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Abstract: Coastal dunes of the southern Buenos Aires province, in Argentina, are one of the last 

remnants of biodiversity in the southern Pampa unit, within the Rio de la Plata Grasslands. While 

the direct loss of grasslands due to the advance of cities and afforestation is conspicuous, the neg-

ative effects of the subdivision of the remaining environments on biodiversity and ecosystem dy-

namics are less considered. Our work aimed to analyze the combined effect of fires and subdivision 

of grasslands by invasive alien trees. Our results suggest that fragmentation affects the resilience of 

coastal grasslands after fire and affects the course of succession, promoting the establishment of 

invasive alien plants. We also suggest that fires favor the advance of pines and acacias towards the 

interior of grassland remnants, further reducing their area. The effective conservation of the com-

ponents of Pampas biodiversity that still persist in these coastal ecosystems will depend on pre-

venting, mitigating and compensating the insularization effects associated with forest plantations 

and the expansion of invasive trees, by means of adequate territorial planning that allows remnants 

to be maintained in a good state of conservation. 
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1. Introduction 

Natural grasslands of temperate and subtropical regions of the world have been 

almost completely transformed into agriculture, afforestation and pastures, due to the 

suitability of their soils and climate [1–4]. This has caused them to be recognized as a 

terrestrial biome, where biodiversity and ecosystem services are most at risk on a global 

scale [5,6]. This is the case for the “Rio de la Plata Grasslands”, originally comprising 

natural prairies of central-eastern Argentina, Uruguay and southern Brazil [7], that have 

been almost completely replaced by crops, implanted pastures and afforestation during 

the last two centuries. As a consequence, Argentinian Pampas are currently represented 

by scarce and small remnants of natural and semi-natural grasslands, immersed in a 

matrix of different land uses [8,9]. The few grassland relicts in a good state of conserva-

tion are restricted to habitats that are not suitable for agriculture, such as rocky outcrops, 

flooding areas and coastal sand dunes [10]. Coastal dunes of the southern Pampas 

treasure a high biological and environmental richness and provide key ecological system 

services, including freshwater storage and coastal protection [11,12]. Unfortunately, 

these areas are losing the battle against the establishment and expansion of urbanization, 

afforestation and the spontaneous spread of invasive alien trees [13,14]. The introduction 

of forest plantations in the coastal region of the Pampas began in the early nineteenth 

century to increase its touristic appeal [15], representing the introduction of a completely 

new life form, in environments where native trees are rare or absent. Some of the most 

commonly introduced trees include Acacia and Pinus species, which have expressed 

aggressive, invasive behavior in coastal dunes [10]. Trees stand out among invasive 
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species for the extent and intensity of the changes they produce on natural grasslands, 

replacing native biota and promoting monospecific communities [16,17]. In this context, 

their dispersion represents one of the main threats to coastal dune conservation [18,19]. 

Both dune afforestation and further spontaneous expansion of the trees have direct neg-

ative impacts, including alteration of sand dynamics; increases in the frequency and in-

tensity of fires, in most cases of anthropic origin; and replacement and fragmentation of 

native plant communities [19,20]. 

The fragmentation of natural habitats is one of the main processes responsible for 

the loss of global biodiversity [21,22]. Different authors define fragmentation as the 

landscape dynamics by which habitat loss results in the division of a continuous natural 

environment into two or more smaller fragments, isolated from each other by a matrix of 

dissimilar habitats. This highlights the importance of the size and spatial arrangement of 

the fragments as determinants of the type and intensity of the changes they undergo 

[23,24]. This process also implies the generation of new edges through which the matrix 

has a series of effects, generally negative, on the remnants of original vegetation [25]. 

While the direct loss of grasslands due to the advance of afforestation is conspicuous and 

evident, the effects of the subdivision of the remaining environments are less considered 

but could surpass the former in terms of their ability to affect the composition and dy-

namics of natural communities [19,21,26]. Fragmentation commonly results in sensible 

reductions in species richness [22,27]. Nevertheless, changes in species composition is a 

more precise indicator of the alterations associated with the fragmentation of grasslands, 

and it allows the proposal of possible mechanisms underlying the observed changes in 

plant communities [28]. In fragmented environments, the proximate causes of changes in 

the composition of plant communities lie in the differential responses of species to the 

changes in biotic and abiotic processes that result from the transition between the original 

landscape and the matrix [29]. 

On the other hand, fragmentation increases the vulnerability of fragmented vegeta-

tion to extrinsic disturbances, such as fire [30]. In this context, habitat fragmentation can 

alter successional trajectories, and the intensity of these changes will depend on the in-

tensity of the disturbance and the size of the area that is being disturbed [22]. However, 

the interaction between fragmentation and an extrinsic disturbance, such as fire, have not 

been analyzed so far [21]. Fire is an important component of the ecological succession of 

plant communities in grassland ecosystems. Native species have evolved in the presence 

of this natural disturbance and therefore acquired adaptations that allow them to survive 

[31,32]. However, its effects on the species composition of vegetation and ecosystem 

functions vary with its intensity, frequency, extension and duration [33,34]. Afforestation 

with woody species in grassland environments and their eventual spontaneous spread 

generates particularly significant changes in fire dynamics [31,32,35,36]. This is because 

the temperature and the severity of the fire increases with the amount of easily com-

busted material accumulated, whereas grasslands usually reach lower burn temperatures 

that do not completely eliminate the vegetation cover and do not affect the organic car-

bon reservoirs in the soil. However, afforestation not only offers a quantity of fuel that 

allows it to reach higher temperature levels, it is also accompanied by an absence or a 

significant reduction in an understory capable of resisting or rapidly recovering after fire, 

so the possibilities of soil erosion and damage to the ecosystem increase [2]. The coex-

istence of fire and afforestation implies a risk because fire may facilitate the spontaneous 

spread of the trees outside the planted areas, which is particularly evident in the case of 

pines [2,37–39]. A strong correlation between the loss and fragmentation of native habi-

tats and the increase in the abundance of invasive species has been reported for altered 

environments [24,40]. The transformation of the landscape by human activities favors the 

spread of invasive species through changes in the conditions associated with borders, 

increasing the arrival of propagules and opening invasion windows [41,42]. 

The coastal dunes of the province of Buenos Aires are well preserved in comparison 

to the rest of the grasslands of the southern Pampas and are dominated by native species 
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[10,12]. Nevertheless, they are threatened by urban development, off-road vehicles, af-

forestation and the spontaneous expansion of exotic trees [10]. During the last ten years, 

we have studied the effects of the subdivision of coastal grasslands due to afforestation 

with exotic pines, with the objective of evaluating the effects on different biological levels 

and their interaction with fire [28,43–45]. In this communication, we integrate the analy-

sis of the effects of fire and fragmentation by invasive alien trees, evaluating the post-fire 

recovery processes in terms of plant composition and the ability of exotic woody plants to 

advance on remnants of grasslands after the fire. We expect that: 1. fragmentation alters 

the composition of the plant communities, favoring exotic species, 2. there is a minimum 

fragment size, below which the effects of fragmentation become particularly intense, 3. 

fragmented grasslands are less resilient to fire than equivalent areas of continuous 

grassland and 4. fire in fragments further promotes the advance of alien plants. 

2. Materials and Methods 

2.1. Study Area 

The coastal dunes of the southern Pampas [46] occupy the southwest of the Buenos 

Aires province, Argentina. This coastal strip ranges between two and seven kilometers in 

width, including beaches; bare dunes; dunes covered with vegetation, mostly psam-

mophilous grasslands; and depressions between the dunes with ponds associated with 

humid grasslands [12]. The climate is temperate, influenced by the proximity to the sea 

[47]. Plant communities are dominated by Hyalis argentea and Panicum urvilleanum and 

include local endemics such as Neosparton darwinii and Senecio bergii. Interdunal depres-

sions are covered by Cortaderia selloana, Juncus acutus, Schoenoplectus americanus and other 

hygrophilous herbs [11,48].  

This study was carried out in a set of remnants of coastal grasslands of different ar-

eas, surrounded by a plantation of Pinus pinaster (38°54’60” S; 60°32’60” W) covering 30 

ha, and in adjacent continuous grassland. The area also included scattered plantations of 

Acacia longifolia; both are species with antecedents of invasions in these ecosystems 

[10,20] and are also associated with changes in the dynamics of fire [38,49]. Our studies 

started in 2011 and extended for seven years. On January 6th, 2014, the area was com-

pletely burnt by a wildfire that also affected neighboring continuous grasslands. 

2.2. Study Design and Field Sampling  

Thirty-nine remnants of natural vegetation, surrounded by the pine plantation, were 

identified from a satellite image of the site, taken from Google Earth and dated December 

14th, 2006. The area of each fragment was measured using Google Earth Pro, and fifteen 

sample units were selected: six small size fragments (<0.1 ha), three medium size (0.1–0.5 

ha), and six large size (0.5–2.5 ha). Fifteen controls of equivalent areas were randomly 

selected in a neighboring continuous grassland, free of trees [50] (Figure 1). In 2011, the 

fragments were identified in the field, confirming that there had been no changes in their 

area and shape since the capture of the satellite images. Plant composition at the rem-

nants and controls was assessed in April 2011, before the fire (t0), and three (t1) and fifteen 

(t2) months after it (April 2014 and April 2015, respectively). In each case, we estimated 

the percentage cover of all plant species present, following the method of Braun Blanquet 

[51] in each sample unit (each whole fragment and each whole control in the continuous 

grassland). The composition of plant species was assessed in the whole fragments, and 

we assumed that the size ranges used to group the fragments resulted in homogeneous 

effects of the area within each category. Plants were identified to the species and/or genus 

level [52] and were classified as native or exotic. The Catalog of Vascular Plants of the 

Southern Cone [53] was used for nomenclature.  

In 2017, three and a half years after the fire (t3), we measured the area of the fifteen 

fragments in the field using Google Earth Pro and estimated the cover of pines and aca-
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cias in each of them to evaluate the ability of exotic woody plants to advance over the 

remnants after the fire [45]. 

 

Figure 1. Location of the study area in the coastal grasslands of the southern Pampa, Buenos Aires, 

Argentina (i and ii). The arrangement of the samples of different sizes (less than 0.1 ha, 0.1 to 0.5 ha 

and 0.5 to 2.5 ha) is indicated, including fragments surrounded by afforestation and controls in the 

continuous grassland (iii). In gray, delimitation of the Grasslands of the Río de la Plata (Adapted 

from Soriano et al. (1992)). Image from Google Earth (2021). 

2.3. Data Analysis 

Species composition of the sampling sites was compared by means of a Principal 

Component Analysis (PCA), based on the covariance matrix of the species cover data, 

with the objective of identifying sets of species associated with the size and context of the 

samples and with the different times with respect to fire. Data were previously trans-

formed to the arc sine of the square root to correct the distortion of the Euclidean distance 

in its spatial representation [54]. To maintain an appropriate balance between the number 

of samples and variables (coverage by species), the plants present in less than 33% of the 

samples (75 species) were excluded from the analysis. Multivariate analysis of variance 

(MANOVA) was conducted on the transformed data to compare species composition 

between the different treatments (context, size of the areas and time with respect to fire). 

Relevant comparisons were performed through the Wilks’ Lambda test. 

We compared changes in landscape configuration in the fifteen grassland fragments 

before (t0) and after the fire (t3) using Google Earth Pro tools and trend analysis of three 

landscape variables: total area of grasslands, average area of grassland fragments and 



Diversity 2021, 13, 637 5 of 12 
 

 

average distance between them [55]. The Wilcoxon test was used to assess whether the 

difference between these landscape variables, before and after the fire (t0 and t3, respec-

tively), were significant. In addition, we compared the relative frequency of fragments of 

different sizes. A two-way factorial ANOVA and Bonferroni method [56] were applied to 

analyze the effects of fire (before and after) and the size of the fragments; and their in-

teractions on the percentage cover of P. pinaster and A. longifolia. The data were trans-

formed to the arcsine of the square root to meet the assumptions of normality and ho-

moscedasticity. The normality of the data was evaluated by the study of residuals and by 

normal probability plots. The Levene test was used to verify homogeneity of variances. 

All analyses and graphs were performed using the statistical packages Infostat [57] and 

XLSTAT (versions 5.7.2 and 2018.2.50198). 

3. Results 

The first component of the PCA (20.04% of the total variance) grouped the samples 

according to successional stages before the fire (t0) and separated the smaller fragments 

surrounded by the forest plantation (grouped in the third quadrant) with respect to the 

smaller continuous grassland controls (distributed in the first and fourth quadrants, 

Figure 2a). While the fragments were characterized by a greater abundance of the native 

species Cyperus reflexus and the exotic Senecio madagascariensis and Hypochaeris radicata, 

the controls were associated with high abundances of grasses and other native species 

typical of the Pampean grassland, such as Aristida spegazzinii, Panicum urvilleanum, Schi-

zachyrium plumigerum, Margyricarpus pinnatus and Discaria americana (Figure 2a, Table S1). 

The large pre-fire samples (t0), both fragments and plots in continuous grassland, formed 

a group in the second quadrant, characterized by greater abundances of three perennial 

grasses: Cortaderia selloana, Eragrostis airoides and Imperata brasiliensis, plus Baccharis glu-

tinosa, a perennial herb (Figure 2a, Table S1). The second component (16.56% of the total 

variance) separated smaller and medium fragments from large fragments and controls, 

three months after the fire (t1), grouping the corresponding samples in the second and in 

the first quadrants, respectively (Figure 2b). Samples in the second quadrant were asso-

ciated with high coverage values of the exotic species Eragrostis curvula and the native 

Hydrocotyle bonariensis, while the first quadrant was characterized by greater abundances 

of the native species Eragrostis airoides, Juncus acutus, Ambrosia tenuifolia and Tessaria ab-

sinthioides; these last two species are typically associated with disturbances (Figure 2b, 

Table S1). The second component also separated fragments fifteen months after the fire 

(t2; on the third quadrant) from controls at the same sampling time (on the fourth quad-

rant), throughout the range of sizes analyzed (Figure 2b). Fragments were associated 

with higher cover of the exotic species Acacia longifolia, Pinus pinaster and Hypochaeris 

radicata, and the native Schoenoplectus americanus and Conyza bonariensis, while the con-

trols were characterized by greater abundance of the natives Imperata brasiliensis, Corta-

deria selloana, Panicum urvilleanum, Achyrocline satureioides, Solidago chilensis, Baccharis 

glutinosa and Schizachyrium plumigerum (Figure 2b, Table S1).  
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(a) (b) 

Figure 2. Principal Component Analysis (PCA) of sampling units of different sizes and at different times in relation to 

fire, located in continuous grassland (circles) and surrounded by a pine plantation (triangles), and vectors of plant species 

with the abbreviations of the names (see references in Table S1; exotic species in red). (a) PC1 and PC2, (b) PC2 and PC3. 

Symbols of different sizes represent sample units of different areas (small = up to 0.1 ha; medium = 0.1 to 0.5 ha; large = 0.5 

to 2.5 ha) and colors represent different times: before the fire (t0, white), and three (t1, orange) and fifteen months (t2, yel-

low) after the fire. 

The Principal Components Analysis resulted in a grouping of the samples according 

to the context (fragmented grassland and continuous grassland) and the size of the areas, 

in the different times with respect to the fire. This was further confirmed by the multi-

variate analysis of variance (MANOVA) test. The results of the MANOVA indicate that 

there are significant differences in the mean percentage cover of the species according to 

the context, the size of the areas and the time with respect to the fire (Table 1). Table 1 

indicates that there is significant interaction effect of context (fragmented grassland and 

continuous grassland) with the size of the areas and with the time with respect to the fire 

(p = 0.0006 and p< 0.0001, respectively). 

Table 1. MANOVA tests. 

Source of variation F p 

Context (C) 20.28 <0.0001** 

Area (A) 2.55 <0.0001** 

Time (T) 5.73 <0.0001** 

C x A 2.15 0.0006** 

C x T 3.65 <0.0001** 

A x T 1.11 0.2551NS 

C x A x T 0.79 0.9207NS 

*p< 0.05; **p< 0.005; NS = not significant. 

 

Landscape variables remained stable during the years before the fire (t0; Figure 3). 

Three and a half years after (t3), the total area of grassland immersed in the afforestation 

decreased from 11 to 8 ha. The average size of grassland fragments decreased (t0: 0.70 ± 

0.82 ha; t3: 0.54 ± 0.71 ha) and the average distance between them increased (t0: 346 ± 

210.55 m; t3: 369 ± 214.2 m). Both changes were statistically significant (T = 120, p = 0.001 

for size; T = 253, p< 0.0001 for distance). The total number of fragments decreased after the 

fire (from 15 to 13). A decrease was also found in the number of the larger and smaller 
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fragments and an increase in medium size fragments (Table 2). A significant interaction 

between the area and the time in relation to the fire was observed on the cover of P. pi-

naster and A. longifolia (F = 4.81, p = 0.007). The percentage cover of Pinus and Acacia was 

greater after than before the fire at the small fragments (up to 0.1 ha) but showed no dif-

ferences at the medium and larger sizes (Figure 4). 

 

  

(a) (b) 

Figure 3. Changes in (a) average area of grassland fragments, and (b) average distance between grassland fragments be-

fore (t0, white) and after (t3, green) the fire. Red arrow on the x-axis indicates the occurrence of the fire. 

Table 2. Comparison of the relative frequency of grassland fragments of different area at different 

times in relation to fire (t0 and t3; before and after, respectively). Adapted from Yezzi, Nebbia and 

Zalba (2020). 

Fragment size (ha) Before fire (t0) After fire (t3) 
 No. Relative frequency No. Relative frequency 

< 0.05 3 0.20 3 0.23 

0.1 3 0.20 0 0.00 

0.5 3 0.20 5 0.38 

2 3 0.20 5 0.38 

> 2 3 0.20 0 0.00 

Total 15 1 13 1 

 

Figure 4. Comparison between the percentage cover of P. pinaster and A. longifolia in grassland 

fragments of different size at different times in relation to fire (t0 = white and t3 =green, before and 

after fire, respectively). Different letters indicate significant differences (p< 0.05); bars represent the 

standard error. 
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4. Discussion 

Fragmentation currently operates simultaneously with other disturbance factors, 

many of which are new to the ecosystem or have been altered by human activity in their 

frequency, intensity or extent [58,59]. The synergy between these factors may be more 

serious than their separate effects [23,60]. The invasion by exotic plants has a similar re-

lationship with the alteration of the disturbance regime and with the fragmentation of 

habitats [61,62]. In particular, changes in the nature, intensity and frequency of disturb-

ances commonly enhances ecosystem vulnerability to invasion [63,64]. Our work con-

tributes to the understanding of the joint effects of fire and fragmentation on coastal 

grasslands surrounded by forest plantations and on the influence of fire on the expan-

sion of invasive pines and acacias. Evidence is provided about how the recovery of 

coastal grasslands after a fire varies depending on whether they are part of a continuous 

area or are immersed in a forest matrix, about the reduction in the resilience of the frag-

mented grassland against fires and on the increase in its susceptibility to invasion by ex-

otic species. In addition, circumstantial evidence is provided about the intensification of 

grassland fragmentation as a consequence of the acceleration of the advance of invasive 

woody species after a fire. 

Before the occurrence of the fire, we found differences in the composition between 

smaller fragments surrounded by the forest plantation and smaller continuous grassland 

controls, a difference that was not evident between larger fragments and controls. Large 

fragments (0.5 to 2.5 ha) seemed to be more resistant to fragmentation, maintaining a 

composition of species similar to that of the continuous grassland, which can be consid-

ered as an initial indication of a minimum hypothetical size for the conservation of 

coastal grassland fragments. However, fragments smaller than 0.5 ha must not be dis-

carded and should also be considered for conservation, not only because of their intrinsic 

value for certain species, but also for their possible role as stepping stones that allow the 

protection of species of pollinators, seed dispersers, and herbivores. In particular, we 

observed that the exotic species Senecio madagascariensis and Cirsium vulgare were domi-

nant in small fragments but were practically absent or less represented in the controls of 

continuous grassland of equivalent areas. The tree matrix surrounding grassland frag-

ments could modify environmental parameters such as temperature and humidity, as 

well as influence the dispersal of propagules [65,66], favoring the establishment of exotic 

species, which typically behave opportunistically [67–69]. However, these differences 

became widespread throughout the whole size range (small, medium and large areas) 

one year after the fire. In this way, the effects of fragmentation can go unnoticed at certain 

successional stages and become evident in the successional stages that follow a disturb-

ance. This finding supports the decades-old suggestion that habitat fragmentation may 

alter the capacity of biodiversity to recover from additional disturbances [70] and also 

supports more recent findings showing how ecosystem fragmentation can modify suc-

cessional trajectories that occur after a disturbance [22,71]. 

We found changes in species composition along the successional trajectory of 

grasslands affected by fire that provide evidence on the effects of fragmentation on the 

resilience of plant communities. Continuous grassland showed a marked constancy in 

the identity of dominant species, such as Cortaderia selloana and Imperata brasiliensis, be-

fore the fire and fifteen months later, evidencing a capacity of recovery that was much 

less obvious in the fragments surrounded by the forest plantation. The increase in the 

percentage cover of exotic plants, such as Hypochaeris radicata, in fragmented habitats 

fifteen months after the fire contrasts with its constancy throughout the succession for the 

plots surrounded by continuous grassland. This result indicates that fire could increase 

the vulnerability of fragmented coastal grasslands to invasions, while intact grasslands 

appear to be more resistant, as has been reported for similar fire-affected habitats in 

South Africa [36]. At this point, it seems important to note that the forest matrix could 

have affected the recovery capacity of grassland fragments not only by the insularization 
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effects themselves but also due to the increase in temperature that a forest fire can reach 

compared to typical grassland fire conditions [72]. 

The effects of fire as a promoter of the expansion of invasive species were especially 

evident in the case of Pinus pinaster and Acacia longifolia, that expanded their distribution 

results from the forest matrix into the remnant grassland fragments after the disturbance. 

Pines and acacias have evolved in fire-adapted ecosystems and different authors have 

described the existence of positive feedback between fire and the invasion of these spe-

cies [31,38,49]. Pines typically release large quantities of seeds after a fire, and the 

post-fire environmental conditions also favor their germination and establishment 

[73,74], while Acacia longifolia also benefits from fire events in terms of a massive germi-

nation of seeds from the seed bank in the soil [49]. This resulted, in our case, in the in-

tensification of the fragmentation through the complete disappearance of some of the 

smallest remnants and the decrease in the area of the largest ones. The expansion of ex-

otic woody species over areas originally covered by grassland limits native vegetation to 

increasingly smaller and more isolated areas, with the consequent increase in the edge 

effect, the loss of individuals and the limitation of biological interactions [60]. Im-

portantly, these synergies could be magnified over time [21], since invasions and fires 

generate positive feedback that accelerates the process of homogenization of biodiversity 

in degraded grasslands [75]. One of the current challenges for biodiversity conservation 

is how to deal with the synergy of factors that promote ecosystem homogenization, that 

becomes even more important in fragmented landscapes [24,76]. In this context, it is es-

sential to understand the interactions between invasive species and invaded ecosystems 

in order to detect and reduce their impacts on biodiversity [19,77,78]. 

The results of this work allow the identification of key information gaps for the ef-

fective conservation of coastal grassland relicts that indicate future research directions. 

Among them is the need to define minimum area thresholds so that the grassland frag-

ments not only preserve their ecological integrity but also allow the recovery of the 

composition of their vegetation and the persistence of native species in the face of recur-

rent disturbances such as fires. Another priority will be to identify forest species with less 

spontaneous dispersal capacity over the dune ecosystem to promote the replacement of 

pines and acacias in the design of the coastal landscape. 

Supplementary Materials: The following are available online at 

www.mdpi.com/article/10.3390/d13120637/s1, Table S1:correlation coefficients between the abun-

dance of plant species and the first three components of the PCA (PC1, PC2 and P3).  
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