









	[image: images]
	Phyton-International Journal of Experimental Botany
	[image: images]






DOI: 10.32604/phyton.2024.050556

ARTICLE

Grazing Pressure and Plant Functional Types in Puna Highlands, Northwestern Argentina

Quiroga Mendiola Mariana1,2,* and Tálamo Andrés3,4

1IPAF NOA—INTA (National Institute for Agricultural Technology); Posta de Hornillos, Jujuy, 4622, Argentina
2Facultad de Ciencias Naturales, Universidad Nacional de Salta, Salta, 4400, Argentina
3Instituto de Bio y Geociencias del NOA (IBIGEO), UNSa-CONICET. Laboratorio de Ecología Aplicada a la Conservación (LEAC), Facultad de Ciencias Naturales, Universidad Nacional de Salta, Salta, 4400, Argentina
4Maestría en Gestión Ambiental, Escuela de Negocios, Universidad Católica de Salta (UCASAL), Salta, 4400, Argentina
*Corresponding Author: Quiroga Mendiola Mariana. Email: marianaquirogamendiola@gmail.com
Received: 10 February 2024; Accepted: 16 April 2024; Published: 28 May 2024


Abstract: The Puna grasslands support grazing systems that produce meat and wool in multi-species herds, especially from llama (Lama glama) and sheep. However, it is yet unknown whether grazing pressure can modify grassland structure and Plant Functional Types diversity and cover in Puna grasslands. We analyzed the relationship between grazing pressure and Plant Functional Types by comparing transects located near stockyards (high grazing pressure) and far from them (low pressure) and by evaluating the relationship between the Plant Functional Types cover to a Grazing Pressure Index (GPI). This index incorporates the heterogeneity of traditional pastoral management. At two ecological sites (Ciénego and Tolar), we sampled paired transects (near-far). Plots near and far from corrals were similar in all the variables measured except for plots in Tolar, which tend to have higher total cover, possibly due to fecal fertilization near stockyards. Furthermore, we recorded an increase in total cover and grass cover at higher GPI in Ciénego, while in Tolar we found lower values of total cover and herbaceous dicotyledonous cover at intermediate intensities of GPI. The only negative relationship found was the cover of clonal and non-clonal shrubs, possibly explained by the greater use of these shrubs as firewood near stockyards. In summary, our study does not show important changes in Plant Functional Types as a function of grazing pressure in the studied grasslands probably because grazing pressure is diluted or diminished when livestock rotates in different areas and grazing durations vary. Finally, the long grazing history with which the Puna has evolved could also contribute to the co-structuration between native vegetation and livestock farming.
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1  Introduction

Grazing on arid and semi-arid lands is often the only livelihood for many farming families in these adverse environments [1–3]. Although grazing on natural vegetation significantly alters its structure and functionality [4,5], the effects of herder-monitored grazing on ecosystems in high Andean regions, such as the Argentine Puna, remain poorly understood. Therefore, it is crucial to generate data that enriches the global theoretical framework of grazing ecology, enabling the development of management strategies that enhance the sustainability of pastoral systems and can ultimately be integrated into public policies.

Like many high-altitude environments [6], extreme conditions such as intense solar radiation, temperature fluctuations, strong winds, and limited rainfall prevail in the Argentine Puna. Despite these challenges, pastoral communities have long inhabited the area, sometimes by generating exchange relations with other neighboring communities, agro-pastoralists, or pure agriculturalists, within a framework of mutual benefits [7,8]. Their livelihood relies on the mobile and fluctuating breeding of domestic animals, primarily sheep and llamas (L. glama), which graze on the native vegetation. These native pastoralists operate within a production logic that integrates various environmental, socio-economic, and historical factors, probably resulting in highly efficient production systems tailored to these harsh conditions [9,10]. However, the relationship between historical livestock grazing practices and the high Andes plant communities, which form the backbone of pastoral activity, remains uncertain.

Various theoretical and methodological approaches have examined the relationship between natural vegetation and grazing patterns. In arid and semi-arid environments, livestock congregates around water sources and corrals, creating a gradient of grazing pressure known as the piosphere pattern. This pattern entails decreasing grazing pressure as the distance from the focal point increases [11,12]. While the piosphere pattern approach has been used in different rangelands across Argentina, such as the Chaco Seco and the Monte phytogeographical provinces [12,13], its applicability in the Puna remains unexplored. However, given that this approach overlooks other potentially significant factors, such as livestock species, herd size, grazing rotation frequency, duration of grazing, and seasonal variations, it may be necessary to explore the relationship between livestock pressure and vegetation using alternative approaches that incorporate this variability in grazing regimes [14]. To quantify the potential effect of grazing pressure on vegetation, the increasing recognition of species with similar responses to disturbances coexisting in communities has led to a growing use of the functional classification of plants [15,16]. This approach considers that phylogenetically distant organisms subjected to similar selective pressures develop comparable morphological, anatomical, and physiological traits [17]. Consequently, changes in the proportion of different plant functional types are expected to reflect alterations in ecosystem functionality in response to grazing pressure [18–20]. However, research on the response of plant functional types to grazing pressure in Argentine Puna rangelands is currently lacking.

In this study, we investigate the relationship between grazing pressure and plant functional types in two ecological sites within the aboriginal community of Suripujio (Jujuy province, Puna of Argentina). We employed two methodological approaches to address the following questions: (a) How does the plant community (plant functional types richness and cover) vary in proximity to or remoteness from the corrals, which function as high-pressure points? (b) What is the relationship between plant functional types richness and cover and a Grazing Pressure Index that encompasses the diversity of grazing regimes? (c) Do the general outcomes derived from employing the piosphere pattern approach (a) and the Grazing Pressure Index characterizing grazing regimes (b) exhibit consistency? Addressing these questions is essential for enhancing our understanding of the dynamics between grazing pressure and plant functional types, thereby informing more effective management strategies for sustainable pastoral systems in the high Andean region of Argentina.

2  Methodology

2.1 Study Site

We conducted the study on the high plateau of Puna in the Andean mountains of Northwest Argentina, specifically in Suripujio (Fig. 1). This area experiences an arid and cold climate, with an average temperature of 8.5°C and an average annual precipitation of 300 mm. The region also exhibits high daily and annual temperature fluctuations and a high altitude of 3500 m above see level (m a.s.l.) Grazing territories are managed year-round, with rotations between lower lands (3500 m a.s.l) and higher altitudes above 4000 m a.s.l.
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Figure 1: The study area and transects are located at two distances from the corral in two ecological sites in Suripujio, Jujuy Province, Northwestern Argentina

The inhabitants primarily consist of family farmers from aboriginal communities who raise llamas (L. glama) and sheep, with meat and wool being the main products. Flocks are composed of only llamas, only sheep, or both llamas and sheep and in very different quantities of each one. Adjacent to the main family house is a small vegetable garden containing potatoes, fava beans (Faba sp.), and other horticultural species. Grazing occurs through movements between various grazing sites within the community territory. Each family has the right to use designated family grazing territories determined by the community assembly. These territories are not continuous spatially, as grazing sectors are designated across different ecological sites used by families throughout the year. As a result, families move their flocks 2 to 6 times a year between different ecological sites, remaining at each site for periods ranging from 1 week to 5 months [21]. These movements and durations are influenced by environmental variables (especially water availability), the livestock cycle (breeding and calving), and other factors such as school schedules for children, religious events, fairs, and barter exchanges [7,22]. Hence, the pastoralists use the grazing sites in several different ways, generating a very heterogeneous grazing pressure between territories. Within each ecological site, there is a stall (known as “puesto” or “estancia”) where the pastoralist woman temporarily resides. These structures are tiny houses with adjacent corrals. The pastoralists manage two main ecological grazing sites: a shrub-steppe (locally known as “Tolar”) at 3500 m a.s.l., and a wet grassy pasture (known as “Ciénego”) at 4000–4500 m a.s.l. [21].

2.2 Plant Functional Types in Suripujio

To identify the Plant Functional Types in the area, we created a presence/absence card for each plant species collected, identifying functional traits associated with arid conditions and plant responses to herbivory (Table 1) [23].
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We performed a cluster analysis using a final matrix of 71 species and ten plant traits (Table S1). The data were standardized, and we employed the Average linkage method with Euclidean distances. As a result, we identified eight Plant Functional Types. The list of species, their corresponding functional types, and the traits used to define these functional types are presented as supplementary information. Following this, we conducted all further analyses regarding vegetation and its relationship with grazing pressure by transforming floristic data into data on the coverage and richness of plant functional types.

2.3 Study Design

Our sampling occurred during the middle or end of the growing season (summer). Considering the piosphere pattern, we conducted paired samplings along two linear transects, each one 30 m in length, perpendicular to a radial line originating from the corral. This was done at each ecological site (Ciénego: n = 6, and Tolar: n = 7) (Fig. 1). The near transect was positioned at a 100-m distance from the corral (to avoid heavily trampled areas in the vicinity of the corral), and the far transect was set at 700 m away (as far away as possible before entering the territory of an adjacent grazing post).

All transects experience some degree of grazing pressure. During each transect, we recorded all plant species present along the line. We calculated the percentage of line coverage by vegetation to determine total and species-specific cover (line transect intercept). Utilizing this data and the previously established classification into PFT groups, we calculated the richness and cover of each Plant Functional trait.

Given the diverse management strategies employed by families in grazing spaces, we developed a Grazing Pressure Index (GPI). Information for this index was gathered through interviews and participatory observations (Table 2). Since grazing pressure is very heterogeneous along space and time, and because of the different flock sizes and species, we categorized and ranked the qualitative pastoralist’s responses.


GPI=a × b × c × ((d × e llamas) + (d × e sheep))log10 Corral distance × f
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2.4 Data Analysis

The response variables utilized included plant functional type richness, total cover, and cover for each plant functional type. We compared these variables between sectors near (with higher grazing pressure) and far (with lower grazing pressure) from the corrals at each ecological site using a Wilcoxon nonparametric test for paired samples. Additionally, we used generalized linear models to assess the relationship between the response variables and the Grazing Pressure Index. We modeled different cover variables (in %) assuming a binomial distribution (logit link function), while plant functional type richness (count) was modeled using a Poisson distribution (log link function) [24]. We adjusted for linear and quadratic effects and selected the model with the lowest AIC (Akaike Information Criterion). We verified the assumptions of normality and homoscedasticity through residual plots. All tests were conducted at a significance level of 5% using R software, version 4.0.0 [25].

3  Results

3.1 Floristic and Plant Functional Types Richness

Seventy-one species representing 26 families were identified. Cluster analysis of these species enabled us to discriminate eight plant functional types based on traits related to grazing pressure and frequent droughts (Table 3).
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In the Ciénego ecological site, total cover was 70%, dominated by grasses/graminoids and herbaceous dicots with 66% and 33% of total cover, respectively. In the Tolar ecological site, total cover was 50%, and with more diverse and even communities: herbaceous dicots (42%), clonal shrubs (27%), non-clonal shrubs (14%), and grasses and graminoids (11%) (Fig. 2).
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Figure 2: Rank-abundance curves of Plant Functional Types (PFTs) in two ecological sites (Ciénego and Tolar) in Suripujio, Jujuy, Northwestern Argentina. Only the names of PFTs with proportional cover greater than 0.1 are shown

3.2 Plant Functional Types and Piosphere Pattern

We did not find any differences when comparing all the response variables between the two distances from the corral at the Ciénego ecological site (Fig. 3). However, in the Tolar ecological site, we observed a trend (p = 0.078; Fig. 4a) towards higher total cover (1.15 times) in sectors closer to the corral compared to distant sectors. The other response variables in Tolar did not show any changes between the two distances (Figs. 4b–4f).
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Figure 3: Total cover (a), richness of plant functional types (b), and cover of dominant plant functional types (c and d) in sectors near and far from the corral at the Ciénego ecological site, Suripujio (Jujuy, Northwestern Argentina). The first and third quartiles delimit the box, and the thick line between quartiles represents the median. Vertical whiskers indicate adjacent values located at a distance equal to or less than 1.5 times the interquartile range
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Figure 4: Total cover (a), richness of plant functional types (b), and cover of dominant plant functional types (c–f) in sectors near and far from the corral at the Tolar ecological site, Suripujio (Jujuy, Northwestern Argentina). The legend of Fig. 3 provides further details on the box explanation

3.3 Plant Functional Types and Grazing Pressure Index

At Ciénego ecological site, total cover was linearly and positively related to the Grazing Pressure Index (GPI) (Fig. 5). In contrast, in Tolar ecological site, it decreased to intermediate values of this index (Fig. 6). Plant functional types richness showed no relationship with GPI in either of the two ecological sites (Figs. 5b and 6b). Of the two dominant plant functional types at the Ciénego ecological site, only grasses and graminoids showed a lineal cover increase with higher grazing pressure (Fig. 5c). Two out of the four dominant plant functional types were related to GPI in the Tolar ecological sites. Herbaceous dicotyledons cover decreased at intermediate pressures (Fig. 6d), while clonal shrubs’ cover declined linearly with rising GPI.
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Figure 5: Total cover, richness of plant functional types, and cover of dominant plant functional types of the Ciénego ecological site as a function of the Grazing Pressure Index (GPI), Suripujio (Jujuy, Northwestern Argentina)
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Figure 6: Total cover, richness of plant functional types, and cover of dominant plant functional types of the Tolar ecological site as a function of the Grazing Pressure Index (GPI), Suripujio (Jujuy, Northwestern Argentina)

4  Discussion

Our study pioneers the investigation of plant functional type diversity and abundance about grazing in the Puna highland ecosystems. The results varied depending on the ecological site and methodological approach. The piosphere pattern approach showed few vegetation changes about grazing pressure only in the Tolar ecological site. Using the GPI approach, we found more sensitivity, but in general, the results were contrary to expectations.

Based on the results obtained regarding the piosphere pattern and plant functional types, our findings indicate a few minimal differences between sectors near and far from the corral. It suggests that this approach does not robustly detect changes in vegetation cover in response to grazing pressure, although in Tolar, it shows a slightly significant variation. This uniformity in the plant community structure, irrespective of proximity to the grazing point, hints at a certain level of resilience or adaptation to grazing pressure in the Ciénego ecological site. Conversely, in the Tolar ecological site, we noted a trend toward higher total cover in sectors closer to the corral than those farther away. Although this observed increase is marginally significant, it hints at the potential influence of grazing pressure on vegetation composition and distribution within this site. Contrary to what was expected by the piosphere pattern, this result could be explained by a positive effect of fertilization from animal dung, as we found a higher frequency of dung in plots near the corrals in Tolar (Fig. S1). Similar findings support this explanation, as it has been found that the presence of manure from both exotic and native animals, can increase plant diversity and cover [12,26–29]. However, it is important to highlight that while total cover tended to augment in closer sectors, the remaining response variables in Tolar exhibited no discernible changes between distances from the corral.

The relationships became more complex when other factors related to the grazing regime were incorporated into the GPI. At the Ciénego ecological site, grazing pressure seems to be positively correlated with the total cover and the cover of grasses and graminoids. Similar to the explanation provided for the piosphere pattern, these results could be attributed to the effect of organic fertilization provided by animal manure (as higher GPI values are expected to correspond to greater dung frequency) and/or the removal of soil crusts in these deserts or semidesert environments, creating microsites that are subsequently colonized by native vegetation, especially grasses, and graminoids [26]. Conversely, at the Tolar ecological site, total cover and cover of herbaceous dicotyledons decreased towards intermediate values of the GPI, suggesting a potential threshold effect where moderate grazing pressure may lead to reduced vegetation cover. Low vegetation cover values at both ends of the index could be explained by reduced plant consumption by livestock at low GPI values (less pressure), and likely by dung fertilization at higher GPI values [26–30]. The only negative linear response regarding the GPI was for the cover of clonal shrubs at the Tolar ecological site. However, since the shrubs comprising this plant functional type have low grazing preference, especially for sheep, another yet undisclosed mechanism should be responsible for this pattern rather than grazing pressure itself. These shrubs are frequently used as firewood, and it is expected that where there is a higher GPI (ultimately indicating greater use), the harvest of these shrubs would also increase [31]. These findings emphasize the need to enhance the construction of the GPI to include, in future studies, other aspects related to livestock management (such as collection of firewood and dung density estimation, among others).

By incorporating the heterogeneity of the grazing regime through the Grazing Pressure Index (GPI), we identified more associations than with the piosphere pattern approach. Our results highlight the complex interaction between heterogeneous forms of livestock management and vegetation dynamics. Further investigation into the underlying mechanisms driving these variations is needed to enhance our understanding of ecosystem responses to grazing in highland environments.

In summary, our study in the vicinity of Suripujio, in the highlands of the Argentinean Puna, did not find a clear and significant negative impact of grazing pressure on vegetation cover and plant functional type richness. Similarly, no significant differences were found in functional diversity between sites with different grazing intensities in semi-arid Mediterranean grasslands [32]. Although our study did not quantify functional diversity, plant functional type richness also showed no relationship with grazing pressure. This partially contrasts with the findings of other authors, who analyzed plant functional types about stocking rates and detected a decrease in the abundance of dwarf palms and short grasses with higher grazing pressure in arid or semi-arid environments in Spain [18].

The lack of response to grazing pressure for most of the variables studied could be explained by various reasons, not mutually exclusive. Firstly, grazing pressure may be moderated enough not to modify vegetation structure and functionality [5,33–35]. Secondly, given that Puna environments have evolved under a long grazing history [36], it is expected that vegetation diversity is not drastically altered by grazing pressure and that livestock grazing is compatible with biodiversity conservation [32,37–40]. Moreover, arid and semi-arid sites often exhibit minimal responses to herbivory pressure, possibly because the vegetation has evolved traits to escape drought that are often similar to traits that avoid grazing [23,41]. Additionally, the daily grazing pressure away from the corral, monitored by herders, prevents animals from remaining near the corral for extended periods. Managing grazing pressure through daily, seasonal, and inter-annual practices helps avoid the formation of overgrazed or undergrazed areas.

Furthermore, the longstanding co-evolution of pastures and herds in the Puna highlands could also explain the absence of negative responses mentioned above. This ancestral environmental management, livestock husbandry, and pastoral economy, passed down through generations, likely increases the compatibility of pastoral activities and biodiversity conservation by dispersing grazing pressure across space and time [42,43]. In this sense, the subdivision of land into units of management based on inherent landscape productivity and biophysical characteristics seems to be a conservative use of low-productive landscapes in the Puna region as other authors postulate for low-productive grasslands in Australia [44]. Thus, as in traditional Andean grazing management, the intensity and moments of grazing should be varied and utilized in a vast menu of management strategies [45].
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Table 1: List of functional traits used to classify plant functional types
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Leafless shrubs; Short succulents
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Table 3: List of plant functional types identified by cluster analysis with corresponding descriptions and
explanations, indicating species composing groups formed by 1-3 species only

Plant Description Brief explanation Species
functional
type
PFT1 Cactaceae Short succulent, aphylaceous, Maihuenposis nigrispina, M.
glomerata, and Opuntia sp
PFT2 Palatable shrubs Composed of a single species Ephedra rupestris
with extremely
reduced leaves
PFT3 Non-clonal Phanerophytes, with evergreen Parastrephia quadrangularis;
shrubs leaves and propagation by seeds Fabiana densa; Chuquirraga
acanthophylla
PFT4 Shrubs with Dwarf plants, with prickly bracts, Tetraglochin cristatum
pointed bracts propagation by seeds
PFT5 Clonal shrubs Dwarf plants, phanerophytes, with  Baccharis incarum; B. boliviensis
evergreen leaves and propagation by
gemmiparous organs
PFT6 Spiny Short basal growth, with Cardionema ramosissima
herbaceous sclerophyllous and deciduous leaves,
dicotyledons pubescent, spiky bracts, propagation
with prickly by seeds
bracts
PFT7 Grasses and Pluriannual, hemicryptophytes, Aristida asplundii;
graminoids bushy growth, with deciduous leaves 4 gdscencionis; Cyperus andinus;
without thorns and glabrous or Eragrostis nigricans;
sp?rsely pubescent, propagation by Festuca argentiniensis:
rhizomes or seeds
Eleocharis atacamensis,; Nasella
hialina, etc.
PFTS Herbaceous Hemicryptophytes, camephytes, or  Trifolium amabile; Lalchemilla
dicotyledons some Therophytes, short basal pinnata; Tarassa antofagastana;

growth, propagation by seeds or
stolons, without thorns, and glabrous
or sparsely pubescent

Plantago orbygniana;
Hypseocharis tridentata;
Hypochoeris meyeniana, etc.
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Table 2: Components of the grazing pressure index (GPI) with their explanations and categories

Component

Explanation Categories

a: Rest period of
the grazing site

b: Season of use

c: Days of use

d: Number of
animals

e: Fodder
requirements

f: Frequency of
site changes

Reflects the rest period of the grazing site, Abandoned for more than 20 years = 1;
categorized into seven ranges Abandoned 11 to 20 years = 2;
Abandoned 6 to 10 years = 3; Abandoned
3 to 5 years = 4; Abandoned 1 to
2 years = 5; Resting for 0 to 1 year = 6;

Occupied = 7
Assigned values based on the critical Winter and summer = 1
seasons for native vegetation Autumn and spring = 2
Values are assigned based on the length of Site used less than 30 days = 4; 31 to
time the site 1s used 60 days =9; 61 to 90 days = 16; more than
90 days = 25
Values are assigned based on the number Up to 50 animals=1;51to 100=2; 101 to
of animals (no matter if only llamas, 150 = 3; 150 to 200 = 4; 201 to 250 = 5;
sheep, or both species) 251 to 300 = 6, more than 300 =7

Reflecting the differing consumption rates Sheep = 0.5; Llamas = 1
between sheep and llamas. (Since the lama

requires approximately twice as much

plant matter as the sheep)

Reflecting the frequency of site arriving  Families arriving at grazing sites from 2 to
throughout the year (families make varied 6 times a year

use of the number of movements in the

year between grazing sites)
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