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Protected areas are critical for the conservation of the world’s biodiversity; however, parks 

isolated from their surroundings will not assure the maintenance of biodiversity and working 

ecosystems. New management practices assuring the conservation of biodiversity and the 

provision of goods and services need to be designed and promoted. Private lands have the 

potential to fulfill this dual role, but first we need to know which land use practices in private 

land really contribute to the maintenance of native biodiversity. In this study, a land use and land 

cover change analysis, between 1987, 1999 and 2008, was developed for the Caldenal region, 

Argentina to determine the effect of private game reserves on landscape scale processes of 

change. Game reserves were found preferentially located in the areas with highest proportion of 

forest cover. No differences were found in the rates of conversion to agriculture between game 

reserves and cattle ranches for any of the two periods analyzed. Differences were found in the 

rates of deforestation between the first and second period. While deforestation stopped in the 

game reserves and big cattle ranches, it increased in intensity in the small cattle ranches. This 

suggests that, for the period analyzed, the incorporation of fee hunting as a land use has not 

significantly changed management practices in the area, being deforestation more associated 

with the agricultural capabilities of the of the ranches, than to the land use type. Furthermore, the 
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dependence of hunting activities on exotic species makes game reserves active agents of 

introduction of non-native species in this region. Further research on the role of this land use 

type on the introduction of species, and on the effect of these new species on the rest of the 

Caldenal ecosystem will allow for a more complete evaluation of the value of game reserves as 

conservation tools in central Argentina. 
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CHAPTER 1 
INTRODUCTION 

In the last few centuries humans have generated an unprecedented situation of global 

environmental change, via population growth, technology and economic development 

(Houghton, 1994; MEA, 2005). Loss of natural ecosystems and species, increase in agricultural 

areas, soil degradation, emission of greenhouse gases and urbanization are some of the 

manifestations of this change that may risk the long term global sustainability (Fearnside, 2005; 

IPCC, 2007). This is why monitoring and understanding the magnitude and consequences of 

human impacts on the environment has been identified as a global research priority (Ojima et al., 

1994; Lambin & Geist, 1999; Turner et al., 2007). Land cover and land use change is one of the 

main drivers of this process of global change (Foley et al., 2005), therefore learning about the 

processes of land use change, its consequences on land-cover, and its final interactions with the 

social and environmental systems is critical for the implementation of adequate management 

measures. 

In order to preserve threatened ecosystems from degradation or replacement, various 

conservation approaches have been applied (Bawa & Seidler, 1998; Frank et al., 2003; Azevedo-

Ramos et al., 2006; Tole, 2006; Brockington, 2007), but among them protected areas have been 

the cornerstone of conservation strategies so far (Margules & Pressey, 2000). As defined by the 

IUCN (1994) there is a wide range of protected area definitions, based on their objectives, 

management and relationship with human populations. However,  a big debate is occurring 

among conservation practitioners, donors and NGOs about which conservation strategies are 

more ecological, social, and economically sustainable over time. The options are antagonistically 

presented as exclusionary conservation versus the community based approaches to conservation 

(Chapin et al., 2000; Wilshusen et al., 2002; Terborgh, 2004; Andrade, 2005; Hutton et al., 
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2005). The exclusionary conservation approach is based on the assumption of incompatibility of 

conserving functional ecosystems with people living in them. The community based approaches 

are based on the opposite assumption, that people will better conserve natural resources if they 

can make sustainable utilization of them. 

The fact that by the year 2005 there were over 100,000 protected areas worldwide, 

covering over 12% of the land’s surface, highlights the importance assigned to parks as 

conservation tools (Chape et al., 2005). Its effectiveness in maintaining forest cover inside their 

boundaries has been demonstrated in a variety of regions (Bruner et al., 2001; Sanchez-Azofeifa 

et al., 2003; Southworth et al., 2004b) though, degradation beyond those boundaries often 

compromises the ecological objectives of the protected areas (Soulé et al., 1999; Clerici et al., 

2007), especially if they are too small or too isolated (Sanchez-Azofeifa et al., 2002). Even when 

the extent of the protected area system has increased significantly in the last century, it is not 

enough to ensure the conservation of global biodiversity (Chape et al., 2005). New strategies 

need to be implemented to complement the role of protected areas. 

Biodiversity conservation can also be achieved under private management based on 

ecotourism, hunting or just because of the value assigned to nature by the owners of the land 

(Langholz & Lassoie, 2001; Frank et al., 2003; Langholz & Kerley, 2006). Different mechanisms 

are being developed to favor conservation practices in private lands, such as conservation 

easements (Engel, 2007; Rissman et al., 2007; Rissman & Merenlender, 2008), payment for 

ecosystem services (Engel et al., 2008; Klimek et al., 2008; Tallis et al., 2008), and taxes and 

subsidies modifying private behavior (Jenkins et al., 2004). The potential significance of private 

conservation initiatives is especially important in countries, like Argentina, in which most of the 
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land is privately owned. However, in order to correctly implement any of these strategies basic 

information on the real conservation value of different land uses is needed. 

The importance of wildlife utilization as a source of income in private landholdings has 

increased in recent years, as an alternative to traditional rural production systems (e.g. cattle 

ranching), providing incentives to wildlife and habitat conservation (Williams & Lathbury, 1996; 

Butler et al., 2005). Wildlife, as a land use, has been proven effective in southern Africa from an 

economic and biodiversity conservation perspective (Bond et al., 2004). Trophy hunting is of 

major importance to conservation in Africa creating economic incentives for conservation over 

vast areas unsuitable for other activities (Lindsey et al., 2006b). Fee hunting is promoting habitat 

conservation in California, where landowners agree to develop habitat enhancement activities in 

order to obtain hunting benefits (Williams & Lathbury, 1996). However, no landscape scale land 

cover change assessment has been performed in the Caldenal savanna of central Argentina to 

determine the conservation value of private game reserves to maintain native ecosystems. 

Lack of agreement in the conservation community is not uncommon. Different criteria 

have been proposed for deciding conservation priorities (Mittermeier et al., 1998; Kareiva & 

Marvier, 2003; Mittermeier et al., 2003; Rodrigues et al., 2004; Hoekstra et al., 2005; Brooks et 

al., 2006), and as already mentioned, there are differences in how to effectively assure the 

achievement of the conservation objectives. It is not surprising then, that there is a the lack of 

standardized and comparable methods for assessing the conservation outcome of different 

management practices over time (Green et al., 2005b; Gaston et al., 2008). Three main groups of 

methodologies can be found in the literature analyzing the effectiveness of conservation tools. 

The first one is based on comparison of demographic data of target species in areas subject to 

conservation management over time (Stoner et al., 2007) or comparing data from similar areas 
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protected and not protected (Caro, 2001; Weller, 2008). These types of studies would ideally be 

preferred because they directly measure the variable of conservation interest, however the lack of 

reference data and the need of high cost data collection campaigns limit its implementation in 

most cases. The second group is based on survey data. Asking managers, local people and 

experts about the conservation outcomes of particular practices is used to assess the performance 

of different management practices (Bruner et al., 2001; Langholz & Lassoie, 2001), though the 

validity of the results have been questioned because of the particular motives of the respondents 

might bias the results in any particular direction (Vanclay, 2001). The third group of assessment 

procedures for determining the effectiveness of conservation practices is the use of surrogates 

(Caro & O'Doherty, 1999), and among them the maintenance of habitat as a surrogate for 

biodiversity conservation (Lombard et al., 2003; Altmoos & Henle, 2007; Lindsay et al., 2008). 

The main assumption is that the maintenance of native habitats is directly related to the 

maintenance of the other components of local biodiversity, usually much more difficult or costly 

to assess. Limitations to this approach are important, given that the existence of forest cover does 

not assure the conservation of local biodiversity (Redford, 1992; Terborgh et al., 2008). 

However, these limitations do not invalidate the utility of habitat assessments as a first analysis 

of effectiveness of conservation practices, given the inevitable necessity of maintaining native 

habitats for any in situ conservation program. 

Remote sensing is a particularly effective tool for the evaluation of conservation strategies 

at the landscape level (Turner et al., 2003) because it offers important means for detecting and 

analyzing changes in landscapes over large temporal and spatial scales (Narumalani et al., 2004). 

Information on the distribution of species habitats, and habitat changes over time, can be 

generated from satellite images over greater spatial extents and more frequent time steps than 
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possible with traditional field studies (Nagendra, 2001). The use of remote sensing for 

determining the effectiveness of protected areas is a commonly used procedure. Clerici et al 

(2007) used a trajectory analysis to determine the effectiveness of two biosphere reserves in 

West Africa maintaining savanna habitats within their boundaries, finding that even when the 

parks had been effective in maintaining forest cover, conversion in its periphery compromised 

the long term maintenance of species richness. Similar results were found for protected areas in 

other regions of the world like Eastern Africa (Vogt et al., 2006), Costa Rica (Sanchez-Azofeifa 

et al., 1999; Sanchez-Azofeifa et al., 2003), Honduras (Southworth et al., 2004b) and Paraguay 

(Huang et al., 2007). 

Global remote sensing datasets have also been used to determine the performance of parks 

at broader scales. Joppa et al. (2008) used one of these global datasets to compare actual land 

cover in protected areas of the Amazon, Congo, South American Atlantic Coast and West Africa. 

They identified two groups, one formed by regions with larger parks maintaining natural habitats 

in and outside its boundaries (Amazon and Congo) and those in which protected areas were 

smaller and with sharp boundaries due to conversion in its surroundings (South American 

Atlantic Coast and West Africa). However, the maintenance of forest cover has not been the only 

characteristic of protected areas analyzed through remote sensing techniques. Wright et al. 

(2007) determined the effectiveness of protected areas globally in reducing fire frequency within 

their boundaries as compared to unprotected areas. Fires were more frequent outside protected 

areas by up to four orders of magnitude. These are just a some examples of the acceptance of 

land cover change analysis, through the use of remotely sensed data, as valid procedures to study 

the effect of different land use practices on land cover changes over time. 
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The Caldenal region in central Argentina is a transitional savanna ecosystem at the margin 

of the Pampas grasslands, and is at the present time a reservoir of some of the best perennial 

grasslands in the country. However, currently only 0.1% of the region is under formal protection 

and the remainder is undergoing rapid conversion for agriculture (Mendez, 2007b). With more 

than 40% of its area converted to agriculture in the last century and a very scarce protected areas 

system, this region has been identified as one of the endangered “crisis ecoregions” worldwide 

(Hoekstra et al., 2005). In addition to habitat conversion, much of the remaining Caldenal is 

highly degraded, where the open savanna characterized by scattered trees and dense cover of 

perennial grasses (Koutche & Carmelich, 1936) has been replaced by thick thorn scrub (Lell, 

2004). As a result this system is one of the highest conservation priorities for the national 

government of Argentina (APN, 2007). 

In La Pampa province there are two publically owned protected areas in the Caldenal, but 

of those, only one preserves forest and grasslands ecosystems of relative magnitude, Parque Luro 

(76 km2). The identification of the role of different land uses in private landholdings in 

maintaining natural land covers is critical for the long term sustainability of this threatened 

habitat and its biodiversity, particularly in a province in which 95% of the land is privately 

owned. Previous research has identified private game reserves as land uses with potential for 

conservation of native resources in the Caldenal region (Gobbi, 1994).The objective of this 

research was to identify, using remote sensing data from 1987, 1999 and 2008, the importance of 

private game reserves for the conservation of native habitats in the Caldenal savanna of central 

Argentina. The processes of land cover change were analyzed at a landscape scale, comparing 

the land cover composition, the rates of conversion to agriculture and the rates of change over 

time among game reserves, cattle ranches and the only protected area of the region. 
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Understanding the effect of different private land uses in the Caldenal region will be critical for 

designing a regional conservation strategy complementing strict conservation in governmentally 

owned protected areas with working ecosystems in private lands. 
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CHAPTER 2 
MATERIALS AND METHODS 

Study Area 

The Caldenal is a semiarid savanna ecosystem of about 170,000 km2 located in central 

Argentina, primarily in La Pampa province. This xerophytic open forest system compromises the 

southern half of the Espinal ecoregion (Cabrera, 1994; Olson et al., 2001) and is a transitional 

ecosystem between the Pampas grasslands, to the east, and the dry Monte ecoregions, to the west 

(Figure 2-1). It is dominated by Caldén (Prosopis caldenia) with understory of perennial grasses 

frequently interrupted by dunes, wetlands and lagoons (Cabrera, 1994). The climate is semiarid 

temperate with a mean annual temperature of 15°C (max = 24°C and min = 8°C) and high 

diurnal and seasonal ranges due to low atmospheric humidity. Major changes occurred in the 

area with the arrival of new settlers at the end of the 19th century and have intensified since then. 

Changes in fire regimes (Medina, 2007), introduction of species (e.g. red deer, Cervus elaphus; 

wild boar, Sus scrofa), extractive logging, overgrazing by livestock, and replacement of natural 

systems for agriculture are the biggest threats the region has faced historically (Amieva, 1993; 

Mendez, 2007b). 

The area analyzed in this project (31,000 km2) is located in the central portion of the 

Caldenal region in La Pampa province. It was selected based on the clumped spatial distribution 

of the game reserves and the presence of the only park in a Caldenal terrestrial environment in 

the province (Figure 2-1). This area is characterized by steep northeast-southwest gradients 

(Figure 2-2). Rainfall decrease from 900 mm a year to 450 in only 200 km, being mainly 

concentrated in the summer. Soil types also follow the same gradient, finding the most fertile 

soils to the northeast of the province (Cano et al., 1980). The interaction of these varied 

environmental conditions highly influences the productivity of rural enterprises. Agrarian 
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economic unit is the term used in local legislation to refer to the minimum amount of land a 

family needs to make a dignified living, therefore the smallest possible size an individual 

property can legally be divided in (Pampa, 1973). The size of these units follow the same pattern 

described by natural gradients, finding the smallest properties to the northeast of the study area 

(3 km2) and the biggest to the southwest (25 km2, Figure 2-2). 

The economy of the region is almost exclusively supported by the rural production. Cattle 

ranching is the main economic activity of the region followed by agriculture (Cano et al., 1980; 

Mendez, 2007a). However, hunting and tourism are growing and complementary activities, 

focused on the attraction of international tourists (Gobbi, 1994). Fee hunting is organized in 

private rural enterprises called game reserves (cotos de caza in Spanish). Game reserves, as 

defined by local regulations, are pieces of land dedicated to hunting activities while assuring the 

sustainable utilization of wildlife (SAA, 2004). Given the reduced diversity of big game native 

species in the region, game reserves have introduced a variety of exotic species. Red deer 

(Cervus elaphus), wild boar (Sus scrofa), antelope (Antilope cervicapra) and buffalo (Bubalus 

bubalis) are some of the species hunting enterprises have actively introduced and manage to 

increase their game offer. Game reserves started formally in La Pampa in 1987, and since then 

149 such reserves have been registered with the local government. Sixty one are still working, 

and of those, 56 are located in the Caldenal region covering over 3,222 km2 (4.4% of the 

ecoregion in the province). 

Remote Sensing 

Image Pre-Processing 

Landsat 5 TM images were obtained for the end of the summer season for 1987, 1999 and 

2008, three scenes were needed for each date to cover the study area (Table 2-1). Images were 

obtained from two sources: the Global Land Cover Facility (1987) and the Ecology Agency of 
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La Pampa (1999 and 2008). Images of 1987 were resampled to 30 m to match the spatial 

resolution of the images from the other source (the original spatial resolution was 28.5 m). All 

images were geometrically registered to a GIS layer of roads collected with a GPS during 

fieldwork (error < 0.5 pixel). Roads were used to rectify the images given the lack of high 

resolution cartography for the area and the abundance of road data collected during the training 

sample collection. Radiometric calibration was applied to the images converting digital numbers 

to surface reflectance in order to correct for sensor gains and atmospheric distortion between 

dates (Green et al., 2005a). For each of the three dates, images were mosaicked to create a single 

image on which to perform the classification procedures (image processing was done with 

ERDAS Imagine). 

Land Cover Classes 

In the classification process 6 land cover classes were identified: 1) Agriculture: areas in 

which the land cover resulted from direct human influence through agricultural practices. Three 

sub classes composed the agriculture class: active fields, bare soil, and fallow; 2) Grasslands: the 

original intention was to differentiate between native grasslands and planted pastures, but it was 

not possible, so this class includes both; 3) Shrublands: areas covered with woody vegetation 

usually having multiple permanent stems branching from or near the ground. This class includes 

two different units in terms of composition and ecological characteristics: in the south west of 

the study area shrublands are composed mainly by Larrea sp, indicating the transition between 

the Caldenal and the Monte ecoregions. In the rest of the study area shrublands indicate sites in 

which Caldén (the dominant tree species in the region) is present in early successional stages, 

both colonizing areas of grassland or re-growing after forest fires; 4) Forest: areas covered by at 

least 10 percent tree crown cover (FAO, 2002); 5) Burned: areas that experienced fires up to 

approximately six months before image capture; 6) Lagoon: this class includes both permanent 
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and temporal water bodies. In this document, I will refer to as naturally vegetated land covers to 

the group of grasslands, shrublands and forest. The term natural is used to differentiate 

agricultural areas from the other types of vegetation in the area, but it should not be interpreted 

as areas with lack of human influence. 

Image Classification 

During summer 2008, 452 training samples were collected in the study area registering 

information on vegetation structure and composition, among other variables. In addition, 234 

complementary samples were extracted from high resolution imagery of the area (Google Earth). 

Sixty five percent of the training samples were used during the classification procedure and the 

remainder was used for the accuracy assessment.  

Different band combinations were tried for the supervised classification procedure using 

the maximum likelihood classifier. The best combination in terms of separability among classes 

was: band2, band3, band4, band5, and band7 from the Landsat images, together with a digital 

elevation model of the area (NASA, 2009), and two layers representing the X and Y coordinates. 

The digital elevation model and the X-Y coordinates incorporated information in the model 

useful to differentiate land cover classes that were not originally separable based on the spectral 

data alone. The accuracy of the classification was 85.6% (overall kappa statistics = 0.8164) 

(Jensen, 2005), a little over the usual threshold to accept individual classification (Campbell, 

2002). A rule based approach, as described by Daniels (2006), was later incorporated to improve 

the quality of the final land cover map. Using data mining software (Compumine, 2009) rules 

were generated and applied in ERDAS Imagine Knowledge Engineer. Rules were based on 

derived indices of Tasseled Cap transformation and NDVI (Normalized difference vegetation 

Index); and soil data of the area (soil map modified from Cano et al. 1980). Tasseled Cap 

transformation is a method of data reduction with minimal information loss (Crist & Kauth, 
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1986) widely used in vegetation mapping and land cover change analysis (Kiage et al., 2007; 

Chen & Rao, 2008; Jupiter & Marion, 2008; Karnieli et al., 2008; Siwe & Koch, 2008). The 

tasseled cap transformation of Landsat thematic mapper (TM) consists of six multispectral 

features, with the first three bands accounting for the most variation in the data set. These first 

three features have been labeled as brightness, greenness and wetness given their ability to 

describe those physical features of the land surface (Crist & Kauth, 1986; Jin & Sader, 2005). 

The NDVI is also a widely used index in land cover change analysis studies given its ability to 

describe the active vegetation covers (Hansen et al., 2000; Loveland et al., 2000; Southworth et 

al., 2004a; Alcaraz-Segura et al., 2009; De La Maza et al., 2009). It is computed as a ratio of the 

differences between near infrared and red bands to the addition of those bands (Jensen, 2005). 

The rule based approach generated a more accurate and precise land cover map of the area for 

the year 2008 (accuracy = 88.5% and overall kappa statistics = 0.8525, Table 2-2). The same 

procedure was applied for 1987 and 1999 images. The lack of reference data for 1987 and 1999 

prevented the assessment of classification accuracies for those dates. However, given the 

consistency in the remote sensing data used (all Landsat 5TM images from the same season) and 

of the classification procedure applied, I assumed they did not differ significantly from that of 

2008. Visual examination of the products supported the assumption. 

Trajectory Analysis 

The original interest was not only quantifying net changes among classes between the three 

dates analyzed, but understanding the nature of the changes occurring in the area, as such two 

sets of trajectory maps (Petit et al., 2001; Southworth et al., 2004b) were created. The first 

consisted of two two-date trajectories, one for each time period (1987-1999 and 1999-2008), and 

the second on a single three-date trajectory summarizing changes occurred across the 21-year 

period. The number of possible combinations of 6 land-cover classes for the different dates made 
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the interpretation of trajectories difficult and unpractical (36 possible trajectories for the two-date 

analysis and 216 for the three-date analysis). In order to overcome this, a four level trajectory 

analysis scheme was developed (Table 2-3). The first level classified pixels as changed or 

unchanged according to the maintenance or not of the same land cover class for the three dates. 

The second level classified changed pixels according to the nature of the change in: (1) 

conversion to agriculture; (2) regeneration from agriculture to a natural land cover; or (3) natural 

change if the land cover changed among grassland, shrubland and/or forest. Natural changes 

were described in this study as those changes in vegetation cover occurring between grassland, 

shrubs and forest. The term natural in this case again, refers to the lack of conversion to 

agriculture, and not to the lack of human influence in the process of change (e.g. fire is a main 

force of change in the Caldenal and is highly influenced by management practices). The third 

level classified the areas of natural change in: (1) opening (if the vegetation vertical structure in 

the final date was lower as compared to the initial date for each period); (2) closing (if the 

vegetation structure is higher in the final date as compared to the initial date for each period); (3) 

water increase; or (4) water decrease. The fourth level of the classification has different 

meanings depending on the previous levels classification. For areas converted to agriculture, 

level four indicates the original land cover being converted to agriculture, for areas being 

regenerated from agriculture level four indicates the natural land cover product of the 

regeneration, for areas where vegetation was opened or closed during the period level four 

indicates the final land cover type product of the change, finally for the areas of unchanged land 

covers level four indicates the land cover type that remained unchanged during the period. This 

simplified version of the trajectories allowed for a more rapid and intuitive understanding of the 

changes occurring in the study area. For example, pixels identified as Agriculture-Agriculture-
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Agriculture were classified as “Unchanged-Agriculture”; pixels identified as Forest-Agriculture-

Agriculture or Forest-Forest-Agriculture were classified as “Changed-Conversion to Agriculture-

Forest” indicating that the land cover had changed during the period of analysis, that the change 

was a conversion from a natural land cover to agriculture, and that the original land cover was 

forest. 

Statistical Analysis 

For the analysis of the processes on land cover change and the determination of the rates of 

conversion at a parcel level a geographic information system of the study area was developed. A 

digitized cadastral map of La Pampa province was provided by the La Pampa Ecology Agency 

(sensitive information was previously removed, providing only the extent and the cadastral 

coding at parcel level). The areas of analysis were: 1) Parque Luro Protected Area, from here on 

referred to as Park; 2) Game reserves: Records from the Natural Resource Agency were used to 

identify at a parcel level each of the game reserves registered in the province. Given the 

variability on the starting date of game reserves, 2 subpopulations were defined: (a) those that 

have been working for a longer period (before March 1999), hereafter refereed as old game 

reserves (Old_GR); and (b) those working for a shorter time (after March 1999), and hereafter 

refereed as new game reserves (New_GR). Those ranches previously registered as game reserves 

but no longer working were directly removed from the analysis to avoid confounding effects. 

In order to compare the land cover changes among the main land uses of the region, a 

sample of the parcels dedicated livestock production was extracted. Given the differences in the 

size of the units (Old_GR mean size = 71.5 km2, New_GR mean size = 45.3 km2, and cattle 

ranches mean size = 10.9 km2) a random sample of ranches was not considered appropriate to 

compare with the park and game reserves. To control for the significantly smaller size of cattle 

ranches, 2 blocked random samples (N = 40 each one) were extracted from all the parcels used 
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for that activity (Table 2-4). The first sample was extracted from the parcels with sizes bigger 

than 48.6 km2 (mean sample size of game reserves minus one standard error). This sample was 

comparable, in the average extent of the individual parcels, to the game reserves and will be 

refereed as big cattle ranches (Big_CR). The second sample was selected from those cattle 

ranches with sizes smaller than 48.6 km2, this group will be refereed as small cattle ranches 

(Small_CR). Digitization errors in the boundaries of each of the parcels selected for the analysis 

were corrected using the 2008 image mosaic as reference. Both the land cover change and the 

trajectory analysis were performed at the parcel level for each of the 5 zones: Park, Old_GR, 

New_GR, Big_CR and Small_CR (Figure 2-3). The results of Park will be presented and 

discussed, however they were not be included in the statistical analysis given the presence of 

only one park in the study area. 

In order to determine the conservation significance of private game reserves in the region 

the land cover composition in 1987 (before establishment) and its rates of change were analyzed 

and compared with that of cattle ranches. Differences in the initial proportion of the different 

land cover classes were tested using Kruskal-Wallis test, using Bonfarroni correction when 

pairwise comparisons were needed (Kruskal & Wallis, 1952; Shaffer, 1995). For analyzing the 

effect of the different land uses on land cover changes a set of rates were calculated. The annual 

rate of change of each natural land cover was computed at the property level using the formula 

described by Dirzo & Garcia (1992):  
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Where At1 is the extent in hectares of the land cover at the beginning of the period; At2 is 

the extent of the land cover of interest at the end of the period; and t is the time in years for the 
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period of analysis. This rate was computed on grassland, shrubland and forest covers for GRs 

and CRs. Given the importance assigned by previous studies to the processes of conversion in 

the area, the annual gross rate of conversion to agriculture was also calculated using a modified 

version of the rate of change formula: 
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Where Aconverted_p is the extent in hectares converted to agriculture during the period; Anatural_t1 is 

the extent in hectares of the natural land covers (grasslands, shrublands and forest) at the 

beginning of the period; and t is the time in years. Differences in rates of change and conversion 

between periods and land uses were tested using Kruskal-Wallis test (when pairwise 

comparisons were needed Bonfarroni correction was applied) (Kruskal & Wallis, 1952; Shaffer, 

1995).  
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CHAPTER 3 
RESULTS 

Land Cover Patterns 

Three land cover maps resulted from the classification procedure, one for 1987, 1999 and 

2008 (Figure 3-1). Across the three dates the basic land cover pattern is repeated. Agriculture is 

concentrated in the eastern sector of the study area, while grasslands are restricted to the western 

sector and to one of the transversal valleys (Valle Argentino). Shrublands, as previously 

explained, comprise two different compositional communities. The community composed 

mainly of Larrea sp is restricted to the southwestern portion of the study area, indicating the 

transition to the Monte ecoregion. On the other hand, the shrublands composed by juvenile 

stages of Caldén (product of fire regeneration or colonization) are distributed all over the area. 

Forest distribution shows a significant difference in the latitudinal gradient. While forest cover is 

evenly distributed in the northern sector (especially in 1987), it is restricted to the slopes of the 

transversal valleys in the central and southern portion of the area analyzed. The distribution of 

burned areas in the study site greatly varies between years, showing the random nature of fire in 

this region. 

Preferential Location 

The first prerequisite for a conservation area to exist is to be placed in areas where the land 

covers of conservation interest are located. To determine if game reserves fulfill this first 

prerequisite to be considered valuable for the conservation of the Caldenal, the relative 

proportions of the different land covers were compared among Old_GR, New_GR, Big_CR and 

Small_CR for 1987, before game reserves were formally established. The mean area dedicated to 

agriculture was lowest in Old_GR (4.6%) as compared to New_GR (11.5%), Big_CR (12.3%) 

and Small_CR (56.5%) (Kruskal-Wallis test, p<.0001). Agricultural cover was statistically 
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significantly higher in Small_CR as compared to the other 3 zones (no significant differences 

were found between the first 3 zones). The mean area covered by grasslands was highest in 

Big_CR (24.7%), followed by Old_GR (23.7%), New_GR (16.4%) and Small_CR (12.4%) 

(Kruskal-Wallis test, p=0.0018). Grassland cover was statistically significantly lower in 

Small_CR than in the other 3 zones (no significant differences were found between the first 3 

zones). The mean area covered by shrubs was highest in Big_CR (22.6%), followed by New_GR 

(11.2%), Old_GR (10.6%) and with Small_CR (5.5%) presenting the lowest shrubs cover 

(Kruskal-Wallis test, p=0.0001), with the Small_CR’s shrub cover being significantly lower than 

that from the other 3 zones (no significant differences were found between the first 3 zones). 

Based on the differences in the land cover of agriculture, grassland and shrubs two groups were 

identified, on one side GRs and Big_CR, and on the other Small_CR. A different pattern 

emerges when forest cover is analyzed. Old_GR and New_GR presented the highest forest cover 

in 1987 (59.7% and 58.4% respectively), followed by Big_CR (39.0%) and Small_CR (24.6%) 

presenting the lowest (Kruskal-Wallis test, p=<.0001). Three significantly different groups were 

identified relative to the forest cover. On one extreme GRs showed the highest forest cover, in 

the middle Big_CR, and Small_CR presented the lowest proportion of its area occupied by forest 

(Figure 3-2). 

Conversion to Agriculture 

In both periods the Park presented the lowest annual rates of conversion from natural land 

covers to agriculture (Table 3-1), followed in increasing order by Old_GR, Big_CR, New_GR 

and Small_CR. The first four zones presented mean annual rates lower than 1% for both periods, 

much lower than that observed in Small_CR (8.4% for period 1 and 11.6% for period 2), 

although any of the differences between groups for each period were statistically significant. No 

significant differences were identified neither between period 1 and 2 for each of the zones; 
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however an increase in the mean annual rate of conversion to agriculture in Small_CR might 

suggest an intensification of the process in these areas. 

Rates of Change 

Conversion to agriculture is one of the changes occurring in the caldenal, which is 

extremely important from the conservation perspective. However, natural changes are much 

more common in terms of spatial extent (Figure 3-3-C). To accurately address this processes the 

annual rate of change for each of the natural land covers was calculated (Table 3-2). In order to 

determine the effect of GRs on the land cover change dynamics, these rates were compared for 

each period among the different zones, finding no clearly distinct patterns between GRs and 

CRs. When the comparison was made between period 1 and 2 for each of the zones, most of the 

rates showed no significant difference, except from that of forest. The forest mean annual rate of 

change was negative for all GRs and CRs between 1987 and 1999 (-5.1% in Old_GR, -3.6% in 

New_GR, -4.7% in Big_CR, and -2.1% in Small_CR) indicating a regional process of loss in 

forest cover. On the other hand, for the second period, two different trends can be identified. 

While the negative rate in Small_CR becomes even more negative (-11.5%), indicating an 

increase in the deforestation process, for the GRs and Big_CR the loss of forest stopped and 

forest started to recover (0.71% in Old_GR, 2.3% in New_GR, and 4.6% in Big_CR). 

Differences in the rate of change of forest between period 1 and 2 for each zone were all 

significant at p<0.05. 

Trajectory Analysis 

No major differences were identified between the two individual periods in the trajectory 

analysis and neither between those and the trajectory summarizing the changes of the 21 years, 

so in order to maintain the simplicity, the later will be presented here. The trajectory analysis 

shows that the majority of the land cover did not change across dates, though some differences 
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can be identified between zones. In the Park 92.3% of the land cover present in 1987 did not 

change during the period analyzed (Figure 3-3-A), indicating the stability of vegetation covers in 

areas with strict conservation management. Small_CR showed the next highest proportion of 

unchanged cover (80.2%), though here the lack of change is due to the presence of agricultural 

areas, which represent 66.9% of the unchanged area. For Old_GR, New_GR and Big_CR the 

proportion of the area with unchanged land covers was very similar (around 60%). 

The land cover composition of the unchanged areas was also analyzed. For the Park, 

85.2% of the unchanged area between 1987 and 2008 was covered by forest, followed in extent 

by lagoons (11.6%). Then a gradient can be identified between Old_GR, New_GR, Big_CR and 

Small_CR in terms of the forest and agricultural proportion of the unchanged areas. Forest cover 

decreases from Old_GR to Small_CR while the proportion of agriculture varies in the opposite 

direction (highest in Small_CR, Figure 3-3-B). 

The dynamic nature of the Caldenal system could be better described when the different 

types of changes were considered (Figure 3-3-C). In this analysis a distinct pattern was identified 

for the Park as compared to the other zones. In the Park, the overall changed area represents only 

7.7%. Of that area, the proportion occupied by natural changes, conversion to agriculture (in this 

case conversion did not represent increase in commercial agriculture, but increase in the density 

and size of firebreaks) and regeneration were almost evenly distributed. On the other hand, in 

GRs and CRs most of the changes occurring during the 21 year period were described as natural 

(on average 75% of the changed surface). Conversion to agriculture represents on average 15.0% 

of the changed area with no clear differences between GRs and CRs. Regeneration is in all cases 

smaller in extent than conversion to agriculture. 
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In the Park most of the natural changes represented a process of closing of the vegetation 

as it matures towards forest cover. It is important to notice that the area in the park subject to 

natural changes was almost non existent (1.6%). More relevant are these natural changes in GRs 

and CRs, where they represent 12.3% of the area for Small_CR and around 30% for GRs and 

Big_CR. Both in GRs and CRs the increase in shrub cover is the main change observed. This 

occurs via two different processes: 1) the process of opening from forest to shrublands, 

distributed all over the study area with no clear spatial pattern describing it (Figure 3-4-B); and 

2) the process of closing from grasslands to shrublands, mainly concentrated in the western 

sector of the study area (Figure 3-4-C). 

Of the area converted to agriculture, most of it was originally covered by forests, followed 

by areas covers by grasses (Figure 3-3-E). There is also a process of regeneration from 

agriculture to natural land cover, though as already mentioned it is reduced in extent as compared 

to the conversion to agriculture (Figure 3-3-C). Differences are also evident in the type of natural 

cover being lost for agriculture and those being the product of the regeneration. While 

conversion to agriculture occurred mainly in forested areas (followed by grasslands), 

regeneration occurred from agriculture to grasslands, and to a lesser extent forest and shrublands 

(Figure 3-3-F). This process of regeneration to grasslands should be interpreted as establishment 

of planted pastures and not the regeneration of natural grasslands (as already explained this 

confusion is a product of the limitations in the classification procedure). Differences are also 

evident in the spatial distribution of these changes. While the areas of conversion from forest to 

agriculture are located to the east of the study area (Figure 3-5-C), conversion to pasture 

occurred in the central portion of the study area (Figure 3-5-D).  
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CHAPTER 4 
DISCUSSION 

Processes of Land Cover Change 

In the last century the Caldenal ecosystem has been subject to an intense process of 

conversion and degradation compromising its long term conservation (Mendez, 2007b). 

Different human interventions contributed to the present state of the system. Extraction of wood, 

introduction of cattle, changes in fire frequency and intensity and finally conversion to 

agriculture have converted the Caldenal in one of the world’s crisis ecoregions (Hoekstra et al., 

2005) and in a conservation priority at the national level (APN, 2007). However, even when the 

need to take regional conservation measures to protect this system, its biodiversity and the 

services it provides to society has been acknowledged, little has been done to increase the area 

protected or to develop sustainable management practices (Mendez, 2007b). Game reserves 

appeared then as possible private land use practices with a conservation value for the 

maintenance of native habitats. 

Results indicate that game reserves were initially established in areas where forest cover 

was more abundant, and for the last 21 years this pattern has been maintained. Forest, shrubs and 

grasslands were more abundant in the areas where game reserves would later be established, as 

compared to the small cattle ranches, dominated by agriculture. Big cattle ranches presented in 

1987 similar proportions of grasslands and shrublands as the game reserves, however forest 

cover was significantly lower. This preferential selection of forest by the game reserves might 

well be explained by the higher abundance of game species (especially Cervus elaphus) in 

forested habitats of La Pampa. The fact that game reserves have been preferentially located in 

areas where the habitats of conservation interest are located is valuable and should be considered 

in the process of regional conservation planning. 

31 



 

Shifts between natural land covers (grassland, shrubland and forest) were identified as the 

more important changes in terms of extent, and again no differences were identified between 

land uses. Savannas are highly dynamic systems in which fire and patterns of animal use 

influence the processes of change (Wiseman et al., 2004; Brook & Bowman, 2006). Depending 

on the intensity of the fire, consequences on the plant community can vary greatly. In the 

Caldenal region fires generate the senescence of the aerial structure of trees and shrubs, not 

killing them in most cases, followed by a vigorous re-growth (Boo et al., 1997). How long it will 

take to reach the forest state depends on management, especially cattle management (Mendez, 

2007b). Cattle generates an increase in the germination and establishment of Caldén seedlings 

(Villalobos et al., 2005). Studies in the area have shown that after cattle were introduced to an 

area (both forest and grassland) Caldén recruitment increased significantly (Dussart et al., 1998). 

Both of these processes, fire changes and cattle introduction, have generated in the last century 

an increase in the shrub cover in detriment of natural grasslands and open forests (Busso, 1997). 

Results from the trajectory analysis show the occurrence of both processes in the study area. 

Changes from grasslands to shrublands and from forest to shrublands are differentially located in 

the study region (the first concentrated mainly in the northwestern region and the second 

distributed all over the area), however no major distinctions were identified between the land use 

types analyzed. 

Differences in the rates of conversion to agriculture were expected in the areas where game 

reserves were established as compared to cattle ranches. However, no such differences were 

found. The rate of conversion to agriculture in the parcels where old game reserves were 

established remained unchanged between the first period (when game reserves were being 

established) and second (when game reserves were formally in operation). No differences were 
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found either in the parcels where the new game reserves were established between the first 

period (these ranches were still working solely as cattle ranches) and the second (when game 

reserves were being established). If the rates of conversion to agriculture had increased over time 

in the rest of the Caldenal, the fact of maintaining a steady rate of conversion could have been 

interpreted as a positive outcome of the game reserves. However, no significant differences were 

found neither for big or small cattle ranches between both periods. These results do not support 

the initial hypothesis of differential processes of land cover change occurring in the game 

reserves as compared to the cattle ranches in the Caldenal region. 

On the other hand, forest rates of change did significantly vary between periods in the four 

zones. Deforestation was a generalized process in the Caldenal between 1987 and 1999, 

occurring in the areas where game reserves where being established and in the cattle ranches (no 

reduction in forest cover was detected inside the protected area). A different pattern is identified 

for the second period, when deforestation stopped in the areas of old and new game reserves and 

in the big cattle ranches, but it increased in magnitude in the areas of small cattle ranches. The 

average annual rate of change in forest cover in the small cattle ranches is very high (-11.5% for 

the second period); however it should considered that forest cover was already scarce in this 

areas, and the loss of a small area of forest is computed as a large percentage of loss. 

Nevertheless, there is an increase in the rate of loss of forest in the small cattle ranches that is not 

seen in the other zones analyzed. 

Apparently other factors different from the land use type have influenced the processes of 

forest conversion in this region. The size of the property appears then to have an effect on the 

rates of forest change more than the implementation or not of game reserves. In big properties 

(both game reserves and cattle ranches) the process of forest loss stopped, while it became more 
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intense in the small ones. However, the size of the individual properties is a consequence of 

environmental and technological factors that determine the capability of the land to produce and 

generate income. The spatial distribution of the different zones analyzed (Figure 2-3) shows that 

old and new game reserves and big cattle ranches are located primarily (85%) in areas unsuitable 

for agriculture, while the small cattle ranches are mainly located in the areas suitable for crop 

production (73%). These results reinforce the idea of the presence of an active agricultural 

frontier to the east of the Caldenal (Lell, 2004). Forest loss in La Pampa is at a maximum to the 

eastern, where environmental conditions are more appropriate for the development of 

agriculture. The pressure, and consequently the conversion, is lower the farther west the property 

is located regardless of the establishment or not of game reserves. These results indicate that it is 

not the land use, but the presence of more appropriate environmental conditions (especially soil 

and water) that is influencing the processes of land cover change in the area. In present days, 

game reserves and big cattle ranches are not suffering the processes of forest loss, however if 

new crops or more efficient farming techniques are developed for the drier environmental 

conditions of the west, the remainder of the Caldenal may follow the same conversion path 

occurred in the actual agricultural fields. 

Game Reserves and Conservation 

In a world where environmental degradation, habitat loss and species extinction is 

everyday more common (Fearnside, 2005; MEA, 2005), there is an urgent need for more and 

new effective conservation practices. Governmentally owned and managed protected areas have 

been the cornerstone of conservation in the last century (Margules & Pressey, 2000), and its 

increase in number and extent is a clear proof of that. However, those protected areas have been 

recognized as not enough to assure the long term maintenance of global biodiversity and 

functioning ecosystems (Chape et al., 2005). More conservation is needed, but how? New 
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conservation practices have started to develop in the last decades trying to bring together the 

provision of goods and services landowners need to survive with the common goal of long term 

biodiversity conservation (Frank et al., 2003; Sanchez-Azofeifa et al., 2007; Frost & Bond, 

2008). 

Game reserves are one of these private enterprises identified with high conservation value 

given their relatively low impact on local natural resources and their high profitability (Barnes & 

deJager, 1996; Tomlinson et al., 2002; Lindsey et al., 2006a). In Africa native wildlife utilization 

as a land use is growing, given its proven ecologic and economic benefits to landowners (Bond 

et al., 2004). Fee hunting in North America is a growing industry also with positive effects both 

for the land owner and the ecosystem conservation (Williams & Lathbury, 1996; Butler et al., 

2005). However, in Argentina fee hunting in game reserves is a relatively new activity; and its 

benefits for the conservation of the Caldenal are not completely clear. 

Game reserves in central Argentina were established in the areas of highest forest cover, 

potentially very beneficial in a landscape described as suffering high rates of deforestation. 

However, results from this analysis showed that deforestation is happening in the more 

productive areas to the east of the study area, and not in the west, where most of the game 

reserves are located. On the other hand, the development of hunting enterprises based primarily 

in the offer of exotic species greatly reduces the conservation value of this land use. Exotic 

species are one of the biggest threats to the conservation of biodiversity worldwide, and if game 

reserves in this region continue to actively introduce new species for hunting, they could 

generate negative impacts, precisely in the areas where the habitat of conservation interest is 

located. The potential benefit of being located in areas of highest forest cover could be easily out 

weighted by the negative effects of the introduction of exotic species, that is why a deeper 
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understanding on the effects of game reserves as sources of exotic species, and on the effect of 

those species on the rest of the system is needed before the real value of game reserves as 

conservation tools could be determined. 
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Figure 2-1.  Relative location of the study area in La Pampa Province, Argentina. Game reserves 

are located mainly in the central part of the Caldenal region. On the other hand, only 
one terrestrial protected area (Parque Luro) is present in the area. 

 

 
Figure 2-2.  Natural gradients. Rainfall map corresponds to the average annual rainfall for the 

period 1978-2008. Soil agricultural suitability map from Cano (1980). Economic 
units determined by local legislation. 

 



 

 

 
Figure 2-3.  Spatial distribution of the parcels analyzed. Soil agricultural suitability map from 

Cano (1980). Old_GR: Old game reserves; New_GR: New game reserves; Big_CR: 
Big cattle ranches; and Small_CR: Small cattle ranches. 

 

 
 
Figure 3-1.  Land cover maps of the central Caldenal region of 1987, 1999 and 2008. 
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Figure 3-2.  Mean land cover composition of  1987, 1999 and 2008 (error bars represent the 

standard error of the mean). Old_GR: Old game reserves; New_GR: New game 
reserves; Big_CR: Big cattle ranches; and Small_CR: Small cattle ranches. 
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Figure 3-3.  Mean land-cover change trajectories between 1987, 1999 and 2008. A) % of area 

changed and unchanged by zone. B) Land-cover composition of the unchanged area. 
C) Land cover changes relative to the changed area. D) Trajectory of change relative 
to the natural changes area of the zone. E) Original land-cover of the areas converted 
to agriculture relative to the area converted to agriculture for the zone. F) Land-cover 
to which agricultural fields were regenerated relative to the area regenerated for the 
zone. In parenthesis is the percentage of area relative to the total area of the zone. 
Old_GR: Old game reserves; New_GR: New game reserves; Big_CR: Big cattle 
ranches; and Small_CR: Small cattle ranches. 
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Figure 3-4.  Spatial distribution of areas in which natural changes occurred between 1987, 1999 

and 2008. A) O_grass: the natural vegetation opened, converting into grasslands. B) 
O_shrub: the natural vegetation opened, converting into shrublands. C) C_shrub: the 
natural vegetation closed, converting into shrublands. D) C_forest: the natural 
vegetation closed, converting into forest. 
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Figure 3-5.  Spatial distribution of agricultural changes between 1987 and 2008. A, B and C) 

Areas converted to agriculture between 1987, 1999 and 2008. C_grass: grasslands 
converted to agriculture; C_shrub: shrublands converted to agriculture; C_forest: 
forest converted to agriculture. D,E and F): Areas regenerated from agriculture to 
natural land covers. R_grass: regenerated into grasslands; R_shrub: regenerated into 
shrublands; R_forest: regenerated into forest. 
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Table 2-1.  Satellite images used in for the analysis. Sources: Global Land Cover Facility 
(GLCF) and Ecology Agency of La Pampa (EALP). 

Year Path Row Fecha Satelite Sensor Sources 
1987 228 86 4/18/1987 Landsat 5 TM GLCF 

 229 85 2/20/1987 Landsat 5 TM GLCF 
 229 86 2/20/1987 Landsat 5 TM GLCF 

1999 228 86 2/14/1999 Landsat 5 TM EALP 
 229 85 3/9/1999 Landsat 5 TM EALP 
 229 86 3/9/1999 Landsat 5 TM EALP 

2008 228 86 3/10/2008 Landsat 5 TM EALP 
 229 85 3/1/2008 Landsat 5 TM EALP 

 229 86 3/1/2008 Landsat 5 TM EALP 
 
 
 
 
Table 2-2.  Confusion matrix for the 2008 land-cover classification. Overall Kappa Statistics = 

0.8525. OE: omission error in %; ProAc: producer’s accuracy in %; CoE: commission 
error in %; UssAc: user’s accuracy in %. 

    Reference Data      
 Classified Data 1 2 3 4 5 6 Total CoE UssAc 
1 Agriculture 58 2 0 1 0 0 61 4.9 95.1 
2 Grassland 2 17 4 2 0 0 25 32.0 68.0 
3 Shrubland 1 2 28 5 0 0 36 22.2 77.8 
4 Forest 1 2 6 70 0 0 79 11.4 88.6 
5 Burned 0 0 0 0 7 0 7 0.0 100 
6 Lagoon 0 0 0 0 0 36 36 0.0 100 
 Total 62 23 38 78 7 36 244   
 OE 6.5 26.1 26.3 10.3 0.0 0.0    
 ProAc 93.5 73.9 73.7 89.7 100 100   88.5 

 



 

 
Table 2-3.  Trajectory analysis’ scheme. Each of the 216 possible trajectories was classified in 

one of these 18 possible main trajectories at 4 different levels: LEVEL01: Changed or 
unchanged areas; LEVEL02 (for changed areas): Conversion to agriculture, 
regeneration from agriculture to natural land covers or natural changes; LEVEL03 
(for natural changes): Opening of vegetation, closing of vegetation, or changes in 
extent of lagoons; LEVEL04 (has different meanings for the different sublevels): 1-3: 
represent the original class being converted to agriculture; 4-6: represent the class to 
which agricultural fields were regenerated to; 7-8: represent trajectories in which the 
natural vegetation is opening to grasslands or shrublands; 9-10: areas in which the 
natural vegetation is closing to shrublands or forest; 11: areas in which water has 
increase; 12: areas in which water has decreased; 13-18: areas in which the land cover 
has not changed during the 21 years of analysis. 

LEVEL01 LEVEL02 LEVEL03 LEVEL04  

Changed Conversion to agriculture  Grassland 1 

   Shrubland 2 

   Forest 3 

 Regeneration  Grassland 4 

   Shrubland 5 

   Forest 6 

 Natural changes Opening Grassland 7 

   Shrubland 8 

  Closing Shrubland 9 

   Forest 10 

  Water increase  11 

  Water decrease  12 

Unchanged   Agriculture 13 

   Grassland 14 

   Shrubland 15 

   Forest 16 

   Burned 17 

   Lagoon 18 

 
Table 2-4.  Statistical summary of the different zones analyzed. Standard errors are presented in 

parenthesis (no standard error for Park due to n=1). 
Zone Description N Mean  

   (ha)  

Park Population 1 7,589 (-) 

Game Reserves Population 59 5,460 (597) 

     New Sub population 21 7,144 (1,088) 

     Old Sub population 38 4,530 (658) 

Cattle Ranches Population 2,389 1,087 (34) 

     Big Sample 40 7,276 (570) 

     Small Sample 40 880 (136) 
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Table 3-1.  Annual rate of conversion to agriculture. Standard errors are presented in parenthesis 
(no standard error for Park due to N=1). Old_GR: Old game reserves; New_GR: New 
game reserves; Big_CR: Big cattle ranches; and Small_CR: Small cattle ranches. 
Period 1  Period 2  Zone 
Mean  Mean  

Park 0.1% (-) 0.3% (-) 
Old_GR 0.6% (0.2%) 0.5% (0.2%) 
New_GR 0.9% (0.2%) 0.9% (0.1%) 
Big_CR 0.7% (0.2%) 0.7% (0.2%) 
Small_CR 8.4% (2.6%) 11.6% (3.6%) 
 
Table 3-2.  Annual rate of change of natural land cover classes. Standard errors are presented in 

parenthesis (no standard error for Park due to n=1). Old_GR: Old game reserves; 
New_GR: New game reserves; Big_CR: Big cattle ranches; and Small_CR: Small 
cattle ranches. 

Grassland Shrubland Forest 
Period 1 Period2 Period 1 Period2 Period 1 Period2 Zone 

Mean  Mean  Mean  Mean  Mean  Mean  
Park -3.9% (-) 1.8% (-) 0.0% (-) 0.0% (-) 0.3% (-) -0.2% (-) 
Old_GR -1.8% (5.3%) -1.8% (2.5%) 6.3% (9.7%) 0.1% (3.5%) -5.1% (1.5%) 0.7% (4.5%) 
New_GR 1.3% (1.5%) 2.7% (2.4%) 1.8% (3.8%) 5.9% (3.1%) -3.6% (1.2%) 2.3% (1.7%) 
Big_CR 2.7% (3.7%) 1.9% (1.7%) 9.7% (5.9%) 6.9% (3.0%) -4.7% (1.5%) 4.6% (2.0%) 
Small_CR -6.7% (4.7%) -11.8% (6.1%) 5.2% (4.5%) 2.7% (3.2%) -2.1% (4.0%) -11.5% (4.4%) 
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