
Ecological Applications, 24(7), 2014, pp. 1863–1877
� 2014 by the Ecological Society of America

Biological soil crusts across disturbance–recovery scenarios: effect
of grazing regime on community dynamics

L. CONCOSTRINA-ZUBIRI,1,2,5 E. HUBER-SANNWALD,3 I. MARTÍNEZ,2 J. L. FLORES FLORES,1 J. A. REYES-AGÜERO,1
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Abstract. Grazing represents one of the most common disturbances in drylands
worldwide, affecting both ecosystem structure and functioning. Despite the efforts to
understand the nature and magnitude of grazing effects on ecosystem components and
processes, contrasting results continue to arise. This is particularly remarkable for the
biological soil crust (BSC) communities (i.e., cyanobacteria, lichens, and bryophytes), which
play an important role in soil dynamics. Here we evaluated simultaneously the effect of
grazing impact on BSC communities (resistance) and recovery after livestock exclusion
(resilience) in a semiarid grassland of Central Mexico. In particular, we examined BSC species
distribution, species richness, taxonomical group cover (i.e., cyanobacteria, lichen, bryophyte),
and composition along a disturbance gradient with different grazing regimes (low, medium,
high impact) and along a recovery gradient with differently aged livestock exclosures (short-,
medium-, long-term exclusion). Differences in grazing impact and time of recovery from
grazing both resulted in slight changes in species richness; however, there were pronounced
shifts in species composition and group cover. We found we could distinguish four highly
diverse and dynamic BSC species groups: (1) species with high resistance and resilience to
grazing, (2) species with high resistance but low resilience, (3) species with low resistance but
high resilience, and (4) species with low resistance and resilience. While disturbance resulted in
a novel diversity configuration, which may profoundly affect ecosystem functioning, we
observed that 10 years of disturbance removal did not lead to the ecosystem structure found
after 27 years of recovery. These findings are an important contribution to our understanding
of BCS dynamics from a species and community perspective placed in a land use change
context.
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INTRODUCTION

Most dryland ecosystems are inherently highly

dynamic and adaptive to disturbance events, as most

evolved under complex disturbance and recovery re-

gimes (Reynolds and Stafford Smith 2002, Scheffer and

Carpenter 2003, Miller et al. 2011). For instance,

nomadic grazing (episodic disturbance events occurring

every one to two years), droughts (periodic disturbance

events occurring in decadal cycles), and fire (episodic

disturbance events occurring in multi-decadal cycles)

have shaped the structure and function of semiarid

grassland ecosystems. Recovery potential from distur-

bance events is usually assessed in terms of the re-

establishment of the former plant community composi-

tion and structure. However, in drylands, where

different disturbance agents act unpredictably and often

interactively, and system responses to these agents are

notably disproportional and nonlinear, the former

dryland state may never fully recover after a disturbance

event. Rather, under changing environmental condi-

tions, alternative system states may emerge or systems

may shift to new states with altered attributes. Such

functional and structural changes may lead to a highly

complex and adaptive landscape with resistant, resilient,

or newly emerging components (Westoby et al. 1989,

Briske et al. 2005, Bestelmeyer et al. 2009), but also to a

simplified system that may or may not be resistant or

resilient.

Ecosystem resistance refers to the amount of envi-

ronmental constraints needed to result in a given
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amount of disturbance (Carpenter et al. 2001). On the

other hand, ecosystem resilience reflects the capacity of

the ecosystem to assimilate shocks and perturbations

while retaining essentially the same identity (i.e., without

losing the system’s structure, functionality, or feedbacks;

Walker et al. 2006), or to the capacity to recover from

disturbance to an alternative state while still sustainably

providing goods and services (Beisner et al. 2003, Miller

et al. 2011). In particular, ecosystem functional-group

diversity (i.e., the number of groups with different

functions) and functional-response diversity (the variety

of responses of species within a functional group to

environmental changes, such as disturbance) have been

recognized as the two most critical components of

biodiversity to determine ecosystem resilience (Folke et

al. 2004, Walker et al. 2006). Dryland ecosystems are

particularly vulnerable to shifts from more to less

sustainable regimes (Scheffer and Carpenter 2003) in

the face of external drivers such as grazing, fire, and

extended periods of drought (Miller et al. 2011).

Biological soil crusts (BSCs) are key components of

drylands that form complex communities of cyanobac-

teria, lichens, and bryophytes, which are essential for

ecosystem functioning and response to disturbance.

These communities adhere to and interact with the soil

surface in vegetation-free interspaces, and thus, are

exposed to particularly stressful habitats with low soil

moisture and high UV exposure (Belnap 2003). Biolog-

ical soil crusts can be considered a keystone functional

component of these ecosystems (Levin 1998), as well as

ecosystem engineers (Bowker et al. 2006) as they play

disproportionately important roles in ecosystem func-

tioning. These roles include: (1) stabilizing soils, thus

protecting them from erosion (e.g., Chaudhary et al.

2009, Jimenez Aguilar et al. 2009); (2) contributing

nitrogen and carbon to soils otherwise impoverished by

these elements (Elbert et al. 2012); (3) heavily influencing

local to regional hydrological processes (reviewed in

Belnap 2006); (4) notably participating in ecosystem

biogeochemistry (Cornelissen et al. 2007); and (5) by

providing suitable habitat for a diverse and abundant

soil microfauna (e.g., Darby et al. 2010). The contribu-

tion of BSCs to functional-group diversity is of crucial

relevance in drylands, as these ecosystems generally lack

redundancy of the functional roles played by BSCs

(Bowker 2007, Miller et al. 2011). In addition, BSC

species vary in the ecosystem roles they play; for

instance, some species fix nitrogen, whereas others do

not. In addition, the ability to fix carbon and reduce

erosion varies greatly among species (Belnap and

Eldridge 2003), and depends on BSC development stage

(Housman et al. 2006, Yoshitake et al. 2010). Therefore,

the contribution of BSCs to ecosystem function is

strongly dependent on the richness, composition, and

abundance of BSC species.

Biological soil crust viability and function may be lost

or degraded by livestock trampling and subsequent soil

compaction in drylands (reviewed in Warren and

Eldridge 2003). Grazing often reduces BSC cover and

richness and may also induce sharp shifts in species
composition (e.g., Ponzetti and McCune 2001, Liu et al.

2009). The severity of grazing impact on BSCs depends
on the intensity and timing of grazing (Harper and

Marble 1988, Hodgins and Rogers 1997) and the
resistance and recovery potential of individual BSC
constituents; and thus, the resilience of BSC communities,

to the mechanical impact including the disruption of soil
aggregates, soil loss, and sediment deposition (Belnap

and Lange 2003). Overall, vulnerability of BSC compo-
nents to livestock trampling is highest for mosses and

lichens and lowest for cyanobacteria (e.g., West 1990).
Natural recovery of BSC communities in response to

grazing removal generally means an increase in species
richness and cover post-disturbance. However, time to

reach the pre-disturbance state show a wide range from
5 to 100 years, or even longer, depending on BSC species

identity and ecosystem type (Anderson et al. 1982b,
Johansen and St. Clair 1986, Belnap 1993). As with

resistance to disturbance, the resilience of a given BSC
community depends on the functional attributes of

individual BSC species, disturbance characteristics, and
biotic and abiotic envelopes such as plant community

structure, soil texture, and climate (reviewed in Belnap
and Eldridge 2003). To gain insight into BSC resilience,
most studies have compared grazed vs. non-grazed BSC

communities using livestock exclusion. As BSC biodi-
versity has been positively related to dryland ecosystem

function (Bowker et al. 2008b), examination of both
community- and species-specific BSC responses to, and

recovery from, different levels of disturbance is needed
to understand how BSCs may contribute to dryland

resilience to environmental change (Folke et al. 2004).
With this in mind, we tested the following hypotheses:

(1) BSC lichen/bryophyte diversity and cover will be
reduced as grazing intensity and frequency increase

(‘‘disturbance gradient’’), with some taxonomic groups
and species being more resistant to this disturbance than

others; (2) recovery of BSC lichen/bryophyte diversity
and cover with grazing exclusion will follow a trajectory

back towards levels of the least intensive and frequent
grazing regime along a chronosequence of time since

grazing (‘‘recovery gradient’’); and (3) BSC cyanobacte-
ria cover will remain constant along the disturbance and

recovery gradients based on a space-for-time replace-
ment method (Bowker 2007). Only by considering these
two scenarios simultaneously can the difference between

the resistance and recovery of BSC communities be
assessed relative to grazing disturbance.

METHODS

Study area

The study area is located in Vaquerı́as, Jalisco,
Mexico, in the physiographic subprovince Llanos de

Ojuelos (218490 N, 1018370 W, 2200 m above sea level) in
the Chihuahua Desert at the southernmost tip of the

North American graminetum, which comprises a vast
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area from southern Canada to central Mexico and is

characterized by tallgrass, mixed, and shortgrass prairies

(Aguado-Santacruz and Garcia-Moya 1998). The cli-

mate is semiarid, with annual precipitation of 450 mm,

and annual mean temperature of 178C. The main rainfall

season is between June and September, with additional

winter rains in January accounting for ,5% of total

annual precipitation (Garcı́a 2003). We utilized six sites

that were large enough to include the natural variability

of BSC communities in the region (Fig. 1), and located

no more than 2000 m apart in horizontal distance. They

had similar physiographic, climate, and geologic/soil

characteristics. The topography in this area is charac-

terized by valleys and gently rolling hills formed of

rhyolitic rocks. Soils are shallow (0.3–0.5 m) Haplic

phaeozems (Aguado 1993), with slight variations in pH

and sand content in the first horizon; i.e., soil pH range

from 5.1 to 6 and 6.5 to 6.6 in the grazing and the

exclusion sites, respectively, and sand content ranging

from 34% to 48% and 34% to 48%, respectively

(Aguado-Santacruz and Garcia-Moya 1998). These

changes are likely due to differences in grazing regime

(Aguado-Santacruz and Garcia-Moya 1998, Neff et al.

2005). The vegetation is a native shortgrass steppe

dominated by Bouteloua gracilis H.B.K. Lag ex Steud.

with B. scorpioides Lag, B. hirsuta Lag, Aristida

divaricata Humb y Bompl., and Muhlenbergia rigida

(Kunth) Trin as additional grass species (Table 1;

Aguado 1993).

In order to fulfill the aim or our study, we selected a

semiarid grassland ecosystem where different grazing

regimens can be found, and in particular, an array of

differently aged livestock exclusions (see Plate 1) up to

27 years old, established by INIFAP (Instituto Nacional

de Investigaciones Forestales, Agrı́colas y Pecuarias) for

monitoring purposes. To document the effect of

livestock exclusion on BSC community attributes, we

surveyed three sites within the grazing exclosures of

different ages established by INIFAP that form a

recovery gradient (Table 1). Exclosures included (1)

short-term grazing exclosures (SE) with 6-year cattle

exclusion, (2) mid-term grazing exclosures (ME) with

11-year cattle exclusion, and (3) one long-term grazing

exclosure (LE) with 27-year cattle exclusion. The

INIFAP randomly established a single grazing exclosure

1 ha in size 27 years ago (LE), and four 10 3 10 m

exclosures (10 m apart from each other) within

homogenous 1-ha areas 6 and 11 years ago (SE and

LE, respectively). Within the 1-ha exclosure, we

randomly selected four 10 3 10 m plots (10 m apart

from each other) following the general design of the

INIFAP. Lands were managed under heavy seasonal

FIG. 1. Map of the six study sites and plots in semiarid grassland (Ojuelos, Jalisco, México). Abbreviations are: LI, low-impact
site; MI, medium-impact site; HI, high-impact site; SE, short-term exclusion site; ME, mid-term exclusion site; and LE, long-term
exclusion site. Sites are described in Table 1. For site and species photos, see Plate 1.
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grazing at the time of SE exclosures establishment and

under heavy continuous grazing regime at the time of

ME and LE exclosure establishment. Since pseudo-

replication is possible within the general sampling design

(i.e., all LE plots were established in the same livestock

exclosure), we discuss the implications of our findings

carefully (Schank and Koehnle 2009).

In parallel, and in order to document the effect of

combined grazing intensity and frequency on BSC

community attributes following the general design of

the recovery gradient, we selected three sites with

different grazing management histories to build our

disturbance gradient (Table 1): (1) moderate continuous

grazing (observed stocking rate 8–10 ha�AU�1�yr�1,
where AU stands for ‘‘animal unit’’) for over 200 years,

(2) heavy seasonal grazing during and after the main

rainy season (observed stocking rate 2–4 ha�AU�1�yr�1)
for more than 80 years, and (3) heavy continuous

grazing all year around (observed stocking rate ,1

ha�AU�1�yr�1) for more than 80 years (Aguado-Santa-

cruz and Garcia-Moya 1998). Increasing grazing inten-

sity and frequent disturbance (i.e., in comparison to

occasional disturbance), have been shown to jeopardize

the development of BSC communities (Rogers and

Lange 1971, Harper and Marble 1988), with heavy

grazing being more detrimental than moderated grazing

(Warren and Eldridge 2003). Considering this, we

classified the different grazing regimens in three catego-

ries of potential grazing impact as follows: (1) moderate

continuous grazing is hereafter referred as ‘‘low impact,’’

or LI site; (2) heavy seasonal grazing as ‘‘medium

impact,’’ or MI site; and (3) heavy continuous grazing as

‘‘high impact,’’ or HI site. We randomly selected four

plots (10 3 10 m) within a randomly selected homoge-

neous 1-ha area in each of the three grazing sites (LI,

MI, HI). These three grazing land use types are common

in the region and have generated a mosaic of BSC

communities throughout the area. Traditionally, it is the

LI regime under which the grassland ecosystems have

existed in the historic past and is the recommended

stocking rate for the region (COTECOCA 1979).

However, we considered the long-term grazing exclusion

site (LE) as our best available approximation of the

theoretical ‘‘former state’’ to which BSC communities

would return to.

In each plot, we used colored nails to mark 12

permanent 25 3 25 cm quadrats in the interspace

between perennial plants. We followed a systematic

sampling with quadrats organized in 3 3 4 rows,

maintaining a minimum distance of 1 m between the

edges of neighboring plots, resulting in a total of 288

quadrats (12 quadrats/plot34 plots/site36 sites). Rows

were located at least 1 m apart from the nearest quadrat.

Field sampling was carried in March 2009. However, to

assure that the BSC species pool (total species present at

the study area) was included in our study, we also

sampled a 1-km2 area surrounding each site in the dry

and wet season (March and December 2009, respective-

ly). In order to evaluate the potential effect of vascular

vegetation on BSC communities (i.e., taxonomical

group cover), we assessed plant cover using the line

intercept method (Canfield 1941) by sampling four 30-m

and 5-m transects at grazing and recovery sites,

respectively.

Characterization of BSC communities

Field sampling.—During the dry season in March

2009, spatially explicit BSC field identification and

photographic digital recording were combined for each

site and quadrat to record BSC diversity (richness,

cover) and species composition. For each of the 288

permanent quadrats, a digital photograph (Fuji FinePix

TABLE 1. Vegetation, plant cover (mean with 6SE in parentheses), and primary productivity characteristics (DM, dry matter) of
individual sites along the disturbance and recovery gradients in the semiarid grassland in Vaquerı́as, Jalisco, Mexico.

Site Dominant species
Plant

cover (%)

Aboveground
primary productivity
(kg DM�ha�1�yr�1) Coordinates

Disturbance gradient

Moderate continuous
grazing (low impact; LI)

Bouteloua gracilis,
Muhlenbergia rigida

53.80 (5.78) 1200 21846018.49300 N,
101840024.65600 W

Heavy seasonal grazing
(medium impact; MI)

Bouteloua gracilis 29.35 (8.90) 350 21846010.81500 N,
101840027.19200 W

Heavy continuous grazing
(high impact; HI)

Bouteloua scorpioides,
Bouteloua gracilis,
Aristida divaricata,
Isocoma veneta,
Asphodelus fistulosus

25.35 (5.07) ,200 21845036.3600 N,
101838020.5800 W

Recovery gradient

Short-term grazing
exclosure (SE)

Bouteloua gracilis 21.80 (5.62) 450 21846010.81500 N,
101840027.19200 W

Mid-term grazing
exclosure (ME)

Bouteloua gracilis 47.91 (11.12) 600 21845032.4200 N,
101838032.2900 W

Long-term grazing
exclosure (LE)

Bouteloua gracilis,
Muhlenbergia rigida

62.36 (7.23) 800–1200 21845032.4200 N,
101838032.2900 W
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A60, 12 megapixels; Fujifilm, Tokyo, Japan) was taken

in March 2009. Estimating lichen cover using photog-

raphy has been previously identified as a practical,

reliable method to quantify and monitor BSC cover

(Bowker et al. 2008a, Lázaro et al. 2008). For each

quadrat and site, species presence was recorded in the

field for later reference and analysis of digital photo-

graphs. Each photograph was taken at a fixed vertical

distance (30 cm) parallel to the ground. We identified

soil that had no apparent coloration or cohesion as

‘‘bare soil.’’

Image processing.—For each of the 288 digital images

(tif format), the area of each BSC species was visually

delimited using the Software Gimp 2.4 (Natterer and

Neumann 2008). The area of each BSC species was

determined with the image processing software Sigma-

Scan Pro 5 (SPSS 1998). We evaluated BSC species

richness, taxonomical group cover (cyanobacteria,

lichens, and bryophytes), species percent cover, and

species composition. Species richness was computed at

the site level. Percent cover of each BSC taxonomical

group and species was analyzed at the sampling quadrat

level. Species composition was evaluated at the sampling

quadrat level.

Biological soil crusts identification

Lichen specimens were identified using the Lichen

Flora of the Greater Sonoran Desert Region (Nash et al.

2002, 2004, 2007). Mosses were identified following

Sharp et al. (1994). Cyanobacteria were not differenti-

ated taxonomically; however, we distinguished between

light-colored crusts with low cyanobacterial biomass

(hereafter ‘‘light crust’’) and dark-colored crust with

higher cyanobacterial biomass (hereafter ‘‘dark crust’’).

Higher color intensity has also been related to the

presence of later successional species (Bowker et al.

2002) and to higher soil stability (Jimenez Aguilar et al.

2009). Specimens were collected and stored in the

Ecology and Global Environmental Change Laboratory

at the Instituto Potosino de Investigación Cientı́fica y

Tecnológica (IPICYT), San Luis Potosı́, Mexico.

Data analyses

We built two complementary models: (1) resistance-

to-grazing models using data from sites along the

disturbance gradient (low, medium, and high impact)

and (2) resilience models using data from the sites of the

recovery gradient. To evaluate species richness and to

assure that the sampling effort was sufficient to

determine species richness at the quadrat level, sample-

based rarefaction curves were performed for each site.

Estimated species richness (the mean of 100 runs) was

computed for each site using EstimateS: Statistical

Estimation of Species Richness and Shared Species

Samples (available online).6 Cyanobacteria were exclud-

ed from these analyses, as they could not be differen-

tiated at the species level in the field.

To compare BSC group and species cover at the

quadrat level among sites for the disturbance and

recovery gradients (i.e., to assess the effect of grazing,

livestock exclusion, and plant cover), and to detect the

effects of plot variability among the four plots within

each site, cover of cyanobacteria, lichens, bryophytes,

and each BSC species was modeled fitting generalized

linear mixed models (GLMMs) for each gradient

separately. Grazing impact or time since exclusion was

included as explanatory variable (fixed factor) and plot

was included as random source of variation. The

significance of each predictor was estimated by means

of an analysis of deviance (Guisan et al. 2002). For

taxonomical group and species cover, we used the

Poisson response and a ‘‘log’’ link function, setting the

variance to ‘‘mean.’’ We fitted the mixed models using

all applicable link functions and selected the one

minimizing deviance of the model (Belinchón et al.

2007). Degrees of freedom were estimated by Satther-

waite’s method (Litell et al. 1996). All GLMMs were

performed using SAS Macro program GLIMMIX

(GLIMMIX version 8 for SAS/STAT; SAS Institute

2000). To visually assess the degree of similarity in BSC

community composition among sites in the study area,

we conducted nonmetric multidimensional scaling

(NMDS) ordination for all sampling quadrats using

BSC species cover values (in percentages). Due to the

large range of cover data values, cover matrices were

square-root transformed prior to analyses. We created

three ordination plots based on: (1) disturbance

community data (three sites), (2) recovery data (three

sites), and (3) disturbance and recovery data combined

(six sites). Dimensionality was determined by Monte

Carlo tests, resulting in three dimensions for disturbance

community data (stress ¼ 0.16), recovery data (stress ¼
0.11), and disturbance and recovery data combined

(stress ¼ 0.13). To test for significant differences in

species composition within each gradient alone (three

sites each) and the disturbance and recovery gradient

combined (six sites), we conducted PERMANOVA with

site as fixed factor, and plot as random factor nested

within sites (four plots in each site), with 12 replicate

quadrats for each plot (48 quadrats in each site). When

main factors (i.e., grazing impact and time since

exclusion) were significantly different, we conducted a

pairwise comparison for PERMANOVA between sites

for each gradient and for disturbance and recovery

gradients together. NMDS and PERMANOVA were

applied on a Bray-Curtis distance matrix and based on

unrestricted permutation of raw data (9999 permuta-

tions). To identify those species that contributed the

most to differentiate between BSC communities among

sites (up to 50% of average dissimilarities), we applied

similarity percentage (SIMPER) analysis. Multivariate

analyses were performed with PRIMER version 6

(Anderson et al. 2008).6 http://viceroy.eeb.uconn.edu/estimates/
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RESULTS

The species pool of BSCs in the study area consisted

of 21 lichens, 3 mosses, and 1 liverwort (Table 2), along

with an abundant cyanobacteria-dominated crust. In

particular, we found that BSC cyanobacteria were

dominated by light crust along the disturbance gradient

and by dark crusts along the recovery gradient.

Species richness, cover, and composition of biological soil

crusts along the disturbance gradient

As expected, estimated species richness (lichen plus

bryophyte species) in the sampling quadrats decreased

with increasing grazing impact (thus, LI [14] . MI [12]

. HI [9] species; Fig. 2a). Species richness outside

quadrats also declined with increasing grazing impact,

where we found six additional species in LI, but only one

additional species in MI and HI (Table 2). When

accounting for all BSC species per site, total species

richness declined from a maximum of 20 in LI to 13 and
10 in MI and HI, respectively. Dominant lichen species,

such as Acarospora nicolai, A. scabrida, A. socialis,
Endocarpon pusillum, and Lecidella sp., were present in

all sites along the disturbance gradient. Less tolerant
species, such as Peltula michoacanensis or Placopyrenium

sp., were only present in LI where grazing was moderate
and continuous (Table 2). In contrast, Trapelia aff.

coarctata occurred only in MI and HI along the
disturbance gradient (Table 2), where grazing was heavy

and plant cover was lowest (Table 1).
Although mean lichen cover did not show changes

with increased grazing impact (Table 3, Fig. 3a), some
lichen species (A. scabrida) increased in cover when LI

and MI were compared (Table 2). Bryophyte cover,
however, decreased significantly with increasing grazing

impact, with values significantly lower in MI and HI

TABLE 2. Distribution of biological soil crust (BSC) species along the disturbance and recovery gradients, and changes in cover
(%) comparing LI and HI, and SE and LE sites.

Species Code LI MI HI SE ME LE

Changes in cover

LI vs. HI SE vs. LE

Lichen

Acarospora nicolai B. de Lesd. AcNi X X X X X
Acarospora obpallens (Nyl. ex Hasse) Zahlbr. AcOb X X X X X
Acarospora scabrida Hedl. ex H. Magn. AcSca X X X X X X þ ��
Acarospora schleicheri (Ach.) A. Massal. AcSch X X
Acarospora socialis H. Magn. AcSo X X X X X X ��
Acarospora thelococcoides (Nyl.) Zahlbr. AcThe � X
Cladonia coniocraea (Flörke) Spreng. ClaCo � X
Diploschistes diacapsis (Ach.) Lumbsch DiDi X X � X X X þ
Endocarpon pusillum Hedw. EndPu X X X X X
Heterodermia tropica (Kurok.) Trass HetTro � �
Heteroplacidium aff. Podolepsis (Breuss) Breuss HetPo �
Lecania sp. Leca �
Lecidea sp. LeDea X X X X
Lecidella sp. Leci X X X X X
Lichen sp. 1 Lich1 � X
Lichen sp. 2 Lich2 � X
Peltula michoacanensis (B. de Lesd.) Wetmore PelMi X
Placidium lacinulatum (Ach.) Breuss PlacLa X
Placopyrenium sp. Placo X X
Psora icterica (Mont.) Müll. Arg. PsoIc �
Trapelia aff. Coarctata (Turner ex Sm.) M. Choisy TraCo X X X X

Bryophyte

Aloina sp. Alo X
Bryum sp Bry X X X X X þþ
Bryum argenteum Hedw. BryAr X X X X X X
Riccia sp. Riccia X X X

Inside the quadrats

Total lichen species 10 10 8 10 8 9
Total bryophyte species 4 2 1 2 3 3
Total species 14 12 9 12 11 12

Outside the quadrats

Total lichen species 6 1 1 1 0 1

Site

Total species 20 13 10 13 11 13

Notes: Abbreviations are: LI, low-impact site; MI, medium-impact site; HI, high-impact site; SE, short-term exclusion site; ME,
mid-term exclusion site; and LE, long-term exclusion site. For site descriptions see Table 1. An X indicates the presence of the
species inside sampling quadrats, and a dagger (�) indicates the presence of the species outside sampling quadrats. Plus and minus
symbols represent the nature (increase/decrease) and magnitude (þ/�, .10 times; ‘‘þþ/��’’, .100 times) of significant changes in
species cover at P , 0.05 (generalized linear mixed models, GLMMs).
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compared to LI (P ¼ 0.0436, P ¼ 0.0156, respectively;

Table 3, Fig. 3a). Grazing impact had a positive effect

on light crust with higher cover in HI than LI and MI

treatments (Tables 2 and 3, Fig. 3a). Plant cover did not

affect the cover of light crust and lichens (P¼0.7235 and

0.6439, respectively, data not shown) along the pertur-

bation gradient, but it had a positive effect on bryophyte

cover (P ¼ 0.0069).

Ordination of species cover data for the disturbance

gradient showed a clear LI and HI segregation, although

there was some overlap. The MI treatment, in contrast,

occurred between HI and MI, and all followed a pattern

related to increasing grazing impact from left to right

(Fig. 4a). Similarly, PERMANOVA results showed that

grazing impact had a significant effect on BSC

composition (Table 4). The subsequent pairwise tests

revealed significant differences between LI and MI and

between HI and MI (Table 5). We found no significant

differences between LI and HI at P , 0.05 (Table 5);

however, the community structure of LI and HI showed

a different pattern in NMDS analysis (Fig. 4a). The

FIG. 2. Estimated species richness of lichens plus bryophytes at the quadrat level for (a) the disturbance and (b) the recovery
gradient. Error bars are 695% confidence intervals. Significant differences between treatments (curves) are assumed when
confidence intervals do not overlap.

TABLE 3. Results of the generalized linear mixed models
(GLMMs) on BSC group cover per quadrat for the
disturbance and recovery gradients.

Gradient and group df F P

Disturbance

Light cyanobacteria 2 11.23 0.0076
Lichens 2 1.24 0.3443
Bryophytes 2 4.62 0.0227

Recovery

Dark cyanobacteria 2 40.8 0.0025
Lichens 2 7.34 0.0135
Bryophytes 2 45.45 ,0.0001

Note: The random variable plot was nonsignificant in all cases.
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SIMPER analysis revealed that differences between sites

(at least 50% of dissimilarity) were mainly due to

differences in cover of Lecidella sp., A. nicolai, A.

obpallens, and A. socialis (Appendix). Average dissim-

ilarity was 64% between MI and HI, 72% between LI

and MI, and reached a maximum of 78% between LI

and HI (Appendix).

Species richness, cover, and composition of biological soil

crusts along the recovery gradient

Estimated species richness (lichen plus bryophyte

species) was similar for the three sites along the recovery

gradient (Fig. 2b). However, the total number of species

(sampling quadrats and surrounding area) decreased

with grazing impact (Table 2). Specifically, A. sabrida,

A. socialis, Diploschistes diacapsis, and two mosses

(Bryum argenteum and Bryum sp.) were present in all

sites along the gradient, while several lichens (i.e., A.

nicolai, A. obpallens, E. pusillum, Lecidella sp., and T.

coarctata) disappeared in LE (Table 2). In contrast,

species such as A. theolococcoides, Cladonia coniocraea,

P. lacinulatum, Placopyrenium sp., and two unidentified

lichen species (lichen spp. 1 and 2) were exclusively

present in LE (Table 2). It is worth noting that Aloina

sp. was not found in any of the recovery sites and that

Riccia sp. required at least medium-term grazing

exclusion to recover (Table 2).

Time since exclusion had a positive effect on dark

crust and bryophyte cover, with cover for both groups

higher in LE than SE and ME (Table 3, Fig. 3b). In

particular, Bryum sp. cover dramatically increased, with

cover values in SE over 100 times those of LE (Table 2).

Lichen cover, however, was higher in SE than in ME

and LE (Table 3, Fig. 3b). Specifically, A. scabrida and

A. socialis significantly decreased, while D. diacapsis

increased more than 10 times when SE and LE were

compared (Table 2). Plant cover did not affect the cover

of dark crust and bryophytes (P ¼ 0.2909 and 0.2807,

respectively, data not shown) along the recovery

gradient, while it had a negative effect on lichen cover

(P ¼ 0.0029).

Ordination of species cover data for the recovery

gradient showed that quadrats in SE were markedly

separated, although a very small overlap with ME

remained. LE quadrates were clearly distinguishable

from the other groups, and all followed a pattern related

to time since exclusion (Fig. 4b). The PERMANOVA

results also showed that time since exclusion had a

significant effect on BSC composition (Table 4). In

addition, we detected a significant effect of the random

plot factor (Table 4). Pairwise comparison tests revealed

significant differences among SE, ME, and LE (Table

5). The SIMPER analyses showed that differences

between sites (at least 50% of dissimilarity) were mainly

due to differences in cover of Lecidella sp., Bryum sp. A.

obpallens, A. socialis, and Riccia sp. (Appendix).

Average dissimilarity was 70% between SE and ME,

87% between ME and LE, and reached a maximum of

95% between SE and LE (Appendix).

Differences in composition between disturbance and

recovery gradients

When we ordinated the species cover data from the

disturbance and recovery gradients together, we found

disturbance plots ordered as a function of the grazing

impact from HI, MI to LI, with the exception of an

upper cloud of LI points (Fig. 4c). The recovery plots

show an interesting pattern: Whereas the SE plots are

FIG. 3. Percent cover (meanþSE) of cyanobacteria (light and dark, respectively), lichen, and bryophyte at the quadrat level (25
3 25 cm) for (a) the disturbance and (b) the recovery gradient. Different letters above bars indicate significant differences between
sites (gradient levels) within a gradient at P , 0.05.
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contained entirely within space created by the grazed

plots, the ME plots tended to escape from the grazed

plot space to the right. The LE plots escape from the

grazed plot space in the direction of the ME plots. The

LE plots occupy an entirely unique space. This may be

driven by the large increase in Bryum sp. seen in LE

compared to all other treatments, along with the

recovery of other species such as A. thelococcoides,

Cladonia coniocraea, Heteroplacidium aff. podolepis, and

lichen spp. 1 and 2 in LE (Table 2).

The PERMANOVA analysis corroborated these

results, showing significant differences in species com-

position between disturbance and recovery gradients

(Table 4). In particular, SE had a different species

composition than LI and HI, while ME species

composition was similar to LI, MI, and HI. Species

composition in LE was significantly different from all

disturbance and recovery sites. The SIMPER analysis

confirmed that Bryum sp. contributed the most to

differences (at least 50% of dissimilarity) between LE

and all other sites (Appendix).

FIG. 4. Nonmetric multidimensional scaling (NMDS)
ordination plot based on the two most explanatory axes in a
three-dimensional ordination of community composition of
lichen and moss species based on species cover (%) (a) along the
disturbance gradient, (b) along the recovery gradient, and (c)
for all sites. Each point represents a sampling quadrat (N¼ 48,
for each site).

TABLE 4. Results of the two-factor nested PERMANOVA
analysis for BSC species composition based on species cover
data for disturbance and recovery sites and plots.

Gradient and source df
Mean
square Pseudo-F P

CV
(%)

Disturbance

Site 2 29 264 3.14 0.0032 20.38
Plot (Site) 9 9 332 5.64 0.0001 25.29
Residual 132 1 654.8 40.68
Total 143

Recovery

Site 2 95 556 13.751 0.0001 43.126
Plot (Site) 9 6 951.1 5.1206 0.0001 21.667
Residual 132 1 357.5 36.844
Total 143

Disturbance þ recovery

Site 5 65 874 8.0922 0.0001 34.746
Plot (Site) 18 8 141.6 5.4036 0.0001 23.556
Residual 264 1 506.7 38.816
Total 287

TABLE 5. Results of pairwise PERMANOVA test for BSC
composition comparing disturbance and recovery sites.

Gradient and comparison t P

Disturbance

LI vs. MI 1.84 0.0297
LI vs. HI 1.69 0.0572
MI vs. HI 1.79 0.0294

Recovery

SE vs. ME 2.07 0.0083
SE vs. LE 8.18 0.0001
ME vs. LE 3.07 0.0001

Disturbance þ recovery

LI vs. MI 1.84 0.0275
LI vs. HI 1.69 0.0545
LI vs. SE 2.13 0.0227
LI vs. ME 1.43 0.0927
LI vs. LE 3.60 0.0300
MI vs. HI 1.79 0.0285
MI vs. SE 1.64 0.0795
MI vs. ME 1.75 0.0575
MI vs. LE 6.35 0.0273
HI vs. SE 2.90 0.0264
HI vs. ME 1.70 0.0525
HI vs. LE 5.57 0.0271
SE vs. ME 2.07 0.0240
SE vs. LE 8.18 0.0182
ME vs. LE 3.07 0.0287

Notes: Sites are described in Table 1. Significant P values are
in boldface type.
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DISCUSSION

Previous studies of how disturbance affects BSCs have
generally focused on either their resistance or resilience

to disturbance, but very few studies have addressed both
processes at the same time. Our results show that such

simultaneous measures greatly enhance our ability to
understand the different trajectories BSC communities

can take, both while being disturbed and rebounding
from that disturbance. The lack of coherence we found

between the disturbed and recovering communities
conflicts with the idea that ecological succession equates

with natural recovery, as well as the idea that a
spontaneous return to the former state or ‘‘ecosystem

resurrection’’ occurs (see the notion of ‘‘regeneration
succession’’ by van der Maarel 1988). This theory

implies the existence of a two-direction pathway and a
bidirectional, deterministic process. Previous works

describing BSC recovery or degradation trajectories
have been based on these ideas (Anderson et al.
1982a, b, Johansen and St. Clair 1986, Williams et al.

2008, Liu et al. 2009, Read et al. 2011). However, our
results suggest that an accurate picture only can be

achieved by integrating studies of both BSC degradation
and recovery and that once a BSC community is

degraded, it may not return to its former state, even
after an extended recovery time. Making the assumption

that the LE sites represent the initial BSC community
(i.e., the less disturbed site after 27 years of grazing

exclusion), the recovery at our sites appears to be far
away from this former community state. In contrast,

disturbance by grazing led to changes in species presence
and abundance, resulting in a novel BSC ecosystem or

alternative state (Hobbs et al. 2006). As various
components of BSC communities play different func-

tional roles in these ecosystems, the roles of the novel
BSC communities will likely vary from those in the
former BSCs (Bowker et al. 2010, Maestre et al. 2011,

Concostrina-Zubiri et al. 2013). This has restoration
implications as well: If the former species composition

and function of the BSC community is desired (Bowker
2007), it may not be sufficient to just remove the

disturbance factor.
Along with response diversity (i.e., different responses

among groups or species to environmental factors),
functional diversity (i.e., groups or species with different

effects on ecosystem functioning) also determines
ecosystem functioning and resilience (Folke et al.

2004). Recognizing the status and vulnerabilities of
these two ecosystem diversity components is crucial to

develop sound strategies for ecosystem management and
conservation (Walker et al. 2006, Bowker et al. 2008a).

In particular, BSC diversity is of critical relevance in
drylands, as they increase ecosystem functional diversity

in these regions, but often lack functional redundancy
(Miller et al. 2011).

Our study sites were historically subjected to an
intense and chronic continuous grazing regime that has

likely shaped most biological aspects of these commu-

nities over time. Under this premise, grazing disturbance

and time since exclusion have likely influenced BSC

species composition, and our data would suggest both

factors have resulted in a clear turnover of species,

rather than a linear thinning of species, followed by a

deterministic successional trajectory of recovery. That is,

at our sites short and mid-term grazing exclusion did not

result in what we assume was the initial BSC community

configuration (i.e., the long-term grazing exclusion), as

is shown in our ordination analysis (Fig. 4c), but to a

highly dissimilar community configuration. Even mod-

erated grazing eliminated most of the uncommon species

(e.g., Lecania sp., Psora icterica, in LE). Our data

showed that the BSC communities at our study sites

consist of a dominant cyanobacterial crust matrix (light

crust and dark crust), with a diverse mosaic of lichen

and bryophyte species that shift in presence and

dominance depending on external drivers such as

grazing pressure and recovery time.

Changes in species richness along the disturbance

and recovery gradients

Species richness differed along the disturbance gradi-

ent and was similar along the recovery gradient,

indicating both processes were remarkably different.

As expected, we found a steady decrease in lichens (10 to

8 species), bryophytes (4 to 1 species) and total species

richness (from 14 to 9) with increasing grazing impact.

Grazing is recognized as the most powerful disturbance

agent in drylands and has been related to reduced BSC

richness when comparing disturbed and undisturbed

areas (Warren and Eldridge 2003). More specifically,

increasing grazing intensity has been shown to consis-

tently lead to a decline in BSC richness, while the

number of lichen and moss species increase with time

since exclusion in drylands (e.g., Hodgins and Rogers

1997, Anderson et al. 1982b, Brotherson et al. 1983).

However, we found no differences in richness among the

time-since-exclusion plots, which was surprising, given

that the LE plots had not been grazed for 27 years.

However, as noted in the previous paragraph, species

identity and thus composition substantially shifted,

depending on grazing regime and exclusion time. Even

when comparing SE and LE, a total of eight species

disappeared and seven appeared. These large shifts in

species composition may be explained by two mecha-

nisms: (1) a denser grass canopy in LE sites created a

change in microenvironments suitable for a different

suite of BSC species and/or (2) species highly vulnerable

to grazing found new establishment niches. As BSC

richness in SE, ME, and LE sites seems to be more or

less fixed, there may be other factors to consider. For

example, in LE sites, potential BSC habitat availability

declined because of grass cover expansion (Table 1), and

therefore, competition for space may explain the

unexpected and relative low number of BSC species in

LE sites.
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Biological soil crust species dynamics

As expected, we found a significant decline in cover of

lichens and bryophytes as grazing impact increased (Fig.

2a), along with a positive effect of plant cover on

bryophyte cover. This response was similar to that seen

in many other studies (e.g., Rogers and Lange 1971,

Hodgins and Rogers 1997, Bertiller and Ares 2011,

Gómez et al. 2012). However, we saw an unexpected,

large decrease in lichen cover with time since exclusion

(from 8.5% to 3.2%), while bryophyte cover increased

accordingly (from 0.2% to 9.3%; Fig. 2b). This may be

related to increased competition for space and light with

other BSC components due to higher plant cover along

the recovery gradient, where crustose lichens (i.e., the

most abundant morphotype in study area) perform

worst (Ellis and Coppins 2006). Anderson et al. (1982b)

made similar observations when evaluating BSC re-

sponses to differently aged exclosures: Lichen cover

increased in the mid-term grazing exclosures (protected

for 14–18 years), but declined in long-term grazing

exclosures (37–38 years), while moss cover continued to

increase with time. In our study, most of the decline was

due to the loss of the grazing-sensitive lichen Lecidella

sp., and much of the recovery due to an increased cover

of Bryum sp., which appears to be very sensitive to

grazing cessation. Previous studies reported species-

specific changes in response to grazing intensity. For

example, the frequency of the lichen Heppia lutosa and

the liverwort Riccia crinita decreased 7 and 10 times,

respectively, with increasing grazing intensity in a

semiarid grassland in Australia (Hodgins and Rogers

1997). Also, the abundance of the lichen Stigonema

ocellatum and liverwort Riccia limbata was generally

lower in sites with higher grazing intensity (Williams et

al. 2008). Finally, the lichen Caloplaca volkii was mostly

PLATE 1. (a) View of HI site (left) and LE site (right) separated by the livestock exclosure fence, (b) Acarospora scabrida, (c)
Acarospora schleicheri, (d) Acarospora socialis, (e) Acarospora nicolai, (f ) Cladonia coniocraea, (g) Diploschistes diacapsis, (h)
Endocarpon pusillum, (i ) Heterodermia tropica, ( j) Lecidella sp., (k) Lichen sp. 2, (l) Placidium lacinulatum, (m) Placopyrenium sp.
Photo credits: L. Concostrina-Zubiri.
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present in grazing exclosure, rather than in grazed sites

in the Namibia Desert (Lalley and Viles 2008).

Light-crust cover increased with the decrease of lichen

and moss cover, as cyanobacteria easily colonize soil

surfaces left vacant by the removal of mosses and/or

bryophytes. This is a common finding among all studies

conducted on drylands in different continents looking at

the impact of disturbance on BSCs (e.g., reviewed in

Belnap and Eldridge 2003, Gómez et al. 2012).

Cyanobacteria are almost always the first conspicuous

biological component to colonize disturbed sites

(Bowker 2007), as they are easily dispersed by wind

and water, can tolerate burial from loose sediment, and

resist trampling by continued disturbance (Eldridge et

al. 2000). Because cyanobacterial cover often increases

with impacts, total BSC cover in our plots reached a

maximum in the high-impact sites (HI), with cyanobac-

teria (i.e., light crust) being the most abundant crust

cover type. However, the expansion of light cyanobac-

terial crusts with grazing does not compensate function-

ally for the loss of lichen and bryophytes, as

cyanobacterial BSCs confer less stability and contribute

less carbon and nitrogen to underlying soils than BSCs

with lichens and mosses. In the long-term exclusion

plots, dark cyanobacterial BSCs and Bryum sp. were the

dominant covers. The increase of these two components,

especially Bryum sp., could be due to the increase in

grass cover, which moderates the otherwise harsh light,

temperature, and soil moisture conditions. Also, chang-

es in the microenvironment along the recovery gradient

may have favored the development of later successional

cyanobacterial species found in dark crust (Bowker et al.

2002),

Resistance–recovery responses of the biological soil crusts

at the species level

Among lichens and mosses, we found highly resistant

species that occurred at all sites, independent of grazing

impact or time since exclusion (e.g., Diploschistes

diacapsis). We identified four major BSC species

response groups (Fig. 5) associated with different

resistance and resilience to grazing: (1) high resistance

and resilience (e.g., cyanobacteria BSCs), (2) high

resistance and low resilience (e.g., Acarospora scabrida),

(3) low resistance and high resilience (e.g., Bryum sp.),

and (4) low resistance and resilience (e.g., Placidium

lacinulatum).

In the first group, cyanobacteria BSCs showed high

resistance and resilience perhaps due to their protective

polysaccharides sheaths, their ability to move through

the soil, their high dispersability among sites, and their

ability to withstand a wide range of microenvironmental

conditions (low to high light, UV, temperatures, and soil

moisture; Belnap and Lange 2003). The second group

included species that showed high resistance with

increasing disturbance and was dominated by species

with semi-continuous squamulose morphology (e.g.,

Acarospora genus). This suggests that such growth

strategy allows to a higher resistance to mechanical

impact such as trampling by livestock. This group

FIG. 5. Schematic representation of the four major response groups associated to different disturbance and recovery levels. The
relationship between disturbance and recovery levels and species cover along gradients is schematized for each biological soil crust
(BSC) response group considered: (1) high grazing resistance and high recovery response, (2) high grazing resistance and low
recovery response, (3) low grazing resistance and high recovery response, and (4) low grazing resistance and low recovery response.
Groups are described in the Resistance–recovery responses of the biological soil crusts at the species level section. Species following
the aforementioned responses are shown (species codes are described in Table 2).
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showed low resilience after 27 years, while previous

results indicate that lichens with semi-continuous thalli

recover faster than lichens with continuous thalli in the

first years of grazing exclusion (Jimenez Aguilar et al.

2009). On the contrary, the third group, represented by

Bryum sp., exhibited low resistance to heavy grazing,

perhaps because of their morphological structure (i.e.,

an erect moss that crumbles with compressional stress

when dry) and reproductive strategies (i.e., asexual

reproduction) (Eldridge and Rosentreter 1999). Howev-

er, mosses showed rapid recovery with grazing exclu-

sion, likely due to their ability to re-establish from

fragments, and their ability to withstand low light

resulting from high plant cover. This pattern concurs

with previous findings that show the dependence of

growth and reproduction in mosses on microenviron-

ment conditions, such as light exposure and humidity

(Herrnstadt and Kidron 2005), and their rapid recovery

after grazing exclusion in other semiarid regions (Read

et al. 2011). The last group, represented by Placidium

lacinulatum, shows a low resistance and resilience,

suggesting that these species are easily crushed and

require a minimum level of disturbance to assure high

habitat (e.g., bare soil) and light availability. This may

also indicate slow colonization and/or growth rates

relative to other BSCs and vascular plant species.

Finally, BSC communities shifted in species compo-

sition in the disturbance and recovery gradients, as other

authors reported previously (Johansen and St. Clair

1986, Lalley and Viles 2008). Along the disturbance

gradient, dissimilarity in species composition was more

pronounced between moderate continuous grazing sites

and heavy continuous grazing sites. As other authors

have pointed out (Harper and Marble 1988), continuous

grazing may impact BSC community composition and

richness more than seasonal grazing, as it prevents the

more vulnerable species from establishment (e.g., A.

schleicheri ) and lowers the cover of less resistant species

(e.g., A. obpallens, Lecidea sp.). Long-term exclusion

clearly influenced BSC composition, allowing the

coexistence of six species that were not found in the

other sites that lacked grazing. All of these six species

have a relatively soft and thin thallus structure (e.g.,

Cladonia coniocraea, lichen sp. 2), which would be more

vulnerable to physical disturbance and trampling

(Eldridge and Rosentreter 1999).

CONCLUSIONS

Maintaining ecosystem structure and functioning may

be particularly difficult in drylands, especially when

subjected to high-impact disturbances such as grazing

(Manzano et al. 2000, Delgado-Balbuena et al. 2013). In

our study system, BSC communities experienced pro-

found changes in species composition under different

grazing management regimes, and these compositional

changes remained after almost 30 years of disturbance

removal. Whereas long-term livestock exclusion has led

to partial recovery of those species lost due to heavy

grazing, other, new species have colonized. In the past,

studies on BSCs have generally assumed that simply

removing the disturbance stressor would result in a

community similar to that present pre-disturbance.

However, this may not be valid in many circumstances.

Instead, it is likely that many BSC communities have

been pushed over a threshold into a new ecosystem state

by surface disturbance and/or changes in climatic

regimes and will not recover without management

action (Miller et al. 2011). This, in turn, threaten the

ecosystem services provided by BSCs (e.g., soil stability,

carbon, and nitrogen inputs), as such services are

dependent on the functional identity of the species

present (Bowker et al. 2010, Concostrina-Zubiri et al.

2013). That said, we have little information on the role

of most BSC species at these study sites, and much

research is needed before we can fully evaluate the

potential damage of this transition to a new state.

Because of the high possibility of state changes with

grazing disturbance and the uncertainty surrounding the

true impact of such a change, as well as our limited

ability to restore the original communities, it is of critical

importance that management goals in these landscapes

include preservation of the BSC communities.
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SUPPLEMENTAL MATERIAL

Appendix

SIMPER analysis for BSC composition comparing disturbance and recovery sites (Ecological Archives A024-211-A1).

October 2014 1877RESISTANCE AND RESILIENCE OF BSCS

http://www.esapubs.org/archive/appl/A024/211/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00083
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


