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Abstract Unpalatable plant species often act as

biotic refuges by protecting neighboring plants from

herbivores. This positive interaction can increase

functional diversity in grazed ecosystems by protecting

species sensitive to grazing. While many studies

investigate pair-wise interactions between benefactors

and beneficiaries, few show that these interactions

result in community composition effects. We studied

the effect of an unpalatable plant, Juncus effusus, on

wetland plant communities in grazed and ungrazed

plots. We tested the following predictions: (1) Juncus

would increase plant functional diversity in grazed

wetlands; (2) Juncus would have significant effects on

community composition; and (3) the effects of Juncus

on other species would change across the grazing

gradient. We found that Juncus preserved functional

diversity in grazed wetland communities by protecting

species that decrease with grazing pressure. In multi-

variate analyses, grazing was the strongest driver of

species composition but we found significant effects of

Juncus on both vegetation change and species compo-

sition in grazed plots. Interactions with Juncus were

facilitative in grazed plots and competitive in ungrazed

plots, but did not vary along the grazing gradient

(0.15–1.7 cows/ha). These results indicate that Juncus

has significant community composition effects in

grazed wetland plant communities. Understanding

the effects of plant interactions such as these at the

community level is essential to applying plant interac-

tions to restoration or management.

Keywords Facilitation � Herbivory � Plant–plant

interactions � Stress gradients

Introduction

Unpalatable plant species often act as biotic refuges by

protecting neighboring plants from herbivores (Atsatt

and O’Dowd 1976; Callaway et al. 2000; Milchunas

and Noy-Meir 2002; Rebollo et al. 2002; Oesterheld

and Oyarzabal 2004). As biotic refuges, unpalatable

plants may have important implications for diversity,

conservation, and management in grazed ecosystems

(Callaway et al. 2005) and may provide safe sites for

species that would have been eradicated by grazing.

Thus, unpalatable plants can promote stability in

habitats with high consumer pressure (Callaway et al.

2000, 2005; Rebollo et al. 2002, 2005).

Often, species that are protected by unpalatable

plants are palatable species that are preferred by

grazers and are sensitive to grazing pressure
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(Callaway et al. 2005; Baraza et al. 2006). Species

have been divided into groups based on the way they

respond to grazing (Olff and Ritchie 1998; McIntyre

et al. 2003). Increasers are species that increase

cover with grazing pressure and decreasers are species

that decrease cover with grazing pressure (McIntyre

et al. 2003). These two response groups relate to the

adaptive strategies proposed by Grime (1977). In

grazed ecosystems, biotic refuges are stress-tolerant

increasers, while the species they protect are usually

competitive decreasers (Fig. 1); ruderal species likely

do not benefit from facilitation due to sensitivity to

competition (Michalet et al. 2006).

The presence of herbivores can alter interactions

between unpalatable and palatable species, with facil-

itative interactions expected when herbivores are

present and competition expected in the absence of

herbivores (Callaway et al. 2005). The intensity of

grazing may also play a role in determining whether

positive interactions occur between unpalatable and

palatable species. Grazing must have a negative effect

on the palatable species so that protection from the

unpalatable plant outweighs competitive effects of

being near the unpalatable. Rebollo et al. (2005) found

that interactions between the biotic refuge, Opuntia sp.

and the palatable species, Bouteloua gracilis were

negative in lightly grazed areas while they became

positive in intensely grazed areas. Other studies have

found that in intensely grazed situations, unpalatable

plants lose their ability to function as a refuge and have

observed highest facilitative intensity at intermediate

levels of grazing (Brooker et al. 2006; Graff et al. 2007;

Smit et al. 2007). Of the few studies that have assessed

plant interactions along stress gradients, most have

only been able to compare two (high versus low) points

along the gradient (Brooker et al. 2006, 2008). More

studies are needed that sample entire stress gradients

(Brooker et al. 2006; Michalet et al. 2006; le Roux and

McGeoch 2010).

We examined relationships between grazing and

biotic refuges in highly productive wetland ecosystems

in south-central Florida, where cattle ranching is the

dominant land use. There are many isolated seasonal

wetlands embedded within cattle ranches in this

region, and many of these wetlands become invaded

by the native tussock-forming rush, Juncus effusus

L.var. solutus Fernald and Wiegand, under high

grazing pressure (Boughton et al. 2010). Juncus is

unpalatable to cattle (Humphrey and Patterson 2000),

and we observed many species growing within its

tussock in grazed wetlands. Wetlands were randomly

selected across the entire ranch and were embedded in

areas that received differing levels of grazing intensity,

enabling us to examine interactions with Juncus across

a grazing intensity gradient. In a transplant experiment,

we demonstrated that Juncus provided refuge for three

species (Boughton 2009), providing evidence that

Juncus is refuge from grazing to some plant species in

these wetland communities. However, it has been

demonstrated that plant interactions may not always

Fig. 1 Interaction web between an herbivore, Juncus, and

increaser and decreaser species. Herbivores indirectly (dashed
lines) benefit both increaser, grazing tolerant defended species

(such as Juncus) and short-statured sprawling species by

reducing their competitors (decreasers). Juncus indirectly

positively affects grazing-intolerant competitive species by

protection from herbivory which results in a direct (solid lines)

negative effect of Juncus on cattle
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translate into population or community composition

effects (Brooker et al. 2006). Understanding commu-

nity level effects is important for assessing responses to

grazing and may be applicable to forming restoration

or management recommendations.

The central goals of this study were to determine if

Juncus preserves functional diversity in wetlands

embedded in subtropical pastures, and to examine

how Juncus influences the composition of grazed

wetland communities. We tested the following hypoth-

eses: (1) species richness and abundance of different

response groups (specifically increasers and decrea-

sers) differ between non-Juncus and Juncus plots,

(2) Juncus would have significant effects on commu-

nity composition, and (3) the effects of Juncus on other

species would change across the grazing gradient.

Methods

This experiment was conducted at the MacArthur

Agro-Ecology Research Center (MAERC), a division

of Archbold Expeditions, located in south-central

Florida (27�090N, 81�110W). MAERC is located at

Buck Island Ranch, a 4290-ha commercial cattle ranch

which is a combination of improved (IMP) and semi-

native pastures (SNP) with approximately 630 iso-

lated, seasonal wetlands embedded throughout the

property. Approximately half of the land area of Buck

Island Ranch is occupied by intensely managed IMP

and the other half is occupied by less intensely

managed SNP. Improved pastures are composed

primarily of Bahia grass (Paspalum notatum Flueggé)

an introduced forage grass, are fertilized annually with

N (*52 kg ha-1), were historically fertilized with

NPK fertilizer (1960s–1986), and are periodically

(3–5 year) limed. SNP are composed of a mixture of P.

notatum as well as native grasses (i.e., Andropogon

spp. L., Axonopus spp. P.Beauv., and Panicum spp.

Schult.) and have never been fertilized or limed. The

climate is subtropical with a mean annual temperature

of 22�C, and summer maximums of 33�C. Mean

annual precipitation is 1300 mm, of which 69% falls

during the wet season (June–October). Cattle are the

main herbivore in this system, but feral pigs also are

present and often create large soil disturbances in and

around wetlands. In a separate study, peak standing

biomass in fenced wetlands was *720 ± 378 g/m2 in

IMP wetlands and *400 ± 185 g/m2 in semi-native

wetlands (Bohlen and Quintana-Ascencio, unpub-

lished data). In grazed wetlands peak standing bio-

mass was *345 ± 172 g/m2 in IMP wetlands and

*280 ± 76 g/m2 in SNP.

We selected 16 wetlands across Buck Island Ranch

to sample a range of grazing intensities across SNP and

IMP. Grazing intensity varies across the ranch,

although IMPs usually experience higher grazing

pressure than SNPs. For the duration of this study,

which covered two wet seasons, (*July 2006–Decem-

ber 2007), average stocking rate was 1.08 cows/ha in

IMPs and 0.59 cows/ha in SNPs. However, the IMP

and SNP are subdivided into several smaller pastures

by fences, and there is a wide range of grazing

intensities among pastures within these two pasture-

types. Grazing pressure during this study ranged from

0.57 to 1.7 cows/ha in IMPs and from 0.15 to

1.12 cows/ha in SNPs. We used the grazing intensity

within the smaller pastures as a proxy for grazing

intensity for wetlands within that pasture. Although

these values provide a relative measure of grazing

intensity within a pasture, local differences in grazing

intensity can occur and even in a lightly stocked

pasture, grazing pressure can be intense in some areas

(Rebollo et al. 2005). Therefore, we evaluated an

alternative estimate of local grazing intensity for each

study wetland; we measured six heights of the sward

within each wetland and averaged them. The use of

sward structure to estimate grazing intensity has been

recommended because of the heterogeneous nature of

livestock grazing (McIntyre et al. 2003). We expected

a negative association between vegetation height

and grazing intensity. This local measure of

grazing intensity was significantly related to cows/ha

(R2 = 0.40, F = 9.3, P = 0.009, n = 16).

Experimental design

Our experiment had three factors: pasture (improved

versus semi-native), grazing (grazed or ungrazed), and

Juncus (Juncus or no Juncus). To insure that study sites

were evenly distributed across the ranch property, we

divided the property into eight sections and chose one

IMP wetland and one SNP wetland randomly within

each section for a total of 16 wetlands. Wetlands were

chosen for use in the study only if they contained a large

population of Juncus. At the center of each wetland,

two random directions were chosen from eight possi-

ble directions (N, NE, E, SE, S, SW, W, and NW).
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These locations were used to determine the positioning

of two experimental subplots within a wetland. At each

experimental subplot we set up a grazed 2 m 9 2 m

plot containing four 1-m2 quadrats and an adjacent non-

grazed 2 m 9 2 m grazing exclosure containing four

1-m2 quadrats. Grazing exclosures were constructed

with four steel fence posts, four 2.5 m long 9 1.5 m

tall fence panels, and thick wire. Grazing exclosures

successfully excluded all large herbivores (i.e., cattle,

hogs, and deer) from experimental plots. We con-

structed 32 exclosures (2 exclosures 9 16 wetlands)

for this study. Two of the four 1 9 1 m subplots within

each main grazing treatment plot were randomly

assigned the Juncus treatment or non-Juncus treatment.

All Juncus plants were removed from the non-Juncus

treatment quadrats using a machete and large clippers.

During the first 2 weeks of the study Juncus was kept

out of the non-Juncus treatment quadrats by repeated

clipping. Plots became inundated with water, and other

species grew over the space where Juncus had been

resulting in the death of Juncus. No additional respro-

uting was observed in non-Juncus plots during

subsequent visits indicating that Juncus was com-

pletely removed. This experimental setup resulted in

four treatments in each wetland: (1) grazed with

Juncus, (2) grazed without Juncus, (3) ungrazed with

Juncus, and (4) ungrazed without Juncus. Community

composition of each of these treatments was assessed

by categorizing visual estimates of percent cover of

each species into seven cover classes (Daubenmire

1959). The visual cover class approach is suitable to use

in high density vegetation and for locating rare species.

Evidence suggests that cover class estimates are

correlated with other methods such as line intercept

and point intercept (Kercher et al. 2003). Composition

estimates were obtained in September 2006 after all

fences and Juncus treatments had been established and

again in October 2007 at the end of the experiment.

Percent cover midpoints of each species from the same

treatment per wetland were averaged to remove

pseudoreplication (Abrams and Hulbert 1987).

Data analysis

Indicator species analysis in PC-ORD v. 5.32 was used

to identify species that were significantly associated

with either ungrazed or grazed plots to determine

which species increased with grazing (increasers) or

decreased with grazing (decreasers).

We used ANOVAs to determine if Juncus, graz-

ing, and pasture treatments and their interactions

affected species richness and decreaser abundance.

Analyses were conducted in SPSS 16.0. Decreaser

abundance was logarithmically transformed prior to

analysis to better meet test assumptions. We could

not approach normality in increaser abundance so we

used non-parametric Kruskal–Wallis tests for that

variable. We did three Kruskal–Wallis tests, one for

each main effect (pasture, Juncus, and grazing). We

used a Bonferroni correction to determine the correct

P-value to denote significance (0.05/3) which

resulted in a = 0.025 (Sokal and Rohlf 1995).

To assess the effect of grazing intensity on

decreaser cover within Juncus clumps, we calculated

relative interaction intensity (RII), where

RII = (Bw - Bo/Bw ? Bo). Bw is decreaser cover

with Juncus and Bo is decreaser cover without

Juncus. This index is centered on zero, with positive

values indicating facilitation and negative values

indicating competition. We analyzed the relationship

between RII and grazing intensity (cows/ha and

vegetation height) with linear regressions assuming

the beta distribution following le Roux and McGeoch

(2010) and Smithson and Verkuilen (2006), including

pasture-type as a fixed factor.

We analyzed the effect of grazing, Juncus, and

pasture-type and their interactions on community

composition, using non-metric multidimensional scal-

ing (NMS) ordination in PC-ORD v.5.32 with Søren-

son distance, a random starting configuration, 50 runs

of real data, 100 runs with random data, and 250

iterations. A total of 85 species were included in the

ordination. The percent cover of Juncus was removed

to prevent circularity when comparing treatment

effects. Before conducting the ordination we assessed

descriptive statistics in PC-ORD of each plot (rows)

and found the coefficient of variation was 34.8%

indicating no transformations were necessary. Ordi-

nation scores were compared between treatments using

overlap of 95% CI calculated and graphed in Sigma-

Plot v. 10. If confidence intervals did not overlap,

treatments were interpreted as significantly different

(Callaway et al. 2005).

Community changes were compared among treat-

ments by analyzing the differences in length and

direction of successional vectors calculated by com-

paring composition of individual plots at the begin-

ning and end of the study (McCune and Grace 2002;
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McCune 1992). We analyzed vector length and vector

direction separately (McCune 1992). Vector length

translates into magnitude of change in species com-

position from the start of the experiment to the end of

the experiment (Harcombe et al. 2002), while vector

direction represents how similar species composition

is between treatments at the end of the experiment.

We chose to calculate both vector length and vector

direction using city block distances rather than

Euclidean distances because city block space gives

less weight to outliers (McCune 1992; Harcombe et al.

2002). Standardized vectors were analyzed in a

MANOVA in SPSS 16.0 to test whether the heads

of the vectors occupy the same region in two-

dimensional space with the x and y coordinates of

the vector heads as dependent variables and grazing,

Juncus, and pasture-type as fixed factors. Vector

length was analyzed with an ANOVA, with length as

the dependent factor and grazing, Juncus, and pasture-

type and their interactions as fixed factors. Dependent

factors were checked for normality and no transfor-

mations were necessary.

Results

The results of the indicator species analysis identified

the negative association of four species with grazing

(decreasers), and the significant positive association of

two species with grazing (increasers). Two more

species were marginally associated with grazing

(Table 1). None of the experimental treatments or

their interactions was significant in explaining varia-

tion in species richness, although Juncus was weakly

associated with lower species richness (mean ± SE,

with Juncus: 14.03 ± 0.69, without Juncus: 15.78 ±

0.71, P \ 0.09, Table 2). As expected, species that

were classified as decreasers were significantly less

abundant in grazed plots (mean ± SE: 9.2% ± 1.8)

versus ungrazed plots (37.6% ± 3.7) and in IMP

wetlands (19.9% ± 3.6) compared to SNP wetlands

(26.9% ± 3.9) (Table 3). Decreaser abundance was

significantly higher in plots with Juncus in grazed

areas, but the opposite was true in ungrazed areas

(Table 3; Fig. 2). There was a significant pasture-by-

grazing interaction in which decreaser species were

equally abundant in the ungrazed plots in both pasture-

types (IMP: 35.2% ± 4.0; SNP: 39.9% ± 4.0), but

decreasers were more abundant in SNP grazed plots

(13.8% ± 4.0) compared to IMP grazed plots

(4.7% ± 4.0) (Table 3). This interaction was likely

due to lower grazing intensity in SNP wetlands

Table 1 Indicator species analysis for decreasers (species that

are negatively associated with grazing) and increasers (species

that are positively associated with grazing)

Functional

group

Decreaser Increaser P

Centella asiatica Native forb x 0.005

Cynodon dactylon Exotic grass x 0.06

Cyperus haspans Native sedge x 0.01

Luziola flutans Native grass x 0.03

Ludwigia repens Native forb x 0.09

P. hemitomon Native grass x 0.001

S. striata Native grass x 0.004

Bare ground x 0.001

Four species were negatively associated with grazed plots,

while two species were positively associated with grazed plots

and two more species were marginally associated with grazed

plots (in bold)

Table 2 ANOVA results for species richness among treatments

df MS F P

Juncus (J) 1 49.0 2.90 0.09

Grazing (G) 1 1.0 0.06 0.81

Pasture (P) 1 27.56 1.63 0.21

J 9 G 1 0.56 0.03 0.86

J 9 P 1 0.25 0.02 0.90

G 9 P 1 0.25 0.02 0.90

J 9 G 9 P 1 0.56 0.03 0.86

Error 56 16.89

Table 3 ANOVA results for decreaser abundance among

treatments

df MS F P

Juncus (J) 1 0.62 1.21 0.28

Grazing (G) 1 40.34 78.99 <0.001

Pasture (P) 1 4.97 9.73 0.003

J 9 G 1 4.53 8.86 0.004

J 9 P 1 0.01 0.01 0.92

G 9 P 1 2.76 5.41 0.02

J 9 G 9 P 1 0.31 0.60 0.44

Error 56 0.51

Values in bold are significant at a = 0.05
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compared to IMP wetlands. The coverage of Juncus

was the same inside the exclosure (75.5% ± 3.4) and

outside the exclosure (78.9% ± 3.4) at the beginning

of the experiment (df = 1.31, F = 0.49, P = 0.49),

but was lower inside the exclosures (50.3% ± 4.6) at

the end of the experiment (df = 1.31, F = 4.48,

P = 0.04).

Species classified as increasers were significantly

higher in grazed areas (mean rank in grazed: 40.88;

mean rank in ungrazed: 24.12; v2 = 13.37, P = 0.003)

and higher in IMP wetlands compared to SNP (mean

rank in IP: 37.7; mean rank in SNP: 27.3; v2 = 5.2,

P = 0.02). The main effect of Juncus was not signif-

icant, but there was a trend toward lower mean rank

abundance of increasers with Juncus (28.6) than

without Juncus (36.4; v2 = 2.89, P = 0.09).

In the linear regressions to determine how RII

varied along the grazing intensity gradient, we found

that both cows/ha (z = 0.40, P = 0.69) and vegeta-

tion height (z = 0.62, P = 0.54) were unrelated to

RII. RII was significantly affected by the grazing

treatments, with higher RII values in grazed plots and

lower RII values in the exclosures (Fig. 3). Pasture-

type had no affect on RII.

Species composition varied among pasture and

grazing treatments (Fig. 4). At the beginning of the

experiment, there were no major differences between

treatments except for a slight pasture effect as

indicated by highly overlapping 95% CI among

treatments (Fig. 4a). In year two, grazing treatments

had a stronger effect on species composition in IMP

wetlands than in SNP wetlands (Fig. 4b). In the

ordination, IMP grazed plots were set apart from the

other treatments and 95% CI overlapped only one

other treatment (Fig. 4b). A three-dimensional solu-

tion was selected, and all axes were significant

(P = 0.009). The percent of variance explained by

the entire ordination was 0.66 (Axis 1 r2 = 0.22,

Axis 2 r2 = 0.21, Axis 3 r2 = 0.22). Final stress was

18.58 with a final instability of 0.00004. Analysis of

the length of successional vectors (rate of vegetation

change) showed that the main effect of pasture

(df = 1.63, F = 4.92, P = 0.03) was significant, but

the main effects of Juncus (df = 1.63, F = 1.13,

P = 0.29) and grazing (df = 1.63, F = 0.46,

P = 0.50) and all interactions were non-significant.

When analyzing vector direction, which represents

similarity in species composition between treatments

at the end of the experiment, the MANOVA showed

the main effect of grazing (Pillai’s Trace, df = 1.63,

F = 4.95, P = 0.01) was significant while effects of

Juncus (Pillai’s Trace, df = 1.63, F = 0.37,

P = 0.69) and pasture (Pillai’s Trace, df = 1.63,

F = 0.47, P = 0.63) and all interactions were non-

significant (Table 4).

As the grazing effect was so strong and may have

obscured any effects of Juncus on species composition,

we ran a second ordination of only the grazed plots to

determine if Juncus and non-Juncus plots differed in

vector length and direction. A three-dimensional

solution was selected and all axes were significant

(P = 0.019). The percent of variance explained by the

entire ordination was 0.64 (Axis 1 r2 = 0.17, Axis 2
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Fig. 2 In grazed plots, decreaser abundance was significantly
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ungrazed plots. This suggests a switch from facilitative to
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indicating competition occurred
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r2 = 0.21, Axis 3 r2 = 0.26). Final stress was 17.70

with a final instability of 0.00007. In this analysis, we

found that Juncus significantly affected vector length

(df = 1.31, F = 10.51, P = 0.003), with shorter vec-

tors in Juncus plots compared to non-Juncus plots

(Table 4). The MANOVA of vector direction showed

the main effect of Juncus (Pillai’s Trace, df = 1.31,

F = 4.17, P = 0.02) was significant while the effect

of pasture (Pillai’s Trace, df = 1.31, F = 1.99,

P = 0.14) and their interaction was non-significant

(Pillai’s Trace, df = 1.31, F = 0.58, P = 0.63).

Discussion

Refuge effects of J. effusus

The positive effect of Juncus on the abundance of

grazing-sensitive species (i.e., decreasers) supports

our hypothesis that Juncus preserves functional diver-

sity in grazed wetlands. Plots with Juncus tussocks

were not associated with higher species richness but

were associated with higher abundance of decreasers

compared to plots without Juncus in a grazed context.

Similarly, Oesterheld and Oyarzabal (2004) found that

an unpalatable grass provided refuge for a palatable

grass preventing the palatable species from becoming

locally extinct. Eliminating unpalatable plants, which

is sometimes a goal of rangeland managers could

result in the eradication of desirable palatable species

with consequences for loss of both diversity and

ecosystem services (McNaughton 1978; Callaway

et al. 2000, 2005; Oesterheld and Oyarzabal 2004).

Although we identified only four species that were

significant decreasers in these wetlands (Table 1), it is

likely that a study focused on whole wetlands, rather

than on the edge of wetland areas dominated by Juncus,

would have identified more decreaser species. Two

species that were identified as decreasers, Panicum

hemitomon and Sacciolepis striata, are native wetland

grasses beneficial for both wildlife and as cattle forage.

In grazing exclosures, the cover of these decreasers

increased while the cover of Juncus cover decreased,

Axis 1
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A
xi

s 
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A
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(b) 

Fig. 4 NMS ordination for the effects of pasture

(white = SNP (S), black = IMP (I)) and grazing and Juncus
treatments. Axes 1 and 3 explained the most variation

(r2 = 0.22 for each), Axis 2 not shown. Symbols represent

the means of eight plots and bars represent 95% CI.

a Community composition at the beginning of the experiment.

b Community composition at the end of the experiment. NjNg,

non-Juncus, non-grazing; JNg, Juncus, non-grazing; NjG, non-

Juncus, grazing; JG, Juncus, grazing

Table 4 SNP wetlands show greater vegetation change (longer vector lengths) over the course of the experiment than IMP wetlands

SNP IMP Juncus Non-Juncus Grazed Ungrazed

Vector length 1.27 – 0.14 0.89 – 0.09 1.20 – 0.14 1.91 – 0.19 1.14 ± 0.13 1.03 ± 0.12

Vector direction

Axis 1 -0.32 ± 0.09 -0.19 ± 0.09 -0.26 ± 0.08 -0.25 ± 0.10 -0.15 – 0.09 -0.36 – 0.07

Axis 2 0.14 ± 0.09 0.13 ± 0.10 0.08 ± 0.10 0.19 ± 0.09 -0.03 – 0.10 0.30 – 0.08

Non-Juncus plots show greater vegetation change (longer vector length) than Juncus plots. Grazed and ungrazed plots differed

significantly in species composition (vector direction) at the end of the experiment. Data are means ± SE. Values in bold represent

significant differences between the levels of a factor
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suggesting that Juncus may be outcompeted by the

species it benefits when grazing is removed.

We found no relationship between RII and the

sampled grazing gradient. This may be because we

were not able to sample a large enough gradient in

grazing intensity. In addition, we found no variation

in RII between pasture-types. However, we did find

that RII was significantly higher in grazed plots

compared to ungrazed plots, supporting the notion

that facilitation is more prevalent in areas of high

consumer pressure (Bertness and Callaway 1994).

Experimental affects of Juncus, grazing,

and pasture on species composition

The NMS ordination confirmed that species composi-

tion of all treatments were similar at the beginning of

the experiment indicated by highly overlapping 95%

CI, while treatments diverged in species composition at

the end of the experiment (Fig. 4). Analysis of succes-

sional vectors in the ordination that included the grazing

treatments did not show a large effect of Juncus.

The vector analysis suggests that there is greater

species turnover in SNP wetlands (longer vectors) but

relatively stable species composition in IMPs (shorter

vectors), which supports our previous findings that

IMP wetland plant communities may be niche-assem-

bled while SNP wetlands may be dispersal assembled

(Boughton et al. 2010). Since IMP wetlands may

represent a stressful environment to some wetland

species, due to intense grazing and eutrophication,

only species that are tolerant to these conditions can

survive there, resulting in a more or less unchanging

plant community over time. Harsher environments

‘‘filter’’ out many species, resulting in a smaller pool of

species that can persist in these environments, leading

to lower beta diversity and increased site-to-site

similarity (Chase 2007). Eutrophication and drought

have been previously associated with floristic homog-

enization of plant communities (Chase 2007; Keith

et al. 2009).

Grazing was the only factor that significantly

distinguished species composition among treatments

at the end of the experiment, probably because of the

large increase in the relative abundance of decreaser

species and a decrease in Juncus cover within exclo-

sures. The lack of a strong Juncus effect on species

composition in the MANOVA may be due to the fact

that even though Juncus provides protection to

grazing-sensitive species in grazed plots, the cover

of the grazing-sensitive species is not maintained to

the same level that is observed within exclosures

(Fig. 2) and overall the cover of many species is

reduced in grazed plots even when Juncus is present.

Despite the lack of a strong effect of Juncus on

species composition across grazing treatments,

Juncus significantly affected rate of vegetation change

and species composition in grazed plots. Lengths of

successional vectors were shorter with Juncus com-

pared to without Juncus suggesting that Juncus may

have stabilized species composition in grazed condi-

tions. Grazed plots without Juncus are not protected

from soil trampling and grazing disturbance and this

resulted in more species composition change over the

course of the study. In addition, because Juncus

has negative effects on some species due to shading

(Ervin and Wetzel 2002) as evidenced by a marginally

significant negative effect of Juncus on species

richness, it may be that only a few species are able to

coexist with Juncus, thus resulting in less change in

composition over the course of the experiment and

shorter vector lengths. The second ordination also

showed that species composition was different

between Juncus and non-Juncus plots, supporting

our result that decreasers were more abundant with

Juncus than without in grazed plots (Fig. 2).

Implications for management and conservation

of wetland plant communities in grazing lands

Changes in the outcomes of plant interactions along

ecological stress gradients is interesting from a purely

ecological point of view (Bruno et al. 2003), but also

has implications for management in ecosystems

impacted by human activities (Callaway et al. 2000;

Rebollo et al. 2005). Throughout the world, large

areas of land are subject to grazing by domestic

animals and unpalatable plant species are often

present (Brinson and Malvarez 2002; Nicol et al.

2007; Moran et al. 2008). Unpalatable plants interact

in various ways with neighboring plants and may

serve as sources for recolonization by palatable

species when pastures are permitted to recover. By

understanding how unpalatable plants function within

grazed lands, appropriate management decisions can

be made if the goal is to maintain plant communities

that provide native forage species, native diversity,

and other ecosystem functions.

Plant Ecol

123



Acknowledgments We thank R. Boughton, A. Peterson, and

MAERC interns for help in the setup of this experiment. We

are grateful to G. Lollis, BIR staff, and Archbold Biological

Station for valuable logistical support. E.H.B. was supported by

an U.S.A. Environmental Protection Agency STAR Fellowship.

Society of Wetlands Scientists Student Research Grants and The

Florida Native Plant Society also provided valuable funding.

Additional support was through USDA CSREES National

Research Initiative—Managed Ecosystems Program, Grant

2006-35101-17204). This article is contribution number 130

from the MacArthur Agro-ecology Research Center.

References

Abrams MD, Hulbert LC (1987) Effect of topographic position

and fire on species composition in tallgrass prairie in

northeastern Kansas. Am Midl Nat 117:442–445

Atsatt PR, O’Dowd D (1976) Plant defense guilds. Science

193:24–29

Baraza E, Zamora R, Hodar JA (2006) Conditional outcomes in

plant-herbivore interactions: neighbours matter. Oikos

113:148–156

Bertness MD, Callaway R (1994) Positive interactions in

communities. TREE 9:191–193

Boughton EH (2009) Understanding wetland plant commu-

nity composition: context dependent effects and plant

interactions. PhD dissertation, University of Central

Florida

Boughton EH, Quintana-Ascencio PF, Bohlen PJ, Jenkins DG,

Pickert R (2010) Management intensity and isolation

interact to affect wetland plant assemblages in subtropical

pastures. Ecography 33:461–470

Brinson MM, Malvarez AI (2002) Temperate freshwater wet-

lands: types, status, and threats. Environ Conserv

29:115–133

Brooker R, Scott D, Palmer S, Swaine E (2006) Transient

facilitative effects of heather on Scots pine along a graz-

ing disturbance gradient in Scottish moorland. J Ecol

94:637–645

Brooker RW et al (2008) Facilitation in plant communities: the

past, the present, and the future. J Ecol 96:18–34

Bruno JF, Stachowicz JJ, Bertness MD (2003) Inclusion of

facilitation into ecological theory. TREE 18:119–125

Callaway RM, Kikvidze Z, Kikodze D (2000) Facilitation by

unpalatable weeds may conserve plant diversity in over-

grazed meadows in the Caucasus Mountains. Oikos

89:275–282

Callaway RM, Kikodze D, Chiboshvili M, Khetsuriani L

(2005) Unpalatable plants protect neighbors from grazing

and increase plant community diversity. Ecology

86:1856–1862

Chase JM (2007) Drought mediates the importance of sto-

chastic community assembly. Proc Natl Acad Sci USA

104:17430–17434

Daubenmire RF (1959) A canopy-cover method of vegetational

analysis. Northwest Sci 33:36–43

Ervin GN, Wetzel RG (2002) Influence of a dominant mac-

rophyte, Juncus effusus, on wetland plant species richness,

diversity, and community composition. Oecologia 130:

626–636

Graff P, Aguiar MR, Chaneton EJ (2007) Shifts in positive and

negative plant interactions along a grazing intensity gra-

dient. Ecology 88:188–199

Grime JP (1977) Evidence for the existence of three primary

strategies in plants and its relevance to ecological and

evolutionary theory. Am Nat 111:1169–1194

Harcombe PA, Bill CJ, Fulton M, Glitzenstein JS, Marks PL,

Elsik IS (2002) Stand dynamics over 18 years in a

southern mixed hardwood forest, Texas, USA. J Ecol

90:947–957

Humphrey JW, Patterson GS (2000) Effects of late summer

cattle grazing on the diversity of riparian pasture vege-

tation in an upland conifer forest. J Appl Ecol 37:

986–996

Keith SA, Newton AC, Morecroft MD, Bealey CE, Bullock JM

(2009) Taxonomic homogenization of woodland plant

communities over 70 years. Proc R Soc Lond B Biol Sci

276:3539–3544

Kercher SM, Frieswyk CM, Zedler JB (2003) Effects of sam-

pling teams and estimation methods on the assessment of

plant cover. J Veg Sci 14:899–906

le Roux PC, McGeoch MA (2010) Interaction intensity and

importance along two stress gradients: adding shape to the

stress-gradient hypothesis. Oecologia 162:733–745

McCune B (1992) Components of error in predictions of spe-

cies compositional change. J Veg Sci 3:27–34

McCune B, Grace JB (2002) Analysis of ecological commu-

nities. MJM Press, Gleneden Beach

McIntyre S, Heard K, Martin T (2003) The relative impor-

tance of cattle grazing in subtropical grasslands: does it

reduce or enhance plant biodiversity? J Appl Ecol 40:

445–457

McNaughton SJ (1978) Serengeti ungulates—feeding selec-

tivity influences effectiveness of plant defense guilds.

Science 199:806–807

Michalet R, Brooker RW, Cavieres LA, Kikvidze Z, Lortie CJ,

Pugnaire FI, Valiente-Banuet A, Callaway RM (2006) Do

biotic interactions shape both sides of the humped-back

model of species richness in plant communities? Ecol Lett

9:767–773

Milchunas DG, Noy-Meir I (2002) Grazing refuges, external

avoidance of herbivory and plant diversity. Oikos

99:113–130

Moran J, Sheehy SM, Gormally M (2008) The influence of

hydrological regime and grazing management on the plant

communities of a karst wetland (Skealoghan turlough) in

Ireland. Appl Veg Sci 11:U13–U17

Nicol J, Muston S, D’Santos P, McCarthy B, Zukowski S

(2007) Impact of sheep grazing on the soil seed bank of a

managed ephemeral wetland: implications for manage-

ment. Aust J Bot 55:103–109

Oesterheld M, Oyarzabal M (2004) Grass-to-grass protection

from grazing in a semi-arid steppe. Facilitation, compe-

tition, and mass effect. Oikos 107:576–582

Olff H, Ritchie ME (1998) Effects of herbivores on grassland

plant diversity. TREE 13:261–265

Rebollo S, Milchunas DG, Noy-Meir I, Chapman PL (2002)

The role of a spiny plant refuge in structuring grazed

shortgrass steppe plant communities. Oikos 98:53–64

Plant Ecol

123



Rebollo S, Milchunas DG, Noy-Meir I (2005) Refuge effects of

a cactus in grazed short-grass steppe. J Veg Sci 16:

85–92

Smit C, Vandenberghe C, den Ouden J, Mueller-Schaerer H

(2007) Nurse plants, tree saplings and grazing pressure:

changes in facilitation along a biotic environmental gra-

dient. Oecologia 152:265–273

Smithson M, Verkuilen J (2006) A better lemon squeezer?

Maximum-likelihood regression with beta-distributed

dependent variables. Psychol Methods 11:54–71

Sokal RR, Rohlf FJ (1995) Biometry: the principles and

practice of statistics in biological research. W.H. Freeman

and Co., New York

Plant Ecol

123


	Refuge effects of Juncus effusus in grazed, subtropical wetland plant communities
	Abstract
	Introduction
	Methods
	Experimental design
	Data analysis

	Results
	Discussion
	Refuge effects of J. effusus
	Experimental affects of Juncus, grazing, and pasture on species composition
	Implications for management and conservation of wetland plant communities in grazing lands

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


