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Abstract 

Restoration ecology is the study of restoration or restoration practices in degraded areas. It is of 

particular importance in arid environments due to the heavy impact humans have had in these areas. 

Some studies of restoration may require different statistics due to the unique challenges faced when 

examining degraded areas. A systematic review was conducted to assess the use of statistics in the field. 

It was determined that the field and influence of restoration ecology had increased dramatically since its 

development. Statistics are widely used in the study of restoration of arid areas. Major tests are similar 

to those found in other ecological studies such as ANOVAs and linear regressions. There were a few less 

common tests used in some of the studies. These include tests such as the Mantel test which may be 

useful to restoration ecology and should be explored further. Finally it was determined that the 

description of how statistics were used in the study was particularly important. The description should 

be detailed to help other researchers understand the findings of the paper. This will help to advance the 

field and the restoration of arid environments. 
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Introduction 

Research involving degraded ecosystems have been around for some time, however restoration 

ecology, research involving  the restoration of degraded areas,  only emerged as a separate field in the 

late 1980s (Cairns et al. 1996, Dobson et al. 1997).  Since them it has expanded as the need for restoring 

degraded ecosystems as well as conserving non-disturbed environments has been recognized. 

Restoration ecology is not meant as a replacement for preserving natural areas, but as a counter-point.  

The field has come to encompass everything from restoring heavily disturbed landscapes to helping 

develop management technique for areas with minor disturbance (Hobbs et al. 1996).  ). Projects often 

focus on restoring and area to a previously documented state whether recently or further in the past 

(Swetnam et al. 1999).  Often restoration is encourage or promoted by government agencies or non-

profit organizations in order to regain the benefits of intact ecosystems. This has led to projects 

involving restoration becoming among the most widespread and well-funded conservation projects 

worldwide (Holl et al. 2003). This is especially true of arid ecosystems where a combination of factors, 

including having a low value associated with them historically,  have led to these environments being 

frequently disturbed and degraded (Belnap et al. 2002).   Restoration issues commonly examined 

include invasive species and revegetation of disturbed areas (Fleishman et al. 2003, Zhao et al. 2007).  

However despite this widespread use, many restoration studies are limited in focus to one site 

or restricted area. There has been a push to explore the implications of these studies on a larger scale 

and developing comprehensive tools for restoration ((Hobbs et al. 1996, Suding et al. 2004, Piekarska-

Stachowiak et al. 2014). It has also been recognized that restoration ecology studies differ than more 

traditional ecology studies. For examine there may be non-uniform treatment across the site or sites. 

Replication may also be difficult. These difference mean that the experiment design may also differ from 

non-restoration studies (Michener et al. 1997). 

 The experimental design of a study and its use of statistical analysis influence each other 

greatly, guided by the questions asked by the study (Michener et al. 1997, Lortie 2014).  Since 

restoration studies can differ in design from more traditional study ecologies, the statistical test chosen 

to examine the data may differ as well (Michener et al. 1997).  This can lead to less common statistics 

being used in these types of studies or to the use of more common statistical tests in different ways 

(Michener et al. 1997).  Restoration studies may also occasionally be purely observational. These studies 

may not use statistics at all (Dudley et al. 2004). With the increasing number of restoration studies there 

is a need to assess the use of statistics in the field to determine where the field currently stands in 

regards to statistical analysis and to see what could be improved or changed in the future. This will help 

determine what relationship statistics have to other factors of the paper, for example impact factor of 

journal, sample size, and restoration factor examined. Not only will this help us to understand how 

different restoration issues are often studied, but it will help ecologists chose the correct statistic for 

their particular study.  

In this study, a systematic review of the use of statistics in restoration ecology was conducted. 

Restoration studies in arid areas were focused on due to the extensive impact humans have had on arid 

areas. This heavy impact is due to a number of factors, including the low value historically placed on 

these ecosystems and the effects that current climate change is having on these ecosystems (Belnap et 

al. 2002).  The idea was to review papers from one biome in order to eliminate variability of 
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experimental design across different ecosystems. The primary purpose of this paper is to assess how 

statistics are used in restorations studies. This was determined by examining the following objectives:  

1. What statistical tests are used in restoration studies of arid areas? Do these tests differ 

from the statistical test that are expected in ecology studies? 

2. Are there any trends or patterns of statistics use in this field?  

3. Are there gaps in statistical analysis of the field? Are statistics being used correctly or 

are there areas where improvements could be made? Do the statistics used make sense 

and are clearly explained? 

It was predicted that most studies would use statistics that are most familiar to ecologists (such 

as ANOVAs or linear regressions) although a wider range of test was expected due to the different 

challenges that restoration studies present (Michener et al. 1997). It was also predicted that there 

would be a correlation between statistical test used and the citation rate of the paper. Statistical tests 

that are best for the experimental design and the question examined will likely result in a more 

informative paper that is more useful to other scientists and therefore cited more. A better use and 

understanding of statistics will improve the field of restoration ecology and lead to more meaningful and 

useful papers. This will in turn improve our current restoration techniques.  

Methods 

Database 

To get an overview of the use of statistics in restoration ecology, the literature of the field was 

systematically reviewed. Thomson Reuters Web of Science was used to search for relevant peer-

reviewed papers. The search terms restor* and desert were used. Since the focus of the review was 

statistics used in the restoration of deserts and arid ecosystems the Boolean search operator AND was 

used to eliminate papers that dealt with restoration or desert ecosystems only. The wildcard symbol was 

used to ensure that papers using all forms of the word restoration (restore, restored, restoration, etc.) 

were included. This search resulted in 899 peer-reviewed papers. To further refine the number of 

papers, results were then restricted to the Web of Science category of ecology. This reduced the 

number of papers to 369. Though year of publication was not used as part of the search criteria, the 

resulting list of papers were published between 1989 and 2014. These papers were then reviewed for 

their suitability for use in the systematic review.  This lead to a rejection of 255 papers. These papers 

were rejected because they did not address some restoration issue, did not take place in a desert or arid 

ecosystem, or could not be applied to restoration in some way.  The remaining 114 papers were 

examined and included in the systematic review.  

Review and Analysis 

The papers included in the review were examined and the following data was extracted: the 

year of publication, the number of citations, whether or not statistical analysis was used in the paper, 

the ecological or restorative factors examined by the study, the number of statistical tests used, the 

name and type of test used.  The sample size, country of lead author, and location of study were also 

extracted. An assessment of the statistical description was also made. This was done by examining how 

much detail the authors put into their description (none = no description, brief = very little detail, but 

statistics explained, detailed = a detailed description of the statistics). Journal tier was determined using 
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the SCImago Journal Rank Indicator (SJR) (Scimago lab, http://www.scimagojr.com). These factors were 

examined to look for trends in the use of statistics in restoration ecology, as well as any gaps in how this 

topic is analyzed using statistics.      

 

Results  

The 114 examined studies of arid area used 31 different statistical tests in a total of 179 

analyses. 21 different restoration factors were examined, with revegetation, invasive species, 

cryptobiotic soil, fire and herbivory being studied the most (Noble 2014). Statistics were used in 93% of 

the studies (fig. 6). The remaining 7% did not use statistics or were observational studies. Of the studies 

using statistics, 75% explained the tests used in detail (fig. 7). 18% had a brief description, while 7% did 

not explain their statistics (fig. 7).  

The most common tests used were ANOVAs, t-tests, linear regression analyses, Kruskal-Wallis 

test, Pearson’s correlation analyses, and Mantel tests. Over time the diversity of tests have increased 

from just ANOVAs and t-tests in the earlier tests (fig. 1). A Chi-squared test was performed and found 

that the distribution of tests was significantly different than expected (p<0.0005). ANOVA tests were 

used much more often than any other test (n=71).  Citation rate also varied with test. The 6 most 

common tests were cited the most. However studies that used the Mantel test were cited an average of 

43.5 times, followed by studies using ANOVAs (average of 23.12 citations) and linear regressions 

(average of 24.23 citations) (see fig. 2). Impact factor was compared by year. While the average impact 

factor has remained the same over the years, the range of impact factors has become wider more 

recently. Some papers examining restoration ecology are being published in journals with a higher 

impact factor than in the past (fig. 8).  Post hoc tests were given for 75 of the studies. Least Significant 

Difference tests were used more than half the time (52%, fig. 9). Tukey’s test was another common post 

hoc test used, with Duncan’s multiple range test and least squared means correlation also being used 

(fig. 9).  
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Discussion 

Restoration ecology is widely studied in arid areas due to the heavy impact humans have had on 

them ecosystems (Belnap et al. 2002). Recent concern for these ecosystems has increased the number 

of studies on how to reverse these impacts. Many studies dealt with immediate concerns for humans 

such as the prevention of erosion (Li et al. 2009). The loss of soil can be a large concern in agricultural 

areas. Movement of sand in deserts may also be a concern to human industry such as railroads in the 

Horqin Sandy Land, China (Zhang et al. 2006, Zhao et al. 2007). Many others focused on restoring 

biodiversity or ecosystem function to areas, often through the restoration of soil (Zou et al. 2008, 

Doblas-Miranda et al. 2009) or plants (El-Bana et al. 2003, Gasque et al. 2004). Removal of invasives and 
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Figure 1: The statistical test and total number of tests used by year.  
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the use of fire are often also helpful in promoting biodiversity, which is likely why these were also 

among the most commonly studied topics (Schwinning et al. 2003, Parisien et al. 2009).  

Statistical test of some kind or another were used in a majority of the studies (fig. 6).  This is 

despite the fairly frequent use of observational studies in restoration (Zhang et al. 2012). This is likely 

due to the usefulness of statistics when assessing change. Without some kind of comparison it is harder 

to quantify change and determine how effective the restoration technique at hand is. Statistical analysis 

also allows for more comparisons to be made over more sites or repeats such as Peters et al. with 4800 

repeats (2008). Studies with statistics tended to have larger sample sizes than those without (mean 

sample size 4.4 repeats for sites without statistics versus 489.3 repeats for studies with) (Noble 2014). It 

is not feasible to compare more than a few sites by observation alone. Statistics allow a wider area to be 

surveyed and increase the scope of the study. 

Most studies descripted there statistical test in good detail. This is important as an 

understanding of the statistics is vital to researchers who wish to replicate the study. However a few 

studies did not provide much detail about their statistics. This is a poor practice as it does not allow for a 

full understanding of the results. Some studies that take this approach do not have many stats to 

describe or use common stats such as ANOVAs (Rafferty et al. 2002, Li et al. 2004). In these cases it is 

assumed that a researcher would have a basic understanding of familiar statistical test. In other cases 

with more complicated statistics or multiple levels of tests, an explanation would be beneficial.  

Since the emergence of the field the number of papers published per year has increased. Just 

looking at the articles surveyed for this review, the number of papers written in the last ten years was 

more than twice the number written in the previous ten years (fig. 1). This demonstrates how the field 

has grown, which is likely due to the importance restoration has gained among ecologists and land 

managers (Cairns et al. 1996).  The impact factor of journals published in compared over time 

demonstrates the growth as well. The earliest studies in this review were published in journals with a 

SJR (see methods) of between 1.00 and 3.00. Over time there were still many papers published in 

journals of this impact level however beginning in the early 2000s some papers began being published in 

journals with higher impact factors (fig. 8). The baseline remained but over time there was a slight 

upward trend with an increase of the upper end of the range. This shows that although some papers 

published about restoration ecology have the same impact as papers published earlier in the field’s 

development, some papers today are more influential. The field itself has become more influential since 

the late 1990s (fig. 8).   The stats used also demonstrate the growth of the field. In earlier years ANOVAs, 

t-tests, and linear regressions make up the diversity of tests used. More recently a wider range of tests 

have been used including Spearman correlations, nonmetric multidimensional scaling, and generalized 

linear mixed models (fig. 1).  

As stated by Michener et al., restoration studies often have a less than typical experimental 

design, which can drive the need for different statistical tests (1997). Most studies can be analyzed by 

ANOVAs or linear regressions, the two major types of statistics found in ecology (Cairns et al. 1996, 

Michener et al. 1997). Arid area restoration studies seemed to be similar. The most common statistical 

tests of the studies support this, with ANOVA, t-tests, and linear regressions making up a large portion of 

the total number of tests (fig. 1). In addition to being appropriate for common study designs, many 

ecologists are also familiar with these tests, and may feel most comfortable using them. Researchers 

may never have studied nonmetric multidimensional scaling, but most science undergraduate students 
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get a basic training to these common tests in an introductory statistics class by (Michener et al. 1997). 

The use of common statistics can be beneficial, as a wide range of individuals will be able to interpret 

the results easily. This is provided of course that the statistics chosen are appropriate for the study 

design. There are example where more powerful or more appropriate tests should be used (Michener et 

al. 1997). The results of this study show that there are many other kinds of tests that can be used in 

restoration ecology. To bring ecology terms to the statistics there is good diversity to the tests but not 

much evenness.  The more widespread use of some of these “uncommon” tests might benefit the field 

more than the dominance of a few tests if they are used correctly.  

Citation rate varied for the examined papers. Most of this was due to year of publication. The 

more influential papers tended to be at least a few years old. Many of the top cited papers were from 

the early 2000s such as Schwinning et al. 2002, or Fleishman et al. 2003. Statistical test used also 

seemed to have an effect on citation rate. The most common tests all had citation rates of between 15-

25 citations on average per paper. ANOVAs and linear regressions were on the upper end of this range 

with average citation rates of 24.23 (linear regression) and 23.12 (ANOVA) citations per paper (fig. 2). In 

addition the most highly cited paper (Schwinning et al. 2002) used an ANOVA. However one test had a 

much higher citation rate when compared with these tests. Studies that used Mantel tests were cited an 

average of 43.5 times per paper. Though only four studies used Mantel tests, they were all among the 

most cited papers. Mantel tests used a generalized regression to relate two matrices. Often one is a 

measure of spatial distance and the other a measure of temporal distance (Dutilleul et al. 2000). This 

comparison of space and time is utilized in many restoration studies, which may explain why the citation 

rate for papers that use the Mantel test are disproportionate when compared to their total number.  

Studies such as Fleishman et al. 2003 and Bowker et al. 2006 may be the next advancement in 

restoration ecology. With its comparison of temporal and spacial distance measures, the Mantel test has 

the potential to be very useful in looking at how ecosystems change or recover over time (Dutilleul et al. 

2000). If appropriate for the individual study designs, the field would benefit from more widespread use 

of this test. From the citation data, it appears to present useful information to other ecologists.   

For the majority of studies, the primary statistic used could have been followed by a Post Hoc 

test. Post Hoc tests can increase the statistical power of the analysis overall when used correctly 

(Conagin et al. 2008). The most used test among the review studies was some form of ANOVA, which 

can usually be followed by some Post Hoc test. Despite this a minority of studies used or reported using 

this kind of test. For those that did report Tukey’s test and Least Significant Difference test were the 

most common Post Hoc used. While not appropriate in all situations, Post Hocs would be beneficial in 

many of the studies reviewed. For papers where this is the case but one is not given, it is unclear 

whether the tests were not used or merely that the specific test was not reported. Either way this 

should be a concern for anyone publishing a study of restoration ecology. Post Hocs can increase the 

power of an analysis and often can test us more clearly what is going on in an experiment (Conagin et al. 

2008). Furthermore a detailed description of how the statistical tests were carried out will make the 

results of the study more useful to other researchers.  

While still relatively new in comparison with other subdivisions of ecology, it is clear that 

restoration ecology has matured much as a field since it developed in the 1980s. Results from these 

studies have helped to improve land management practices of both conserved and degraded areas. Arid 

areas are a common topic of restoration studies because of the heavy impacts humans have had on 

these areas. However improvements could still be made. A wider diversity of statistical tests, where 
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appropriate to study design might help to further develop the field by giving researchers more tools to 

look at restoration questions with. The popularity of ANOVAs will likely never be challenge, but other 

tests such as the Mantel test could prove useful to ecologists (Dutilleul et al. 2000). Post Hoc tests 

should also be considered where appropriate (Conagin et al. 2008). More detail in explaining the choice 

of test and how it was preformed would also benefit many studies. Further development of the statistics 

used in restoration ecology will help to improve research practices and ultimately help to protect and 

restore the arid ecosystems of concern.  

 

 

 

 

 

 

Conclusions: 

 The field and influence of restoration ecology had increased dramatically since its development.  

 

 Statistics are widely used in the study of restoration of arid areas. Major tests are similar to 

those found in other ecological studies such as ANOVAs and linear regressions.  

 

 Some studies may require different statistics due to the unique challenges faced when 

examining restoration (including non-uniform treatment across the sites and difficulty of 

replication). A more widespread use of different tests across the field might be beneficial 

because of this.  
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 Less common statistical test such as the Mantel test may be useful to restoration ecology and 

should be explored further.  

 

 The description of how statistics were used in the study should be detailed to help other 

researchers understand the findings of the paper. This includes the description of any Post Hoc 

test used. 

 

 

References  

Abella SR, Craig DJ, Smith SD, Newton AC. 2012. Identifying native vegetation for reducing exotic species 
during the restoration of desert ecosystems. Restor Ecol 20(6):781-7. 

Allred BW and Snyder KA. 2008. Ecophysiological responses of chihuahuan desert grasses to fire. J Arid 
Environ 72(11):1989-96. 

ANDERSEN D. 1994. Demographics of small mammals using anthropogenic desert riparian habitat in 
arizona. J Wildl Manage 58(3):445-54. 

Anderson P, Hoffman T, Holmes P. 2004. The potential of cephalophyllum inaequale (L. bolus) for the 
restoration of degraded arid landscapes in namaqualand, south africa. Restor Ecol 12(3):343-51. 

Anthelme F and Michalet R. 2009. Grass-to-tree facilitation in an arid grazed environment (air 
mountains, sahara). Basic Appl Ecol 10(5):437-46. 

Aronson J, Ovalle C, Avendano J, Longeri L, Del Pozo A. 2002. Agroforestry tree selection in central chile: 
Biological nitrogen fixation and early plant growth in six dryland species. Agrofor Syst 56(2):155-66. 

Azcon-Aguilar C, Palenzuela J, Roldan A, Bautista S, Vallejo R, Barea J. 2003. Analysis of the mycorrhizal 
potential in the rhizosphere of representative plant species from desertification-threatened 
mediterranean shrublands. Appl Soil Ecol 22(1):29-37. 

Bacilio M, Hernandez J-, Bashan Y. 2006. Restoration of giant cardon cacti in barren desert soil amended 
with common compost and inoculated with azospirillum brasilense. Biol Fertility Soils 43(1):112-9. 

Banerjee MJ, Gerhart VJ, Glenn EP. 2006. Native plant regeneration on abandoned desert farmland: 
Effects of irrigation, soil preparation, and amendments on seedling establishment. Restor Ecol 
14(3):339-48. 

Beauchamp VB and Stromberg JC. 2008. Changes to herbaceous plant communities on a regulated 
desert river. River Res Appl 24(6):754-70. 

Beever E, Huso M, Pyke D. 2006. Multiscale responses of soil stability and invasive plants to removal of 
non-native grazers from an arid conservation reserve. Divers Distrib 12(3):258-68. 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



10 
 

Belnap J and Warren S. 2002. Patton's tracks in the mojave desert, USA: An ecological legacy. Arid Land 
Res Manag 16(3):245-58. 

Beschta RL, Donahue DL, DellaSala DA, Rhodes JJ, Karr JR, O'Brien MH, Fleischner TL, Williams CD. 2013. 
Adapting to climate change on western public lands: Addressing the ecological effects of domestic, 
wild, and feral ungulates. Environ Manage 51(2):474-91. 

Boudell JA and Stromberg JC. 2008. Propagule banks: Potential contribution to restoration of an 
impounded and dewatered riparian ecosystem. Wetlands 28(3):656-65. 

Bowker M, Belnap J, Davidson D, Harland G. 2006. Correlates of biological soil crust abundance across a 
continuum of spatial scales: Support for a hierarchical conceptual model. J Appl Ecol 43(1):152-63. 

Bowker M, Belnap J, Davidson D, Phillips S. 2005. Evidence for micronutrient limitation of biological soil 
crusts: Importance to arid-lands restoration. Ecol Appl 15(6):1941-51. 

Boyd CS and Davies KW. 2010. Shrub microsite influences post-fire perennial grass establishment. 
Rangel Ecol Manag 63(2):248-52. 

Brand LA, White GC, Noon BR. 2008. Factors influencing species richness and community composition of 
breeding birds in a desert riparian corridor. Condor 110(2):199-210. 

Breen AN and Richards JH. 2008. Irrigation and fertilization effects on seed number, size, germination 
and seedling growth: Implications for desert shrub establishment. Oecologia 157(1):13-9. 

Brooks ML, Matchett JR, Berry KH. 2006. Effects of livestock watering sites on alien and native plants in 
the mojave desert, USA. J Arid Environ 67:125-47. 

Brostoff W, Sharifi M, Rundel P. 2005. Photosynthesis of cryptobiotic soil crusts in a seasonally 
inundated system of pans and dunes in the western mojave desert, CA: Field studies. Flora 
200(6):592-600. 

Brunelle A, Minckley TA, Blissett S, Cobabe SK, Guzman BL. 2010. A nearly 8000 year fire history from an 
Arizona/Sonora borderland cienega. J Arid Environ 74(4):475-81. 

Cairns J., Heckman J.R. 1996. Restoration ecology: the state of an emerging field. Annu. Rev. Energy                   

gfhhhEnviron. 21:167-189.                                                       

Caldwell TG, McDonald EV, Young MH. 2006. Soil disturbance and hydrologic response at the national 
training center, ft. Irwin, California. J Arid Environ 67(3):456-72. 

Camargi-Ricalde S, Dhillion S, Jimenez-Gonzalez C. 2003. Mycorrhizal perennials of the "matorral 
xerofilo" and the "selva baja caducifolia" communities in the semiarid tehuacan-cuicatlan valley, 
Mexico. Mycorrhiza 13(2):77-83. 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



11 
 

Camargo-Ricalde S and Dhillion S. 2003. Endemic mimosa species can serve as mycorrhizal "resource 
islands" within semiarid communities of the tehuacan-cuicatlan valley, Mexico. Mycorrhiza 
13(3):129-36. 

Carrillo-Garcia A, Bashan Y, Rivera E, Bethlenfalvay F. 2000. Effects of resource-island soils, competition, 
and inoculation with azospirillum on survival and growth of pachycereus pringlei, the giant cactus 
of the sonoran desert. Restor Ecol 8(1):65-73. 

Caso M, Gonzalez-Abraham C, Ezcurra E. 2007. Divergent ecological effects of oceanographic anomalies 
on terrestrial ecosystems of the mexican pacific coast. Proc Natl Acad Sci U S A 104(25):10530-5. 

Chen Fu-Sheng, Zeng De-Hui, He Xing-Yuan. 2006. Small-scale spatial variability of soil nutrients and 
vegetation properties in semi-arid northern china. Pedosphere 16(6):778-87. 

Chen L, Li D, Song L, Hu C, Wang G, Liu Y. 2006. Effects of salt stress on carbohydrate metabolism in 
desert soil alga microcoleus vaginatus gom. J Integr Plant Biol 48(8):914-9. 

Cheng X, Huang M, Shao M, Warrington DN. 2009. A comparison of fine root distribution and water 
consumption of mature caragana korshinkii kom grown in two soils in a semiarid region, china. 
Plant Soil 315(1-2):149-61. 

Cole C, Stark LR, Bonine ML, McLetchie DN. 2010. Transplant survivorship of bryophyte soil crusts in the 
mojave desert. Restor Ecol 18(2):198-205. 

Conagin A, Barbin D, Borges Demetrio CG. 2008. Modifications for the tukey test procedure and 
evaluation of the power and efficiency of multiple comparison procedures. Sci Agric 65(4):428-32. 

Dana E and Mota J. 2006. Vegetation and soil recovery on gypsum outcrops in semi-arid spain. J Arid 
Environ 65(3):444-59. 

Davies KW. 2010. Revegetation of medusahead-invaded sagebrush steppe. Rangel Ecol Manag 
63(5):564-71. 

De Villiers A, Van Rooyen M, Theron G. 2003. Similarity between the soil seed bank and the standing 
vegetation in the strandveld succulent karoo, south africa. Land Degrad Dev 14(6):527-40. 

De Villiers A, Van Rooyen M, Theron G. 2001. The role of facilitation in seedling recruitment and survival 
patterns, in the strandveld succulent karoo, south africa. J Arid Environ 49(4):809-21. 

DeFalco LA, Esque TC, Kane JM, Nicklas MB. 2009. Seed banks in a degraded desert shrubland: Influence 
of soil surface condition and harvester ant activity on seed abundance. J Arid Environ 73(10):885-
93. 

Desmet P and Cowling R. 1999. Patch creation by fossorial rodents: A key process in the revegetation of 
phytotoxic arid soils. J Arid Environ 43(1):35-45. 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



12 
 

Desmond M. 2004. Effects of grazing practices and fossorial rodents on a winter avian community in 
chihuahua, mexico. Biol Conserv 116(2):235-42. 

Doblas-Miranda E, Sanchez-Pinero F, Gonzalez-Megias A. 2009. Different microhabitats affect soil 
macroinvertebrate assemblages in a mediterranean arid ecosystem. Appl Soil Ecol 41(3):329-35. 

Dobson A, Bradshaw A, Baker A. 1997. Hopes for the future: Restoration ecology and conservation 
biology. Science 277(5325):515-22. 

Dudley T and DeLoach C. 2004. Saltcedar (tamarix spp.), endangered species, and biological weed 
control - can they mix? Weed Technol 18:1542-51. 

Dudley TL and Bean DW. 2012. Tamarisk biocontrol, endangered species risk and resolution of conflict 
through riparian restoration. Biocontrol 57(2):331-47. 

Durst SL, Theimer TC, Paxton EH, Sogge MK. 2008. Temporal variation in the arthropod community of 
desert riparian habitats with varying amounts of saltcedar (tamarix ramosissima). J Arid Environ 
72(9):1644-53. 

Dutilleul P, Stockwell J, Frigon D, Legendre P. 2000. The mantel test versus pearson's correlation 
analysis: Assessment of the differences for biological and environmental studies. J Agric Biol 
Environ Stat 5(2):131-50. 

El-Bana M, Nijs I, Khedr A. 2003. The importance of phytogenic mounds (nebkhas) for restoration of arid 
degraded rangelands in northern sinai. Restor Ecol 11(3):317-24. 

El-Sheikh M. 2005. Plant succession on abandoned fields after 25 years of shifting cultivation in assuit, 
egypt. J Arid Environ 61(3):461-81. 

Fleishman E, Mac Nally R, Murphy D. 2005. Relationships among non-native plants, diversity of plants 
and butterflies, and adequacy of spatial sampling. Biol J Linn Soc 85(2):157-66. 

Fleishman E, Mcdonal N, Mac Nally R, Murphy D, Walters J, Floyd T. 2003. Effects of floristics, 
physiognomy and non-native vegetation on riparian bird communities in a mojave desert 
watershed. J Anim Ecol 72(3):484-90. 

Gasque M and Garcia-Fayos P. 2004. Interaction between stipa tenacissima and pinus halepensis: 
Consequences for reforestation and the dynamics of grass steppes in semi-arid mediterranean 
areas. For Ecol Manage 189(1-3):251-61. 

Gimeno I and Vila M. 2002. Recruitment of two opuntia species invading abandoned olive groves. Acta 
Oecol -Int J Ecol 23(4):239-46. 

Glenn EP, Morino K, Nagler PL, Murray RS, Pearlstein S, Hultine KR. 2012. Roles of saltcedar (tamarix 
spp.) and capillary rise in salinizing a non-flooding terrace on a flow-regulated desert river. J Arid 
Environ 79:56-65. 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



13 
 

Grigg AM, Lambers H, Veneklaas EJ. 2010. Changes in water relations for acacia ancistrocarpa on natural 
and mine-rehabilitation sites in response to an experimental wetting pulse in the great sandy 
desert. Plant Soil 326(1-2):75-96. 

Guo Y, Zhao H, Zuo X, Drake S, Zhao X. 2008. Biological soil crust development and its topsoil properties 
in the process of dune stabilization, inner mongolia, china. Environ Geol 54(3):653-62. 

Heffernan JB. 2008. Wetlands as an alternative stable state in desert streams. Ecology 89(5):1261-71. 

Hobbs R and Norton D. 1996. Towards a conceptual framework for restoration ecology. Restor Ecol 
4(2):93-110. 

Holl K, Crone E, Schultz C. 2003. Landscape restoration: Moving from generalities to methodologies. 
Bioscience 53(5):491-502. 

Jacobs A, Heusinkveld B, Berkowicz S. 2000. Force-restore technique for ground surface temperature 
and moisture content in a dry desert system. Water Resour Res 36(5):1261-8. 

Jeddi K and Chaieb M. 2010. Changes in soil properties and vegetation following livestock grazing 
exclusion in degraded arid environments of south tunisia. Flora 205(3):184-9. 

Kay F, Sobhy H, Whitford W. 1999. Soil microarthropods as indicators of exposure to environmental 
stress in chihuahuan desert rangelands. Biol Fertility Soils 28(2):121-8. 

Kennedy T, Finlay J, Hobbie S. 2005. Eradication of invasive tamarix ramosissima along a desert stream 
increases native fish density. Ecol Appl 15(6):2072-83. 

King EG and Stanton ML. 2008. Facilitative effects of aloe shrubs on grass establishment, growth, and 
reproduction in degraded kenyan rangelands: Implications for restoration. Restor Ecol 16(3):464-
74. 

King EG and Hobbs RJ. 2006. Identifying linkages among conceptual models of ecosystem degradation 
and restoration: Towards an integrative framework. Restor Ecol 14(3):369-78. 

Kodric-Brown A and Brown JH. 2007. Native fishes, exotic mammals, and the conservation of desert 
springs. Front Ecol Environ 5(10):549-53. 

Lalley JS and Viles HA. 2008. Recovery of lichen-dominated soil crusts in a hyper-arid desert. Biodivers 
Conserv 17(1):1-20. 

Lechmere-Oertel RG, Kerley GIH, Mills AJ, Cowling RM. 2008. Litter dynamics across browsing-induced 
fenceline contrasts in succulent thicket, south africa. S Afr J Bot 74(4):651-9. 

Li F, Kang L, Zhang H, Zhao L, Shirato Y, Taniyama I. 2005. Changes in intensity of wind erosion at 
different stages of degradation development in grasslands of inner mongolia, china. J Arid Environ 
62(4):567-85. 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



14 
 

Li S, Werger MJA, Zuidema PA, Yu F, Dong M. 2010. Seedlings of the semi-shrub artemisia ordosica are 
resistant to moderate wind denudation and sand burial in mu us sandland, china. Trees-Struct 
Funct 24(3):515-21. 

Li XR, Zhang P, Su YG, Jia RL. 2012. Carbon fixation by biological soil crusts following revegetation of sand 
dunes in arid desert regions of china: A four-year field study. Catena 97:119-26. 

Li XR, Kong DS, Tan HJ, Wang XP. 2007. Changes in soil and vegetation following stabilisation of dunes in 
the southeastern fringe of the tengger desert, china. Plant Soil 300(1-2):221-31. 

Li XR, Xiao HL, He MZ, Zhang JG. 2006. Sand barriers of straw checkerboards for habitat restoration in 
extremely arid desert regions. Ecol Eng 28(2):149-57. 

Li XR, Tian F, Jia RL, Zhang ZS, Liu LC. 2010. Do biological soil crusts determine vegetation changes in 
sandy deserts? implications for managing artificial vegetation. Hydrol Process 24(25):3621-30. 

Li XR, He MZ, Duan ZH, Mao HL, Jia XH. 2007. Recovery of topsoil physicochemical properties in 
revegetated sites in the sand-burial ecosystems of the tengger desert, northern china. 
Geomorphology 88(3-4):254-65. 

Li X. 2005. Influence of variation of soil spatial heterogeneity on vegetation restoration. Sci China Ser D-
Earth Sci 48(11):2020-31. 

Li X, Xiao H, Zhang J, Wang X. 2004. Long-term ecosystem effects of sand-binding vegetation in the 
tengger desert, northern china. Restor Ecol 12(3):376-90. 

Li X, Zhou H, Wang X, Zhu Y, O'Conner P. 2003. The effects of sand stabilization and revegetation on 
cryptogam species diversity and soil fertility in the tengger desert, northern china. Plant Soil 
251(2):237-45. 

Li Y, Cui J, Zhang T, Okuro T, Drake S. 2009. Effectiveness of sand-fixing measures on desert land 
restoration in kerqin sandy land, northern china. Ecol Eng 35(1):118-27. 

Liu H, Shi X, Wang J, Yin L, Huang Z, Zhang D. 2011. Effects of sand burial, soil water content and 
distribution pattern of seeds in sand on seed germination and seedling survival of eremosparton 
songoricum (fabaceae), a rare species inhabiting the moving sand dunes of the gurbantunggut 
desert of china. Plant Soil 345(1-2):69-87. 

Liu S, Wang T, Guo J, Qu J, An P. 2010. Vegetation change based on SPOT-VGT data from 1998-2007, 
northern china. Environ Earth Sci 60(7):1459-66. 

Liu Z, Li X, Yan Q, Wu J. 2007. Species richness and vegetation pattern in interdune lowlands of an active 
dune field in inner mongolia, china. Biol Conserv 140(1-2):29-39. 

Longland W and Bateman S. 1998. Implications of desert rodent seed preferences for range 
remediation. J Range Manage 51(6):679-84. 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



15 
 

Lortie CJ. 2014. Formalized synthesis opportunities for ecology: Systematic reviews and meta-analyses. 
Oikos 123(8):897-902. 

Maestre FT, Martin N, Diez B, Lopez-Poma R, Santos F, Luque I, Cortina J. 2006. Watering, fertilization, 
and slurry inoculation promote recovery of biological crust function in degraded soils. Microb Ecol 
52(3):365-77. 

Maestre F and Cortina J. 2005. Remnant shrubs in mediterranean semi-arid steppes: Effects of shrub 
size, abiotic factors and species identity on understorey richness and occurrence. Acta Oecol -Int J 
Ecol 27(3):161-9. 

Maestre F, Bautista S, Cortina J, Bellot J. 2001. Potential for using facilitation by grasses to establish 
shrubs on a semiarid degraded steppe. Ecol Appl 11(6):1641-55. 

Marushia RG, Cadotte MW, Holt JS. 2010. Phenology as a basis for management of exotic annual plants 
in desert invasions. J Appl Ecol 47(6):1290-9. 

Michener W. 1997. Quantitatively evaluating restoration experiments: Research design, statistical 
analysis, and data management considerations. Restor Ecol 5(4):324-37. 

Nagler P, Hinojosa-Huerta O, Glenn E, Garcia-Hernandez J, Romo R, Curtis C, Huete A, Nelson S. 2005. 
Regeneration of native trees in the presence of invasive saltcedar in the colorado river delta, 
mexico. Conserv Biol 19(6):1842-52. 

Noble, T. 2014. Systematic review of the use of statistics in restoration ecology of arid areas. Figshare. 

gggghttp://dx.doi.org/10.6084/m9.figshare.1200152. 

Ouahmane L, Duponnois R, Hafidi M, Kisa M, Boumezouch A, Thioulouse J, Plenchette C. 2006. Some 
mediterranean plant species (lavandula spp. and thymus satureioides) act as potential 'plant 
nurses' for the early growth of cupressus atlantica. Plant Ecol 185(1):123-34. 

Owens M, Wallace R, Archer S. 1995. Landscape and microsite influences on shrub recruitment in a 
disturbed semi-arid quercus-juniperus woodland. Oikos 74(3):493-502. 

Parisien M and Moritz MA. 2009. Environmental controls on the distribution of wildfire at multiple 
spatial scales. Ecol Monogr 79(1):127-54. 

Parmenter RR. 2008. Long-term effects of a summer fire on desert grassland plant demographics in now 
mexico. Rangel Ecol Manag 61(2):156-68. 

Pattison RR, D'Antonio CM, Dudley TL, Allander KK, Rice B. 2011. Early impacts of biological control on 
canopy cover and water use of the invasive saltcedar tree (tamarix spp.) in western nevada, USA. 
Oecologia 165(3):605-16. 

Peters DPC, Yao J, Sala OE, Anderson JP. 2012. Directional climate change and potential reversal of 
desertification in arid and semiarid ecosystems. Global Change Biol 18(1):151-63. 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



16 
 

Peters EM, Martorell C, Ezcurra E. 2008. Nurse rocks are more important than nurse plants in 
determining the distribution and establishment of globose cacti (mammillaria) in the tehuacan 
valley, mexico. J Arid Environ 72(5):593-601. 

Piekarska-Stachowiak A, Szary M, Ziemer B, Besenyei L, Wozniak G. 2014. An application of the plant 
functional group concept to restoration practice on coal mine spoil heaps. Ecol Res 29(5):843-53. 

Preston C, Betts H, Baldwin I. 2002. Methyl jasmonate as an allelopathic agent: Sagebrush inhibits 
germination of a neighboring tobacco, nicotiana attenuata. J Chem Ecol 28(11):2343-69. 

Rafferty D and Young J. 2002. Cheatgrass competition and establishment of desert needlegrass 
seedlings. J Range Manage 55(1):70-2. 

Rango A, Huenneke L, Buonopane M, Herrick J, Havstad K. 2005. Using historic data to assess 
effectiveness of shrub removal in southern new mexico. J Arid Environ 62(1):75-91. 

Ren J and Tao L. 2004. Effects of different pre-sowing seed treatments on germination of 10 calligonum 
species. For Ecol Manage 195(3):291-300. 

Salinas M and Guirado J. 2002. Riparian plant restoration in summer-dry riverbeds of southeastern 
spain. Restor Ecol 10(4):695-702. 

Schwinning S, Davis K, Richardson L, Ehleringer J. 2002. Deuterium enriched irrigation indicates different 
forms of rain use in shrub/grass species of the colorado plateau. Oecologia 130(3):345-55. 

Solomon TB, Snyman HA, Smit GN. 2006. Soil seed bank characteristics in relation to land use systems 
and distance from water in a semi-arid rangeland of southern ethiopia. S Afr J Bot 72(2):263-71. 

Squeo FA, Holmgren M, Jimenez M, Alban L, Reyes J, Gutierrez JR. 2007. Tree establishment along an 
ENSO experimental gradient in the atacama desert. J Veg Sci 18(2):195-202. 

Steers RJ and Allen EB. 2010. Post-fire control of invasive plants promotes native recovery in a burned 
desert shrubland. Restor Ecol 18:334-43. 

Su YZ, Zhao WZ, Su PX, Zhang ZH, Wang T, Ram R. 2007. Ecological effects of desertification control and 
desertified land reclamation in an oasis-desert ecotone in an and region: A case study in hexi 
corridor, northwest china. Ecol Eng 29(2):117-24. 

Su Y, Zhang T, Li Y, Wang F. 2005. Changes in soil properties after establishment of artemisia 
halodendron and caragana microphylla on shifting sand dunes in semiarid horqin sandy land, 
northern china. Environ Manage 36(2):272-81. 

Suding K, Gross K, Houseman G. 2004. Alternative states and positive feedbacks in restoration ecology. 
Trends Ecol Evol 19(1):46-53. 

Swetnam T, Allen C, Betancourt J. 1999. Applied historical ecology: Using the past to manage for the 
future. Ecol Appl 9(4):1189-206. 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



17 
 

Underwood EC and Christian CE. 2009. Consequences of prescribed fire and grazing on grassland ant 
communities. Environ Entomol 38(2):325-32. 

Van de Water KM and Safford HD. 2011. A summary of fire frequency estimates for california vegetation 
before euro-american settlement. Fire Ecol 7(3):26-58. 

Verdu M, Rey PJ, Alcantara JM, Siles G, Valiente-Banuet A. 2009. Phylogenetic signatures of facilitation 
and competition in successional communities. J Ecol 97(6):1171-80. 

Visser M and Reheul D. 2001. Restoring depleted tunisian drylands with native steppic species: Where 
should we source the seeds? Genet Resour Crop Evol 48(6):567-78. 

Vonlanthen B, Zhang X, Bruelheide H. 2010. On the run for water - root growth of two phreatophytes in 
the taklamakan desert. J Arid Environ 74(12):1604-15. 

Walter I, Martinez F, Cuevas G. 2006. Plant and soil responses to the application of composted MSW in a 
degraded, semiarid shrubland in central spain. Compost Sci Util 14(2):147-54. 

Wang R. 2002. Photosynthetic pathways, life forms, and reproductive types for forage species along the 
desertification gradient on hunshandake desert, north china. Photosynthetica 40(3):321-9. 

Wang W, Liu Y, Li D, Hu C, Rao B. 2009. Feasibility of cyanobacterial inoculation for biological soil crusts 
formation in desert area. Soil Biol Biochem 41(5):926-9. 

Wesche K, Pietsch M, Ronnenberg K, Undrakh R, Hensen I. 2006. Germination of fresh and frost-treated 
seeds from dry central asian steppes. Seed Sci Res 16(2):123-36. 

Whitford W, De Soyza A, Van Zee J, Herrick J, Havstad K. 1998. Vegetation, soil, and animal indicators of 
rangeland health. Environ Monit Assess 51(1-2):179-200. 

Yang Y, Chen Y, Li W. 2008. Arbuscular mycorrhizal fungi infection in desert riparian forest and its 
environmental implications: A case study in the lower reach of tarim river. Prog Nat Sci 18(8):983-
91. 

Yin CH, Feng G, Zhang F, Tian CY, Tang C. 2010. Enrichment of soil fertility and salinity by tamarisk in 
saline soils on the northern edge of the taklamakan desert. Agric Water Manage 97(12):1978-86. 

Zaady E, Groffman P, Shachak M. 1998. Nitrogen fixation in macro- and microphytic patches in the negev 
desert. Soil Biol Biochem 30(4):449-54. 

Zhang G, Dong J, Xiao X, Hu Z, Sheldon S. 2012. Effectiveness of ecological restoration projects in horqin 
sandy land, china based on SPOT-VGT NDVI data. Ecol Eng 38(1):20-9. 

Zhang T, Su Y, Cui J, Zhang Z, Chang X. 2006. A leguminous shrub (caragana microphylla) in semiarid 
sandy soils of north china. Pedosphere 16(3):319-25. 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



18 
 

Zhao H, Zhou R, Su Y, Zhang H, Zhao L, Drake S. 2007. Shrub facilitation of desert land restoration in the 
horqin sand land of inner mongolia. Ecol Eng 31(1):1-8. 

Zhou Z, Li F, Chen S, Zhang H, Li G. 2011. Dynamics of vegetation and soil carbon and nitrogen 
accumulation over 26 years under controlled grazing in a desert shrubland. Plant Soil 341(1-2):257-
68. 

Zuo X, Zhao H, Zhao X, Zhang T, Guo Y, Wang S, Drake S. 2008. Spatial pattern and heterogeneity of soil 
properties in sand dunes under grazing and restoration in horqin sandy land, northern china. Soil 
Tillage Res 99(2):202-12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



19 
 

Appendix 

Figures 

 

 

 

Figure 3: PRISMA Report of the search and reviewing process for studies used in this review. 369 studies 

were found using the search terms restor* and desert. This was reduced to 114 papers including in the 

final review.  
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Figure 4: Geographic location of the studies included in the review.  

Figure 5: The top 12 restoration factors examined in the studies and the number of 

articles that look at them.  

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.551v1 | CC-BY 4.0 Open Access | rec: 21 Oct 2014, publ: 21 Oct 2014

P
re
P
rin

ts



21 
 

 

 

 

 

 

 

 

 

93%

7%

WERE STATISTICS USED?

Yes No

7%

18%

75%

DESCRIPTION OF STATS

None Brief Detailed

Figure 6: Graph presenting the percentage of studies that did and did not use statistical test.  

Figure 7: A graph presenting the amount of detail studies including in their description of statistics 

(only studies that used statistics were included). A detailed description was any description that 

provide substantial detail on the statistics used, brief was when limited detail on the statistics was 

provided, and none was any study that did not have a description of the statistics.  
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Figure 8: SJR rating ( SCImago Journal Rank Indicator (SJR) ,Scimago lab, http://www.scimagojr.com), 

comparable to impact factor, of journals where papers published by year published.  

Figure 9: Graph showing Post Hoc test used, when given.  
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