resulting a dominant effect of biotic stress (Graff and Aguiar, 2011) and partially confirm our hypothesis for plant performance at high stress levels which suggests that plants require to grow taller to compensate for shading competition. Interesting to see is how the two different grazing types which we expected to be resulting in high stress did this in similar quantities. While smaller mammals such as rabbits are known to have more specialized diets and larger mammals such as goats to be less selective (Rueda et al., 2013)(Milchunas, 2011) their impact remained the same. Possible causes for such similarities could be that rabbits, despite better access to the A. cytisoides saplings because of their size, prefer other plants or only fresh shoots. This would leave the protégé relatively unscathed. On the other hand we can conclude that A. herba-alba has limited facilitative effects because the increased grazing pressure impacted plant height of facilitated protégés as well. Short observations of goats during the grazing period confirmed this idea, even though goats dislike going through Artemisia bushes to reach for saplings underneath them they will still do so. Whether this was the consequence of a lack of easily accessible food or a general phenomenon requires further study. More favourable conditions for A. herba-alba may make it harder for goats to reach protégés because of extra covering and the increased unpalatability of the facilitator. Furthermore an abundance of other food sources may divert grazing pressure from the protégés. Regarding the facilitative effect I consider camouflaging effects of a facilitator an important factor, we expect goats to rely on sight to estimate high-quality food. Most protégés during our research were covered in a layer of dust, making them seem unattractive to herbivores and relatively hidden against the similar-coloured A. herba-alba shrub and soil. On behalf of the lower grazing intensities the hypothesis is confirmed as both plants with no grazing  pressure and under low-intensity goat grazing show equal heights suggesting that associational resistance becomes more important at intermediate biotic stress, which agrees with previous findings on facilitation intensities (Smit et al., 2007). 
For canopy diameters we found no differences in microsite or treatment at all, while stem elongation and a horizontal growing focus is a common phenotypic response of a protégé underneath a facilitator (Callaway et al., 2003). We did not find these effects in protégés dealing with lower grazing pressures. This suggests that other processes than phenology affect morphology. In this case grazing pressure may be focussed on the sideway branches of the protégé as a result of the morphology of the facilitator which only protects branches growing upwards inside the A. barrelieri bush with the sideway branches exposed to grazing. Similar to protégé heights we found no difference in rabbit and high-goat grazing. Lastly we elaborate on height-diameter proportions. No large deviations were found related to the previously discussed heights and diameters. High intensity grazing (high-goat and rabbit) still showed more lateral-focussed protégés while protégés in lower grazing intensities are more horizontally focussed. This is expected to be the cause of the lacking horizontal facilitating space mentioned earlier.

-Synthesis
In general we expected to find clear physiological and morphological plant responses of the protégé plants to the applied abiotic and biotic stressors in this study. However, we did not find any strong facilitative effects, except for morphology at high grazing intensities. We think that the significant drought during our study disabled any physiological effects of the facilitator on the protégé leaving mainly associational resistance as an effect. However it has been shown that seasonal variation in precipitation, temperature and other environmental conditions influences plant-plant interactions drastically (Soliveres et al., 2011) meaning that additional studies during different time periods with different circumstances are necessary to project the full effects of drought and grazing. Furthermore it would be interesting to is important to see how different pplant species other than the two species we studied would respond to prolonged drought periods and subsequently and howthe changed interactions with the environment would change as a result of this. Studies on other species may show how representative the species we studied are for the entire community and its response as a whole. When we reflect on the theoretical framework that formed the basis of the hypotheses we can conclude that associational resistance forms the main positive effect between the nurse and the protégé, while amelioration of the micro-environment served no role in environments at high abiotic stress levels. These results supports the idea that microhabitat amelioration is of no effect at extreme aridity stress, however increased consumer pressure affectsstill results in positive interactions despite the abiotic stress.more and thus decrease facilitation intensity at a much faster pace (Verwijmeren et al., 2013). 
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7. Appendix	Comment by chris: Nog meer materiaal voor appendix? Kaartje van gebied, extra figuren/analyses, data, foto’s ... Zo niet, dan hoef je deze planning ook niet in te stoppen (en mag gehele appendix weg)
Image of the study site:
Time schedule
	Week
	Werkzaamheden
	Duur werkzaamheden

	15
	Verkenning gebied, selectie plots en planten, voorbereiding
	16 uur

	16
	Eerste bewatering planten, meting RWC
	56 uur

	17
	Eerste morfologische metingen, grazing treatment
	40 uur

	18
	Tweede bewatering, morfologische metingen
	40 uur

	19
	Laatste morfologische metingen, data invoering
	32 uur

	20
	Monsters stikstof oogsten, overleg werk 2e maand
	24 uur

	21
	Aanvullende monster geoogst, bladoppervlak gemeten, digestie stikstof monsters gestart, Methoden ingevoerd.
	40 uur

	22
	Stikstof monsters gemeten, data ingevoerd, verslag bijgewerkt
	32 uur

	23
	Laatste gewichten foliar density en laatste verwelking gemeten.
	16 uur

	24
	Op orde brengen dataset, inlezen in statistische literatuur, Eerste statistische invoeringen.
	32 uur

	25
	Statistische analyse gehele dataset.
	50 uur

	26
	Laatste statistische analyses. Opschonen statistische analyse, aanpassingen statistiek invoeren,.
	40 uur

	27
	Statistiek afronden, Omzetten en bijwerking proposal naar thesis. Inleiding+Literature afronden.
	40 uur

	28
	State of the art, study design en material & methods afronden
	40 uur

	29
	Results, Conclusion/Discussion en afronding thesis 
	40 uur

	30
	
	


[image: ]Figure 11: Satellite images of the study area with the selected terraces highlighted.
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