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CHAPTER 1 
 
 
 
 
General introduction 
 
Global change and biological invasions 
 

Biological invasions happen when species are transported to new geographic 
areas, where their descendants proliferate, spread, and persist (Elton (1958) in Mack et 
al. (2000)). In fact, biotic invasions are the last step in a multistage process (Figure 1) 
that requires the species to overcome various abiotic and biotic barriers (Williamson 
1997).  
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Figure 1 Diagram of major barriers limiting the spread of introduced species (adapted from 
Richardson et al. (2000), and slightly modified by McNeely et al. (2001)). See page 16 for a full 
explanation of each barrier. Arrows a to f indicate the status of the species in the non-native 
area, referring ‘c’ and ‘d’ to non invasive established and ‘e’ and ‘f ‘ to established but invasive 
species.   
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According to Richardson et al. (2000), the starting point of an invasion implies 
the arrival of an alien1 species somewhere beyond its native range, which supposes 
the overcoming of the first major geographical barrier (Figure 1-A). Once introduced, 
many species (called casual) fail to maintain their populations over long periods without 
relying on successive introductions for their persistence. The establishment starts when 
environmental conditions at the site of introduction (Figure 1-B) and reproductive 
success (Figure 1-C) allow the survival of the species. An alien species is thus 
considered successfully established2 when it is able to sustain a viable population 
without human intervention. Then, if they are able to overcome barriers to dispersal 
(Figure 1-D), species spread into areas close to the introduction site. However, 
established species are only considered invasive when they successfully face abiotic 
and biotic environmental conditions, and have the potential to spread over extensive 
areas far away from the introduction site. Many species usually invade human-
disturbed habitats or habitats dominated by alien species (Figure 1-E), but others are 
also able to spread through natural or seminatural habitats (Figure 1-F) (Richardson et 
al. 2000, McNeely et al. 2001). Species invasion can thus be summarized as a 
complex phenomenon which includes introduction and establishment of non-native 
populations, the ecological appropriateness of new areas, and further spread across 
these areas (Peterson 2003).  
 Invasions are not novel events, but the number of species that has been 
introduced both accidentally or deliberately into new ranges has increased 
exponentially over the last 500 years, and especially in the past 200 years due to the 
increase in human transport and commerce worldwide (di Castri 1989). As a result, 
biotic invasions are recognized to constitute not only a consequence but also a 
significant component of human-driven global change (Vitousek et al. 1996, Sala et al. 
2000, Hulme 2003). According to Vitousek et al. (1997)’s perspective of global 
environmental change (summarized in Figure 2), biotic invasions are a third level 
consequence of global change, which in turn is responsible for the Earth’s biodiversity 
losses. Invasions affect biological diversity by changing native species communities 
and disrupting ecological processes in ecosystems (Vitousek et al. 1997, Chapin et al. 
2000, Sala et al. 2000, Olden et al. 2004), which have severe economic repercussions 
mainly due to losses in potential economic outputs, direct costs of combating the 
invasion, and affectations to human health by agents or vectors of certain diseases 
(Mack et al. 2000, Pimentel 2002). However, the agent responsible for the increase in 
biological invasions and their negative impacts is the movement of humans and 
merchandises worldwide, ultimately caused by the explosive growth of human 
populations and per capita use of resources over the last few centuries. 
 Both deliberate and accidental introductions of non-native species by humans 
varies among taxonomic groups (Vitousek et al. 1997), and insect fauna have the 
potential to spread easily over long distances (Simberloff 1989, Lawton 1995). Among 
the world’s worst invasive species (http://www.issg.org/database/welcome/) there are 
several ant species (McGlynn 1999) which produce highly negative impacts on habitats 
or ecosystems far away from their native ranges (Williams 1994, Holway et al. 2002a).  
 
 

                                                 
1 Other synonyms of alien species used indistinctly in this PhD thesis are: exotic, non-native, 
and nonindigenous species. 
2 At this stage of the biotic invasion process, Richardson et al. (2000) suggested using the term 
naturalized species. However, I preferred to use the term established species, as did by 
McNeely et al. (2001), for all invasive species rather than only plants.   
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Argentine ant (Linepithema humile Mayr) 
 
 One of these widespread invasive ants is the Argentine ant (Linepithema humile 
Mayr, formerly called Iridomyrmex humilis), from the Dolichoderinae subfamily (Figure 
3). Workers of this ant are small dark brown ants of 2-3 mm in length, displaying 
extremely fast movements and recruiting in high numbers (Newell and Barber 1913). 
The native distribution of the Argentine ant seems to be the Paraná River drainage 
basin in subtropical South America (between northern Argentina, southern Brazil, 
Uruguay, and Paraguay), but it is now established in many Mediterranean and 
subtropical areas around the world (Suarez et al. 2001, Tsutsui and Suarez 2003, Wild 
2004). Dispersion proceeds via two main processes: diffusion dispersal through 
budding, and long-distance jump dispersion through human-mediated transport 
(Suarez et al. 2001). In contrast to the usual strategy of colony reproduction in ant 
species, in which winged sexuals experience nuptial flights and newly mated queens 
found new colonies independently of and far away from their natal sites, queens of 
Argentine ant do not undergo mating flights (Hölldobler and Wilson 1990). New 
colonies are only formed by budding, when inseminated queens leave their nests on 
foot accompanied by a group of workers to form a new colony in their vicinities (Bourke 
and Franks 1995). Studies monitoring Argentine ant invasion fronts reported rates of 
spread between 0 and 300 m/yr (Suarez et al. 2001), and evidenced both seasonal and 
year-to-year fluctuations in the invasion pattern (Casellas 2004, Heller et al. 2006). 
Given these limited dispersal capacities, the role of long-distance jump-dispersion is 
therefore crucial to understand the spread of the species at broader spatial scales: 
Argentine ants have been introduced in many areas around the world through human 
transportation and commerce, and subsequent jump-dispersal events from these 
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Figure 2 Representation of the main components of the human-induced global environmental 
change (adapted from Vitousek et al. (1997)). The explosive growth of human populations and 
per capita use of resources (first level) have supposed an increase in industrial and agricultural-
related activities (second level), which cause a set of global environmental changes (third level). 
These six human-caused changes in turn are responsible for the present-day global change 
and major losses of biological diversity (fourth level).  
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original introduction sites would have expanded the invasion into neighboring sites 
tending to cluster at landscape scales (Suarez et al. 2001). Once established in new 
areas, Argentine ants spread through a diffusion-like manner into contiguous habitats. 
However, since jump-dispersal events may occur from few to thousand kilometers, the 
distance and rate at which such events occur may be more important at broad spatial 
scales than the spread through diffusion from already invaded areas (Suarez et al. 
2001).  
 Like other invasive species, in addition to its anthropophilic tendency (Passera 
1994) and its opportunistic requirements for propagule success (Hee et al. 2000), 
multiple factors have been associated with the ability of the Argentine ant in invading 
areas all over the world. The capacity to tolerate a wide range of abiotic conditions 
(Human et al. 1998, Holway et al. 2002b) and the generalist dietary requirements 
(Markin 1970) allow the species to easily spread and occupy a broad range of 
ecological niches. Some studies also indicated changes in social behavior and colony 
genetic structure as being responsible for the success of L. humile (Tsutsui and Suarez 
2003, Buczkowski et al. 2004, Holway and Suarez 2004). These studies reported that, 
in contrast to the native area, Argentine ants are highly unicolonial throughout their 
introduced range, forming large supercolonies of multiple interconnected nests within 
which intraspecific aggression is almost absent among individuals from different nests 
(Suarez et al. 1999, Tsutsui et al. 2000, 2001, Giraud et al. 2002). However, recent 
findings on the social organization of Argentine ants questioned the existence of such 
differences among native and introduced populations (Jaquiery et al. 2005). Contrary to 
the assumption that native populations consist of family-based colonies who are 
aggressive towards members of other colonies, Pedersen et al. (2006) revealed that: 
both native and introduced populations of Argentine ants are organized in 
supercolonies of unrelated individuals, and the only difference is that supercolonies are 
several orders of magnitude smaller in the native range (25-500m). Hence, the success 
of L. humile invasion does not seem due to changes in social organization after 
introduction, but to large dimensions of supercolonies in the introduced range. Anyway,  
 
 

 
 
Figure 3 Argentine ant (Linepithema humile Mayr) tending scale insects on citrus trees in 
California (with A.L. Wild permission, extracted from http://www.myrmecos.net/) 
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this increment in supercolony size and extreme unicolonial behaviour of Argentine ant 
introduced populations decreases intraspecific competition and enhance interspecific 
competitive ability (Holway 1999, Holway and Suarez 2004, Walters and Mackay 
2005), which severely decreases the abundance and diversity of native ant fauna and 
contributes to its success as an invader (Passera 1994, Heller 2004). 
 The widespread success of the Argentine ant causes enormous ecological and 
economic impacts in its introduced ranges. As already pointed out, one of the most 
notable effects of the invasion is the displacement of nearly all native ant fauna (Way et 
al. 1997, Kennedy 1998, Carpintero et al. 2005), which plays a major role in several 
ecological processes (Gómez et al. 2003, Oliveras et al. 2005). Changes in the original 
ant composition have disrupted ant-plant mutualisms (Bond and Slingsby 1984, Gómez 
and Oliveras 2003), altered arthropod communities (Cole et al. 1992, Bolger et al. 
2000), and disturbed populations of some vertebrate species (Suarez et al. 2000, 
Gómez and Espadaler 2004, Roca 2004). From an economic perspective, Argentine 
ants may be a major pest around human residences, especially during cold winters or 
extreme hot summers (Gordon et al. 2001). Agricultural activities can be considerably 
affected by the Argentine ant, directly by damaging infrastructures (such as making 
holes in plastic drip tubes) or indirectly disrupting insects’ ecological function (such as 
tending honeydew-producing insects against predators) (Haney et al. 1987, Vega and 
Rust 2001).  

Due to the ant’s widespread distribution and the difficulties in eradicating 
introduced populations once established, the adoption of preventive measures appears 
to be the best and most logical strategy to control Argentine ant invasion (Holway et al. 
2002a). However, since preventing the accidental transport of the species is almost 
impossible, determining those geographic areas most susceptible to invasion will help 
detect them in novel areas where effective isolated measures can be adopted at a 
minimal cost for the ecosystem (McGlynn 1999). A better knowledge of the abiotic and 
biotic factors governing the environmental range and determining the geographic 
variation of the Argentine ant would enormously contribute to establishing integrated 
management policies, which would consequently reduce the negative ecological effects 
of the invasion. 

Until now, several studies have assessed the influence of abiotic factors on the 
Argentine ant invasion in most Mediterranean areas around the world. In its native 
range, the Argentine ant is commonly found along the major rivers in the subtropical 
Paraná River drainage basin, both in natural habitats and urban settlements along 
major rivers (Tsutsui et al. 2001, Wild 2004). Since invaders tend to occupy areas 
matching similar abiotic environmental conditions to the original range (Simberloff 
1989), the Argentine ant appears to be more successful in subtropical and 
Mediterranean climates than in extreme cold, arid and tropical climates (Hölldobler and 
Wilson 1990, Passera 1994). However, under extreme adverse conditions it may also 
persist near human habitations (Suarez et al. 2001). Throughout its introduced range 
the Argentine ant is mainly found near anthropogenic disturbed areas, though it also 
occupies a wide variety of natural habitats around the world (Holway 1995, Suarez et 
al. 2001, Vega and Rust 2001).  

Although these requirements tend to vary across spatial and temporal scales 
(Wiens 1989, Holway et al. 2002a), studies at local scales associate Argentine ants to 
cool and moist habitats along the coast and inland mesic areas (Holway 1998). Soil 
moisture and water presence seem to be determinant for its establishment and further 
spread into novel areas, especially in drier and hotter environmental conditions where 
the invasion expands through riparian corridors (Holway 1995, Human et al. 1998, 
Menke and Holway 2006). Moreover, since L. humile appears active in a wider range of 
seasonal and thermal conditions than native ant species (Human et al. 1998, Abril 
2005), the high exploitation competition of Argentine ant may reduce the foraging 
success of native colonies and facilitate its expansion (Sanders et al. 2001). Other 
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factors such as vegetation type, soil characteristics, altitude and degree of disturbance 
have also been indicated as influencing the invasion process (Way et al. 1997, Paiva et 
al. 1998). Simberloff (1989) and Holway (1998), however, suggested that the 
association of some abiotic factors with the presence of the Argentine ant could be due 
to correlational rather than causal relationships. In this sense, besides the widespread 
thought that Argentine ants prefer low-altitudinal areas and human-disturbed habitats 
near the coast, their actual geographic distribution could be mostly explained by their 
jump dispersion associated to humans and by the earliest stage of the invasion in 
some areas (Holway 1995, Suarez et al. 2001, Carpintero et al. 2005, Krushelnycky et 
al. 2005).  

Despite the previous studies determining the role of abiotic environmental 
conditions on the Argentine ant spread, few of these have assessed the biogeographic 
dimensions of the invasion. Suarez et al. (2001) were the first to successfully estimate 
the occurrence of the species at global scales, summarizing and/or complementing the 
available data from its native range (Tsutsui et al. 2001, Wild 2004) and other invaded 
areas worldwide (Giraud et al. 2002, Holway et al. 2002b, Espadaler and Gómez 2003, 
Ward et al. 2005). With the increase in occurrence data available on geographic 
distribution and rates of spread, some authors have estimated the Argentine ant 
potential ranges using predictive models at local scales (Hartley and Lester 2003, 
Krushelnycky et al. 2005) and at global scales (Hartley et al. 2003, Hartley et al. 2006). 
However, since none of them performed a sound analysis of its potential worldwide 
distribution and studies at large spatial scales are crucial to determine the geographic 
extent of the invasion (Holway et al. 2002a), the present PhD thesis attempts to 
address this lack of knowledge through modeling the ecological niche of the Argentine 
ant. 
 
Ecological niche models  
  

Ecological niche models (also referred to as climate-matching envelope, 
species distribution models, or other related names (Pearson and Dawson 2003, 
Guisan and Thuiller 2005, Soberón and Peterson 2005)) represent only one step in 
understanding the complex phenomenon of invasions (cf. pages 15-16), but it provides 
an excellent assessment of the potential geographic dimensions of the phenomenon 
(Peterson 2003). 

The concept of ecological niche was first used by Grinnell (1917) to designate 
the ultimate distributional unit of a species, conceived as the geographic area within 
which an organism can survive in the absence of other organisms. Simultaneously, 
other researchers (Elton 1927, Gause 1934) conceived the ecological niche as the role 
of a species in an ecological community. Both conceptions were integrated by 
Hutchinson (1957), who redefined the niche as an n-dimensional space or 
hypervolume delimiting the total environmental range within which a species is able to 
survive and reproduce indefinitely. Each dimension of this hypervolume corresponds to 
an environmental gradient along which an organism presents different tolerance 
ranges. Hutchinson also differentiated between fundamental and realized ecological 
niches: the fundamental niche is the entire set of abiotic conditions that a species could 
occupy in the absence of biotic influences, while the realized niche is the real set of 
conditions in which the species actually exists given the presence of other species. 
Since competition and interactions prevent species from occupying the whole 
fundamental niche, the realized niche usually represents a smaller set of this overall 
potential hypervolume (Giller 1984).  

Differentiating between fundamental and realized niches is particularly 
important in the context of ecological niche modeling practices (Pulliam 2000). Some 
niche models correlate environmental abiotic variables influencing species’ ecology 
with present-day observed distribution to identify areas suitable for the species 
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(correlative approach). Since current species distribution is not only constrained by 
abiotic factors but also by biotic interactions, correlative niche-models are thus likely to 
predict the realized ecological niche. Other niche models use direct measures of 
individuals’ physiological response to environmental conditions (mechanistic 
approach), in some way estimating the fundamental niche of the species. Strict 
mechanistic approaches can additionally incorporate biotic interactions to finally predict 
the realized niche of the species (Guisan and Zimmermann 2000, Pearson and 
Dawson 2003, Soberón and Peterson 2005). A detailed discussion on the main 
limitations affecting ecological niche models, and also on the advantages and 
disadvantages of both correlative/mechanistic approaches, is extensively summarized 
in Pearson and Dawson (2003). However, I will briefly present the most relevant ideas 
in the next paragraphs. 

Regardless of the modeling approach, ecological niche models present a series 
of inherent limitations to correctly predict the distribution of a species (Guisan and 
Zimmermann 2000, Pearson and Dawson 2003, Guisan and Thuiller 2005). The 
geographic range of a species is the result of the complex relationship between its 
ecology and evolutionary history (Pulliam 2000, Wiens and Graham 2005), determined 
by different factors and processes acting at different scales (Wiens 1989). So, in 
relation to these factors (following Soberón and Peterson (2005)), the main limitations 
of niche models are: 
(i) abiotic conditions (which reflect the physiological tolerance of the species in the 

area) considered in niche models may not necessarily be the most relevant in 
determining species presence, as those having the greatest influence are not 
available.  

(ii) biotic interactions (through competition, predation, mutualisms, parasitism, etc.) 
alter species distribution by restricting or enhancing certain processes, so that 
models developed on abiotic factors alone may produce incorrect predictions. 

(iii) restrictions to species dispersal (not only due to species’ characteristics, but also to 
landscape configuration) also suppose an important limitation, since actual 
distributions cannot reflect the overall potential distribution range of species. This 
limitation is extremely evident with biological invasions, because present-day 
distributions of most invasive species are at an early stage of the invasion process. 

(iv) niche models assume that changes in the species’ capability of adapting to new 
environments occur at long-term temporal scales, thus conserving the same 
fundamental niche in different geographic areas and under future climate changes 
(Peterson et al. 1999). However, rapid evolutionary changes can certainly occur 
and thus reduce the predictive capacity of niche models. 

Besides these common reservations, there are some extra limitations depending on the 
approach adopted to model ecological niches (Guisan and Zimmermann 2000, 
Pearson and Dawson 2003). The major criticism of the correlative approach is that 
species distribution may not be in equilibrium with its environment (as happens with 
most invasive species) due to biotic interactions, dispersal  characteristics, and human 
management of the landscape, and thus correlative niche models may not predict the 
full range of the species’ realized niche. Contrarily, since mechanistic models do not 
assume equilibrium or a relationship between species occurrence and environmental 
data, models based on physiological restrictions to species ranges are expected to 
identify the absolute environmental limits more precisely. However, mechanistic models 
have other limitations (such as the fundamental niche often does not provide 
information on the current distribution of a species, individuals of a species may show 
different tolerance ranges, and rapid evolutionary changes may modify the fundamental 
niche) that restrict its predictive capacity to estimate the species’ fundamental niche 
(Guisan and Zimmermann 2000, Pearson and Dawson 2003, Soberón and Peterson 
2005).  
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Despite the limitations of correlative and mechanistic niche models have when 
dealing with the enormous complexity of ecological systems, the importance of niche 
modeling practices must not be underestimated. When applied at an appropriate scale 
and correctly interpreted taking into account their inherent constraints, niche models 
provide a valuable assessment of the geographic dimensions of species distribution. 
Moreover, they allow us to describe changes in species’ distributions under future 
scenarios of climate or land-use change and anticipate the establishment of invasive 
species in new geographic areas. Bearing in mind the assumptions and limitations 
presented above, and that correlative models are more appropriate at global and 
regional scales than mechanistic models (which seem to be more accurate at finer 
spatial scales) (Richardson et al. (2004) in Beever et al. (2006)) (Guisan and 
Zimmermann 2000), the approach finally adopted in this PhD thesis for estimating the 
Argentine ant distribution has been the correlative approach, hereafter called niche-
modeling approach to simplify reading the manuscript.  
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Figure 4 Diagram of an ecological niche modeling practice for an invasive species between 
native and invaded geographical areas (modified from Peterson (2003)). First, ecological niche 
requirements are modeled in ecological space based on native occurrence data, and then 
projected back onto the native geographic area and onto the invaded range to identify areas 
susceptible to invasion. Finally, the same process is also repeated using occurrence data from 
the invaded area.  
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Many niche-modeling approaches have been used to predict the geographic 
distribution of invasive and non invasive species, including multiple regression analysis, 
neural networks, genetic algorithms, and several others (Guisan and Zimmermann 
2000, Guisan and Thuiller 2005, Elith et al. 2006). As already mentioned, all these 
approaches are based on correlations between occurrence data and environmental 
characteristics influencing species presence. Once developed, niche models are then 
projected back onto the landscape to identify areas presenting similar ecological 
conditions, and thus estimate the geographic dimensions of the invasion (for more 
details on the steps of model building see Guisan and Zimmermann (2000) and Guisan 
and Thuiller (2005)). Niche models for invasive species can be developed within the 
species’ native range and then projected to other nonnative regions (Peterson 2003, 
Thuiller et al. 2005), or, on the contrary, built up on occurrence and environmental 
correlations within the non-native ranges (Drake and Lodge 2006) (Figure 4). Both 
approaches have their advantages and drawbacks: while native-based models rely on 
the fact that the species is in equilibrium with its environment and thus consider the 
overall realized niche of the species, invaded-based models take into account possible 
rapid evolutionary changes occurred after introduction (Peterson 2003).  
 
A hierarchical niche modeling framework 
  

Coincident with the growth of research and management strategies focused on 
biological diversity and more specifically on biotic invasions, there has been an 
increasing awareness regarding the need to explicitly incorporate scale into ecological 
studies (Beever et al. 2006). Distributional patterns in ecology are eminently scale-
dependent, since their underlying process and mechanisms differ considerably across 
scales (Wiens 1989, Levin 1992, Mackey and Lindenmayer 2001, Farina et al. 2005). 
The concept of scale generally refers to the spatial or temporal dimension of an 
organism or process, characterized by both grain and extent (Farina 1998). The 
present study considers scale as the spatial dimension, where grain refers to the 
lowest limit of spatial resolution (pixel size for raster data) of a given data set, and 
extent the size of the study area. According to these two components, ecological 
studies also categorize the concept of scale as fine scale (referring to small resolution 
and reduced study areas) or broad scale (referring to coarse resolutions and large 
study areas) (Turner et al. 1989).  

Predicting a species’ potential distribution via ecological niches necessarily 
presupposes reducing the multi-dimensional natural environment into a few scales due 
to our limited perceptual capabilities and technical constraints (Levin 1992). To select 
the most appropriate scale and factors for modeling the phenomenon of study, Pearson 
and Dawson (2003) proposed a modeling framework where factors determining 
species’ distribution operates in a hierarchic manner from global to local scales (Figure 
5): at global scales climate appears to be the dominant factor determining species 
distribution, while at regional to local scales topography and land-use become more 
important; however, biotic interactions and microclimate factors finally shape species 
distribution at the finest scales (Willis and Whittaker 2002, Pearson and Dawson 2003). 
This hierarchical framework relies on the interconnection between the different levels of 
a system, in which the higher levels constrain the lower levels and vice versa (Pearson 
and Dawson 2003). Ecological systems are good examples of hierarchical structures 
where different levels operate across spatial and temporal scales, and the importance 
of ecological processes varies according to the scale (O'Neill et al. 1989, Turner et al. 
1989). Thus, in the context of niche models, abiotic factors (such as climate and 
topography mainly) seem to be more influential at global and regional scales than biotic 
factors, which occupy lower levels in the hierarchy and therefore become more limiting 
when higher level conditions are satisfied (Willis and Whittaker 2002).  
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From this point of view, the selection of the appropriate spatial scale and 
environmental factors for predicting species distribution is of extreme importance in 
order to obtain accurate results. As such, a better understanding of the complex 
interactions between species distribution and those influencing factors across spatial 
scales is thus required to produce reliable and accurate estimations of the geographic 
dimensions of the species’ ranges (Levin 1992).  
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Figure 5 Diagram of the hierarchical modeling framework proposed by Pearson and Dawson 
(2003), which shows the influence of different environmental factors on species distribution 
across several spatial scales. Large spatial extents are associated with coarse data resolution, 
and small extents with fine data resolution (modified from Pearson and Dawson (2003)) 
 
 
Objectives 
 
The major aim of this study is to assess the geographic dimensions of Argentine ant 
invasion using different methodologies of correlative niche modeling approaches, but 
also to explore key characteristics of complex species-environmental relationships 
influencing species distribution across several scales and under different temporal and 
geographic scenarios. The adoption of such a multi-scalar approach for modeling the 
invasion process is crucial for elucidating the invasiveness and to establish efficient 
management strategies for Argentine ant prevention and control (Pauchard and Shea 
2006). 
 Chapter 2 aims to determine the potential geographic distribution of the 
Argentine ant at broad spatial scales in the present and also in the future, to consider 
the effects of climate change on the invasion process. Ecological niche models will be 
developed using the Genetic Algorithm for Rule-set Production (GARP), and a series of 
occurrence and environmental data determining species distribution. Future changes in 
the geography of the species will be assessed using different general circulation 
models scenarios of future climates. 
 Once the worldwide distribution of the species at global scales will be 
established, the goal of Chapter 3 is to assess changes in the species ecological niche 
after introduction as a further factor explaining the highly invasive potential of the 
Argentine ant in new invaded areas. With this aim in mind, a cross-prediction analysis 
will be performed at regional scales using GARP between native range, the United 
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States of America, Japan and the Iberian Peninsula, searching for possible 
dissimilarities in the species ecological niche niche. In relation to the topic of this 
chapter, Holway et al. (2002a) highlighted the relevance of comparisons between 
native and introduced populations of invasive ant species to clarify some unresolved 
questions on the ecology and geographic origins of the invasion. 
 At regional scales, in Chapter 4, we will also perform a cross-prediction 
analysis within the Iberian Peninsula to elucidate possible ecological and/or 
geographical differences between the invasive patterns of the Argentine ant on eastern 
and western sides (related to Mediterranean and Atlantic influences, respectively). The 
comparison was made using three different modeling techniques: the Genetic 
Algorithm for Rule-set Production (GARP), Maximum Entropy Model (Maxent), and 
Generalized Linear Models (GLM), to increase the agreement between predictions and 
reality by selecting consensual trends of species distributional patterns among 
modeling approaches, and also for the methodological interest itself.  
 Fnally, Chapter 5 aims to model Argentine ant distribution at regional 
(Catalonia) and local scales (Costa Brava) using Generalized Additive Models (GAM). 
At this stage three main hypotheses will be tested: (i) the role of ecological 
characteristics is not symmetrical at regional and local scales, (ii) latitudinal differences 
do exist along the Costa Brava, and finally (iii) invasive patterns are specific in the 
coastal versus the inland areas.  
 Each chapter of the dissertation is conceived as an independent study, although 
together they constitute the multi-scalar analysis of the Argentine ant’s geographic 
distribution. Each chapter presents the standard structure of a journal article, since the 
final aim is scientific publication. Indeed, the second chapter has already been 
published, the third is now in press, and the fourth has recently been submitted to a 
peer-review journal. As a result of this structure, parts of the introduction and methods 
sections may present some similarities across several chapters, but I preferred to keep 
the full text in order to contextualize each study. At the end, however, the reader can 
find a General discussion (Chapter 6) on the overall results, and the main conclusions 
of the study on Argentine ant geographic distribution across several spatial scales. 
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CHAPTER 2 
 
 
 
 
Geographic potential of Argentine ants (Linepithema humile Mayr) in the 
face of Global climate change 
 
 
Abstract 
 
Determining the spread and potential geographic distribution of invasive species is 
integral to making invasion biology a predictive science. We assembled a dataset of 
over 1000 occurrences of the Argentine ant (Linepithema humile), one of the world’s 
worst invasive alien species. Native to central South America, Argentine ants are now 
found in many Mediterranean and subtropical climates around the world. We used this 
dataset to assess the species’ potential geographic and ecological distribution, and to 
examine changes in its distributional potential associated with global climate change, 
using techniques for ecological niche modeling. Models developed were highly 
predictive of the species’ overall range, including both the native distributional area and 
invaded areas worldwide. Despite its already widespread occurrence, L. humile has 
potential for further spread, with tropical coastal Africa and Southeast Asia apparently 
vulnerable to invasion. Projecting ecological niche models onto 4 general circulation 
model (GCM) scenarios of future (2050s) climates provided scenarios of the species’ 
potential for distributional expansion with warming climates: generally, the species was 
predicted to retract its range in tropical regions, but to expand at higher latitude areas.  
 
 
Introduction  
 
Global environmental change alters the spatial distribution of physical conditions, 
habitats, and species on Earth (Chapin et al. 2000). With widespread ecological 
impacts, biological invasions are a significant component of human-caused global 
environmental change (Vitousek et al. 1996). Understanding the biology of invasive 
species and their potential geographic distributions is essential to anticipating their 
large-scale and long-term effects (Tsutsui et al. 2001). Despite the widely 
acknowledged need for making invasion biology a more predictive science (Perrins et 
al. 1992, Carlton 1996, Kareiva 1996, Williamson 1996, NAS 2002), relatively few 
studies have modeled the potential ecological distribution of invasive species (Mack et 
al. 2000, Hulme 2003, Peterson 2003).  

Invasive ants have many negative impacts on ecological communities in their 
introduced ranges (Holway et al. 2002a), making them key in conservation efforts 
(McGlynn 1999, Holway et al. 2002a). The Argentine ant (Linepithema humile) is a 
widespread invader (http://www.issg.org/database); native to South America, it is now 
established in at least 15 countries on six continents and many oceanic islands (Suarez 
et al. 2001). Although associated with human-modified habitats throughout its 
nonnative range, Argentine ants can also colonize natural areas with low 
anthropogenic disturbance (De Kock and Giliomee 1989, Holway 1998, Suarez et al. 
2001, Gómez and Oliveras 2003). Worldwide, L. humile has impacted native ant 
faunas, leading to changes in arthropod communities, ant-vertebrate interactions, and 
ant-plant relationships, as well as economic effects, such as food contamination and 
damage to infrastructure (Bond and Slingsby 1984, Cole et al. 1992, Human and 
Gordon 1996, Suarez et al. 1998, Suarez et al. 2000, Vega and Rust 2001, Holway et 
al. 2002a, Gómez and Oliveras 2003, Touyama et al. 2003). In spite of the numerous 
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studies of Linepithema humile, little research has focused on its ecological and 
geographic distribution at broad spatial scales (Tsutsui et al. 2000, Suarez et al. 2001, 
Tsutsui et al. 2001, Hartley et al. 2003, Wild 2004), and no study has yet assessed 
likely changes in its global distributional potential associated with global climate 
change3. 

Here, we use the Argentine ant as a model system to develop predictive models 
of an invader’s potential global range. We compiled a data set of 1000+ known 
occurrences to examine the Argentine ant’s potential geographic distribution, and 
explore the consequences of global climate change on its distribution under various 
scenarios of climate change for the next 50 years. 
 
 
Methods 
 
Ecological niche models are based on non-random correlations between known 
occurrences of species and environmental data sets that describe parameters 
ostensibly related to the dimensions of the ecological niche of the species. We 
developed ecological niche models for Argentine ant potential distributions based on 
two independent environmental data sets; differences in their origin and resolution 
make combination difficult, but similarities in results based on such distinct data sets 
provide an excellent indication of robustness of results. Occurrence data were used to 
determine that the species’ native distribution was centered along major river systems 
in northeastern Argentina and southern Paraguay (Tsutsui et al. 2001, Wild 2004). This 
area was carefully delineated to avoid accidental inclusion of related species of 
Linepithema (Wild 2004). 

Data sets.-- Overall, we used 1007 occurrence points drawn from data 
associated with specimens in natural history museums and personal collections; 
scientific literature; and onsite field surveys (see Annexes 1 and 2). Models were based 
on 67 occurrence points that are putatively from the species’ native range; because of 
the potential for misindentifications even in the native range, we used only those 
localities visited personally by the authors and/or verified in ongoing taxonomic 
research by one of the authors (Wild 2004). A set of 940 occurrence points from other 
areas (i.e., invaded areas) was withheld from model-building, and used only for an 
extrinsic evaluation of final predicted potential invasive distributions (as not all of these 
localities have been reviewed personally by the authors, some misidentifications may 
exist). Likewise, 31 sites that represent putative absences within or close to the native 
range established in onsite visits by the authors or in detailed faunal studies were used 
in tests of model accuracy. All occurrence data are provided in Annexe 1.  

The two environmental data sets (in the form of digital maps, or ‘coverages’) 
differed in the variables summarized, spatial resolution, and interpretability. The first, 
with relatively coarse spatial resolution, included 15 coverages summarizing aspects of 
topography (elevation, topographic index, slope, aspect, flow direction and flow 
accumulation, from the US Geological Survey’s Hydro-1K data set4; native resolution 1 
x 1 km) and climate (annual means of diurnal temperature range; frost days; 
precipitation; maximum, minimum and mean temperatures; solar radiation; wet days; 
and vapor pressure; for 1960-1990 from the Intergovernmental Panel on Climate 
Change5; native resolution 50 x 50 km). To minimize conflicts in scale between 

                                                 
3Posterior to the publication of this chapter, a new study analyzing the worldwide potential 
distribution of the Argentine ant has appeared: “Hartley, S., Harris, R., & Lester, P.J. (2006) 
Quantifying uncertainty in the potential distribution of an invasive species: climate and the 
Argentine ant. Ecology Letters, 9, 1068-1079.” 
4http://edcdaac.udgs.gov/gtopo30/hydro/ 
5http://www.ipcc.ch/ 
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topographic and climatic data, we conducted analyses at an intermediate resolution (10 
x 10 km). As several of the coverages derived from the topographic data (e.g., 
topographic index, flow direction, and flow accumulation) were not available for 
Australia, we developed separate (but parallel) models for that continent simply 
omitting the coverages that were lacking.  

The second data set, with a somewhat finer overall native resolution, included 
18 coverages: the same topographic variables listed above, plus monthly remotely-
sensed data layers summarizing the Normalized Difference Vegetation Index (NDVI) as 
measured by the Advanced Very High Resolution Radiometer (AVHRR) satellite6 
(native resolution 8 x 8 km) for 1999, matching the modal date of the occurrence data 
used. Such composites of AVHRR imagery and topographic data have been shown to 
be effective data inputs for fine-scale predictions of species’ distributions (Egbert et al. 
2002, Peterson et al. 2004). Because AVHRR data were unavailable at high latitudes, 
we eliminated such (>60°) areas from consideration. To account for differences in 
summer-winter timing between Northern and Southern hemispheres, and given the 
monthly nature of the AVHRR data, we shifted Southern Hemisphere monthly data by 6 
months, thereby aligning northern and austral summers and winters appropriately. 

All of the manipulations described below except climate-change projections, 
which were possible only for climate-based analyses, were repeated for both 
environmental data sets. Throughout, we refer to the two data sets as “climate” data 
and “NDVI” data, respectively. Models were developed across central-eastern South 
America, and projected worldwide to explore geographic implications. 

Niche modeling.-- Our approach is based on modeling species’ ecological 
niches (Peterson et al. 2002b, Stockwell and Peterson 2002, Peterson et al. 2003), 
which have been shown to constitute long-term stable constraint on species’ potential 
geographic distributions (Peterson et al. 1999, Peterson et al. 2001, Martínez-Meyer 
2002, Peterson et al. 2003). Ecological niches are herein defined as the set of 
conditions under which a species is able to maintain populations without immigration 
(Grinnell 1917, 1924). Several avenues of research have demonstrated widespread 
evolutionary conservatism in niche characteristics (Peterson et al. 1999, Martínez-
Meyer 2002), allowing accurate predictions of invasive species’ potential distributions 
(Peterson 2003). Ecological niche characteristics represent but one factor in the 
complex phenomenon of invasions, which includes (1) dispersal and colonization of 
new areas, (2) establishment of non-native populations, (3) the ecological 
appropriateness of new areas (i.e., does the area fit the species’ niche requirements?), 
and (4) population expansion and spread across these areas; therefore, while 
ecological niche modeling cannot explain the entire invasion process, it does provide 
an excellent assessment of the potential geographic dimensions of the phenomenon 
(Peterson 2003). 

Our approach consisted of five steps. (1) Model the ecological niche 
requirements of the species based on known occurrences on the native distribution 
area of the species. (2) Test the accuracy of the native-range predictions. (3) Project 
the niche model onto other regions to identify areas susceptible to invasion. (4) Test to 
validate predictions in other regions. (5) Project niche models onto scenarios of future 
climate change to predict potential distributional shifts (Peterson et al. 2001, Peterson 
et al. 2002a, Peterson and Shaw 2003).  

The software tool used for niche modeling was the Genetic Algorithm for Rule-
set Prediction (GARP) (Stockwell and Peters 1999). GARP uses a genetic algorithm to 
search for non-random associations between environmental variables and known 
occurrences, as contrasted with the environmental characteristics of the overall study 
area. Occurrence points (as longitude-latitude coordinates) are mapped onto a spatial 
grid, and combined with environmental variables (in the form of digital maps, or 
                                                 
6http://glcf.umiacs.umd.edu/data/landcover/ 
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‘coverages’) in an evolutionary computing environment to develop a model of the 
species’ ecological niche. The resulting model is then used to classify the entire study 
area to identify areas modeled as suitable. Although these environmental variables 
cannot represent all possible ecological-niche dimensions, they likely represent or are 
correlated with many influential ones in delineating the species’ potential distribution. 
Previous tests of GARP have shown successful predictions of distributional 
phenomena for numerous taxa and regions (Peterson 2001, Peterson et al. 2002a, 
Peterson and Kluza 2003). 

Available occurrence points (67, in the present case) are resampled with 
replacement to create a population of 1250 presence points; an equivalent number of 
points is resampled from the population of grid squares (‘pixels’) from which the 
species has not been recorded. These 2500 points are divided equally into training (for 
creating models) and testing (for evaluating model quality) data sets (Anderson et al. 
2003). Resampling occurrence points reduces effects of sampling biases, such as 
omission, spatial bias, or imbalances in available occurrence data (Stockwell and 
Peters 1999). 

Models are composed of a set of conditional rules developed through an 
iterative process of rule selection, evaluation, testing, and incorporation or rejection. 
First, a method is chosen from a set of possibilities (e.g. logistic regression, bioclimatic 
rules, etc), and applied to the training data set. Then, a rule is developed by a number 
of means mimicking DNA evolution: point mutations, deletions, crossing over, etc., to 
maximize predictive accuracy. Rule accuracy is evaluated via the testing data, as a 
significance parameter based on the percentage of points correctly predicted as 
present or absent by the rule. The change in predictive accuracy from one iteration to 
the next is used to evaluate whether a particular rule should be incorporated into the 
final rule-set. The algorithm runs either 1000 iterations or until addition of new rules has 
no effect on predictive accuracy. The final rule-set, or ecological niche model, is then 
projected onto a digital map to identify a potential geographic distribution (Stockwell 
and Peters 1999).  

Spatial predictions of presence and absence can hold two types of error: 
omission (areas of known presence predicted absent) and commission (areas of known 
absence predicted present) (Fielding and Bell 1997). To achieve highest predictive 
accuracy and simultaneously achieve a most general result (i.e., able to be 
extrapolated to other conditions and regions), prior to modeling, we reduced each 
environmental dataset to just those coverages contributing positively to model quality 
using a jackknife procedure (Peterson and Cohoon 1999). We systematically omitted 1-
3 coverages at a time, and calculated Pearson product-moment correlations between 
inclusion-exclusion of a particular coverage and omission error in each resulting model 
(Peterson and Cohoon 1999, Peterson et al. 2003). Coverages presenting a positive 
correlation on the order of r > 0.08 were removed from further analysis, and modeling 
thus focused on those data coverages that contribute positively to models’ having low 
omission rates.  

Because GARP does not produce unique solutions, we followed recently 
published best practices approaches to identifying an optimal subset of resulting 
replicate models (Anderson et al. 2003). For each analysis, we developed 1000 
replicate models; of these models, we retained the 200 models with lowest omission 
error. Finally, we retained the 100 models with moderate commission error (i.e., we 
discarded the 100 models with area predicted present showing greatest deviations 
from the overall median area predicted present across all models). This ‘best subset’ of 
models was summed to produce final predictions of potential distributions.  

To validate our model predictions, we compared their ability to predict 
independent sets of test points with that expected under random models by two 
methods. In the native distributional area in which data on both presences and 
absences were available, we used the more robust kappa approach (Congalton and 
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Green 1999, Jenness and Wynne 2005). We had 31 absence points and 75 presence 
points, including the 67 native range points plus 8 presences from closeby areas that 
apparently represent introductions. We calculated the KHAT statistic using a custom 
ArcView 3.x extension (Jenness and Wynne 2005). Because test results depend 
critically on how occurrence points are divided into training and testing data sets 
(Fielding and Bell 1997), we used a checkerboard approach that presents a maximum 
challenge to the model—prediction into areas from which no occurrence information 
was available (Peterson and Shaw 2003). Native distribution localities were classified 
into two categories depending on their location on a 2° x 2° checkerboard grid. 
Ecological niche models based on localities in one category were used to predict the 
distribution of the other occurrence category and vice versa. 

We then projected these validated native-range ecological niche models onto 
landscapes worldwide to evaluate the species’ invasive potential. On invaded 
distributional areas, given that absence data were not available, models were validated 
via chi-square tests (Peterson et al. 2003, Peterson and Shaw 2003) that incorporate 
dimensions of correct prediction of both presences (based on independent test data) 
and absences (based on expected frequencies) (Stockwell and Peters 1999, Anderson 
et al. 2003). Here, random expectations were calculated as the product of the 
proportional area predicted present and the number of test presence points. Observed 
frequencies of correct and incorrect predictions of presence were then compared using 
a χ2 test (1 df). Given that sampling of invaded distributions was highly biased towards 
certain regions (western Europe, North America), in addition to worldwide tests, we 
carried out more conservative chi-square tests specifically in those densely-sampled 
regions, buffering known occurrences by 500 km to determine areas for tests. 

Finally, we developed ecological niche models for extrapolation to future 
climates to predict the species’ potential future distribution. Because fewer 
environmental dimensions are available for changed-climate scenarios, these models 
were of necessity based on a somewhat reduced set of climate coverages 
(precipitation, and minimum, mean and maximum temperature) plus topography. Once 
again, to reduce dimensionality of analyses, we performed a jackknife manipulation. 
Ecological niche models developed were projected onto future climate data sets 
(2050s) (Peterson et al. 2001) derived from two general circulation models: CGCM2 
developed at the Canadian Center for Climate Modelling and Analysis, and HadCM3 at 
the Hadley Center for Climate Prediction and Research. Two emissions scenarios (A2 
and B2) were used: B2 scenarios (CGCM2B2 and HadCM3B2) assume 0.5%/year CO2 
increase and incorporate sulphate aerosol forcing, making them relatively conservative, 
whereas A2 scenarios (CGCM2A2 and HadCM3A2) assume a 1%/year CO2 increase 
and do not take into account effects of sulfate aerosols, and are thus more severe. 
 
 
Results 
 
Native distribution 
 

Native-distribution occurrence points were distributed principally in northern 
Argentina and southern Paraguay along major river systems (Río Paraná, Río 
Paraguay, and Río Uruguay). The jackknife manipulation for the climate data lead us to 
exclude 7 coverages, leaving minimum and mean annual temperatures, precipitation, 
diurnal temperature range, wet days, flow accumulation, and flow direction for modeling 
(none with inclusion strongly positively associated with increased omission error). Best-
subsets models developed based on these data sets predicted fairly continuous 
Argentine ant distribution from eastern Bolivia to Uruguay, through northeastern 
Argentina, Paraguay, and southern Brazil (Figure 1).  
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For the NDVI data set, the jackknife manipulation identified the following 
coverages for further analysis: elevation, topographic index, and NDVI coverages for 
January, March, April, July, August, and October (none with inclusion strongly 
positively associated with omission error). Best-subsets NDVI-based models predicted 
smaller native-range areas (7-9% smaller areas depending on cut-off used for 
presence) than the climate-based models.  

Both models predicted well the species’ distribution in unsampled regions based 
on the two reciprocal checkerboard tests. Test sample sizes available were 44 and 23 
for the two reciprocal tests. Overall accuracy measures for the two climatic models 
were 84-87%, and KHAT values were 0.68-0.74; for NDVI models, accuracies were 87-
89%, and KHAT values 0.71-0.75. Because KHAT ranges from -1 to +1, these results 
suggest excellent agreement between model predictions and actual distributional 
patterns. Comparisons of kappa statistics and associated variances between the two 
environmental data sets indicated that they were not significantly different (P > 0.3). As 
such, these two environmental data sets can be considered complementary, producing 
approximately equal classifications. 

 

 
Figure 1 Illustration of tests used to assess model predictivity for two environmental data sets 
(climate and NDVI). Occurrence data for the Argentine ant in the native range were divided into 
two categories depending on their position in relation to a grid of 2º x 2º. Independent 
occurrence data are overlaid in each prediction, presences in dots and absences in triangles. 
The first column presents predictions based on all native occurrence data combined, and 
second and third columns present predictions based on the two reciprocal spatial subdivisions 
of the available native occurrence data, with appropriate test data set overlaid. Darker shading 
indicates greater model agreement in predicting potential Argentine ant presence. 
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Invaded distribution 
 

Given that ecological niche models based on both environmental data sets 
yielded highly accurate predictions of the native distribution, we projected them 
worldwide. For climate-based models, areas outside the native distribution with the 
most suitable conditions were the west coast and southeast of the United States, 
Mediterranean coast, central and southern Africa, western Madagascar, parts of central 
Asia (e.g., Kazakhstan), western India, a band from northeastern India to Thailand, 
northeastern China, Korea, southern Japan, coastal Australia, and New Zealand 
(Figure 2a). NDVI-based models predicted similar patterns of potential distribution, 
although generally in more restricted areas. Climate-based models predicted areas of 
potential distribution in the central United States, northern Bolivia, and central Africa, at 
difference with NDVI-based models, whereas NDVI-based models predicted areas at 
northern latitudes, along the Amazon River, and in central Australia at difference with 
the climate-based models (Figure 2b). Coincident areas in predictions of both climatic 
and NDVI models are shown in Figure 2c. 

 

 
 
Figure 2 Worldwide predicted potential distribution for the Argentine ant, based on native-range 
ecological niche models based on: (a) climate data, and (b) NDVI data sets; (c) coincident areas 
identified in both modeling efforts (in blue). Occurrences of the species in both the native and 
the invaded range are plotted as dots. Darker shading indicates greater model agreement in 
predicting potential Argentine ant presence. 
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Table 1 Summary of statistical tests of model predictions for the whole world and for 2 densely 
sampled regions, based on 2 sets of environmental data: climate and NDVI. Tests were 
performed for areas predicted by >90% of best-subsets models (1st line) and by any of 100 best-
subsets models (2nd line). North America and Western Europe test areas were analyzed only for 
areas within 500 km of test occurrence data.  
 

Climate data set 
 Prop.  

area 
Test N Obs. 

correct
Obs.  

incorrect
Exp.  

correct 
Exp.  

incorrect
X2 P 

World 0.07 791 593 198 258 533 643.9 <10-100 
   258 533 54 737 830.3 <10-100 
N America 0.23 266 200 66 141 125 52.8 <10-12 
   101 165 62 204 32.3 <10-7 
W Europe 0.05 330 276 54 144 186 213.4 <10-47 
   83 247 16 314 305.6 <10-67 

NDVI data set 
 Prop.  

area 
Test N Obs. 

correct
Obs.  

incorrect
Exp.  

correct 
Exp.  

incorrect
X2 P 

World 0.02 1021 526 495 59 962 3956.1 <10-100 
   262 459 19 1002 3245.0 <10-100 
N America 0.06 295 176 119 41 254 522.2 <10-100 
   94 201 18 277 346.1 <10-77 
W Europe 0.07 458 237 221 82 376 357.8 <10-79 
   102 356 30 428 181.1 <10-40 

 
Validations of invaded-range predictions in densely-sampled regions (United 

States and western Europe) and worldwide were uniformly significantly better than 
random expectations (χ2 tests, all P < 10-7; Table 1). Hence, this set of tests indicates 
that the worldwide projection of the native-range ecological niche model had 
considerable predictive power for distributional phenomena in this species as an 
invasive species. Based on present knowledge of the species, predicted areas in 
northern latitudes (principally in NDVI predictions, and apparently caused by inclusion 
of topographic variables, given tests with and without this suite of variables) are not 
reliable. Likewise, areas of underprediction (i.e., where predictions are negative but the 
species is known to be present) are minor, and correspond to urban localities where 
the species’ presence may be made possible by the subsidy of human presence. 
Although predictions in some areas underestimated or overestimated the species’ 
invasive potential, their ability to identify key distributional areas was clearly much 
better than that of random models. 
 
Future potential distributions 
 

For development of future-climate predictions, we performed the jackknife 
manipulation to reduce the dimensionality of models: coverages retained for analysis 
were minimum and mean annual temperature, precipitation, slope, and flow direction 
(inclusion of each was negatively associated with omission error). Given the coarser 
sample-size considerations resulting from the coarser resolution of the environmental 
data sets for future climates, we could validate these present-day native-range 
predictions only using χ2 tests—models were significantly more accurate than random 
models (P < 10-3). Projecting these models onto the four general circulation model 
scenarios of future climates, L. humile was generally predicted to experience 
worsening conditions in the Tropics, but improving conditions at higher latitudes (Figure 
3). Overall, the spatial extent of the spatial projection of the species’ ecological niche is 
expected to undergo a moderate (11-15%) reduction under all four future scenarios 
(Figure3).  
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Figure 3 Worldwide predicted changes in potential distributional area for the Argentine ant 
between present and 2050. (a) Difference maps (future suitability values minus present 
suitability values), showing expected changes in climatic suitability for Argentine ants: red 
shades indicate areas predicted to improve for Argentine ants, whereas blue shading indicates 
areas predicted to worsen for the species. (b) Areas predicted to become newly habitable or 
non-habitable for the Argentine ant: the grey scale indicates present-day potential presence 
(darker shades greater confidence), red indicates areas predicted to become habitable but not 
presently habitable, and blue indicates areas presently habitable but predicted to become non-
habitable in the future. Maps represent the average predictions of 4 scenarios of global climate 
change: HadCM3A2, HadCM3B2, CGCM2A2, and CGCM2B2. 
 
 
Discussion 
 
The accuracy of models developed for the potential distributions of species depends on 
available sample sizes for model-building (Stockwell and Peterson 2002), and on the 
complexity of the environmental data sets (Peterson and Cohoon 1999). In this case, 
excellent predictive accuracy was achieved with models based on 5-7 coverages. 
Differences in the final environmental coverages retained for each model depend on 
the nature of the ecological niche approach, wherein the combination of ecological 
parameters determines the potential distribution of the species instead of each 
environmental parameter alone. This result is consistent with previous studies 
(Peterson and Cohoon 1999, Stockwell and Peterson 2002). In general, at least for this 
species, these results suggest that 67 native-range localities were quite sufficient for 
modeling and predicting distributional phenomena. 

Differences between the predictions developed for the native range reflect the 
differences between the two environmental data sets (climate vs. NDVI) used for 
modeling. Predictions based on NDVI data are more restricted spatially than 
predictions based on climate data, likely reflecting the greater detail in such remotely 
sensed data. Studies of factors governing Argentine ant invasions (Way et al. 1997, 
Holway 1998, Human et al. 1998, Paiva et al. 1998, Suarez et al. 2001, Holway et al. 
2002b) suggest that both climatic and topographic constraints are important in 
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determining its distribution, but that other factors such as vegetation type, soil type, or 
perturbation of habitat may also be limiting (Paiva et al. 1998). For this reason and 
according to our results, we take both sets of predictions into account, and consider 
areas predicted by both models as the likely native distribution of the Argentine ant 
(Figure 1c). 
 In northern Argentina and southern Paraguay, Linepithema humile is almost 
always found along major river systems. They can be found in both disturbed and 
undisturbed areas, with highest densities along floodplains, in riparian areas, and on 
riverine beaches (Wild 2004). Our models nevertheless suggest the possibility of a 
broader distribution in its native range than is presently appreciated. Invaded-range 
predictions also indicate a broader potential distribution than is currently appreciated. 
Despite its widespread occurrence, many areas still remain vulnerable to invasion by 
Argentine ants (if they are not already there but undetected). Especially important are 
areas where few or no records of Argentine ants are known, particularly northern South 
America and the Caribbean, parts of the Mediterranean, eastern Europe, tropical 
coastal Africa, Madagascar, Southeast Asia, India, China, northern Australia and many 
oceanic islands. These predictions coincide with those by S. Hartley et al. (pers. 
comm.) on a coarse scale.  
 Our identification of new potential sites of invasion demonstrates the utility of 
our approach as a tool for prevention of new infestations. Given that efforts to eradicate 
Argentine ants have almost no success once the species is established (Krushelnycky 
and Reimer 1998), these areas should be vigilant in preventing the introduction of this 
species via improved quarantine measures or other means. That predicted potential 
areas exceed actual distributional areas can result from remaining invasive potential, 
but also from insufficient sampling, recent invasion, or the existence of additional 
factors that restrict distributions (e.g. existence of allopatric sister species, interspecific 
competition, previous extinctions, and limited dispersal abilities; (Peterson 2003)). 
Specifically, for the native range, areas lacking occurrence data can be likely explained 
by insufficient survey, or possibly to the presence of related species (Tsutsui et al. 
2001, Wild 2004) that could represent potential competitors. For these reasons, a 
species’ potential distribution is generally more extensive than its actual distribution 
(Peterson et al. 2002b, Peterson 2003). A better understanding of how these 
processes determine Argentine ant distributions would permit a better understanding of 
details of the distributional ecology of the species. Moreover, anthropogenic factors 
may also result in a lack of concordance between actual and predicted distributions of 
invasive species. For example, the success of Argentine ants in California has been 
tied to increased moisture levels associated with urban and agricultural runoff (Holway 
et al. 2002b). Modeling approaches, such as those employed here, do not take into 
account human-related disturbances and in that way can underestimate a species’ 
potential distribution. Approaches that incorporate land use, water supplementation, or 
other anthropogenic factors may not only have increased predictive power, but also 
provide may insight to specific factors responsible for detailed distributional 
phenomena. 

In relation to global warming, our predictions suggest a general reduction of 
potential distribution areas for L. humile, particularly in the Tropics. However, some 
higher latitude areas are predicted to become more suitable for invasion (East Asia, 
northeastern United States, broader areas around Mediterranean and Caspian Seas, 
southern Africa, and southern Australia). Modeling influences of global climate change 
on a species’ potential distribution presents some initial limitations: predicted 
distributions of species are based on climatic envelopes, not taking into account the 
influence of dispersal, source-sink dynamics, and species interactions (Davis et al. 
1998, Peterson et al. 2001). In spite of these limitations and the lack of knowledge on 
how L. humile responds to climate change (adaptation to the new ecological 
characteristics, dispersal to track its ecological niche, etc.), our analyses represent a 
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first step towards understanding influences of global climate change on L. humile’s 
potential distribution, and indeed one of the very first applications of ecological niche 
modeling techniques to the challenge of anticipating changes in invasive potential of 
species. More generally, given that changes in species’ distributions alter global 
biodiversity (Chapin et al. 2000, Sala et al. 2000), species’ invasion appears as a 
primary threat resulting from global climate change. In this sense, studies identifying 
potential new areas for invaders should be seriously considered in polices of 
introduction prevention.  
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CHAPTER 3 
 
 
 
 
Niche Differentiation and Fine-scale Projections for Argentine Ants based 
on Remotely Sensed Data7 
 

Abstract 
 
Modeling ecological niches of species is a promising approach for predicting the 
geographic potential of invasive species in new environments. Argentine ants 
(Linepithema humile) rank among the most successful invasive species: native to 
South America, they have invaded broad areas worldwide. Despite their widespread 
success, little is known about what makes an area susceptible -or not- to invasion. 
Here, we use a genetic algorithm approach to ecological niche modeling based on 
high-resolution remote-sensing data to examine the roles of niche similarity and 
difference in predicting invasions by this species. Our comparisons support a picture of 
general conservatism of the species’ ecological characteristics, in spite of distinct 
geographic and community contexts. 
 
 
Introduction 
 
Biological invasions are a significant consequence of, and component of, human-
caused global change (Vitousek et al. 1997). Although biotic invasions are neither new 
nor an exclusively anthropogenic phenomenon, the number and extent of non-native 
species is increasing at a rapid rate as a consequence of increased human mobility 
(Levine and D’Antonio 2003, Drake and Lodge 2004). These human-caused invasions 
alter global environments, generating important environmental, societal, and economic 
impacts (Mack et al. 2000); indeed, consequences of these changes are so important 
that new tools are needed to facilitate prevention of invasions and control of non-native 
species. By this token, approaches for modeling geographic distributions of species 
have seen increasing application in recent years (Guisan and Zimmermann 2000), and 
their extension to species’ invasions (Peterson 2003, Thuiller et al. 2005) represents 
promising new possibilities. 

The Argentine ant (Linepithema humile) is one of the five ant species ranking 
among the world’s 100 worst invaders (http://www.issg.org). Native to northern 
Argentina, southern Brazil, Uruguay, and Paraguay (Tsutsui et al. 2001, Wild 2004), it 
is now established in many parts of the world owing to human-mediated transport 
(Suarez et al. 2001, Roura-Pascual et al. 2004). Introduced populations of this species 
can cause severe ecological and economic effects (Holway et al. 2002a).  

As with most invasive species, multiple factors contribute to success of 
Argentine ant populations in introduced ranges. For example, Argentine ants have 
been introduced without their co-evolved natural enemies, and the ant communities 
they invade tend to be depauperate relative to the species-rich ant fauna of southern 
South America (Suarez et al. 1999, Holway et al. 2002a, Heller 2004). Moreover, 
Argentine ants appear to be better competitors than the native species they generally 
displace (Human and Gordon 1997, Holway 1999). Recent studies suggest that 

                                                 
7 See Chapter 1and 6 for a posteriori nuances to this chapter according to recently published 
studies. We preferred to maintain the text of this chapter as it will appear published. 
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phenotypic and genetic changes occurring during or after introductions may influence 
invasive success (Ross et al. 1996, Tsutsui et al. 2000, Holway and Suarez 2004). 
While these studies focus primarily on behavioral differences or changes in colony 
structure, changes in physiology or tolerance to environmental conditions could also 
affect the extent to which invasive species can invade new environments. The 
consequences of these changes for the success of Argentine ants in invading new 
environments remain unknown; clearly, further detailed comparisons between native 
and introduced populations are necessary. 

In this study, we examine differences in ecological niche characteristics of 
Argentine ants between native and introduced populations to understand ecological 
changes that may or may not have occurred, and to predict the potential for future 
invasions. Species’ geographic distributions are influenced by their ecological niches--
the set of environmental conditions within which a species can maintain populations 
without immigrational subsidy (Grinnell 1917). Although several studies (Huntley et al. 
1989, Peterson et al. 1999, Martínez-Meyer et al. 2004) have observed general 
conservatism in species’ ecological niches on evolutionary time scales, few studies 
have assessed the stability of niche characteristics when populations are transplanted 
to another continent presenting a distinct biotic community context (Fitzpatrick and 
Weltzin 2005). Introduced species tend to establish populations in areas matching the 
environmental conditions of their native distributional areas (niche stability or niche 
conservatism) (Peterson 2003). Nonetheless, it is possible that shifting interactions 
given biotic community differences between distributional areas, or evolutionary 
changes post-introduction may produce shifts in ecological niches characteristics 
(niche differentiation/evolution) (Peterson and Holt 2003, Wiens and Graham 2005).  

We build on our previous studies of potential geographic distributions of 
Linepithema humile at global scales for present and future climate scenarios (Roura-
Pascual et al. 2004)8, as well as on work at local scales by Hartley and Lester (2003), 
by comparing native and invaded-range ecological niches of this species at high 
resolution. Our approach permits analysis of ecological requirements for successful 
invasion by Argentine ants at regional scales, providing an opportunity to test whether 
differences in invasion success across introduced populations correlate with recent 
evolutionary changes. Finally, this study tests the utility of remote-sensing data for 
predicting the geographic potential of invasive species. 
 
 
Methods 
 
A tested approach for estimating species’ ecological niches is the Genetic Algorithm for 
Rule-set Prediction (GARP; Stockwell and Peters 1999, Anderson et al. 2003, Peterson 
2003). GARP is an evolutionary-computing approach that searches for non-random 
associations between occurrences of species (georeferenced localities in geographic 
coordinates) and environmental variables (i.e., digital maps of relevant ecological 
parameters). Inspired by models of genetic evolution, GARP models are composed of 
sets of rules that were “evolved” through iterative processes of rule selection, 
evaluation, testing, and incorporation or rejection.  

Input data.-- Georeferenced localities on which we based our models were 
extracted from museum specimen locality records and personal collections, scientific 
literature, and field surveys (see Annexes 1 and 2, although some localities were 
omitted due to changes in the resolution of environmental data). Overall, we used 64 
occurrence points from the native distributional area, and 341, 280, and 9 points from 
invaded areas in the Iberian Peninsula, North America, and Japan, respectively.  

                                                 
8 See note 3 in page 34 
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The environmental data sets included 30 digital maps (”coverages”) 
summarizing aspects of topography (elevation, topographic index, slope, aspect, flow 
direction and flow accumulation, from the US Geological Survey’s Hydro-1K data set,9 
spatial resolution 1 x 1 km) and 16-day composite remotely-sensed data layers (one 
composite per month during 2003 of the Normalized Difference Vegetation Index 
(NDVI) and the Enhanced Vegetation Index (EVI), from the spaceborne NASA-
MODIS/Terra optical imager at a spatial resolution of 500 x 500 m10; Justice et al. 
(1998). Differences in summer-winter timing between Northern and Southern 
hemispheres were resolved by shifting Southern Hemisphere monthly data by 6 
months, and thus aligning northern and austral summers and winters appropriately. 
The two vegetation indices are derived reflectance values measured in the visible and 
near-infrared domains, and are complementary: while NDVI is more sensitive to 
chlorophyll content, EVI (L=1; C1=6; and C2=7.5 as equation coefficients) is more 
responsive to canopy structural variations (Huete et al. 2002). Thus, these indices act 
as surrogates for land cover variables, and as such are closely related to climatic 
dynamics (Egbert et al. 2002). Climatic data were not taken into account directly 
because of the lack of such data at appropriately fine resolution for all areas. All 
geographic data were resampled to 1 km resolution to facilitate analysis across broad 
spatial extents.  

The GARP algorithm.-- GARP maps occurrence data into a regular grid at the 
same scale and extent as the environmental data, allowing only one occurrence to be 
selected from each pixel. First, grids cells holding known occurrences are divided into 
data input into the genetic algorithm for model development and an independent data 
set (“extrinsic testing data”) for evaluation of model quality at user-specified proportions 
(here, 50% and 50%, respectively). Then, the input data are resampled with 
replacement to create a set of 1250 presence points; an equal number of points is also 
resampled randomly from the set of grid pixels at which the species has not been 
recorded (pseudo-absences). The input data are further subdivided into training data 
(for rule development), and intrinsic testing data (for evaluation of rule predictivity). 
Changes in predictive accuracy from one iteration to the next are used to evaluate 
whether particular rules should be incorporated into the model or not, and the algorithm 
runs either 1000 iterations or until convergence. The final ecological niche model rule-
set is then projected onto the digital maps that are the environmental data sets input 
into the algorithm to identify areas fitting the model parameters, a hypothesis of the 
potential geographic distribution of the species. 

Subsequently, once the final rule-set (or individual model) is developed, 
predictive accuracy of each model is also evaluated based on the extrinsic testing data. 
Spatial predictions of presence and absence can hold two types of error: omission 
(areas of known presence predicted absent) and commission (areas of known absence 
predicted present), which can be summarized in a measure of predictive accuracy as 
the percentage of points correctly predicted as present or absent (the correct 
classification rate of Fielding and Bell (1997)).  

Given the stochastic nature of GARP (both via sampling of occurrence data and 
the genetic algorithm itself), GARP produces distinct results for alternate runs based on 
the same input data, representing alternative solutions to the computational challenge. 
Following recently proposed best-practices approaches (Anderson et al. 2003), we 
developed 100 replicates of each model (previous tests with 1000 replicates showed 
that more models do not improve the final best-subset models, but do meet with 
computational limitations); of these, we retained the 20 models with lowest omission 
error, and then discarded the 10 models of these 20 that presented the most extreme 
values of area predicted present (the “commission error index” of Anderson et al. 
                                                 
9 http://edc.usgs.gov/products/elevation/gtopo30/hydro/index.html 
10 http://edcimswww.cr.usgs.gov/pub/imswelcome/  
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(2003)). These “best subset” models were summed to produce final predictions of 
potential distributions. 

Models were validated using the Receiver Operating Characteristic (ROC) 
analysis, which evaluates model performance independently of arbitrary thresholds at 
which presence might be accepted (Fielding and Bell 1997, Manel et al. 2001, Pearce 
and Boyce 2006). ROC assesses model performance by plotting sensitivity (proportion 
of presence points correctly predicted) vs. 1-specificity (proportion of absences 
correctly predicted) across all possible thresholds. Because true absences were not 
available for all areas, pseudoabsences (any pixel without confirmed presence) were 
employed as surrogates (Wiley et al. 2003, McNyset 2005). Given computer limitations, 
the ROC analysis was performed on a randomly selected subset (5%) of the overall 
predicted areas. Good model performance is characterized by large areas under this 
curve (AUC; maximizing sensitivity for low values of 1-specificity): AUC values of 0.5 
indicate models with no accuracy, while AUC values of 1.0 indicate high accuracy. A z-
statistic was used to compare observed AUC with the random AUC (following formulas 
in Hanley and McNeil (1982)), or between AUCs for two independent analyses 
(following formulas in Hanley and McNeil (1983)); if z > 1.96, then the probability is < 
0.05 that the observed difference would be expected at random.  

Modeling approach of this study.-- The overall approach used to compare 
ecological niches of Argentine ants in different regions (native distribution, Iberian 
Peninsula, North America, and Japan) consisted of three steps. This first step (step 1) 
is designed to optimize the environmental data sets for predicting the species’ 
ecological niche in succeeding steps. Hence, we used a cross-validation analysis 
between two regions: models based on occurrences from the native range were 
projected onto the Iberian Peninsula and vice versa, and model performance was 
tested using ROC on the projected region using the occurrence data set aside from 
model development. Seven predictions were developed for each occurrence data set, 
representing all combinations of suites of environmental data sets: topography (H), 
NDVI (N), and EVI (E) combined  for analysis as H, N, E, HN, HE, NE, and HNE. 
Based on results of these cross-validation analyses, taking higher test AUC scores as 
an indication of a better environmental data set for characterizing that species’ 
ecological niche, we chose a suite of environmental data sets for further analyses. 

Second (step 2), we tested the suitability of each occurrence data set within 
each region, when possible given sample sizes (i.e., excluding Japan). Occurrence 
data were divided into two subsets for training and testing model performance in 
geographically separate areas, as follows. Native-range occurrences were divided 
depending on their location on a 2 º x 2º checkerboard (44 occurrences for subset 1, 
and 23 occurrences for subset 2); Iberian Peninsula were divided into eastern (<2º W 
longitude, 206 occurrences) and western (>6º W longitude, 176 occurrences); and 
North American occurrences were divided into eastern (<100º W longitude, 123 
occurrences) and western (>108º W longitude, 156 occurrences).  We validated within-
region model predictivity using one of the subsets listed above to predict the other, and 
vice versa, and evaluated model performance using ROC. As this test forces the model 
to predict into areas from which no occurrence points were used in training the model, 
high AUC-values indicate successful ability of models in predicting into broadly 
unsampled regions. 

Finally (step 3), we performed an overall cross-prediction analysis, building 
models and predicting between all regions for assessing the strength of niche 
differences. Each regional occurrence data set (native range, Iberian Peninsula, North 
America, Japan) was modeled using GARP, and the resulting ecological niche model 
(ENM) projected onto each other regional data set. ENM performance in predicting 
‘other’ regions was evaluated using the ROC procedure described above. High AUC 
values indicate that model predictions are better than random expectations, i.e. how 
well the model generated in one region correctly predicted the occurrence data of 
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another region; because the ROC approach simply concludes that a prediction is (or is 
not) better than random, we also present basic statistics on model performance (i.e., 
omission, commission). 

To visualize ecological niche differences between different models developed, 
we used principal components analysis to reduce the 30 initial input variables to the 
first two principal components, which explained the bulk of variance in ecological 
space. Given limitations on computer memory, we subsampled grids randomly at a 
density of 1:500, and used this reduced suite of grid squares for visualizations, in which 
we related areas of modeled presence to overall availability of environmental 
conditions. 
 
 
Results 
 
Selecting environmental data sets 
 

ROC tests performed on projections from the native-based models to the 
Iberian Peninsula region and vice versa, yielded significant z-values (P < 0.001) for all 
combinations of environmental data sets (H, N, E, NE, HN, HE, and HNE), indicating 
substantial capacity for all environmental data sets in predicting the species’ 
distribution. Projections from the native-based model to the Iberian Peninsula 
presented AUCs ranging from 0.53 for E alone to 0.76 for HE. Still high values of AUC, 
indicating useful predictions, were obtained based on all environmental variables (0.73 
for HNE) or with topography alone (0.75 for H). Similarly, projections from the Iberian 
Peninsula to the native range give AUCs between 0.59 (H) and 0.71 (N). Although the 
somewhat lower AUCs suggest lower accuracy than native-range models, all models 
appear capable of predicting the species’ range. Overall, according to the ROC tests 
and visual comparisons among native-range and Iberian Peninsula predictions (not 
shown), our interpretation is that the combination of topographic information with both 
vegetation indices (HNE) represents the optimal assemblage of environmental 
information for predicting Argentine ant distributions. 
 
Within-region predictivity data set 
 

The tests of occurrence predictivity within three regions (native range, Iberian 
Peninsula, North America) using the subsets described in the Methods indicated quite 
powerful predictive ability. In fact, using the HNE environmental data sets, all 6 
reciprocal predictions were statistically significant based on the ROC tests (P < 0.001). 
The native-range models showed the lowest AUCs11 (AUCsubset1=0.62±0.06, and 
AUCsubset2=0.73±0.05) in relation to the Iberian Peninsula (AUCeast=0.75±0.02 and 
AUCwest=0.76±0.02) and North America (AUCeast=0.90±0.02 and AUCwest=0.77±0.02), 
probably reflecting lower sample sizes. Omission rates (i.e., failure to predict known 
occurrences) were low (Table 1), suggesting that the ENMs were successfully 
predicting extents of occurrences in each region. Overall, the results of these tests 
indicate significant predictive power for modeling Argentine ant distributions in a variety 
of geographic contexts. 
  

                                                 
11 AUC subindices indicate the subset used to build the models. 
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Niche comparisons among regions 
 

All cross-predictions among distributional regions (native range, Iberian 
Peninsula, North America, Japan) were statistically significant in ROC tests (P < 0.01; 
Table 1). As such, a general result of these analyses is that we find no evidence that 
ecological niches have either evolved or have been modified by different community 
contexts in the species’ colonization of areas worldwide over the last century (Peterson 
et al. 1999). However, some differences do appear between the actual predictions of 
different regional models (Figure 1).  
 Native-range models accurately predicted known distributions of Argentine ants 
in each invaded region (Table 1). However, these models also suggest additional areas 
in which Argentine ants are not known to occur--ostensibly areas of potential future 
invasion. For example, projections for the Iberian Peninsula successfully predicted 
species’ presence along southern and western coastlines, but suggested the potential 
for expansion into the interior of the Iberian Peninsula. Similarly, these models correctly 
predicted known Argentine ant distributional areas along the southeastern and western  
coasts of North America, but again highlighted interior areas as also suitable for the 
species. On the other hand, invaded-range models provided results somewhat different 
 
Table 1 Statistical results of cross-prediction comparisons among distributional regions for the 
Argentine ant. Occurrence data from each region were used to develop ecological niche models 
(first column), which were then projected onto each other region (side headings of the first 
column delineating sections) for testing model accuracy using Receiver Operating 
Characteristic (ROC) analysis. For each predicted region two analysis are presented: (1) 
general statistics as area under the curve (AUC) and its standard error, omission (percentage of 
occurrence data incorrectly predicted as absent), and commission (percentage of area 
predicted present) at two different thresholds (areas predicted by >90% of best-subset models 
and by any of 10 best-subset models respectively); and (2) significance in the z test comparing 
the AUCs (three right-hand columns) among models. Asterisks indicate the significance of z 
tests: * for P<0.05, ** for P<0.01, and *** for P<0.001. Sample sizes represent the number of 
Argentine ant localities used for developing the models. All models were developed using the 
combined topography, normalized difference vegetation index (NDVI), and the enhanced 
vegetation index (EVI) environmental data set (HNE).  
 

   Omission    Commission AUCs’comparisons 
Model AUC >90% best 10 best >90% best 10 best Iberian N Amer Japan

Native area (n=64)        
Native 0.7512±0.0354*** 10.9 0 50.8 79.3 *** *** ** 
Iberian 0.6125±0.0375*** 40.6 3.1 41.7 99.0  ns ns 
N Amer 0.6185±0.0375*** 15.6 1.6 67.0 93.4   ns 
Japan 0.6098±0.0375*** 98.4 75.0 0 3.5    

Iberian Peninsula (n=341)        
Native 0.7564±0.0153*** 44.3 9.7 9.0 74.8 ns *** *** 
Iberian 0.8308±0.0137*** 14.7 3.2 26.9 53.1  *** *** 
N Amer 0.5927±0.0162*** 10.0 2.1 76.2 96.3   ns 
Japan 0.5618±0.0161*** 94.1 64.8 0.7 25.1    

North America (n=280)        
Native 0.7842±0.0163*** 40.0 7.9 8.2 82.8 ns ns *** 
Iberian 0.8371±0.0149*** 43.6 9.3 6.9 51.4  * *** 
N Amer 0.8025±0.0159*** 5.0 0 40.6 77.6   *** 
Japan 0.6356±0.0179*** 93.2 52.9 1.2 21.5    

Japan (n=9)        
Native 0.7841±0.0909*** 44.4 11.1 15.9 43.1 ns ns ns 
Iberian 0.6579±0.0996** 44.4 11.1 11.8 79.8  ns ns 
N Amer 0.7316±0.0960*** 22.2 0 34.4 79.8   ns 
Japan 0.9880±0.0256*** 55.6 0 0.9 8.4    
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from the native-range models. For example, models based on occurrences in the 
Iberian Peninsula predicted potential distributional areas on the coast and along 
important rivers in the Iberian Peninsula, perhaps reflecting some degree of coastal 
bias in the occurrence data available from that region. North American and Japanese 
models predicted new potential areas for invasion where Argentine ants are not 
presently documented (e.g., northern USA and Japan, interior areas along major 
rivers). 

Comparing AUCs of native-range-based models with those of invaded-based 
models projected to the native area, AUCs are significantly higher in models based on 
invaded areas (P < 0.01), suggesting that regional models vary somewhat in how they 
characterized the ecological niche of the species. Comparisons between the native- 
and invaded-based models for given regions also exhibit differences, particularly for the 
native area, whereas native- and invaded-based models for the Iberian Peninsula, 
North America and Japan are not significantly different (Table 1). North America-based 
models predicted the broadest potential distributions in all areas, indeed somewhat 
overpredicting the actual distribution of the species. Finally, Japan-based models 
presented less intense and less extensive predictions in other regions, probably 
reflecting small sample sizes across an ecologically restricted landscape or non-
equilibrium distribution in Japan. 
 
 

 
Figure 1 Predicted distribution of the Argentine ant among the native range, Iberian Peninsula, 
North America, and Japan. Regions used to develop models are in each row, and columns 
indicate the region to which the model was projected. All models were developed using the 
combined topography, normalized difference vegetation index (NDVI), and the enhanced 
vegetation index (EVI) environmental data set (HNE). Greater model agreement in predicting 
potential occurrence is indicated in darker shades, and dotted circles indicate occurrence data 
used to build models. 
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 These differences between model predictions may result from environmental 
differences among regions, differences in invasion biology, or differences in sampling 
schemes. The species’ ecological niche as modeled in each area and projected to 
each other area can be represented in bivariate plots of the principal components 
summarizing environmental space, which explained 61.2% of total variation in 
environmental parameters in the PCA analysis. PC1 (49.6% variation) was correlated 
positively with elevation (0.585), and negatively with NDVI and EVI values (ranging 
from -0.653 to -0.892); PC2 (11.6% variation), on the other hand, was related positively 
with EVI of August and July (0.555 and 0.534 respectively), and negatively with NDVI 
of February and January (-0.593 and -0.523 respectively). In general, Argentine ant 
ecological niches as reconstructed in its native range, the Iberian Peninsula, and North 
America were quite similar (Figure 2), but that reconstructed based on Japanese 
occurrences was considerably more restricted, again likely reflecting either a still-small 
distributional area there or limited sampling compared with other areas. In general, 
comparing conditions available across areas, differences observed are most likely 
artifacts of sampling or environmental differences among areas, and not real 
differences in the species’ ecological niche.  
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Figure 2. Visualizations of Argentine ant niche models in ecological space, in the form of a 
bivariate plot of principal components 1 and 2 (PC1 and PC2), which summarize overall 
variation patterns in the 30 original dimensions in which we studied the species’ niche. Black 
points indicate predicted presence, whereas grey points indicate environmental conditions 
present in the area but not predicted as habitable for the species. Rows indicate the region used 
for building models, and columns indicate the region to which models were projected. 
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Discussion 
 
This study develops and compares ecological niche characteristics of Argentine ants 
on the species’ native range and in three invaded areas. A previous study (Roura-
Pascual et al. 2004) examined the species’ global potential for spread based on its 
native-range ecological niche, and suggested that the overall approach held promise 
for modeling this species’ potential geographic distribution. This study confirms and 
expands the previous results by examining differences between ecological niches as 
reconstructed from points on native and invaded ranges at much finer resolution and 
with more analytical detail.  

Overall, tests assessing robustness and adequacy of the environmental and 
occurrence data sets employed indicated that they were sufficient for comparing native- 
and invaded-range ecological niches of Argentine ants. Statistical tests and visual 
inspections of models generated using all possible combinations of environmental data 
sets (step 1) suggest that those models based on vegetation indices alone predicted 
broader potential distributions than models including only topographic information. 
Although models based on NDVI and EVI together seem possibly overfit, we preferred 
to use both indices because they presented slight differences in their predictions, and 
predictions from models generated using all available environmental data (HNE) were 
highly accurate in the ROC tests. This result is consistent with previous studies 
(Holway 1998, Paiva et al. 1998, Holway et al. 2002b) that suggest that topographic, 
climatic, and habitat data are all important factors governing Argentine ant distributions.  

Regarding sample sizes, our results suggest that ~60 occurrence points would be 
sufficient to achieve maximum predictive accuracy. Japan was excluded from these 
within-region analyses because of the small sample size available (Stockwell and 
Peterson 2002b). However, Japan-based models were kept in the cross-prediction 
analyses (step 3), so AUC values for predictions of Japanese distributional region are 
potentially misleading, given a decided lack of statistical power (n = 9 occurrences 
only). 

The results of the cross-prediction analysis (step 3) suggest that ecological niche 
characteristics do not differ markedly between native and invaded ranges at the spatial 
and temporal scale of our analysis. As such, these results complement those of 
previous studies (Peterson 2003) in demonstrating general conservatism of species’ 
ecological niches. Within this general result of ecological niche stability among 
Argentine ant populations, however, we did observe some region-to-region variation in 
model results (Figure 1 and Table 1). These variations may be the result of vagaries of 
sampling, limitations of the modeling tools, environmental difference between regions, 
or subtle differences between ecological niches of regional populations. Some reasons 
for variation caused by modeling limitations are explored below: 
(1) Data-input related errors, such as occurrence data providing an inadequate 

sampling of environmental conditions, and/or biased or insufficient environmental 
data, may introduce model-to-model variation. Our occurrence data come 
principally from museum specimen label data and personal collections (rather than 
from planned sampling schemes), so sampling biases can occur. This may be 
problematic if species’ presence is recorded from a building (such as greenhouse) 
where it may persist regardless of environmental conditions (for example, Argentine 
ant records from the extreme northern USA). GARP controls these biases to some 
degree by rasterizing (to reduce redundancy due to duplicate or close locations) 
and balancing sample size in presence and pseudoabsence data sets (Stockwell 
and Peterson 2002a). Furthermore, numbers of occurrences were clearly sufficient 
to prepare models, except for Japan, from which we had limited information. 
Therefore, GARP appears capable of controlling sampling biases in occurrence 
data, and providing accurate predictions of Argentine ant distributions. 
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(2) Only a reduced number of environmental variables is available at fine resolutions 
for ENM development, which limits predictive capacity of models (Peterson and 
Cohoon 1999). In this sense, the lack of human-related data at fine resolution 
impedes taking into account anthropogenic influences (e.g., increased water 
availability from urban and agricultural sources), which may be a better predictor of 
Argentine ant establishment and spread than climate envelopes in some arid 
environments (Holway et al. 2002b). We here resolved this environmental data 
“gap” via use of remote sensing data, which appears to be an excellent surrogate 
for land cover and climatic data sets in predicting Argentine ant distribution (Egbert 
et al. 2002).  

(3) Models may need to take into account biotic interactions as well. In this study, we 
took into account only abiotic variables, and omitted effects that other species 
might have on Argentine ant distribution and ecology. In the native range, natural 
enemies and a species-rich and highly competitive ant fauna may well limit 
Argentine ants from occupying all suitable areas (Holway et al. 2002a, Heller 2004); 
to the extent that this limitation can act in ecological space and adjust the 
ecological profile of the species, it may influence our results (Case et al. 2005). 
Similarly, in North America, another highly invasive ant species, Solenopsis invicta 
may reduce the success of Argentine ants (Wilson 1951, Fitzpatrick and Weltzin 
2005), although this idea remains to be tested. Nonetheless, given the high 
predictive ability of our models among regions, these biotic effects are probably 
limited in their scope and influence. 

(4) The pixel resolution of environmental data (1 x 1 km) may also cloud some finer-
scale variations in the species’ ecological niche that are not detectable at the 
spatial scale of our analysis (A. Guisan, personal communication). Because the 
influence of each environmental variable in determining the species’ niche is scale-
dependent, different degrees of ecological niche variation can arise among 
populations, depending on the spatial resolution of analyses (Wiens 1989). 
Nevertheless, these possible finer geographical variations in niches do not alter the 
accuracy of our models for predicting Argentine ant niches at the spatial resolution 
of our analysis. 

(5) Differences in the range of ecological conditions (limits of ecological space) from 
region to region may further complicate the situation (Peterson and Holt 2003). 
That is, if different regions differ in the ‘universes’ of ecological conditions that they 
present (Figure 2), models built in areas presenting limited conditions may be 
unable to generalize to areas that are more ecologically diverse. An example of this 
effect is shown in Japan-based models, which seemed to have difficulty in 
anticipating the species’ potential distribution in other areas. 

(6) Dispersal is an important factor that can influence a species’ pattern of invasion 
(Higgins and Richardson 1999, With 2002). Because Argentine ants commonly 
spread through human-mediated jump dispersal, natural limitations to dispersal 
such as ecological barriers may not be as relevant and have minor influences on 
their distribution at the spatial scale of our analysis (Suarez et al. 2001).  

(7) Invasion history needs to be taken into account in predicting the species’ 
distribution (Williamson 1996). The Argentine ant ‘invasion’ is likely not complete, 
and thus the species may be out of equilibrium in some regions (Holway 1998, 
Casellas 2004). As such, occurrence information from some invaded regions may 
be biased or limited geographically and possibly ecologically, simply reflecting that 
the species has not reached those areas yet. Such could be the situation in Japan 
and unsampled areas of potential presence in other regions: future studies should 
be addressed to determine the actual geographic distribution (i.e., areas of both 
presence and absence of the species) and the degree of spread of Argentine ants 
across regions.  
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Alternatively, real ecological niche differences (that is, the species occupies a 
different ecological space in two areas, although both areas present the full range of 
conditions) could result from evolutionary or ecological shifts in the characteristics of 
the species. In some invasive ants, such as the red-imported fire ant (Solenopsis 
invicta), the little fire ant (Wasmannia auropunctata), and the Argentine ant, introduced 
populations are known to differ from native populations in behavior and colony 
structure (Ross et al. 1996, Holway and Suarez 1999, Tsutsui et al. 2000, Le Breton et 
al. 2004).  For example, in Argentine ants, differences among populations in the degree 
of unicoloniality (Tsutsui and Suarez 2003, Buczkowski et al. 2004, Heller 2004, 
Holway and Suarez 2004), the absence of strong competitors and parasites in new 
environments, and evolutionary adaptation to new environments could influence 
invasion success and form the basis for ecological differentiation between native and 
introduced populations. As ecological differences between native-range and invaded-
range areas as measured in this study appear minor, we suspect that these phenotypic 
differences relating to ecological tolerance of abiotic conditions may not be broadly 
manifested or pervasive at the coarser spatial scales of our analyses. 

More generally, this study has demonstrated two important points. (1) We 
proved the utility of remotely sensed data in predicting potential geographic 
distributions of invasive species (Peterson 2003). We also (2) found that ecological 
niche characteristics of Argentine ants are not markedly different among distributional 
areas, suggesting that ecological, behavioral, and other differences observed in 
detailed single-site studies are not manifested at broader spatial scales. 
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CHAPTER 4 
 
 
 
 
Niche models for invasive species: Selecting optimal approaches for 
cross-prediction analysis at regional scales 
 
 
Abstract 
 
Invasive species may frequently alter structure of ecological communities in the near 
future; however, we still lack tools to understand and predict invasion patterns in new 
introduced areas adequately. The present study addresses: (1) the potential 
geographic distribution and ecological requirements of the Argentine ant (Linepithema 
humile Mayr) in the Iberian Peninsula via ecological niche modeling, and (2) provide 
new insights into modeling methodologies using cross-predictive analyses among 
distributional areas. The species (first recorded in the region in 1894) is now 
established in most coastal areas and some interior urban settlements in the Iberian 
Peninsula (SW Europe), creating concern about its full potential geographic 
distribution. Niche models were developed using 3 modeling techniques:  the Genetic 
Algorithm for Rule-Set Prediction (GARP), the Maximum Entropy method (Maxent), 
and generalized linear models (GLM). Models for the eastern and western portions of 
the Iberian Peninsula were built using identical sets of occurrence and environmental 
data, and projected to the other region to investigate ecological differences in the 
invasion process. Model performance in predicting Argentine ant geographic 
distributions was tested using the area under the Receiver Operating Characteristic 
curve (AUC). Our results indicate some divergence between modeling approaches, 
with Maxent producing accurate summaries of the species’ distribution, but GARP 
estimating the species’ full potential geographic range. GLM models, however, show 
inappropriate behavior under some circumstances of the cross-prediction analyses. 
More generally, models predict Iberian coastal areas and major river corridors as highly 
suitable for Argentine ants, and indicate that western Iberian populations may occupy 
broader environmental ranges than eastern populations. In general, our results 
emphasize the importance of studying species invasions at fine spatial scales, and 
indicate that further improvements are needed to reduce model uncertainty in cross-
prediction analyses. 
 
 
Introduction 
 
Rates of species introductions are increasing as a consequence of human movements 
(Vitousek et al. 1997). This non-native presence can have numerous negative 
influences on native communities and ecosystems, causing species loss, food web 
reorganization, community simplification, etc. (Chapin et al. 2000, Mack et al. 2000). As 
a consequence, interest is increasing in techniques for modeling species’ potential 
geographic and ecological distributions to anticipate and possibly prevent 
establishment of non-native species in new areas (Peterson 2003, Thuiller et al. 2005, 
Drake and Lodge 2006).  

A highly successful invasive species is the Argentine ant (Linepithema humile), 
native to the Río de la Plata region in South America (Tsutsui et al. 2001, Wild 2004), 
and now established in many Mediterranean-type and subtropical areas worldwide 
(Suarez et al. 2001). Associated with humans, Argentine ants are easily transported far 
from their points of introduction (Suarez et al. 2001, Ward et al. 2005), from where they 



66  Chapter 4 
 

can invade natural areas, causing severe ecological and economical impacts (Vega 
and Rust 2001).  

In the Iberian Peninsula, Argentine ants are present along much of the coastal 
zone, except for the Cantabrian coast, where records are few; a few population are 
now known from interior localities associated with urban centers (Espadaler and 
Gómez 2003, Carpintero et al. 2004). First Iberian observations of Argentine ants date 
to 1894 in Oporto (western Iberian Peninsula) and 1923 (or possibly 1919) in Valencia 
(eastern Iberian Peninsula). Although several studies have analyzed Argentine ant 
invasions in the region (Way et al. 1997, Espadaler and Gómez 2003, Carpintero et al. 
2005), none has focused on regional-scale ecological requirements of the species in 
this part of its introduced range.  

Species’ distribution patterns are eminently scale-dependent, since different 
ecological processes emerge depending on the spatial scale of analysis (Wiens 1989, 
Mackey and Lindenmayer 2001, Farina et al. 2005). Distributional patterns of Argentine 
ants have been studied at both broad (Hartley et al. 2003, Roura-Pascual et al. 2004, 
Roura-Pascual et al. in press)12 and local (Hartley and Lester 2003, Krushelnycky et al. 
2005) spatial scales. Here, we analyze Argentine ant distribution at regional scales 
(Iberian Peninsula) to elucidate broad patterns of invasion in different subregions with 
contrasting colonization histories and ecological characteristics. At least two points of 
introduction have been detected along the eastern and western sides of the Peninsula 
(Espadaler and Gómez 2003); now, the eastern supercolony is differentiated from the 
main supercolony that is spread more broadly in the Peninsula (Giraud et al. 2002). 
Mediterranean and Atlantic influences could be responsible for differences in invasion 
patterns within the Iberian Peninsula. 

To identify possible dissimilarities in the invasion process, we perform cross-
prediction analysis [also termed reciprocal distribution modeling by Fitzpatrick et al. (in 
press)] between the eastern and western parts of the Iberian Peninsula. Previous 
studies were suggestive, given that ecological niche models built on restricted data 
sets can fail to capture the environmental conditions of the entire geographic area. 
Thuiller et al. (2004) indicated that the main problem with such procedures--projecting 
an ecological niche model onto areas different from that used to calibrate it--is when 
models capture only a subsector of species’ responses to environmental predictors, 
producing niche models that are not globally applicable. Owing to limitations of models 
in such situations, Araújo et al. (2005) pointed out that use of multiple modeling 
approaches may help to increase agreement between predictions and reality. Hence, 
here, we apply 3 modeling approaches in cross-prediction analyses of Argentine ants 
within the Iberian Peninsula--this study aims to provide new insights into modeling 
practices that use subset geographic areas to calibrate and ecological niche models.  
 
 
Methods 
 
The overall approach used herein is based on modeling species’ ecological niches, 
here taken as the set of conditions under which a species is able to persist and 
maintain stable populations without immigrational subsidy (Grinnell 1917, Hutchinson 
1957). Niche modeling techniques relate known occurrences (as geographic 
coordinates) to environmental variables (in the form of digital raster maps of relevant 
ecological parameters), which provide surrogates for the overall ecological dimensions 
of the species’ ecological niche. Niche models search for non-random associations 
between occurrences and environmental data, which are then used to identify areas of 
landscape that fit the ecological requirements of the species (Soberón and Peterson 
2005). A limitation, however, is when ecological characteristics of species’ present 
                                                 
12 See note 3 in page 34 
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distributions do not reflect their entire ecological potential because they are out of 
ecological equilibrium. Despite this limitation, niche models based on occurrence data 
from introduced ranges can potentially indicate new, although not all, areas susceptible 
to invasion, and can elucidate ecological processes governing invasion processes 
(Peterson 2003). 

Occurrence and environmental datasets.-- We used 350 known occurrence 
localities for Argentine ants in the Iberian Peninsula extracted from specimens in 
natural history museums and personal collections, scientific literature, and field surveys 
[see Annexes 1 and 2, although some localities were omitted due to changes in the 
resolution of environmental data]. As no systematic survey covered the whole area, 
absence data were not available for constructing models, although the utility of such 
data is regardless limited by the nonequilibrium nature of invasive species’ 
distributions.  

For the environmental datasets, we used 12 coverages summarizing aspects of 
topography13 [mean elevation (herein abbreviated as alt), northern aspect (aspect)14, 
slope (slope), flow direction (flowdir), and flow accumulation (flowacc), derived from the 
digital elevation model of the Iberian Peninsula, native resolution 200 x 200 m 
(Ninyerola et al. 2005)]; and climate13 [annual solar radiation (raan), annual mean 
precipitation (plan), annual mean temperatures (tmnan), minimum winter mean 
temperatures (tminwi), and maximum summer mean temperatures (tmaxsu)15, from the 
Digital Climatic Atlas of the Iberian Peninsula, native resolution 200 x 200 m (Ninyerola 
et al. 2005)]; and remotely sensed data16 [16-day composites for the Normalized 
Difference Vegetation Index (ndvi) and for the Enhanced Vegetation Index (evi) from 
July 2005 from the NASA-MODIS/Terra data set, native resolution 500 x 500 m 
(Justice et al. 1998)]. These environmental data were selected according to knowledge 
of the species’ ecology (Holway et al. 2002, Abril 2005, Krushelnycky et al. 2005, Heller 
et al. 2006, Menke and Holway 2006), and our previous experience with modeling it 
(Roura-Pascual et al. 2004, Roura-Pascual et al. in press). We used NDVI/EVI 16-day 
composites from July because this month is that of peak Argentine ant activity. All data 
were resampled to 600 m spatial resolution for analysis. 

Ecological niche modeling techniques.-- Several techniques are available for 
modeling species’ ecological niches using presence-only occurrence data, many of 
which generate pseudoabsence data from areas from which the species is not known 
to occur for contrasts during model training. Modes of generation of these 
pseudoabsence data vary among modeling approaches, and can influence final model 
predictions (Pearce and Boyce 2006). As such, since one of our objectives was to test 
suitability of different methodologies, we applied 3 techniques: GARP (Stockwell and 
Noble 1992, Stockwell and Peters 1999), Maxent (Phillips et al. 2004, Phillips et al. 
2006), and GLM (Guisan et al. 2002, Brotons et al. 2004). The following is a brief 
summary of each, indicating most relevant points for our analysis.  

The Genetic Algorithm for Rule-Set Prediction (GARP) is an evolutionary-
computing approach that uses different methods (logistic regression, range rules, 
                                                 
13 http://opengis.uab.es/wms/iberia/index.htm  
14 Aspect was transformed to a continuous variable by measuring the percentage of 200 x 200m 
pixels with values of 250-360º and 0-70º within each 600 x 600 m pixel. This transformation was 
required for developing GLM models, which can not handle categorical data, and summarizes 
northward-facing tendency of slopes. 
15 Minimum winter mean temperatures were obtained by calculating the mean of December, 
January, February, and March minimum temperatures; and maximum summer mean 
temperatures by calculating the mean of May, June, July, August, September, and October 
maximum temperatures. Months were selected according to known details of Argentine ant 
activity; the period May-October is when the species is most active, exceeding the summer 
season according to Abril (2005). 
16 http://edcimswww.cr.usgs.gov   
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negated range rules, and atomic rules) to develop a rule-set defining the species 
ecological niche (Stockwell and Noble 1992, Stockwell and Peters 1999), which is 
projected into geographic space as a binary map (1 indicates presence, 0 indicates 
absence). This model evolves through an iterative process of rule selection, evaluation, 
testing and incorporation or rejection, which randomly subsets occurrence data into 
training and testing data to estimate predictive accuracy of each rule (here 50% and 
50%, respectively). Then, input training presence data are resampled randomly with 
replacement to create a set of 1250 presence points, and an equal number of points is 
also resampled randomly from the background area where the species has not been 
recorded (pseudoabsences). Change in predictive accuracy between iterations is used 
to evaluate whether particular rules should be incorporated into the model; the 
algorithm runs 1000 iterations or until convergence.  

To optimize model performance, we developed 100 replicate models of 
ecological niche and chose a “best subset” based on error distributions for individual 
models (Anderson et al. 2003): we selected the 20 models with least omission error, 
and then retained the 10 of these models with predicted area closest to the median 
area predicted among these 20 low-omission models. The geographic predictions of 
these 10 “best” models were summed to provide a summary of potential geographic 
distribution for Argentine ant. 

The Maximum Entropy method (Maxent) is a machine-learning method that 
uses a precise mathematical formulation to estimate the probability distribution of a 
species following the principle of maximum entropy, which supposes that no unfounded 
constraints should be included in the estimation (Phillips et al. 2006). In constructing 
the probability distribution, Maxent uses different types of environmental features 
(linear, quadratic, product, and threshold combinations of raw continuous 
environmental data, as well as categorical environmental data) and a regularization 
parameter (β) for each feature, which estimates how close the expected value is to the 
observed value (Phillips et al. 2004). As with GARP, Maxent creates random samples 
of background pixels (10,000) from the study area as pseudoabsences during 
modeling. The probability distribution developed is finally projected onto the geographic 
space; a probability (expressed as a percentage) is assigned to each pixel, which can 
be interpreted as an index of its environmental suitability. 
 Generalized Linear Models (GLM) are generalizations of linear regression 
models that allow for non-linearity and non-constant variance among data. In GLMs, 
predictor variables (i.e., the environmental data) are combined to generate linear 
predictors, related to the expected value of the response variable (i.e., probability of 
presence versus absence of the species) through a link function (Guisan et al. 2002, 
Rushton et al. 2004). We used a logistic regression approach, and therefore a logit link 
function, given the binominal character of our response variable. Predictor variables 
were included in models with linear and quadratic terms. Although GLMs are usually 
used with presence-absence data, they have been applied to presence-only situations 
by using pixels randomly selected from areas from which the species is not known 
(Pearce and Boyce 2006). Herein, we used a random subset of 10,000 
pseudoabsences from the overall study area. All GLM models for the Argentine ant 
were developed using S-Plus version 6.0. 

Approach for modeling Argentine ant distribution in the Iberian Peninsula.-- Our 
approach for comparing invasion patterns in the western and eastern Iberian Peninsula 
consisted of two steps. (1) We selected optimal environmental data sets for modeling 
the species’ ecological niche, and (2) we performed a cross-prediction analysis 
between western and eastern areas to elucidate differences and similarities between 
areas.  

To select environmental data (Step 1), we used a cross-validation analysis 
within the overall Iberian Peninsula, and between western (UTM longitude <184000) 
and eastern (UTM longitude >637000) areas. First, we created three occurrence data 
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sets: 350 localities from the whole Iberian Peninsula (herein called Ib), 175 localities 
from the western area (wIb), and 142 localities from the eastern area (eIb) respectively. 
Each occurrence subset was again subdivided into training (80%) and testing (20%) 
data for calibrating and testing the accuracy of models respectively. We developed 25 
models for each occurrence data set and modeling approach: 1 including all 
environmental variables, 12 eliminating one variable at a time, and 12 including only 
one variable at a time.  

Final whole Iberian Peninsula-based models were tested using independent 
occurrence data from the overall Iberian Peninsula set aside from model development. 
Eastern- and western-based models were each tested twice: first in the area used to 
calibrate the models using independent occurrences, and second in the other area 
using the complete occurrence data set from the area (e.g., the eastern-based model 
was tested in the east using 20% testing data from the east, and in the west using 
100% of the occurrence data from the west) (Figure 1). Model performance was tested 
using Receiver Operating Characteristic (ROC) analysis (explained below); since true 
absence data were not available, we randomly resampled 10,000 pseudoabsence 
points from each area as surrogates for true absence data. ROC scores permitted an 
overall evaluation of model performance omitting and including each environmental 
variable; the most relevant environmental variables in each area were retained, and 
three separate environmental data subsets thus obtained. 

Finally (step 2), we performed a cross-prediction analysis between western and 
eastern areas, searching for regional differences in invasion patterns. Using the 
occurrence subsets described above and the environmental data subsets selected in 

 
Model Training data Testing data Identifier 

Iberian-based model Ibtr : n=280  (80% Ib) Ibts: n=70  (20% Ib)  Ibtr-Ibts 
Eastern-based model eIbtr: n=114  (80% eIb) eIbts: n=28  (20% eIb)  eIbtr-eIbts 
    eIbtr: n=114  (80% eIb) wIb: n=175  (100% wIb)  eIbtr-wIb 
Western-based model wIbtr: n=140  (80% wIb) eIb: n=142  (100% eIb)  wIbtr-eIb 
     wIbtr: n=140  (80% wIb) wIbts: n=35  (20% eIb)  wIbtr-wIbts 

 

 

 

 
Figure 1 Description and nomenclature used for cross-prediction analyses within the Iberian 
Peninsula. Subsets of occurrence data from the whole Iberian Peninsula, and also eastern and 
western sides separately (second column), were used to develop ecological niche models, 
which were then projected onto the Iberian Peninsula and tested using independent occurrence 
data (third column). Ib, eIb, and wIb refer to the entire occurrence sets (100% data) for the 
whole, eastern, and western Iberian Peninsula, respectively; Ibtr, eIbtr, and wIbtr indicate subsets 
of occurrences (80%) used for training the models, while Ibts, eIbts, and wIbts indicate subsets 
(20%) used for testing model performance. The last row indicates the geographic position of 
each occurrences data subset for Argentine ants in the Iberian Peninsula. 
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step 1, we developed final models for the overall, western, and eastern Iberian 
Peninsula. As before, Iberian-based models were tested using independent 
occurrences from the whole area, whereas western and eastern-based models were 
each tested twice in both areas (see Figure 1). Model performance was again tested 
using the ROC analysis (see below).  

Throughout, models were validated using the Receiver Operating Characteristic 
(ROC) analysis (Hanley and McNeil 1982, 1983) implemented in S-Plus (Atkinson and 
Mahoney 2004). ROC analysis evaluates model performance independently of arbitrary 
threshold for presence, and has been used extensively in distribution modeling studies 
owing to its nonparametric nature. Overall model performance is summarized as the 
area under the curve (AUC), interpretable as the probability that a model can 
discriminate correctly between presence and absence sites (Pearce and Ferrier 2000). 
AUC values range 0-1, where AUC = 1 indicates perfect model performance, and AUC 
= 0.5 indicates models with predictive discrimination not better than random.  

Further analyses.-- Differences in model performance between modeling 
approaches (three levels: GARP, Maxent, GLM) and pairs of occurrence data-subset 
used for training and testing the models respectively (Five levels: Ibtr-Ibts, eIbtr-eIbts, 
eIbtr-wIb, wIbtr-eIb, wIbtr-wIbts; see Figure 1) were compared using a repeated 
measures ANOVA using modeling approaches and pairs of occurrence data-subsets 
as within-subject factors.  

To investigate environmental relationships between eastern and western areas 
and occurrence localities, we performed two additional analyses. The first analysis was 
conducted to identify correlations among western and eastern Argentine ant 
occurrences. After performing a principal component analysis (PCA) using all 
environmental variables (topography, climate, and remotely sensed data) of eastern 
and western localities separately, factor coordinates of the first two principal 
components of each PCA were correlated to elucidate environmental similarities 
between the two sides of the Peninsula. The second analysis aimed to visualize (in a 
bivariate plot of the two main factors of a PCA) variation patterns among western and 
eastern areas for the most relevant variables (selected according to results of step 1) in 
predicting Argentine ant distribution. Given computational limitations, we randomly 
subsampled the overall pixels of western and eastern study areas at a 2% density for 
visualizations. 
 
 
Results 
 
Environmental data suitability 
 

The three modeling techniques produced similar results as to the most relevant 
environmental variables for predicting Argentine ant distributions in each area (Figure 
2). We selected variables that contributed significantly to improvement of models, i.e. 
those with high AUC values when included alone in the model, and with a large AUC 
reduction when omitted from models generated including all other variables. For 
Iberian-based models, the most relevant environmental variables in predicting species 
distribution were alt, tminwi, and tmnan. Somewhat different results appeared when 
using eastern and western localities separately to predict both sides of the Peninsula. 
On the eastern area, while western-based models also indicated these three previous 
variables as the most suitable, eastern-based models identified plan as relevant as 
well. On the other hand, on the western area, both western and eastern-based models 
coincided in indicating alt as the only environmental variable influencing Argentine ant 
distribution. Finally, it is worth highlighting that western-based models gave higher AUC 
values in their projection to the eastern region than in the western region itself in all 
modeling approaches.  
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Figure 2 Results of the ROC analysis performed to determine the most relevant environmental 
variables in predicting Argentine ant distributions (step 1) using three modeling approaches: (a) 
GARP, (b) Maxent, and (c) GLM. For each modeling approach, columns indicate the model 
used for predicting Argentine ant distribution (whole, eastern, and western Iberian Peninsula-
based models), whereas rows indicate the area of the independent occurrence data used to test 
the models (whole, eastern, and western Iberian Peninsula areas). Note that eastern and 
western-based models present two tests: a first test using an independent occurrence data set 
from the area used to build the model, and a second test with occurrence data from the area set 
aside from model development. Several areas under the curve (AUC) are shown for each model 
in each predicted area: one for the model generated using all environmental variables (black 
bar), twelve AUC values for models generated using only one environmental variable at a time 
(clearer grey bars), and finally twelve AUC for models generated leaving out one variable at a 
time (darker grey bars). AUC values non-significantly different from 0.5 are indicated with 
oblique striped bars. A dotted vertical line indicates 0.75 for visual comparison. 
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(b) Iberian Maxent model  Eastern Maxent model Western Maxent model 
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(c)   Iberian GLM model  Eastern GLM model Western GLM model 
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 According to the first additional analysis (see methods), aimed at investigating 
environmental correlations between eastern and western localities of Argentine ant, the 
principal components analyses developed on each side of the Iberian Peninsula gave 
similar results. The first two factors (PC1 and PC2) of each analysis were significantly 
correlated between both areas (r = 0.95 for PC1 and r = 0.78 for PC2). This result thus 
indicated that occurrence data of the species at both sides of the Iberian Peninsula are 
influenced in similar ways by environmental conditions. Hence, given the results 
reported so far, we retained 3 different environmental data sets for modeling Argentine 
ant distribution: (i) an optimal set for the overall Iberian Peninsula (called ENV2), which 
includes alt, tminwi and tmnan; (ii) a second set (ENV1) including alt, tminwi, tmnan, 
and plan, for the eastern side; and (iii) a final set (ENV3) for the western side, which 
includes alt alone.  

Restricted to just these four environmental variables, the second analysis (see 
methods) intended to describe relationships between eastern and western areas and 
occurrence localities with the environmental characteristics of the whole Iberian 
Peninsula. The first two factors of the PCA accounted for 96% of total variance: PC1 
(70% variance) was positively correlated with alt (r = 0.94), and negatively correlated 
with tminwi (r = -0.97) and tmnan (r = -0.97); however, PC2 (26% variation) was 
negatively correlated with plan (r = -0.98) (Figure 3). Comparisons of environmental 
conditions in the west versus the east indicated some differences: while the east 
presented a wider range of elevations (and therefore temperatures), the precipitation 
gradient was broader in the west. This last difference was also present in the known 
localities, which ranged over a broader precipitation gradient in the west. 
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Figure 3 Visualizations of environmental conditions in the Iberian Peninsula, in a bivariate plot 
of two principal components, which summarize variations for the most relevant variables (alt, 
tminwi, tmnan, and plan according to our analysis) influencing Argentine ant distribution. Grey 
dots indicate the portion of environmental conditions present at the whole Iberian Penisula 
(black dots) covered by eastern and western areas, and white dot the portion covered by 
Argentine ant localities at each side.  
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Comparison between niche predictions. 
 

Using the three environmental data sets (ENV1, ENV2, ENV3) with occurrence 
data set from Ib, wIb, and eIb, we produced final models. Model agreement between 
predicted distributions and known presences of Argentine ant was tested using 
independent occurrence data set aside from model development (Table 1), yielding 
AUC values of 0.62-0.94 (mean AUC = 0.83), which indicated overall good ability to 
predict the distribution of the species. However, variation in predictive performance 
between modeling approaches was statistically significant in repeated measures 
ANOVA (F = 5.76, P < 0.001, df = 4 for the modeling approaches factor). Highest 
values of model performance were attained by Maxent models (Figure 4). 

Despite these differences, all modeling methodologies indicated some similar 
trends in Argentine ant distributions. Models developed using occurrence data from the 
whole Iberian Penisula give AUC values of 0.79-0.92 (mean AUC = 0.88). In cross-
prediction analysis, tests performed using independent occurrence data from the same 
area as was used to calibrate the models gave AUC values of 0.68-0.94 (mean AUC = 
0.84), whereas tests in the “other” areas gave AUC values of 0.62-0.93 (mean AUC = 
0.80). Although model performance tended to be higher in areas used to calibrate 
models, such was not always true: for western-based models generated using Maxent 
and GARP, western-based models were more predictive when tested with eastern 
occurrences (Figure 4). This observation is corroborated by repeated measures 
ANOVA, which found significant differences in predictive performance between 
modeling approaches depending on both the calibration versus evaluation areas (F = 
2.02, P = 0.026, df = 16 for the interaction term among factors). This result was similar 
to that found in step 1.  

Comparisons of geographic predictions from the different models (Figure 5) also 
revealed some uncertainties to consider. Although, in general, all these approaches 
predicted similar distributional patterns, GARP predicted broader areas as suitable for 
Argentine ants than Maxent and GLM models. In this sense, GARP showed lower 
omission errors, which were balanced by higher rates of commission error, in almost all 
pairwise comparisons than other modeling approaches (Table 1). Considering only 
Iberian Peninsula-based models, despite some differences, all approaches indicated 
coastal areas and river valleys as highly suitable for Argentine ants. On the other hand, 
cross-prediction analyses indicated that eastern-based models generally predicted 
more restricted areas than western-based models, which in turn predicted that 
additional interior areas are suitable for the species. 

Nevertheless, some predictions were opposite to those expected from known 
ecological pattern of Argentine ant when using western-based GLM models. For 
models developed using ENV1 and ENV2, it is evident that some statistical issue does 
not allow correct GLM predictions of Argentine ant potential geographic distribution. 
Firstly, western side should have higher values of Argentine ant suitability (as shown by 
GARP and Maxent models); and secondly, interior areas in the northeastern part of the 
Iberian Peninsula should not present values as high as those predicted in the GLM 
analysis. Finally, special caution should be paid to predictions indicating high-elevation 
distributional areas (e.g., Pyrenees and Sierra Nevada mountains) as suitable for the 
species, such as some models based on western-based GLM models, as these 
predictions should prove erroneous 
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Table 1 Statistical results of cross-prediction analyses between eastern and western Iberian 
Peninsula for each modeling approach: (a) GARP, (b) Maxent, and (c) GLM, via ROC analysis. 
Occurrence data from the whole Iberian Peninsula (Ib), and also western (wIb) and eastern 
(eIb) sides separately, were used to develop ecological niche models (side headings of the first 
column delineating sections), which were then projected onto the Iberian Peninsula and tested 
using independent occurrence data (first column; see Figure 1 for details among cross-
prediction analyses and nomenclature). Several analyses are presented for each model and 
testing area: general statistics as area under the curve (AUC) and its standard error (SE); 
omission error (percentage of occurrence data incorrectly predicted as absent) and commission 
index (percentage of area predicted present) at the maximized threshold; and significance in the 
z test comparing the AUCs (of the third column) among models, where Ai-Aj refers to each pair 
of AUCs being compared (subindices refer to the environmental data sets of the second 
column). All models were developed using three environmental data sets: ENV1 (alt, tminwi, 
tmnan, and plan), ENV2 (alt, tminwi, and tmnan), and ENV3 (alt). Asterisks (*) indicates 
significance values of z tests with P<0.001. 
 

(a)       
model ENV  AUC ± SE threshold omission  commission AUC comparison 

Iberian-based model     
1 0.84±0.018* 1 11.8 22.4 A1-A2: P<0.01 
2 0.82±0.016* 1 7.4 28.3 A1-A3: P<0.001 

 
Ibtr-Ibts 

3 0.79±0.015* 1 5.9 36.7 A2-A3: P<0.001 
Eastern-based model     

1 0.89±0.029* 0.7 10.7 13.7 A1-A2: ns 
2 0.87±0.032* 0.2 14.3 15.8 A1-A3: P<0.001 

 
eIbtr-eIbts 

3 0.83±0.026* 1 7.1 27.3 A2-A3: P=0.019 
1 0.71±0.015* 1 27.3 37.1 A1-A2: ns 
2 0.71±0.019* 0.9 31.4 30.8 A1-A3: P<0.001 

 
eIbtr-wIb 

3 0.67±0.012* 1 14.0 54.2 A2-A3: P<0.01 
Western-based model     

1 0.91±0.010* 0.8 11.4 13.9 A1-A2: P<0.001 
2 0.89±0.012* 0.9 17.9 15.6 A1-A3: P<0.001 

 
wIbtr-eIb 

3 0.85±0.010* 1 7.9 24.8 A2-A3: P<0.001 
1 0.72±0.026* 1 20.0 41.1 A1-A2: P=0.012 
2 0.69±0.030* 1 17.1 46.2 A1-A3: P=0.069 

 
wIbtr-wIbts 

3 0.68±0.023* 1 11.4 53.7 A2-A3: ns 
 

(b)       
model ENV  AUC ± SE threshold omission  commission AUC comparison 

Iberian-based model     
1 0.92±0.018* 0.22 13.2 13.4 A1-A2: ns 
2 0.92±0.018* 0.23 13.2 13.5 A1-A3: P=0.031 

 
Ibtr-Ibts 

3 0.90±0.018* 0.21 17.6 17.3 A2-A3: P<0.01 
Eastern-based model     

1 0.94±0.014* 0.03 10.7 12.4 A1-A2: P=0.080 
2 0.93±0.019* 0.05 14.3 14.4 A1-A3: P<0.001 

 
eIbtr-eIbts 

3 0.90±0.023* 0.09 14.3 15.7 A2-A3: P<0.001 
1 0.79±0.016* 0.10 25.6 25.6 A1-A2: ns 
2 0.78±0.017* 0.12 29.7 29.5 A1-A3: ns 

 
eIbtr-wIb 

3 0.78±0.018* 0.11 30.8 30.8 A2-A3: ns 
Western-based model     

1 0.92±0.010* 0.18 13.6 13.6 A1-A2: ns 
2 0.92±0.012* 0.51 16.4 16.4 A1-A3: P=0.094 

 
wIbtr-eIb 

3 0.93±0.009* 0.45 12.1 12.1 A2-A3: ns 
1 0.83±0.033* 0.33 28.6 16.0 A1-A2: ns 
2 0.81±0.036* 0.44 25.7 19.7 A1-A3: ns 

 
wIbtr-wIbts 

3 0.78±0.038* 0.49 28.6 24.5 A2-A3: ns 
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(c)       

model ENV  AUC ± SE threshold omission  commission AUC comparison 
Iberian-based model     

1 0.92±0.017* 0.03 14.7 14.7 A1-A2: ns 
2 0.92±0.016* 0.03 14.7 14.7 A1-A3: P<0.01 

 
Ibtr-Ibts 

3 0.90±0.018* 0.04 17.6 17.4 A2-A3: P<0.001 
Eastern-based model     

1 0.93±0.022* 0.01 10.7 11.8 A1-A2: ns 
2 0.93±0.023* 0.01 10.7 12.3 A1-A3: P<0.001 

 
eIbtr-eIbts 

3 0.90±0.023* 0.01 14.3 15.7 A2-A3: P<0.001 
1 0.81±0.014* 0.07 23.8 23.9 A1-A2: ns 
2 0.81±0.016* 0.02 25.6 25.6 A1-A3: P<0.01 

 
eIbtr-wIb 

3 0.78±0.018* 0.02 30.8 30.8 A2-A3: P<0.001 
Western-based model     

1 0.71±0.016* 0.03 30.0 30.0 A1-A2: P<0.001 
2 0.62±0.014* 0.07 38.6 38.5 A1-A3: P<0.001 

 
wIbtr-eIb 

3 0.90±0.010* 0.02 14.3 14.1 A2-A3: P<0.001 
1 0.81±0.036* 0.01 31.4 30.8 A1-A2: ns 
2 0.80±0.038* 0.01 25.7 16.8 A1-A3: ns 

 
wIbtr-wIbts 

3 0.78±0.037* 0.02 28.6 28.6 A2-A3: ns 
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Figure 4 Differences in model performance between GARP (represented by ●), Maxent (▲), 
and GLM (□) modeling approaches depending on each pairs of occurrence data-subsets used 
for training and testing the models respectively: Ibtr-Ibts, eIbtr-eIbts and wIbtr-wIbts indicate models 
calibrated and tested in the same area, while eIbtr-wIb and wIbtr-eIb in different areas (see 
Figure 1 for details on pairwise comparisons and nomenclature). y-axis refers to the mean AUC 
value of each set of predictions developed applying the same model to three environmental 
data set (see results section). Wiskers represent the standard error. 
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Figure 5 Predictions of the whole Iberian Peninsula, eastern, and western-based models for the 
Iberian Peninsula geographic area using three modeling approaches: (a) GARP, (b) Maxent, 
and (c) GLM. Rows indicate the occurrence data used to build the models, while columns 
indicate the three environmental data sets used for the predictions: ENV1 (alt, tminwi, tmnan, 
and plan), ENV2 (alt, tminwi, and tmnan), and ENV3 (alt). Higher probabilities in predicting 
potential geographic distribution of the Argentine ant are indicated in darker shades. 
 
 
 Discussion 
 
Comparison of modeling approaches. 
 

We found differences among modeling approaches in both predictive 
performance and geographic implications. When considering only Iberian-based 
models (i.e., without cross-prediction analyses), the three modeling methods predicted 
similar areas of suitability, but GARP predicted the largest area. All three approaches 
gave high AUC values, and Maxent and GLM showed highest model agreement. 
GARP, however, showed the lowest omission in almost all pairwise comparisons. 
These results suggest that GARP tend to predict larger areas suitable for the Argentine 
ant than Maxent and GLM, which tend to fit predictions more closely to the occurrence 
data used to develop the models. These differences suggest that GARP is more prone 
to overprediction, and Maxent and GLM more prone to overfitting.  
 On the other hand, one should be aware of limitations of cross-prediction 
analyses among distributional areas (Van Horne 2002, Thuiller et al. 2004, Pearson et 
al. 2006). Special caution should be paid in making predictions outside the geographic 
range from which the model was developed, since environmental variation among 
regions may produce confounding predictions (Araújo et al. 2005, Elith et al. 2006). 
The main question is how each particular modeling technique handles the critical step 



80  Chapter 4 
 

of projecting a model calibrated in one area onto a new area with different conditions. 
GARP and Maxent successfully solve this challenge by restricting the projections to 
other regions to those conditions used for developing models (Phillips et al. 2006). That 
is, when models are extrapolated to other regions not used for calibration, areas having 
environmental conditions outside the calibration ranges are “clamped” (readjusted) so 
as not to exceed ranges of conditions present in the calibration area.  

However, problems exist not only during the projection process, but also during 
model development. When presence data only are available to develop models, 
selection of pseudoabsence data is particularly important and has a significant 
influence on reliability of final models (Engler et al. 2004, Pearce and Boyce 2006). 
While Maxent and GARP selected pseudoabsence data intrinsically according to 
predefined and tested proportions in accordance with each method, GLM models did 
not presuppose use of any specific set and number of background data. Further 
adjustments of this aspect (such as reducing numbers of pseudoabsences included in 
models, or restricting pseudoabsence selection to areas not favorable for the species) 
may help models to fit correctly the range of environmental conditions suitable for the 
species. In this regard, Thuiller et al. (2004) pointed out that ecological niche models 
are only valid if they capture the complete response curves of environmental 
predictors, so extrapolating response curves of predictor variables outside the 
environmental calibration ranges can have (as happened with our western-based GLM 
models) strong implications for estimating ecological niches.  

In sum, our comparisons among approaches suggest that GLM models 
performed less well than Maxent and GARP in predicting distributions, and that Maxent 
outperforms GARP as well, which coincides generally with results of other recent 
comparative studies (Elith et al. 2006). However, when predicting among distributional 
areas in the Iberian Peninsula, in essence challenging the modeling algorithms to 
extrapolate to other environmental situations, GARP outperformed Maxent in reducing 
omission error. GLM models failed to predict Argentine ant distributions in novel 
environmental situations. Between Maxent and GARP, Maxent distinguished maximally 
among presence and absence test data, adjusting predictions more closely to the 
known distributional areas of the species, whereas GARP predicted broader areas as 
suitable for the species and tended to capture more of its potential geographic 
distribution. These differences therefore lend support to the idea that Maxent is more 
appropriate for distribution modeling, whereas GARP is appropriate for niche modeling. 
 
The Argentine ant in the Iberian Peninsula. 
 

Regardless of differences in modeling approaches, accuracy of our niche 
models in predicting Argentine ant distributions also likely depends on occurrence 
sample sizes and numbers of environmental coverages included (Stockwell and 
Peterson 2002). Based on our previous experience with the same occurrence data set, 
>100 occurrence localities should be sufficient to predict Argentine ant distributions 
(Roura-Pascual et al. in press). On the other hand, considering environmental data, 
high model performance was attained with <5 variables.  

Being well aware of limitations of models developed with small numbers of 
environmental data sets (Peterson and Cohoon 1999), we included the ENV1 dataset 
to provide a view of the influence of elevation as a predictor variable in our analysis. In 
general, all models developed seemed highly dependent on elevation. In addition to 
elevation, however, climatic variables (mean minimum winter temperature, mean 
annual temperature, mean annual precipitation) were important in refining predictions 
of Argentine ant potential distributions (Figure 2). This result is consistent with 
knowledge of the species, which is not known to occur in coldest areas at highest 
elevations of the Iberian Peninsula (Espadaler and Gómez 2003), and also with the 
spatial resolution of our analyses, which does not allow us to consider smaller-scale 
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processes that can restrict the species’ distribution locally, such as anthropogenic 
disturbance or presence of watercourses (Menke and Holway 2006).  

Overall, our results (Table 1, Figure 5) indicated that Argentine ants on both 
sides of the Iberian Peninsula have similar ecological niches. While results of the first 
additional analysis (see results) indicated that Argentine ant occurrences on both sides 
are correlated similarly and with the same environmental variables, high AUC values in 
cross-prediction analyses between areas corroborated that similarities were not 
random, but rather were owing to similar ecological conditions during invasion. Small 
differences between western and eastern predictions suggest that populations on the 
western side of the Iberian Peninsula may occupy a slightly wider range of 
environmental characteristics than those of the eastern side. Hence, western-based 
models projected to the eastern areas overpredict distributions, which could explain 
why western models tested on the eastern side show higher AUC values than the 
same models tested in the west.  
 Visual comparisons of known Argentine ant localities and predicted 
distributions, given current ranges, suggest that further expansion of the species is still 
possible along the coast and inland along river valleys. Since river courses make it 
easy for the species to enter far inland into the Iberian Peninsula, preventive efforts 
should be made along the Ebro, Guadalquivir, Guadiana and Tajo rivers to avoid future 
expansions into these areas. Moreover, the northern and southeastern coasts appear 
extremely suitable for the Argentine ant, so further research is necessary to determine 
the species’ real distribution in those areas. 

The differences between western and eastern Iberian Peninsula invasions by 
Argentine ants could result from two causes: (i) earlier arrival on the western coast than 
on the eastern one, allowing the species to expand farther there than on the eastern 
side; or (ii) existence of small differences in the species’ ecological niche between 
western and eastern populations of the Iberian Peninsula. Real ecological niche 
differences between western and eastern populations, not due to modeling artifacts 
(Roura-Pascual et al. in press), could results from different origins of introduced 
populations as the existence of two supercolonies of Argentine ant seems to indicate 
(Giraud et al. 2002). However, since the first cited reference of Argentine ant 
occurrence in the Iberian Peninsula appeared on the western side (1894 in Oporto), 
earlier than on the eastern side (1923 in Valencia, probably 1919; (Espadaler and 
Gómez 2003), we cannot conclude with certainty that these slight divergences are due 
to real ecological niche differences.  
 
Conclusions 
 

Further research on the utility of cross-prediction in the ecological niche 
modeling processes is still needed (Thuiller et al. 2004, Araújo et al. 2005, Guisan and 
Thuiller 2005, Elith et al. 2006, Pearson et al. 2006), since this type of modeling 
analysis offers valuable insights into mechanisms in invasion or extinction processes 
(Wiens 1989, Wiens and Graham 2005, Fitzpatrick et al. in press). Instead of avoiding 
projections of the species distribution outside the spatial or temporal range used to 
calibrate the models, new improvements to reduce uncertainties in such practices 
should be explored (Araújo et al. 2005, Peterson 2005, Pearson et al. 2006). 

As a next step in understanding Argentine ant invasions in the Iberian 
Peninsula, broad systematic sampling inventory is necessary to determine the details 
of the species’ distribution in the region (Hirzel and Guisan 2002). Availability of a 
reliable presence/absence data set would definitely permit improvements in model 
performance, and improved models would help managers to establish more effective 
measures to prevent further expansions. Moreover, further local-scale studies should 
be carried out to identify fine-scale ecological factors affecting the spread of the 
species at different spatial scales (Van Horne 2002, Farina et al. 2005). 
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CHAPTER 5 
 
 
 
 
Local-scale risk assessment of an invasive species (Linepithema humile) 
via ecological niche models 
 
 
Abstract 
 
Determining the geographical extent and ecological suitability range of an invasive 
species is a challenge for most ecologists concerned about management practices. In 
the absence of detailed data on the real distribution of species, ecological niche models 
offer the opportunity to estimate the potential range limits of an invasion and also to 
better understand the ecological processes acting at different spatial scales. Herein, 
generalized additive models (GAM) are used to determine the distribution of the 
Argentine ant (Linepithema humile), a highly widespread invasive species native to 
South America. Occurrence data mostly obtained from two different sampling 
strategies were combined with environmental data at different resolutions in order to 
predict the geographical extent of the ant invasion in Catalonia across spatial scales. 
Comparisons between models suggest that the species is still expanding in the 
northeastern area of the Iberian Peninsula, especially along the Costa Brava where the 
Argentine ant is not in equilibrium with its environment. In general, models at regional 
and local scales indicate that coastal areas are highly suitable for the species. 
However, more detailed field work studies (especially at the invasive front) are needed 
to determine the dimensions of the invasion in inland areas. 
 
 
Introduction 
 
An important consequence of globalization is the increase in biotic exchange among 
regions worldwide (Vitousek et al. 1997, Sala et al. 2000). The movement of species 
far away from their native ranges produces a gradual replacement of native biota 
(Mack et al. 2000), often exacerbating the ecological and societal impacts of changes 
on biodiversity (Chapin et al. 2000, Olden et al. 2004). Under these circumstances, 
several authors (Lodge and Shrader-Frechette 2003, Perrings et al. 2005) claimed for 
the urgent need to establish large-scale and long-term management strategies to 
prevent and/or reduce the dispersal and establishment of non-native species. A key 
requirement for implementing an effective strategy is the identification of those areas 
potentially suitable for the species (Hulme 2003). As such, modelling practices 
predicting potential distributions of non-indigenous species are acquiring of great 
importance among ecologists assessing invasion limits (Peterson 2003, Thuiller et al. 
2005). 

Among the world’s worst invasive species (http://www.issg.org/database/) are 
several widespread ant species which are severely threatening the world’s ant 
biodiversity (McGlynn 1999, Holway et al. 2002a). One of these highly invasive ants is 
the Argentine ant (Linepithema humile), a species native to South America, now 
established in many Mediterranean and subtropical areas worldwide (Suarez et al. 
2001). In the Iberian Peninsula, the Argentine ant is mainly distributed along the 
Atlantic and Mediterranean coasts, although it has also been observed in some inland 
areas. In Catalonia (NE Iberian Peninsula), the species is known to be patchily 
distributed along coastal areas (Espadaler and Gómez 2003). 
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The distributional pattern of the Argentine ant is explained by two different types 
of dispersion: diffusion spread through budding, and long distance jump dispersal 
associated to humans (Suarez et al. 2001). In a forested area of the Gavarres-
Cadiretes massif (NE Catalonia), Casellas (2004) reported that the Argentine ant 
spread by budding at a mean rate of spread of 19.00±6.83m per year (n = 1). Even 
though assuming a constant net yearly expansion of the invasion throughout the area, 
dispersion by budding will not be sufficient for the Argentine ant to attain its present-
day distribution at the northeastern side of the Iberian Peninsula. Contrarily, after the 
first human-mediated jump-dispersal events responsible for the introduction of the 
species in the Iberian Peninsula, subsequent jump dispersions through human 
commerce and transportation to other areas far away from the sites of introduction 
almost certainly explain most its present distribution. The first reported observations of 
the Argentine ant in the Iberian Peninsula date back to 1894 in Oporto (western side) 
and 1923 -probably 1919- in Valencia (eastern side) (Espadaler and Gómez 2003), but 
in the absence of a detailed study on the invasion history we cannot conclude that the 
current distribution of the species has been originated only from these two foci. Quite 
the opposite: the importance of harbours in NE Iberian Peninsula on the transatlantic 
commercial routes (Barbaza 1988, Yáñez 1996) leave the way open to consider that 
the Argentine ant could have been introduced directly from its native range into the 
northeastern area of the Iberian Peninsula, and possibly into other coastal areas. 
However, the strong relationship between Oporto (Portugal) and cork industries in NE 
Iberian Peninsula (Barbaza 1988) could also have been the cause of long-distance 
dispersions of Argentine ant populations within the Peninsula. In any case, once 
established into a new area, the Argentine ant spreads locally through a diffusion-like 
process into neighbouring urban or natural areas (Suarez et al. 2001, Carpintero et al. 
2004, Holway and Suarez 2006). 

Previous studies have determined the influence of environmental factors in 
shaping Argentine ant distribution at different scales (Way et al. 1997, Human et al. 
1998, Holway et al. 2002b, Krushelnycky et al. 2005, DiGirolamo and Fox 2006, Menke 
and Holway 2006). Most of them recognize the crucial influence of climatic data 
(particularly temperature and humidity) in determining the species distribution, as well 
as the importance of vegetation (both by changing soil moisture, and increasing 
resource availability) and anthropogenic disturbances. On the other hand, biotic 
resistance from native ants (since in the case of the other invasive species currently 
known in the Peninsula, Lasius neglectus, there is little competition with Linepithema 
humile (Espadaler and Collingwood 2000, Reyes and Espadaler 2005)) only seems to 
limit the expansion of Argentine ant in those areas presenting unsuitable and stressful 
environmental conditions.  

As such, because of the ecological and economic impacts caused by the 
Argentine ant invasion (Vega and Rust 2001, Holway et al. 2002a) and also because of 
the urgent need to establish preventive measures to avoid further expansions of the 
species, the major aim of this study is to determine the potential distribution of the 
Argentine ant in the northeastern area of the Iberian Peninsula. Due to the influence of 
the spatial scale in ecological processes (Wiens 1989), we predicted the Argentine ant 
distribution at regional (Catalonia) and local (Costa Brava, northeastern Catalonia) 
scales to elucidate possible divergences in the invasion depending on the scale of 
analysis. Occurrence (derived from specimen collections and mostly field work 
sampling) and environmental data influencing species distribution at different scales 
are thus combined into a statistical model to assess the role of environmental factors, 
and predict those areas most suitable for the species. Despite being aware of the 
limitations of such modelling practices when applied to invasive species not in 
equilibrium with its environment (mainly due to the inclusion of present-day absence 
data in localities that meet all requirements for the species, but are not yet invaded due 
to the history of the invasion process) (Hulme 2003, Menke and Holway 2006), 
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predictions of  Argentine ant potential distribution indicate those areas that should be 
vigilant in preventing future introductions, and also provide a better understanding of 
the invasion at finer spatial scales. Divergences in the invasion process are 
investigated along a north-south gradient along the coast, as well as between coastal 
and interior areas, searching for historical and ecological differences in the Argentine 
ant distribution at the northeastern side of the Iberian Peninsula. 
 
 
Methods 
 
The approach used to predict Argentine ant geographic distribution is based on 
modelling its ecological niche (Peterson 2003, Guisan and Thuiller 2005), which 
appears to be a long-term stable environmental constraint (Peterson et al. 1999). Niche 
models are constructed by relating occurrences of the species (in the form of 
latitude/longitude coordinates) with combinations of environmental data (in the form of 
GIS coverages) influencing its distribution. These are then projected onto geographic 
dimensions to identify those areas most appropriate for the species (Soberón and 
Peterson 2005).  

We used Generalized Additive Models (GAM) to predict Argentine ant 
distribution at fine scales on the basis of presence/absence occurrence data, and to 
elucidate the most influential environmental variables. The use of GAM in ecological 
studies with predictive purposes is not new, and they have been widely applied and 
validated in several studies (Guisan et al. 2002, Thuiller 2003, Elith et al. 2006). GAM 
are semi-parametric generalizations of usual linear regression models, which allow for 
non-parametric and complex relationships between the response and predictor 
variables in addition to the parametric forms (Hastie and Tibshirani 1990, Guisan et al. 
2002). A non-parametric smoothed function of all the explanatory variables is fitted to 
the response variable without prejudging the shape of the relationship between both 
terms. As a consequence it attains more complex response curves than most classical 
lineal models. We used a cubic spline smoother, and the appropriate level of 
smoothness for each predictor was automatically fitted during the stepwise selection 
methodology. We applied an automatic forward stepwise procedure using Akaike’s 
information criterion (AIC (Akaike 1974)) to select the most parsimonious models in S-
Plus software.  
 Model validation was assessed using the area under the curve (AUC) index of 
the Receiver Operating Characteristic (ROC) analysis (Hanley and McNeil 1982, 1983) 
implemented in S-Plus, using the Atkinson and Mahoney (2004) ROC functions. ROC 
analysis evaluates the ability of a model to discriminate correctly between presences 
and absences of the species independently of an arbitrary threshold at which presence 
might be accepted. The AUC corresponds to the ROC curve derived from plotting 
sensitivity (presence data correctly predicted as present) versus 1-specificity (absence 
data incorrectly predicted present) at different thresholds simultaneously. Good model 
performance is characterized by large areas maximizing sensitivity for low values of 1-
specificity, and z values above the critical level: AUC range from 0 to 1, where values 
of 0.5 indicate model discrimination no better than random and values of 1 highest 
model agreement. Comparisons between two areas under the curve for different 
models were also performed.  
 
Modelling approach at regional scale (Catalonia) 
 

Occurrence and environmental datasets.-- Occurrence data was composed of 
77 absences and 125 presence localities extracted from specimens in personal 
collections (Espadaler and Gómez 2003), and a field survey on urban areas carried out 
during the summer of 2003 (Figure 2). The main human settlements in Catalonia were 



92  Chapter 5 
 

surveyed during half an hour searching for Argentine ant occurrence data (both 
presence/absence). Although different sites were surveyed within each urban area, 
only the most central geographic coordinate (in the form of longitude/latitude) was 
recorded to characterize the position of the species’ occurrence data. See Annexe 3 
and 4 for a complete list of the occurrence data. 

Environmental data included 12 digital coverages summarizing aspects of 
topography [mean elevation (herein abbreviated as alt), northern aspect (aspect)17, 
slope (slope), and topographic position index (tpi), derived from the Digital Elevation 
Model of Catalonia, native resolution 30 x 30 m; ICC18], climate [annual solar radiation 
(raan),  annual mean precipitation (plan), annual mean temperatures (tmnan), minimum 
winter mean temperatures (tminwi), and maximum summer mean temperatures 
(tmaxsu)19, from the Climatic Digital Atlas of Catalonia20, native resolution 180 x 180 m; 
(Ninyerola et al. 2000)], remotely sensed data [16-day composites for the Normalized 
Difference Vegetation Index (ndvi) and for the Enhanced Vegetation Index (evi) from 
July 2005 from the NASA-MODIS/Terra data set21, native resolution 250 x 250 m 
(Justice et al. 1998)], and distances to several environmental features [seacoast 
(dsea), water courses (in a logarithmic scale, lgdriv), and urban areas (in a logarithmic 
scale, lgdurb), derived from vectorial coverages of the Ministry of Environmental and 
Housing of the Government of Catalonia22. The environmental data was selected 
according to present-day knowledge of the species: the influence of temperature and 
humidity in determining its distribution, and also on annual cycles of species activity 
(Holway et al. 2002b, Abril 2005, Krushelnycky et al. 2005, DiGirolamo and Fox 2006, 
Heller et al. 2006, Menke and Holway 2006). The topographic position index was 
calculated in relation to neighbouring areas at 1000m distance using a GIS extension 
that classifies the landscape into landform categories (Jenness 2005), which indirectly 
influence Argentine ant presence (Holway 1998). All data were prepared and 
resampled at 180 m spatial resolution in ArcView 3.2 and ArcGIS 8.2 for the analysis. 

Modelling approach.-- For modelling Argentine ant potential distribution at 
regional scale (Catalonia), we restricted our analysis to urban areas (distance <180m 
from urban areas appearing on the Land Uses Map of Catalonia, native resolution 2 x 
2m; CREAF23), since extrapolations to non-urbanized areas could be erroneous taking 
into account the nature of the sampling method. As indicated previously, we first 
performed a forward stepwise procedure using all occurrence data to select the most 
relevant predictor variables. Secondly, we used this reduced environmental data set 
with a randomly selected subset of occurrence data (75%) to calibrate the predictive 
models, which were then projected back onto the landscape to determine Argentine ant 
potential distribution in Catalonia. Models were validated on the remaining 25% 
occurrences using ROC analysis.  

                                                 
17Aspect was transformed to a continuous variable by measuring the percentage of 30 x 30 m 
pixels with values of 250-360º and 0-70º within each 180 x 180 m pixel. This transformation was 
required for developing GLM, which do not handle categorical data, and summarizes northward-
facing tendency of slopes. 
18http://www.icc.es/ 
19Mean winter minimum temperatures were obtained by calculating the mean of December, 
January, February and March minimum temperatures; and maximum summer mean 
temperatures by calculating the mean of May, June, July, August, September, and October 
maximum temperatures. Months were selected according to known details of Argentine ant 
activity; the period from May to October is when the species is mosy active, exceeding the 
summer season according to Abril (2005). 
20 http://magno.uab.es/atles-climatic/ 
21 http://edcimswww.cr.usgs.gov/pub/imswelcome/ 
22 http://mediambient.gencat.net/cat/el_departament/cartografia/inici.jsp 
23 http://www.creaf.uab.es/mcsc/ 
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Modelling approaches at local scale (Costa Brava) 
 

Occurrence and environmental data sets.-- Occurrence data for the Costa 
Brava consists of 1302 absences and 1027 presences data points (in the form of 
longitude/latitude coordinates) extracted from a field survey carried out during the 
summers of 2004 and 2005 (Figure 2). The main roads of the Costa Brava were 
surveyed at intervals of 500-1000m distance, searching for Argentine ant 
presence/absence data within a radius of 10m from the stopping site over 10 minutes. 
The geographic coordinates of the site were recorded with a GPS to characterize the 
occurrence data of the species. However, these initial 2330 occurrence localities were 
reduced to 1937 (1120 absences and 817 presences) to avoid an excessive density of 
occurrences, which would overfit the models, in some areas subjected to intensive 
sampling. In these areas, we randomly selected around 5 occurrence localities per 
2x2km2 extension. See Annexe 5 for a complete list of the occurrence data. This 
dataset at local scales do not include occurrences from the Catalonia dataset at 
regional scales, since localities from both datasets are not comparable because were 
obtained at different resolutions using different sampling methods. 

Similarly to the regional scale approach, the environmental dataset included 13 
coverages summarizing aspects of topography (mean altitude, mean slope, 
topographic position index, derived from the Digital Elevation Model of Catalonia, 
native resolution 30 x 30 m; ICC18), climate (annual solar radiation, annual 
precipitation, annual mean temperatures, mean winter minimum temperatures, and 
mean summer maximum temperatures19, from the Climatic Digital Atlas of Catalonia20, 
native resolution 180 x 180 m; (Ninyerola et al. 2005)), remote sensing data (one 
monthly composite for the Normalized Difference Vegetation Index (NDVI) and for the 
Enhanced Vegetation Index (EVI) of July 2005 from the NASA-MODIS/Terra data set21, 
native resolution 250x250m; (Justice et al. 1998)), and other distance-related 
coverages (distance to the seacoast24, and main water courses, and urban areas). The 
selection of these environmental variables followed the previously mentioned criteria. 
Distance to water courses (derived from the rivers’ vector coverage of the Ministry of 
Environmental and Housing of the Government of Catalonia22) and urban areas 
(derived from the Land Cover Map of Catalonia, native resolution 2x2m, CREAF23) 
(Holway et al. 2002b, Carpintero et al. 2004) were log-transformed before the analyses. 
All data were prepared and resampled at 30 m spatial resolution in ArcView 3.2 and 
ArcGIS 8.2 for the analyses. 

Modelling approach.-- As previously done for the regional model, we restricted 
our Costa Brava analysis to roads (distance <60m from the roads’ digital coverage of 
the Ministry of Environmental and Housing of the Government of Catalonia22) and 
urbanized areas (distance <30m from urbanized areas appearing on the Land Uses 
Map of Catalonia, native resolution 2 x 2m; CREAF23). At this local scale, three main 
questions arise: (1) is the Argentine ant invasion in equilibrium with its environment on 
the Costa Brava, or are further expansions to be expected in the future?, (2) is the 
Argentine ant invasion pattern identical all along the coastal areas of the Costa Brava?, 
and (3) does the Argentine ant occupy different ecological niches in coastal and inland 
areas of the Costa Brava?   

In order to test the first question (Question 1), the previous model predicting 
Argentine ant distribution at regional scales (Catalonia) is compared with a similar 
model built at local scales (Costa Brava) using different environmental and occurrence 
data sets. Since the regional model is based on a wider range of ecological 

                                                 
24Distance to the sea was only considered as a predictor variable for modeling the Argentine ant 
distribution throughout the overall Costa Brava, but not for comparisons along the coastal 
gradient and between coastal and inland areas. In the latter cases, the variable was already 
implicitly included into the model by subsetting the occurrence data. 
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characteristics than the local model, predictions at regional scales are thus expected to 
reflect the ecological potential of the Argentine ant on the Costa Brava more closely 
than the local model. As such, if the prediction at local scales is very far removed from 
regional predictions, the Argentine ant is still expected to undergo further expansions at 
local scales.  

To develop the model at local scales, as before, we performed a forward 
stepwise procedure using the overall occurrences dataset to select the most relevant 
environmental variables for determining species distribution throughout the Costa 
Brava. Final models were then calibrated using 75% of the original occurrences (in 
combination with the final predictor variables), and the remaining 25% to validate the 
predictions using ROC analysis.  

To elucidate possible differences in the Argentine ant invasion pattern along the 
latitudinal, and also ecological, gradient of the Costa Brava (Question 2), we restricted 
our analysis to the areas comprised between the coastline and 4 km inland. Three 
areas were differentiated according to main water basins and the main topographic and 
geologic units: Cap de Creus (herein called CC), Golf de Roses-Massís de Begur (RB), 
and Gavarres-Cadiretes massifs (GC) from North to South. The Cap de Creus is a 
schistous massif strongly influenced by northern winds (characterized by their high 
speed), with mediterranean shrubland vegetation. The Golf de Roses-Massís de Begur 
presents an heterogeneous landscape mainly composed of sedimentary, intensively 
cultivated plains and small calcareous and siliceous massifs (mainly covered by 
kermes oak forests accompanied by aleppo pines), considerably shaped by human 
presence. The Gavarres-Cadiretes massif is a low granite mountain range mainly 
covered by cork oak forests, highly influenced by nearby urban concentrations. All 
three areas are affected by fast-growing urbanization processes, which are strong in 
the North and near the coastline.  

We performed the forward stepwise and the calibration of final models using all 
localities available in each area, to take advantage of each occurrence data subset. In 
total, four models were developed: one model using all coastal occurrences (ALL) (363 
absences and 588 presences), and three models using subsets of these coastal 
occurrences for each area (56 absences and 20 presences for CC, 153 absences and 
122 presences for RB, 154 absences and 446 presences for GC). Model validation was 
tested within each area using a checkboard test, and between areas applying a cross-
validation process using ROC analysis. Because model performance depends critically 
on the occurrence data used for calibrating the model (Fielding and Bell 1997), the 
checkerboard approach forces the model to predict into areas from which no 
occurrences were used to built the model (Peterson and Shaw 2003). Each specific 
subset of localities was classified into two categories (t1 and t2) depending on their 
location on a 5 x 5 km checkerboard grid. Ecological niche models based on localities 
in one category were used to predict the distribution of the other occurrence category 
and vice versa, and the respective area under the ROC analysis curve calculated using 
the independent occurrence data aside from model calibration. The number of 
occurrences per area and per category were: t1=572 and t2=379 for ALL, t1=40 and 
t2=36 for CC, t1=132 and t2=143 for RB, and t1=400 and t2=200 for GC areas. 

Finally, searching for possible ecological differences between coastal and 
inland invasion patterns (Question 3), we restricted our analysis to the Gavarres-
Cadiretes massif and the surrounding 4 km. The whole Gavarres-Cadiretes is a 
siliceous massif extending from sea level to an altitude of 535m, extensively covered 
by cork oak forests, traditionally exploited by cork industries. Following the water 
basins, the massif naturally separates the study area into coastal and inland areas. The 
coastal side of the massif is characterized by sandy beaches and rocky cliffs with a 
temperate climate due to the influence of marine fog, while inland areas have more 
extreme climatic conditions with winter atmospheric inversions. The massif is 
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surrounded by large urban concentrations (mainly the coastal area), which grew 
considerably in the late 60-70s.  

Herein, we also performed the forward stepwise and the calibration of the final 
models using three different subsets of occurrence data: one subset with the 
occurrences available for the whole massif (composed of 614 absences and 565 
presences), and two subsets for coastal (246 absences and 497 presences) and inland 
(368 absences and 68 presences) areas. Model performance was also validated using 
a checkboard test within each area, and a cross-validation process between areas 
using ROC analysis. The number of occurrences per occurrence data set and per 
category was: t1=660 and t2=519 for the whole, t1=456 and t2=287 for coastal, and 
t1=204 and t2=232 for inland areas. 
 
 
Results 
 
Predicted distribution at regional scale (Catalonia) 
 

The urban survey in Catalonia corroborates the invasive pattern described by 
Espadaler and Gómez (2003), which restricts Argentine ant distribution near the coast 
and suggests that the species is absent from inland and high altitude urban areas 
(Figure 2). Northern occurrences were more or less the same as those indicated by 
previous authors, but new localities invaded by the Argentine ant were found in 
southern Catalonia. However, in general, the Argentine ant occupies more interior 
areas in northern than in southern areas, where the species is present at lower 
distances from the sea. 

Stepwise procedure determined six environmental variables as necessary for 
modelling Argentine ant distribution in Catalonia, where dsea and alt have the greatest 
influence (Figure 1). Models built using this reduced set of environmental data present 
high model performance (AUC=0.94±0.03, P<0.001), and suggest urban areas along 
the coast (the most remote at 60 km distance) as highly suitable for the Argentine ant 
(Figure 2).  
 
Predicted distribution at local scale (Costa Brava) 

 
On the other hand, the road survey at local scales indicates that the almost 

continuous species distribution in the Costa Brava described by the previous urban 
survey is further fragmented into several invasion processes presenting different 
degrees of spatial continuity. The southernmost coastal area (near the Gavarres-
Cadiretes massif) is where the species attains its maximum occurrence (Figure 2). 
Northern areas show a more disperse invasion pattern, and some sites are occupied 
by the Argentine ant while totally absent from the surroundings. Similarly, the Argentine 
ant is almost absent from inland areas and it is only present in some isolated localities 
near urban settlements.  
 Eight environmental variables were selected during the stepwise process as 
influencing Argentine ant distribution in the Costa Brava, the most relevant being dsea, 
tmnan, plan and lgdurb (Figure 1). The test assessing the accuracy of the Costa Brava 
model developed using this subset of predictor variables indicates good model 
agreement in predicting species occurrence (AUC=0.82±0.02, P<0.001). Predictions 
indicate that a further spread of the species is still possible near the coast and in 
southernmost interior areas (Figure 2). These results are somewhat different from 
those obtained by the regional model, which predict almost all urban areas of the Costa 
Brava as highly suitable for the Argentine ant. 
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Comparing predicted distributions along a coastal gradient 
 
Focusing our attention on the coastal area, Argentine ant occurrence varies from one 
region to another (Figure 4). Species presence increases towards the southernmost 
coastal areas of the Costa Brava. GC presents a more widespread and continuous 
mosaic of invaded localities than RB and CC areas, where the species has a patchy 
distribution. In the CC area, although the species is mainly present near human 
dwellings, it was also found invading natural environments. The Argentine ant was 
known to invade natural habitats in the GC and RB areas (J. Bas personal 
observation), but this pattern was not known to occur until now in northern areas (CC) 
with more extreme environmental conditions. 
 Stepwise procedures were applied to the whole coastal area and in each 
specific area selected between 6-7 environmental variables. plan, tmaxsu and lgdurb 
were retained in all cases (Figure 3). Considering each area separately, the most 
influential predictor variables are: plan, tmnan and lgdurb in the whole coastal area; alt, 
tminwi and lgdurb in GC; tmaxsu and lgdurb in RB; and evi and lgdriv in CC. It is also 
important to notice the influence of lgdriv on CC and RB areas. 
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Figure 1 Relative contribution of each predictor variable included in the Argentine ant models at 
regional and local scales. s2 and s3 indicate the degree of smoothness. Environmental 
variables not included in the final full models are not shown. Lighter grey bars are proportional 
to the difference in deviance between the final full model and a model with only that variable 
alone, and darker grey bars proportional to the difference in deviance between the final full 
model and a model with that variable excluded. Black bars indicate the difference in deviance 
between the final full model and the null one. Deviance values of both regional and local full 
models are 106.68 and 1922.80 respectively. (See methods section for an explanation of 
abbreviations). 
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Figure 2 Predicted potential distribution for the Argentine ant at different spatial scales. Rows 
indicate both regional and local models, while columns show the occurrence data used to 
calibrate the models (absences in white dots, and presence in black dots) and the final 
projections respectively. Darker red shades indicate higher probabilities in predicting potential 
geographic distribution of the Argentine ant. 
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Figure 3 Relative contribution of each predictor variable included into the Argentine ant models 
developed along the Costa Brava using four different occurrence datasets (ALL, CC, RB, and 
CC). s2 and s3 indicate the degree of smoothness. Predictor variables not included in the final 
full models are not shown. Lighter grey bars are proportional to the difference in deviance 
between the final full model and a model with only that variable alone, and darker grey bars 
proportional to the difference in deviance between the final full model and a model with that 
variable excluded. Black bars indicate the difference in deviance between the final full model 
and the null one. Deviance values for each developed full model are: 1020.69 for ALL, 29.11 for 
CC, 233.76 for RB, and 569.45 for GC. (See methods section for an explanation of 
abbreviations) 
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Figure 4 Predicted potential distribution for the Argentine ant along the Costa Brava using four 
different occurrence data sets to calibrate the models: one dataset using overall localities at less 
than 4km from the sea (ALL), and three subsets of this previous set as indicated in the upper-
left figure (CC, RB, and CC). Darker red shades indicate higher probabilities in predicting 
potential geographic distribution of the Argentine ant. (See methods section for an explanation 
of abbreviations). 
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Table 1 Model performance of Argentine ant predicted distribution along the coastal band of the 
Costa Brava using different calibration occurrence data sets (ALL, CC, RB, and GC). The 
statistic presented is the area under the curve of ROC analysis (herein represented by A with a 
subindex, indicating the occurrence data used to calibrate the model), its standard error and the 
significance of the z test. The first row indicates tests performed within the same area using a 
checkboard test, while the second row shows tests between areas. The third row shows only 
those pairwise comparisons among the AUCs of the second column that are non-significant, or 
with low significance values of z test. Tests were measured using independent occurrence data, 
except those cases highlighted in italics. Asterisks indicate the significance of z-tests: * for 
P=0.05-0.01, and ** for P<0.01. (See material and methods section for an explanation of 
abbreviations) 
 

 ALL CC RB GC 
Test within areas At1: 0.72±0.02** 

At2: 0.77±0.02** 
At1: 0.87±0.06** 
At2: 0.83±0.07** 

At1: 0.80±0.04** 
At2: 0.74±0.04** 

At1: 0.66±0.03** 
At2: 0.72±0.04** 

Test between areas AALL: 0.77±0.02** 
ACC: 0.56±0.02** 
ARB: 0.52±0.02 
AGC: 0.61±0.02** 

AALL: 0.67±0.08* 
ACC: 0.98±0.01** 
ARB: 0.56±0.07 
AGC: 0.57±0.07 

AALL: 0.77±0.03** 
ACC: 0.68±0.03** 
ARB: 0.88±0.02** 
AGC: 0.70±0.03** 

AALL: 0.69±0.03** 
ACC: 0.59±0.03** 
ARB: 0.56±0.03* 
AGC: 0.77±0.02** 

AUC comparisons ACC-ARB 
ACC-AGC* 

AALL-AGC 
AALL -ARB 
ARB-AGC 

AALL -ACC* 
ACC-AGC 

ACC-ARB 

 
 

Model validation within each area using the checkboard test gives AUC values 
ranging from 0.66 to 0.87 (mean AUC 0.76), where the GC model has the lowest 
values and CC, the highest ones (Table 1). However, in general, results suggest good 
model performance in predicting Argentine ant distribution in each area. Visualizations 
of the GC-based models (Figure 4) indicate the whole coastal band of the Costa Brava 
as highly suitable for the Argentine ant, to some extent overpredicting the current 
species distribution in RB and CC areas. On the other hand, RB and especially CC-
based models tend to predict smaller extensions suitable for the Argentine ant and 
leave out localities where the species is known to occur. Tests between all three areas 
using independent occurrence data (that is using the occurrence data of each area set 
aside from model development) give AUC values ranging from 0.56 to 0.70, where 
those predictions to RB show the highest values of model performance (Table 1). 
 
Comparing predicted distributions of coastal and interior areas 
 
 In concordance with previous results, the coastal band of the Gavarres-
Cadiretes massif has the highest density of the Argentine ant (Figure 6). Not only 
restricted to urban areas, the species has already invaded considerable extensions of 
natural habitats and is still spreading into further areas (Casellas 2004). In inland areas 
of the massif, the Argentine ant has a patchy distribution near human settlements, even 
though it has also been found occupying natural habitats quite a distance away from 
human dwellings. This latest finding is extremely important because it shows the 
species’ ability to invade interior natural habitats, which was not known to occur until 
now in the northeastern part of the Iberian Peninsula. 
 From 3 to 9 predictor variables were selected during the stepwise procedure 
(Figure 5), and raan and lgdurb were the only environmental variables kept at all the 
areas (whole, coastal and inland areas of the massif). Those most influential variables 
in each area are plan, tminwi and tmaxsu for the whole massif; alt, tminwi, tmaxsu and 
lgdurb for coastal areas; and tpi, raan and lgdurb for inland areas.  
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Figure 5 Relative contribution of each predictor variable included in the Argentine ant models 
developed on the Gavarres-Cadiretes massif using three different occurrence datasets: overall 
occurrences (ALL), only occurrences on the coastal (COAST) and interior (INTERIOR) areas 
separately. s2 and s3 indicate the degree of smoothness Predictor variables not included in the 
final full models are not shown. Lighter grey bars are proportional to the difference in deviance 
between the final full model and a model with only that variable alone, and darker grey bars 
proportional to the difference in deviance between the final full model and a model with that 
variable excluded. Black bars indicate the difference in deviance between the final full model 
and the null one. Deviance values for each developed full model are: 1273.74 for ALL, 806.98 
for COAST, and 323.49 for INTERIOR.  
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Tests performed within each area give AUC values ranging from 0.66 to 0.76 
(Table 2), indicating the usefulness of these models to predict Argentine ant 
distribution. However, there are some differences between predictions (Figure 6). The 
overall-based model suggests coastal areas as the most appropriate for the species, 
while high altitude and inland areas are predicted as un- or less suitable. Contrarily, 
although coast-based models predict higher suitability values than interior-based 
models, both models indicate inland and high altitudinal areas as also appropiate for 
the species. However, cross-validation tests between areas give values of model 
performance that are not significantly different from random predictions (Table 2), 
indicating that models calibrated in one area do not predict the Argentine ant 
distributions in the other area correctly.  
 
 
 

 
Figure 6 Predicted potential distribution for the Argentine ant on the Gavarres-Cadiretes massif 
using three different occurrence data sets to calibrate the models: one data set using overall 
occurrences (ALL), and two subsets of this previous set for coastal (COAST) and inland 
(INTERIOR) localities separately, as indicated on the upper-left figure. Darker red shades 
indicate higher probabilities in predicting potential geographic distribution of the Argentine ant.  
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Table 2 Model performance of Argentine ant predicted distribution on the Gavarres-Cadiretes 
massif using three different calibration occurrence data sets: overall occurrences (ALL), only 
occurrences on the coastal (COAST) and inland (INTERIOR) areas separately. The statistic 
presented is the area under the curve of the ROC analysis (herein represented by A with a 
subindex, indicating the occurrence data used to calibrate the model), its standard error and the 
significance of the test. The first row indicates tests performed within the same area using a 
checkboard test, while the second row shows tests between areas. The third row shows only 
those pairwise comparisons among the AUCs of the second column that are non-significant, or 
with low significance values of z test. Tests were measured using independent occurrence data, 
except those cases highlighted in italics. Asterisks indicate the significance of z tests: * for 
P=0.05-0.01, and ** for P<0.01. 
 

 ALL COAST INTERIOR 
Test within areas At1: 0.74±0.02** 

At2: 0.76±0.02** 
At1: 0.66±0.03** 
At2: 0.70±0.03** 

At1: 0.67±0.06** 
At2: 0.68±0.04** 

Test between areas AALL:0.80±0.01** 
ACOS:0.76±0.01** 
AINT: 0.53±0.02 

AALL:0.71±0.02** 
ACOS:0.75±0.02** 
AINT: 0.52±0.02 

AALL:0.59±0.03** 
ACOS:0.53±0.04 
AINT: 0.78±0.03** 

AUC comparisons   AALL-ACOS 
 
 
Discussion 
 
Question 1: Is the Argentine ant invasion in equilibrium with its environment? 
 

Urban and road surveys at regional and local scales attempt to characterize the 
Argentine ant invasion in the NE Iberian Peninsula, and update and complement the 
previous work of (Espadaler and Gómez 2003). Both surveys describe the distribution 
of the species in Catalonia and the Costa Brava, respectively, and at the same time 
reveal the existence of geographic differences among species occurrence within each 
area. These differences could be due to artefacts of the sampling procedure (different 
sampling intensity in different areas) or real differences in the species’ geographic 
distribution among regions. At the same time these real differences could be due to 
temporal (the invasion is at a less advanced stage, and therefore more non-true 
absence data included in the database) or ecological reasons (geographic barriers to 
invasion or ecological niche differences). Since biases on the occurrence data were 
reduced by standardizing the sampling strategies, geographic differences in the 
occurrence data seem likely to be due to ecological reasons. Indeed, observations of 
the invasion during the field survey at local scales indicate that the Argentine ant is still 
invading new environments and it thus highlights that the species is probably not in 
equilibrium with its environment.  
 Under these circumstances, modelling invasive species distribution is an 
extremely difficult task when the species is not in equilibrium. Occurrence data do not 
reflect the entire ecological potential of the invasion, so niche models developed with 
this limited dataset are somewhat misleading with regards to the true invasive potential 
of the species. As such, while areas predicted as highly suitable for the species are 
prone to invasion, non-suitable areas cannot be considered as such. In this way, 
although the niche model at regional scale predicts the Argentine ant near the coast, 
expansions of the invasion into further interior and high altitudinal areas with low 
temperatures should also be taken into greater consideration to determine the exact 
geographic dimensions of the invasion in Catalonia (Espadaler and Gómez 2003).  

In the area of the Costa Brava, the niche model at local scale generally predicts 
less suitable areas for the Argentine ant than the model at regional scale. Although the 
model at local scales correctly predicts the occurrence data of the road survey, it omits 
some urban localities where the species is known to occur. Given that the model at 
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regional scales has been built based on a wider range of environmental conditions 
(since occurrences also occupy a wide spectrum of ecological conditions) than the 
model at local scales, it tends to capture a larger proportion of the potential geographic 
distribution of the Argentine ant in the Costa Brava than the local model itself. The local 
model, in counterpart, adjusts predictions more close to the know distributional areas of 
the Argentine ant in the area. Predictions at local scale are thus misleading in relation 
to the potential distribution of the species in the Costa Brava area, due to the inclusion 
of non-real absences in the model. In this sense, Bolliger et al. ((2000) in Thuiller et al. 
(2003)) state that regional models are more robust than local models in predicting 
species distribution, even in those cases where the species is not in equilibrium. Thus, 
differences between regional and local predictions also indicate that the Argentine ant 
is not in equilibrium with its environment and further expansions are expected into other 
urbanized areas, as well as natural habitats of the Costa Brava (as seen by Casellas 
(2004) at finer scales). As such, similarly to the whole Catalonia, it would be necessary 
to monitor the advancement of the invasion in order to determine the degree to which 
Argentine ant populations are established and spreading onto new non-invaded areas 
(Holway 1995).  

On the other hand, considering the most influential environmental variables at 
regional and local scales, the inclusion of distance to the sea in both models and 
distance to urban areas in the local one seems to be highly conditioned by the history 
of the invasion. The hypothetical arrival of the Argentine ant through maritime 
commerce and subsequent jump dispersal associated to humans (Suarez et al. 2001) 
appears to be the most plausible hypothesis explaining the species occurrence along 
the coast and near those highly disturbed areas. As altitude per se does not seem to 
be a limiting factor for the species (Espadaler and Gómez 2003, Krushelnycky et al. 
2005), its inclusion into both models is likely due to its correlation with distance to the 
sea: most of our occurrences are located near the coast, areas mainly dominated by 
low altitudes (Figure 7). On the other hand, previous studies (Holway et al. 2002b) 
demonstrated the influence of climatic factors, especially temperate climates and 
humidity, on the species distribution, which is reflected in the inclusion of precipitation 
in both models, and mean temperature and radiation in the local model. Thus, the 
inclusion of remote sensing data (EVI and NDVI) at both scales and the topographic 
position index at regional scales could probably explain why the Argentine ant prefers 
to occupy xeric environments near water courses (Holway 1998, Holway et al. 2002b). 

In general, although ecological processes acquire new nuances when perceived 
from different spatial scales (Wiens 1989, Mackey and Lindenmayer 2001), the effects 
of changing scales on environmental variables do not seem evident from present 
results. However, it is important to remark the influence that the history of the invasion 
exerts in delineating Argentine ant distribution at landscape and local scales. Contrary 
to the general assumption that jump-dispersal is independent of the distance from the 
introduction focus, new populations of Argentine ants tend to cluster near the original 
populations forming a small sample of historically related populations at small spatial 
scales. Furthermore, another thing to notice is that the same predictor variable does 
not necessarily explain the same thing in both local and regional models. Changing the 
spatial scale of the analysis also changes the object of study (Farina and Belgrano 
2004, Farina et al. 2005). As such, present niche models for the Argentine ant at 
regional scales could be somehow predicting those areas suitable for supercolonies, 
while local scale niche models would predict the specific conditions of each individual 
colony or nest. 
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Figure 7 Visualizations of the environmental conditions at regional and local scales using 
Principal Components Analysis. The position of each variable is graphed onto a bivariate plot of 
the first two principal components. (See material and methods section for an explanation of 
abbreviations) 
 
Question 2: Is Argentine ant invasion identical throughout the Costa Brava? 
 

Occurrence data for the Costa Brava indicates that the species certainly has 
different distributional patterns along the coastal area of the Costa Brava. As 
mentioned in the first paragraph of the discussion, these differences among areas 
could be due principally to historical factors or ecological niche differences.  

From a historical, or temporal, point of view, the Argentine ant was more likely 
to arrive first in the GC area than in other ones. Boats arriving from South America, and 
especially the Rio de la Plata region, arrived first at the main harbours in the GC area, 
and from there merchandises were delivered by boat or wheeled transport to the other 
areas of the Costa Brava (Barbaza 1988). Prior to their arrival in NE Iberian Peninsula, 
these boats from South America followed strategic transatlantic routes that curiously 
linked the main invaded areas of eastern America with the northeastern Iberian 
Peninsula (Fradera and Yáñez 1995). Although it is difficult to exactly corroborate this 
previous relationship and establish the exact date and place of the Argentine ant’s 
arrival in the Costa Brava, the current species distribution (occurrence decreasing 
towards the northernmost coastal areas) seems to indicate that this hypothesis on the 
introduction of the Argentine ant in the northeastern area of the Iberian Peninsula is 
highly plausible. 

 From an ecological point of view, although models developed in each area and 
tested on the other areas (using the occurrence data from these areas) show low 
model performance, we cannot conclude that the species occupies different ecological 
niches along the Costa Brava without confirming the nature of absence occurrence 
data (whether they represent sites not suitable for the species, or sites where the 
species could possibly occur). If the Argentine ant invasion is not in equilibrium, as it 
seems, localities where the species is not known to occur nowadays can be further 
invaded. In this sense, visual inspections of the overall predicted distributions along the 
Costa Brava (Figure 3) represent different chronological sequences of the same 
invasion process (CC predicted areas are included in the RB predicted areas, which at 
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the same time are again included in GC predictions) and seem to corroborate the 
influence of historical factors on the invasion.  

Taking into account the most relevant environmental variables included in the 
models, the actual Argentine ant distribution near the coast is influenced by both 
climatic and human presence conditions (Holway et al. 2002b, Carpintero et al. 2004). 
During the survey sampling, most invaded localities were found in urban areas or in the 
areas surrounding of human constructions, stressing the influence of anthropogenic 
activities on the invasion expansion. I also wish to emphasize the importance of 
distance to water courses in RB and CC areas, possibly indicating somewhat less 
favourable conditions compared to the GC area for Argentine ant expansion (Holway 
1998). 
 
Question 3: Does the Argentine ant occupy different ecological niches in coastal and 
inland areas?   
 

As indicated by occurrence data, Argentine ant distribution varies among 
coastal and inland areas of the Gavarres-Cadiretes massif. Variations among areas 
can likewise be due to historical factors or ecological niche divergences. 
 From a historical perspective, as before, the coastal area appears to be the first 
focus of the Argentine ant introduction, from where it started to spread associated to 
humans (Holway 1995, Suarez et al. 2001). Its widespread occurrence near the coast 
is related to the extended urbanization process, and possibly accelerated by 
disturbance regimes (such as fire, J. Bas personal observation) and anthropogenic 
activities which are quite frequent in the massif. A similar pattern occurs in the interior 
areas of the massif, where urban settlements and human activities act as a new 
invasion focus of the species (Carpintero et al. 2004). The relationship between the 
cork industries and the spread of the Argentine ant has not been confirmed so far, but it 
is extremely surprising how most invaded interior areas correspond to those areas 
where the cork industries play a major role (personal observation).  
 From an ecological point of view, although models generated in one area do not 
correctly predict the occurrence points of the other, we cannot conclude that the 
species occupies different ecological niches in both areas. The Argentine ant invasion 
in the Gavarres-Cadiretes massif is still expanding in both areas, so models generated 
in one area failed to predict the occurrence data of the other area because of the 
inclusion of false absence data for calibrating and testing the models. However, when 
considering the overall-based models, predicted distributions suggest a general further 
expansion of the species in the whole massif.  
 Taking into consideration the environmental data, we realize that coastal and 
interior invasive processes are influenced by different environmental data: while coastal 
Argentine ant occurrence is influenced by several environmental factors, the currently 
known interior distribution is only influenced by a few. These differences could be 
explained by the limited geographic distribution in interior areas, which are strongly 
influenced by distance to urban areas. 
 
 
Conclusions 
 
The use of generalized additive models for predicting Argentine ant potential 
distribution at regional and local scales appears to correctly predict the species 
occurrence in those areas used to calibrate the models. However, the application of a 
presence-absence modelling approach for predicting the geographical range of an 
invasive species not in equilibrium with its environment has intrinsic limitations due to 
the use of non-true absence data for calibrating the models (Fielding and Bell 1997, 
Guisan and Zimmermann 2000). It would be interesting to repeat the same analysis 
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with presence-only methods (Elith et al. 2006, Pearce and Boyce 2006) in order to 
determine the potential geographic dimensions of the Argentine ant invasion more 
precisely. Nevertheless, the present results offer new insights into the study of the 
Argentine ant invasion in the northeastern Iberian Peninsula region, at the same time 
as it indicates those areas that should adopt preventive measures. 

Overall, our results suggest that a further expansion of the species is highly 
probable on the northeastern side of the Iberian Peninsula (Catalonia). Special 
attention should also be paid to the Costa Brava, where the species seems to present 
highly suitable conditions along the whole coast and also in inland areas. Measures 
such as limiting the movement of material (like rubbish, vegetal material, cork oak 
wood, land, etc) far away from the original areas if it has not been previously 
disinfected, or reducing the water runoff near urban areas would considerably reduce 
the invasion spread (Holway and Suarez 2006). 

From the research perspective, similar sampling and modelling practices on 
natural habitats, also at different spatial scales, would be necessary to determine the 
exact geographic dimensions of the Argentine ant invasion, and also those 
environmental factors limiting its spread (Menke and Holway 2006). In addition, the 
identification of clusters of related Argentine ant occurrences would allow researches to 
identify jump-dispersal events in relation to the original focus of the invasion, and 
therefore quantify and predict future areas of expansion at landscape and local scales 
via spatially-explicit models. Likewise, further historical and genetic analysis should be 
carried out to determine in great detail the history of the Argentine ant invasion. This 
information would enormously contribute to elucidate the factors responsible for its 
present distribution, and establish the best management practices to prevent the 
expansion of the Argentine ant invasion. 
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CHAPTER 6 
 
 
 
 
General discussion 
 
 
The ecological niche models developed herein have provided new, valuable 
information about the geographical dimensions of the Argentine ant invasion, and a 
better understanding of biogeographic issues related to the species’ distributional 
patterns. This PhD thesis thus attempts to take the first step towards an integrated and 
multi-scalar analysis of the Argentine ant (Linepithema humile) geographic distribution. 
With this aim in mind, in the following sections I assess current niche modeling practice 
and interpret final results from a global perspective, in order to finally provide new 
insights into the study and prevention of the invasion. 
 
Suitability of the niche modeling framework 
 

As mentioned in the Introduction (Chapter 1), ecological niche models suffer 
from a series of inherent limitations when predicting the potential distribution of invasive 
species (Peterson 2003). A better understanding of these constraints to niche models 
is therefore required to obtain reliable and applicable conclusions. Because specific 
restrictions to each modeling practice have already been detailed at the end of 
previous chapters (Chapter 2, 3, 4 and 5), here I briefly review the strengths and 
weaknesses of the overall modeling framework for characterizing Argentine ant 
distribution across spatial scales. Since the main objective is to assess the suitability of 
the present modeling exercise in a broad multi-scalar context, this section is structured 
following the most relevant factors determining a species’ potential distribution 
(Soberón and Peterson 2005) and the hierarchical framework proposed by Pearson 
and Dawson (2003).  
 Among the factors affecting the performance of the niche models, there are 
those abiotic conditions that play a major role in determining species occurrence. The 
abiotic factors included as predictor variables (in the form of GIS coverages) in our 
models appear to be in concordance with the hierarchical modeling framework 
described in the Introduction (Chapter 1). Only topography (Chapter 2) and remote-
sensing data (acting as surrogates of land-use information) (Chapter 2 and 3) are at 
the limit of their applicability at global and regional scales, where climatic variables 
seem to ultimately govern the distributional pattern of most species (Willis and 
Whittaker 2002). The selection of each specific environmental dataset was made 
according to the species’ biological requirements and their availability in a GIS format. 
Probably, the addition of certain environmental variables -such as soil temperature, 
level of humidity, degree-days (as the total amount of temperature required for an 
organism to develop its life cycle), etc., now difficult to obtain at the required resolution- 
would significantly improve the accuracy of our final predictions if available in the 
future. 
 Another factor is biotic interactions among Argentine ant and other species, 
both ant fauna and other animal species. It is, however, important to distinguish 
between native and invaded ranges, since Argentine ant populations face different 
biotic environments in different areas (see Chapter 1 and 3 for more details). According 
to previous studies (Heller 2004, Holway and Suarez 2004), biotic interactions only 
seem to limit Argentine ant distribution in the native area (through intraspecific 
competition among different colonies of L. humile, and through interspecific competition 
against other species) and in those introduced ranges with other widespread invasive 
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ants (such as Solenopsis invicta in North America) (Wilson 1951). In the Iberian 
Peninsula, only the invasive Lasius neglectus could be a dangerous rival, but its 
restricted distribution barely affects the Argentine ant range at present (Espadaler and 
Collingwood 2000). Moreover, although intraspecific competition among introduced 
colonies of the Argentine ant could also limit its invasive potential to some extent 
(Giraud et al. 2002, Buczkowski et al. 2004), we suspect that such an aggressive 
behavior has a reduced influence within its introduced ranges and thus does not 
represent a major problem for our current predictions. 
 Taking these premises into consideration, biotic interactions may potentially 
influence those models based on native and North American occurrences (Chapter 2 
and 3), but not those analyses performed within the Iberian Peninsula (Chapter 4 and 
5). Nonetheless, given the predictive ability of models developed in the native area 
(Chapter 2) and among regions (Chapter 3), biotic interactions can probably have a 
limited influence in our study areas at broad spatial scales. Indeed, this statement is in 
concordance with the hierarchical framework (Pearson and Dawson 2003), which 
suggests that biotic interactions tend to affect niche models at fine scales. However, in 
relation to the worldwide distribution of the Argentine ant, it would be highly interesting 
to elucidate the influence of tropical versus subtropical/mediterranean biotic interaction 
on the invasion. The most highly invaded regions at present are outside the tropics, but 
we do not know whether this is due to different sampling efforts or to the effects of a 
stronger interspecific competition among ants in the tropics.  

Indeed, the major constraints to predicting the invasive potential of the 
Argentine ant are related to species dispersal. These limitations are not due to 
biological characteristics of the species or the existence of geographic barriers, but to 
the history of the invasion (see Chapter 1). Despite its widespread distribution around 
the world, the Argentine ant is not known to be in equilibrium with its environment and 
further expansions are still expected in its introduced ranges (Chapters 2, 3, 4 and 5). 
This non-equilibrium situation is a drawback for most niche models, since these 
implicitly assume a state of equilibrium between the species and its environment 
(Guisan and Zimmermann 2000). From a statistical perspective, it supposes the 
inclusion of false absence data (localities suitable for the species but still not invaded) 
and a reduced set of presences in our modeling exercise to calibrate and evaluate the 
final models. As such, models derived from this set of occurrence data may 
underestimate the potential geographic range of the species. This limitation is less 
restrictive for large-scale predictions based on the native distributional area of the 
species (Chapter 2 and 3), but local-scale models (Chapter 4 and 5) have difficulties to 
cope with this non-equilibrium state (Guisan and Zimmermann 2000, Peterson 2005).  

Finally, as hinted at three paragraphs above, changes on phenotypic and 
genetic characteristics of Argentine ant populations after introduction could influence 
their invasive success (Chapter 1). However, possible changes in tolerance to 
environmental conditions, which could facilitate its persistence outside the optimum 
native environment, do not seem to be responsible for the success of the Argentine 
ant, at least at global and regional spatial scales (Chapter 3). This finding of similar 
ecological niche characteristics of Argentine ants among distributional areas may 
actually reflect the maintenance of the social structure between both native and 
introduced populations, where favorable ecological conditions would have allowed the 
species to largely increase the size of introduced supercolonies and become a better 
competitor in new invaded areas (Pedersen et al. 2006). However, due to the lack of 
studies at local scales searching for changes in Argentine ant environmental 
tolerances, we cannot underestimate their influence. More research on this topic is 
necessary to clarify the influence of phenotypic and genetic changes in the Argentine 
ant native distribution and its expansion into novel environments.  

The above-mentioned constraints have to be taken cautiously when interpreting 
final results in order to produce reliable conclusions, especially when predicting the 
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potential impacts of climate change on Argentine ant distribution (Pearson and Dawson 
2003) or when adopting a cross-prediction analysis among different regions (Thuiller et 
al. 2004). There is no perfect modeling approach that captures the infinite complexity of 
natural environments or the multi-processes that determine a species’ geographic 
distribution, but the choice of the most appropriate technique in each specific modeling 
context may reduce the artefacts due to previous restrictions (Elith et al. 2006). 
Additionally, the adoption of a multiscalar design (both in the sampling and modeling 
procedures) from the beginning would have allowed bridging the gap between 
predictions across spatial scales, and provide a new framework for the study of the 
Argentine ant invasion. Certainly, the current increase in the number of papers devoted 
to methodological aspects of niche models and in the tools available for modeling 
species distribution across spatial scales (Guisan and Thuiller 2005) will significantly 
improve final predictions. In this sense, previous to the finalisation of this PhD thesis, 
some modelling studies that complemented and extended the results of herein 
developed niche models have appeared (Krushelnycky et al. 2005, Hartley et al. 2006). 
However, the merit of the herein developed niche models is to provide the first 
quantitative approximation to Argentine ant geographic distribution as well as a 
valuable tool for establishing management strategies to control and prevent the 
invasion (Peterson 2003).  
 
Argentine ant invasion across spatial scales 
 

After elucidating the strength and weakness of the present niche modeling 
framework, this section focuses on the emergent ecological characteristics of Argentine 
ant invasion across spatial scales. Thus, in the next paragraphs I briefly summarize the 
most striking points of the previous analyses and emphasize those novel properties 
derived from a cross-analysis of our results at several spatial scales.  

In general, our results suggest that the Argentine ant can undergo further 
expansions worldwide (Chapter 2), and at regional and local scales (Chapter 4 and 5). 
Areas near the coast and following the main rivers are predicted as highly suitable for 
the species (Chapter 2, 3 and 4). These predictions are in concordance with the 
currently known occurrence of the species, which has a peripheral distribution along 
coastal areas worldwide, but further areas without confirmed presence of the species 
are still expected to become invaded according to present-day environmental 
conditions (Chapter 2, 3, 4 and 5). These results give additional support to the idea that 
the Argentine ant is not currently in equilibrium with its environment as also indicated 
by other studies around the world (Casellas 2004, Krushelnycky et al. 2005).  

As already mentioned in previous paragraphs, this non-equilibrium state poses 
a major question to our results: do those models developed based on occurrence data 
from the introduced range (Chapter 3, 4 and 5) reflect the entire geographic potential of 
the invasion? Literature on the Argentine ant states that its distribution is highly 
constrained by temperature and water availability, and it avoids colder inland areas in 
the absence of human intervention (Holway 1998). However, restricting Argentine ant 
distribution near coastal regions with a temperate climate needs further examination. 
Our results cannot confirm this statement. On the contrary, predictions at global and 
regional scales (Chapter 2 and 3) suggest some inland areas, though to be unsuitable 
for the species, as also suitable. In this respect, further research is necessary to 
determine if the current distribution of the Argentine ant is more likely to be due to the 
history of the invasion (in which seaports are the major ports of entrance) or to real 
limitations in its tolerance to environmental conditions. Special attention needs to be 
paid to those invaded localities with extreme environmental conditions, such as the 
interior of the Iberian Peninsula (Espadaler and Gómez 2003) and most inland areas in 
North America (Suarez et al. 2001) among others. 
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In the Iberian Peninsula, this peripheral distribution is suggested by both 
occurrence data and predicted distribution at regional and local scales (Chapter 4 and 
5). However, this coincidence is certainly not surprising since predictions within the 
Iberian Peninsula have been developed using occurrence from the same area. On the 
contrary, if we take a look at those projections from the native to the Iberian Peninsula, 
based on the equilibrium situation of native occurrences (Peterson 2005) and niche 
conservatism of the Argentine ant at regional scales (Chapter 3), regional models also 
predict some inland areas with extreme environmental conditions as suitable for the 
species (Chapter 3). Thus, further research is needed to assess the real environmental 
tolerance of the Argentine ant to those supposedly non-suitable environmental 
conditions.  

Focusing our attention on the northeastern side of the Iberian Peninsula, 
models at local scales (Chapter 5) also suggest the same peripheral distribution near 
the coast as that previously described for models developed in the Iberian Peninsula at 
regional scales (Chapter 4). However, these finer-scale projections for Argentine ant 
distribution seem more constrained by distance to the sea than previous results at 
broader scales (Chapter 2 and 3). Models at finer spatial scales (with high resolutions) 
tend to adjust predictions more closely to Argentine ant occurrence data than models at 
broad scales, somewhat reflecting the influence that the history of the invasion exerts 
at finer scales. This becomes evident when comparing Catalonia and Costa Brava 
models (Chapter 5): regional models predict further suitable areas for the Argentine ant 
than local models, probably due to the inclusion of a great proportion of false absence 
data to calibrate niche models at finer spatial scales. Differences between predictions 
on Argentine ant distribution across spatial scales depend to a great extent on the 
occurrence data set used to develop the models. Thus, it is important to notice that 
occurrences also need to be scaled according to the objectives of the study. 

As such, even though I only referred to present-day predictions in previous 
paragraphs, the effects of climate change on the geographic distribution of the 
Argentine ant also need further considerations from a multi-scalar context. According to 
our results (Chapter 2), the Argentine ant is expected to expand its environmental 
range to higher northern and southern latitudes, and retract in the tropics at global 
spatial scales. However, since the extent to which species are able to achieve large-
scale migrations is still poorly understood and models did not take species’ dispersal 
capacity to migrate into account, the impacts of climate change on the Argentine ant 
invasion at global scale remain incertain to some extent (Broenniman et al. 2006). 
Specific knowledge on the dispersal ability of L. humile to migrate would be necessary 
to improve the ecological realism of our predictions, by incorporating explicitly migration 
rates into our models. Furthermore, the consequences of future climates on the 
Argentine ant invasion remain absolutely uncertain, and therefore less predictable, at 
local scales (Sala et al. 2000). L. humile presence is extremely influenced by climatic 
conditions and water presence (Holway 1998), so a better understanding of how these 
drivers will change in the future at local scales is required to predict the real effects of 
climate change on the invasion pattern. Special attention needs to be paid to riparian 
habitats, natural corridors that favor the spread of the Argentine ant into novel 
environments, which are also indicated as extremely vulnerable and may experience 
large biodiversity losses (Sala et al. 2000).  
 As an additional final remark, we will address the more general context of 
widespread ant invasions and our ability to elucidate common patterns among them. 
Comparing the Argentine ant potential distribution at global scales with the red 
imported fire ant (Solenopsis invicta Buren) recently modeled by (Morrison et al. 2004), 
we realize that there are some similar patterns among predicted areas. These 
similarities between both invasions suggest the possible existence of common 
ecological niche attributes among worldwide ant invasions (Lester 2005), in addition to 
morphological and life history characteristics and the tendency to occupy human-
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disturbed habitats (Hölldobler and Wilson 1990, Passera 1994, McGlynn 1999, Holway 
et al. 2002, Tsutsui and Suarez 2003). As such, according to studies on behavior and 
functional group classification for predicting the establishment of transferred ants 
(McGlynn 1999), it would be highly interesting to puzzle out if widespread invasive ants 
have similar ecological niches worldwide. This knowledge will certainly give us a better 
understanding of the invasiveness of ant species and would facilitate the monitoring of 
those areas most susceptible to being invaded by some groups of ants and enhance 
the effectiveness of preventive measures to control ant invasions (Mack et al. 2000). 
 
Which direction to follow according to previous results? 
 

In this context, future research efforts should be made to improve current 
knowledge on the spatial distribution of the Argentine ant invasion. First of all, there is 
an urgent need to set up worldwide distributional database on the Argentine ant, which 
could be updated and continuously maintained to notify new and/or predicted 
occurrences (both presence and absence) of the species. This would enormously help 
to monitor the invasion spread from spatial and temporal points of view, with a 
minimum effort since most of the current occurrence data have already been 
summarized in a few works (see Chapter 2).  

Secondly, more studies determining the influence of factors (both abiotic and 
biotic factors, species dispersal, and phenotypic and genotypic changes) governing the 
spread of the Argentine ant are needed in different areas and across spatial scales, in 
order to expand the actual knowledge of the species (see Chapter 1 for a brief 
description of the current work on it). Some indications have already been presented in 
each chapter, and also in the above sections. In general, however, the most interesting 
topics at broader scales would be: analyzing the genetics of Argentine ant populations 
(to elucidate their origin, and thus determine possible changes after introductions and 
the population-specific mechanisms of dispersal) and the biotic restrictions in each 
introduced area. Likewise, at local scales, more single-site studies at the invasion front 
(by establishing a multiscale nested sampling strategy along the main environmental 
gradients or a long-term monitoring of an invasion focus) could significantly contribute 
to defining the invasive pattern in detail.  

Finally, from the niche modeling perspective, the adoption of a mechanistic 
approach combining physiological data with the species’ dispersal capabilities would 
allow to test several hypotheses about its expansion at landscape and local scales. In 
addition to Argentine ant’ characteristics, these models also take into account the 
environmental heterogeneity of the landscapes. The use of such spatially-explicit 
models incorporating the species’ dispersal ability in relation to landscape 
characteristics would allow tracking the migration and gene flow among populations, 
and thereby determining the ecological and genetic viability of the Argentine ant in 
introduced areas. The combination of niche modeling and landscape ecology is thus 
required to produce more realistic distributional patterns of Argentine ant invasion 
across spatial scales. 

Nevertheless, it is worth remembering that one of the main, if not the last, 
objectives underlying distributional studies of invasive species is to elucidate the 
geographic dimension of the process, which is required to establish efficient 
management strategies for preventing further expansions of the invasion. As such, 
considerable efforts should be made with those human activities susceptible to 
transporting propagules of Argentine ant over long and short distances, from the native 
area or from another introduction focus. These activities include: rubbish, debris and 
land movements; cork industries; farming-related practices; urbanization processes; 
vehicle access, etc. Effectively controlling these secondary jump-dispersion events is 
crucial for avoiding the spread of the Argentine ant into natural habitats and 
ecosystems through a diffusion process (Krushelnycky et al. 2005), which seems to be 



118  Chapter 6 

highly probable in all neighboring areas near human settlements (Carpintero et al. 
2004). Once introduced into urban areas, some measures (such as avoiding water 
runoff or movement of infested material) can also be adopted to mitigate the spread of 
Argentine ant.  

All measures aimed at preventing and controlling Argentine ant invasion, 
however, need to be integrated into a global strategy acting across several temporal 
and spatial scales, such as those suggested by McNeely et al. (2001). But global and 
regional initiatives will not successfully manage the complex phenomenon of invasions 
without the widespread support of all citizens (Vitousek et al. 1997), who can contribute 
to preventing or mitigating them by becoming more aware of those local actions that 
favor the spread of invasive species.   
 
 
Final conclusions 
 
Understanding the geographical dimension of the Argentine ant invasion is extremely 
important to establish efficient management strategies for preventing and controlling 
the invasion spread at different spatial scales. In the absence of detailed occurrence 
data, ecological niche models help us to estimate the potential invasiveness range of 
the species. As such, in this PhD thesis we modeled Argentine ant ecological niches to 
identify areas susceptible to becoming invaded in the present and in concordance with 
future climate change, at the same time as we also elucidated the influence of several 
environmental processes underlying these distributional patterns. 
 The most relevant conclusions obtained from our analysis at several spatial 
scales are: 
 
1. Ecological niche models appeared as valuable tools for predicting Argentine ant 

potential geographic distribution at different spatial scales, at the same as they 
allowed us to test different hypotheses (such as future distribution according to 
climate change, comparisons between native and invaded ecological niches, and 
also differences in the species’ distributional patterns in different areas) and 
determine those areas that should be vigilant against the introduction of the 
species. 

 
2. At global scales, the Argentine ant is expected to occupy a broader distribution in its 

native and worldwide invaded ranges than is currently appreciated. Particularly 
important are susceptible areas where few or no records of Argentine ants are 
known, particularly northern South America and the Caribbean, parts of the 
Mediterranean, eastern Europe, tropical coastal Africa, Madagascar, Southeast 
Asia, India, China, northern Australia and many oceanic islands. 

 
3. In relation to global warming, our predictions at global scales suggest a general 

reduction of potential distribution areas worldwide for L. humile, particularly in the 
tropics. However, some higher latitude areas are predicted to become more 
suitable for invasion (East Asia, northeastern United States, broader areas around 
the Mediterranean and Caspian Seas, southern Africa, and southern Australia). 

 
4. The ecological niche of Argentine ants is not markedly different among native and 

invaded (United States of America, Japan, and Iberian Peninsula) areas, 
suggesting that ecological, behavioral, and genetic differences occurring after 
introduction observed in detailed single-site studies are not manifested at regional 
spatial scales.  
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5. At regional scales, although the Argentine ant also presents similar ecological 
niches at western and eastern Iberian Peninsula, small divergences between both 
areas suggest that the western invasion process occupies a slighter wide range of 
environmental characteristics than in the East. Overall, further expansion of the 
species is still possible along the coastal areas and major river courses (such as 
the Ebro, Guadalquivir, Guadiana and Tajo rivers) in the Iberian Peninsula.  

 
6. At local scales, a further expansion of the species is highly probable on the 

northeastern side of the Iberian Peninsula (Catalonia). Special attention should also 
be placed on the Costa Brava, where the species seems to present highly suitable 
conditions along the whole coast and also in inland urbanized areas. 

 
7. Further field work and modeling practices at broad and fine scales should be done 

in order to exactly determine the present day geographic distribution of the 
Argentine ant, since it would enormously improve our assessment of the real 
invasive potential of the Argentine ant and determine new sites vulnerable to 
invasion where preventive measures should be taken. 

 
I hope this contribution helps to increase the awareness of our society, and principally 
our politicians, regarding the importance of establishing efficient management 
measures to avoid the Earth’s biodiversity losses caused by biological invasions, which 
is ultimately the main consequence of our highly widespread and invasive 
anthropocentric perception of the Earth. 
 
 
References 
 
Broenniman, O., W. Thuiller, G. Hughes, G. F. Midgley, J. M. R. Alkemade, and A. 

Guisan. 2006. Do geographic distribution, niche property and life form explain 
plants' vulnerability to global change? Global Change Biology 12:1079-1093. 

Buczkowski, G., E. L. Vargo, and J. Silverman. 2004. The diminutive supercolony: the 
Argentine ants of the southeastern United States. Molecular Ecology 13:2235-
2242. 

Carpintero, S., J. Reyes-Lopez, and L. A. de Reyna. 2004. Impact of human dwellings 
on the distribution of the exotic Argentine ant: a case study in the Doñana 
National Park, Spain. Biological Conservation 115:279-289. 

Casellas, D. 2004. Tasa de expansión de la hormiga argentina, Linepithema humile 
(Mayr 1868), (Hymenoptera, Dolichoderine) en un área mediterránea. Boletín 
de la Asociación Española de Entomología 28:207-216. 

Elith, J., C. H. Graham, R. P. Anderson, M. Dudík, S. Ferrier, A. Guisan, R. J. Hijmans, 
F. Huettmann, J. R. Leathwick, A. Lehmann, J. Li, L. G. Lohmann, B. A. 
Loiselle, G. Manion, C. Moritz, M. Nakamura, Y. Nakazawa, J. M. Overton, A. T. 
Peterson, S. J. Phillips, K. Richardson, R. Scachetti-Pereira, R. E. Schapire, J. 
Soberón, S. Williams, M. S. Wisz, and N. E. Zimmermann. 2006. Novel 
methods improve prediction of species' distributions from occurrence data. 
Ecography 29:129-151. 

Espadaler, X., and C. A. Collingwood. 2000. Transferred ants in the Iberian Peninsula 
(Hymenoptera, Formicidae). Nouvelle Revue d'Entomologie (Nouvelle Série) 
17:257-263. 

Espadaler, X., and C. Gómez. 2003. The Argentine ant, Linepithema humile, in the 
Iberian Peninsula. Sociobiology 42:187-192. 

Giraud, T., J. S. Pedersen, and L. Keller. 2002. Evolution of supercolonies: The 
Argentine ants of southern Europe. Proceedings of the National Academy of 
Sciences of the United States of America 99:6075-6079. 



120  Chapter 6 

Guisan, A., and W. Thuiller. 2005. Predicting species distribution: offering more than 
simple habitat models. Ecology Letters 8:993-1009. 

Guisan, A., and N. E. Zimmermann. 2000. Predictive habitat distribution models in 
ecology. Ecological Modelling 135:147-186. 

Hartley, S., R. Harris, and P. J. Lester. 2006. Quantifying uncertainty in the potential 
distribution of an invasive species: climate and the Argentine ant. Ecology 
Letters 9:1068-1079. 

Heller, N. E. 2004. Colony structure in introduced and native populations of the 
invasive Argentine ant, Linepithema humile. Insectes Sociaux 51:378-386. 

Hölldobler, B., and E. O. Wilson. 1990. The ants. Springer-Verlag, Berlin. 
Holway, D. A. 1998. Factors governing rate of invasion: a natural experiment using 

Argentine ants. Oecologia 115:206-212. 
Holway, D. A., L. Lach, A. V. Suarez, N. D. Tsutsui, and T. J. Case. 2002. The causes 

and consequences of ant invasions. Annual Review of Ecology and 
Systematics 33:181-233. 

Holway, D. A., and A. V. Suarez. 2004. Colony-structure variation and interspecific 
competitive ability in the invasive Argentine ant. Oecologia 138:216-222. 

Krushelnycky, P. D., S. M. Joe, A. C. Medeiros, C. C. Daehler, and L. L. Loope. 2005. 
The role of abiotic conditions in shaping the long-term patterns of a high-
elevation Argentine ant invasion. Diversity and Distributions 11:319-331. 

Lester, P. J. 2005. Determinants for the successful establishment of exotic ants in New 
Zealand. Diversity and Distributions 11:279-288. 

Mack, M. C., D. Simberloff, W. M. Lonsdale, H. Evans, M. Clout, and F. A. Bazzaz. 
2000. Biotic invasions: causes, epidemiology, global consequences, and 
control. Ecological Applications 10:689-710. 

McGlynn, T. P. 1999. The worldwide transfer of ants: geographical distribution and 
ecological invasions. Journal of Biogeography 26:535-548. 

McNeely, J. A., H. A. Mooney, L. E. Neville, P. J. Schei, and J. K. Waage, editors. 
2001. Global strategy on ivasive alien species. IUCN, Gland, Switzerland. 

Morrison, L. W., S. D. Porter, E. Daniels, and M. D. Korzukhin. 2004. Potential global 
range expansion of the invasive fire ant, Solenopsis invicta. Biological Invasions 
6:183-191. 

Passera, L. 1994. Characteristics of tramp species. Pages 23-43 in D. F. Williams, 
editor. Exotic ants. Biology, impact, and control of introduced species. Westview 
Press, Boulder. 

Pearson, R. G., and T. P. Dawson. 2003. Predicting the impacts of climate change on 
the distribution of species: are bioclimate envelope models useful? Global 
Ecology and Biogeography 12:361-371. 

Pedersen, J. S., M. J. B. Krieger, V. Vogel, T. Giraud, and L. Keller. 2006. Native 
supercolonies of unrelated individuals in the invasive Argentine ant. Evolution 
60:782-791. 

Peterson, A. T. 2003. Predicting the geography of species' invasions via ecological 
niche modeling. The Quarterly Review of Biology 78:21-35. 

Peterson, A. T. 2005. Predicting potential geographic distributions of invading species. 
Current Science 89:9-9. 

Sala, O. E., F. S. I. Chapin, J. J. Armesto, E. Berlow, J. Bloomfiels, R. Dirzo, E. Huber-
Sanwald, L. F. Huenneke, R. B. Jackson, A. Kinzig, R. Leemans, D. M. Lodge, 
H. Mooney, M. Oesterheld, N. L. Poff, M. T. Sykes, B. H. Walker, M. Walker, 
and D. Wall. 2000. Global biodiversity scenarios for the year 2100. Science 
287:1770-1774. 

Soberón, J., and A. T. Peterson. 2005. Interpretation of models of fundamental 
ecological niches and species' distributional areas. Biodiversity Informatics 2:1-
10. 



General discussion and final conclusions   121 

Suarez, A. V., D. A. Holway, and T. J. Case. 2001. Patterns of spread in biological 
invasions dominated by long-distance jump dispersal: Insights from Argentine 
ants. Proceedings of the National Academy of Sciences of the United States of 
America 98:1095-1100. 

Thuiller, W., L. Brotons, M. B. Araújo, and S. Lavorel. 2004. Effects of restricting 
environmental range of data to project current and future species distributions. 
Ecography 27:165-172. 

Tsutsui, N. D., and A. V. Suarez. 2003. The colony structure and population biology of 
invasive ants. Conservation Biology 17:45-58. 

Vitousek, P. M., C. M. D'Antonio, L. L. Loope, M. Rejmánek, and R. Westbrooks. 1997. 
Introduced species: a significant component of human-caused global change. 
New Zealand Journal of Ecology 21:1-16. 

Willis, K. J., and R. J. Whittaker. 2002. Ecology - Species diversity - Scale matters. 
Science 295:1245-1248. 

Wilson, E. O. 1951. Variation and adaptation in the imported fire ant. Evolution 5:68-79. 
 
 
 
 





 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANNEXES 
 

 





 A
nn

ex
e 

1 
O

cc
ur

re
nc

e 
da

ta
 o

f A
rg

en
tin

e 
A

nt
 (L

in
ep

ith
em

 h
um

ile
) a

ro
un

d 
th

e 
w

or
ld

 in
 g

eo
gr

ap
hi

c 
co

or
di

na
te

s.
 T

he
 fi

rs
t c

ol
um

n 
re

fe
rs

 to
 p

re
se

nc
e 

(P
) o

r a
bs

en
ce

 (A
) 

of
 th

e 
sp

ec
ie

s,
 a

nd
 p

re
se

nc
es

 fr
om

 th
e 

co
ns

id
er

ed
 n

at
iv

e 
ar

ea
 a

re
 in

di
ca

te
d 

w
ith

 (*
). 

D
at

a 
ha

s 
be

en
 o

bt
ai

ne
d 

fro
m

 m
us

eu
m

 a
nd

 p
er

so
na

l c
ol

le
ct

io
ns

, a
nd

 s
ci

en
tif

ic
 

lit
er

at
ur

e 
(A

nn
ex

e 
2)

. 
 

P
re

s 
Lh

 
C

ity
/ T

ow
n/

 P
la

ce
 

Lo
ng

itu
de

 
La

tit
ud

e 
 

P
re

s 
Lh

 
C

ity
/ T

ow
n/

 P
la

ce
 

Lo
ng

itu
de

 
La

tit
ud

e 
A

rg
en

tin
a 

 
 

 
P

* 
E

nt
re

 R
ío

s,
 P

. N
. E

l P
al

m
ar

 
-5

8,
20

9 
-3

1,
87

5 
P 

C
hu

bu
t, 

R
aw

so
n 

-6
5,

10
0 

-4
3,

30
0 

 
P*

 
Fo

rm
os

a,
 F

or
m

os
a 

-5
8,

18
3 

-2
6,

18
3 

P
 

C
hu

bu
t, 

3k
m

 N
 P

ue
rto

 L
ob

os
 

-6
5,

10
0 

-4
1,

97
3 

 
P*

 
En

tre
 R

ío
s,

 C
ol

on
 

-5
8,

11
7 

-3
2,

23
3 

P*
 

Sa
nt

a 
Fe

, R
os

ar
io

 
-6

0,
68

3 
-3

2,
91

7 
 

P*
 

Fo
rm

os
a,

 M
oj

ón
 d

e 
Fi

er
ro

 
-5

8,
05

0 
-2

6,
05

0 
P*

 
Sa

nt
a 

Fe
, R

os
ar

io
 

-6
0,

66
7 

-3
2,

95
0 

 
P*

 
B

ue
no

s 
A

ire
s,

 L
a 

P
la

ta
 

-5
7,

95
0 

-3
4,

93
3 

P
* 

E
nt

re
 R

ío
s,

 P
. N

. P
re

 D
el

ta
 

-6
0,

65
9 

-3
2,

96
5 

 
P*

 
Fo

rm
os

a,
 C

lo
rin

da
 

-5
7,

71
7 

-2
5,

28
3 

P
* 

E
nt

re
 R

ío
s,

 D
ia

m
an

te
 

-6
0,

64
7 

-3
2,

01
6 

 
P

* 
Fo

rm
os

a,
 P

ue
rto

 P
ilc

om
ay

o 
-5

7,
65

3 
-2

5,
36

8 
P

* 
S

an
ta

 F
e,

 m
ai

n 
ro

ad
 b

et
w

ee
n 

P
ar

an
á 

an
d 

S
an

ta
 F

e 
-6

0,
57

2 
-3

1,
67

7 
 

P*
 

M
on

te
 C

as
er

os
 

-5
7,

63
0 

-3
0,

24
4 

P
* 

S
an

ta
 F

e,
 F

iv
es

 L
ille

 
-6

0,
35

0 
-3

0,
15

0 
 

P
* 

C
or

rie
nt

es
, I

ta
 Ib

at
e 

-5
7,

16
7 

-2
7,

41
7 

P
* 

E
nt

re
 R

ío
s,

 V
ic

to
ria

 
-6

0,
16

7 
-3

2,
63

5 
 

P
* 

C
or

rie
nt

es
, A

lv
ea

r 
-5

6,
55

2 
-2

9,
11

0 
P

* 
E

nt
re

 R
io

s,
 P

ar
an

á,
 E

st
ac

ió
n 

S
os

a 
-6

0,
00

0 
-3

1,
66

7 
 

P
* 

C
or

rie
nt

es
, A

lv
ea

r, 
P

or
t A

lv
ea

r 
-5

6,
55

0 
-2

9,
10

0 
P

* 
E

nt
re

 R
io

s,
 P

ar
an

á,
 E

st
ac

ió
n 

S
os

a 
-5

9,
91

7 
-3

1,
73

3 
 

P
* 

C
or

rie
nt

es
, S

to
. T

om
é 

-5
6,

05
0 

-2
8,

55
0 

P
* 

E
nt

re
 R

ío
s,

 G
ua

le
gu

ay
 

-5
9,

33
3 

-3
3,

15
0 

 
P*

 
M

is
io

ne
s,

 P
os

ad
as

 
-5

5,
88

3 
-2

7,
38

3 
P

* 
S

an
ta

 F
e,

 P
or

to
 O

ca
m

po
 

-5
9,

26
5 

-2
8,

49
8 

 
A

 
M

is
io

ne
s,

 P
. N

. I
gu

az
ú 

-5
4,

43
6 

-2
5,

70
3 

P
* 

Li
m

a,
 Z

ár
et

e 
-5

9,
20

0 
-3

4,
05

0 
 

P
* 

M
is

io
ne

s,
 P

. N
. I

gu
az

ú 
-5

4,
43

3 
-2

5,
70

0 
P

* 
E

nt
re

 R
io

s,
 P

or
t I

bi
cu

y 
-5

9,
16

7 
-3

3,
80

0 
 

A
us

tr
al

ia
 

 
 

 
P

* 
B

ue
no

s 
A

ire
s,

 Z
ár

at
e 

-5
9,

01
8 

-3
4,

10
3 

 
P

 
W

es
te

rn
 A

us
tra

lia
, H

er
ds

m
an

 L
ak

e 
11

5,
80

0 
-3

1,
91

7 
P

* 
E

nt
re

 R
ío

s,
 V

ill
ag

ua
y 

-5
9,

01
7 

-3
1,

85
0 

 
P

 
W

es
te

rn
 A

us
tra

lia
, P

er
th

  
11

5,
83

3 
-3

1,
93

3 
P

* 
B

ue
no

s 
A

ire
s,

 R
os

as
 F

. C
. S

ud
 

-5
8,

93
3 

-3
5,

96
7 

 
P

 
W

es
te

rn
 A

us
tra

lia
, A

lb
an

y 
11

7,
89

2 
-3

5,
01

7 
P

* 
B

ue
no

s 
A

ire
s,

 C
am

pa
na

 
-5

8,
93

1 
-3

4,
19

9 
 

P
 

W
es

te
rn

 A
us

tra
lia

, E
sp

er
an

ce
 

12
1,

90
0 

-3
3,

86
7 

P
* 

B
ue

no
s 

A
ire

s,
 R

. O
ta

m
en

di
 

-5
8,

90
1 

-3
4,

21
9 

 
P 

Ad
el

ai
de

 
13

8,
60

0 
-3

4,
93

3 
P

* 
B

ue
no

s 
A

ire
s,

 R
. O

ta
m

en
di

 
-5

8,
90

0 
-3

4,
23

3 
 

P
 

V
ic

to
ria

, S
w

an
 H

ill 
14

3,
56

7 
-3

5,
35

0 
P

* 
E

nt
re

 R
ío

s,
 1

0k
m

 S
 M

ed
an

os
 

-5
8,

86
7 

-3
3,

48
0 

 
P 

M
el

bo
ur

ne
 

14
4,

96
7 

-3
7,

81
7 

P*
 

C
ha

co
, R

es
is

te
nc

ia
 

-5
8,

86
7 

-2
7,

43
0 

 
P

 
V

ic
to

ria
, 1

2k
m

 W
 W

an
ga

ra
tta

 
14

6,
20

0 
-3

6,
36

7 
P

* 
C

or
rie

nt
es

, C
or

rie
nt

es
 

-5
8,

83
3 

-2
7,

46
7 

 
P 

Ta
sm

an
ia

, L
au

nc
es

to
n 

14
7,

16
7 

-4
1,

45
0 

P
* 

C
or

rie
nt

es
, P

as
eo

 d
e 

la
 P

at
ria

 
-5

8,
57

3 
-2

7,
31

8 
 

P
 

Ta
sm

an
ia

, H
ob

ar
t 

14
7,

33
3 

-4
2,

91
7 

P*
 

O
liv

os
 

-5
8,

50
0 

-3
4,

51
7 

 
P 

N
ew

 S
ou

th
 W

al
es

, S
yd

ne
y 

15
1,

21
7 

-3
3,

88
3 

P
* 

B
ue

no
s 

A
ire

s,
 V

ic
en

te
 L

óp
ez

 
-5

8,
47

1 
-3

4,
52

6 
 

B
el

gi
um

 
 

 
 

P
* 

B
ue

no
s 

A
ire

s,
 B

ue
no

s 
A

ire
s 

-5
8,

46
7 

-3
4,

60
0 

 
P

 
B

ru
xe

lle
s,

 J
ar

di
n 

B
ot

an
ic

o 
4,

33
3 

50
,8

33
 

P
* 

B
ue

no
s 

A
ire

s,
 R

. C
os

ta
ne

ra
 S

ur
 

-5
8,

35
6 

-3
4,

11
6 

 
B

er
m

ud
a 

 
 

P
* 

B
ue

no
s 

A
ire

s,
 B

ue
no

s 
A

ire
s 

-5
8,

35
0 

-3
4,

63
3 

 
P 

W
re

ck
 H

ill 
-6

4,
88

6 
32

,2
80

 
P

* 
Fo

rm
os

a,
 H

er
ra

du
ra

 
-5

8,
28

3 
-2

6,
51

7 
 

P 
C

ed
ar

 H
ill 

-6
4,

86
4 

32
,2

52
 

P
* 

B
ue

no
s 

A
ire

s,
 Is

la
 M

ar
tín

 G
ar

cí
a 

-5
8,

26
7 

-3
4,

35
0 

 
P 

So
ut

ha
m

pt
on

 P
ar

is
h 

-6
4,

85
6 

32
,2

51
 

 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
La

tit
ud

e 
 

P
re

s 
Lh

 
C

ity
/ T

ow
n/

 P
la

ce
 

Lo
ng

itu
de

 
La

tit
ud

e 
P 

H
am

ilt
on

 
-6

4,
78

4 
32

,2
94

 
 

A 
Sã

o 
Pa

ul
o,

 S
ao

 P
au

lo
 

-4
6,

61
7 

-2
3,

71
7 

P 
D

oc
ky

ar
ds

 
-6

4,
78

3 
31

,3
00

 
 

A 
Sã

o 
Pa

ul
o,

 A
lto

 d
a 

S
er

ra
 

-4
6,

31
7 

-2
3,

78
3 

P
 

P
ag

et
 

-6
4,

78
2 

32
,2

78
 

 
A

 
S

ão
 P

au
lo

, S
al

es
op

ol
is

, E
st

. B
io

l. 
B

or
ac

ei
a 

-4
5,

90
0 

-2
3,

65
0 

P
 

B
er

m
ud

a,
  

-6
4,

75
0 

32
,3

00
 

 
A

 
S

ão
 P

au
lo

, C
am

po
s 

do
 J

or
dã

o 
-4

5,
58

3 
-2

2,
73

3 
P 

H
ar

rin
gt

on
 H

un
dr

ed
s 

-6
4,

72
9 

32
,3

19
 

 
A 

Sã
o 

Pa
ul

o,
 S

. S
eb

as
tiã

o,
 B

. S
. F

an
ci

sc
o 

-4
5,

41
7 

-2
3,

80
0 

P
 

K
na

pt
on

 H
ill

 
-6

4,
72

3 
32

,3
17

 
 

A
 

S
ão

 P
au

lo
, C

ar
ag

ua
ta

tu
ba

, R
es

. F
lo

r. 
-4

5,
41

7 
-2

3,
61

7 
P 

H
ar

rin
gt

on
 S

ou
nd

 
-6

4,
72

2 
32

,3
31

 
 

A 
Sã

o 
P

au
lo

, G
ua

ra
nt

in
gu

et
a 

-4
5,

21
7 

-2
2,

81
7 

P 
Le

am
in

gt
on

 C
av

es
 

-6
4,

70
9 

32
,3

43
 

 
A 

Sã
o 

Pa
ul

o,
 Il

ha
 d

os
 B

uz
io

s 
-4

5,
13

3 
-2

3,
80

0 
P 

M
ul

le
t B

ay
 

-6
4,

69
3 

32
,3

75
 

 
A 

Sã
o 

Pa
ul

o,
 C

un
ha

, P
. E

. S
er

ra
 d

o 
M

ar
 

-4
5,

00
7 

-2
3,

25
1 

P 
Sa

in
t D

av
id

's
 H

ea
d 

-6
4,

63
3 

32
,3

67
 

 
P 

M
in

as
 G

er
ai

s,
 S

et
e 

La
go

as
 

-4
4,

23
3 

-1
9,

45
0 

B
ra

zi
l 

 
 

 
 

A
 

M
in

as
 G

er
ai

s,
 S

er
ra

 C
ar

aç
a 

-4
3,

50
0 

-2
0,

13
3 

P
 

A
m

az
on

as
, M

an
au

s 
-6

0,
03

3 
-3

,1
17

 
 

A
 

R
io

 d
e 

Ja
ne

iro
, F

lo
re

st
a 

de
 T

iju
ca

 
-4

3,
28

3 
-2

2,
93

3 
A

 
M

at
o 

G
ro

ss
o,

 U
tia

rit
i, 

R
io

 P
ap

ag
ai

o 
-5

8,
28

3 
-1

3,
03

3 
 

P
 

R
io

 d
e 

Ja
ne

iro
, R

io
 d

e 
Ja

ne
iro

 
-4

3,
23

3 
-2

2,
90

0 
P

* 
M

at
o 

G
ro

ss
o 

do
 S

ul
, P

to
. M

ur
tin

ho
 

-5
7,

86
7 

-2
1,

70
0 

 
A 

R
io

 d
e 

Ja
ne

iro
, P

et
ro

po
lis

 
-4

3,
16

7 
-2

2,
51

7 
P

* 
M

at
o 

G
ro

ss
o 

do
 S

ul
, C

or
um

bá
, F

az
. S

ta
. B

la
nc

a.
 

-5
7,

65
0 

-1
9,

01
7 

 
P

 
M

in
as

 G
er

ai
s,

 V
iç

os
a,

 C
af

ez
al

 
-4

2,
88

3 
-2

0,
75

0 
P

* 
M

at
o 

G
ro

ss
o 

do
 S

ul
, C

or
um

bá
, P

to
. E

sp
er

an
ça

 
-5

7,
45

0 
-1

9,
61

7 
 

A
 

E
sp

íri
to

 S
an

to
, S

an
ta

 T
er

ez
a 

-4
0,

60
0 

-1
9,

91
7 

P
* 

M
at

o 
G

ro
ss

o 
do

 S
ul

, P
as

so
 d

o 
Lo

nt
ra

 
-5

7,
01

7 
-1

9,
58

3 
 

A
 

E
sp

íri
to

 S
an

to
, P

ed
ro

 C
an

ar
io

, C
on

c.
 d

e 
Ba

rr
a 

-3
9,

75
0 

-1
8,

58
3 

P
* 

M
at

o 
G

ro
ss

o 
do

 S
ul

, P
as

so
 d

o 
Lo

nt
ra

 
-5

7,
01

7 
-1

9,
56

7 
 

C
am

er
oo

n 
 

 
P

 
R

io
 G

ra
nd

e 
do

 S
ul

, N
. W

ür
te

m
be

rg
 

-5
3,

50
0 

-2
8,

30
0 

 
P 

C
en

tre
-S

ud
, N

ko
em

vo
m

 
11

,1
33

 
2,

80
0 

A
 

S
an

ta
 C

at
ar

in
a,

 N
. T

eu
tó

ni
a 

-5
2,

38
3 

-2
7,

18
3 

 
C

hi
le

 
 

 
 

P
 

R
io

 G
ra

nd
e 

do
 S

u,
 P

el
ot

as
 

-5
2,

33
3 

-3
1,

76
7 

 
P 

Ar
au

co
 

-7
3,

31
7 

-3
7,

25
0 

A
 

R
io

 d
e 

Ja
ne

iro
, M

ar
in

gá
, P

oç
o 

da
s 

A
nt

as
 

-5
2,

00
0 

-2
3,

40
0 

 
P

 
M

al
le

co
, S

ie
rra

 N
ah

ue
lb

ut
a 

-7
3,

21
7 

-3
8,

01
7 

A
 

P
ar

an
á,

 R
io

 N
eg

ro
 

-4
9,

80
0 

-2
6,

10
0 

 
P

 
M

ag
al

lo
ne

s,
 4

km
 W

 L
ag

un
a 

A
m

ar
ga

  
-7

2,
45

0 
-5

0,
59

0 
A 

Sa
nt

a 
C

at
ar

in
a,

 B
lu

m
en

au
 

-4
9,

05
0 

-2
6,

93
3 

 
P 

Ai
se

n,
 8

km
 W

 C
hi

le
 C

hi
co

 
-7

1,
83

8 
-4

6,
55

0 
A 

Sã
o 

Pa
ul

o,
 A

gu
do

s 
-4

9,
00

0 
-2

2,
46

7 
 

P 
C

oq
ui

m
bo

, P
. N

. F
ra

y 
Jo

rg
e 

-7
1,

66
7 

-3
0,

66
7 

P
 

G
oi

ás
, A

na
po

lis
 

-4
8,

96
7 

-1
6,

33
3 

 
P

 
V

al
pa

ris
o,

 P
la

za
 V

ic
to

ria
 

-7
1,

60
1 

-3
3,

04
8 

A
 

S
an

ta
 C

at
ar

in
a,

 G
as

pa
r 

-4
8,

95
0 

-2
6,

93
3 

 
P 

Q
ui

nt
er

o 
-7

1,
53

3 
-3

2,
78

3 
A

 
S

ão
 P

au
lo

, L
en

ço
is

, P
ta

. 
-4

8,
78

3 
-2

2,
60

0 
 

P 
Va

lp
ar

ai
so

, 1
0k

m
 E

 V
iñ

a 
de

l M
ar

 
-7

1,
51

7 
-3

3,
00

8 
A

 
S

ão
 P

au
lo

, A
nh

em
bi

, F
az

 B
. R

ic
o 

-4
8,

11
7 

-2
2,

80
0 

 
P 

Pu
ch

un
ca

vi
 

-7
1,

41
2 

-3
2,

72
8 

A
 

G
oi

ás
, A

lto
 P

ar
ai

so
, F

az
 B

on
a 

E
sp

er
a 

-4
7,

51
7 

-1
4,

11
7 

 
P

 
S

an
tia

go
 d

e 
C

hi
le

, P
ar

qu
e 

Fo
re

st
al

 
-7

0,
66

7 
-3

3,
45

0 
A

 
S

ão
 P

au
lo

, C
aj

ur
ú,

 F
az

en
da

 S
an

ta
 C

ar
lo

ta
 

-4
7,

30
0 

-2
1,

28
3 

 
P

 
S

an
tia

go
, Q

ue
st

ra
da

 d
e 

la
 P

la
ta

 
-7

0,
55

0 
-3

3,
30

0 
A 

Sã
o 

Pa
ul

o,
 G

en
eb

ra
 

-4
7,

10
0 

-2
2,

81
7 

 
P 

M
ai

pu
, L

a 
R

in
co

na
da

 
-7

0,
47

0 
-3

3,
31

0 
A

 
S

ão
 P

au
lo

, B
ar

ue
ri 

-4
6,

88
3 

-2
3,

35
0 

 
  

  
  

  
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

C
ol

om
bi

a 
 

 
 

P 
M

an
de

lie
u 

6,
93

3 
43

,5
50

 
P

 
Q

ui
nd

io
, A

rm
en

ia
 

-7
5,

70
0 

4,
50

0 
 

P 
M

ou
gi

ns
 

7,
00

0 
43

,6
00

 
P 

M
ed

el
lin

 
-7

5,
53

6 
-6

,2
91

 
 

P 
Pr

ov
en

ce
-A

lp
es

-C
ot

e 
d'

A
zu

r, 
C

an
ne

s 
7,

01
7 

43
,5

50
 

P
 

M
et

a,
 la

 M
ac

ar
en

a,
 R

es
er

va
 

-7
3,

90
0 

2,
18

3 
 

P 
Ile

s 
de

 L
ér

in
s 

7,
05

0 
43

,5
17

 
Ea

st
er

 Is
la

nd
 

 
 

 
P 

Ve
nc

e 
7,

11
7 

43
,7

17
 

P 
Ka

u 
R

an
u 

C
ra

te
r 

-1
09

,4
50

 
-2

7,
15

0 
 

P 
An

tib
es

 
7,

11
7 

43
,5

83
 

P 
H

an
ga

 ro
a 

-1
09

,4
33

 
-2

7,
15

0 
 

P 
Ét

an
g 

de
 V

au
gr

en
ie

r 
7,

13
3 

43
,6

33
 

Ec
ua

do
r 

 
 

 
 

P 
Ba

rs
ur

-L
ou

p 
7,

15
0 

43
,6

33
 

P
 

P
ic

hi
nc

ha
, M

ita
d 

de
l M

un
do

 
-7

8,
45

6 
-0

,0
02

 
 

P 
N

ic
e 

7,
25

0 
43

,7
00

 
P 

Pi
ch

in
ch

a,
 C

ar
ap

un
go

 
-7

8,
44

9 
-0

,0
88

 
 

P 
M

en
to

n 
7,

50
0 

43
,7

83
 

El
 S

al
va

do
r 

 
 

 
P 

C
al

vi
 

8,
75

0 
42

,5
67

 
P 

Q
ue

za
lte

pe
qu

e 
-8

9,
27

1 
13

,8
33

 
 

G
er

m
an

y 
 

 
Fr

an
ce

 
 

 
 

 
P 

H
am

bu
rg

  
9,

81
7 

54
,1

33
 

P
 

G
râ

ce
 

-1
,9

33
 

47
,4

83
 

 
P

 
B

er
lin

, B
ot

an
ic

al
 G

ar
de

n 
13

,3
33

 
52

,5
00

 
P 

M
au

rè
s 

0,
81

7 
44

,6
83

 
 

Ita
ly

 
 

 
 

P 
To

ul
ou

se
 

1,
43

3 
43

,6
00

 
 

P 
Li

gu
ria

, S
an

 R
em

o 
7,

76
7 

43
,8

17
 

P 
Po

rt-
Le

uc
at

e 
3,

03
3 

42
,9

17
 

 
P 

G
en

oa
 

7,
95

0 
44

,4
17

 
P 

Sè
te

 
3,

68
3 

43
,4

00
 

 
P 

Al
as

si
o 

8,
16

7 
44

,0
00

 
P 

M
on

tp
el

lie
r 

3,
88

3 
43

,6
00

 
 

P 
C

el
le

 L
ig

ur
e 

8,
55

0 
44

,3
33

 
P 

La
 G

ra
nd

e 
M

ot
te

 
4,

08
3 

43
,5

67
 

 
P 

Va
ra

zz
e,

 S
av

on
a 

8,
63

3 
44

,3
67

 
P

 
M

ar
tig

ue
s 

5,
05

0 
43

,4
00

 
 

P 
G

en
oa

  
8,

95
0 

44
,4

17
 

P 
La

 C
io

ta
t 

5,
60

0 
43

,1
67

 
 

P 
N

er
vi

 
9,

03
3 

44
,3

83
 

P 
Ta

m
ar

is
 

5,
90

0 
43

,0
83

 
 

P 
M

on
ég

lia
 

9,
50

0 
44

,2
33

 
P 

To
ul

on
 

5,
93

3 
43

,1
17

 
 

P 
To

sc
an

a,
 M

on
te

 A
rg

en
ta

rio
 G

ia
nn

el
la

 
11

,1
67

 
42

,4
17

 
P

 
P

ro
ve

nc
e-

A
lp

es
-C

ôt
e 

D
'A

zu
r, 

H
yè

re
s 

6,
11

7 
43

,1
17

 
 

P
 

To
sc

an
a,

 O
rb

et
el

lo
, F

an
ig

lia
 

11
,2

17
 

42
,4

50
 

P 
Le

 L
av

an
do

u 
6,

36
7 

43
,1

33
 

 
P 

R
om

e 
12

,4
83

 
41

,9
00

 
P

 
P

ro
ve

nc
e-

A
lp

es
-C

ôt
e 

D
'A

zu
r, 

C
as

te
lla

ne
 

6,
51

7 
43

,8
50

 
 

P 
Si

ci
lia

, P
al

er
m

o 
13

,3
67

 
38

,1
17

 
P

 
P

ro
ve

nc
e 

A
lp

es
 C

ôt
e 

D
'A

zu
r, 

S
te

. M
ax

im
e 

6,
63

3 
43

,3
00

 
 

P 
C

am
pa

ni
a,

 N
ap

le
s 

14
,2

50
 

40
,8

33
 

P
 

S
ai

nt
-A

yg
ul

f 
6,

73
3 

43
,3

83
 

 
Ja

pa
n 

 
 

 
P 

C
al

lia
n 

6,
75

0 
43

,6
33

 
 

P 
C

hu
go

ku
, Y

am
ag

uc
hi

 
13

1,
48

3 
34

,1
67

 
P 

Sa
in

t R
ap

ha
el

 
6,

76
7 

43
,4

17
 

 
P 

Ya
na

i 
13

2,
10

0 
33

,9
83

 
P 

Es
te

re
l 

6,
81

7 
43

,5
33

 
 

P 
Iw

ak
un

i 
13

2,
20

0 
34

,1
00

 
P 

St
. J

ea
n 

de
 C

an
ne

s 
6,

87
7 

43
,5

23
 

 
P 

Iw
ak

un
i 

13
2,

23
3 

34
,1

67
 

 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P 
H

at
su

ka
ic

hi
 

13
2,

33
3 

34
,3

50
 

 
P 

Te
 A

ta
tu

 
17

4,
65

0 
-3

6,
83

3 
P 

Its
uk

ai
ch

i 
13

2,
36

7 
34

,3
50

 
 

P
 

W
ar

kw
or

th
 

17
4,

66
7 

-3
6,

40
0 

P 
D

ej
im

a 
13

2,
45

0 
34

,3
50

 
 

P 
H

au
ra

ki
 G

ul
f 

17
4,

74
0 

-3
6,

40
0 

P 
U

jin
a 

13
2,

46
7 

34
,3

50
 

 
P 

Ke
lb

ur
n 

17
4,

76
7 

-4
1,

28
3 

P 
O

na
ga

 
13

2,
50

0 
34

,4
00

 
 

P 
Au

ck
la

nd
 

17
4,

76
7 

-3
6,

86
7 

P 
Fu

ch
u 

13
2,

51
7 

34
,3

83
 

 
P 

W
ha

ng
ap

ar
ao

a 
17

4,
76

7 
-3

6,
63

3 
P 

H
iro

sh
im

a,
 Y

ok
ka

ic
hi

 
13

3,
33

3 
34

,7
67

 
 

P 
W

el
lin

gt
on

 
17

4,
78

3 
-4

1,
30

0 
P 

C
hu

go
ku

, K
ob

e 
13

5,
16

7 
34

,6
83

 
 

P 
Pe

to
ne

 
17

4,
88

3 
-4

1,
23

3 
P 

Ko
be

 
13

5,
18

3 
34

,6
67

 
 

P 
Lo

w
er

 H
ut

t 
17

4,
91

7 
-4

1,
21

7 
Le

so
th

o 
 

 
 

 
P 

H
am

ilt
on

 
17

5,
28

3 
-3

7,
78

3 
P

 
M

as
er

u,
 M

as
er

u 
27

,4
83

 
-2

9,
31

7 
 

P
 

M
or

rin
sv

ill
e 

17
5,

53
3 

-3
7,

65
0 

M
ex

ic
o 

 
 

 
 

P 
Ta

ur
an

ga
 H

ar
bo

ur
 

17
6,

02
0 

-3
7,

64
0 

P
 

B
aj

a 
C

al
ifo

rn
ia

, E
ns

en
ad

a,
 C

or
te

ra
 F

R
 

-1
16

,6
26

 
31

,8
61

 
 

P
 

M
t M

au
ng

an
ui

 
17

6,
16

7 
-3

7,
61

7 
P 

Ba
ja

 C
al

ifo
rn

ia
, 3

.5
m

i W
N

W
  C

at
av

in
a 

 
-1

15
,0

04
 

29
,8

86
 

 
P 

H
as

tin
gs

 
17

6,
83

3 
-3

9,
65

0 
P 

Ba
ja

 C
al

ifo
rn

ia
, T

od
os

 S
an

to
s 

-1
14

,7
50

 
29

,5
00

 
 

P 
Ba

y 
of

 P
en

ty
 

17
7,

00
0 

-3
7,

95
0 

P 
Ba

ja
 C

al
ifo

rn
ia

, G
ue

rro
 N

eg
ro

 
-1

14
,0

57
 

27
,9

61
 

 
Pa

ra
gu

ay
 

 
 

P 
M

ex
ic

o 
C

ity
, U

ni
ve

si
ty

 C
am

pu
s 

-9
9,

13
9 

19
,4

34
 

 
A

 
B

oq
ue

ro
n,

 P
. N

. T
te

. E
nc

is
o 

-6
1,

66
7 

-2
1,

20
0 

P 
D

is
tri

to
 F

ed
er

al
, M

éx
ic

o 
-9

9,
13

3 
19

,4
33

 
 

P*
 

Bo
qu

er
on

, P
. N

. D
ef

en
so

re
s 

de
l C

ha
co

, C
er

ro
 L

eó
n

-6
0,

33
3 

-2
0,

41
7 

M
on

ac
o 

 
 

 
 

P
* 

P
te

. H
ay

es
, 5

km
 S

E
 P

oz
o 

C
ol

or
ad

o 
-5

8,
76

4 
-2

3,
55

2 
P 

M
on

ac
o 

7,
41

7 
43

,7
33

 
 

P*
 

N
ee

m
bu

cu
 , 

P
ila

r 
-5

8,
30

0 
-2

6,
86

7 
M

or
oc

co
 

 
 

 
 

P
* 

C
en

tra
l, 

A
su

nc
ió

n 
-5

7,
81

7 
-2

5,
26

7 
P 

Ta
ng

ie
r, 

Ta
ng

ie
r 

-5
,8

17
 

35
,7

83
 

 
P*

 
Ñ

ee
m

bu
cu

,  
-5

7,
78

4 
-2

6,
86

8 
N

am
ib

 
 

 
 

 
P

* 
C

en
tra

l, 
A

su
nc

ió
n 

-5
7,

66
7 

-2
5,

26
7 

P
 

E
ro

ng
o,

 S
w

ak
op

m
un

d 
14

,5
33

 
-2

2,
68

3 
 

P
* 

P
te

. H
ay

es
, V

ill
a 

H
ay

es
 

-5
7,

56
7 

-2
5,

10
0 

P
 

S
w

ak
op

m
un

d 
14

,5
33

 
-2

2,
65

0 
 

P
* 

P
te

. H
ay

es
, B

en
ja

m
ín

 A
ce

va
l 

-5
7,

56
7 

-2
4,

96
7 

N
ew

 Z
ea

la
nd

 
 

 
 

P
* 

P
te

. H
ay

es
, R

io
 C

on
fu

so
, R

ut
a 

tra
ns

-c
ha

co
 

-5
7,

55
0 

-2
5,

10
0 

P 
Ka

ita
ia

 
17

1,
25

0 
-4

2,
46

7 
 

P*
 

C
en

tra
l, 

Sa
n 

Lo
re

nz
o 

-5
7,

51
7 

-2
5,

33
3 

P
 

M
t. 

S
m

ar
t 

17
1,

30
0 

-4
2,

70
0 

 
P

* 
P

te
. H

ay
es

, R
t. 

5 
ac

ro
ss

 fr
om

 C
on

ce
pc

ió
n 

-5
7,

45
8 

-2
3,

45
5 

P
 

C
hr

is
tc

hu
rc

h 
17

2,
63

3 
-4

3,
53

3 
 

P
* 

C
or

di
lle

ra
, S

an
 B

er
na

di
no

 
-5

7,
31

7 
-2

5,
26

7 
P

 
P

or
t N

el
so

n 
17

3,
26

7 
-4

1,
26

7 
 

A
 

C
or

di
lle

ra
, C

aa
cu

pé
, C

am
p.

 J
. N

or
m

en
t. 

-5
7,

08
3 

-2
5,

36
7 

P 
N

el
so

n 
17

3,
28

3 
-4

1,
28

3 
 

P*
 

Sa
n 

Pe
dr

o,
 P

to
. R

os
ar

io
. 

-5
7,

00
0 

-2
4,

50
0 

P
 

P
 

D
ar

ga
vi

lle
 

Pi
ha

 
17

3,
88

3 
17

4,
46

7 
-3

5,
93

3 
-3

6,
95

0 
 

A
  

C
an

in
de

yú
, R

es
er

va
 N

at
ur

al
 d

el
 B

os
qu

e 
M

ba
ra

ca
yú

 
-5

5,
53

3 
 

-2
4,

13
3 

 
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

Pe
ru

 
 

 
 

 
P 

Lo
ur

es
 

-9
,1

48
 

38
,8

28
 

P
 

Li
m

a,
 L

os
 C

on
do

re
s 

-7
7,

05
0 

-1
2,

05
0 

 
P

 
Li

sb
oa

, L
is

bo
a,

 P
ar

qu
e 

Fl
or

es
ta

l d
e 

M
on

sa
nt

o 
-9

,1
33

 
38

,7
17

 
P

 
Li

m
a 

-7
1,

60
0 

-1
5,

68
3 

 
P

 
Q

ui
nt

a 
do

 F
ur

ad
ou

ro
 (C

EL
BI

) 
-9

,1
27

 
39

,3
93

 
Po

la
nd

 
 

 
 

 
P 

C
al

da
s 

da
 R

ai
nh

a 
-9

,1
27

 
39

,4
07

 
P 

D
ol

no
sl

as
ki

e,
 B

re
sl

au
 

17
,0

33
 

51
,1

00
 

 
P 

Se
si

m
br

a 
-9

,1
07

 
38

,4
47

 
Po

rt
ug

al
 

 
 

 
 

P 
C

ad
av

al
 

-9
,0

92
 

39
,2

40
 

P
 

A
zo

re
s,

 S
ao

 J
or

ge
  

-2
8,

05
0 

38
,6

33
 

 
P 

Ac
ru

da
 d

os
 V

in
ho

s 
-9

,0
72

 
38

,9
82

 
P

 
M

ad
ei

ra
, P

or
to

 S
an

to
 C

al
he

ta
 

-1
7,

20
0 

32
,7

00
 

 
P 

N
az

ar
é 

-9
,0

57
 

39
,5

95
 

P
 

M
ad

ei
ra

, P
or

to
 M

on
iz

 
-1

7,
16

7 
32

,8
50

 
 

P 
Ba

rre
iro

 
-9

,0
47

 
38

,6
48

 
P

 
M

ad
ei

ra
, R

ib
ei

ra
 B

ra
va

 
-1

7,
06

7 
32

,6
50

 
 

P
 

M
at

a 
da

 M
ac

ha
da

 (S
FN

) 
-9

,0
28

 
38

,6
22

 
P

 
M

ad
ei

ra
, S

ão
 V

ic
en

te
 

-1
7,

05
0 

32
,8

00
 

 
P 

Al
en

qu
er

 
-9

,0
10

 
39

,0
57

 
P 

M
ad

ei
ra

, C
ar

am
uj

o 
-1

6,
93

3 
32

,7
67

 
 

P 
Ar

ra
bi

da
-E

xt
re

m
ad

ur
a 

-9
,0

00
 

38
,4

65
 

P
 

M
ad

ei
ra

, F
un

ch
al

, P
ra

ia
 F

or
m

os
a,

 F
un

ch
al

 
-1

6,
90

0 
32

,6
33

 
 

P
 

V
ila

fra
nc

a 
de

 X
ira

 
-9

,0
00

 
38

,9
38

 
P 

M
ad

ei
ra

, V
al

e 
de

 P
ar

ai
so

 
-1

6,
86

7 
32

,6
67

 
 

P 
M

oi
ta

 
-8

,9
93

 
38

,6
48

 
P

 
M

ad
ei

ra
, P

or
to

 d
a 

C
ru

z 
-1

6,
83

3 
32

,7
67

 
 

P 
Al

co
ba

ca
 

-8
,9

77
 

39
,5

43
 

P 
M

ad
ei

ra
, I

lh
eu

 C
hã

o 
-1

6,
53

3 
32

,5
83

 
 

P 
M

on
tij

o 
-8

,9
65

 
38

,6
92

 
P

 
M

ad
ei

ra
, P

or
to

 S
an

to
, S

er
ra

 d
e 

de
nt

ro
- J

ul
ia

na
 

-1
6,

33
3 

33
,0

67
 

 
P 

R
io

 M
ai

or
 

-8
,9

30
 

39
,3

42
 

P
 

Li
sb

oa
, P

ra
ia

 d
as

 M
ac

as
 

-9
,4

67
 

38
,8

17
 

 
P 

Vi
la

 d
o 

Bi
sp

o 
-8

,9
13

 
37

,0
78

 
P 

C
as

ca
is

 
-9

,4
30

 
38

,7
02

 
 

P 
Zo

na
 d

e 
Tr

ói
a 

(S
et

úb
al

) 
-8

,8
90

 
38

,4
82

 
P

 
Li

sb
oa

, C
as

ca
is

 
-9

,4
17

 
38

,7
00

 
 

P 
Se

tú
ba

l 
-8

,8
88

 
38

,5
25

 
P

 
Li

sb
oa

, E
st

or
il 

-9
,4

00
 

38
,7

00
 

 
P

 
S

am
or

a 
co

rr
ei

a 
-8

,8
60

 
38

,9
39

 
P

 
S

in
tra

-E
st

re
m

ad
ur

a 
-9

,3
72

 
38

,7
97

 
 

P 
Si

re
s 

-8
,8

60
 

37
,9

60
 

P
 

Li
sb

oa
, M

af
ra

 
-9

,3
33

 
38

,9
33

 
 

P 
Az

am
bu

ja
 

-8
,8

60
 

39
,0

70
 

P 
M

af
ra

 
-9

,3
30

 
38

,9
28

 
 

P 
Pa

lm
el

a 
-8

,8
53

 
38

,5
72

 
P 

Lo
ur

in
ha

 
-9

,3
13

 
39

,2
38

 
 

P 
Fi

gu
ei

ra
 d

a 
Fo

z 
-8

,8
50

 
40

,1
57

 
P 

O
ei

ra
s 

-9
,3

07
 

38
,6

83
 

 
P 

N
az

ar
é 

-8
,8

40
 

39
,7

58
 

P
 

To
rre

s 
V

ed
ra

s 
-9

,2
55

 
39

,0
92

 
 

P 
Es

po
se

nd
e 

-8
,8

25
 

41
,5

23
 

P 
Pe

ni
ch

e 
-9

,2
52

 
39

,3
55

 
 

P 
Vi

an
a 

do
 C

as
te

lo
 

-8
,8

25
 

41
,7

08
 

P 
Ta

pa
da

 d
a 

Aj
ud

a 
(IS

A)
 

-9
,2

12
 

38
,7

10
 

 
P 

C
am

in
ha

 
-8

,8
25

 
41

,9
00

 
P 

M
on

te
m

or
 

-9
,2

00
 

38
,8

17
 

 
P 

Ba
ta

lh
a 

-8
,8

18
 

39
,6

57
 

P 
Al

m
ud

a 
-9

,1
57

 
38

,6
75

 
 

P 
Al

je
zu

r 
-8

,8
02

 
37

,2
97

 
P

 
S

ob
ra

l d
o 

M
on

te
 A

gr
ac

o 
-9

,1
57

 
39

,0
08

 
 

P 
Be

na
ve

nt
e 

-8
,8

02
 

38
,9

77
 

P 
Bo

m
ba

na
l 

-9
,1

50
 

39
,2

58
 

 
P 

Po
rto

 d
e 

M
ós

 
-8

,8
02

 
39

,5
95

 
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P 
C

ar
ta

xo
 

-8
,7

90
 

39
,1

67
 

 
P 

C
an

ta
nh

ed
e 

-8
,5

88
 

40
,3

45
 

P 
Se

si
m

br
a 

-8
,7

90
 

37
,7

20
 

 
P 

Al
pi

ar
ca

 
-8

,5
80

 
39

,2
58

 
P 

Es
po

se
nd

e 
-8

,7
87

 
41

,5
40

 
 

P 
Es

ta
ne

ja
 

-8
,5

65
 

40
,7

58
 

P 
Sa

lv
at

er
ra

 d
e 

M
ag

os
 

-8
,7

83
 

39
,0

27
 

 
P 

G
ra

nd
ol

a 
-8

,5
57

 
38

,1
67

 
P 

Ba
rra

 
-8

,7
48

 
40

,6
43

 
 

P 
M

on
ch

iq
ue

 
-8

,5
52

 
37

,3
28

 
P

 
P

óv
oa

 d
e 

V
ar

zi
m

 
-8

,7
40

 
41

,3
50

 
 

P 
Pa

re
de

s 
de

 C
ou

ra
 

-8
,5

37
 

41
,9

47
 

P 
Vi

la
 d

o 
C

on
de

 
-8

,7
37

 
41

,3
45

 
 

P 
Fe

ira
 

-8
,5

35
 

40
,9

28
 

P
 

Fa
ro

, A
lg

ar
ve

,  
Lu

z 
nr

. L
ag

os
 

-8
,7

33
 

37
,0

83
 

 
P 

Po
rti

m
ao

 
-8

,5
22

 
37

,1
30

 
P 

M
ira

 
-8

,7
25

 
40

,4
28

 
 

P 
C

om
dr

e 
o 

C
or

uc
he

 
-8

,5
17

 
38

,9
55

 
P

 
V

ila
N

ov
a 

de
 C

er
ve

ira
 

-8
,7

23
 

41
,9

38
 

 
P 

G
on

do
m

ar
 

-8
,5

17
 

41
,1

40
 

P
 

P
or

to
, L

ec
a 

de
 P

al
m

ei
ra

 
-8

,7
00

 
41

,2
00

 
 

P 
Vi

la
 N

ov
a 

de
 F

am
al

ic
ao

 
-8

,5
12

 
41

,4
52

 
P

 
S

an
tia

go
 d

e 
C

ac
ém

 
-8

,6
97

 
38

,0
17

 
 

P
 

A
lc

ác
er

 d
o 

S
al

 
-8

,5
00

 
38

,3
68

 
P 

M
at

os
in

ho
s 

-8
,6

92
 

41
,2

27
 

 
P 

C
on

de
ix

a-
a-

N
ov

a 
-8

,5
00

 
40

,1
03

 
P 

Sa
nt

ar
em

 
-8

,6
83

 
39

,2
33

 
 

P 
G

ol
eg

a 
-8

,4
93

 
39

,3
98

 
P 

Va
go

s 
-8

,6
78

 
40

,5
52

 
 

P 
O

liv
ei

ra
 d

e 
Ba

io
ro

 
-8

,4
93

 
40

,5
08

 
P

 
La

go
s 

-8
,6

73
 

37
,1

10
 

 
P

 
S

. J
oa

o 
de

 M
ad

ei
ra

 
-8

,4
87

 
40

,8
90

 
P

 
S

an
ta

ré
m

 
-8

,6
72

 
39

,2
33

 
 

P
 

A
lb

er
ga

ria
-a

-V
el

ha
 

-8
,4

85
 

40
,6

97
 

P 
Zo

na
 d

e 
P

eg
oe

s-
G

ar
e 

-8
,6

60
 

38
,6

65
 

 
P 

O
liv

ei
ra

 d
e 

Az
em

ei
s 

-8
,4

75
 

40
,8

45
 

P 
Ilh

av
o 

-8
,6

60
 

40
,6

00
 

 
P 

M
on

ca
o 

-8
,4

75
 

42
,0

75
 

P 
Pe

go
es

 
-8

,6
43

 
38

,6
73

 
 

P 
Sa

nt
o 

Ti
rs

o 
-8

,4
70

 
41

,3
45

 
P 

Av
ei

ro
 

-8
,6

42
 

40
,6

35
 

 
P 

M
ea

lh
ad

a 
-8

,4
58

 
40

,3
68

 
P 

Es
pi

nh
o 

-8
,6

42
 

41
,0

08
 

 
P 

La
go

a 
-8

,4
53

 
37

,1
30

 
P 

M
ur

to
sa

 
-8

,6
30

 
40

,7
37

 
 

P 
Si

lv
es

 
-8

,4
53

 
37

,1
83

 
P 

Al
m

ei
rim

 
-8

,6
27

 
39

,2
10

 
 

P 
Ag

ue
da

 
-8

,4
52

 
40

,5
72

 
P 

So
ur

e 
-8

,6
25

 
40

,0
60

 
 

P 
V

en
da

s 
N

ov
as

 
-8

,4
47

 
38

,6
67

 
P 

M
ai

a 
-8

,6
25

 
41

,2
18

 
 

P 
Vi

la
no

va
 d

e 
Ba

rq
ui

nh
a 

-8
,4

38
 

39
,4

55
 

P 
Va

le
nc

a 
-8

,6
25

 
42

,0
28

 
 

P 
An

ad
ia

 
-8

,4
33

 
40

,4
47

 
P

 
P

or
to

, O
po

rto
 

-8
,6

17
 

41
,1

50
 

 
P 

Br
ag

a 
-8

,4
33

 
41

,5
57

 
P 

Ba
rc

el
os

 
-8

,6
13

 
41

,5
37

 
 

P 
C

oi
m

br
a 

-8
,4

17
 

40
,2

00
 

P 
Vi

la
 N

ov
a 

de
 G

ai
a 

-8
,6

12
 

41
,1

78
 

 
P 

C
oi

m
br

a 
-8

,4
17

 
40

,2
13

 
P

 
O

po
rto

 
-8

,6
03

 
41

,1
60

 
 

P
 

A
rc

os
 d

e 
Va

ld
er

ez
 

-8
,4

17
 

41
,8

83
 

P
 

O
va

r 
-8

,5
95

 
40

,8
63

 
 

P
 

P
on

te
 d

a 
B

ar
ca

 
-8

,4
08

 
41

,8
33

 
P 

Po
nt

e 
de

 L
im

a 
-8

,5
95

 
41

,7
90

 
 

P 
To

m
ar

 
-8

,4
03

 
39

,5
87

 
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P 
Pe

ne
la

 
-8

,4
03

 
40

,0
22

 
 

P 
Ba

ia
o 

-8
,0

23
 

41
,1

53
 

P 
Vi

la
ve

rd
e 

-8
,3

73
 

41
,6

70
 

 
P 

Vi
an

a 
do

 A
le

nt
ej

o 
-8

,0
08

 
38

,3
23

 
P

 
P

ac
os

 d
e 

Fe
rr

ei
ra

 
-8

,3
57

 
41

,2
80

 
 

P
 

C
el

or
ic

o 
de

 B
as

to
 

-8
,0

00
 

41
,4

28
 

P 
M

ira
nd

a 
do

 C
or

vo
 

-8
,3

33
 

40
,0

95
 

 
P 

Ar
ra

io
lo

s 
-7

,9
93

 
38

,7
13

 
P 

C
on

st
an

ci
a 

-8
,3

30
 

39
,4

77
 

 
P 

C
ar

re
ga

l d
o 

Sa
l 

-7
,9

93
 

40
,4

33
 

P 
G

ui
m

ar
ae

s 
-8

,3
00

 
41

,4
67

 
 

P 
Fa

ro
 

-7
,9

42
 

37
,0

17
 

P
 

Fe
rre

ira
 d

o 
Ze

ze
re

 
-8

,2
90

 
39

,7
02

 
 

P 
C

as
tro

D
'a

ire
 

-7
,9

28
 

40
,8

98
 

P 
Pe

na
fie

l 
-8

,2
82

 
41

,2
02

 
 

P 
Ev

or
a 

-7
,9

07
 

38
,5

60
 

P 
Am

ar
es

 
-8

,2
82

 
41

,6
30

 
 

P 
Vi

se
u 

-7
,9

03
 

40
,6

57
 

P 
C

as
te

lo
 d

e 
Pa

iv
a 

-8
,2

78
 

41
,0

43
 

 
P 

Ev
or

a 
-7

,9
00

 
38

,5
67

 
P 

Pe
na

co
va

 
-8

,2
77

 
40

,2
72

 
 

P 
C

ub
a 

-7
,8

95
 

38
,1

57
 

P 
Lo

uz
ad

a 
-8

,2
73

 
41

,2
72

 
 

P 
Be

ja
 

-7
,8

72
 

38
,0

08
 

P 
Po

vo
a 

de
 L

an
ho

so
 

-8
,2

65
 

41
,5

08
 

 
P 

O
lh

ao
 

-7
,8

60
 

37
,0

25
 

P 
Al

bu
fe

ira
 

-8
,2

60
 

37
,0

83
 

 
P 

N
el

as
 

-7
,8

50
 

40
,5

35
 

P 
Fi

gu
ei

ro
 d

os
 V

in
ho

s 
-8

,2
55

 
39

,8
90

 
 

P 
Vi

di
gu

ei
ra

 
-7

,8
02

 
38

,2
02

 
P 

Lo
uz

a 
-8

,2
37

 
40

,1
13

 
 

P 
M

an
gu

al
de

 
-7

,7
47

 
40

,6
05

 
P 

M
or

tá
gu

a 
-8

,2
25

 
40

,4
03

 
 

P 
Ta

vi
ra

 
-7

,6
57

 
37

,1
22

 
P 

Ar
ou

ca
 

-8
,2

25
 

40
,9

28
 

 
P 

S
. F

ie
l, 

 
-7

,5
00

 
40

,0
33

 
P

 
M

on
te

m
or

 
-8

,2
15

 
38

,6
30

 
 

P
 

M
au

ra
 o

 M
ou

ra
 

-7
,4

53
 

38
,1

30
 

P 
Fe

lg
ue

ira
s 

-8
,1

95
 

41
,3

68
 

 
P 

Vi
la

 R
ea

l d
o 

Sa
nt

o 
An

tó
ni

o 
-7

,4
12

 
37

,1
83

 
P 

O
liv

ei
ra

 d
a 

Fr
ad

es
 

-8
,1

75
 

40
,7

27
 

 
P 

G
ua

rd
a-

S
er

ra
 d

e 
Es

tre
la

 
-7

,1
10

 
40

,5
35

 
P

 
M

or
a 

-8
,1

57
 

38
,9

42
 

 
P

 
illa

 N
ov

a 
de

 M
ilf

on
te

 
-6

,4
79

 
37

,3
64

 
P

 
M

on
te

m
or

-o
-N

ov
o 

-8
,1

55
 

38
,6

33
 

 
P 

La
go

s 
-6

,4
40

 
37

,0
24

 
P 

Fa
fe

 
-8

,1
50

 
41

,4
55

 
 

So
ut

h 
A

fr
ic

a 
 

 
P 

Vi
ei

ra
 

-8
,1

38
 

41
,6

52
 

 
P 

Sp
rin

gb
ok

 
17

,8
83

 
-2

9,
66

7 
P 

M
ar

co
 d

e 
C

an
av

ez
es

 
-8

,1
37

 
41

,1
88

 
 

P 
H

ou
t B

ay
 

18
,3

50
 

-3
4,

03
3 

P 
Lo

ul
é 

-8
,1

27
 

37
,1

30
 

 
P 

W
es

te
rn

 C
ap

e,
 T

ab
le

 M
t. 

18
,4

17
 

-3
3,

96
7 

P 
Sa

nt
a 

C
om

ba
 B

ao
 

-8
,1

20
 

40
,3

50
 

 
P 

W
es

te
rn

 C
ap

e,
 C

ap
et

ow
n 

18
,4

17
 

-3
3,

91
7 

P
 

A
m

or
an

te
 

-8
,0

72
 

41
,2

90
 

 
P

 
C

ap
e 

Po
in

t 
18

,4
83

 
-3

4,
35

0 
P 

To
nd

el
a 

-8
,0

70
 

40
,5

17
 

 
P 

N
ew

la
nd

s 
18

,4
83

 
-3

3,
96

7 
P 

S.
 P

ed
ro

 d
o 

So
l 

-8
,0

58
 

40
,7

58
 

 
P 

Ko
ge

lb
er

g 
Fo

re
st

 R
es

er
ve

 
18

,5
67

 
-3

4,
23

3 
P 

Ar
ga

ni
l 

-8
,0

47
 

40
,2

18
 

 
P 

Jo
nk

er
sh

oe
k 

18
,5

70
 

-3
3,

58
0 

P 
Tá

lo
va

 
-8

,0
37

 
40

,3
58

 
 

P 
M

al
m

es
bu

ry
 

18
,7

33
 

-3
3,

45
0 

 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P
 

S
om

er
se

t W
es

t 
18

,8
50

 
-3

4,
08

3 
 

P
 

C
an

ar
ia

ls
, G

ra
n 

C
an

ar
ia

, L
as

 P
al

m
as

, T
af

ira
 A

lta
 

-1
5,

45
0 

28
,0

50
 

P
 

Jo
nk

er
sh

oe
k 

M
ts

., 
S

te
lle

nb
os

ch
 

18
,8

50
 

-3
3,

93
3 

 
P

 
C

an
ar

ia
s,

 G
ra

n 
C

an
ar

ia
, L

as
 P

al
m

as
, T

ei
de

 
-1

5,
41

7 
28

,0
00

 
P 

St
el

le
nb

os
ch

be
rg

 
18

,9
00

 
-3

3,
96

7 
 

P 
C

an
ar

ia
s,

 L
as

 P
al

m
as

 
-1

5,
41

7 
28

,1
00

 
P 

C
la

nw
ill

ia
m

 
18

,9
00

 
-3

2,
18

3 
 

P 
G

al
ic

ia
, L

a 
C

or
uñ

a 
-8

,8
81

 
43

,3
14

 
P 

Be
tty

's
 B

ay
 

18
,9

33
 

-3
4,

36
7 

 
P 

G
al

ic
ia

, B
ay

on
a,

 M
te

. F
er

ro
  

-8
,8

50
 

42
,1

17
 

P
 

P
aa

rl 
18

,9
67

 
-3

3,
73

3 
 

P
 

G
al

ic
ia

, S
an

xe
nx

o 
-8

,8
20

 
42

,3
99

 
P 

Jo
nk

er
sh

oe
k 

18
,9

67
 

-3
3,

96
7 

 
P 

G
al

ic
ia

, S
an

ge
nj

o-
P

on
te

ve
dr

a 
-8

,7
85

 
42

,4
03

 
P 

Po
rte

rv
ill

e 
18

,9
83

 
-3

3,
01

7 
 

P 
G

al
ic

ia
, B

ay
on

a 
-8

,6
60

 
42

,1
20

 
P 

W
el

lin
gt

on
 

19
,0

00
 

-3
3,

63
3 

 
P 

Ex
tre

m
ad

ur
a,

 B
ad

aj
oz

 
-6

,9
53

 
38

,8
72

 
P 

Kl
ei

nm
on

d 
19

,0
33

 
-3

4,
35

0 
 

P 
An

da
lu

cí
a,

 D
oñ

an
a 

-6
,5

00
 

37
,0

17
 

P
 

C
er

es
 

19
,3

17
 

-3
3,

36
7 

 
P

 
A

nd
al

uc
ía

, V
ill

af
ra

nc
a 

G
ua

da
lq

ui
vi

r 
-6

,1
62

 
37

,1
33

 
P 

R
ob

er
ts

on
 

19
,8

83
 

-3
3,

80
0 

 
P 

An
da

lu
cí

a,
 C

on
il 

-6
,0

73
 

36
,2

95
 

P 
Br

ed
as

do
rp

 
20

,0
33

 
-3

4,
53

3 
 

P 
A

nd
al

uc
ía

, S
ev

illa
 

-6
,0

73
 

37
,0

46
 

P 
S

w
el

le
nd

am
 

22
,4

33
 

-3
4,

03
3 

 
P 

An
da

lu
cí

a,
 D

oñ
an

a 
-5

,9
89

 
37

,3
78

 
P

 
W

es
te

rn
 C

ap
e,

 n
r. 

G
eo

rg
e 

22
,4

50
 

-3
3,

96
7 

 
P

 
An

da
lu

cí
a,

 P
un

ta
 d

e 
Ta

rif
a-

C
ád

iz
 

-5
,6

08
 

36
,0

17
 

P
 

G
ra

af
f R

ei
ne

t 
24

,5
50

 
-3

2,
25

0 
 

P
 

A
nd

al
uc

ía
, J

im
en

a 
de

 la
 F

ro
nt

er
a-

C
ád

iz
 

-5
,4

65
 

36
,4

20
 

P 
N

or
th

er
n 

C
ap

e,
 C

ol
es

be
rg

 
25

,1
00

 
-3

0,
73

3 
 

P 
An

da
lu

cí
a,

 S
ot

og
ra

nd
e 

-5
,3

58
 

36
,2

56
 

P
 

P
or

t E
liz

ab
et

h 
 

25
,5

83
 

-3
3,

96
7 

 
P 

An
da

lu
cí

a,
 M

al
ag

a 
-4

,4
17

 
36

,7
17

 
P

 
E

as
te

rn
 C

ap
e,

 S
om

er
se

t E
as

t 
25

,5
83

 
-3

2,
71

7 
 

P 
An

da
lu

cí
a,

 R
in

có
n 

de
 la

 V
ic

to
ria

 
-4

,2
81

 
36

,7
14

 
P 

Bl
oe

m
fo

nt
ei

n 
26

,2
00

 
-2

9,
13

3 
 

P 
C

an
ta

br
ia

, S
aj

a-
S

an
ta

nd
er

 
-4

,0
68

 
43

,3
75

 
P

 
E

as
te

rn
 C

ap
e,

 Q
ue

en
st

ow
n 

26
,8

83
 

-3
1,

90
0 

 
P 

M
ad

rid
, A

la
rc

ón
 

-3
,8

14
 

40
,4

36
 

P 
Ea

st
 L

on
do

n 
27

,9
17

 
-3

3,
03

3 
 

P 
An

da
lu

cí
a,

 P
un

ta
 d

e 
la

 M
on

a 
-3

,7
13

 
36

,7
27

 
P 

Jo
ha

nn
es

bu
rg

 
28

,0
83

 
-2

6,
20

0 
 

P
 

M
ad

rid
, M

ad
rid

 
-3

,6
98

 
40

,4
12

 
P 

Pr
et

or
ia

 
28

,2
17

 
-2

5,
70

0 
 

P 
M

ad
rid

 
-3

,6
83

 
40

,4
00

 
P 

M
pu

m
al

an
ga

, N
el

sp
ru

it 
30

,9
67

 
-2

5,
46

7 
 

P
 

C
an

ta
br

ia
, S

an
ta

nd
er

 
-3

,6
37

 
43

,4
68

 
Sp

ai
n 

 
 

 
 

P 
An

da
lu

cí
a,

 P
un

ta
 d

e 
Je

sú
s 

-3
,6

00
 

36
,7

40
 

P
 

C
an

ar
ia

s,
 O

ro
ta

va
 

-1
7,

75
0 

28
,7

67
 

 
P

 
A

nd
al

uc
ía

, C
ul

tiv
os

 d
e 

Sa
lo

br
eñ

a 
-3

,5
67

 
36

,7
40

 
P 

C
an

ar
ia

s,
 T

en
er

ife
 

-1
6,

56
7 

28
,3

17
 

 
P

 
M

ad
rid

, A
ra

nj
ue

z 
-3

,5
48

 
40

,0
13

 
P

 
C

an
ar

ia
s,

 T
en

er
ife

, A
gu

a 
M

an
sa

 
-1

6,
48

3 
28

,3
50

 
 

P 
An

da
lu

cí
a,

 P
ue

rto
 d

e 
M

ot
ril

 
-3

,5
05

 
36

,7
23

 
P

 
C

an
ar

ia
s,

 T
en

er
ife

, L
ad

er
a 

de
 G

ui
m

ar
 

-1
6,

43
3 

28
,2

83
 

 
P 

An
da

lu
cí

a,
 M

ot
ril

 
-3

,5
00

 
36

,7
40

 
P

 
C

an
ar

ia
s,

 T
en

er
ife

, V
ol

cá
n 

de
 G

ui
m

ar
 

-1
6,

38
3 

29
,3

17
 

 
P

 
A

nd
al

uc
ía

, C
ul

tiv
os

 d
e 

M
ot

ril
 

-3
,4

90
 

36
,7

32
 

P 
C

an
ar

ia
s,

 C
ru

z 
de

 T
ej

ed
a 

 
-1

5,
60

0 
28

,0
17

 
 

P
 

A
nd

al
uc

ía
, T

or
re

nu
ev

a 
-3

,4
82

 
36

,6
17

 
P 

C
an

ar
ia

s,
 S

an
ta

 B
ríg

id
a 

-1
5,

50
0 

28
,0

33
 

 
P 

A
nd

al
uc

ía
, D

es
ví

o 
de

 A
lp

uj
ar

ra
s 

-3
,4

82
 

36
,8

60
 

 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P 
An

da
lu

cí
a,

 T
or

re
nu

ev
a 

-3
,4

77
 

36
,7

13
 

 
P 

C
at

al
un

ya
, D

el
te

br
e 

0,
72

3 
40

,7
21

 
P

 
A

nd
al

uc
ía

, L
an

ja
ró

n 
-3

,4
67

 
36

,9
27

 
 

P
 

C
at

al
un

ya
, A

m
et

lla
 d

e 
M

ar
 

0,
80

4 
40

,8
86

 
P

 
A

nd
al

uc
ía

, C
ar

ch
un

a 
-3

,4
37

 
36

,7
05

 
 

P
 

C
at

al
un

ya
, H

os
pi

ta
le

t d
e 

l'I
nf

an
t 

0,
92

5 
40

,9
92

 
P 

An
da

lu
cí

a,
 C

as
te

ll 
de

 F
er

ro
 

-3
,1

77
 

36
,7

32
 

 
P 

C
at

al
un

ya
, R

iu
de

co
ls

 
0,

97
7 

41
,1

70
 

P 
An

da
lu

cí
a,

 E
l C

as
til

lo
 d

e 
H

ua
rc

a 
-3

,1
32

 
36

,7
53

 
 

P
 

C
at

al
un

ya
, M

on
tb

rió
 d

el
 C

am
p 

1,
00

5 
41

,1
21

 
P

 
C

at
al

un
ya

, P
la

tja
 d

’A
ro

 
-3

,0
67

 
41

,8
17

 
 

P 
C

at
al

un
ya

, C
am

br
ils

 
1,

05
4 

41
,0

75
 

P 
C

as
til

la
 y

 L
eó

n,
 S

or
ia

 
-2

,4
37

 
41

,7
63

 
 

P 
C

at
al

un
ya

, R
eu

s 
1,

10
9 

41
,1

56
 

P
 

M
ur

ci
a,

 L
a 

A
lb

er
ca

 
-1

,1
35

 
37

,9
33

 
 

P 
C

at
al

un
ya

, S
al

ou
 

1,
13

4 
41

,0
77

 
P

 
M

ur
ci

a,
 M

ur
ci

a 
-1

,1
32

 
37

,9
82

 
 

P
 

C
at

al
un

ya
, V

ila
-s

ec
a 

1,
14

7 
41

,1
11

 
P

 
M

ur
ci

a,
 C

ar
ta

ge
na

 
-1

,0
40

 
37

,6
29

 
 

P 
C

at
al

un
ya

, T
ar

ra
go

na
 

1,
25

2 
41

,1
17

 
P 

Va
lè

nc
ia

, A
lb

er
ic

 
-1

,0
35

 
39

,7
82

 
 

P
 

C
at

al
un

ya
, A

lta
fu

lla
 

1,
37

7 
41

,1
43

 
P

 
M

ur
ci

a,
 T

or
re

vi
ej

a 
-0

,6
88

 
37

,9
72

 
 

P
 

C
at

al
un

ya
, T

or
re

de
m

ba
rra

 
1,

40
0 

41
,1

46
 

P 
Va

lè
nc

ia
, G

ua
rd

am
ar

 
-0

,6
51

 
38

,1
47

 
 

P
 

B
al

ea
rs

, E
iv

is
sa

 
1,

43
3 

38
,9

10
 

P 
Va

lè
nc

ia
, B

en
im

od
o 

-0
,5

27
 

39
,2

13
 

 
P 

Ba
le

ar
s,

 F
or

m
en

te
ra

, E
st

an
y 

Pu
de

nt
 

1,
44

3 
38

,7
33

 
P 

Va
lè

nc
ia

, S
ol

la
na

 
-0

,3
87

 
39

,2
80

 
 

P
 

B
al

ea
rs

, J
es

ús
 

1,
46

0 
38

,9
33

 
P 

Va
lè

nc
ia

, V
al

èn
ci

a 
-0

,3
76

 
39

,4
82

 
 

P 
C

at
al

un
ya

, B
is

ba
l d

el
 P

en
ed

ès
 

1,
48

9 
41

,2
82

 
P

 
V

al
èn

ci
a,

 E
l S

al
er

 
-0

,3
23

 
39

,3
88

 
 

P
 

C
at

al
un

ya
, C

om
a-

ru
ga

 
1,

52
5 

41
,1

84
 

P
 

V
al

èn
ci

a,
 G

ol
a 

de
l P

uc
ho

l-E
l S

al
er

 
-0

,2
97

 
39

,3
08

 
 

P 
C

at
al

un
ya

, V
en

dr
el

l 
1,

53
6 

41
,2

23
 

P 
Va

lè
nc

ia
, R

ib
es

al
be

s 
-0

,2
80

 
40

,0
21

 
 

P 
C

at
al

un
ya

, C
al

af
el

l 
1,

57
0 

41
,2

02
 

P
 

V
al

èn
ci

a,
 S

ag
un

to
 

-0
,2

72
 

39
,6

82
 

 
P

 
C

at
al

un
ya

, S
an

t M
ar

tí 
S

ar
ro

ca
 

1,
61

2 
41

,3
86

 
P

 
V

al
èn

ci
a,

 B
en

id
or

m
 

-0
,1

25
 

38
,5

36
 

 
P

 
C

at
al

un
ya

, C
un

it 
1,

63
6 

41
,1

99
 

P 
Va

lè
nc

ia
, C

al
pe

 
0,

04
5 

38
,6

43
 

 
P 

C
at

al
un

ya
, V

ila
fra

nc
a 

de
l P

en
ed

ès
 

1,
70

1 
41

,3
47

 
P

 
V

al
èn

ci
a,

 O
ro

pe
sa

-C
as

te
lló

 
0,

11
0 

40
,0

92
 

 
P 

C
at

al
un

ya
, C

an
ye

lle
s 

1,
72

3 
41

,2
87

 
P 

Va
lè

nc
ia

, C
al

pe
 

0,
11

1 
38

,7
27

 
 

P 
C

at
al

un
ya

, V
ila

no
va

 i 
la

 G
el

trú
 

1,
72

6 
41

,2
24

 
P 

C
at

al
un

ya
, l

a 
Sé

ni
a 

0,
28

3 
40

,6
36

 
 

P 
C

at
al

un
ya

, S
an

t P
er

e 
de

 R
ib

es
 

1,
77

4 
41

,2
63

 
P

 
V

al
èn

ci
a,

 O
ro

pe
sa

 
0,

36
1 

40
,2

90
 

 
P

 
C

at
al

un
ya

, S
an

t S
ad

ur
ní

 d
'A

no
ia

 
1,

78
8 

41
,4

25
 

P 
C

at
al

un
ya

, U
lld

ec
on

a 
0,

44
8 

40
,5

98
 

 
P

 
C

at
al

un
ya

, S
itg

es
 

1,
81

2 
41

,2
38

 
P

 
C

at
al

un
ya

, A
lc

an
ar

 
0,

48
2 

40
,5

45
 

 
P

 
C

at
al

un
ya

, C
as

te
lld

ef
el

s 
1,

97
7 

41
,2

79
 

P
 

C
at

al
un

ya
, T

or
to

sa
 

0,
52

3 
40

,8
12

 
 

P
 

C
at

al
un

ya
, T

er
ra

ss
a 

2,
01

5 
41

,5
66

 
P

 
C

at
al

un
ya

, A
m

po
st

a 
0,

58
1 

40
,7

10
 

 
P

 
C

at
al

un
ya

, R
ub

í 
2,

03
3 

41
,4

93
 

P
 

C
at

al
un

ya
, S

an
t C

ar
le

s 
de

 la
 R

àp
ita

 
0,

59
2 

40
,6

21
 

 
P

 
C

at
al

un
ya

, S
an

t C
ug

at
 d

el
 V

al
lè

s 
2,

08
3 

41
,4

73
 

P 
C

at
al

un
ya

, R
as

qu
er

a 
0,

60
0 

41
,0

03
 

 
P 

C
at

al
un

ya
, P

ra
t d

e 
Ll

ob
re

ga
t 

2,
09

6 
41

,3
30

 
P

 
C

at
al

un
ya

, A
m

po
lla

 
0,

71
0 

40
,8

13
 

 
P

 
C

at
al

un
ya

, B
ar

be
rà

 d
el

 V
al

lè
s 

2,
12

5 
41

,5
16

 
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P 
C

at
al

un
ya

, B
ar

ce
lo

na
 

2,
17

2 
41

,4
01

 
 

P 
C

at
al

un
ya

, T
or

de
ra

 
2,

72
0 

41
,7

00
 

P
 

C
at

al
un

ya
, M

on
tc

ad
a 

i R
ei

xa
c 

 
2,

18
8 

41
,4

86
 

 
P

 
C

at
al

un
ya

, M
al

gr
at

 d
e 

M
ar

 
2,

74
3 

41
,6

45
 

P
 

C
at

al
un

ya
, A

ig
ua

fre
da

 
2,

25
4 

41
,7

68
 

 
P 

C
at

al
un

ya
, S

ils
 

2,
74

5 
41

,8
09

 
P

 
C

at
al

un
ya

, S
ev

a 
2,

28
5 

41
,8

40
 

 
P

 
B

al
ea

rs
, M

al
lo

rc
a,

 B
ah

ía
 A

zu
l 

2,
75

0 
39

,4
53

 
P

 
C

at
al

un
ya

, G
ra

no
lle

rs
 

2,
29

1 
41

,6
08

 
 

P 
Ba

le
ar

s,
 A

re
na

l 
2,

75
0 

39
,5

00
 

P
 

C
at

al
un

ya
, T

ei
a 

2,
32

4 
41

,4
98

 
 

P
 

C
at

al
un

ya
, B

an
yo

le
s 

2,
76

7 
42

,1
19

 
P

 
C

at
al

un
ya

, P
re

m
ià

 d
e 

M
ar

 
2,

36
0 

41
,4

91
 

 
P

 
C

at
al

un
ya

, S
al

t 
2,

78
8 

41
,9

75
 

P
 

C
at

al
un

ya
, V

ila
ss

ar
 d

e 
M

ar
 

2,
39

3 
41

,5
05

 
 

P
 

C
at

al
un

ya
, S

an
t L

lo
re

nç
 d

e 
la

 M
ug

a 
2,

79
1 

42
,3

21
 

P
 

C
at

al
un

ya
, L

lin
ar

s 
de

l V
al

lè
s 

2,
40

2 
41

,6
40

 
 

P 
C

at
al

un
ya

, B
la

ne
s 

2,
79

2 
41

,6
76

 
P

 
C

at
al

un
ya

, M
at

ar
ó 

2,
44

5 
41

,5
41

 
 

P
 

B
al

ea
rs

, A
la

ró
 

2,
79

2 
39

,7
07

 
P 

Ba
le

ar
s,

 C
ap

de
llà

 
2,

47
5 

39
,5

78
 

 
P 

C
at

al
un

ya
, R

iu
de

llo
ts

 d
e 

la
 S

el
va

 
2,

80
7 

41
,8

95
 

P
 

C
at

al
un

ya
, S

an
t A

nd
re

u 
de

 L
la

va
ne

re
s 

2,
48

3 
41

,5
73

 
 

P 
C

at
al

un
ya

, C
al

de
s 

de
 M

al
av

el
la

 
2,

81
1 

41
,8

39
 

P
 

C
at

al
un

ya
, O

lo
t 

2,
48

9 
42

,1
83

 
 

P
 

C
at

al
un

ya
, F

or
ne

lls
 d

e 
la

 S
el

va
 

2,
81

3 
41

,9
35

 
P

 
C

at
al

un
ya

, S
an

t C
el

on
i 

2,
49

2 
41

,6
89

 
 

P 
C

at
al

un
ya

, G
iro

na
 

2,
82

1 
41

,9
84

 
P

 
B

al
ea

rs
, S

an
ta

 P
on

sa
 

2,
49

3 
39

,5
17

 
 

P
 

C
at

al
un

ya
, Q

ua
rt 

2,
84

2 
41

,9
39

 
P

 
B

al
ea

rs
, S

a 
P

or
ra

ss
a 

2,
50

0 
39

,5
00

 
 

P
 

M
al

lo
rc

a,
 C

al
a 

P
i 

2,
84

2 
39

,3
63

 
P

 
B

al
ea

rs
, B

an
ya

lb
uf

ar
 

2,
51

2 
39

,6
90

 
 

P
 

C
at

al
un

ya
, L

lo
re

t d
e 

M
ar

 
2,

85
0 

41
,7

02
 

P
 

B
al

ea
rs

, C
al

a 
V

in
ya

s-
La

 P
or

ra
ss

a 
2,

52
8 

39
,5

08
 

 
P

 
C

at
al

un
ya

, C
as

sà
 d

e 
la

 S
el

va
 

2,
87

7 
41

,8
88

 
P

 
B

al
ea

rs
, P

ui
gp

un
ye

nt
 

2,
52

8 
39

,6
25

 
 

P
 

C
at

al
un

ya
, L

la
go

st
er

a 
2,

89
3 

41
,8

28
 

P
 

C
at

al
un

ya
, C

al
de

s 
d'

E
st

ra
c 

2,
52

9 
41

,5
71

 
 

P 
Ba

le
ar

s,
 M

al
lo

rc
a,

 L
lu

ch
m

aj
or

 
2,

89
5 

39
,4

89
 

P
 

B
al

ea
rs

, E
sp

or
la

s 
2,

55
8 

39
,6

70
 

 
P

 
C

at
al

un
ya

, B
or

di
ls

 
2,

91
3 

42
,0

45
 

P 
Ba

le
ar

s,
 S

on
 V

id
a 

2,
59

2 
39

,5
95

 
 

P
 

B
al

ea
rs

, I
nc

a-
In

ca
 

2,
91

3 
39

,7
18

 
P

 
B

al
ea

rs
, G

én
ov

a-
S

on
 D

ur
et

a 
2,

59
7 

39
,5

58
 

 
P

 
C

at
al

un
ya

, V
ila

de
se

ns
 

2,
93

2 
42

,0
96

 
P

 
C

at
al

un
ya

, S
an

t P
ol

 d
e 

M
ar

 
2,

62
4 

41
,6

03
 

 
P

 
C

at
al

un
ya

, T
os

sa
 d

e 
M

ar
 

2,
93

2 
41

,7
20

 
P

 
C

at
al

un
ya

, H
os

ta
lri

c 
2,

63
6 

41
,7

47
 

 
P

 
B

al
ea

rs
, M

al
lo

rc
a,

 S
a 

R
àp

ita
 

2,
93

8 
39

,3
67

 
P

 
C

at
al

un
ya

, A
ng

lè
s 

2,
63

9 
41

,9
58

 
 

P 
Ba

le
ar

s,
 C

ab
re

ra
 

2,
94

3 
39

,1
33

 
P

 
B

al
ea

rs
, P

al
m

a 
2,

65
7 

39
,5

78
 

 
P

 
C

at
al

un
ya

, F
ig

ue
re

s 
2,

96
2 

42
,2

67
 

P 
Ba

le
ar

s,
 S

on
 S

ar
di

na
 

2,
66

0 
39

,6
20

 
 

P 
B

al
ea

rs
, I

nc
a-

S
ta

. M
ag

da
le

na
 

2,
96

3 
39

,7
32

 
P 

C
at

al
un

ya
, C

al
el

la
 

2,
66

4 
41

,6
16

 
 

P 
C

at
al

un
ya

, S
an

t S
ad

ur
ni

 d
e 

l'H
eu

ra
 

2,
99

3 
41

,9
58

 
P

 
C

at
al

un
ya

, S
an

ta
 C

ol
om

a 
de

 F
ar

ne
rs

 
2,

66
4 

41
,8

64
 

 
P

 
B

al
ea

rs
, M

al
lo

rc
a,

 C
ol

òn
ia

 S
t. 

Jo
rd

i 
3,

00
0 

39
,3

18
 

P
 

C
at

al
un

ya
, P

in
ed

a 
de

 M
ar

 
2,

69
1 

41
,6

27
 

 
P

 
C

at
al

un
ya

, S
an

ta
 C

ris
tin

a 
d'

A
ro

 
3,

00
1 

41
,8

14
 

P
 

C
at

al
un

ya
, S

an
ta

 S
us

an
na

 
2,

70
8 

41
,6

36
 

 
P 

C
at

al
un

ya
, R

up
ià

 
3,

01
2 

42
,0

22
 

P
 

B
al

ea
rs

, P
or

t d
e 

S
ól

le
r 

2,
70

8 
39

,7
95

 
 

P 
C

at
al

un
ya

, C
or

çà
 

3,
01

8 
41

,9
89

 
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P
 

C
at

al
un

ya
, S

an
t F

el
iu

 d
e 

G
uí

xo
ls

 
3,

03
0 

41
,7

84
 

 
P 

C
at

al
un

ya
, T

am
ar

iu
 

3,
20

8 
41

,9
19

 
P

 
C

at
al

un
ya

, C
as

te
ll 

d'
A

ro
 

3,
03

0 
41

,8
17

 
 

P 
C

at
al

un
ya

, B
eg

ur
 

3,
20

9 
41

,9
55

 
P 

C
at

al
un

ya
, P

ar
la

và
 

3,
03

2 
42

,0
24

 
 

P 
C

at
al

un
ya

, C
ap

 d
e 

la
 B

ar
ra

 
3,

21
3 

42
,0

57
 

P
 

C
at

al
un

ya
, U

ltr
am

or
t 

3,
03

6 
42

,0
38

 
 

P
 

B
al

ea
rs

, C
ap

 d
e 

Fo
rm

en
to

r 
3,

21
4 

39
,9

63
 

P
 

C
at

al
un

ya
, B

is
ba

l d
'E

m
po

rd
à 

3,
04

0 
41

,9
59

 
 

P 
C

at
al

un
ya

, F
or

ne
lls

 
3,

21
6 

41
,9

40
 

P 
C

at
al

un
ya

, V
er

ge
s 

3,
04

8 
42

,0
63

 
 

P 
C

at
al

un
ya

, C
ad

aq
ué

s 
3,

27
7 

42
,2

90
 

P
 

B
al

ea
rs

, A
lb

uf
er

et
a 

P
ol

le
ns

a 
3,

06
2 

39
,8

97
 

 
P 

Ba
le

ar
s,

 M
al

lo
rc

a,
 C

ov
es

 d
el

 D
ra

c 
3,

33
2 

39
,5

34
 

P
 

C
at

al
un

ya
, P

la
tja

 d
'A

ro
 

3,
06

8 
41

,8
19

 
 

P
 

B
al

ea
rs

, M
al

lo
rc

a,
 C

ov
es

 d
'A

rtà
 

3,
45

5 
39

,6
58

 
P

 
C

at
al

un
ya

, U
lla

st
re

t 
3,

07
0 

42
,0

01
 

 
P

 
B

al
ea

rs
, C

al
a 

G
at

-C
ap

de
pe

ra
 

3,
46

7 
39

,7
15

 
P

 
C

at
al

un
ya

, C
as

te
lló

 d
'E

m
pú

rie
s 

3,
07

5 
42

,2
61

 
 

P 
Ba

le
ar

s,
 C

al
a 

G
uy

à 
3,

46
7 

39
,7

20
 

P
 

C
at

al
un

ya
, V

ila
da

m
at

 
3,

07
6 

42
,1

35
 

 
P

 
B

al
ea

rs
, M

in
or

ca
, C

al
a 

Fo
rc

at
  

3,
83

3 
40

,0
00

 
P 

C
at

al
un

ya
, C

al
on

ge
 

3,
07

7 
41

,8
62

 
 

P
 

B
al

ea
rs

, C
iu

ta
de

lla
 

3,
84

5 
40

,0
00

 
P

 
C

at
al

un
ya

, S
an

t P
er

e 
P

es
ca

do
r 

3,
08

3 
42

,1
89

 
 

P 
Ba

le
ar

s,
 G

al
da

na
 

3,
99

7 
39

,9
35

 
P

 
C

at
al

un
ya

, B
el

lc
ai

re
 d

'E
m

po
rd

à 
3,

09
6 

42
,0

80
 

 
P 

Ba
le

ar
s,

 N
a 

Ve
rm

el
la

 
4,

14
0 

40
,0

25
 

P 
C

at
al

un
ya

, F
on

ta
ni

lle
s 

3,
10

8 
42

,0
11

 
 

P
 

B
al

ea
rs

, B
. S

an
 J

ua
n 

4,
22

0 
39

,9
15

 
P 

C
at

al
un

ya
, U

llà
 

3,
10

9 
42

,0
52

 
 

P 
Ba

le
ar

s,
 M

aó
 

4,
25

0 
39

,9
43

 
P

 
C

at
al

un
ya

, P
al

au
-s

at
or

 
3,

11
1 

41
,9

90
 

 
P

 
B

al
ea

rs
, S

an
t F

el
ip

 
4,

28
8 

39
,9

15
 

P
 

B
al

ea
rs

, S
'A

lb
uf

er
a 

d'
A

lc
úd

ia
 

3,
11

5 
39

,7
95

 
 

P 
Ba

le
ar

s,
 A

lc
au

fa
r 

4,
29

2 
39

,8
32

 
P

 
C

at
al

un
ya

, S
an

t M
ar

tí 
d'

E
m

pú
rie

s 
3,

11
9 

42
,1

42
 

 
P 

Ba
le

ar
s,

 B
in

is
er

m
an

ya
 

4,
30

0 
39

,9
18

 
P

 
C

at
al

un
ya

, T
or

ro
el

la
 d

e 
M

on
tg

rí 
3,

12
9 

42
,0

43
 

 
U

ni
te

d 
A

ra
b 

Em
er

at
es

 
 

 
P

 
B

al
ea

rs
, M

al
lo

rc
a,

 S
an

ta
ny

í 
3,

13
0 

39
,3

56
 

 
P 

Al
 A

in
 

55
,7

00
 

24
,2

17
 

P
 

C
at

al
un

ya
, P

al
am

ós
 

3,
13

1 
41

,8
50

 
 

U
ni

te
d 

K
in

gd
om

 
 

 
P 

C
at

al
un

ya
, L

lo
fri

u 
3,

13
2 

41
,9

30
 

 
P 

G
la

sg
ow

 
-4

,2
50

 
55

,8
33

 
P

 
C

at
al

un
ya

, E
sc

al
a 

3,
13

5 
42

,1
26

 
 

P 
Pl

ym
ou

th
 

-4
,1

17
 

50
,4

00
 

P
 

C
at

al
un

ya
, P

al
s 

3,
15

0 
41

,9
71

 
 

P 
Ex

et
er

 
-3

,5
33

 
50

,7
00

 
P

 
C

at
al

un
ya

, P
al

au
-s

av
er

de
ra

 
3,

15
1 

42
,3

10
 

 
P 

Ed
in

bu
rg

h,
 E

di
nb

ur
gh

 
-3

,2
50

 
55

,9
33

 
P

 
C

at
al

un
ya

, L
la

nç
à 

3,
15

2 
42

,3
66

 
 

P
 

C
ha

nn
el

 Is
la

nd
s,

 G
ue

rn
se

y 
 

-2
,4

67
 

49
,4

83
 

P
 

C
at

al
un

ya
, P

al
af

ru
ge

ll 
3,

16
5 

41
,9

18
 

 
P

 
M

an
ch

es
te

r, 
Fa

llo
w

fie
ld

 
-2

,2
17

 
53

,4
33

 
P 

C
at

al
un

ya
, R

eg
en

có
s 

3,
17

1 
41

,9
54

 
 

P
 

C
he

sh
ire

, B
ro

ad
bo

tto
m

 
-2

,0
00

 
53

,4
50

 
P

 
C

at
al

un
ya

, C
al

a 
M

on
tg

í 
3,

17
2 

42
,1

10
 

 
P 

C
hi

lli
ng

ha
m

 
-1

,9
00

 
55

,5
17

 
P

 
C

at
al

un
ya

, R
os

es
 

3,
17

9 
42

,2
63

 
 

P
 

H
er

tfo
rd

sh
ire

, T
rin

g 
-0

,6
50

 
51

,7
83

 
P

 
P

 
C

at
al

un
ya

, C
al

el
la

 d
e 

Pa
la

fru
ge

ll 
C

at
al

un
ya

, E
st

ar
tit

 
3,

18
6 

3,
19

7 
41

,8
90

 
42

,0
53

 
 

P
  

Fa
rh

am
 H

ou
se

 L
ab

, I
m

pe
ria

l B
ur

ea
u 

of
 E

nt
om

ol
og

y
-0

,6
17

 
 

51
,5

33
 

 
 

 
 

 
 

P 
En

fie
ld

 
-0

,0
67

 
51

,6
67

 
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P
 

S
us

se
x,

 L
ew

es
 

-0
,0

17
 

50
,8

67
 

 
P

 
H

aw
ai

i, 
M

au
i, 

A
uw

ah
i 

-1
56

,3
33

 
20

,6
38

 
P

 
E

as
tb

ou
rn

e,
 E

as
t S

us
se

x 
0,

25
0 

50
,8

00
 

 
P

 
H

aw
ai

i, 
M

au
i, 

Ia
o 

N
ee

dl
e 

-1
56

,3
32

 
20

,5
32

 
P

 
W

. M
ai

ds
to

ne
, K

en
t 

0,
51

7 
51

,2
67

 
 

P 
H

aw
ai

i, 
M

ak
aw

ao
 

-1
56

,3
13

 
20

,8
57

 
P

 
B

el
fa

st
, W

in
ds

or
 P

ar
k 

-5
,9

33
 

54
,5

83
 

 
P 

H
aw

ai
i, 

Ka
le

pe
am

oa
 

-1
56

,2
85

 
20

,7
01

 
P

 
E

di
nb

ur
gh

, B
ot

an
ic

 G
ar

de
ns

 
-3

,2
00

 
55

,9
50

 
 

P
 

H
aw

ai
i, 

M
au

i, 
S

ilv
er

sw
or

d 
In

n 
-1

56
,2

48
 

20
,7

71
 

U
ru

gu
ay

 
 

 
 

 
P

 
H

aw
ai

i, 
M

au
i, 

H
al

ea
ka

la
 N

at
io

na
l P

ar
k 

-1
56

,2
46

 
20

,7
60

 
P*

 
C

ol
on

ia
, C

ar
m

el
o 

-5
8,

28
3 

-3
3,

98
3 

 
P 

H
aw

ai
i, 

M
au

i, 
H

os
m

er
 G

ro
ve

 
-1

56
,2

40
 

20
,7

71
 

P*
 

M
er

ce
de

s 
-5

8,
01

9 
-3

3,
25

6 
 

P 
H

aw
ai

i, 
M

au
i, 

O
lin

da
 

-1
56

,1
64

 
20

,4
81

 
P*

 
C

ol
on

ia
, C

ol
on

ia
 d

el
 S

ac
ra

m
en

to
 

-5
7,

84
1 

-3
4,

47
9 

 
P

 
H

aw
ai

i, 
H

aw
ai

i, 
Po

ha
ku

lo
a 

-1
55

,6
50

 
18

,9
34

 
P*

 
M

on
te

vi
de

o 
-5

6,
16

7 
-3

4,
85

0 
 

P 
H

aw
ai

i, 
H

aw
ai

i, 
Ah

um
oa

 
-1

55
,6

14
 

19
,8

12
 

P*
 

C
ar

ra
sc

o 
-5

6,
06

1 
-3

4,
88

5 
 

P 
H

aw
ai

i, 
K

em
ol

e 
-1

55
,5

28
 

19
,8

80
 

U
SA

 
 

 
 

 
P 

H
aw

ai
i, 

Sa
dd

le
 R

oa
d,

 K
ip

uk
a 

Pu
uh

uu
hu

lu
 

-1
55

,4
64

 
19

,6
87

 
P

 
H

aw
ai

i, 
K

au
ai

, H
an

ap
ep

e 
to

w
n 

-1
59

,5
95

 
21

,9
12

 
 

P 
H

aw
ai

i, 
Ka

m
ue

la
 

-1
55

,4
21

 
20

,0
15

 
P

 
H

aw
ai

i, 
K

au
ai

, A
la

ka
i S

w
am

p 
-1

59
,5

58
 

22
,1

08
 

 
P 

H
aw

ai
i, 

H
aw

ai
i, 

Ki
pu

ka
 P

ua
ul

u 
-1

55
,3

04
 

19
,4

47
 

P
 

H
aw

ai
i, 

K
au

ai
, P

oi
pu

  
-1

59
,4

54
 

21
,8

76
 

 
P

 
H

aw
ai

i, 
V

ol
ca

no
s 

N
at

io
na

l P
ar

k,
 ja

gg
er

 m
us

eu
m

 
-1

55
,2

90
 

19
,4

22
 

P
 

H
aw

ai
i, 

K
au

ai
, K

ok
ee

  
-1

59
,3

92
 

22
,0

75
 

 
P 

H
aw

ai
i, 

M
au

na
 K

ea
 V

ol
ca

no
 

-1
55

,2
82

 
19

,4
93

 
P

 
H

aw
ai

i, 
O

ah
u,

 H
al

e'
iw

a 
-1

58
,1

13
 

21
,5

90
 

 
P

 
H

aw
ai

i, 
V

ol
ca

no
s 

N
at

io
na

l P
ar

k,
 v

is
ito

r's
 c

en
te

r 
-1

55
,2

58
 

19
,4

30
 

P
 

H
aw

ai
i, 

O
ah

u,
 O

pa
eu

la
 

-1
58

,0
55

 
21

,3
51

 
 

P 
H

aw
ai

i, 
Ki

la
ue

a 
cr

at
er

 
-1

55
,2

50
 

19
,4

17
 

P
 

H
aw

ai
i, 

O
ah

u,
 E

w
a 

-1
58

,0
40

 
21

,3
43

 
 

P
 

H
aw

ai
i, 

H
aw

ai
i, 

Vo
lc

an
o 

-1
55

,2
38

 
19

,4
31

 
P

 
H

aw
ai

i, 
O

ah
u,

 W
ah

ia
w

a 
-1

58
,0

24
 

21
,5

03
 

 
P 

H
aw

ai
i, 

H
aw

ai
i, 

Ke
au

oh
an

a 
Fo

re
st

 R
es

er
ve

 
-1

54
,9

54
 

19
,4

20
 

P
 

H
aw

ai
i, 

O
ah

u,
 W

ai
pa

hu
 

-1
58

,0
03

 
21

,2
31

 
 

P
 

H
aw

ai
i, 

M
au

i, 
Ku

la
 

-1
54

,8
34

 
19

,5
19

 
P

 
H

aw
ai

i, 
O

ah
u,

 P
ea

rl 
H

ar
bo

r 
-1

57
,9

72
 

21
,3

55
 

 
P 

C
al

ifo
rn

ia
, H

um
bo

ld
t, 

E
ur

ek
a 

-1
24

,1
63

 
40

,8
02

 
P

 
H

aw
ai

i, 
O

ah
u,

 H
al

aw
a 

-1
57

,9
12

 
21

,3
83

 
 

P 
C

al
ifo

rn
ia

, H
um

bo
ld

t, 
R

ed
w

ay
 

-1
23

,8
17

 
40

,1
17

 
P

 
H

aw
ai

i, 
O

ah
u,

 H
on

al
ul

u 
-1

57
,8

58
 

21
,3

07
 

 
P

 
O

re
go

n,
 J

os
ep

hi
ne

, W
on

de
r 

-1
23

,5
34

 
42

,3
64

 
P

 
H

aw
ai

i, 
O

ah
u,

 M
t. 

Ta
nt

al
us

 
-1

57
,8

18
 

21
,3

36
 

 
P 

C
al

ifo
rn

ia
, M

en
do

ci
no

, U
ki

ah
 

-1
23

,2
07

 
39

,1
50

 
P

 
P

 
H

aw
ai

i, 
O

ah
u,

 K
an

eo
he

 B
ay

 
H

aw
ai

i, 
O

ah
u,

 K
an

eo
he

 
-1

57
,8

10
 

-1
57

,8
04

 
21

,4
63

 
21

,4
18

 
 

P
  

C
al

ifo
rn

ia
, S

on
om

a,
 R

us
si

an
 R

., 
6k

m
 E

 H
ea

ld
sb

ur
g

-1
22

,8
00

 
 

38
,6

00
 

 
P

 
H

aw
ai

i, 
O

ah
u,

 N
r. 

W
ai

m
an

al
o 

-1
57

,7
21

 
21

,3
50

 
 

P 
C

al
ifo

rn
ia

, S
on

om
a,

 S
an

ta
 R

os
a 

-1
22

,7
13

 
38

,4
41

 
P

 
H

aw
ai

i, 
M

oa
na

lu
a 

go
lf 

co
ur

se
 

-1
57

,5
36

 
21

,2
21

 
 

P
 

C
al

ifo
rn

ia
, S

on
om

a,
 P

et
al

um
a 

-1
22

,6
36

 
38

,2
33

 
P

 
H

aw
ai

i, 
O

ah
u,

 F
or

t S
ha

fte
r 

-1
57

,5
31

 
21

,2
12

 
 

P 
C

al
ifo

rn
ia

, M
ar

in
, S

au
sa

lit
o 

-1
22

,4
84

 
37

,8
59

 
P 

H
aw

ai
i, 

O
ah

u,
 N

uu
an

u 
V

al
le

y 
-1

57
,5

01
 

21
,2

03
 

 
P 

C
al

ifo
rn

ia
, S

an
 M

at
eo

, S
an

 B
ru

no
 M

t. 
-1

22
,4

33
 

37
,6

83
 

P 
H

aw
ai

i, 
La

na
i, 

La
na

i C
ity

 
-1

56
,9

22
 

20
,8

31
 

 
P 

C
al

ifo
rn

ia
, C

ol
us

a,
 L

ee
sv

ill
e 

-1
22

,4
23

 
39

,1
89

 
P

 
H

aw
ai

i, 
M

au
i, 

P
uk

al
an

i 
-1

56
,3

37
 

20
,8

37
 

 
P 

C
al

ifo
rn

ia
, S

an
 F

ra
nc

is
co

 
-1

22
,4

18
 

37
,7

75
 

 
 

 
 

 
P 

C
al

ifo
rn

ia
, S

ha
st

a,
 R

ed
di

ng
 

-1
22

,3
91

 
40

,5
87

 
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P 
C

al
ifo

rn
ia

, S
an

 F
ra

nc
is

co
, L

ak
e 

M
er

ce
d 

-1
22

,2
94

 
37

,4
32

 
 

P 
C

al
ifo

rn
ia

, L
iv

er
m

or
e 

-1
21

,7
67

 
37

,6
82

 
P 

C
al

ifo
rn

ia
, N

ap
a,

 N
ap

a 
-1

22
,2

84
 

38
,2

97
 

 
P

 
C

al
ifo

rn
ia

, W
at

so
nv

ill
e 

-1
21

,7
56

 
36

,9
10

 
P

 
C

al
ifo

rn
ia

, A
la

m
ed

a,
 B

er
ke

le
y 

-1
22

,2
72

 
37

,8
72

 
 

P 
C

al
ifo

rn
ia

, Y
ol

o,
 D

av
is

 
-1

21
,7

55
 

38
,5

43
 

P
 

C
al

ifo
rn

ia
, A

la
m

ed
a,

 O
ak

la
nd

 
-1

22
,2

70
 

37
,8

04
 

 
P

 
C

al
ifo

rn
ia

, 0
.6

km
 S

 A
rro

yo
 D

el
 V

al
le

 S
an

at
or

iu
m

 
-1

21
,7

53
 

37
,6

12
 

P
 

C
al

ifo
rn

ia
, A

la
m

ed
a,

 B
er

ke
le

y 
-1

22
,2

50
 

37
,8

67
 

 
P 

C
al

ifo
rn

ia
, W

illo
w

 S
lo

ug
h 

-1
21

,7
50

 
38

,6
00

 
P 

C
al

ifo
rn

ia
, A

la
m

ed
a 

 
-1

22
,2

41
 

37
,7

65
 

 
P 

C
al

ifo
rn

ia
, Y

ol
o,

 D
av

is
 

-1
21

,7
33

 
38

,5
50

 
P 

C
al

ifo
rn

ia
, R

ed
w

oo
d 

C
ity

 
-1

22
,2

35
 

37
,4

85
 

 
P 

C
al

ifo
rn

ia
, M

on
te

re
y,

 C
ar

m
el

 
-1

21
,7

31
 

36
,4

80
 

P
 

C
al

ifo
rn

ia
, A

la
m

ed
a,

 P
ie

dm
on

t 
-1

22
,2

31
 

37
,8

24
 

 
P 

C
al

ifo
rn

ia
, S

an
ta

 C
la

ra
, S

ou
th

 C
oy

ot
e 

-1
21

,7
17

 
37

,2
00

 
P

  
C

al
ifo

rn
ia

, S
an

 M
at

eo
, J

as
pe

r R
id

ge
 B

io
lo

gi
ca

l 
P

re
se

rv
e 

-1
22

,2
26

 
 

37
,4

08
 

 
 

P
  

C
al

ifo
rn

ia
, Y

ol
o,

 G
ra

ss
la

nd
s 

R
eg

io
na

l P
ar

k,
 8

km
 

S
E

 D
av

is
. 

-1
21

,6
83

 
 

38
,5

00
 

 
P 

C
al

ifo
rn

ia
, J

as
pe

r R
id

ge
 B

io
lo

gi
ca

l P
re

se
rv

e 
-1

22
,2

17
 

37
,4

00
 

 
P 

C
al

ifo
rn

ia
, M

on
te

re
y,

 S
al

in
as

 
-1

21
,6

54
 

36
,6

78
 

P
 

C
al

ifo
rn

ia
, G

le
nn

, W
illo

w
s 

-1
22

,1
93

 
39

,5
24

 
 

P
 

C
al

ifo
rn

ia
, C

on
tra

 C
os

ta
, B

yr
on

 H
ot

 S
pr

in
gs

 
-1

21
,6

32
 

37
,8

47
 

P
 

C
al

ifo
rn

ia
, C

on
tra

 C
os

ta
, O

rin
da

 
-1

22
,1

79
 

37
,8

77
 

 
P 

C
al

ifo
rn

ia
, G

ilr
oy

 
-1

21
,5

67
 

37
,0

06
 

P
 

C
al

ifo
rn

ia
, S

an
ta

 C
la

ra
, P

al
o 

A
lto

 
-1

22
,1

69
 

37
,4

30
 

 
P

 
C

al
ifo

rn
ia

, S
an

ta
 C

la
ra

, G
ua

da
lo

up
e 

re
sv

r. 
-1

21
,5

24
 

37
,1

16
 

P
 

C
al

ifo
rn

ia
, C

on
tra

 C
os

ta
, M

or
ag

a 
-1

22
,1

29
 

37
,8

35
 

 
P 

C
al

ifo
rn

ia
, S

ac
ra

m
en

to
, S

ac
ra

m
en

to
 

-1
21

,4
93

 
38

,5
82

 
P 

C
al

ifo
rn

ia
, T

eh
am

a 
-1

22
,1

22
 

40
,0

27
 

 
P 

C
al

ifo
rn

ia
, C

or
ra

l H
ol

lo
w

 C
re

ek
 

-1
21

,4
60

 
37

,6
60

 
P

 
C

al
ifo

rn
ia

, A
la

m
ed

a,
 M

el
ro

se
 

-1
22

,1
22

 
37

,4
61

 
 

P
 

C
al

ifo
rn

ia
, D

av
is

, U
ni

ve
rs

ity
 o

f C
al

ifo
rn

ia
 D

av
is

 
-1

21
,4

45
 

38
,3

23
 

P
 

C
al

ifo
rn

ia
, Y

ol
o,

 6
km

 W
 C

ap
ay

. 
-1

22
,1

17
 

38
,7

00
 

 
P 

C
al

ifo
rn

ia
, S

an
 J

oa
qu

in
, S

to
ck

to
n 

-1
21

,2
90

 
37

,9
58

 
P 

C
al

ifo
rn

ia
, C

ac
he

 C
re

ek
 

-1
22

,0
60

 
38

,7
10

 
 

P 
C

al
ifo

rn
ia

, S
an

 J
oa

qu
in

, C
as

w
el

l S
ta

te
 P

ar
k.

 
-1

21
,1

83
 

37
,7

00
 

P
 

C
al

ifo
rn

ia
, C

up
er

tin
o 

-1
22

,0
31

 
37

,3
23

 
 

P 
C

al
ifo

rn
ia

, M
on

te
re

y,
 K

in
g 

C
ity

 
-1

21
,1

25
 

36
,2

13
 

P
 

C
al

ifo
rn

ia
, S

an
ta

 C
ru

z,
 S

an
ta

 C
ru

z 
-1

22
,0

30
 

36
,9

74
 

 
P 

C
al

ifo
rn

ia
, L

as
se

n,
 W

es
tw

oo
d 

H
ills

 
-1

21
,0

05
 

40
,3

06
 

P
 

C
al

ifo
rn

ia
, U

la
tis

 C
re

ek
 

-1
21

,9
90

 
38

,3
60

 
 

P
 

C
al

ifo
rn

ia
, S

an
 L

ui
s 

O
bi

sp
o,

 M
or

ro
 B

ay
 S

ta
te

 P
ar

k 
-1

20
,8

50
 

35
,3

38
 

P
 

C
al

ifo
rn

ia
, A

la
m

ed
a,

 F
re

m
on

t 
-1

21
,9

88
 

37
,5

48
 

 
P 

C
al

ifo
rn

ia
, E

l D
or

ad
o,

 E
l D

or
ad

o 
-1

20
,8

47
 

38
,6

83
 

P
 

C
al

ifo
rn

ia
, S

ol
an

o,
 V

ac
av

ill
e 

-1
21

,9
87

 
38

,3
57

 
 

P
 

C
al

ifo
rn

ia
, A

m
ad

or
, J

ac
ks

on
 

-1
20

,7
73

 
38

,3
49

 
P

 
C

al
ifo

rn
ia

, S
an

 R
am

on
, A

th
en

s 
D

ow
ns

 P
ar

k 
-1

21
,9

77
 

37
,7

80
 

 
P 

C
al

ifo
rn

ia
, S

an
 L

ui
s 

O
bi

sp
o,

 O
so

 F
la

co
 L

ak
e 

-1
20

,6
17

 
35

,0
33

 
P

 
C

al
ifo

rn
ia

, L
os

 G
at

os
 

-1
21

,9
74

 
37

,2
27

 
 

P
 

C
al

ifo
rn

ia
, M

od
oc

, A
ltu

ra
s 

-1
20

,5
41

 
41

,4
87

 
P 

C
al

ifo
rn

ia
, S

an
ta

 C
la

ra
, S

an
ta

 C
la

ra
 

-1
21

,9
54

 
37

,3
54

 
 

P 
C

al
ifo

rn
ia

, S
an

ta
 B

ar
ab

ar
a,

 S
an

ta
 M

ar
ia

 
-1

20
,4

35
 

34
,9

53
 

P 
C

al
ifo

rn
ia

, C
am

pb
el

l 
-1

21
,9

49
 

37
,2

87
 

 
P 

C
al

ifo
rn

ia
, N

ev
ad

a,
 T

ru
ck

ee
 

-1
20

,1
82

 
39

,3
28

 
P

 
P

 
C

al
ifo

rn
ia

, S
an

ta
 C

la
ra

, S
an

 J
os

e 
C

al
ifo

rn
ia

, M
on

te
re

y,
 M

on
te

re
y 

-1
21

,8
94

 
-1

21
,8

94
 

37
,3

39
 

36
,6

00
 

 
P

  
C

al
ifo

rn
ia

, S
an

ta
 B

ar
ba

ra
, U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 
S

an
ta

 B
ar

ba
ra

 
-1

19
,8

48
 

 
34

,4
16

 
 

P 
C

al
ifo

rn
ia

, S
an

ta
 C

la
ra

,  
-1

21
,8

78
 

37
,1

99
 

 
P

 
N

ev
ad

a,
 W

as
ho

e,
 R

en
o 

-1
19

,8
13

 
39

,5
30

 
P 

C
al

ifo
rn

ia
, P

le
as

an
to

n 
-1

21
,8

74
 

37
,6

63
 

 
P 

C
al

ifo
rn

ia
, F

re
sn

o,
 F

re
sn

o 
-1

19
,7

71
 

36
,7

48
 

P
 

C
al

ifo
rn

ia
, Y

ol
o,

 W
oo

dl
an

d,
 W

illo
w

 S
lo

ug
h 

-1
21

,7
85

 
38

,6
05

 
 

P 
C

al
ifo

rn
ia

, S
an

ta
 B

ar
ab

ar
a,

 S
an

ta
 B

ar
ab

ar
a 

-1
19

,6
97

 
34

,4
21

 
P

 
C

al
ifo

rn
ia

, M
on

te
rre

y 
B

ig
 S

ur
 

-1
21

,7
83

 
36

,2
67

 
 

P
 

C
al

ifo
rn

ia
, C

on
tra

 C
os

ta
, F

ru
itv

ille
 

-1
19

,0
82

 
35

,3
83

 
 

 
 

 
 

P 
C

al
ifo

rn
ia

, S
an

ta
 P

au
la

 
-1

19
,0

58
 

34
,3

54
 

 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P
 

C
al

ifo
rn

ia
, K

er
n,

 B
ak

er
sf

ie
ld

 
-1

19
,0

18
 

35
,3

73
 

 
P

 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, P

oi
nt

 L
om

a 
-1

17
,4

00
 

33
,2

17
 

P
 

C
al

ifo
rn

ia
, L

os
 A

ng
el

es
, S

an
ta

 M
on

ic
a 

M
ts

. 
-1

18
,7

50
 

34
,0

83
 

 
P

 
C

al
ifo

rn
ia

, R
iv

er
si

de
, R

iv
er

si
de

 
-1

17
,3

95
 

33
,9

53
 

P
 

C
al

ifo
rn

ia
, L

os
 A

ng
el

es
, T

ap
ia

 P
ar

k 
-1

18
,7

06
 

34
,0

85
 

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, S
an

 L
ui

s 
R

ey
 R

iv
er

 
-1

17
,3

91
 

33
,2

02
 

P
 

C
al

ifo
rn

ia
, L

os
 A

ng
el

es
, W

es
tw

oo
d 

Pa
rk

 
-1

18
,4

62
 

34
,0

53
 

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, S
an

 D
ie

go
 

-1
17

,3
50

 
33

,3
67

 
P

 
C

al
ifo

rn
ia

, L
os

 A
ng

el
es

, E
l S

eg
un

do
 

-1
18

,4
16

 
33

,9
19

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, M

is
si

on
 H

ills
 

-1
17

,3
17

 
33

,2
50

 
P 

C
al

ifo
rn

ia
, S

an
ta

 C
at

al
in

a,
 A

va
lo

n 
-1

18
,3

27
 

33
,3

43
 

 
P 

C
al

ifo
rn

ia
, G

ra
nd

 T
er

ra
ce

 
-1

17
,3

13
 

34
,0

34
 

P
 

C
al

ifo
rn

ia
, L

os
 A

ng
el

es
, P

ac
ifi

c 
P

al
is

ad
es

 
-1

18
,3

13
 

34
,0

25
 

 
P 

C
al

ifo
rn

ia
, S

an
 B

er
na

di
no

, S
an

 B
er

na
di

no
 

-1
17

,2
89

 
34

,1
08

 
P 

C
al

ifo
rn

ia
, H

ar
bo

r C
ity

 
-1

18
,2

97
 

33
,7

90
 

 
P 

C
al

ifo
rn

ia
, R

iv
er

si
de

, T
em

ec
ul

a 
-1

17
,2

88
 

33
,5

05
 

P
  

C
al

ifo
rn

ia
, L

os
 A

ng
el

es
, U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 
Lo

s 
A

ng
el

es
 

-1
18

,2
62

 
 

34
,0

42
 

 
 

P
 

P
 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, L
a 

Jo
lla

 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, E

nc
in

ita
s,

 O
ak

 C
re

st
 P

ar
k 

-1
17

,2
73

 
-1

17
,2

67
 

32
,8

47
 

33
,0

33
 

P
 

C
al

ifo
rn

ia
, L

os
 A

ng
el

es
, G

le
nd

al
e 

-1
18

,2
54

 
34

,1
43

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, 1

m
i S

 D
el

 M
ar

  
-1

17
,2

64
 

32
,9

45
 

P
 

C
al

ifo
rn

ia
, L

os
 A

ng
el

es
, L

os
 A

ng
el

es
 

-1
18

,2
43

 
34

,0
52

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, D

el
 M

ar
 

-1
17

,2
64

 
32

,9
59

 
P

 
C

al
ifo

rn
ia

, L
os

 A
ng

el
es

, E
ag

le
 R

oc
k 

-1
18

,2
13

 
34

,1
39

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, E

nc
in

ita
s 

-1
17

,2
60

 
33

,0
50

 
P

  
C

al
ifo

rn
ia

, L
os

 A
ng

el
es

, U
ni

ve
rs

ity
 o

f S
ou

th
er

n 
C

al
ifo

rn
ia

 
-1

18
,1

71
 

 
34

,0
12

 
 

 
P

 
P

 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, T

or
re

y 
P

in
es

 S
ta

te
 R

es
er

ve
 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, P
oi

nt
 L

om
a 

-1
17

,2
52

 
-1

17
,2

51
 

32
,9

15
 

32
,7

23
 

P
 

C
al

ifo
rn

ia
, L

os
 A

ng
el

es
, P

as
ad

en
a 

-1
18

,1
44

 
34

,1
48

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, T

or
re

y 
P

in
es

 S
ta

te
 R

es
. 

-1
17

,2
50

 
32

,9
17

 
P

 
C

al
ifo

rn
ia

, L
os

 A
ng

el
es

, A
lta

de
na

 
-1

18
,1

30
 

34
,1

90
 

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, D
el

 M
ar

, T
or

re
y 

P
in

es
 S

t. 
P

ar
k 

-1
17

,2
47

 
32

,9
41

 
P

 
C

al
ifo

rn
ia

, L
os

 A
ng

el
es

, E
ag

le
 R

oc
k 

-1
18

,1
10

 
34

,0
80

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, L

a 
Jo

lla
 

-1
17

,2
40

 
32

,8
50

 
P

 
C

al
ifo

rn
ia

, L
os

 A
ng

el
es

, S
an

 G
ab

rie
l 

-1
18

,1
05

 
34

,0
96

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, B

al
bo

a 
Pa

rk
 

-1
17

,2
33

 
33

,2
17

 
P

 
C

al
ifo

rn
ia

, H
um

bo
ld

t, 
A

rc
ad

ia
 

-1
18

,0
34

 
34

,1
40

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, D

el
 M

ar
, C

ar
m

el
 M

ou
nt

ai
n 

-1
17

,2
17

 
33

,9
31

 
P

 
C

al
ifo

rn
ia

, L
os

 A
ng

el
es

, M
on

ro
vi

a 
-1

17
,9

98
 

34
,1

48
 

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, S
an

 D
ie

go
 

-1
17

,2
12

 
32

,8
15

 
P

 
C

al
ifo

rn
ia

, O
ra

ng
e,

 N
ew

po
rt 

B
ea

ch
 

-1
17

,9
28

 
33

,6
19

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, R

an
ch

o 
S

an
ta

 F
e 

-1
17

,2
02

 
33

,0
20

 
P

 
C

al
ifo

rn
ia

, O
ra

ng
e,

 F
ul

le
rto

n 
-1

17
,9

24
 

33
,8

70
 

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, S
an

 C
le

m
en

te
 C

re
ek

 
-1

17
,2

00
 

32
,8

33
 

P
 

C
al

ifo
rn

ia
, O

ra
ng

e,
 C

os
ta

 M
es

a 
-1

17
,9

18
 

33
,6

41
 

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, S
an

 D
ie

go
 

-1
17

,2
00

 
33

,2
00

 
P

 
C

al
ifo

rn
ia

, L
os

 A
ng

el
es

, A
zu

sa
 

-1
17

,9
07

 
34

,1
34

 
 

P 
C

al
ifo

rn
ia

, U
ni

ve
rs

ity
 o

f C
al

ifo
rn

ia
 R

iv
er

si
de

 
-1

17
,1

95
 

33
,5

82
 

P
 

C
al

ifo
rn

ia
, O

ra
ng

e,
 S

an
ta

 A
na

 
-1

17
,8

67
 

33
,7

46
 

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, S
an

 D
ie

go
 

-1
17

,1
66

 
32

,7
37

 
P

 
C

al
ifo

rn
ia

, L
os

 A
ng

el
es

, T
an

ba
rk

 F
la

ts
 

-1
17

,7
60

 
34

,2
04

 
 

P
 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, p
ac

ifi
c 

be
ac

h 
-1

17
,1

50
 

33
,2

33
 

P
 

C
al

ifo
rn

ia
, L

os
 A

ng
el

es
, P

om
on

a 
-1

17
,7

51
 

34
,0

55
 

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, B
al

bo
a 

Pa
rk

 
-1

17
,1

46
 

32
,7

32
 

P
 

C
al

ifo
rn

ia
, O

ra
ng

e,
 S

an
 J

ua
n 

C
an

yo
n 

-1
17

,7
06

 
33

,5
08

 
 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, K

at
e 

S
es

si
on

s 
P

ar
k 

-1
17

,1
33

 
33

,2
83

 
P

 
P

 
C

al
ifo

rn
ia

, S
an

 B
er

na
di

no
, O

nt
ar

io
 

C
al

ifo
rn

ia
, S

an
 B

er
na

di
no

, U
pl

an
d 

-1
17

,6
50

 
-1

17
,6

48
 

34
,0

63
 

34
,0

98
 

 
P

  
C

al
ifo

rn
ia

, S
an

 D
ie

go
, I

m
pe

ria
l B

ea
ch

, T
ia

ju
an

a 
R

iv
er

 
E

st
ua

ry
 

-1
17

,1
17

 
 

32
,5

50
 

 
P

 
P

 
C

al
ifo

rn
ia

, A
lta

 L
om

a 
C

al
ifo

rn
ia

, R
an

ch
o 

C
uc

am
on

ga
 

-1
17

,5
97

 
-1

17
,5

92
 

34
,1

22
 

34
,1

06
 

 
P

  
C

al
ifo

rn
ia

, S
an

 D
ie

go
, U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 E
lli

ot
 

C
ha

pa
rra

l R
es

er
ve

 
-1

17
,1

08
 

 
32

,8
92

 
 

P
 

P
 

C
al

ifo
rn

ia
, O

ra
ng

e,
 T

ra
bu

co
 C

an
yo

n 
W

as
hi

ng
to

n,
 S

po
ka

ne
, S

po
ka

ne
 

-1
17

,5
77

 
-1

17
,4

25
 

33
,6

57
 

47
,6

59
 

 
P

  
C

al
ifo

rn
ia

, S
an

 D
ie

go
, U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

 E
lli

ot
 

C
ha

pa
rra

l R
es

er
ve

 
-1

17
,1

00
 

 
32

,9
00

 
 

 
 

 
 

 
P

 
C

al
ifo

rn
ia

, R
iv

er
si

de
, T

em
ec

ul
a 

-1
17

,1
00

 
33

,4
65

 
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, E

sc
on

di
do

 
-1

17
,0

86
 

33
,1

19
 

 
P 

Lo
ui

si
an

a,
 E

va
ng

el
in

e 
-9

2,
57

1 
30

,2
62

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, S
an

 D
ie

go
 

-1
17

,0
57

 
32

,7
48

 
 

P 
Lo

ui
si

an
a,

 R
ap

id
es

, A
le

xa
nd

ria
 

-9
2,

44
5 

31
,3

11
 

P
 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, C
hu

la
 V

is
ta

 
-1

17
,0

37
 

32
,6

42
 

 
P 

Lo
ui

si
an

a,
 R

ap
id

es
, C

he
ne

yv
ill

e 
-9

2,
28

7 
31

,0
15

 
P

 
C

al
ifo

rn
ia

, R
iv

er
si

de
, L

ak
e 

S
ki

nn
er

 C
am

p 
C

 
-1

17
,0

33
 

33
,5

83
 

 
P 

Lo
ui

si
an

a,
 S

t. 
La

nd
ry

, O
pe

lo
us

as
 

-9
2,

08
1 

30
,5

33
 

P
  

C
al

ifo
rn

ia
, R

iv
er

si
de

, T
em

ec
ul

a,
 L

ak
e 

S
ki

nn
er

 
C

ou
nt

y 
P

ar
k 

-1
17

,0
31

 
 

33
,3

52
 

 
 

P
 

P
 

Lo
ui

si
an

a,
 A

vo
ye

lle
s,

 M
an

su
ra

 
Lo

ui
si

an
a,

 L
af

ay
et

te
, L

af
ay

et
te

 
-9

2,
04

9 
-9

2,
02

0 
31

,0
58

 
30

,2
24

 
P

 
C

al
ifo

rn
ia

, S
an

 D
ie

go
, C

hu
la

 V
is

ta
 

-1
17

,0
26

 
32

,6
44

 
 

P 
Lo

ui
si

an
a,

 Ib
er

ia
, N

ew
 Ib

er
ia

 
-9

1,
81

9 
30

,0
03

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

 
-1

17
,0

03
 

32
,4

13
 

 
P 

Lo
ui

si
an

a,
 F

ra
nk

lin
 

-9
1,

50
1 

29
,7

96
 

P
 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, C
hu

la
 V

is
ta

 
-1

16
,9

93
 

32
,6

51
 

 
P 

Lo
ui

si
an

a,
 P

oi
nt

e 
C

ou
pe

e 
-9

1,
43

3 
30

,7
34

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, E
l C

aj
on

 
-1

16
,9

80
 

32
,7

90
 

 
P

 
M

is
si

ss
ip

pi
, W

ilk
in

so
n,

 W
oo

dv
ill

e 
-9

1,
29

9 
31

,1
04

 
P

  
C

al
ifo

rn
ia

, S
an

 D
ie

go
, S

w
ee

t W
at

er
 W

ild
lif

e 
R

ef
ug

e 
-1

16
,9

52
 

 
32

,7
21

 
 

 
P

 
P

 
Lo

ui
si

an
a,

 S
t. 

M
ar

y,
 B

er
w

ic
k 

Lo
ui

si
an

a,
 S

t. 
M

ar
y,

 M
or

ga
n 

C
ity

 
-9

1,
21

9 
-9

1,
20

7 
29

,6
94

 
29

,6
99

 
P 

C
al

ifo
rn

ia
, S

an
 D

ie
go

, E
l C

aj
on

 
-1

16
,9

46
 

32
,8

10
 

 
P 

Lo
ui

si
an

a,
 E

. B
at

on
 R

ou
ge

, B
at

on
 R

ou
ge

 
-9

1,
15

4 
30

,4
51

 
P

 
C

al
ifo

rn
ia

, R
iv

er
si

de
, P

al
m

 S
pr

in
gs

 
-1

16
,5

44
 

33
,8

30
 

 
P 

Lo
ui

si
an

a,
 A

sc
en

si
on

, D
on

al
ds

on
vi

lle
 

-9
0,

99
3 

30
,1

01
 

P
 

N
ev

ad
a,

 C
la

rk
, L

as
 V

eg
as

 
-1

15
,1

36
 

36
,1

75
 

 
P

 
Lo

ui
si

an
a,

 M
ad

is
on

, D
el

ta
 

-9
0,

92
7 

32
,3

26
 

P
 

A
riz

on
a,

 Y
um

a,
 Y

um
a 

-1
14

,6
24

 
32

,7
25

 
 

P
 

M
is

si
ss

ip
pi

, W
ar

re
n,

 V
ic

ks
bu

rg
 

-9
0,

87
8 

32
,3

53
 

P
 

A
riz

on
a,

 M
ar

ic
op

a,
 P

ho
en

ix
 

-1
12

,0
73

 
33

,4
48

 
 

P
 

Lo
ui

si
an

a,
 S

t. 
Ja

m
es

, C
on

ve
nt

 
-9

0,
83

0 
30

,0
21

 
P

 
A

riz
on

a,
 P

im
a,

 T
uc

so
n 

-1
10

,5
53

 
32

,1
32

 
 

P
 

Lo
ui

si
an

a,
 L

af
ou

rc
he

, T
hi

bo
de

au
x 

-9
0,

82
3 

29
,7

96
 

P
 

A
riz

on
a,

 C
oc

hi
se

, D
ou

gl
as

 
-1

09
,5

45
 

31
,3

44
 

 
P

 
Lo

ui
si

an
a,

 T
er

re
bo

nn
e,

 S
ch

rie
ve

r 
-9

0,
81

0 
29

,7
42

 
P 

Te
xa

s,
 L

ub
bo

ck
 , 

Lu
bb

oc
k 

 
-1

01
,8

55
 

33
,5

78
 

 
P 

Lo
ui

si
an

a,
 A

ca
di

a 
-9

0,
80

1 
29

,7
69

 
P

 
Te

xa
s,

 B
ex

ar
, S

an
 A

nt
on

io
, B

ra
ck

en
rid

ge
 P

ar
k 

-9
8,

49
3 

29
,4

24
 

 
P 

Lo
ui

si
an

a,
 S

t. 
C

ha
rle

s 
-9

0,
72

1 
29

,7
53

 
P

 
Te

xa
s,

 B
ex

ar
, B

ra
ck

en
rid

ge
 P

ar
k 

-9
8,

47
3 

29
,4

56
 

 
P 

Lo
ui

si
an

a,
 H

ou
m

a 
-9

0,
71

9 
29

,5
96

 
P 

Te
xa

s,
 B

ro
w

ns
vi

lle
 

-9
7,

49
7 

25
,9

01
 

 
P 

Lo
ui

si
an

a,
 T

an
gi

pa
ho

a 
-9

0,
51

2 
30

,8
76

 
P

 
Te

xa
s,

 W
illi

am
so

n,
 T

ay
lo

r 
-9

7,
40

9 
30

,5
71

 
 

P
 

M
is

si
ss

ip
pi

, C
op

ia
h,

 H
az

le
hu

rs
t 

-9
0,

39
6 

31
,8

60
 

P
 

Te
xa

s,
 D

al
la

s,
 D

al
la

s 
-9

6,
80

0 
32

,7
83

 
 

P
 

M
is

si
ss

ip
pi

, C
op

ia
h,

 C
ry

st
al

 S
pr

in
gs

 
-9

0,
35

7 
31

,9
87

 
P

 
S

ou
th

 D
ak

ot
a,

 B
ro

ok
in

gs
, B

ro
ok

in
gs

 
-9

6,
79

8 
44

,3
11

 
 

P
 

M
is

so
ur

i, 
S

t. 
Lo

ui
s,

 U
ni

ve
rs

ity
 C

ity
 

-9
0,

30
9 

38
,6

56
 

P 
O

kl
ah

om
a,

 C
ad

do
 

-9
6,

26
3 

34
,1

27
 

 
P 

Lo
ui

si
an

a,
 N

ew
 O

rle
an

s,
 K

en
ne

r 
-9

0,
25

9 
33

,0
39

 
P

 
Te

xa
s,

 H
op

ki
ns

 , 
S

ul
ph

ur
 S

pr
in

gs
  

-9
5,

60
1 

33
,1

38
 

 
P

 
M

is
so

ur
i, 

S
t. 

Lo
ui

s,
 S

t. 
Lo

ui
s,

 B
ot

an
ic

 G
ar

de
ns

 
-9

0,
19

8 
38

,6
27

 
P

 
Te

xa
s,

 H
ar

ris
, H

ou
st

on
 

-9
5,

36
3 

29
,7

63
 

 
P

 
M

is
si

ss
ip

pi
, H

in
ds

, J
ac

ks
on

 a
re

a 
-9

0,
18

5 
32

,2
99

 
P

 
Te

xa
s,

 J
ef

fe
rs

on
, B

ea
um

on
t 

-9
4,

10
2 

30
,0

86
 

 
P 

Lo
ui

si
an

a,
 J

ef
fe

rs
on

 
-9

0,
15

3 
29

,9
66

 
P 

Te
xa

s,
 B

ow
ie

, T
ex

ar
ka

na
 

-9
4,

04
8 

33
,4

25
 

 
P 

Lo
ui

si
an

a,
 O

rle
an

s,
 A

ud
ub

on
 P

ar
k 

-9
0,

12
6 

29
,9

31
 

P
 

A
rk

an
sa

s,
 M

ill
er

, T
ex

ar
ka

na
 

-9
4,

03
8 

33
,4

42
 

 
P 

Lo
ui

si
an

a,
 W

es
t E

nd
 

-9
0,

11
3 

30
,0

23
 

P
 

Lo
ui

si
an

a,
 C

ad
do

, S
hr

ev
ep

or
t 

-9
3,

75
0 

32
,5

25
 

 
P

 
Lo

ui
si

an
a,

 O
rle

an
s,

 N
ew

 O
rle

an
s 

-9
0,

07
5 

29
,9

54
 

P
 

Lo
ui

si
an

a,
 C

al
ca

si
eu

, L
ak

e 
C

ha
rle

s 
-9

3,
21

7 
30

,2
26

 
 

 
 

 
 

P
 

M
in

ne
so

ta
, R

am
se

y,
 S

t. 
P

au
l 

-9
3,

09
3 

44
,9

44
 

 
 

 
 

 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

 
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P 
Lo

ui
si

an
a,

 N
ew

 O
rle

an
s 

-9
0,

06
7 

29
,9

67
 

 
P

 
Ill

in
oi

s,
 C

oo
k,

 C
hi

ca
go

 
-8

7,
65

0 
41

,8
50

 
P 

Lo
ui

si
an

a,
 M

iln
eb

ur
g 

-9
0,

06
1 

30
,0

24
 

 
P 

Fl
or

id
a,

 E
sc

am
bi

a,
 G

on
za

le
z 

-8
7,

29
1 

30
,5

81
 

P
 

Te
nn

es
se

e,
 S

he
lb

y,
 M

em
ph

is
 

-9
0,

04
9 

35
,1

49
 

 
P

 
Fl

or
id

a,
 E

sc
am

bi
a,

 P
en

sa
co

la
 

-8
7,

21
7 

30
,4

21
 

P
 

Lo
ui

si
an

a,
 A

lg
ie

rs
 

-9
0,

04
7 

29
,9

45
 

 
P

 
Te

nn
es

se
e,

 G
ile

s,
 P

ul
as

ki
 

-8
7,

03
1 

35
,2

00
 

P
 

Lo
ui

si
an

a,
 S

t. 
B

er
na

rd
 

-8
9,

85
9 

29
,8

67
 

 
P

 
A

la
ba

m
a,

 J
ef

fe
rs

on
, B

irm
in

gh
am

 
-8

6,
80

3 
33

,5
21

 
P

 
M

is
si

ss
ip

pi
, H

ol
m

es
, D

ur
an

t 
-8

9,
85

4 
33

,0
75

 
 

P
 

Fl
or

id
a,

 O
ka

lo
os

a,
 C

re
st

vi
ew

 
-8

6,
57

1 
30

,7
62

 
P

 
M

is
si

ss
ip

pi
, M

ad
is

on
, C

am
de

n 
-8

9,
83

9 
32

,7
82

 
 

P
 

Te
nn

es
se

e,
 L

in
co

ln
, F

ay
et

te
vi

lle
 

-8
6,

57
1 

35
,1

52
 

P
 

Lo
ui

si
an

a,
 P

la
qu

em
in

es
, H

ap
py

 J
ac

k 
-8

9,
73

4 
29

,5
22

 
 

P
 

Fl
or

id
a,

 O
ka

lo
os

a,
 N

ic
ev

ille
 

-8
6,

48
2 

30
,5

17
 

P
 

Lo
ui

si
an

a,
 P

la
qu

em
in

es
, H

ap
py

 J
ac

k 
-8

9,
73

3 
29

,5
17

 
 

P
 

Te
nn

es
se

e,
 D

av
id

so
n,

 N
as

hi
vi

lle
 

-8
6,

47
0 

36
,0

96
 

P 
Lo

ui
si

an
a,

 N
ai

rn
, N

ai
rn

 
-8

9,
61

1 
29

,4
28

 
 

P 
A

la
ba

m
a,

 A
ub

ur
n 

U
ni

ve
rs

ity
 

-8
5,

48
5 

32
,6

02
 

P
 

M
is

si
ss

ip
pi

, C
ov

in
gt

on
, C

ol
lin

s 
-8

9,
55

5 
31

,6
45

 
 

P
 

Fl
or

id
a,

 G
ul

f, 
P

or
t S

ai
nt

 J
oe

 
-8

5,
30

3 
29

,8
12

 
P

 
M

is
si

ss
ip

pi
, H

ol
m

es
, H

ol
m

es
 C

ou
nt

y 
S

ta
te

 P
ar

k 
-8

9,
54

6 
33

,0
14

 
 

P
 

G
eo

rg
ia

, M
er

iw
ea

th
er

,T
al

bo
t, 

M
an

ch
es

te
r 

-8
4,

62
0 

32
,8

60
 

P 
Lo

ui
si

an
a,

 P
la

qu
em

in
es

, B
ur

as
 

-8
9,

52
4 

29
,3

52
 

 
P

 
G

eo
rg

ia
, F

ul
to

n,
 A

tla
nt

a 
-8

4,
38

8 
33

,7
49

 
P

 
M

is
si

ss
ip

pi
, F

or
re

st
, H

at
tie

sb
ur

g 
-8

9,
29

0 
31

,3
27

 
 

P
 

G
eo

rg
ia

, G
w

in
ne

tt,
 W

at
to

n,
 L

og
an

vi
lle

 
-8

3,
54

0 
33

,5
02

 
P

 
M

is
si

ss
ip

pi
, H

an
co

ck
, B

ay
 S

ai
nt

 L
ou

is
 

-8
9,

19
5 

30
,1

83
 

 
P 

So
ut

h 
C

ar
ol

in
a,

 P
ic

ke
ns

, C
le

m
so

n 
-8

2,
83

8 
34

,6
83

 
P

 
M

is
si

ss
ip

pi
, C

ho
ct

aw
, A

ck
er

m
an

 
-8

9,
17

3 
33

,3
10

 
 

P
 

Fl
or

id
a,

 P
in

el
la

s,
 S

t. 
P

et
er

sb
ur

g 
-8

2,
67

9 
27

,7
71

 
P

 
M

is
si

ss
ip

pi
, P

er
ry

 
-8

9,
14

1 
30

,7
21

 
 

P
 

Fl
or

id
a,

 H
ill

sb
or

ou
gh

, T
am

pa
 

-8
2,

45
9 

27
,9

47
 

P
 

M
is

si
ss

ip
pi

, J
on

es
, L

au
re

l 
-8

9,
13

1 
31

,6
94

 
 

P
 

Fl
or

id
a,

 H
ill

sb
or

ou
gh

, T
em

pl
e 

Te
rra

ce
 

-8
2,

38
9 

28
,0

35
 

P
 

M
is

si
ss

ip
pi

, H
ar

ris
on

, G
ul

fp
or

t 
-8

9,
09

3 
30

,3
67

 
 

P 
So

ut
h 

C
ar

ol
in

a,
 G

re
en

vi
lle

, T
ra

ve
le

rs
 R

es
t  

-8
2,

26
4 

34
,5

80
 

P
 

Te
nn

es
se

e,
 O

bi
on

, K
en

to
n 

-8
9,

01
2 

36
,2

02
 

 
P 

So
ut

h 
C

ar
ol

in
a,

 M
cC

or
m

ic
k,

 M
cC

or
m

ic
k 

-8
2,

17
4 

33
,5

45
 

P
 

M
is

si
ss

ip
pi

, O
kt

ib
be

ha
, 3

m
i W

 A
da

to
n 

-8
8,

97
0 

33
,4

83
 

 
P 

So
ut

h 
C

ar
ol

in
a,

 L
au

re
ns

, G
ra

y 
C

ou
rt 

-8
2,

11
4 

34
,6

08
 

P
 

M
is

si
ss

ip
pi

, H
ar

ris
on

, B
ilo

xi
 

-8
8,

88
5 

30
,3

96
 

 
P

 
G

eo
rg

ia
, R

ic
hm

on
d,

 A
ug

us
ta

 
-8

1,
97

5 
33

,4
71

 
P

 
M

is
si

ss
ip

pi
, J

ac
ks

on
, O

ce
an

 S
pr

in
gs

 
-8

8,
82

8 
30

,4
11

 
 

P
 

Fl
or

id
a,

 P
ol

k,
 W

in
te

r H
av

en
 

-8
1,

73
3 

28
,0

22
 

P
 

M
is

si
ss

ip
pi

, O
kt

ib
be

ha
, S

ta
rk

vi
lle

 
-8

8,
81

8 
33

,4
50

 
 

P
 

Fl
or

id
a,

 D
uv

al
, J

ac
ks

on
vi

lle
 

-8
1,

65
6 

30
,3

32
 

P
 

M
is

si
ss

ip
pi

, O
kt

ib
be

ha
, S

ta
rk

vi
lle

 
-8

8,
81

7 
33

,4
50

 
 

P 
Fl

or
id

a,
 H

ig
hl

an
ds

, S
eb

rin
g 

-8
1,

44
1 

27
,4

95
 

P
 

M
is

si
ss

ip
pi

, L
au

de
rd

al
e,

 M
er

id
ia

n 
-8

8,
70

4 
32

,3
64

 
 

P
 

Fl
or

id
a,

 O
ra

ng
e,

 O
rla

nd
o 

-8
1,

37
9 

28
,5

38
 

P
 

M
is

si
ss

ip
pi

, C
la

y,
 W

es
t P

oi
nt

 
-8

8,
65

0 
33

,6
08

 
 

P
 

Fl
or

id
a,

 S
em

in
ol

e,
 S

an
fo

rd
 

-8
1,

27
3 

28
,8

00
 

P
 

M
is

si
ss

ip
pi

, J
ac

ks
on

, P
as

ca
go

ul
a 

-8
8,

55
6 

30
,3

66
 

 
P 

So
ut

h 
C

ar
ol

in
a,

 Y
or

k 
-8

1,
25

0 
35

,0
00

 
P

 
M

is
si

ss
ip

pi
, M

on
ro

e,
 A

be
rd

ee
n 

-8
8,

54
4 

33
,8

25
 

 
P

 
S

ou
th

 C
ar

ol
in

a,
 Y

or
k,

 Y
or

k 
-8

1,
24

2 
34

,9
94

 
P

 
M

is
si

ss
ip

pi
, L

ow
nd

es
, C

ol
um

bu
s 

-8
8,

42
7 

33
,4

96
 

 
P

 
Fl

or
id

a,
 S

em
in

ol
e,

 O
vi

ed
o 

-8
1,

20
8 

28
,6

70
 

P
 

M
is

si
ss

ip
pi

, C
la

rk
e,

 C
la

rk
e 

C
ou

nt
y 

S
ta

te
 P

ar
k 

-8
8,

41
5 

32
,0

55
 

 
P 

N
or

th
 C

ar
ol

in
a,

 G
as

to
n,

 B
el

m
on

t 
-8

1,
03

8 
35

,2
43

 
P

 
M

is
si

ss
ip

pi
, L

ef
lo

re
, G

re
en

w
oo

d 
S

pr
in

gs
 

-8
8,

30
9 

33
,8

87
 

 
P 

So
ut

h 
C

ar
ol

in
a,

 O
ra

ng
eb

ur
g,

 O
ra

ng
eb

ur
g 

-8
0,

85
6 

33
,4

92
 

P
 

A
la

ba
m

a,
 M

ob
ile

, M
ob

ile
 

-8
8,

04
3 

30
,6

94
 

 
P

 
Fl

or
id

a,
 P

al
m

 B
ea

ch
, J

oh
n 

S
tre

tc
h 

P
ar

k 
-8

0,
81

5 
26

,6
93

 
 



   
P

re
s 

Lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

P
 

Fl
or

id
a,

 B
ro

w
ar

d,
 D

av
ie

 
-8

0,
23

3 
26

,0
63

 
P 

N
or

th
 C

ar
ol

in
a,

 W
in

st
on

-S
al

em
 

-8
0,

14
4 

36
,0

56
 

P
 

S
ou

th
 C

ar
ol

in
a,

 D
or

ch
es

te
r, 

Su
m

er
vi

lle
 

-8
0,

10
3 

33
,0

11
 

P
 

Fl
or

id
a,

 P
al

m
 B

ea
ch

, D
el

ra
y 

Be
ac

h 
-8

0,
07

3 
26

,4
61

 
P

 
S

ou
th

 C
ar

ol
in

a,
 C

ha
rle

st
on

, C
ha

rle
st

on
 

-7
9,

93
1 

32
,7

76
 

P 
So

ut
h 

C
ar

ol
in

a,
 F

lo
re

nc
e,

 F
lo

re
nc

e 
-7

9,
76

3 
34

,1
95

 
P

 
S

ou
th

 C
ar

ol
in

a,
 G

eo
rg

et
ow

n,
 G

eo
rg

et
ow

n 
-7

9,
29

5 
33

,3
77

 
P

 
S

ou
th

 C
ar

ol
in

a,
 C

ha
rle

st
on

, M
cC

le
lla

nv
ill

e 
-7

9,
27

4 
33

,0
52

 
P 

N
or

th
 C

ar
ol

in
a,

 O
ra

ng
e,

 C
ha

pe
l H

ill
 

-7
9,

05
6 

35
,9

13
 

P 
N

or
th

 C
ar

ol
in

a,
 W

ak
e,

 R
al

ei
gh

 
-7

8,
63

9 
35

,7
72

 
P 

N
or

th
 C

ar
ol

in
a,

 W
ay

ne
, G

ol
ds

bo
ro

 
-7

7,
99

3 
35

,3
85

 
P 

N
or

th
 C

ar
ol

in
a,

 N
ew

 H
an

ov
er

, W
ilm

in
gt

on
 

-7
7,

94
5 

34
,2

26
 

P
 

M
ar

yl
an

d,
 B

al
tim

or
e,

 B
al

tim
or

e 
-7

6,
61

3 
39

,2
90

 
Ve

ne
zu

el
a 

 
 

P 
Ar

ag
ua

, P
ar

qu
e 

N
ac

io
na

l R
an

ch
o 

G
ra

nd
e 

-6
7,

68
6 

10
,3

49
 

Zi
m

ba
bw

e 
 

 
P 

Ko
lw

a 
32

,6
67

 
-1

7,
05

0 
  





  A
nn

ex
e 

2 
S

ou
rc

es
 o

f L
in

ep
ith

em
a 

hu
m

ile
’s

 o
cc

ur
re

nc
es

  
 M

us
eu

m
 c

ol
le

ct
io

ns
: 

A
rc

hb
ol

d 
B

io
lo

gi
ca

l S
ta

tio
n,

 L
ak

e 
P

la
ci

d,
 F

lo
rid

a,
 U

S
A;

 
B

is
ho

p 
M

us
eu

m
, U

ni
ve

rs
ity

 o
f H

aw
ai

i, 
H

on
ol

ul
u,

 H
aw

ai
i, 

U
S

A
;  

B
rit

is
h 

M
us

eu
m

 o
f N

at
ur

al
 H

is
to

ry
, L

on
do

n,
 U

ni
te

d 
K

in
gd

om
;  

C
al

ifo
rn

ia
 A

ca
de

m
y 

of
 S

ci
en

ce
s,

 S
an

 F
ra

nc
is

co
, C

al
ifo

rn
ia

, U
S

A
;  

C
al

ifo
rn

ia
 S

ta
te

 U
ni

ve
rs

ity
, N

or
th

rid
ge

, C
al

ifo
rn

ia
, U

S
A;

  
C

le
m

so
n 

U
ni

ve
rs

ity
, C

le
m

so
n,

 S
ou

th
 C

ar
ol

in
a,

 U
S

A
. 

C
om

bi
ne

d 
Sc

ie
nt

ifi
c 

S
up

pl
ie

s,
 M

id
la

nd
, T

ex
as

, U
S

A
;  

D
ep

ar
tm

en
t o

f E
nt

om
ol

og
y,

 U
ni

ve
rs

ity
 o

f M
in

ne
so

ta
, M

in
ne

ap
ol

is
, M

in
ne

so
ta

, U
SA

;  
E

nt
om

ol
og

y 
M

us
eu

m
, O

re
go

n 
D

ep
ar

tm
en

t o
f A

gr
ic

ul
tu

re
, S

al
em

, O
re

go
n,

 U
S

A;
  

E
nt

om
ol

og
y 

R
es

ea
rc

h 
M

us
eu

m
, U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

, R
iv

er
si

de
, C

al
ifo

rn
ia

, U
S

A
;  

E
ss

ig
 M

us
eu

m
 o

f E
nt

om
ol

og
y,

 U
ni

ve
rs

ity
 o

f C
al

ifo
rn

ia
, B

er
ke

le
y,

 C
al

ifo
rn

ia
, U

S
A;

  
Fi

el
d 

M
us

eu
m

, C
hi

ca
go

, I
llin

oi
s,

 U
S

A
;  

Fl
or

id
a 

D
ep

ar
tm

en
t o

f A
gr

ic
ul

tu
re

 a
nd

 C
on

su
m

er
 S

er
vi

ce
s,

 T
al

la
ha

ss
ee

, F
lo

rid
a,

 U
S

A
;  

H
aw

ai
i D

ep
ar

tm
en

t o
f A

gr
ic

ul
tu

re
, H

on
ol

ul
u,

 H
aw

ai
i, 

U
S

A
;  

H
on

ol
ul

u 
O

ffi
ce

, U
ni

te
d 

S
ta

te
s 

G
eo

lo
gi

ca
l S

ur
ve

y,
 H

on
ol

ul
u,

 H
aw

ai
i, 

U
S

A
;  

In
st

itu
to

 F
un

da
ci

ón
 M

ig
ue

l L
ill

o,
 T

uc
um

án
, A

rg
en

tin
a;

   
Lo

s 
A

ng
el

es
 C

ou
nt

y 
N

at
ur

al
 H

is
to

ry
 M

us
eu

m
, L

os
 A

ng
el

es
, C

al
ifo

rn
ia

, U
S

A
;  

M
ic

hi
ga

n 
S

ta
te

 U
ni

ve
rs

ity
, L

an
si

ng
, M

ic
hi

ga
n,

 U
S

A
;  

M
is

si
ss

ip
pi

 E
nt

om
ol

og
ic

al
 M

us
eu

m
, M

is
si

ss
ip

pi
 S

ta
te

 U
ni

ve
rs

ity
, M

is
si

ss
ip

pi
, U

SA
;  

M
us

eo
 A

rg
en

tin
a 

de
 C

ie
nc

ia
s 

N
at

ur
al

es
, B

ue
no

s 
A

ire
s,

 A
rg

en
tin

a;
 

M
us

eo
 C

iv
ic

o 
de

 H
is

to
ria

 N
at

ur
al

 ‘G
ia

co
m

o 
D

or
ia

’, 
G

en
oa

, I
ta

ly
; 

M
us

eo
 d

e 
Zo

ol
og

ía
 d

e 
la

 P
on

tif
ic

ia
, U

ni
ve

rs
id

ad
 C

at
ól

ic
a 

de
l E

cu
ad

or
, Q

ui
to

, E
cu

ad
or

; 
M

us
eo

 N
ac

io
na

l d
e 

la
 H

is
to

ria
 N

at
ur

al
 d

el
 P

ar
ag

ua
y,

 S
an

 L
or

en
zo

, P
ar

ag
ua

y;
  

M
us

eu
 d

e 
Zo

ol
og

ia
 d

a 
U

ni
ve

rs
id

ad
e 

de
 S

ão
 P

au
lo

, S
ão

 P
au

lo
, B

ra
zi

l; 
M

us
éu

m
 d

’H
is

to
ire

 N
at

ur
el

le
, G

en
ev

a,
 S

w
itz

er
la

nd
; 

M
us

eu
m

 o
f C

om
pa

ra
tiv

e 
Zo

ol
og

y,
 H

ar
va

rd
 U

ni
ve

rs
ity

, C
am

br
id

ge
, M

as
sa

ch
us

et
ts

, U
S

A
;  

M
us

eu
m

 o
f Z

oo
lo

gy
, U

ni
ve

rs
ity

 o
f M

ic
hi

ga
n,

 A
nn

 A
rb

or
, M

ic
hi

ga
n,

 U
S

A
;  

N
at

io
na

l M
us

eu
m

 o
f N

at
ur

al
 H

is
to

ry
, S

m
ith

so
ni

an
 In

st
itu

tio
n,

 W
as

hi
ng

to
n 

D
C

,  
U

S
A

; 
N

at
ur

al
 H

is
to

ry
 M

us
eu

m
 o

f L
os

 A
ng

el
es

 C
ou

nt
y,

 L
os

 A
ng

el
es

, C
al

ifo
rn

ia
, U

S
A

;  
N

at
ur

hi
st

or
is

ch
es

 M
us

eu
m

, B
as

el
, S

w
itz

er
la

nd
; 

N
at

ur
hi

st
or

is
ch

es
 M

us
eu

m
 W

ie
n,

 V
ie

nn
a,

 A
us

tri
a;

 
O

hi
o 

S
ta

te
 U

ni
ve

rs
ity

, C
ol

um
bu

s,
 U

S
A

;  
O

kl
ah

om
a 

S
ta

te
 U

ni
ve

rs
ity

, S
til

lw
at

er
, O

kl
ah

om
a,

 U
SA

;  
O

re
go

n 
D

ep
ar

tm
en

t o
f A

gr
ic

ul
tu

re
, S

al
em

, O
re

go
n,

 U
S

A
;  

P
en

ns
yl

va
ni

a 
S

ta
te

 U
ni

ve
rs

ity
, P

en
ns

yl
va

ni
a,

 U
S

A
;  

P
la

nt
 In

du
st

ry
 D

iv
is

io
n,

 P
la

nt
 P

ro
te

ct
io

n 
S

ec
tio

n,
 N

or
th

 C
ar

ol
in

a 
D

ep
ar

tm
en

t o
f A

gr
ic

ul
tu

re
, R

al
ei

gn
, N

or
th

 C
ar

ol
in

a,
 U

S
A

;  
R

. M
. B

oh
ar

t M
us

eu
m

 o
f E

nt
om

ol
og

y,
 D

av
is

, C
al

ifo
rn

ia
, U

S
A

;  
S

no
w

 E
nt

om
ol

og
ic

al
 C

ol
le

ct
io

ns
, N

at
ur

al
 H

is
to

ry
 M

us
eu

m
, U

ni
ve

rs
ity

 o
f K

an
sa

s,
 L

aw
re

nc
e,

 K
an

sa
s,

 U
S

A;
 



 S
ou

th
 D

ak
ot

a 
S

ta
te

 U
ni

ve
rs

ity
, B

ro
ok

in
gs

, S
ou

th
 D

ak
ot

a,
 U

S
A

;  
Te

xa
s 

A
&

M
 U

ni
ve

rs
ity

 In
se

ct
 C

ol
le

ct
io

n,
 C

ol
le

ge
 S

ta
tio

n,
 T

ex
as

, U
S

A
;  

U
ni

ve
rs

ity
 o

f A
riz

on
a,

 T
us

co
n,

 A
riz

on
a,

 U
S

A
;  

U
ni

ve
rs

ity
 o

f A
rk

an
sa

s,
 F

ay
et

te
vi

lle
, A

rk
an

sa
s,

 U
S

A
;  

U
ni

ve
rs

ity
 o

f C
ol

or
ad

o,
 B

ou
ld

er
, C

ol
or

ad
o,

 U
S

A
;  

U
ni

ve
rs

ity
 o

f D
el

aw
ar

e,
 N

ew
ar

k,
 D

el
aw

ar
e,

 U
S

A
;  

U
ni

ve
rs

ity
 o

f N
ew

 H
am

ps
hi

re
 In

se
ct

 C
ol

le
ct

io
n,

 D
ur

ha
m

, N
ew

 H
am

ps
hi

re
, U

S
A

.  
 P

er
so

na
l c

ol
le

ct
io

ns
:  

A
nd

re
w

 V
. S

ua
re

z 
pe

rs
on

al
 c

ol
le

ct
io

n,
 U

rb
an

a,
 Il

lin
oi

s,
 U

S
A

;  
A

le
xa

nd
er

 L
. W

ild
 p

er
so

na
l c

ol
le

ct
io

n,
 D

av
is

, C
al

ifo
rn

ia
, U

S
A

. 
C

ris
an

to
 G

óm
ez

 p
er

so
na

l c
ol

le
ct

io
n,

 G
iro

na
, C

at
al

un
ya

, S
pa

in
; 

P
hi

lip
 S

. W
ar

d 
pe

rs
on

al
 c

ol
le

ct
io

n,
 D

av
is

, C
al

ifo
rn

ia
, U

S
A

; 
W

illi
am

 P
. M

ac
K

ay
 p

er
so

na
l c

ol
le

ct
io

n,
 E

l P
as

o,
 T

ex
as

, U
S

A
; 

X
av

ie
r E

sp
ad

al
er

 p
er

so
na

l c
ol

le
ct

io
n,

 B
ar

ce
lo

na
, C

at
al

un
ya

, S
pa

in
; 

Y
os

hi
fu

m
i T

ou
ya

m
a 

pe
rs

on
al

 c
ol

le
ct

io
n,

 H
ig

as
hi

-H
iro

sh
im

a,
 J

ap
an

;  
 S

ci
en

tif
ic

 li
te

ra
tu

re
: 

A
us

tra
lia

n 
A

nt
 Im

ag
e 

D
at

ab
as

e 
(h

ttp
://

an
t.e

db
.m

iy
ak

yo
-u

.a
c.

jp
/A

Z/
P

C
D

_S
N

.h
tm

l) 
B

ar
be

r, 
E

. R
. 1

91
6 

Th
e 

A
rg

en
tin

e 
an

t: 
di

st
rib

ut
io

n 
an

d 
co

nt
ro

l i
n 

th
e 

U
ni

te
d 

S
ta

te
s.

 U
. S

. D
ep

. A
gr

. B
ul

l. 
37

7,
 2

3 
pp

. 
B

en
oi

s,
 A

. 1
97

3 
In

ci
de

nc
e 

de
s 

fa
ct

eu
rs

 e
co

lo
gi

qu
es

 s
ur

 le
 c

yc
le

 a
nn

ue
l e

t l
'a

ct
iv

ite
 s

ai
so

nn
ie

re
 d

e 
la

 fo
ur

m
i d

'A
rg

en
tin

e 
Iri

do
m

yr
m

ex
 h

um
ili

s 
(M

ay
s)

 (H
ym

en
op

te
ra

, 
Fo

rm
ic

id
ae

), 
da

ns
 la

 re
gi

on
 d

'A
nt

ib
es

. I
ns

ec
t. 

S
oc

. 2
0,

 2
67

-2
95

. 
B

er
na

rd
, F

. 1
96

8 
Le

s 
fo

ur
m

is
 (H

ym
en

op
te

ra
 fo

rm
ic

id
ae

) d
'E

ur
op

e 
oc

ci
de

nt
al

e 
et

 s
ep

te
nt

rio
na

le
. P

ar
is

: M
as

so
n 

et
 C

ie
. 

B
er

ry
, J

. A
. 2

00
1 

C
on

fir
m

at
io

n 
of

 th
e 

es
ta

bl
is

hm
en

t o
f t

hr
ee

 a
dv

en
tiv

e 
an

ts
 (H

ym
en

op
te

ra
: F

or
m

ic
id

ae
) i

n 
N

ew
 Z

ea
la

nd
: C

ar
di

oc
on

dy
la

 m
in

ut
io

r F
or

el
, P

on
er

a 
le

ae
 

Fo
re

l, 
M

ay
rie

lla
 a

bs
tin

en
s 

Fo
re

l. 
N

ew
 Z

ea
l. 

E
nt

om
ol

. 2
4,

 5
3–

56
. 

B
on

d,
 W

. J
. &

 S
lin

gs
by

, P
. 1

98
4 

C
ol

la
ps

e 
of

 a
n 

an
t-p

la
nt

 m
ut

ua
lis

m
: t

he
 A

rg
en

tin
e 

an
t (

Iri
do

m
yr

ex
 h

um
ili

s)
 a

nd
 m

yr
m

ec
oc

ho
ro

us
 P

ro
te

ac
ea

e.
 E

co
lo

gy
 6

5,
 1

03
1–

10
37

. 
C

am
m

el
l, 

M
. E

., 
W

ay
, M

. J
. &

 P
ai

va
, M

. R
. 1

99
6 

D
iv

er
si

ty
 a

nd
 s

tru
ct

ur
e 

of
 a

nt
 c

om
m

un
iti

es
 a

ss
oc

ia
te

d 
w

ith
 o

ak
, p

in
e,

 e
uc

al
yp

tu
s 

an
d 

ar
ab

le
 h

ab
ita

ts
 in

 P
or

tu
ga

l. 
In

se
ct

. S
oc

. 4
3,

 3
7-

46
. 

C
ar

pi
nt

er
o,

 S
. 2

00
1 

R
ep

er
cu

si
ón

 d
e 

la
 h

or
m

ig
a 

ar
ge

nt
in

a 
(L

in
ep

ith
em

a 
hu

m
ile

) e
n 

el
 p

ar
qu

e 
na

ci
on

al
 d

e 
D

oñ
an

a.
 P

h.
 D

. T
he

si
s.

 C
ór

do
ba

: U
ni

ve
rs

id
ad

 d
e 

C
ór

do
ba

, 
S

pa
in

.  
C

he
n,

 J
. S

. C
. &

 N
on

ac
s,

 P
. 2

00
0 

N
es

tm
at

e 
re

co
gn

iti
on

 a
nd

 in
tra

sp
ec

ifi
c 

ag
gr

es
si

on
 b

as
ed

 o
n 

en
vi

ro
nm

en
ta

l c
ue

s 
in

 A
rg

en
tin

e 
an

ts
 (

H
ym

en
op

te
ra

: F
or

m
ic

id
ae

). 
A

nn
. E

nt
om

ol
. S

oc
. A

m
. 9

3,
 1

33
3-

13
39

. 
C

oe
tz

ee
, J

. H
. &

 G
ili

om
ee

, J
. H

. 1
98

5 
In

se
ct

s 
in

 a
ss

oc
ia

tio
n 

w
ith

 th
e 

in
flo

re
sc

en
ce

 o
f P

ro
te

a-
re

pe
ns

 P
ro

te
ac

ea
e 

an
d 

th
ei

r 
ro

le
 in

 p
ol

lin
ita

tio
n.

 J
. E

nt
om

ol
. S

oc
. S

.. 
A

fr.
 4

8,
 3

03
-3

14
. 

C
ol

lin
gw

oo
d,

 C
. A

. &
 Y

ar
ro

w
, I

. H
. H

. 1
96

9 
A

 s
ur

ve
y 

of
 Ib

er
ia

n 
Fo

rm
ic

id
ae

 (H
ym

en
op

te
ra

). 
E

os
 4

4,
 5

3-
10

1.
 

C
ol

lin
gw

oo
d,

 E
. A

., 
Ti

ga
r, 

B
. J

. &
 A

go
st

i, 
D

. 1
99

7 
In

tro
du

ce
d 

an
ts

 in
 th

e 
U

ni
te

d 
A

ra
b 

E
m

ira
te

s.
 J

. A
rid

 E
nv

iro
n.

 3
7,

 5
05

-5
12

. 
C

om
ín

, P
. 1

98
8 

E
st

ud
io

 d
e 

lo
s 

fro
m

íc
id

os
 d

e 
B

al
ea

rs
: C

on
tri

bu
ci

ón
 a

l e
st

ud
io

 ta
xo

nó
m

ic
o,

 g
eo

gr
áf

ic
o 

y 
bi

ol
óg

ic
o.

 P
h.

 D
. T

he
si

s.
 P

al
m

a 
de

 M
al

lo
rc

a:
 U

ni
ve

rs
id

ad
 d

e 
la

s 
Is

la
s 

B
al

ea
rs

. 
C

oo
k,

 T
. W

. 1
95

3 
Th

e 
an

ts
 o

f C
al

ifo
rn

ia
. C

al
ifo

rn
ia

: P
ac

ifi
c 

Bo
ok

s.
 



  D
al

e,
 W

. E
. 1

97
4 

H
or

m
ig

as
 e

n 
vi

vi
en

da
s 

y 
ja

rd
in

es
 d

e 
Li

m
a 

m
et

ro
po

lit
an

a:
 Ir

id
om

yr
m

ex
 h

um
ili

s 
(M

ay
r) 

y 
M

on
om

or
iu

m
 p

ha
ra

on
is

 (L
). 

R
ev

. P
er

u.
 E

nt
om

ol
. 1

7,
 1

26
-

12
7.

 
D

e 
H

ar
o,

 A
. &

 C
ol

lin
gw

oo
d,

 C
. A

. 1
97

7 
P

ro
sp

ec
ci

ón
 m

irm
ec

ol
óg

ic
a 

po
r A

nd
al

uc
ía

. B
ol

. E
st

. C
en

t. 
E

co
l. 

6,
 8

5-
90

. 
D

e 
K

oc
k,

 A
. E

. &
 G

ilio
m

ee
, J

. H
. 1

98
9 

A 
su

rv
ey

 o
f t

he
 A

rg
en

tin
e 

an
t, 

Iri
do

m
yr

m
ex

 h
um

ili
s 

(M
ay

r),
 (

H
ym

en
op

te
ra

: F
or

m
ic

id
ae

) 
in

 S
ou

th
 A

fri
ca

n 
fy

nb
os

. J
. E

nt
om

ol
. 

S
oc

. S
.. 

A
fr.

 5
2,

 1
57

-1
64

.  
D

on
is

th
or

pe
, H

. S
t. 

J.
 K

. 1
92

7 
B

rit
is

h 
A

nt
s,

 th
ei

r l
ife

-h
is

to
ry

 a
nd

 c
la

ss
ifi

ca
tio

n.
 L

on
do

n:
 G

. R
ou

tle
dg

e 
&

 s
on

s.
 

E
sp

ad
al

er
, X

. &
 G

óm
ez

, C
. 2

00
3 

Th
e 

A
rg

en
tin

e 
an

t, 
Li

ne
pi

th
em

a 
hu

m
ile

, i
n 

th
e 

Ib
er

ia
n 

P
en

in
su

la
. S

oc
io

bi
ol

og
y 

37
, 3

-2
5.

 
Fe

rre
r, 

J.
 2

00
0 

Li
ne

pi
th

em
e 

hu
m

ile
 (M

ay
r, 

18
68

) f
ou

rm
i a

rg
en

tin
e,

 p
ré

se
nt

e 
da

ns
 le

 M
id

i d
e 

la
 F

ra
nc

e,
 d

éc
ou

ve
rte

 a
u 

Zi
m

ba
bw

e 
(H

ym
en

op
te

ra
, F

or
m

ic
id

ae
. N

ou
v.

 
R

ev
.. 

E
nt

. 1
7,

 2
89

-2
90

. 
Fo

st
er

, E
. 1

90
8 

Th
e 

in
tro

du
ct

io
n 

of
 Ir

id
om

yr
m

ex
 h

um
ili

s 
( M

ay
r) 

in
to

 N
ew

 O
rle

an
s.

 J
. E

co
n.

 E
nt

om
ol

. 1
, 2

89
-2

93
. 

G
ira

ud
, T

., 
P

ed
er

se
n,

 J
. S

. &
 K

el
le

r, 
L.

 2
00

2 
E

vo
lu

tio
n 

of
 s

up
er

co
lo

ni
es

: T
he

 A
rg

en
tin

e 
an

t o
f s

ou
th

er
n 

E
ur

op
e.

 P
ro

c.
 N

at
. A

ca
d.

 S
ci

. U
S

A
  9

9,
 6

07
5-

60
79

. 
G

óm
ez

, 
K

. 
&

 E
sp

ad
al

er
, 

X
. 

20
04

 L
a 

ho
rm

ig
a 

ar
ge

nt
in

a:
 E

st
ad

o 
de

l c
on

oc
im

ie
nt

o 
e 

im
pl

ic
ac

io
ne

s 
de

 la
 in

va
si

on
 p

ar
a 

la
s 

Is
la

s 
B

al
ea

rs
. 

Li
st

ad
o 

pr
el

im
in

ar
y 

de
 

ho
rm

ig
as

 d
e 

la
s 

Is
la

s 
B

al
ea

rs
. M

al
lo

rc
a:

 G
ov

er
n 

de
 S

es
 Il

le
s 

Ba
le

ar
s.

 
G

or
do

n,
 D

. M
., 

M
os

es
, L

., 
Fa

lk
ov

itz
-H

al
pe

rn
, M

., 
&

 W
on

g,
 E

.H
. 2

00
1 

E
ffe

ct
 o

f w
ea

th
er

 o
n 

in
fe

st
at

io
n 

of
 b

ui
ld

in
gs

 b
y 

th
e 

in
va

si
ve

 A
rg

en
tin

e 
an

t, 
Li

ne
pi

th
em

a 
hu

m
ile

 
(H

ym
en

op
te

ra
: F

or
m

ic
id

ae
). 

A
m

. M
id

l. 
N

at
. 1

46
, 3

21
-3

29
 

H
ar

ne
d,

 R
. W

. &
 S

m
ith

, M
. R

. 1
92

2 
A

rg
en

tin
e 

an
t c

on
tro

l c
am

pa
ig

ns
 in

 M
is

si
ss

ip
pi

. J
. E

co
n.

 E
nt

om
ol

. 1
5,

 2
61

-2
64

. 
H

ar
ris

, R
. J

. 2
00

2 
P

ot
en

tia
l i

m
pa

ct
 o

f t
he

 A
rg

en
tin

e 
an

t (
Li

ne
pi

th
em

a 
hu

m
ile

) i
n 

N
ew

 Z
ea

la
nd

 a
nd

 o
pi

tio
ns

 fo
r i

ts
 c

on
tro

l. 
S

ci
.C

on
se

rv
. 1

96
, 3

6 
pp

. 
H

as
ki

ns
, C

. P
. &

 H
as

ki
ns

, E
. F

. 1
98

8 
Fi

na
l o

bs
er

va
tio

ns
 o

n 
P

he
id

ol
e 

m
eg

ac
ep

ha
la

 a
nd

 Ir
id

om
yr

m
ex

 h
um

ili
s 

in
 B

er
m

ud
a.

 P
sy

ch
e 

95
, 1

77
-1

84
. 

H
ol

w
ay

, D
. A

. &
 C

as
e,

 T
. J

. 2
00

0 
M

ec
ha

ni
sm

s 
of

 d
is

pe
rs

ed
 c

en
tra

l-p
la

ce
 fo

ra
gi

ng
 in

 p
ol

yd
om

ou
s 

co
lo

ni
es

 o
f t

he
 A

rg
en

tin
e 

an
t. 

A
ni

m
. B

eh
.  

59
, 4

33
-4

41
. 

H
ol

w
ay

, D
. A

., 
S

ua
re

z,
 A

. V
. &

 C
as

e,
 T

. J
. 2

00
2 

R
ol

e 
of

 a
bi

ot
ic

 fa
ct

or
s 

in
 g

ov
er

ni
ng

 s
us

ce
pt

ib
ilit

y 
to

 in
va

si
on

: a
 te

st
 w

ith
 A

rg
en

tin
e 

an
ts

. E
co

lo
gy

 8
3,

 1
61

0-
16

19
. 

H
ol

w
ay

, D
. A

. 1
99

8 
Fa

ct
or

s 
go

ve
rn

in
g 

ra
te

 o
f i

nv
as

io
n:

 a
 n

at
ur

al
 e

xp
er

im
en

t u
si

ng
 A

rg
en

tin
e 

an
ts

. O
ec

ol
og

ia
 1

15
, 2

06
-2

12
. 

H
oo

pe
r-b

ui
 L

. M
., 

A
pp

el
, A

. G
. &

 R
us

t, 
M

. K
. 2

00
2 

P
re

fe
re

nc
e 

of
 fo

od
 p

ar
tic

le
 s

iz
e 

am
on

g 
se

ve
ra

l u
rb

an
 a

nt
 s

pe
ci

es
. J

. E
co

n.
 E

nt
om

ol
. 9

5,
 1

22
2-

12
28

. 
H

um
an

, K
. G

. &
 G

or
do

n,
 D

. M
.. 

19
99

 B
eh

av
io

ra
l i

nt
er

ac
tio

ns
 o

f t
he

 in
va

si
ve

 A
rg

en
tin

e 
an

t w
ith

 n
at

iv
e 

an
t s

pe
ci

es
. I

ns
ec

t S
oc

. 4
6,

 1
59

-1
63

. 
H

um
an

, 
K

. 
G

.; 
W

ei
ss

, 
S.

, 
W

ei
ss

, 
A

., 
S

an
dl

er
, 

B
., 

G
or

do
n,

 D
.M

. 
19

98
 E

ffe
ct

s 
of

 a
bi

ot
ic

 f
ac

to
rs

 o
n 

th
e 

di
st

rib
ut

io
n 

an
d 

ac
tiv

ity
 o

f 
th

e 
in

va
si

ve
 A

rg
en

tin
e 

an
t 

(H
ym

en
op

te
ra

, F
or

m
ic

id
ae

). 
E

nv
iro

n.
 E

nt
om

ol
. 2

7,
 8

22
-8

33
.  

 
H

ym
en

op
te

r N
am

e 
S

er
ve

r  
(h

ttp
://

at
bi

.b
io

sc
i.o

hi
o-

st
at

e.
ed

u:
21

0/
hy

m
en

op
te

ra
/d

b_
en

try
.b

y_
ta

xo
n?

hi
dd

en
_t

ax
on

_n
am

e=
30

46
8&

m
od

ul
e=

ch
ec

k_
fo

r_
m

ap
&

te
xt

_e
nt

ry
=)

 
In

gr
am

, K
. K

. 2
00

2 
P

la
st

ic
ity

 in
 q

ue
en

 n
um

be
r a

nd
 s

oc
ia

l s
tru

ct
ur

e 
in

 th
e 

in
va

si
ve

 a
rg

en
tin

e 
an

t (
Li

ne
pi

th
em

a 
hu

m
ile

). 
E

vo
lu

tio
n 

56
, 2

00
8-

20
16

. 
Ja

pa
ne

se
 A

nt
 Im

ag
e 

D
at

ab
as

e 
(h

ttp
://

an
t.e

db
.m

iy
ak

yo
-u

.a
c.

jp
/E

/P
/P

C
D

33
90

/2
1.

ht
m

l) 
 

K
el

le
r, 

L.
 1

98
8 

 P
ov

oi
r 

at
tra

ct
if 

de
s 

re
in

es
 d

e 
la

 fo
ur

m
i d

'A
rg

en
tin

e,
 Ir

id
om

yr
m

ex
 h

um
ili

s.
 R

ol
e 

de
 la

 p
ol

yg
on

yn
ie

 e
t d

u 
st

at
us

 p
hy

si
ol

og
iq

ue
 d

es
 r

ei
ne

s.
 B

ul
l. 

S
oc

. 
V

au
do

is
e 

S
ci

. N
at

. 7
9,

 9
3-

10
2.

 
Li

eb
er

bu
rg

, I
., 

K
ra

nz
, P

. M
. &

 S
ei

p,
 A

. 1
97

5 
B

er
m

ud
ia

n 
an

ts
 r

ev
is

ite
d:

 th
e 

st
at

us
 a

nd
 in

te
ra

ct
io

n 
of

 P
he

id
ol

e 
m

eg
ac

ep
ha

la
 a

nd
 Ir

id
om

yr
m

ex
 h

um
ili

s.
 E

co
lo

gy
 5

6,
 

47
3-

47
8.

 
M

aj
er

, 
J.

 D
. 

19
94

 S
pr

ea
d 

of
 a

rg
en

tin
e 

an
ts

 (
Li

ne
pi

th
em

a 
hu

m
ile

), 
w

ith
 s

pe
ci

al
 r

ef
er

en
ce

 t
o 

W
es

te
rn

 A
us

tra
lia

. 
In

 E
xo

tic
 A

nt
s 

(B
io

lo
gy

, 
Im

pa
ct

, 
an

d 
C

on
tro

l. 
of

 
In

tro
du

ce
d 

Sp
ec

ie
s 

(e
d.

 D
. F

. W
illi

am
s)

, p
p.

 1
64

-1
73

. B
ou

ld
er

: W
es

tv
ie

w
 P

re
ss

.  
M

ar
tín

ez
, 

M
. 

D
., 

O
rn

os
a,

 C
. 

&
 G

am
ar

ra
, 

P
. 

19
97

 L
in

ep
ith

em
a 

hu
m

ile
 (

M
ay

r 
18

68
) 

(H
ym

en
op

te
ra

: 
Fo

rm
ic

id
ae

) 
en

 l
as

 v
iv

ie
w

nd
as

 d
e 

M
ad

rid
. 

B
ol

. 
A

so
c.

 E
sp

. 
E

nt
om

ol
. 2

1,
 2

75
-2

76
. 

M
an

na
ki

 W
he

nu
a 

La
nd

ca
re

 R
es

ea
rc

h 
(h

ttp
://

w
w

w
.la

nd
ca

re
re

se
ar

ch
.c

o.
nz

/re
se

ar
ch

/b
io

se
cu

rit
y/

st
ow

aw
ay

s/
an

tfa
ct

v3
.p

df
) 

M
in

is
tri

 o
f A

gr
ic

ul
tu

re
 a

nd
 F

or
es

try
, N

ew
 Z

ea
la

nd
 (h

ttp
://

w
w

w
.m

af
.g

ov
t.n

z/
bi

os
ec

ur
ity

/p
es

ts
-d

is
ea

se
s/

an
im

al
s/

ar
ge

nt
in

e-
an

t/i
nv

es
tig

at
io

ns
.h

tm
) 

N
ew

el
l, 

W
. &

 B
ar

be
r, 

T.
C

. 1
91

3 
Th

e 
A

rg
en

tin
e 

an
t. 

U
. S

. D
ep

. A
gr

ic
. B

ur
. E

nt
om

ol
. B

ul
l. 

12
2,

 1
-9

8.
 



 O
rr,

 M
. R

., 
S

ei
ke

, S
.H

., 
B

en
so

n,
 W

.W
. &

 D
ah

ls
te

n,
 D

. L
. 2

00
1 

H
os

t s
pe

ci
fic

ity
 o

f P
se

ud
ac

te
on

 (D
ip

te
ra

: P
ho

rid
ae

) p
ar

as
ito

id
s 

th
at

 a
tta

ck
 L

in
ep

ith
em

a 
(H

ym
en

op
te

ra
: 

Fo
rm

ic
id

ae
) i

n 
S

ou
th

 A
m

er
ic

a.
 E

nv
iro

n.
 E

nt
om

ol
. 3

0,
 7

42
-7

47
. 

O
rti

z,
 F

. J
. &

 T
in

au
t, 

J.
 A

. 1
98

6 
D

is
tri

bu
ci

on
es

 g
eo

gr
áf

ic
as

 n
ot

ab
le

s 
de

 lo
s 

fo
rm

ic
id

os
 e

n 
el

 li
to

ra
l g

ra
na

di
no

 (I
ns

ec
ta

, H
ym

en
op

te
ra

). 
In

 A
ct

as
 d

e 
la

s 
Jo

rn
ad

as
 d

e 
la

 
A

so
ci

ac
io

n 
Es

pa
no

la
 d

e 
E

nt
om

ol
og

ia
, p

p.
 1

05
1-

10
61

. S
ev

ill
a:

 S
er

vi
ci

o 
P

ub
lic

ac
io

ne
s 

U
ni

ve
rs

id
ad

 d
e 

S
ev

illa
. 

P
as

se
ra

, L
. 1

97
7 

P
eu

pl
em

en
ts

 m
yr

m
ec

ol
og

iq
ue

s 
du

 c
or

do
n 

lit
to

ra
l d

u 
La

ng
ue

do
c-

R
ou

ss
ill

on
: M

od
ifi

ca
tio

ns
 a

nt
hr

op
iq

ue
s.

 V
ie

 m
ili

eu
 2

7,
 2

49
-2

65
. 

P
as

se
ra

, L
. 1

99
4 

C
ha

ra
ct

er
is

tic
s 

of
 tr

am
p 

sp
ec

ie
s.

 In
 E

xo
tic

 A
nt

s:
 b

io
lo

gy
 im

pa
ct

 a
nd

 c
on

tro
l o

f i
nt

ro
du

ce
d 

sp
ec

ie
s 

(e
d.

 D
.F

. W
illi

am
s)

, p
p.

 2
3-

43
. B

ou
ld

er
: W

es
tv

ie
w

 
P

re
ss

. 
P

rin
s,

 A
. J

., 
R

ob
er

ts
on

, H
. G

. &
 P

rin
s,

 A
. 1

99
0 

P
es

ts
 a

nt
s 

in
 u

rb
an

 a
nd

 a
gr

ic
ul

tu
ra

l a
re

as
 in

 S
ou

th
er

n 
A

fri
ca

. I
n 

A
pp

lie
d 

m
yr

m
ec

ol
og

y 
-a

 w
or

ld
 p

er
sp

ec
tiv

e 
(e

ds
. R

. K
. 

V
an

de
r M

ee
r, 

K
. J

af
fe

 &
  A

. C
ed

en
o)

, p
p.

 2
5-

33
. B

ou
ld

er
: W

es
tv

ie
w

 P
re

ss
. 

P
rin

s,
 A

. J
. 1

97
8 

H
ym

en
op

te
ra

. I
n 

B
io

ge
og

ra
ph

y 
an

d 
E

co
lo

gy
 o

f S
ou

th
er

n 
A

fri
ca

 (e
d.

 M
. J

. A
. W

er
ge

r),
 p

p.
 8

23
-8

75
. T

he
 H

ag
ue

: J
un

k.
 

R
us

t, 
M

. K
. &

 K
ni

gh
t, 

R
. L

. 1
99

0 
C

on
tro

llin
g 

A
rg

en
tin

e 
an

ts
 in

 u
rb

an
 s

itu
at

io
ns

. I
n 

A
pp

lie
d 

m
yr

m
ec

ol
og

y 
-a

 w
or

ld
 p

er
sp

ec
tiv

e 
(e

ds
. R

. K
. V

an
de

r M
ee

r, 
K

. J
af

fe
 &

  A
. 

C
ed

en
o)

, p
p.

 6
63

-6
70

. B
ou

ld
er

: W
es

tv
ie

w
 P

re
ss

. 
S

ha
ttu

ck
, S

. O
. 1

99
9 

A
us

tra
lia

n 
an

ts
: t

he
ir 

bi
ol

og
y 

an
d 

id
en

tif
ic

at
io

n.
 M

on
og

ra
ph

s 
on

 in
ve

rte
br

at
e 

ta
xo

no
m

y 
3.

 A
us

tra
lia

: C
S

IR
O

. 
S

ho
re

y,
 H

. H
., 

G
as

to
n,

 L
. K

., 
G

er
be

r, 
R

. G
., 

P
hi

llip
s,

 P
. A

. &
 W

oo
d,

 D
. L

. 1
99

2 
D

is
ru

pt
io

n 
of

 fo
ra

gi
ng

 b
y 

A
rg

en
tin

e 
an

ts
, I

rid
om

yr
m

ex
 h

um
ili

s 
(M

ay
r)

 (H
ym

en
op

te
ra

: 
Fo

rm
ic

id
ae

), 
in

 c
itr

us
 tr

ee
s 

th
ro

ug
h 

th
e 

us
e 

of
 s

em
io

ch
em

ic
al

s 
an

d 
re

la
te

d 
ch

em
ic

al
s.

 J
. C

he
m

. E
co

l. 
18

, 2
13

1-
21

42
. 

S
ilv

a 
D

ia
s,

 J
. C

. 1
95

5 
B

io
lo

gí
a 

e 
ec

ol
og

ia
 d

a 
fo

rm
ig

a 
ar

ge
nt

in
a 

(Ir
id

om
yr

m
ex

 h
um

ili
s 

M
ay

r) 
-N

ot
as

 p
ar

a 
o 

se
u 

es
tu

do
 e

m
 P

or
tu

ga
l. 

B
ol

. J
un

. N
ac

. F
ru

., 
1-

11
7.

 
S

ilv
er

m
an

, 
J.

 &
 R

ou
ls

to
n,

 T
. 

H
. 

20
01

 A
cc

ep
ta

nc
e 

an
d 

In
ta

ke
 o

f 
ge

l a
nd

 li
qu

id
 s

uc
ro

se
 c

om
po

si
tio

ns
 b

y 
th

e 
ar

ge
nt

in
e 

an
t 

(H
ym

en
op

te
ra

: 
fo

rm
ic

id
ae

). 
J.

 E
co

n.
 

E
nt

om
ol

. 9
4,

 5
11

-5
15

. 
S

ka
ife

, S
. H

. 1
95

4 
Th

e 
A

rg
en

tin
e 

an
t, 

Iri
do

m
yr

m
ex

 h
um

ili
s 

(M
ay

r.)
. T

ra
ns

. R
oy

. S
oc

. S
. A

f. 
34

, 3
55

-3
78

. 
S

m
ith

, M
. R

. 1
93

6 
D

is
tri

bu
tio

n 
of

 th
e 

A
rg

en
tin

e 
A

nt
 in

 th
e 

U
ni

te
d 

S
ta

te
s 

an
d 

su
gg

es
tio

ns
 fo

r i
ts

 c
on

tro
l o

r e
ra

di
ca

tio
n.

 U
. S

. D
ep

. A
gr

ic
. C

ir.
  3

87
, 1

-3
9.

  
S

ua
re

z,
 A

. V
., 

H
ol

w
ay

, D
. A

. &
 C

as
e,

 T
. J

. 2
00

1 
P

at
te

rn
s 

of
 s

pr
ea

d 
in

 b
io

lo
gi

ca
l i

nv
as

io
ns

 d
om

in
at

ed
 b

y 
lo

ng
-d

is
ta

nc
e 

ju
m

p 
di

sp
er

sa
l: 

In
si

gh
ts

 fr
om

 A
rg

en
tin

e 
an

ts
. 

P
ro

c.
 N

at
. A

ca
d.

 S
ci

. U
S

A
  9

8,
 1

09
5-

11
00

. 
Ti

na
ut

, A
. 1

98
1 

E
st

ud
io

 d
e 

lo
s 

Fo
rm

íc
id

os
 d

e 
S

ie
rr

a 
N

ev
ad

a.
 P

h.
 D

. T
he

si
s.

 G
ra

nd
a:

 U
ni

ve
rs

ity
 o

f G
ra

na
da

, S
pa

in
. 

To
uy

am
a,

 Y
., 

O
ga

ta
, K

. &
 S

ug
iy

am
a,

 T
. 2

00
3 

Th
e 

A
rg

en
tin

e 
an

t, 
Li

ne
pi

th
em

a 
hu

m
ile

, i
n 

Ja
pa

n:
 A

ss
es

sm
en

t o
f i

m
pa

ct
 o

n 
sp

ec
ie

s 
di

ve
rs

ity
 o

n 
an

t c
om

m
un

iti
es

 in
 

ur
ba

n 
en

vi
ro

nm
en

ts
. E

nt
om

. S
ci

. 6
, 5

7-
66

. 
Ts

ut
su

i, 
N

. D
., 

Su
ar

ez
, A

. V
., 

H
ol

w
ay

, D
. A

. &
 C

as
e,

 T
. J

. 2
00

1 
R

el
at

io
ns

hi
ps

 a
m

on
g 

na
tiv

e 
an

d 
in

tro
du

ce
d 

po
pu

la
tio

ns
 o

f t
he

 A
rg

en
tin

e 
an

t (
Li

ne
pi

th
em

a 
hu

m
ile

) 
an

d 
th

e 
so

ur
ce

 o
f i

nt
ro

du
ce

d 
po

pu
la

tio
ns

.  
M

ol
. E

co
l. 

10
, 2

15
1-

21
61

. 
V

an
 S

ch
ag

en
, J

. J
., 

D
av

is
, P

. R
. &

 W
id

m
er

, M
. A

. 1
99

3 
A

nt
 p

es
ts

 o
f W

es
te

rn
 A

us
tra

lia
, w

ith
 p

ar
tic

ul
ar

 re
fe

re
nc

e 
to

 th
e 

Ar
ge

nt
in

e 
an

t (
Li

ne
pi

th
em

a 
hu

m
ile

). 
In

 E
xo

tic
 

A
nt

s:
 b

io
lo

gy
 im

pa
ct

 a
nd

 c
on

tro
l o

f i
nt

ro
du

ce
d 

sp
ec

ie
s 

(e
d.

 D
.F

. W
illi

am
s)

, p
p.

 1
74

-1
80

. B
ou

ld
er

: W
es

tv
ie

w
 P

re
ss

. 
V

eg
a,

 S
. J

. &
 R

us
t, 

M
. K

. 2
00

1 
Th

e 
A

rg
en

tin
e 

an
t: 

A
 s

ig
ni

fic
an

t i
nv

as
iv

e 
sp

ec
ie

s 
in

 a
gr

ic
ul

tu
ra

l, 
ur

ba
n 

an
d 

na
tu

ra
l e

nv
iro

nm
en

ts
. S

oc
io

bi
ol

og
y 

37
, 3

-2
5.

 
V

is
se

r, 
D

., 
W

rig
ht

, M
. G

. &
 G

ilio
m

ee
, J

. H
. 1

99
6 

Th
e 

ef
fe

ct
 o

f t
he

 A
rg

en
tin

e 
an

t, 
Li

ne
pi

th
em

a 
hu

m
ile

 (M
ay

r)
 (H

ym
en

op
te

ra
, F

or
m

ic
id

ae
), 

on
 fl

ow
er

-v
is

iti
ng

 in
se

ct
s 

of
 

P
ro

te
a 

ni
tid

a 
M

ill 
(P

ro
te

ac
ea

e)
. A

fr.
 E

nt
om

ol
. 4

, 2
85

-2
87

.  
 

W
ay

, 
M

. 
J.

, 
C

am
m

el
l, 

M
. 

E
. 

&
 P

ai
va

, 
M

. 
R

. 
19

92
 S

tu
di

es
 o

n 
eg

g 
pr

ed
at

io
n 

by
 a

nt
s 

(H
ym

en
op

te
ra

: 
Fo

rm
ic

id
ae

) 
es

pe
ci

al
ly

 o
n 

th
e 

eu
ca

ly
pt

us
 b

or
er

 P
ho

ra
ca

nt
ha

 
se

m
ip

un
ct

at
a 

(C
ol

eo
pt

er
a:

 C
er

am
by

ci
da

e)
 in

 P
or

tu
ga

l. 
B

ul
. E

nt
om

ol
. R

es
. 8

2,
 4

25
–4

32
.  

 
W

ay
, 

M
. 

J.
, 

C
am

m
el

l, 
M

. 
E

., 
P

ai
va

, 
M

. 
R

. 
&

 C
ol

lin
gw

oo
d,

 C
. 

A
. 

19
97

 D
is

tri
bu

tio
n 

an
d 

dy
na

m
ic

s 
of

 t
he

 A
rg

en
tin

e 
an

t 
Li

ne
pi

th
em

a 
(Ir

id
om

yr
m

ex
) 

hu
m

ile
 M

ay
r 

in
 

re
la

tio
n 

to
 v

eg
et

at
io

n,
 s

oi
l c

on
di

tio
ns

, t
op

og
ra

ph
y 

an
d 

na
tiv

e 
co

m
pe

tit
or

 a
nt

s 
in

 P
or

tu
ga

l. 
In

se
ct

. S
oc

. 4
4,

 4
15

-4
33

. 
W

et
te

re
r, 

J.
 K

., 
B

an
ko

, P
. C

., 
La

ni
aw

e,
 L

. P
., 

S
lo

tte
rb

ac
k,

 J
. W

. &
 B

re
nn

er
, G

. J
. 1

99
8 

N
on

 in
di

ge
no

us
 a

nt
s 

at
 h

ig
h 

el
ev

at
io

ns
 o

n 
th

e 
M

au
na

 K
ea

, H
aw

ai
'i.

 P
ac

. S
ci

. 
52

, 2
28

-2
36

. 
W

et
te

re
r, 

J.
 K

. 1
99

8.
 N

on
in

di
ge

no
us

 a
nt

s 
as

so
ci

at
ed

 w
ith

 g
eo

th
er

m
al

 a
nd

 h
um

an
 d

is
tu

rb
an

ce
 in

 H
aw

ai
i V

ol
ca

no
es

 N
at

io
na

l P
ar

k.
 P

ac
. S

ci
. 5

2,
 4

0-
50

. 
W

ild
, A

. L
. I

n 
pr

es
s.

 T
ax

on
om

y 
an

d 
di

st
rib

ut
io

n 
of

 th
e 

A
rg

en
tin

e 
an

t, 
Li

ne
pi

th
em

a 
hu

m
ile

 (
H

ym
en

op
te

ra
: F

or
m

ic
id

ae
). 

A
nn

. E
nt

om
ol

. S
oc

. A
m

. i
n 

pr
es

s,
 a

cc
ep

te
d 

M
ay

 2
00

4.
 



  W
ils

on
, E

. O
. &

 T
ay

lo
r, 

R
. W

. 1
96

7 
Th

e 
an

ts
 o

f P
ol

yn
es

ia
 (H

ym
en

op
te

ra
: F

or
m

ic
id

ae
). 

P
ac

. I
ns

ec
ts

 M
on

og
r. 

14
, 1

-1
09

. 
W

oo
dw

or
th

, C
. W

. 1
90

8 
Th

e 
A

rg
en

tin
e 

an
t i

n 
C

al
ifo

rn
ia

. U
ni

v.
 C

a.
 A

gr
. E

xp
. S

ta
t. 

C
ir.

 3
8,

 1
–1

1.
 

  





  A
nn

ex
e 

3 
O

cc
ur

re
nc

e 
da

ta
 o

f A
rg

en
tin

e 
A

nt
 (L

in
ep

ith
em

 h
um

ile
) i

n 
C

at
al

on
ia

 in
 U

TM
 c

oo
rd

in
at

es
 (a

nd
 E

ur
op

ea
n 

19
50

 D
at

um
). 

Th
e 

fir
st

 c
ol

um
n 

re
fe

rs
 to

 p
re

se
nc

e 
(P

) 
or

 a
bs

en
ce

 (
A)

 o
f 

th
e 

sp
ec

ie
s.

 S
ym

bo
l (

*)
 in

di
ca

te
s 

th
os

e 
oc

cu
rr

en
ce

s 
da

ta
 o

bt
ai

ne
d 

du
rin

g 
th

e 
fie

ld
 w

or
k,

 w
hi

le
 t

he
 r

es
t 

ha
s 

be
en

 o
bt

ai
ne

d 
fro

m
 p

er
so

na
l 

co
lle

ct
io

ns
 a

nd
 s

ci
en

tif
ic

 li
te

ra
tu

re
 (A

nn
ex

e 
4)

.  
 

P
re

s 
lh

 
C

ity
/ T

ow
n/

 P
la

ce
 

Lo
ng

itu
de

 
La

tit
ud

e 
D

at
e 

 
P

re
s 

lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A*

 
Pu

ig
ce

rd
a 

41
18

50
 

46
98

60
0 

22
/0

5/
03

 
 

A*
 

O
lia

na
 

36
05

50
 

46
58

95
0 

21
/0

6/
03

 
A*

 
So

rt 
34

62
25

 
46

97
35

0 
21

/0
6/

03
 

 
P 

Be
llc

ai
re

 d
'E

m
po

rd
à 

50
79

50
 

46
58

75
0 

?/
?/

03
 

A*
 

Be
llv

er
 d

e 
C

er
da

ny
a 

39
93

25
 

46
91

87
5 

23
/0

6/
03

 
 

A*
 

Sa
nt

 F
el

iu
 d

e 
Pa

lle
ro

ls
 

45
93

75
 

46
58

50
0 

28
/0

6/
03

 
A*

 
M

ar
tin

et
 

39
26

80
 

46
90

85
0 

23
/0

6/
03

 
 

P 
Ve

rg
es

 
50

39
50

 
46

56
85

0 
?/

?/
03

 
A*

 
Se

u 
d'

U
rg

el
l 

37
34

00
 

46
90

80
0 

21
/0

6/
03

 
 

P 
C

ap
 d

e 
la

 B
ar

ra
 

51
76

00
 

46
56

24
0 

 
P 

Ll
an

ça
 

51
25

50
 

46
90

50
0 

 
 

P 
Es

ta
rti

t 
51

63
20

 
46

55
75

0 
 

A 
M

ol
ló

 
45

10
75

 
46

88
75

0 
?/

?/
03

 
 

P 
U

llà
 

50
90

25
 

46
55

62
5 

17
/0

6/
03

 
P 

Sa
nt

 L
lo

re
nç

 d
e 

la
 M

ug
a 

48
27

50
 

46
85

57
5 

?/
?/

03
 

 
A 

To
re

lló
 

43
91

91
 

46
55

57
6 

25
/0

6/
03

 
A 

C
am

pr
od

on
 

44
78

00
 

46
85

02
5 

26
/0

6/
03

 
 

P 
Bo

rd
ils

 
49

28
25

 
46

54
82

5 
 

A 
R

ib
es

 d
e 

Fr
es

er
 

43
17

00
 

46
84

47
5 

26
/0

6/
03

 
 

P 
To

rro
el

la
 d

e 
M

on
tg

rí 
51

06
50

 
46

54
65

0 
?/

?/
03

 
P 

Pa
la

u-
sa

ve
rd

er
a 

51
24

25
 

46
84

25
0 

 
 

P 
U

ltr
am

or
t 

50
29

50
 

46
54

05
0 

02
/0

7/
03

 
P 

C
ad

aq
ué

s 
52

28
50

 
46

82
12

5 
 

 
P 

C
an

et
 d

'A
dr

i 
47

85
31

 
46

53
71

8 
?/

07
/0

5 
A*

 
Po

bl
a 

de
 S

eg
ur

 
33

24
75

 
46

79
52

5 
21

/0
5/

03
 

 
A 

G
ua

lta
 

50
86

75
 

46
53

15
0 

02
/0

7/
03

 
P 

Fi
gu

er
es

 
49

69
00

 
46

79
45

0 
 

 
A 

Se
rra

 d
e 

D
ar

ó 
50

61
00

 
46

53
05

0 
17

/0
6/

03
 

P 
R

os
es

 
51

48
00

 
46

79
10

0 
20

/0
8/

03
 

 
P 

Pa
rla

và
 

50
26

75
 

46
52

50
0 

02
/0

7/
03

 
P 

C
as

te
llo

 d
'E

m
pú

rie
s 

50
61

75
 

46
78

80
0 

 
 

A 
Pe

ra
 

49
79

50
 

46
52

30
0 

17
/0

6/
03

 
A*

 
Ba

ga
 

40
62

70
 

46
78

68
1 

23
/0

6/
03

 
 

P 
R

up
ià

 
50

09
75

 
46

52
25

0 
17

/0
6/

03
 

A 
R

ip
ol

l 
43

33
50

 
46

72
35

0 
?/

07
/0

3 
 

A*
 

Am
er

 
46

72
00

 
46

51
22

5 
28

/0
6/

03
 

P 
Sa

nt
 P

er
e 

Pe
sc

ad
or

 
50

68
50

 
46

70
85

0 
?/

?/
03

 
 

P 
Fo

nt
an

ill
es

 
50

89
50

 
46

51
10

0 
17

/0
6/

03
 

A*
 

Tr
em

p 
32

60
00

 
46

70
70

0 
21

/0
6/

03
 

 
A*

 
So

ls
on

a 
37

75
00

 
46

50
57

5 
21

/0
6/

03
 

A*
 

C
ol

l d
e 

N
ar

go
 

36
10

25
 

46
70

65
0 

21
/0

6/
03

 
 

A 
M

an
lle

u 
44

06
63

 
46

50
21

8 
25

/0
6/

03
 

P 
O

lo
t 

45
78

25
 

46
70

32
5 

 
 

P 
U

lla
st

re
t 

50
57

75
 

46
50

02
5 

17
/0

6/
03

 
A*

 
Bà

sc
ar

a 
49

26
50

 
46

67
80

0 
26

/0
6/

03
 

 
P 

Pa
la

u-
sa

to
r 

50
92

00
 

46
48

75
0 

17
/0

6/
03

 
A 

Sa
nt

a 
Pa

u 
46

46
50

 
46

66
07

5 
?/

?/
03

 
 

P 
C

or
ça

 
50

15
00

 
46

48
65

0 
17

/0
6/

03
 

P 
Sa

nt
 M

ar
ti 

d'
Em

pú
rie

s 
50

98
20

 
46

65
59

0 
 

 
P 

G
iro

na
 

48
51

75
 

46
48

07
5 

 
A*

 
Is

on
a 

33
86

00
 

46
64

95
0 

21
/0

6/
03

 
 

A 
Pe

ra
ta

lla
da

 
50

75
30

 
46

47
40

0 
02

/0
7/

03
 

P*
 

Vi
la

da
m

at
 

50
63

00
 

46
64

80
0 

26
/0

6/
03

 
 

P 
Sa

lt 
48

24
50

 
46

47
15

0 
 

P 
Es

ca
la

 
51

11
50

 
46

63
87

5 
 

 
P 

Pa
ls

 
51

24
25

 
46

46
65

0 
 

P 
Ba

ny
ol

es
 

48
07

00
 

46
63

05
0 

 
 

A 
Vu

lp
el

la
c 

50
46

20
 

46
45

62
0 

02
/0

7/
03

 
P 

C
al

a 
M

on
tg

ó 
51

42
60

 
46

62
06

0 
 

 
P 

Bi
sb

al
 d

'E
m

po
rd

à 
50

33
50

 
46

45
35

0 
 

A*
 

Be
rg

a 
40

46
57

 
46

61
90

8 
23

/0
6/

03
 

 
P*

 
An

gl
és

 
47

00
75

 
46

45
25

0 
28

/0
6/

03
 

A 
Al

bo
ns

 
50

67
00

 
46

61
85

0 
02

/0
7/

03
 

 
P*

 
Sa

nt
 S

ad
ur

ní
 d

e 
l'H

eu
ra

 
49

94
00

 
46

45
15

0 
26

/0
6/

03
 

P 
Vi

la
de

se
ns

 
49

43
50

 
46

60
55

0 
 

 
A*

 
C

ru
ïll

es
 

50
11

50
 

46
45

12
0 

26
/0

6/
03

 
A*

 
Vi

la
fre

se
r 

49
02

30
 

46
59

41
0 

26
/0

6/
03

 
 

P*
 

Be
gu

r 
51

73
00

 
46

44
92

5 
26

/0
6/

03
 

 



   
P

re
s 

lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
lh

 
C

ity
/ T

ow
n/

 P
la

ce
 

Lo
ng

itu
de

 
La

tit
ud

e 
D

at
e 

P*
 

R
eg

en
có

s 
51

42
00

 
46

44
72

5 
26

/0
6/

03
 

 
P 

Sa
nt

 F
el

iu
 d

e 
G

uí
xo

ls
 

50
24

75
 

46
25

87
5 

  
A 

To
rre

nt
 d

'E
m

po
rd

à 
51

06
00

 
46

44
52

5 
02

/0
7/

03
 

 
A*

 
M

as
sa

ne
s 

(tr
ai

n 
st

at
io

n)
 

47
29

80
 

46
24

74
0 

28
/0

6/
03

 
P*

 
Fo

rn
el

ls
 

51
79

40
 

46
43

22
0 

26
/0

6/
03

 
 

P*
 

Ai
gu

af
re

da
 

43
80

28
 

46
24

41
0 

10
/0

6/
03

 
P 

Q
ua

rt 
48

69
00

 
46

43
15

0 
 

 
P 

C
as

te
llt

er
ço

l 
42

70
49

 
46

22
61

1 
?/

?/
03

 
P*

 
Fo

rn
el

ls
 d

e 
la

 S
el

va
 

48
45

00
 

46
42

70
0 

09
/0

9/
03

 
 

P*
 

H
os

ta
lri

c 
46

97
50

 
46

21
87

5 
28

/0
6/

03
 

A 
Vi

c 
43

83
06

 
46

42
40

4 
28

/0
6/

03
 

 
A*

 
C

al
af

 
37

64
08

 
46

21
35

8 
20

/0
5/

03
 

P*
 

Ll
of

riu
 

51
09

80
 

46
42

14
0 

26
/0

6/
03

 
 

P*
 

Ll
or

et
 d

e 
M

ar
 

48
48

83
 

46
21

00
8 

18
/0

6/
04

 
A*

 
Sa

nt
 P

ol
 

50
31

00
 

46
42

13
0 

26
/0

6/
03

 
 

A*
 

M
an

re
sa

 
40

24
62

 
46

20
40

0 
20

/0
5/

03
 

A*
 

Po
nt

s 
34

96
50

 
46

42
10

0 
22

/0
5/

03
 

 
A*

 
Br

ed
a 

i R
ie

lls
-V

ia
br

ea
 

46
41

97
 

46
19

71
9 

10
/0

6/
03

 
A 

Sa
nt

 J
ul

ià
 d

e 
V

ila
to

rta
 

44
40

82
 

46
41

63
9 

?/
?/

03
 

 
P*

 
Ll

or
et

 d
e 

M
ar

 
48

55
44

 
46

19
53

8 
18

/0
6/

04
 

A*
 

C
ar

do
na

 
39

07
50

 
46

41
25

0 
21

/0
6/

03
 

 
P*

 
Ll

or
et

 d
e 

M
ar

 
48

63
11

 
46

18
90

0 
18

/0
6/

04
 

P*
 

Ta
m

ar
iu

 
51

72
40

 
46

40
92

0 
26

/0
6/

03
 

 
P 

To
ss

a 
de

 M
ar

 
49

43
50

 
46

18
75

0 
 

P 
Pa

la
fru

ge
ll 

51
37

00
 

46
40

80
0 

 
 

P 
Ll

or
et

 d
e 

M
ar

 
48

75
00

 
46

16
75

0 
 

A*
 

Ar
te

sa
 d

e 
Se

gr
e 

33
81

50
 

46
40

20
0 

22
/0

5/
03

 
 

P 
To

rd
er

a 
47

66
93

 
46

16
60

3 
 

A*
 

N
av

às
 

40
71

21
 

46
39

60
4 

23
/0

6/
03

 
 

P*
 

Sa
nt

 C
el

on
i 

45
77

14
 

46
15

49
4 

10
/0

6/
03

 
P*

 
R

iu
de

llo
ts

 d
e 

la
 S

el
va

 
48

39
50

 
46

38
20

0 
09

/0
9/

03
 

 
A*

 
G

ar
rig

a 
44

07
05

 
46

15
03

5 
10

/0
6/

03
 

P 
C

al
el

la
 d

e 
Pa

la
fru

ge
ll 

51
54

60
 

46
37

67
0 

?/
?/

03
 

 
A*

 
C

er
ve

ra
 

35
62

50
 

46
14

75
0 

20
/0

5/
03

 
P 

C
as

sà
 d

e 
la

 S
el

va
 

48
98

25
 

46
37

47
5 

?/
?/

03
 

 
P*

 
C

al
a 

S
an

t F
ra

nc
es

c 
(B

la
ne

s)
 

48
39

37
 

46
14

27
1 

18
/0

6/
04

 
A*

 
Sa

nt
 M

ar
ia

 d
'O

ló
 

42
01

34
 

46
36

42
2 

20
/0

5/
03

 
 

P 
Bl

an
es

 
48

26
50

 
46

13
92

5 
 

A 
Ta

ra
de

ll 
44

08
92

 
46

36
00

9 
?/

?/
03

 
 

A*
 

Tà
rre

ga
 

34
52

50
 

46
12

60
0 

20
/0

5/
03

 
P*

 
Sa

nt
a 

C
ol

om
a 

de
 F

ar
ne

rs
 

47
21

25
 

46
34

80
0 

28
/0

6/
03

 
 

A*
 

M
ol

le
ru

ss
a 

32
47

50
 

46
11

02
5 

20
/0

5/
03

 
P 

C
al

on
ge

 
50

63
50

 
46

34
50

0 
 

 
P*

 
M

al
gr

at
 d

e 
M

ar
 

47
85

80
 

46
10

46
0 

16
/0

5/
03

 
A*

 
To

na
 

43
60

18
 

46
33

47
8 

10
/0

6/
03

 
 

A*
 

Ll
ei

da
 

30
22

00
 

46
10

30
0 

20
/0

5/
03

 
A*

 
Vi

la
dr

au
 

44
94

50
 

46
33

25
0 

10
/0

6/
03

 
 

P*
 

Ll
in

ar
s 

de
l V

al
lé

s 
45

02
07

 
46

10
04

6 
10

/0
6/

03
 

P 
Pa

la
m

os
 

51
09

00
 

46
33

25
0 

 
 

P 
Sa

nt
a 

Su
sa

nn
a 

47
56

82
 

46
09

49
3 

 
P 

Se
va

 
44

06
58

 
46

32
31

8 
 

 
P 

Pi
ne

da
 d

e 
M

ar
 

47
42

60
 

46
08

44
5 

 
A*

 
Sú

ria
 

39
64

77
 

46
32

27
2 

21
/0

6/
03

 
 

P*
 

C
al

el
la

 
47

20
14

 
46

07
30

6 
16

/0
5/

03
 

P*
 

C
al

de
s 

de
 M

al
av

el
la

 
48

42
75

 
46

31
97

5 
01

/0
9/

03
 

 
P 

G
ra

no
lle

rs
 

44
09

39
 

46
06

56
3 

 
P 

Ll
ag

os
te

ra
 

49
11

50
 

46
30

80
0 

?/
?/

03
 

 
P 

Sa
nt

 P
ol

 d
e 

M
ar

 
46

86
95

 
46

05
80

1 
?/

?/
03

 
P*

 
R

iu
da

re
ne

s 
47

65
50

 
46

30
25

0 
18

/0
6/

04
 

 
A*

 
Ig

ua
la

da
 

38
48

25
 

46
04

07
5 

17
/0

6/
03

 
P 

Pl
at

ja
 d

'A
ro

 
50

56
65

 
46

29
71

5 
 

 
A*

 
Ar

en
ys

 d
e 

M
ar

 
46

25
19

 
46

03
44

9 
16

/0
5/

03
 

A*
 

Ar
bú

ci
es

 
45

98
75

 
46

29
65

0 
10

/0
6/

03
 

 
P 

Sa
nt

 A
nd

re
u 

de
 L

la
va

ne
re

s 
45

68
71

 
46

02
54

8 
?/

?/
03

 
P 

C
as

te
ll 

d'
Ar

o 
50

25
10

 
46

29
50

0 
 

 
P 

C
al

de
s 

d'
Es

tra
c 

46
07

11
 

46
02

36
4 

?/
?/

03
 

P 
Sa

nt
a 

C
ris

tin
a 

d'
Ar

o 
50

01
00

 
46

29
20

0 
 

 
P 

Va
ca

ris
se

s 
40

82
80

 
46

02
33

1 
?/

?/
03

 
A*

 
Ba

la
gu

er
 

31
78

25
 

46
29

05
0 

22
/0

5/
03

 
 

P 
Te

rra
ss

a 
41

78
94

 
46

02
11

0 
 

P 
Si

ls
 

47
88

00
 

46
28

65
0 

?/
?/

03
 

 
A*

 
Sa

nt
a 

C
ol

om
a 

de
 Q

ue
ra

lt 
36

52
25

 
45

99
32

5 
17

/0
6/

03
 

 



    
P

re
s 

lh
 

C
ity

/ T
ow

n/
 P

la
ce

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
lh

 
C

ity
/ T

ow
n/

 P
la

ce
 

Lo
ng

itu
de

 
La

tit
ud

e 
D

at
e 

A*
 

Es
pa

rra
gu

er
a 

40
58

02
 

45
99

32
4 

17
/0

6/
03

 
 

P*
 

R
eu

s 
34

13
50

 
45

57
85

0 
21

/0
5/

03
 

P*
 

M
at

ar
o 

45
37

31
 

45
99

06
7 

06
/0

5/
03

 
 

A*
 

Fa
ls

et
 

31
71

75
 

45
57

35
0 

21
/0

5/
03

 
A*

 
Bo

rg
es

 B
la

nq
ue

s 
32

23
00

 
45

98
95

0 
21

/0
5/

03
 

 
P*

 
To

rre
de

m
ba

rra
 

36
57

00
 

45
56

22
5 

11
/0

6/
03

 
P 

Ba
rb

er
à 

de
l V

al
lé

s 
42

69
44

 
45

96
44

9 
 

 
P 

Al
ta

fu
lla

 
36

38
00

 
45

55
92

5 
 

P 
Vi

la
ss

ar
 d

e 
M

ar
 

44
93

23
 

45
95

03
4 

 
 

P*
 

M
on

tb
rió

 d
el

 C
am

p 
33

25
00

 
45

54
22

5 
12

/0
6/

03
 

P 
Te

ia
 

44
35

87
 

45
94

33
2 

 
 

P*
 

Ta
rra

go
na

 
35

32
50

 
45

53
35

0 
11

/0
6/

03
 

P 
R

ub
i 

41
92

37
 

45
93

98
0 

 
 

P 
Vi

la
-s

ec
a 

34
44

00
 

45
52

85
0 

?/
?/

03
 

P 
Pr

em
ià

 d
e 

M
ar

 
44

65
60

 
45

93
55

5 
 

 
A*

 
M

or
a 

la
 N

ov
a 

30
27

25
 

45
52

55
0 

21
/0

5/
03

 
P 

M
on

tc
ad

a 
i R

ei
xa

c 
(M

on
tc

ad
a)

 
43

22
00

 
45

93
15

0 
 

 
P*

 
Sa

lo
u 

34
32

50
 

45
49

10
0 

11
/0

6/
03

 
A*

 
Ll

ac
un

a 
37

76
16

 
45

92
44

4 
17

/0
6/

03
 

 
P*

 
C

am
br

ils
 

33
65

50
 

45
48

95
0 

12
/0

6/
03

 
P 

Sa
nt

 C
ug

at
 d

el
 V

al
lé

s 
42

34
67

 
45

91
73

2 
 

 
A*

 
G

an
de

sa
 

28
48

50
 

45
48

05
0 

12
/0

6/
03

 
A*

 
Sa

nt
 P

er
e 

de
 R

iu
de

bi
tll

es
 

39
18

01
 

45
89

79
1 

16
/0

6/
03

 
 

A*
 

Va
nd

el
lo

s 
31

77
25

 
45

43
40

0 
12

/0
6/

03
 

P*
 

Sa
nt

 S
ad

ur
ní

 d
'A

no
ia

 
39

87
60

 
45

86
76

4 
16

/0
6/

03
 

 
P*

 
R

as
qu

er
a 

29
81

50
 

45
41

97
5 

12
/0

6/
03

 
P 

Ba
rc

el
on

a 
43

07
43

 
45

83
71

1 
 

 
P*

 
H

os
pi

ta
le

t d
e 

l'I
nf

an
t 

32
54

40
 

45
40

00
0 

12
/0

6/
03

 
P*

 
Sa

nt
 M

ar
tí 

Sa
rro

ca
 

38
39

54
 

45
82

66
7 

17
/0

6/
03

 
 

A*
 

Be
ni

fa
lle

t 
29

11
50

 
45

39
05

0 
12

/0
6/

03
 

A*
 

M
on

tb
la

nc
 

34
64

50
 

45
82

25
0 

21
/0

5/
03

 
 

A*
 

Ti
ve

ny
s 

29
05

75
 

45
31

67
5 

12
/0

6/
03

 
A*

 
Av

in
yo

ne
t d

el
 P

en
ed

és
 

39
78

72
 

45
79

78
3 

16
/0

6/
03

 
 

P*
 

Am
et

lla
 d

e 
M

ar
 

31
49

50
 

45
28

45
0 

12
/0

6/
03

 
A 

Li
lla

 
35

04
80

 
45

79
16

0 
?/

?/
03

 
 

A*
 

Pe
re

lló
 

30
73

00
 

45
27

60
0 

12
/0

6/
03

 
P*

 
Vi

la
fra

nc
a 

de
l P

en
ed

és
 

39
13

54
 

45
78

12
2 

16
/0

6/
03

 
 

P*
 

To
rto

sa
 

29
11

00
 

45
20

92
5 

12
/0

6/
03

 
A*

 
Be

gu
es

 
40

98
36

 
45

76
37

4 
16

/0
6/

03
 

 
P*

 
Am

po
lla

 
30

68
50

 
45

20
65

0 
12

/0
6/

03
 

P 
Pr

at
 d

e 
Ll

ob
re

ga
t 

42
43

72
 

45
75

83
8 

29
/0

8/
03

 
 

P*
 

D
el

te
br

e 
30

77
00

 
45

10
35

0 
12

/0
6/

03
 

A*
 

O
liv

el
la

 
40

05
63

 
45

74
04

0 
16

/0
6/

03
 

 
P*

 
Am

po
st

a 
29

56
50

 
45

09
45

0 
12

/0
6/

03
 

A*
 

Va
lls

 
35

36
25

 
45

72
25

0 
21

/0
5/

03
 

 
P*

 
Sè

ni
a 

27
02

00
 

45
01

97
5 

12
/0

6/
03

 
P*

 
C

an
ye

lle
s 

39
30

85
 

45
71

53
9 

16
/0

6/
03

 
 

P*
 

Sa
nt

 C
ar

le
s 

de
 la

 R
àp

ita
 

29
63

50
 

44
99

50
0 

12
/0

6/
03

 
A*

 
R

od
on

ya
 

36
59

00
 

45
71

35
0 

16
/0

6/
03

 
 

P*
 

U
lld

ec
on

a 
28

40
25

 
44

97
35

0 
12

/0
6/

03
 

P*
 

Bi
sb

al
 d

el
 P

en
ed

és
 

37
34

50
 

45
71

20
0 

16
/0

6/
03

 
 

P*
 

Al
ca

na
r 

28
68

00
 

44
91

40
0 

12
/0

6/
03

 
P 

C
as

te
lld

ef
el

s 
41

43
00

 
45

70
30

0 
 

 
 

 
 

 
 

P*
 

Sa
nt

 P
er

e 
de

 R
ib

es
 

39
72

69
 

45
68

75
5 

16
/0

6/
03

 
 

 
 

 
 

 
A*

 
Fl

ix
 

29
47

50
 

45
67

45
0 

21
/0

5/
03

 
 

 
 

 
 

 
P*

 
Si

tg
es

 
40

04
39

 
45

65
89

1 
16

/0
6/

03
 

 
 

 
 

 
 

P 
Ve

nd
re

ll 
37

73
00

 
45

64
57

5 
 

 
 

 
 

 
 

P*
 

Vi
la

no
va

 i 
la

 G
el

trú
 

39
32

50
 

45
64

50
0 

16
/0

6/
03

 
 

 
 

 
 

 
P 

C
al

af
el

l 
38

01
00

 
45

62
20

0 
 

 
 

 
 

 
 

P 
C

un
it 

38
56

25
 

45
61

85
0 

 
 

 
 

 
 

 
P 

C
om

a-
ru

ga
 

37
62

80
 

45
60

26
0 

 
 

 
 

 
 

 
P*

 
R

iu
de

co
ls

 
33

03
00

 
45

59
65

0 
21

/0
5/

03
 

 
 

 
 

 
 

 





  A
nn

ex
e 

4 
S

ou
rc

es
 o

f L
in

ep
ith

em
a 

hu
m

ile
’s

 o
cc

ur
re

nc
es

  
 P

er
so

na
l c

ol
le

ct
io

ns
:  

C
ris

an
to

 G
óm

ez
 p

er
so

na
l c

ol
le

ct
io

n,
 G

iro
na

, C
at

al
un

ya
, S

pa
in

. 
X

av
ie

r E
sp

ad
al

er
 p

er
so

na
l c

ol
le

ct
io

n,
 B

ar
ce

lo
na

, C
at

al
un

ya
, S

pa
in

. 
 S

ci
en

tif
ic

 li
te

ra
tu

re
: 

A
rn

an
, X

. 2
00

4 
In

flu
èn

ci
a 

de
ls

 p
at

ro
ns

 re
gi

on
al

s 
i d

e 
ve

ge
ta

ci
ó 

en
 la

 re
cu

pe
ra

ci
ó 

po
st

 in
ce

nd
i d

e 
le

s 
co

m
un

ita
ts

 d
e 

fo
rm

ig
ue

s 
m

ed
ite

rr
àn

ie
s.

 D
E

A
 th

es
is

. B
el

la
te

rra
: 

U
ni

ve
rs

ita
t A

ut
òn

om
a 

de
 B

ar
ce

lo
na

. 
C

ol
lin

gw
oo

d,
 C

. A
. &

 Y
ar

ro
w

, I
. H

. H
. 1

96
9 

A
 s

ur
ve

y 
of

 Ib
er

ia
n 

Fo
rm

ic
id

ae
 (H

ym
en

op
te

ra
). 

E
os

 4
4,

 5
3-

10
1.

 
E

sp
ad

al
er

, X
. &

 G
óm

ez
, C

. 2
00

3 
Th

e 
A

rg
en

tin
e 

an
t, 

Li
ne

pi
th

em
a 

hu
m

ile
, i

n 
th

e 
Ib

er
ia

n 
P

en
in

su
la

. S
oc

io
bi

ol
og

y 
37

, 3
-2

5.
 

G
ira

ud
, T

., 
P

ed
er

se
n,

 J
. S

. &
 K

el
le

r, 
L.

 2
00

2 
E

vo
lu

tio
n 

of
 s

up
er

co
lo

ni
es

: T
he

 A
rg

en
tin

e 
an

t o
f s

ou
th

er
n 

E
ur

op
e.

 P
ro

c.
 N

at
. A

ca
d.

 S
ci

. U
S

A
  9

9,
 6

07
5-

60
79

. 
S

uñ
er

, D
. 1

99
1 

C
on

tri
bu

ci
ó 

al
 c

on
ei

xe
m

en
t m

irm
ec

ol
òg

ic
 d

e 
G

av
ar

re
s,

 M
on

tg
rí,

 G
ui

lle
rie

s 
i l

a 
S

er
ra

la
da

 T
ra

ns
ve

rs
al

. P
h 

D
 T

he
si

s.
 B

el
la

te
rra

: U
ni

ve
rs

ita
t A

ut
òn

om
a 

B
ar

ce
lo

na
. 

 Fi
el

d 
w

or
k:

  
It 

w
as

 d
on

e 
w

ith
 th

e 
va

lu
ab

le
 c

ol
la

bo
ra

tio
n 

an
d 

as
si

ta
nc

e 
of

 J
.M

. B
as

, Q
. G

ub
au

 a
nd

 S
. A

br
il.

 In
 a

dd
iti

on
, X

. E
sp

ad
al

er
, C

. G
óm

ez
, X

. B
la

nc
af

or
t, 

P
. P

on
s,

 M
.R

. 
H

er
ná

nd
ez

, J
. O

liv
er

as
 a

nd
 M

. S
àb

at
 a

ls
o 

pr
ov

id
ed

 A
rg

en
tin

e 
an

t o
cc

ur
re

nc
e 

da
ta

. 
 





  A
nn

ex
e 

5 
O

cc
ur

re
nc

e 
da

ta
 o

f A
rg

en
tin

e 
A

nt
 (

Li
ne

pi
th

em
 h

um
ile

) 
in

 th
e 

C
os

ta
 B

ra
va

 in
 U

TM
 c

oo
rd

in
at

es
 (

an
d 

E
ur

op
ea

n 
19

50
 D

at
um

). 
Th

e 
fir

st
 c

ol
um

n 
re

fe
rs

 to
 

pr
es

en
ce

 (P
) o

r a
bs

en
ce

 (A
) o

f t
he

 s
pe

ci
es

 c
ol

le
ct

ed
 d

ur
in

g 
a 

fie
ld

 w
or

k 
sa

m
pl

in
g,

 w
ith

 th
e 

as
si

st
an

ce
 o

f A
. S

eg
la

r, 
J.

M
. B

as
, C

. R
ou

ra
, a

nd
 X

. N
og

ué
s.

 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

48
24

11
.7

3 
46

14
63

9.
68

 
23

/0
5/

05
 

 
A 

48
05

05
.6

7 
46

17
21

9.
69

23
/0

5/
05

 
 

P 
49

05
28

.4
8 

46
18

46
3.

75
10

/0
6/

05
 

A 
48

22
12

.3
9 

46
14

72
4.

12
 

23
/0

5/
05

 
 

P 
48

56
60

.0
0 

46
17

25
9.

00
29

/0
4/

05
 

 
P 

49
04

42
.0

2 
46

18
46

4.
83

10
/0

6/
05

 
A 

48
11

54
.1

0 
46

14
72

4.
75

 
23

/0
5/

05
 

 
A 

48
05

81
.8

1 
46

17
28

7.
83

23
/0

5/
05

 
 

P 
49

05
37

.5
8 

46
18

47
0.

19
10

/0
6/

05
 

A 
48

22
57

.2
0 

46
14

79
8.

24
 

23
/0

5/
05

 
 

P 
48

97
85

.4
1 

46
17

30
5.

02
30

/0
5/

05
 

 
P 

49
06

05
.1

3 
46

18
47

9.
37

10
/0

6/
05

 
A 

48
26

67
.5

7 
46

14
94

8.
83

 
23

/0
5/

05
 

 
P 

48
56

71
.0

0 
46

17
30

7.
00

29
/0

4/
05

 
 

P 
49

05
52

.4
7 

46
18

48
2.

92
10

/0
6/

05
 

A 
48

26
43

.5
6 

46
15

14
3.

55
 

23
/0

5/
05

 
 

A 
48

05
23

.6
1 

46
17

40
8.

48
23

/0
5/

05
 

 
P 

49
04

92
.3

5 
46

18
48

7.
29

10
/0

6/
05

 
A 

48
06

97
.0

6 
46

15
20

1.
02

 
23

/0
5/

05
 

 
P 

48
97

26
.2

2 
46

17
43

2.
19

30
/0

5/
05

 
 

P 
48

65
90

.0
0 

46
18

49
1.

00
29

/0
4/

05
 

A 
48

34
83

.0
3 

46
15

49
1.

67
 

23
/0

5/
05

 
 

A 
48

08
30

.6
9 

46
17

45
7.

50
23

/0
5/

05
 

 
P 

49
05

60
.4

4 
46

18
49

3.
64

10
/0

6/
05

 
A 

48
32

35
.1

3 
46

15
55

4.
01

 
23

/0
5/

05
 

 
P 

48
03

32
.5

8 
46

17
48

8.
23

23
/0

5/
05

 
 

P 
49

04
74

.3
3 

46
18

49
5.

86
10

/0
6/

05
 

P 
48

23
84

.5
9 

46
15

58
1.

44
 

23
/0

5/
05

 
 

P 
48

54
66

.0
0 

46
17

50
9.

00
29

/0
4/

05
 

 
P 

49
06

21
.2

5 
46

18
50

0.
54

10
/0

6/
05

 
P 

48
02

79
.9

7 
46

15
64

3.
76

 
23

/0
5/

05
 

 
P 

48
95

41
.4

7 
46

17
55

1.
33

30
/0

5/
05

 
 

P 
49

00
20

.4
5 

46
18

51
1.

85
30

/0
5/

05
 

P 
48

22
88

.3
7 

46
15

73
0.

74
 

23
/0

5/
05

 
 

P 
48

97
72

.5
4 

46
17

64
3.

79
30

/0
5/

05
 

 
P 

49
06

48
.5

3 
46

18
52

4.
30

10
/0

6/
05

 
A 

48
00

73
.6

3 
46

15
75

5.
58

 
23

/0
5/

05
 

 
A 

48
02

71
.3

2 
46

17
67

1.
65

23
/0

5/
05

 
 

P 
49

05
78

.8
2 

46
18

52
5.

52
10

/0
6/

05
 

A 
48

32
55

.7
2 

46
15

82
3.

92
 

23
/0

5/
05

 
 

P 
48

98
31

.7
3 

46
17

79
0.

67
?/

07
/0

4 
 

P 
49

06
31

.6
8 

46
18

52
7.

28
10

/0
6/

05
 

P 
48

41
42

.0
2 

46
15

83
5.

35
 

23
/0

5/
05

 
 

A 
49

01
09

.1
3 

46
17

85
1.

96
?/

07
/0

4 
 

P 
49

05
85

.8
6 

46
18

53
2.

56
10

/0
6/

05
 

P 
48

34
06

.7
2 

46
16

16
5.

87
 

23
/0

5/
05

 
 

A 
48

26
78

.0
0 

46
17

97
1.

00
29

/0
4/

05
 

 
A 

48
04

46
.9

6 
46

18
53

4.
21

23
/0

5/
05

 
P 

48
44

58
.1

2 
46

16
17

0.
41

 
23

/0
5/

05
 

 
P 

49
12

18
.5

8 
46

18
00

4.
72

?/
07

/0
4 

 
P 

49
05

89
.8

1 
46

18
53

8.
35

10
/0

6/
05

 
A 

47
94

32
.0

6 
46

16
23

7.
94

 
23

/0
5/

05
 

 
P 

48
02

39
.9

2 
46

18
11

5.
65

23
/0

5/
05

 
 

P 
48

66
65

.0
0 

46
18

54
2.

00
29

/0
4/

05
 

P 
48

40
99

.8
1 

46
16

32
1.

51
 

23
/0

5/
05

 
 

P 
49

07
10

.3
4 

46
18

12
8.

73
?/

07
/0

4 
 

P 
49

03
57

.1
6 

46
18

54
2.

19
30

/0
5/

05
 

P 
48

43
54

.2
8 

46
16

34
0.

51
 

23
/0

5/
05

 
 

A 
48

55
69

.0
0 

46
18

14
3.

00
29

/0
4/

05
 

 
P 

49
05

99
.7

7 
46

18
54

5.
28

10
/0

6/
05

 
P 

48
42

44
.5

9 
46

16
40

3.
89

 
23

/0
5/

05
 

 
P 

48
99

58
.5

3 
46

18
27

5.
84

30
/0

5/
05

 
 

P 
49

06
03

.2
3 

46
18

54
8.

20
10

/0
6/

05
 

P 
48

50
62

.5
8 

46
16

42
1.

49
 

23
/0

5/
05

 
 

P 
48

61
85

.0
0 

46
18

32
1.

00
29

/0
4/

05
 

 
P 

49
06

74
.4

9 
46

18
55

0.
17

10
/0

6/
05

 
A 

47
97

86
.9

7 
46

16
48

4.
13

 
23

/0
5/

05
 

 
P 

48
03

39
.8

1 
46

18
35

4.
13

23
/0

5/
05

 
 

P 
49

07
26

.7
7 

46
18

57
5.

18
10

/0
6/

05
 

A 
48

33
89

.9
8 

46
16

49
6.

37
 

23
/0

5/
05

 
 

P 
49

00
35

.5
9 

46
18

36
5.

57
30

/0
5/

05
 

 
A 

49
06

24
.9

9 
46

18
57

6.
35

10
/0

6/
05

 
P 

48
40

66
.2

3 
46

16
49

7.
95

 
23

/0
5/

05
 

 
P 

49
05

27
.1

2 
46

18
42

0.
84

10
/0

6/
05

 
 

A 
49

07
37

.0
4 

46
18

58
7.

03
10

/0
6/

05
 

P 
48

55
52

.4
8 

46
16

56
5.

18
 

23
/0

5/
05

 
 

P 
49

05
05

.1
9 

46
18

42
3.

38
10

/0
6/

05
 

 
P 

49
05

17
.0

2 
46

18
58

8.
74

10
/0

6/
05

 
P 

48
54

28
.7

7 
46

16
59

3.
75

 
23

/0
5/

05
 

 
P 

49
05

56
.4

1 
46

18
42

3.
49

10
/0

6/
05

 
 

P 
49

06
35

.9
7 

46
18

59
2.

72
10

/0
6/

05
 

A 
48

31
31

.8
6 

46
16

66
2.

20
 

23
/0

5/
05

 
 

P 
49

04
92

.6
6 

46
18

43
2.

61
10

/0
6/

05
 

 
P 

49
07

46
.8

9 
46

18
59

2.
82

10
/0

6/
05

 
P 

48
53

90
.4

4 
46

16
67

0.
62

 
23

/0
5/

05
 

 
P 

49
05

72
.7

3 
46

18
43

5.
28

10
/0

6/
05

 
 

A 
49

07
58

.3
9 

46
18

60
0.

03
10

/0
6/

05
 

P 
48

53
46

.7
1 

46
16

76
3.

96
 

23
/0

5/
05

 
 

P 
49

04
92

.8
3 

46
18

43
7.

92
10

/0
6/

05
 

 
A 

49
07

69
.0

7 
46

18
61

0.
81

10
/0

6/
05

 
A 

48
01

62
.0

9 
46

16
98

9.
36

 
23

/0
5/

05
 

 
P 

49
00

17
.5

1 
46

18
43

8.
07

?/
07

/0
4 

 
A 

49
06

47
.9

0 
46

18
61

3.
97

10
/0

6/
05

 
P 

48
57

55
.0

0 
46

17
09

4.
00

 
29

/0
4/

05
 

 
P 

49
04

56
.5

4 
46

18
43

9.
03

10
/0

6/
05

 
 

P 
49

04
04

.4
1 

46
18

61
7.

28
30

/0
5/

05
 

A 
48

03
91

.3
5 

46
17

12
1.

21
 

23
/0

5/
05

 
 

P 
49

04
97

.2
9 

46
18

45
7.

07
10

/0
6/

05
 

 
P 

49
03

05
.0

6 
46

18
61

8.
06

30
/0

5/
05

 
P 

48
57

30
.0

0 
46

17
16

2.
00

 
29

/0
4/

05
 

 
P 

49
05

15
.6

1 
46

18
45

9.
45

10
/0

6/
05

 
 

A 
49

07
84

.6
7 

46
18

61
8.

84
10

/0
6/

05
 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

48
59

43
.0

0 
46

18
62

8.
00

 
29

/0
4/

05
 

 
A 

49
07

90
.0

8 
46

18
86

2.
24

 
10

/0
6/

05
 

 
A 

48
91

64
.0

2 
46

19
42

6.
21

 
?/

07
/0

4 
A 

49
06

55
.5

6 
46

18
62

9.
33

 
10

/0
6/

05
 

 
A 

49
06

45
.9

5 
46

18
86

4.
81

 
10

/0
6/

05
 

 
A 

48
96

49
.2

6 
46

19
45

6.
34

 
?/

07
/0

4 
P 

49
05

30
.4

4 
46

18
62

9.
73

 
10

/0
6/

05
 

 
A 

49
06

70
.5

0 
46

18
86

6.
87

 
10

/0
6/

05
 

 
A 

48
94

18
.2

1 
46

19
45

6.
67

 
?/

07
/0

4 
A 

49
08

07
.9

9 
46

18
64

3.
88

 
10

/0
6/

05
 

 
A 

49
06

04
.8

0 
46

18
87

2.
37

 
10

/0
6/

05
 

 
A 

48
56

22
.5

7 
46

19
47

6.
45

 
25

/0
5/

05
 

P 
49

05
38

.4
4 

46
18

64
4.

31
 

10
/0

6/
05

 
 

A 
49

03
96

.9
2 

46
18

88
1.

33
 

10
/0

6/
05

 
 

P 
49

37
84

.9
6 

46
19

48
2.

39
 

?/
07

/0
4 

A 
49

06
69

.1
0 

46
18

65
2.

51
 

10
/0

6/
05

 
 

P 
49

03
18

.5
3 

46
18

90
0.

27
 

?/
07

/0
4 

 
A 

48
94

18
.3

1 
46

19
51

8.
36

 
?/

07
/0

4 
A 

49
02

48
.8

8 
46

18
65

3.
63

 
?/

07
/0

4 
 

A 
49

05
94

.3
8 

46
18

90
1.

07
 

10
/0

6/
05

 
 

A 
48

89
56

.2
2 

46
19

51
9.

05
 

?/
07

/0
4 

P 
49

05
42

.6
2 

46
18

65
4.

49
 

10
/0

6/
05

 
 

A 
49

05
43

.2
7 

46
18

90
9.

63
 

10
/0

6/
05

 
 

P 
49

23
04

.0
0 

46
19

56
9.

00
 

28
/0

4/
05

 
A 

49
08

19
.9

9 
46

18
65

9.
95

 
10

/0
6/

05
 

 
A 

49
03

95
.7

2 
46

18
91

3.
14

 
10

/0
6/

05
 

 
A 

48
58

62
.8

3 
46

19
57

9.
58

 
25

/0
5/

05
 

A 
49

06
88

.4
3 

46
18

66
0.

86
 

10
/0

6/
05

 
 

P 
48

62
42

.0
0 

46
18

92
8.

00
 

29
/0

4/
05

 
 

A 
48

57
70

.6
2 

46
19

58
2.

44
 

25
/0

5/
05

 
P 

49
05

55
.4

5 
46

18
67

9.
31

 
10

/0
6/

05
 

 
A 

49
04

06
.4

7 
46

18
92

9.
84

 
10

/0
6/

05
 

 
P 

49
49

40
.2

6 
46

19
60

4.
85

 
?/

07
/0

4 
A 

49
08

37
.0

8 
46

18
68

0.
31

 
10

/0
6/

05
 

 
A 

49
04

05
.3

4 
46

18
93

2.
21

 
10

/0
6/

05
 

 
A 

48
49

52
.9

9 
46

19
61

6.
72

 
25

/0
5/

05
 

P 
49

03
53

.0
1 

46
18

68
1.

03
 

30
/0

5/
05

 
 

A 
49

05
35

.3
5 

46
18

93
2.

50
 

10
/0

6/
05

 
 

A 
48

71
25

.0
0 

46
19

61
8.

00
 

29
/0

4/
05

 
A 

49
07

17
.8

3 
46

18
68

1.
42

 
10

/0
6/

05
 

 
P 

48
88

39
.7

9 
46

18
93

3.
26

 
?/

07
/0

4 
 

P 
49

23
43

.0
0 

46
19

62
3.

00
 

28
/0

4/
05

 
A 

49
07

35
.2

5 
46

18
68

8.
02

 
10

/0
6/

05
 

 
A 

49
05

19
.5

9 
46

18
93

8.
42

 
10

/0
6/

05
 

 
P 

49
22

71
.0

0 
46

19
63

5.
00

 
28

/0
4/

05
 

P 
49

05
50

.2
5 

46
18

69
1.

25
 

10
/0

6/
05

 
 

A 
49

04
13

.3
2 

46
18

93
8.

68
 

10
/0

6/
05

 
 

P 
48

46
49

.0
0 

46
19

64
6.

00
 

29
/0

4/
05

 
A 

49
07

56
.7

3 
46

18
71

4.
75

 
10

/0
6/

05
 

 
A 

49
04

19
.4

3 
46

18
94

0.
22

 
10

/0
6/

05
 

 
A 

49
24

24
.0

0 
46

19
66

5.
00

 
28

/0
4/

05
 

P 
49

03
64

.5
0 

46
18

71
5.

16
 

?/
07

/0
4 

 
A 

49
05

13
.0

5 
46

18
95

2.
16

 
10

/0
6/

05
 

 
P 

49
22

17
.0

0 
46

19
67

1.
00

 
28

/0
4/

05
 

A 
49

05
95

.3
7 

46
18

74
0.

00
 

10
/0

6/
05

 
 

A 
49

04
92

.1
7 

46
18

96
8.

76
 

10
/0

6/
05

 
 

A 
49

14
34

.0
0 

46
19

67
3.

00
 

28
/0

4/
05

 
A 

49
06

18
.2

9 
46

18
75

3.
50

 
10

/0
6/

05
 

 
A 

49
04

41
.6

4 
46

18
96

8.
84

 
10

/0
6/

05
 

 
A 

49
24

80
.0

0 
46

19
68

4.
00

 
28

/0
4/

05
 

A 
49

07
37

.8
0 

46
18

75
7.

93
 

10
/0

6/
05

 
 

A 
49

04
71

.7
7 

46
18

97
1.

90
 

10
/0

6/
05

 
 

P 
49

17
39

.0
0 

46
19

71
6.

00
 

28
/0

4/
05

 
P 

49
04

25
.6

7 
46

18
76

9.
62

 
30

/0
5/

05
 

 
P 

48
63

79
.0

0 
46

19
03

1.
00

 
29

/0
4/

05
 

 
P 

49
23

47
.0

0 
46

19
72

6.
00

 
28

/0
4/

05
 

P 
49

04
52

.5
9 

46
18

77
1.

48
 

30
/0

5/
05

 
 

P 
48

99
49

.0
5 

46
19

05
4.

98
 

?/
07

/0
4 

 
A 

48
91

41
.3

8 
46

19
73

4.
66

 
?/

07
/0

4 
P 

49
05

19
.3

1 
46

18
78

2.
35

 
30

/0
5/

05
 

 
P 

48
96

02
.5

1 
46

19
08

6.
31

 
?/

07
/0

4 
 

A 
48

48
81

.3
0 

46
19

74
8.

51
 

25
/0

5/
05

 
A 

49
05

57
.5

0 
46

18
78

5.
28

 
10

/0
6/

05
 

 
A 

48
94

87
.0

3 
46

19
11

7.
32

 
?/

07
/0

4 
 

A 
49

22
83

.4
8 

46
19

76
1.

42
 

?/
07

/0
4 

A 
49

06
24

.6
3 

46
18

78
5.

33
 

10
/0

6/
05

 
 

A 
48

71
86

.0
0 

46
19

16
4.

00
 

29
/0

4/
05

 
 

A 
48

93
26

.2
6 

46
19

76
5.

22
 

?/
07

/0
4 

A 
49

06
17

.5
5 

46
18

78
6.

55
 

30
/0

5/
05

 
 

A 
48

68
99

.3
3 

46
19

18
3.

27
 

?/
07

/0
4 

 
P 

49
16

82
.0

0 
46

19
77

5.
00

 
28

/0
4/

05
 

A 
49

07
41

.8
2 

46
18

79
3.

47
 

10
/0

6/
05

 
 

P 
48

65
71

.0
0 

46
19

19
4.

00
 

29
/0

4/
05

 
 

P 
49

23
76

.0
0 

46
19

80
3.

00
 

28
/0

4/
05

 
P 

49
03

87
.2

5 
46

18
80

6.
98

 
30

/0
5/

05
 

 
P 

48
99

95
.4

8 
46

19
20

9.
12

 
?/

07
/0

4 
 

A 
49

11
43

.0
0 

46
19

81
1.

00
 

28
/0

4/
05

 
A 

49
07

41
.5

3 
46

18
82

1.
57

 
10

/0
6/

05
 

 
P 

48
90

01
.9

6 
46

19
21

0.
57

 
?/

07
/0

4 
 

P 
49

47
32

.4
8 

46
19

82
0.

88
 

?/
07

/0
4 

P 
49

21
90

.0
6 

46
18

83
6.

30
 

?/
07

/0
4 

 
A 

48
69

05
.0

0 
46

19
21

8.
00

 
29

/0
4/

05
 

 
P 

49
24

22
.1

7 
46

19
82

2.
95

 
?/

07
/0

4 
A 

49
07

34
.7

6 
46

18
84

5.
92

 
10

/0
6/

05
 

 
A 

48
66

35
.0

0 
46

19
28

0.
00

 
29

/0
4/

05
 

 
P 

49
24

39
.0

0 
46

19
84

0.
00

 
28

/0
4/

05
 

A 
49

07
54

.5
1 

46
18

84
7.

04
 

10
/0

6/
05

 
 

P 
48

55
81

.3
6 

46
19

29
0.

58
 

25
/0

5/
05

 
 

A 
48

58
34

.1
5 

46
19

85
0.

20
 

25
/0

5/
05

 
A 

49
07

30
.8

4 
46

18
84

8.
78

 
10

/0
6/

05
 

 
A 

48
98

57
.0

2 
46

19
33

2.
68

 
?/

07
/0

4 
 

A 
48

46
73

.0
0 

46
19

89
6.

00
 

29
/0

4/
05

 
A 

49
07

50
.3

0 
46

18
85

5.
84

 
10

/0
6/

05
 

 
A 

48
67

26
.0

0 
46

19
33

9.
00

 
29

/0
4/

05
 

 
P 

49
23

83
.0

0 
46

19
91

9.
00

 
28

/0
4/

05
 

A 
49

07
57

.1
5 

46
18

85
5.

95
 

10
/0

6/
05

 
 

A 
48

55
72

.5
7 

46
19

41
3.

56
 

25
/0

5/
05

 
 

A 
49

52
17

.7
3 

46
19

94
3.

91
 

?/
07

/0
4 

 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

49
36

69
.8

5 
46

19
94

5.
11

 
?/

07
/0

4 
 

A 
49

58
19

.0
0 

46
20

96
1.

28
 

?/
07

/0
4 

 
A 

48
34

89
.3

6 
46

22
31

9.
71

 
23

/0
5/

05
 

A 
49

16
83

.0
1 

46
19

94
7.

14
 

?/
07

/0
4 

 
A 

49
58

88
.3

1 
46

20
99

2.
08

 
?/

07
/0

4 
 

A 
48

30
72

.0
0 

46
22

33
5.

00
 

15
/0

7/
04

 
A 

49
16

71
.0

0 
46

19
96

1.
00

 
28

/0
4/

05
 

 
P 

48
50

73
.0

0 
46

21
03

4.
00

 
09

/0
8/

04
 

 
A 

48
27

57
.5

2 
46

22
36

6.
52

 
23

/0
5/

05
 

P 
49

36
79

.0
0 

46
19

97
0.

00
 

28
/0

4/
05

 
 

A 
48

52
34

.0
0 

46
21

05
5.

00
 

15
/0

7/
04

 
 

A 
48

42
06

.0
0 

46
22

46
1.

00
 

15
/0

7/
04

 
P 

49
32

30
.9

3 
46

19
97

6.
35

 
?/

07
/0

4 
 

A 
49

15
06

.0
0 

46
21

10
0.

00
 

28
/0

4/
05

 
 

A 
48

27
52

.0
0 

46
22

47
2.

00
 

15
/0

7/
04

 
A 

49
29

76
.8

3 
46

20
00

7.
43

 
?/

07
/0

4 
 

A 
49

61
65

.5
7 

46
21

11
5.

29
 

?/
07

/0
4 

 
A 

48
32

28
.0

2 
46

22
48

4.
51

 
23

/0
5/

05
 

A 
49

30
92

.3
7 

46
20

03
8.

16
 

?/
07

/0
4 

 
A 

48
51

81
.0

0 
46

21
13

5.
00

 
15

/0
7/

04
 

 
A 

48
35

91
.0

0 
46

22
50

1.
00

 
15

/0
7/

04
 

A 
48

58
45

.6
2 

46
20

04
3.

52
 

25
/0

5/
05

 
 

P 
48

17
04

.4
7 

46
21

13
8.

26
 

23
/0

5/
05

 
 

A 
48

27
07

.8
5 

46
22

63
1.

63
 

23
/0

5/
05

 
P 

49
37

61
.0

0 
46

20
07

0.
00

 
28

/0
4/

05
 

 
P 

48
50

16
.0

0 
46

21
14

0.
00

 
15

/0
7/

04
 

 
A 

48
33

95
.0

0 
46

22
63

6.
30

 
23

/0
5/

05
 

P 
48

53
77

.5
7 

46
20

08
9.

93
 

25
/0

5/
05

 
 

A 
49

59
34

.6
0 

46
21

14
6.

26
 

?/
07

/0
4 

 
A 

48
26

09
.6

6 
46

22
63

8.
58

 
23

/0
5/

05
 

A 
49

59
34

.0
4 

46
20

15
9.

35
 

?/
07

/0
4 

 
P 

49
14

23
.0

0 
46

21
15

2.
00

 
28

/0
4/

05
 

 
A 

48
16

96
.6

2 
46

22
68

4.
00

 
25

/0
5/

05
 

P 
49

38
54

.8
6 

46
20

16
0.

83
 

?/
07

/0
4 

 
A 

48
53

40
.0

0 
46

21
15

6.
00

 
09

/0
8/

04
 

 
A 

48
26

37
.0

0 
46

22
70

9.
00

 
15

/0
7/

04
 

A 
48

56
84

.7
5 

46
20

17
5.

20
 

25
/0

5/
05

 
 

P 
48

49
80

.0
0 

46
21

18
3.

00
 

15
/0

7/
04

 
 

A 
49

70
20

.9
0 

46
22

71
8.

61
 

?/
07

/0
4 

P 
49

26
81

.0
0 

46
20

18
6.

00
 

28
/0

4/
05

 
 

A 
48

65
87

.0
0 

46
21

21
3.

00
 

09
/0

8/
04

 
 

A 
49

78
52

.3
0 

46
22

77
9.

99
 

?/
07

/0
4 

P 
49

26
53

.5
8 

46
20

19
2.

80
 

?/
07

/0
4 

 
P 

48
50

26
.0

0 
46

21
23

6.
00

 
09

/0
8/

04
 

 
A 

49
74

36
.6

2 
46

22
81

0.
97

 
?/

07
/0

4 
P 

49
26

21
.0

0 
46

20
23

4.
00

 
28

/0
4/

05
 

 
A 

49
64

89
.0

5 
46

21
30

0.
17

 
?/

07
/0

4 
 

A 
49

78
41

.0
0 

46
22

83
1.

00
 

06
/0

5/
05

 
A 

48
55

51
.0

6 
46

20
25

4.
51

 
25

/0
5/

05
 

 
P 

49
15

02
.0

0 
46

21
32

9.
00

 
28

/0
4/

05
 

 
A 

49
78

70
.0

0 
46

22
85

6.
00

 
06

/0
5/

05
 

P 
49

25
62

.0
0 

46
20

30
0.

00
 

28
/0

4/
05

 
 

P 
49

15
46

.0
0 

46
21

33
7.

00
 

28
/0

4/
05

 
 

A 
49

74
36

.6
5 

46
22

87
2.

65
 

?/
07

/0
4 

P 
49

26
06

.0
0 

46
20

30
6.

00
 

28
/0

4/
05

 
 

A 
49

66
50

.8
0 

46
21

42
3.

45
 

?/
07

/0
4 

 
A 

49
79

00
.0

0 
46

22
89

3.
00

 
06

/0
5/

05
 

A 
48

55
00

.0
2 

46
20

31
6.

53
 

25
/0

5/
05

 
 

P 
49

63
73

.7
0 

46
21

57
7.

79
 

?/
07

/0
4 

 
A 

49
78

54
.0

0 
46

22
90

3.
00

 
06

/0
5/

05
 

P 
49

40
62

.9
5 

46
20

37
6.

54
 

?/
07

/0
4 

 
P 

48
14

71
.5

1 
46

21
59

8.
81

 
23

/0
5/

05
 

 
A 

49
78

98
.5

3 
46

22
93

4.
18

 
?/

07
/0

4 
P 

49
38

08
.8

7 
46

20
40

7.
60

 
?/

07
/0

4 
 

A 
48

57
66

.0
0 

46
21

61
8.

00
 

09
/0

8/
04

 
 

A 
48

16
57

.9
1 

46
22

98
0.

28
 

25
/0

5/
05

 
A 

49
37

85
.8

4 
46

20
50

0.
14

 
?/

07
/0

4 
 

A 
48

64
11

.0
0 

46
21

65
8.

00
 

09
/0

8/
04

 
 

A 
49

78
39

.0
0 

46
22

99
3.

00
 

06
/0

5/
05

 
A 

49
42

71
.0

1 
46

20
56

1.
42

 
?/

07
/0

4 
 

P 
48

13
06

.9
6 

46
21

73
9.

13
 

23
/0

5/
05

 
 

A 
48

19
16

.0
0 

46
23

00
6.

00
 

15
/0

7/
04

 
A 

49
37

39
.7

0 
46

20
56

1.
86

 
?/

07
/0

4 
 

A 
49

69
97

.4
2 

46
21

79
3.

39
 

?/
07

/0
4 

 
A 

48
21

09
.6

0 
46

23
04

5.
26

 
23

/0
5/

05
 

A 
49

44
55

.8
7 

46
20

62
2.

95
 

?/
07

/0
4 

 
P 

48
12

91
.7

8 
46

21
84

9.
37

 
23

/0
5/

05
 

 
A 

48
20

77
.8

2 
46

23
09

8.
25

 
23

/0
5/

05
 

P 
49

56
34

.0
3 

46
20

68
3.

82
 

?/
07

/0
4 

 
A 

49
66

74
.1

5 
46

21
97

8.
58

 
?/

07
/0

4 
 

A 
49

80
60

.2
3 

46
23

11
9.

18
 

?/
07

/0
4 

P 
49

55
41

.6
3 

46
20

68
3.

88
 

?/
07

/0
4 

 
P 

48
13

33
.6

4 
46

22
03

6.
87

 
23

/0
5/

05
 

 
A 

48
20

22
.8

7 
46

23
12

5.
73

 
23

/0
5/

05
 

P 
49

59
34

.3
9 

46
20

77
6.

17
 

?/
07

/0
4 

 
A 

48
30

07
.0

0 
46

22
07

9.
00

 
15

/0
7/

04
 

 
A 

48
20

40
.0

0 
46

23
13

6.
00

 
15

/0
7/

04
 

P 
49

57
49

.5
9 

46
20

77
6.

27
 

?/
07

/0
4 

 
A 

48
28

86
.0

0 
46

22
10

0.
00

 
15

/0
7/

04
 

 
A 

49
80

74
.0

0 
46

23
14

7.
00

 
06

/0
5/

05
 

A 
48

18
23

.3
3 

46
20

83
5.

23
 

23
/0

5/
05

 
 

A 
49

64
66

.3
5 

46
22

10
2.

04
 

?/
07

/0
4 

 
P 

49
81

29
.5

2 
46

23
15

0.
00

 
?/

07
/0

4 
P 

49
56

80
.3

3 
46

20
83

8.
00

 
?/

07
/0

4 
 

P 
48

12
69

.0
0 

46
22

12
1.

00
 

23
/0

5/
05

 
 

A 
49

77
13

.8
5 

46
23

15
0.

13
 

?/
07

/0
4 

A 
49

57
26

.5
5 

46
20

86
8.

81
 

?/
07

/0
4 

 
A 

48
29

89
.2

4 
46

22
12

4.
28

 
23

/0
5/

05
 

 
A 

48
21

95
.0

0 
46

23
16

9.
00

 
15

/0
7/

04
 

P 
49

54
72

.4
5 

46
20

86
8.

97
 

?/
07

/0
4 

 
P 

48
12

52
.6

6 
46

22
17

7.
11

 
23

/0
5/

05
 

 
P 

49
80

82
.0

0 
46

23
17

3.
00

 
06

/0
5/

05
 

A 
49

60
96

.1
7 

46
20

93
0.

28
 

?/
07

/0
4 

 
A 

48
33

70
.0

0 
46

22
30

1.
00

 
15

/0
7/

04
 

 
A 

48
19

15
.0

0 
46

23
17

6.
00

 
15

/0
7/

04
 

P 
48

48
63

.0
0 

46
20

94
4.

00
 

15
/0

7/
04

 
 

A 
49

73
44

.0
7 

46
22

31
7.

55
 

?/
07

/0
4 

 
P 

49
80

37
.1

6 
46

23
18

0.
87

 
?/

07
/0

4 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

48
19

14
.0

0 
46

23
18

9.
00

 
15

/0
7/

04
 

 
P 

48
13

41
.0

0 
46

25
87

8.
00

 
15

/0
7/

04
 

 
A 

48
36

95
.7

2 
46

26
85

7.
72

 
11

/0
7/

05
 

P 
49

81
61

.0
0 

46
23

20
7.

00
 

06
/0

5/
05

 
 

A 
48

86
34

.0
0 

46
25

89
1.

00
 

28
/0

4/
05

 
 

P 
50

15
02

.0
0 

46
26

90
0.

00
 

02
/0

8/
04

 
P 

49
81

52
.6

2 
46

23
21

1.
68

 
?/

07
/0

4 
 

A 
48

11
93

.0
0 

46
25

90
7.

00
 

15
/0

7/
04

 
 

P 
50

09
90

.0
0 

46
26

93
5.

00
 

02
/0

8/
04

 
P 

48
19

28
.0

0 
46

23
23

0.
00

 
15

/0
7/

04
 

 
A 

48
08

09
.0

0 
46

25
93

1.
00

 
15

/0
7/

04
 

 
P 

50
12

46
.0

0 
46

26
97

1.
00

 
02

/0
8/

04
 

P 
49

80
85

.0
0 

46
23

24
3.

00
 

06
/0

5/
05

 
 

P 
49

90
53

.6
0 

46
26

04
8.

88
 

?/
07

/0
4 

 
P 

50
06

55
.0

0 
46

26
98

4.
00

 
02

/0
8/

04
 

P 
48

20
09

.0
0 

46
23

26
9.

00
 

15
/0

7/
04

 
 

P 
50

18
38

.0
0 

46
26

13
9.

00
 

02
/0

8/
04

 
 

P 
50

04
40

.0
0 

46
27

07
4.

00
 

02
/0

8/
04

 
P 

49
80

04
.0

0 
46

23
27

5.
00

 
06

/0
5/

05
 

 
A 

48
87

40
.0

0 
46

26
14

7.
00

 
28

/0
4/

05
 

 
A 

48
15

39
.5

7 
46

27
12

0.
75

 
11

/0
7/

05
 

A 
48

21
07

.0
0 

46
23

27
8.

00
 

15
/0

7/
04

 
 

P 
50

09
91

.0
0 

46
26

15
2.

00
 

02
/0

8/
04

 
 

P 
49

96
99

.9
7 

46
27

12
8.

26
 

?/
07

/0
4 

A 
48

21
07

.0
0 

46
23

29
6.

00
 

15
/0

7/
04

 
 

P 
50

08
54

.0
6 

46
26

17
2.

23
 

?/
07

/0
4 

 
A 

48
43

42
.9

2 
46

27
15

3.
88

 
11

/0
7/

05
 

P 
49

79
49

.0
0 

46
23

32
5.

00
 

06
/0

5/
05

 
 

A 
48

21
62

.0
4 

46
26

17
8.

28
 

11
/0

7/
05

 
 

P 
50

10
10

.0
0 

46
27

19
2.

00
 

02
/0

8/
04

 
P 

49
79

42
.0

0 
46

23
39

9.
00

 
06

/0
5/

05
 

 
A 

48
26

41
.0

0 
46

26
19

4.
00

 
15

/0
7/

04
 

 
P 

50
07

96
.0

0 
46

27
22

2.
00

 
02

/0
8/

04
 

P 
49

78
98

.6
7 

46
23

42
7.

64
 

?/
07

/0
4 

 
P 

50
07

38
.0

0 
46

26
20

8.
00

 
02

/0
8/

04
 

 
P 

50
29

19
.0

0 
46

27
22

6.
00

 
02

/0
8/

04
 

A 
49

04
90

.0
0 

46
23

43
7.

00
 

28
/0

4/
05

 
 

P 
49

94
92

.1
9 

46
26

23
3.

88
 

?/
07

/0
4 

 
A 

48
40

94
.0

0 
46

27
24

6.
00

 
15

/0
7/

04
 

P 
49

78
98

.7
5 

46
23

67
4.

37
 

?/
07

/0
4 

 
P 

50
17

11
.0

0 
46

26
23

6.
00

 
02

/0
8/

04
 

 
A 

48
71

77
.0

0 
46

27
27

1.
00

 
15

/0
7/

04
 

P 
49

76
44

.7
7 

46
23

73
6.

13
 

?/
07

/0
4 

 
A 

48
16

20
.0

0 
46

26
24

7.
00

 
15

/0
7/

04
 

 
P 

50
11

40
.0

0 
46

27
30

0.
00

 
02

/0
8/

04
 

P 
49

78
52

.6
0 

46
23

79
7.

74
 

?/
07

/0
4 

 
P 

49
94

22
.9

4 
46

26
26

4.
73

 
?/

07
/0

4 
 

A 
48

71
43

.0
0 

46
27

30
3.

00
 

15
/0

7/
04

 
P 

49
78

06
.4

5 
46

23
89

0.
28

 
?/

07
/0

4 
 

P 
49

99
44

.0
0 

46
26

28
3.

00
 

02
/0

8/
04

 
 

A 
48

45
90

.0
0 

46
27

30
4.

00
 

15
/0

7/
04

 
A 

49
76

21
.7

3 
46

23
89

0.
34

 
?/

07
/0

4 
 

P 
50

01
84

.6
6 

46
26

32
6.

39
 

?/
07

/0
4 

 
A 

48
41

11
.0

0 
46

27
39

6.
00

 
15

/0
7/

04
 

A 
49

06
88

.0
0 

46
23

91
2.

00
 

28
/0

4/
05

 
 

P 
50

13
84

.0
0 

46
26

35
4.

00
 

02
/0

8/
04

 
 

A 
48

74
11

.0
0 

46
27

42
6.

00
 

15
/0

7/
04

 
P 

49
86

37
.7

2 
46

24
04

4.
28

 
?/

07
/0

4 
 

P 
50

16
07

.0
0 

46
26

36
6.

00
 

02
/0

8/
04

 
 

A 
48

39
09

.0
0 

46
27

44
5.

00
 

15
/0

7/
04

 
A 

48
18

11
.0

0 
46

24
05

5.
00

 
15

/0
7/

04
 

 
P 

50
15

86
.0

0 
46

26
40

9.
00

 
02

/0
8/

04
 

 
A 

47
76

64
.0

0 
46

27
45

9.
00

 
?/

06
/0

4 
A 

48
93

96
.0

0 
46

24
79

9.
00

 
28

/0
4/

05
 

 
A 

48
14

54
.8

3 
46

26
41

6.
00

 
11

/0
7/

05
 

 
A 

48
71

50
.0

0 
46

27
46

4.
00

 
15

/0
7/

04
 

A 
48

34
26

.0
0 

46
25

22
2.

00
 

15
/0

7/
04

 
 

P 
49

96
07

.6
1 

46
26

44
9.

76
 

?/
07

/0
4 

 
P 

50
35

78
.0

0 
46

27
47

5.
00

 
02

/0
8/

04
 

A 
48

16
34

.0
0 

46
25

46
4.

00
 

15
/0

7/
04

 
 

A 
49

86
61

.2
6 

46
26

44
9.

88
 

?/
07

/0
4 

 
P 

50
10

57
.0

0 
46

27
50

5.
00

 
02

/0
8/

04
 

A 
49

89
38

.1
0 

46
25

52
4.

60
 

?/
07

/0
4 

 
A 

48
29

51
.3

9 
46

26
52

1.
57

 
11

/0
7/

05
 

 
A 

48
72

82
.0

0 
46

27
54

9.
00

 
15

/0
7/

04
 

P 
48

15
78

.0
0 

46
25

52
9.

00
 

15
/0

7/
04

 
 

P 
49

94
22

.9
7 

46
26

57
3.

14
 

?/
07

/0
4 

 
P 

50
40

88
.0

0 
46

27
56

0.
00

 
09

/0
8/

04
 

A 
49

87
76

.5
2 

46
25

55
5.

47
 

?/
07

/0
4 

 
A 

49
92

15
.2

4 
46

26
60

4.
00

 
?/

07
/0

4 
 

P 
50

38
06

.0
0 

46
27

56
2.

00
 

09
/0

8/
04

 
P 

48
11

28
.0

0 
46

25
63

6.
00

 
15

/0
7/

04
 

 
A 

49
87

07
.4

6 
46

26
66

5.
76

 
?/

07
/0

4 
 

A 
48

72
89

.0
0 

46
27

58
7.

00
 

15
/0

7/
04

 
A 

49
90

30
.4

6 
46

25
64

7.
95

 
?/

07
/0

4 
 

P 
49

93
76

.8
1 

46
26

69
6.

51
 

?/
07

/0
4 

 
A 

48
13

45
.3

3 
46

27
59

6.
97

 
11

/0
7/

05
 

P 
48

16
58

.0
0 

46
25

66
3.

00
 

15
/0

7/
04

 
 

A 
48

30
49

.0
0 

46
26

72
0.

00
 

15
/0

7/
04

 
 

A 
48

74
19

.0
0 

46
27

60
0.

00
 

15
/0

7/
04

 
A 

48
29

46
.0

0 
46

25
69

9.
00

 
15

/0
7/

04
 

 
A 

49
89

38
.2

8 
46

26
72

7.
40

 
?/

07
/0

4 
 

P 
50

07
19

.0
0 

46
27

61
0.

00
 

02
/0

8/
04

 
P 

48
16

16
.0

0 
46

25
80

1.
00

 
15

/0
7/

04
 

 
A 

49
86

38
.2

3 
46

26
72

7.
45

 
?/

07
/0

4 
 

P 
50

07
38

.4
9 

46
27

62
1.

75
 

?/
07

/0
4 

P 
49

88
91

.9
8 

46
25

80
2.

18
 

?/
07

/0
4 

 
P 

48
15

25
.4

7 
46

26
74

5.
36

 
11

/0
7/

05
 

 
P 

50
11

63
.0

0 
46

27
62

6.
00

 
02

/0
8/

04
 

A 
48

10
01

.0
0 

46
25

82
0.

00
 

15
/0

7/
04

 
 

A 
49

91
69

.0
9 

46
26

75
8.

21
 

?/
07

/0
4 

 
P 

48
76

01
.0

0 
46

27
63

6.
00

 
15

/0
7/

04
 

A 
48

11
03

.0
0 

46
25

82
3.

00
 

15
/0

7/
04

 
 

P 
49

95
38

.3
9 

46
26

78
9.

02
 

?/
07

/0
4 

 
A 

48
70

66
.0

0 
46

27
65

0.
00

 
?/

06
/0

4 
P 

48
13

33
.0

0 
46

25
86

0.
00

 
15

/0
7/

04
 

 
P 

49
94

69
.1

5 
46

26
81

9.
87

 
?/

07
/0

4 
 

P 
50

09
00

.0
4 

46
27

65
2.

61
 

?/
07

/0
4 

 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

48
77

39
.0

0 
46

27
67

3.
00

 
15

/0
7/

04
 

 
A 

48
06

37
.6

6 
46

28
19

4.
19

 
11

/0
7/

05
 

 
P 

47
87

15
.0

0 
46

28
30

8.
00

 
28

/0
4/

05
 

A 
48

66
82

.0
0 

46
27

70
0.

00
 

15
/0

7/
04

 
 

A 
47

79
50

.5
0 

46
28

19
5.

00
 

11
/0

7/
05

 
 

A 
48

80
13

.6
9 

46
28

31
2.

07
 

11
/0

7/
05

 
A 

48
56

84
.6

6 
46

27
71

0.
39

 
11

/0
7/

05
 

 
A 

47
89

62
.0

0 
46

28
19

9.
00

 
?/

06
/0

4 
 

P 
47

88
14

.0
0 

46
28

31
8.

00
 

?/
06

/0
4 

A 
48

88
03

.0
0 

46
27

71
4.

00
 

28
/0

4/
05

 
 

P 
48

76
68

.0
0 

46
28

20
1.

00
 

?/
06

/0
4 

 
A 

48
63

88
.0

0 
46

28
32

8.
00

 
15

/0
7/

04
 

A 
48

73
93

.0
0 

46
27

73
5.

00
 

15
/0

7/
04

 
 

A 
48

03
55

.7
1 

46
28

21
6.

62
 

11
/0

7/
05

 
 

P 
49

79
46

.2
7 

46
28

33
1.

36
 

?/
07

/0
4 

P 
48

76
43

.0
0 

46
27

75
8.

00
 

15
/0

7/
04

 
 

P 
48

79
45

.0
0 

46
28

22
7.

00
 

15
/0

7/
04

 
 

P 
47

88
49

.0
0 

46
28

33
2.

00
 

?/
06

/0
4 

P 
50

38
29

.0
0 

46
27

79
5.

00
 

09
/0

8/
04

 
 

P 
50

34
00

.0
0 

46
28

22
8.

00
 

09
/0

8/
04

 
 

A 
47

84
72

.0
0 

46
28

33
2.

00
 

28
/0

4/
05

 
A 

48
75

91
.0

0 
46

27
86

6.
00

 
15

/0
7/

04
 

 
P 

48
71

15
.0

0 
46

28
22

9.
00

 
?/

06
/0

4 
 

P 
47

88
72

.0
0 

46
28

33
3.

00
 

?/
06

/0
4 

A 
49

77
38

.4
4 

46
27

86
8.

80
 

?/
07

/0
4 

 
P 

48
73

58
.0

0 
46

28
23

0.
00

 
15

/0
7/

04
 

 
P 

47
90

00
.0

0 
46

28
33

5.
00

 
28

/0
4/

05
 

P 
49

91
49

.0
0 

46
27

89
0.

00
 

06
/0

5/
05

 
 

A 
47

86
26

.0
0 

46
28

23
0.

00
 

28
/0

4/
05

 
 

P 
50

39
37

.0
0 

46
28

33
6.

00
 

09
/0

8/
04

 
A 

48
65

95
.0

0 
46

27
89

6.
00

 
15

/0
7/

04
 

 
P 

48
74

23
.0

0 
46

28
23

1.
00

 
?/

06
/0

4 
 

A 
48

66
21

.0
0 

46
28

34
1.

00
 

15
/0

7/
04

 
P 

48
78

54
.0

0 
46

27
91

8.
00

 
15

/0
7/

04
 

 
P 

48
78

91
.0

0 
46

28
23

1.
00

 
?/

06
/0

4 
 

A 
48

68
66

.0
0 

46
28

34
1.

00
 

15
/0

7/
04

 
A 

48
70

27
.0

0 
46

27
92

1.
00

 
15

/0
7/

04
 

 
A 

49
75

30
.8

7 
46

28
23

8.
97

 
?/

07
/0

4 
 

P 
47

89
80

.0
0 

46
28

34
3.

00
 

28
/0

4/
05

 
A 

48
63

57
.5

3 
46

27
93

0.
71

 
11

/0
7/

05
 

 
P 

48
71

39
.0

0 
46

28
24

5.
00

 
15

/0
7/

04
 

 
A 

47
83

66
.0

0 
46

28
34

4.
00

 
28

/0
4/

05
 

A 
48

72
11

.0
0 

46
27

93
1.

00
 

15
/0

7/
04

 
 

P 
50

38
69

.0
0 

46
28

25
0.

00
 

09
/0

8/
04

 
 

P 
48

78
73

.0
0 

46
28

34
7.

00
 

15
/0

7/
04

 
A 

48
79

38
.0

0 
46

27
93

1.
00

 
?/

06
/0

4 
 

P 
50

44
48

.0
0 

46
28

25
3.

00
 

09
/0

8/
04

 
 

P 
48

80
33

.0
0 

46
28

35
7.

00
 

15
/0

7/
04

 
P 

48
72

42
.0

0 
46

27
97

7.
00

 
15

/0
7/

04
 

 
A 

47
89

33
.0

8 
46

28
25

4.
18

 
02

/0
6/

05
 

 
P 

47
85

20
.0

0 
46

28
36

6.
00

 
28

/0
4/

05
 

A 
48

66
28

.1
5 

46
27

99
6.

37
 

11
/0

7/
05

 
 

A 
47

86
68

.0
0 

46
28

26
1.

00
 

28
/0

4/
05

 
 

P 
47

88
64

.0
0 

46
28

36
6.

00
 

28
/0

4/
05

 
A 

48
66

24
.0

0 
46

27
99

9.
00

 
15

/0
7/

04
 

 
P 

48
79

45
.0

0 
46

28
26

2.
00

 
28

/0
4/

05
 

 
P 

47
89

09
.0

0 
46

28
36

9.
00

 
?/

06
/0

4 
A 

48
79

59
.0

0 
46

28
00

4.
00

 
15

/0
7/

04
 

 
P 

47
86

68
.0

0 
46

28
26

3.
00

 
28

/0
4/

05
 

 
A 

48
80

99
.1

9 
46

28
37

2.
06

 
11

/0
7/

05
 

P 
48

65
15

.0
0 

46
28

01
7.

00
 

15
/0

7/
04

 
 

A 
47

83
95

.0
0 

46
28

26
7.

00
 

28
/0

4/
05

 
 

P 
47

85
44

.0
0 

46
28

37
9.

00
 

28
/0

4/
05

 
A 

48
79

65
.0

0 
46

28
02

2.
00

 
15

/0
7/

04
 

 
A 

47
75

73
.0

7 
46

28
26

9.
54

 
11

/0
7/

05
 

 
P 

47
85

89
.0

0 
46

28
38

5.
00

 
?/

06
/0

4 
A 

49
78

07
.7

2 
46

28
02

2.
99

 
?/

07
/0

4 
 

P 
49

80
15

.4
8 

46
28

26
9.

66
 

?/
07

/0
4 

 
A 

47
84

69
.9

4 
46

28
38

7.
19

 
11

/0
7/

05
 

A 
48

10
51

.8
7 

46
28

02
6.

08
 

11
/0

7/
05

 
 

P 
48

79
30

.0
0 

46
28

27
0.

00
 

15
/0

7/
04

 
 

P 
48

78
13

.0
0 

46
28

41
1.

00
 

15
/0

7/
04

 
P 

49
78

53
.8

8 
46

28
05

3.
82

 
?/

07
/0

4 
 

A 
49

23
61

.8
9 

46
28

27
3.

47
 

?/
07

/0
4 

 
P 

47
85

98
.0

0 
46

28
41

4.
00

 
?/

06
/0

4 
P 

48
73

29
.0

0 
46

28
09

0.
00

 
?/

06
/0

4 
 

A 
47

86
66

.0
0 

46
28

28
1.

00
 

28
/0

4/
05

 
 

P 
47

86
02

.1
7 

46
28

41
4.

18
 

11
/0

7/
05

 
A 

48
81

34
.0

0 
46

28
09

8.
00

 
15

/0
7/

04
 

 
P 

50
33

13
.0

0 
46

28
28

2.
00

 
09

/0
8/

04
 

 
P 

50
32

80
.0

0 
46

28
42

1.
00

 
09

/0
8/

04
 

P 
50

35
22

.0
0 

46
28

09
8.

00
 

09
/0

8/
04

 
 

P 
48

78
27

.0
0 

46
28

28
3.

00
 

15
/0

7/
04

 
 

P 
47

85
90

.0
0 

46
28

42
9.

00
 

?/
06

/0
4 

P 
48

73
54

.7
0 

46
28

10
5.

47
 

11
/0

7/
05

 
 

P 
48

71
11

.0
0 

46
28

29
1.

00
 

?/
06

/0
4 

 
A 

48
69

58
.0

0 
46

28
43

4.
00

 
15

/0
7/

04
 

A 
47

76
83

.0
0 

46
28

11
0.

00
 

?/
06

/0
4 

 
P 

48
79

04
.0

0 
46

28
29

7.
00

 
15

/0
7/

04
 

 
P 

47
88

90
.0

0 
46

28
44

6.
00

 
?/

06
/0

4 
P 

48
73

59
.0

0 
46

28
12

1.
00

 
15

/0
7/

04
 

 
A 

47
82

76
.9

6 
46

28
29

7.
71

 
11

/0
7/

05
 

 
P 

48
69

88
.0

0 
46

28
45

3.
00

 
15

/0
7/

04
 

A 
48

80
13

.0
0 

46
28

12
3.

00
 

15
/0

7/
04

 
 

P 
47

87
00

.0
0 

46
28

29
8.

00
 

28
/0

4/
05

 
 

A 
49

76
46

.3
2 

46
28

45
4.

82
 

?/
07

/0
4 

P 
50

42
18

.0
0 

46
28

17
1.

00
 

09
/0

8/
04

 
 

P 
49

93
07

.7
3 

46
28

30
0.

26
 

?/
07

/0
4 

 
P 

48
70

27
.0

0 
46

28
45

7.
00

 
?/

06
/0

4 
P 

49
93

30
.7

9 
46

28
17

6.
89

 
?/

07
/0

4 
 

P 
47

87
51

.0
0 

46
28

30
3.

00
 

28
/0

4/
05

 
 

P 
47

88
15

.0
0 

46
28

46
1.

00
 

?/
06

/0
4 

P 
50

37
97

.0
0 

46
28

18
6.

00
 

09
/0

8/
04

 
 

P 
48

79
12

.3
4 

46
28

30
3.

76
 

11
/0

7/
05

 
 

P 
48

70
22

.0
0 

46
28

46
5.

00
 

15
/0

7/
04

 
P 

50
38

40
.0

0 
46

28
19

4.
00

 
09

/0
8/

04
 

 
P 

47
87

65
.0

0 
46

28
30

5.
00

 
28

/0
4/

05
 

 
P 

47
89

28
.0

0 
46

28
48

0.
00

 
?/

06
/0

4 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

50
00

23
.0

8 
46

28
48

5.
27

 
?/

07
/0

4 
 

A 
47

73
30

.4
3 

46
28

96
9.

47
11

/0
7/

05
 

 
A 

47
61

93
.0

0 
46

29
87

3.
00

28
/0

4/
05

 
P 

47
94

22
.3

3 
46

28
48

6.
94

 
11

/0
7/

05
 

 
P 

50
29

45
.0

0 
46

28
97

8.
00

02
/0

8/
04

 
 

A 
49

19
50

.3
1 

46
29

88
4.

65
11

/0
7/

05
 

P 
47

88
38

.0
0 

46
28

50
1.

00
 

?/
06

/0
4 

 
A 

48
77

46
.0

0 
46

28
99

7.
00

15
/0

7/
04

 
 

P 
49

96
36

.8
9 

46
29

90
5.

26
11

/0
7/

05
 

P 
47

88
50

.0
0 

46
28

50
5.

00
 

?/
06

/0
4 

 
P 

50
42

39
.0

0 
46

29
01

1.
00

09
/0

8/
04

 
 

P 
50

44
59

.0
0 

46
29

90
6.

00
09

/0
8/

04
 

P 
50

39
58

.0
0 

46
28

50
9.

00
 

09
/0

8/
04

 
 

P 
50

19
85

.0
0 

46
29

01
4.

00
02

/0
8/

04
 

 
P 

50
06

70
.0

0 
46

29
91

9.
00

02
/0

8/
04

 
P 

48
72

83
.0

0 
46

28
54

5.
00

 
15

/0
7/

04
 

 
P 

50
36

21
.0

0 
46

29
05

3.
00

09
/0

8/
04

 
 

P 
50

05
95

.0
0 

46
29

92
0.

00
02

/0
8/

04
 

P 
48

76
53

.0
0 

46
28

54
5.

00
 

15
/0

7/
04

 
 

P 
49

96
51

.0
0 

46
29

05
4.

00
03

/0
8/

04
 

 
A 

49
90

10
.9

1 
46

29
96

4.
71

11
/0

7/
05

 
A 

49
94

00
.0

5 
46

28
54

6.
98

 
?/

07
/0

4 
 

P 
49

88
64

.0
0 

46
29

05
9.

00
03

/0
8/

04
 

 
P 

50
45

62
.0

0 
46

30
00

9.
00

09
/0

8/
04

 
P 

47
89

46
.2

8 
46

28
54

8.
08

 
02

/0
6/

05
 

 
P 

50
38

08
.0

0 
46

29
06

6.
00

09
/0

8/
04

 
 

P 
50

46
62

.0
0 

46
30

07
9.

00
09

/0
8/

04
 

A 
49

17
39

.1
7 

46
28

55
1.

73
 

?/
07

/0
4 

 
A 

47
72

80
.4

5 
46

29
08

5.
47

11
/0

7/
05

 
 

P 
49

22
01

.9
7 

46
30

10
3.

51
11

/0
7/

05
 

P 
47

89
37

.0
0 

46
28

56
3.

00
 

?/
06

/0
4 

 
P 

50
30

35
.0

0 
46

29
09

4.
00

02
/0

8/
04

 
 

A 
47

68
48

.3
8 

46
30

14
8.

23
11

/0
7/

05
 

P 
47

89
04

.2
2 

46
28

56
3.

20
 

11
/0

7/
05

 
 

A 
49

86
03

.0
0 

46
29

19
5.

00
03

/0
8/

04
 

 
A 

49
76

23
.8

2 
46

30
18

1.
94

?/
07

/0
4 

P 
48

74
74

.0
0 

46
28

56
5.

00
 

?/
06

/0
4 

 
A 

49
81

85
.0

0 
46

29
22

0.
00

03
/0

8/
04

 
 

P 
50

47
80

.0
0 

46
30

19
3.

00
09

/0
8/

04
 

P 
47

91
39

.4
5 

46
28

57
6.

04
 

11
/0

7/
05

 
 

A 
49

67
69

.8
1 

46
29

22
6.

19
?/

07
/0

4 
 

A 
49

84
75

.0
0 

46
30

19
9.

00
22

/0
4/

05
 

A 
49

77
38

.6
7 

46
28

60
8.

99
 

?/
07

/0
4 

 
P 

50
30

83
.0

0 
46

29
26

3.
00

02
/0

8/
04

 
 

A 
49

24
89

.7
0 

46
30

20
4.

93
11

/0
7/

05
 

P 
50

32
45

.0
0 

46
28

62
0.

00
 

09
/0

8/
04

 
 

A 
49

80
75

.0
0 

46
29

27
9.

00
03

/0
8/

04
 

 
P 

50
49

26
.0

0 
46

30
23

1.
00

09
/0

8/
04

 
P 

48
77

28
.0

0 
46

28
66

4.
00

 
15

/0
7/

04
 

 
A 

49
68

85
.2

0 
46

29
28

7.
82

?/
07

/0
4 

 
A 

49
85

40
.6

7 
46

30
24

8.
17

11
/0

7/
05

 
A 

47
74

27
.4

0 
46

28
67

5.
15

 
11

/0
7/

05
 

 
P 

50
18

96
.0

0 
46

29
28

8.
00

02
/0

8/
04

 
 

P 
47

64
40

.0
0 

46
30

25
8.

00
28

/0
4/

05
 

P 
50

03
60

.0
0 

46
28

67
9.

00
 

02
/0

8/
04

 
 

A 
49

69
42

.0
0 

46
29

30
9.

00
03

/0
8/

04
 

 
A 

47
63

50
.0

0 
46

30
26

1.
00

28
/0

4/
05

 
P 

49
78

31
.0

0 
46

28
70

1.
49

 
?/

07
/0

4 
 

P 
50

22
20

.0
0 

46
29

33
0.

00
02

/0
8/

04
 

 
P 

49
97

05
.7

5 
46

30
27

7.
90

11
/0

7/
05

 
P 

48
76

07
.0

0 
46

28
72

3.
00

 
15

/0
7/

04
 

 
P 

50
33

29
.0

0 
46

29
33

8.
00

02
/0

8/
04

 
 

P 
47

64
41

.0
0 

46
30

28
1.

00
28

/0
4/

05
 

A 
48

76
93

.0
0 

46
28

74
5.

00
 

15
/0

7/
04

 
 

P 
50

42
41

.0
0 

46
29

34
2.

00
09

/0
8/

04
 

 
P 

47
64

74
.0

0 
46

30
28

3.
00

?/
06

/0
4 

A 
48

77
29

.0
0 

46
28

74
5.

00
 

15
/0

7/
04

 
 

P 
50

19
23

.0
0 

46
29

39
8.

00
02

/0
8/

04
 

 
P 

50
09

47
.0

0 
46

30
28

3.
00

06
/0

5/
05

 
A 

48
86

57
.3

5 
46

28
75

3.
67

 
11

/0
7/

05
 

 
P 

50
21

68
.0

0 
46

29
40

9.
00

02
/0

8/
04

 
 

A 
47

60
11

.0
0 

46
30

29
6.

00
28

/0
4/

05
 

P 
50

40
92

.0
0 

46
28

75
6.

00
 

09
/0

8/
04

 
 

A 
49

72
08

.2
7 

46
29

41
1.

05
?/

07
/0

4 
 

A 
47

63
29

.0
0 

46
30

29
8.

00
28

/0
4/

05
 

A 
48

97
19

.6
1 

46
28

76
0.

85
 

11
/0

7/
05

 
 

A 
49

72
31

.3
4 

46
29

41
1.

05
?/

07
/0

4 
 

A 
47

59
52

.2
6 

46
30

32
6.

69
18

/0
5/

05
 

A 
48

85
76

.0
0 

46
28

76
1.

00
 

15
/0

7/
04

 
 

P 
50

32
50

.0
0 

46
29

43
1.

00
02

/0
8/

04
 

 
P 

50
09

09
.0

0 
46

30
33

8.
00

06
/0

5/
05

 
P 

49
94

72
.0

0 
46

28
76

8.
00

 
06

/0
5/

05
 

 
P 

49
72

83
.0

0 
46

29
44

3.
00

03
/0

8/
04

 
 

A 
47

63
77

.0
0 

46
30

35
4.

00
28

/0
4/

05
 

A 
48

62
85

.0
0 

46
28

78
6.

00
 

15
/0

7/
04

 
 

P 
50

44
69

.0
0 

46
29

46
6.

00
09

/0
8/

04
 

 
P 

50
08

39
.0

0 
46

30
36

2.
00

06
/0

5/
05

 
A 

48
93

09
.4

3 
46

28
80

6.
85

 
11

/0
7/

05
 

 
A 

47
71

65
.7

5 
46

29
52

7.
82

11
/0

7/
05

 
 

P 
50

07
85

.0
0 

46
30

36
7.

00
06

/0
5/

05
 

A 
49

08
11

.6
8 

46
28

80
8.

80
 

11
/0

7/
05

 
 

P 
49

92
90

.2
9 

46
29

60
2.

24
11

/0
7/

05
 

 
P 

49
82

06
.3

2 
46

30
38

4.
14

11
/0

7/
05

 
A 

48
62

10
.0

0 
46

28
81

0.
00

 
15

/0
7/

04
 

 
A 

49
56

42
.0

0 
46

29
61

3.
00

22
/0

4/
05

 
 

P 
50

07
84

.0
0 

46
30

39
6.

00
06

/0
5/

05
 

P 
49

93
52

.0
0 

46
28

84
7.

00
 

03
/0

8/
04

 
 

P 
50

06
41

.0
0 

46
29

62
5.

00
02

/0
8/

04
 

 
P 

49
98

48
.0

0 
46

30
41

0.
00

22
/0

4/
05

 
A 

49
90

76
.0

0 
46

28
85

5.
00

 
03

/0
8/

04
 

 
P 

50
45

54
.0

0 
46

29
68

9.
00

09
/0

8/
04

 
 

A 
49

84
97

.0
0 

46
30

41
4.

95
11

/0
7/

05
 

P 
50

41
30

.0
0 

46
28

88
4.

00
 

09
/0

8/
04

 
 

A 
49

94
48

.0
0 

46
29

80
0.

00
22

/0
4/

05
 

 
P 

50
49

21
.0

0 
46

30
50

7.
00

09
/0

8/
04

 
P 

49
93

23
.0

0 
46

28
89

6.
00

 
03

/0
8/

04
 

 
A 

47
69

66
.0

9 
46

29
85

0.
53

11
/0

7/
05

 
 

A 
49

32
06

.8
4 

46
30

53
9.

25
11

/0
7/

05
 

 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

49
55

90
.0

0 
46

30
56

4.
00

 
22

/0
4/

05
 

 
A 

49
39

23
.1

4 
46

30
88

8.
97

11
/0

7/
05

 
 

P 
49

91
35

.1
4 

46
31

32
9.

24
22

/0
6/

05
 

A 
49

60
23

.0
0 

46
30

57
0.

00
 

22
/0

4/
05

 
 

P 
50

59
17

.0
0 

46
30

89
3.

00
09

/0
8/

04
 

 
P 

49
85

07
.0

0 
46

31
35

1.
00

22
/0

4/
05

 
P 

49
58

83
.0

0 
46

30
57

4.
00

 
22

/0
4/

05
 

 
A 

48
54

30
.0

0 
46

30
91

5.
00

15
/0

7/
04

 
 

P 
49

84
32

.0
0 

46
31

35
5.

00
22

/0
4/

05
 

P 
50

00
14

.0
0 

46
30

58
6.

00
 

22
/0

4/
05

 
 

P 
50

47
40

.0
0 

46
30

94
5.

00
09

/0
8/

04
 

 
P 

50
11

39
.2

4 
46

31
35

5.
72

22
/0

6/
05

 
P 

49
59

48
.0

0 
46

30
58

7.
00

 
22

/0
4/

05
 

 
P 

49
84

04
.0

0 
46

30
97

6.
00

22
/0

4/
05

 
 

P 
49

05
80

.0
7 

46
31

35
7.

85
19

/0
5/

05
 

A 
49

60
23

.0
0 

46
30

61
5.

00
 

22
/0

4/
05

 
 

P 
50

45
64

.0
0 

46
30

99
3.

00
09

/0
8/

04
 

 
P 

49
94

33
.4

5 
46

31
36

4.
13

22
/0

6/
05

 
P 

49
57

47
.0

0 
46

30
62

3.
00

 
22

/0
4/

05
 

 
P 

49
87

03
.4

4 
46

31
02

3.
16

22
/0

6/
05

 
 

A 
49

05
46

.7
7 

46
31

37
5.

02
27

/0
6/

05
 

P 
50

19
54

.4
8 

46
30

62
8.

30
 

22
/0

6/
05

 
 

P 
49

88
26

.4
8 

46
31

03
8.

04
22

/0
6/

05
 

 
P 

49
05

21
.6

9 
46

31
39

0.
80

27
/0

6/
05

 
P 

49
57

36
.0

0 
46

30
64

6.
00

 
22

/0
4/

05
 

 
P 

50
47

93
.0

0 
46

31
04

9.
00

09
/0

8/
04

 
 

P 
49

08
99

.8
2 

46
31

39
9.

15
19

/0
5/

05
 

P 
50

19
42

.3
6 

46
30

65
0.

05
 

22
/0

6/
05

 
 

P 
49

99
63

.0
0 

46
31

04
9.

00
22

/0
4/

05
 

 
A 

49
05

31
.3

6 
46

31
41

7.
42

27
/0

6/
05

 
P 

49
56

63
.0

0 
46

30
66

1.
00

 
22

/0
4/

05
 

 
P 

50
43

18
.0

0 
46

31
06

6.
00

09
/0

8/
04

 
 

P 
49

94
99

.0
7 

46
31

42
6.

52
22

/0
6/

05
 

A 
50

19
20

.4
1 

46
30

66
3.

21
 

22
/0

6/
05

 
 

P 
49

86
00

.3
6 

46
31

06
8.

28
22

/0
6/

05
 

 
P 

49
95

21
.1

7 
46

31
43

7.
60

22
/0

6/
05

 
A 

50
19

56
.0

0 
46

30
66

8.
82

 
22

/0
6/

05
 

 
P 

49
99

42
.0

0 
46

31
07

9.
00

22
/0

4/
05

 
 

P 
49

95
09

.0
6 

46
31

44
0.

35
22

/0
6/

05
 

P 
50

44
57

.0
0 

46
30

66
9.

00
 

09
/0

8/
04

 
 

A 
48

52
43

.0
0 

46
31

08
3.

00
15

/0
7/

04
 

 
A 

49
05

20
.6

4 
46

31
44

1.
13

27
/0

6/
05

 
P 

49
57

38
.0

0 
46

30
67

0.
00

 
22

/0
4/

05
 

 
A 

47
54

57
.6

6 
46

31
10

0.
54

18
/0

5/
05

 
 

P 
49

86
22

.0
0 

46
31

44
6.

00
22

/0
4/

05
 

P 
49

99
91

.0
2 

46
30

67
4.

36
 

11
/0

7/
05

 
 

P 
49

09
63

.3
7 

46
31

12
1.

94
19

/0
5/

05
 

 
P 

49
95

30
.8

8 
46

31
44

7.
72

22
/0

6/
05

 
P 

50
40

97
.0

0 
46

30
71

0.
00

 
09

/0
8/

04
 

 
P 

49
84

63
.0

4 
46

31
12

7.
33

22
/0

6/
05

 
 

A 
49

05
09

.8
7 

46
31

45
3.

78
27

/0
6/

05
 

P 
49

57
91

.0
0 

46
30

71
6.

00
 

22
/0

4/
05

 
 

P 
49

89
80

.0
8 

46
31

13
9.

88
22

/0
6/

05
 

 
A 

49
05

11
.5

2 
46

31
45

6.
40

27
/0

6/
05

 
A 

50
18

88
.5

3 
46

30
71

8.
79

 
22

/0
6/

05
 

 
A 

49
06

06
.4

4 
46

31
15

9.
72

19
/0

5/
05

 
 

P 
49

95
48

.8
7 

46
31

46
5.

60
22

/0
6/

05
 

P 
50

44
65

.0
0 

46
30

73
6.

00
 

09
/0

8/
04

 
 

P 
50

45
83

.0
0 

46
31

17
8.

00
09

/0
8/

04
 

 
A 

49
05

02
.1

7 
46

31
46

5.
79

19
/0

5/
05

 
P 

50
01

51
.0

0 
46

30
74

2.
00

 
22

/0
4/

05
 

 
P 

49
90

36
.8

6 
46

31
17

8.
30

22
/0

6/
05

 
 

A 
49

05
00

.5
1 

46
31

47
1.

03
27

/0
6/

05
 

P 
49

56
54

.0
0 

46
30

76
3.

00
 

22
/0

4/
05

 
 

P 
49

94
40

.7
4 

46
31

21
3.

86
22

/0
6/

05
 

 
P 

49
10

51
.6

9 
46

31
47

4.
34

19
/0

5/
05

 
P 

49
56

54
.0

0 
46

30
76

3.
00

 
22

/0
4/

05
 

 
P 

49
09

33
.1

8 
46

31
22

0.
19

19
/0

5/
05

 
 

A 
48

42
83

.0
0 

46
31

47
9.

00
15

/0
7/

04
 

P 
49

56
54

.0
0 

46
30

76
3.

00
 

22
/0

4/
05

 
 

A 
49

05
92

.4
1 

46
31

23
1.

08
27

/0
6/

05
 

 
P 

50
45

34
.0

0 
46

31
48

0.
00

09
/0

8/
04

 
A 

47
56

66
.3

4 
46

30
76

3.
59

 
18

/0
5/

05
 

 
P 

50
41

26
.0

0 
46

31
24

8.
00

09
/0

8/
04

 
 

A 
49

04
81

.2
2 

46
31

50
0.

05
27

/0
6/

05
 

A 
48

45
29

.0
0 

46
30

76
4.

00
 

15
/0

7/
04

 
 

P 
49

91
02

.7
5 

46
31

26
0.

98
22

/0
6/

05
 

 
A 

49
04

75
.9

4 
46

31
50

5.
66

27
/0

6/
05

 
P 

50
01

96
.0

0 
46

30
79

3.
00

 
22

/0
4/

05
 

 
P 

49
94

54
.8

1 
46

31
27

1.
69

22
/0

6/
05

 
 

P 
49

05
02

.9
4 

46
31

50
9.

41
27

/0
6/

05
 

P 
50

48
49

.0
0 

46
30

80
2.

00
 

09
/0

8/
04

 
 

A 
49

05
77

.0
5 

46
31

28
1.

49
27

/0
6/

05
 

 
A 

47
49

75
.0

6 
46

31
51

0.
18

18
/0

5/
05

 
P 

49
62

29
.6

8 
46

30
80

8.
08

 
11

/0
7/

05
 

 
P 

50
09

94
.5

2 
46

31
28

3.
37

22
/0

6/
05

 
 

A 
49

04
58

.5
7 

46
31

53
7.

89
19

/0
5/

05
 

P 
49

56
89

.9
3 

46
30

81
6.

41
 

11
/0

7/
05

 
 

P 
49

05
72

.7
0 

46
31

29
4.

87
27

/0
6/

05
 

 
A 

49
04

55
.8

2 
46

31
54

2.
38

27
/0

6/
05

 
P 

49
66

05
.9

4 
46

30
84

4.
92

 
11

/0
7/

05
 

 
A 

49
05

69
.4

9 
46

31
31

1.
01

27
/0

6/
05

 
 

A 
49

04
40

.8
2 

46
31

54
7.

05
27

/0
6/

05
 

P 
50

05
37

.4
4 

46
30

85
0.

11
 

22
/0

6/
05

 
 

P 
49

06
13

.3
9 

46
31

31
5.

15
19

/0
5/

05
 

 
A 

49
04

29
.2

4 
46

31
55

5.
26

27
/0

6/
05

 
A 

50
06

36
.6

5 
46

30
85

9.
85

 
22

/0
6/

05
 

 
P 

49
93

65
.7

8 
46

31
31

5.
34

22
/0

6/
05

 
 

P 
49

04
91

.5
9 

46
31

55
7.

10
27

/0
6/

05
 

P 
49

54
39

.3
5 

46
30

86
1.

62
 

11
/0

7/
05

 
 

P 
50

60
37

.0
0 

46
31

31
8.

00
09

/0
8/

04
 

 
P 

50
15

52
.5

3 
46

31
57

0.
40

22
/0

6/
05

 
A 

50
06

54
.1

0 
46

30
86

9.
05

 
22

/0
6/

05
 

 
A 

48
53

11
.0

0 
46

31
32

1.
00

15
/0

7/
04

 
 

P 
49

04
45

.4
2 

46
31

59
4.

35
27

/0
6/

05
 

P 
49

69
35

.0
9 

46
30

88
0.

54
 

11
/0

7/
05

 
 

A 
49

05
67

.5
3 

46
31

32
2.

40
27

/0
6/

05
 

 
A 

49
04

09
.6

0 
46

31
59

5.
64

27
/0

6/
05

 
 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

49
03

95
.9

1 
46

31
61

4.
11

 
27

/0
6/

05
 

 
A 

50
42

14
.0

0 
46

32
13

7.
00

09
/0

8/
04

 
 

A 
49

90
66

.0
0 

46
33

53
4.

00
22

/0
4/

05
 

P 
49

04
66

.8
4 

46
31

61
5.

01
 

27
/0

6/
05

 
 

A 
48

96
65

.1
5 

46
32

14
7.

42
19

/0
5/

05
 

 
A 

50
29

75
.0

0 
46

33
57

6.
00

13
/0

5/
05

 
P 

50
14

79
.3

8 
46

31
61

5.
33

 
22

/0
6/

05
 

 
A 

50
05

70
.7

8 
46

32
14

9.
56

22
/0

6/
05

 
 

P 
50

63
74

.0
0 

46
33

59
4.

00
09

/0
8/

04
 

A 
50

13
25

.0
0 

46
31

61
7.

06
 

22
/0

6/
05

 
 

P 
50

68
67

.0
0 

46
32

15
2.

00
09

/0
8/

04
 

 
P 

49
89

54
.0

0 
46

33
61

0.
00

22
/0

4/
05

 
P 

49
04

42
.8

1 
46

31
61

7.
81

 
27

/0
6/

05
 

 
P 

50
58

91
.0

0 
46

32
24

4.
00

09
/0

8/
04

 
 

P 
50

89
29

.0
0 

46
33

61
3.

00
22

/0
7/

04
 

P 
50

16
28

.3
8 

46
31

63
0.

56
 

22
/0

6/
05

 
 

A 
48

48
32

.0
0 

46
32

28
7.

00
15

/0
7/

04
 

 
A 

49
78

34
.0

0 
46

33
64

8.
00

22
/0

4/
05

 
A 

49
03

81
.2

1 
46

31
63

3.
40

 
27

/0
6/

05
 

 
P 

50
66

23
.0

0 
46

32
38

9.
00

09
/0

8/
04

 
 

A 
49

07
08

.8
1 

46
33

66
3.

06
19

/0
5/

05
 

P 
50

14
69

.9
2 

46
31

64
5.

34
 

22
/0

6/
05

 
 

P 
49

90
33

.0
0 

46
32

44
3.

00
22

/0
4/

05
 

 
A 

50
29

55
.0

0 
46

33
67

9.
00

13
/0

5/
05

 
P 

49
04

43
.4

0 
46

31
64

5.
93

 
27

/0
6/

05
 

 
P 

50
59

99
.0

0 
46

32
57

4.
00

09
/0

8/
04

 
 

P 
49

88
32

.6
0 

46
33

72
1.

20
22

/0
6/

05
 

A 
49

03
62

.8
1 

46
31

65
3.

58
 

19
/0

5/
05

 
 

A 
47

39
11

.8
0 

46
32

61
9.

91
18

/0
5/

05
 

 
P 

50
40

93
.0

0 
46

33
72

6.
00

13
/0

5/
05

 
P 

49
04

58
.6

1 
46

31
65

5.
39

 
27

/0
6/

05
 

 
P 

49
88

75
.0

0 
46

32
62

1.
00

22
/0

4/
05

 
 

A 
49

78
12

.1
7 

46
33

75
7.

43
01

/0
7/

05
 

P 
49

04
38

.4
5 

46
31

68
1.

32
 

27
/0

6/
05

 
 

P 
49

88
73

.0
0 

46
32

63
0.

00
22

/0
4/

05
 

 
A 

49
79

57
.0

0 
46

33
76

4.
00

22
/0

4/
05

 
P 

49
04

48
.9

1 
46

31
68

7.
24

 
27

/0
6/

05
 

 
P 

49
85

35
.0

0 
46

32
80

0.
00

22
/0

4/
05

 
 

A 
49

80
91

.0
0 

46
33

77
7.

00
22

/0
4/

05
 

P 
49

04
39

.5
6 

46
31

71
1.

22
 

27
/0

6/
05

 
 

P 
49

87
11

.0
0 

46
32

81
7.

00
22

/0
4/

05
 

 
A 

50
25

43
.0

0 
46

33
78

1.
00

13
/0

5/
05

 
A 

49
04

36
.7

7 
46

31
73

7.
97

 
27

/0
6/

05
 

 
A 

49
94

88
.5

1 
46

32
82

4.
46

22
/0

6/
05

 
 

P 
51

03
76

.0
0 

46
33

78
4.

00
29

/0
7/

04
 

A 
49

04
32

.2
8 

46
31

75
1.

56
 

27
/0

6/
05

 
 

P 
50

60
50

.0
0 

46
32

84
9.

00
09

/0
8/

04
 

 
P 

51
04

33
.0

0 
46

33
80

7.
00

29
/0

7/
04

 
A 

50
11

72
.3

0 
46

31
75

3.
48

 
22

/0
6/

05
 

 
P 

49
90

20
.0

0 
46

32
99

2.
00

22
/0

4/
05

 
 

A 
49

76
46

.4
2 

46
33

81
7.

04
01

/0
7/

05
 

A 
49

04
56

.7
6 

46
31

75
3.

87
 

27
/0

6/
05

 
 

P 
50

62
74

.0
0 

46
32

99
3.

00
09

/0
8/

04
 

 
P 

49
88

59
.0

0 
46

33
83

6.
00

22
/0

4/
05

 
A 

50
45

45
.0

0 
46

31
76

7.
00

 
09

/0
8/

04
 

 
P 

50
38

58
.0

0 
46

33
05

8.
00

13
/0

5/
05

 
 

A 
49

79
43

.0
8 

46
33

85
1.

22
22

/0
6/

05
 

P 
50

60
65

.0
0 

46
31

78
8.

00
 

09
/0

8/
04

 
 

P 
50

36
33

.0
0 

46
33

06
5.

00
13

/0
5/

05
 

 
P 

51
04

58
.0

0 
46

33
86

2.
00

29
/0

7/
04

 
A 

49
00

64
.9

6 
46

31
88

5.
07

 
19

/0
5/

05
 

 
P 

50
36

95
.0

0 
46

33
08

6.
00

13
/0

5/
05

 
 

A 
49

76
52

.9
1 

46
33

87
3.

03
01

/0
7/

05
 

A 
50

11
97

.8
4 

46
31

89
5.

53
 

22
/0

6/
05

 
 

P 
49

85
17

.0
0 

46
33

08
7.

00
22

/0
4/

05
 

 
P 

51
03

83
.0

0 
46

33
89

2.
00

29
/0

7/
04

 
A 

50
45

34
.0

0 
46

31
89

6.
00

 
09

/0
8/

04
 

 
A 

47
33

43
.8

1 
46

33
09

1.
60

18
/0

5/
05

 
 

A 
49

76
92

.7
7 

46
33

91
7.

32
01

/0
7/

05
 

P 
50

45
49

.0
0 

46
31

90
1.

00
 

09
/0

8/
04

 
 

P 
50

63
06

.0
0 

46
33

09
9.

00
13

/0
5/

05
 

 
A 

50
70

69
.0

0 
46

33
92

7.
00

22
/0

7/
04

 
A 

50
12

63
.5

9 
46

31
91

1.
36

 
22

/0
6/

05
 

 
P 

49
86

37
.0

0 
46

33
13

9.
00

22
/0

4/
05

 
 

A 
47

28
60

.3
7 

46
33

92
7.

27
18

/0
5/

05
 

A 
48

55
76

.0
0 

46
31

91
2.

00
 

15
/0

7/
04

 
 

P 
50

62
67

.0
0 

46
33

14
7.

00
09

/0
8/

04
 

 
A 

49
88

98
.0

0 
46

33
93

3.
00

13
/0

5/
05

 
A 

47
45

95
.6

0 
46

31
92

0.
64

 
18

/0
5/

05
 

 
P 

49
88

47
.0

0 
46

33
30

0.
00

22
/0

4/
05

 
 

A 
50

13
58

.0
0 

46
33

94
4.

00
13

/0
5/

05
 

P 
50

73
29

.0
0 

46
31

95
9.

00
 

09
/0

8/
04

 
 

A 
50

36
69

.0
0 

46
33

33
5.

00
13

/0
5/

05
 

 
A 

49
87

04
.9

7 
46

33
95

1.
65

22
/0

6/
05

 
P 

50
57

70
.0

0 
46

31
97

0.
00

 
09

/0
8/

04
 

 
A 

49
07

63
.0

8 
46

33
34

6.
82

19
/0

5/
05

 
 

P 
50

40
99

.0
0 

46
33

95
9.

00
13

/0
5/

05
 

P 
50

12
68

.2
2 

46
32

00
4.

79
 

22
/0

6/
05

 
 

P 
50

42
79

.0
0 

46
33

35
5.

00
13

/0
5/

05
 

 
A 

49
87

28
.0

0 
46

33
96

8.
00

22
/0

4/
05

 
A 

50
10

74
.9

0 
46

32
05

0.
99

 
22

/0
6/

05
 

 
P 

49
90

43
.0

0 
46

33
37

0.
00

22
/0

4/
05

 
 

P 
50

45
40

.0
0 

46
33

97
3.

00
13

/0
5/

05
 

P 
50

70
82

.0
0 

46
32

06
5.

00
 

09
/0

8/
04

 
 

P 
50

62
73

.0
0 

46
33

40
0.

00
09

/0
8/

04
 

 
A 

47
26

19
.2

0 
46

33
99

6.
01

18
/0

5/
05

 
P 

49
08

30
.7

5 
46

32
07

0.
66

 
19

/0
5/

05
 

 
P 

50
37

87
.0

0 
46

33
43

8.
00

13
/0

5/
05

 
 

P 
49

79
71

.4
7 

46
34

01
6.

81
22

/0
6/

05
 

P 
49

06
95

.4
3 

46
32

09
2.

68
 

19
/0

5/
05

 
 

P 
50

41
19

.0
0 

46
33

50
7.

00
13

/0
5/

05
 

 
P 

50
69

27
.0

0 
46

34
04

0.
00

22
/0

7/
04

 
A 

49
06

49
.1

8 
46

32
09

9.
11

 
19

/0
5/

05
 

 
P 

50
87

07
.0

0 
46

33
53

1.
00

22
/0

7/
04

 
 

A 
50

21
34

.0
0 

46
34

04
3.

00
13

/0
5/

05
 

A 
50

66
56

.0
0 

46
32

12
7.

00
 

09
/0

8/
04

 
 

A 
50

38
24

.0
0 

46
33

53
3.

00
13

/0
5/

05
 

 
P 

49
78

86
.7

1 
46

34
06

9.
86

22
/0

6/
05

 
 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

50
82

82
.0

0 
46

34
08

1.
00

 
22

/0
7/

04
 

 
A 

49
96

75
.0

0 
46

34
29

9.
00

13
/0

5/
05

 
 

P 
49

81
42

.0
0 

46
34

76
4.

00
22

/0
4/

05
 

P 
51

04
23

.0
0 

46
34

08
8.

00
 

29
/0

7/
04

 
 

P 
50

79
26

.0
0 

46
34

30
7.

00
22

/0
7/

04
 

 
P 

50
79

75
.0

0 
46

34
79

0.
00

22
/0

7/
04

 
A 

49
84

50
.0

0 
46

34
08

8.
00

 
22

/0
4/

05
 

 
P 

50
80

74
.0

0 
46

34
31

9.
00

22
/0

7/
04

 
 

P 
49

98
40

.0
0 

46
34

83
4.

00
13

/0
5/

05
 

P 
49

79
50

.3
1 

46
34

08
8.

78
 

22
/0

6/
05

 
 

P 
51

06
38

.0
0 

46
34

33
8.

00
29

/0
7/

04
 

 
P 

49
82

48
.0

0 
46

34
85

2.
00

22
/0

4/
05

 
P 

49
80

05
.1

2 
46

34
11

0.
16

 
22

/0
6/

05
 

 
P 

50
99

26
.0

0 
46

34
35

2.
00

22
/0

7/
04

 
 

A 
50

03
96

.0
0 

46
34

86
3.

00
13

/0
5/

05
 

P 
49

79
84

.1
1 

46
34

11
4.

00
 

22
/0

6/
05

 
 

A 
49

00
11

.0
4 

46
34

35
8.

63
19

/0
5/

05
 

 
P 

49
79

02
.0

0 
46

34
86

5.
00

22
/0

4/
05

 
P 

49
79

86
.5

6 
46

34
11

6.
68

 
22

/0
6/

05
 

 
P 

51
05

48
.0

0 
46

34
36

0.
00

29
/0

7/
04

 
 

P 
51

13
54

.0
0 

46
34

88
1.

00
21

/0
7/

04
 

P 
49

80
27

.3
5 

46
34

11
8.

42
 

22
/0

6/
05

 
 

P 
51

21
27

.0
0 

46
34

37
0.

00
21

/0
7/

04
 

 
P 

51
21

98
.0

0 
46

34
90

2.
00

21
/0

7/
04

 
P 

49
79

14
.3

4 
46

34
12

5.
66

 
22

/0
6/

05
 

 
P 

50
98

65
.0

0 
46

34
37

9.
00

29
/0

7/
04

 
 

A 
50

08
60

.0
0 

46
34

95
4.

00
13

/0
5/

05
 

P 
50

45
18

.0
0 

46
34

13
7.

00
 

13
/0

5/
05

 
 

A 
50

01
25

.0
0 

46
34

37
9.

00
13

/0
5/

05
 

 
A 

49
04

45
.5

2 
46

34
95

4.
33

19
/0

5/
05

 
A 

49
05

94
.9

1 
46

34
14

1.
72

 
19

/0
5/

05
 

 
P 

51
03

19
.0

0 
46

34
39

8.
00

22
/0

7/
04

 
 

P 
50

56
90

.0
0 

46
34

95
8.

00
13

/0
5/

05
 

P 
49

79
66

.3
4 

46
34

14
9.

72
 

22
/0

6/
05

 
 

P 
50

98
18

.0
0 

46
34

42
8.

00
22

/0
7/

04
 

 
P 

51
30

63
.0

0 
46

35
01

3.
00

21
/0

7/
04

 
A 

49
82

05
.4

5 
46

34
14

9.
82

 
01

/0
7/

05
 

 
P 

50
80

90
.0

0 
46

34
43

8.
00

22
/0

7/
04

 
 

P 
51

16
30

.0
0 

46
35

07
8.

00
21

/0
7/

04
 

A 
49

91
93

.0
0 

46
34

15
3.

00
 

13
/0

5/
05

 
 

A 
50

03
79

.0
0 

46
34

43
9.

00
13

/0
5/

05
 

 
A 

49
79

28
.0

0 
46

35
11

9.
00

22
/0

4/
05

 
P 

49
80

14
.4

5 
46

34
15

8.
25

 
22

/0
6/

05
 

 
A 

50
09

29
.0

0 
46

34
44

4.
00

13
/0

5/
05

 
 

P 
51

05
25

.0
0 

46
35

12
6.

00
22

/0
7/

04
 

P 
49

81
55

.2
5 

46
34

15
9.

77
 

01
/0

7/
05

 
 

P 
51

00
06

.0
0 

46
34

47
5.

00
29

/0
7/

04
 

 
A 

49
78

09
.0

0 
46

35
20

1.
00

22
/0

4/
05

 
P 

49
80

07
.1

2 
46

34
16

2.
25

 
22

/0
6/

05
 

 
P 

50
83

33
.0

0 
46

34
49

0.
00

22
/0

7/
04

 
 

P 
51

08
25

.0
0 

46
35

21
8.

00
21

/0
7/

04
 

P 
49

80
14

.6
8 

46
34

16
8.

99
 

22
/0

6/
05

 
 

P 
51

01
17

.0
0 

46
34

51
6.

00
29

/0
7/

04
 

 
A 

49
04

41
.9

1 
46

35
25

5.
23

19
/0

5/
05

 
P 

49
80

17
.7

3 
46

34
17

1.
26

 
22

/0
6/

05
 

 
P 

51
25

24
.0

0 
46

34
51

7.
00

21
/0

7/
04

 
 

A 
49

78
45

.0
0 

46
35

25
7.

00
22

/0
4/

05
 

P 
49

80
22

.2
3 

46
34

17
6.

90
 

22
/0

6/
05

 
 

A 
49

02
24

.5
0 

46
34

52
9.

72
19

/0
5/

05
 

 
P 

50
54

96
.0

0 
46

35
32

5.
00

13
/0

5/
05

 
P 

49
80

20
.9

5 
46

34
18

6.
72

 
22

/0
6/

05
 

 
P 

50
87

31
.0

0 
46

34
53

0.
00

22
/0

7/
04

 
 

P 
51

08
71

.0
0 

46
35

36
6.

00
21

/0
7/

04
 

P 
49

80
57

.7
5 

46
34

19
9.

24
 

22
/0

6/
05

 
 

P 
51

00
78

.0
0 

46
34

53
1.

00
29

/0
7/

04
 

 
A 

51
19

35
.0

0 
46

35
36

6.
00

21
/0

7/
04

 
P 

51
01

46
.0

0 
46

34
20

3.
00

 
22

/0
7/

04
 

 
P 

50
80

31
.0

0 
46

34
53

1.
00

22
/0

7/
04

 
 

P 
51

01
23

.0
0 

46
35

38
6.

00
22

/0
7/

04
 

P 
49

80
79

.6
6 

46
34

20
6.

00
 

22
/0

6/
05

 
 

P 
51

00
90

.0
0 

46
34

53
6.

00
29

/0
7/

04
 

 
A 

51
05

29
.0

0 
46

35
39

7.
00

21
/0

7/
04

 
P 

49
80

99
.8

3 
46

34
21

0.
57

 
22

/0
6/

05
 

 
P 

50
55

40
.0

0 
46

34
53

7.
00

13
/0

5/
05

 
 

P 
51

01
38

.0
0 

46
35

46
4.

00
22

/0
7/

04
 

P 
51

04
95

.0
0 

46
34

21
3.

00
 

29
/0

7/
04

 
 

A 
50

75
75

.0
0 

46
34

54
0.

00
22

/0
7/

04
 

 
P 

51
02

69
.0

0 
46

35
54

0.
00

22
/0

7/
04

 
P 

49
78

58
.9

1 
46

34
21

6.
58

 
01

/0
7/

05
 

 
A 

50
00

43
.0

0 
46

34
54

4.
00

13
/0

5/
05

 
 

P 
50

60
74

.0
0 

46
35

55
2.

00
13

/0
5/

05
 

P 
49

78
79

.2
3 

46
34

22
5.

06
 

01
/0

7/
05

 
 

P 
51

05
04

.0
0 

46
34

59
4.

00
22

/0
7/

04
 

 
P 

51
04

25
.0

0 
46

35
55

4.
00

21
/0

7/
04

 
P 

51
01

91
.0

0 
46

34
23

3.
00

 
29

/0
7/

04
 

 
A 

50
03

79
.0

0 
46

34
60

2.
00

13
/0

5/
05

 
 

A 
51

29
74

.0
0 

46
35

56
4.

00
21

/0
7/

04
 

P 
50

47
03

.0
0 

46
34

24
0.

00
 

13
/0

5/
05

 
 

P 
50

87
45

.0
0 

46
34

62
1.

00
22

/0
7/

04
 

 
P 

51
01

37
.0

0 
46

35
56

5.
00

22
/0

7/
04

 
P 

50
96

97
.0

0 
46

34
27

5.
00

 
22

/0
7/

04
 

 
P 

51
24

31
.0

0 
46

34
65

1.
00

21
/0

7/
04

 
 

P 
51

01
33

.0
0 

46
35

57
3.

00
22

/0
7/

04
 

P 
50

83
39

.0
0 

46
34

28
0.

00
 

22
/0

7/
04

 
 

A 
49

97
53

.0
0 

46
34

71
7.

00
13

/0
5/

05
 

 
A 

51
08

93
.0

0 
46

35
58

3.
00

21
/0

7/
04

 
A 

50
74

85
.0

0 
46

34
28

4.
00

 
22

/0
7/

04
 

 
P 

51
05

83
.0

0 
46

34
72

3.
00

22
/0

7/
04

 
 

A 
51

20
23

.0
0 

46
35

59
1.

00
21

/0
7/

04
 

P 
50

50
02

.0
0 

46
34

28
9.

00
 

13
/0

5/
05

 
 

P 
50

60
84

.0
0 

46
34

72
5.

00
13

/0
5/

05
 

 
P 

51
04

35
.0

0 
46

35
62

4.
00

21
/0

7/
04

 
A 

50
77

03
.0

0 
46

34
29

3.
00

 
22

/0
7/

04
 

 
P 

49
79

98
.0

0 
46

34
73

5.
00

22
/0

4/
05

 
 

A 
51

26
14

.0
0 

46
35

63
4.

00
21

/0
7/

04
 

P 
49

79
77

.0
0 

46
34

29
5.

00
 

22
/0

4/
05

 
 

A 
49

96
92

.0
0 

46
34

74
3.

00
13

/0
5/

05
 

 
P 

50
57

10
.0

0 
46

35
63

4.
00

13
/0

5/
05

 
 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

50
54

60
.0

0 
46

35
64

5.
00

 
13

/0
5/

05
 

 
P 

50
56

94
.0

0 
46

36
62

7.
00

13
/0

5/
05

 
 

P 
50

99
70

.0
0 

46
37

54
9.

00
21

/0
7/

04
 

P 
50

52
69

.0
0 

46
35

69
8.

00
 

13
/0

5/
05

 
 

A 
51

04
78

.0
0 

46
36

67
2.

00
21

/0
7/

04
 

 
P 

51
30

01
.0

0 
46

37
56

5.
00

10
/0

8/
04

 
P 

51
28

24
.0

0 
46

35
71

3.
00

 
21

/0
7/

04
 

 
P 

51
10

58
.0

0 
46

36
76

0.
00

21
/0

7/
04

 
 

P 
51

04
93

.0
0 

46
37

61
1.

00
21

/0
7/

04
 

P 
51

28
15

.0
0 

46
35

72
4.

00
 

21
/0

7/
04

 
 

A 
49

04
24

.8
7 

46
36

77
5.

31
27

/0
6/

05
 

 
P 

51
04

24
.0

0 
46

37
61

6.
00

21
/0

7/
04

 
P 

51
10

28
.0

0 
46

35
73

6.
00

 
22

/0
7/

04
 

 
P 

50
56

42
.0

0 
46

36
77

6.
00

13
/0

5/
05

 
 

A 
51

39
09

.0
0 

46
37

62
0.

00
10

/0
8/

04
 

A 
49

03
92

.8
1 

46
35

75
5.

94
 

19
/0

5/
05

 
 

A 
51

02
47

.0
0 

46
36

79
1.

00
22

/0
7/

04
 

 
P 

50
97

82
.0

0 
46

37
62

5.
00

21
/0

7/
04

 
P 

51
11

06
.0

0 
46

35
80

5.
00

 
22

/0
7/

04
 

 
P 

51
46

08
.0

0 
46

36
79

8.
00

10
/0

8/
04

 
 

A 
51

21
78

.0
0 

46
37

64
2.

00
10

/0
8/

04
 

P 
51

26
12

.0
0 

46
35

80
6.

00
 

21
/0

7/
04

 
 

A 
51

02
96

.0
0 

46
36

83
5.

00
22

/0
7/

04
 

 
P 

50
97

29
.0

0 
46

37
64

3.
00

21
/0

7/
04

 
P 

51
01

99
.0

0 
46

35
81

4.
00

 
21

/0
7/

04
 

 
A 

51
08

17
.0

0 
46

36
85

8.
00

21
/0

7/
04

 
 

A 
50

52
05

.0
0 

46
37

65
1.

00
13

/0
5/

05
 

P 
51

26
02

.0
0 

46
35

83
7.

00
 

21
/0

7/
04

 
 

A 
51

31
77

.0
0 

46
36

91
7.

00
10

/0
8/

04
 

 
P 

51
05

96
.0

0 
46

37
65

8.
00

21
/0

7/
04

 
A 

51
08

48
.0

0 
46

35
86

5.
00

 
21

/0
7/

04
 

 
A 

49
06

60
.1

6 
46

36
95

0.
68

19
/0

5/
05

 
 

A 
50

51
00

.0
0 

46
37

69
3.

00
13

/0
5/

05
 

P 
51

00
49

.0
0 

46
35

93
4.

00
 

21
/0

7/
04

 
 

A 
51

04
35

.0
0 

46
36

96
6.

00
21

/0
7/

04
 

 
P 

51
04

95
.0

0 
46

37
70

2.
00

21
/0

7/
04

 
P 

51
08

30
.0

0 
46

35
97

9.
00

 
21

/0
7/

04
 

 
A 

51
04

67
.0

0 
46

36
97

8.
00

21
/0

7/
04

 
 

P 
51

05
30

.0
0 

46
37

70
8.

00
21

/0
7/

04
 

P 
51

08
05

.0
0 

46
36

01
3.

00
 

21
/0

7/
04

 
 

P 
51

45
82

.0
0 

46
36

97
9.

00
10

/0
8/

04
 

 
P 

51
06

02
.0

0 
46

37
70

9.
00

21
/0

7/
04

 
P 

51
00

61
.0

0 
46

36
04

0.
00

 
21

/0
7/

04
 

 
A 

49
04

41
.6

9 
46

36
99

4.
08

19
/0

5/
05

 
 

P 
51

05
49

.0
0 

46
37

71
9.

00
21

/0
7/

04
 

P 
50

51
75

.0
0 

46
36

07
0.

00
 

13
/0

5/
05

 
 

A 
51

05
10

.0
0 

46
37

06
2.

00
21

/0
7/

04
 

 
A 

50
96

47
.0

0 
46

37
72

0.
00

21
/0

7/
04

 
A 

49
03

21
.0

4 
46

36
07

1.
69

 
19

/0
5/

05
 

 
P 

51
00

99
.0

0 
46

37
06

5.
00

21
/0

7/
04

 
 

A 
51

21
48

.0
0 

46
37

74
4.

00
10

/0
8/

04
 

P 
51

09
27

.0
0 

46
36

09
7.

00
 

21
/0

7/
04

 
 

P 
51

46
22

.0
0 

46
37

06
6.

00
10

/0
8/

04
 

 
P 

51
01

94
.0

0 
46

37
79

8.
00

21
/0

7/
04

 
P 

51
14

34
.0

0 
46

36
10

7.
00

 
21

/0
7/

04
 

 
P 

50
98

91
.0

0 
46

37
08

7.
00

21
/0

7/
04

 
 

A 
51

38
04

.0
0 

46
37

79
8.

00
10

/0
8/

04
 

P 
51

07
01

.0
0 

46
36

11
4.

00
 

21
/0

7/
04

 
 

P 
50

55
03

.0
0 

46
37

10
6.

00
13

/0
5/

05
 

 
P 

51
46

34
.0

0 
46

37
80

2.
00

10
/0

8/
04

 
P 

51
11

65
.0

0 
46

36
11

6.
00

 
21

/0
7/

04
 

 
P 

51
02

11
.0

0 
46

37
12

8.
00

21
/0

7/
04

 
 

P 
51

30
01

.0
0 

46
37

82
2.

00
10

/0
8/

04
 

P 
51

05
82

.0
0 

46
36

20
2.

00
 

21
/0

7/
04

 
 

P 
49

01
68

.3
4 

46
37

18
2.

37
19

/0
5/

05
 

 
P 

51
43

87
.0

0 
46

37
82

8.
00

10
/0

8/
04

 
A 

49
02

96
.8

2 
46

36
23

2.
53

 
19

/0
5/

05
 

 
P 

51
02

63
.0

0 
46

37
19

7.
00

21
/0

7/
04

 
 

A 
49

03
40

.7
2 

46
37

83
6.

38
20

/0
5/

05
 

P 
51

18
50

.0
0 

46
36

27
5.

00
 

21
/0

7/
04

 
 

P 
51

45
98

.0
0 

46
37

22
3.

00
10

/0
8/

04
 

 
P 

51
20

36
.0

0 
46

37
84

6.
00

10
/0

8/
04

 
P 

51
11

44
.0

0 
46

36
29

9.
00

 
21

/0
7/

04
 

 
P 

51
01

51
.0

0 
46

37
25

4.
00

21
/0

7/
04

 
 

A 
48

24
66

.3
9 

46
37

90
9.

04
11

/0
7/

05
 

A 
51

00
81

.0
0 

46
36

29
9.

00
 

22
/0

7/
04

 
 

A 
50

55
07

.0
0 

46
37

25
5.

00
13

/0
5/

05
 

 
P 

51
36

59
.0

0 
46

37
91

4.
00

10
/0

8/
04

 
P 

51
15

61
.0

0 
46

36
30

9.
00

 
21

/0
7/

04
 

 
P 

51
01

42
.0

0 
46

37
28

9.
00

21
/0

7/
04

 
 

P 
49

04
90

.6
4 

46
37

93
7.

84
20

/0
5/

05
 

A 
50

99
83

.0
0 

46
36

34
0.

00
 

22
/0

7/
04

 
 

P 
50

99
63

.0
0 

46
37

30
5.

00
21

/0
7/

04
 

 
P 

49
06

46
.5

6 
46

37
94

7.
34

20
/0

5/
05

 
P 

50
54

44
.0

0 
46

36
38

3.
00

 
13

/0
5/

05
 

 
P 

51
01

94
.0

0 
46

37
31

9.
00

21
/0

7/
04

 
 

A 
48

28
14

.6
6 

46
38

01
7.

08
11

/0
7/

05
 

P 
51

11
62

.0
0 

46
36

43
3.

00
 

21
/0

7/
04

 
 

P 
50

99
51

.0
0 

46
37

33
5.

00
21

/0
7/

04
 

 
A 

50
50

80
.0

0 
46

38
02

0.
00

13
/0

5/
05

 
A 

51
01

41
.0

0 
46

36
48

8.
00

 
22

/0
7/

04
 

 
A 

51
30

48
.0

0 
46

37
36

1.
00

10
/0

8/
04

 
 

P 
51

44
28

.0
0 

46
38

03
1.

00
10

/0
8/

04
 

A 
51

07
93

.0
0 

46
36

50
0.

00
 

21
/0

7/
04

 
 

P 
51

05
26

.0
0 

46
37

37
1.

00
21

/0
7/

04
 

 
A 

48
89

70
.2

3 
46

38
03

3.
92

19
/0

5/
05

 
P 

51
46

75
.0

0 
46

36
50

3.
00

 
10

/0
8/

04
 

 
P 

51
01

08
.0

0 
46

37
41

4.
00

21
/0

7/
04

 
 

P 
51

29
33

.0
0 

46
38

03
9.

00
10

/0
8/

04
 

P 
51

01
42

.0
0 

46
36

53
3.

00
 

22
/0

7/
04

 
 

A 
51

23
55

.0
0 

46
37

46
6.

00
10

/0
8/

04
 

 
P 

51
27

85
.0

0 
46

38
04

5.
00

10
/0

8/
04

 
P 

51
01

51
.0

0 
46

36
57

0.
00

 
22

/0
7/

04
 

 
P 

51
46

70
.0

0 
46

37
50

3.
00

10
/0

8/
04

 
 

P 
51

28
77

.0
0 

46
38

04
5.

00
10

/0
8/

04
 

A 
49

04
50

.3
3 

46
36

58
3.

10
 

19
/0

5/
05

 
 

P 
50

53
98

.0
0 

46
37

54
5.

00
13

/0
5/

05
 

 
P 

51
26

76
.0

0 
46

38
10

2.
00

10
/0

8/
04

 
 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

51
36

44
.0

0 
46

38
11

3.
00

 
10

/0
8/

04
 

 
A 

48
80

57
.7

0 
46

38
75

2.
53

19
/0

5/
05

 
 

A 
48

90
63

.4
9 

46
39

16
8.

60
27

/0
6/

05
 

A 
48

31
39

.6
7 

46
38

11
4.

84
 

11
/0

7/
05

 
 

A 
50

45
66

.0
0 

46
38

75
5.

00
13

/0
5/

05
 

 
A 

50
37

59
.0

0 
46

39
17

6.
00

13
/0

5/
05

 
A 

48
87

02
.4

8 
46

38
12

5.
01

 
11

/0
7/

05
 

 
A 

48
45

26
.2

4 
46

38
75

9.
43

11
/0

7/
05

 
 

P 
48

91
33

.1
6 

46
39

17
8.

19
27

/0
6/

05
 

A 
51

25
04

.0
0 

46
38

13
6.

00
 

10
/0

8/
04

 
 

P 
51

68
68

.0
0 

46
38

77
2.

00
10

/0
8/

04
 

 
P 

48
90

96
.6

7 
46

39
18

2.
69

27
/0

6/
05

 
A 

51
43

88
.0

0 
46

38
21

9.
00

 
10

/0
8/

04
 

 
P 

48
84

10
.7

9 
46

38
78

8.
50

19
/0

5/
05

 
 

P 
48

88
49

.3
6 

46
39

18
6.

31
19

/0
5/

05
 

A 
48

82
54

.2
0 

46
38

22
5.

16
 

11
/0

7/
05

 
 

P 
48

82
69

.7
0 

46
38

79
8.

07
19

/0
5/

05
 

 
P 

48
89

93
.1

5 
46

39
19

1.
57

27
/0

6/
05

 
A 

49
11

80
.8

6 
46

38
23

2.
58

 
20

/0
5/

05
 

 
P 

48
83

72
.4

2 
46

38
79

9.
96

19
/0

5/
05

 
 

P 
48

89
59

.7
4 

46
39

19
9.

55
27

/0
6/

05
 

A 
48

79
97

.9
2 

46
38

23
3.

43
 

11
/0

7/
05

 
 

P 
51

42
39

.0
0 

46
38

84
3.

00
10

/0
8/

04
 

 
A 

48
91

00
.7

5 
46

39
19

9.
87

27
/0

6/
05

 
P 

51
46

74
.0

0 
46

38
23

9.
00

 
10

/0
8/

04
 

 
P 

51
26

12
.0

0 
46

38
85

9.
00

10
/0

8/
04

 
 

P 
48

91
09

.2
4 

46
39

20
0.

11
27

/0
6/

05
 

A 
48

36
52

.3
6 

46
38

24
0.

26
 

11
/0

7/
05

 
 

P 
51

42
13

.0
0 

46
38

87
6.

00
10

/0
8/

04
 

 
A 

48
91

30
.6

3 
46

39
21

1.
84

27
/0

6/
05

 
A 

49
15

94
.8

1 
46

38
26

7.
11

 
20

/0
5/

05
 

 
P 

48
84

55
.3

5 
46

38
87

8.
05

19
/0

5/
05

 
 

P 
51

65
89

.0
0 

46
39

21
3.

00
10

/0
8/

04
 

A 
51

27
49

.0
0 

46
38

29
6.

00
 

10
/0

8/
04

 
 

P 
48

84
95

.7
2 

46
38

92
4.

28
19

/0
5/

05
 

 
A 

48
92

41
.8

5 
46

39
21

7.
99

27
/0

6/
05

 
A 

51
23

00
.0

0 
46

38
29

8.
00

 
10

/0
8/

04
 

 
A 

50
41

93
.0

0 
46

38
99

4.
00

13
/0

5/
05

 
 

P 
48

89
79

.9
6 

46
39

21
9.

81
27

/0
6/

05
 

A 
48

74
62

.3
9 

46
38

33
7.

34
 

11
/0

7/
05

 
 

P 
51

67
21

.0
0 

46
39

00
7.

00
10

/0
8/

04
 

 
P 

48
89

48
.5

6 
46

39
22

5.
21

27
/0

6/
05

 
P 

51
46

10
.0

0 
46

38
34

3.
00

 
10

/0
8/

04
 

 
P 

48
86

03
.2

5 
46

39
01

7.
16

19
/0

5/
05

 
 

A 
48

92
42

.5
7 

46
39

23
1.

32
27

/0
6/

05
 

A 
48

71
82

.3
2 

46
38

35
1.

74
 

11
/0

7/
05

 
 

P 
48

89
52

.2
8 

46
39

04
9.

49
27

/0
6/

05
 

 
P 

48
89

10
.3

8 
46

39
23

3.
72

27
/0

6/
05

 
A 

48
38

41
.7

0 
46

38
36

9.
52

 
11

/0
7/

05
 

 
P 

48
90

00
.2

3 
46

39
07

1.
46

27
/0

6/
05

 
 

P 
48

89
10

.3
8 

46
39

23
3.

72
27

/0
6/

05
 

A 
48

42
38

.6
8 

46
38

39
7.

97
 

11
/0

7/
05

 
 

A 
51

39
22

.0
0 

46
39

08
8.

00
10

/0
8/

04
 

 
A 

48
91

98
.0

2 
46

39
24

1.
30

27
/0

6/
05

 
P 

51
36

53
.0

0 
46

38
39

9.
00

 
10

/0
8/

04
 

 
P 

51
57

44
.0

0 
46

39
09

6.
00

10
/0

8/
04

 
 

P 
51

46
57

.0
0 

46
39

24
3.

00
10

/0
8/

04
 

A 
48

69
11

.4
2 

46
38

40
5.

43
 

11
/0

7/
05

 
 

P 
48

86
82

.3
3 

46
39

10
0.

63
19

/0
5/

05
 

 
A 

48
91

38
.4

8 
46

39
24

4.
21

27
/0

6/
05

 
A 

49
16

57
.0

5 
46

38
41

1.
24

 
20

/0
5/

05
 

 
P 

48
90

36
.4

5 
46

39
10

0.
78

27
/0

6/
05

 
 

P 
48

89
32

.9
1 

46
39

24
8.

18
19

/0
5/

05
 

P 
51

50
20

.0
0 

46
38

44
2.

00
 

10
/0

8/
04

 
 

A 
48

89
82

.8
1 

46
39

10
8.

24
27

/0
6/

05
 

 
A 

48
91

74
.7

8 
46

39
25

8.
01

27
/0

6/
05

 
P 

51
68

22
.0

0 
46

38
47

4.
00

 
10

/0
8/

04
 

 
P 

48
91

85
.7

2 
46

39
11

4.
70

27
/0

6/
05

 
 

A 
48

92
56

.4
7 

46
39

26
6.

60
27

/0
6/

05
 

P 
51

43
50

.0
0 

46
38

50
1.

00
 

10
/0

8/
04

 
 

P 
48

91
97

.7
1 

46
39

12
5.

15
27

/0
6/

05
 

 
A 

48
89

97
.7

8 
46

39
28

6.
37

27
/0

6/
05

 
A 

48
64

10
.5

5 
46

38
50

3.
73

 
11

/0
7/

05
 

 
A 

48
89

97
.4

2 
46

39
12

5.
30

27
/0

6/
05

 
 

A 
48

90
09

.5
5 

46
39

29
8.

56
27

/0
6/

05
 

A 
48

60
11

.6
8 

46
38

53
8.

71
 

11
/0

7/
05

 
 

A 
51

26
82

.0
0 

46
39

12
7.

00
10

/0
8/

04
 

 
A 

48
90

16
.3

8 
46

39
29

9.
06

27
/0

6/
05

 
A 

48
57

93
.0

8 
46

38
58

8.
69

 
11

/0
7/

05
 

 
P 

48
89

95
.0

1 
46

39
13

1.
16

27
/0

6/
05

 
 

P 
51

40
00

.0
0 

46
39

31
2.

00
10

/0
8/

04
 

A 
50

48
11

.0
0 

46
38

59
3.

00
 

13
/0

5/
05

 
 

P 
48

90
62

.3
6 

46
39

13
7.

39
27

/0
6/

05
 

 
A 

48
89

79
.7

8 
46

39
31

4.
46

27
/0

6/
05

 
A 

48
43

99
.3

5 
46

38
61

8.
05

 
11

/0
7/

05
 

 
P 

48
83

18
.2

0 
46

39
15

2.
06

19
/0

5/
05

 
 

A 
48

89
78

.8
4 

46
39

31
4.

46
27

/0
6/

05
 

A 
49

18
92

.9
5 

46
38

62
1.

76
 

20
/0

5/
05

 
 

A 
48

90
39

.0
6 

46
39

15
3.

48
27

/0
6/

05
 

 
A 

48
89

85
.6

3 
46

39
32

8.
41

19
/0

5/
05

 
P 

51
60

25
.0

0 
46

38
66

5.
00

 
10

/0
8/

04
 

 
P 

48
91

53
.2

9 
46

39
15

5.
54

27
/0

6/
05

 
 

P 
51

57
19

.0
0 

46
39

33
4.

00
10

/0
8/

04
 

A 
51

37
64

.0
0 

46
38

67
4.

00
 

10
/0

8/
04

 
 

P 
48

92
15

.2
2 

46
39

15
9.

93
27

/0
6/

05
 

 
P 

51
72

32
.0

0 
46

39
34

1.
00

10
/0

8/
04

 
A 

51
26

52
.0

0 
46

38
68

7.
00

 
10

/0
8/

04
 

 
A 

48
90

22
.0

0 
46

39
16

2.
12

27
/0

6/
05

 
 

A 
49

25
43

.7
4 

46
39

37
7.

60
20

/0
5/

05
 

P 
48

50
51

.5
9 

46
38

68
8.

06
 

11
/0

7/
05

 
 

A 
51

41
29

.0
0 

46
39

16
3.

00
10

/0
8/

04
 

 
A 

48
80

83
.8

2 
46

39
38

0.
22

19
/0

5/
05

 
P 

48
54

87
.6

3 
46

38
71

0.
65

 
11

/0
7/

05
 

 
A 

48
92

28
.6

6 
46

39
16

7.
98

27
/0

6/
05

 
 

A 
48

90
11

.2
9 

46
39

39
8.

58
27

/0
6/

05
 

A 
48

81
63

.2
5 

46
38

73
2.

89
 

19
/0

5/
05

 
 

A 
48

91
08

.5
4 

46
39

16
8.

01
27

/0
6/

05
 

 
P 

51
70

99
.0

0 
46

39
40

1.
00

10
/0

8/
04

 
 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

48
90

20
.4

1 
46

39
40

5.
00

 
19

/0
5/

05
 

 
A 

51
52

35
.0

0 
46

41
02

0.
00

12
/0

8/
04

 
 

A 
51

40
07

.0
0 

46
42

07
9.

00
12

/0
8/

04
 

P 
51

68
55

.0
0 

46
39

41
2.

00
 

10
/0

8/
04

 
 

A 
51

51
88

.0
0 

46
41

03
0.

00
10

/0
8/

04
 

 
P 

51
70

16
.0

0 
46

42
09

4.
00

12
/0

8/
04

 
A 

51
28

61
.0

0 
46

39
41

8.
00

 
10

/0
8/

04
 

 
P 

51
55

95
.0

0 
46

41
07

2.
00

12
/0

8/
04

 
 

A 
49

33
89

.1
7 

46
42

12
5.

20
20

/0
5/

05
 

A 
48

78
80

.5
0 

46
39

42
8.

78
 

19
/0

5/
05

 
 

A 
49

31
63

.1
9 

46
41

13
9.

71
20

/0
5/

05
 

 
P 

51
45

43
.0

0 
46

42
23

9.
00

12
/0

8/
04

 
A 

48
90

35
.5

7 
46

39
45

8.
87

 
27

/0
6/

05
 

 
A 

51
58

25
.0

0 
46

41
15

6.
00

12
/0

8/
04

 
 

P 
51

68
98

.0
0 

46
42

26
6.

00
12

/0
8/

04
 

A 
48

81
25

.5
8 

46
39

45
9.

75
 

19
/0

5/
05

 
 

P 
51

74
40

.0
0 

46
41

15
8.

00
12

/0
8/

04
 

 
A 

49
36

93
.7

9 
46

42
28

5.
84

20
/0

5/
05

 
P 

51
65

96
.0

0 
46

39
46

2.
00

 
10

/0
8/

04
 

 
P 

51
62

63
.0

0 
46

41
16

7.
00

12
/0

8/
04

 
 

P 
51

38
73

.0
0 

46
42

32
8.

00
12

/0
8/

04
 

A 
48

91
43

.6
5 

46
39

61
2.

50
 

19
/0

5/
05

 
 

P 
51

64
86

.0
0 

46
41

21
3.

00
12

/0
8/

04
 

 
P 

51
77

67
.0

0 
46

42
32

9.
00

12
/0

8/
04

 
P 

51
65

65
.0

0 
46

39
67

4.
00

 
10

/0
8/

04
 

 
A 

48
71

60
.3

9 
46

41
21

9.
38

19
/0

5/
05

 
 

A 
50

24
60

.0
0 

46
42

35
1.

00
13

/0
5/

05
 

P 
51

29
19

.0
0 

46
39

68
6.

00
 

10
/0

8/
04

 
 

A 
51

46
89

.0
0 

46
41

23
6.

00
12

/0
8/

04
 

 
P 

51
67

51
.0

0 
46

42
38

3.
00

12
/0

8/
04

 
P 

51
43

05
.0

0 
46

39
72

3.
00

 
10

/0
8/

04
 

 
P 

51
75

16
.0

0 
46

41
24

3.
00

12
/0

8/
04

 
 

P 
51

69
53

.0
0 

46
42

52
0.

00
12

/0
8/

04
 

A 
49

26
43

.0
9 

46
39

74
8.

75
 

20
/0

5/
05

 
 

A 
48

76
72

.5
9 

46
41

25
9.

46
19

/0
5/

05
 

 
A 

50
25

95
.0

0 
46

42
61

2.
00

13
/0

5/
05

 
P 

51
41

44
.0

0 
46

39
76

7.
00

 
10

/0
8/

04
 

 
P 

51
73

90
.0

0 
46

41
26

5.
00

12
/0

8/
04

 
 

P 
51

45
64

.0
0 

46
42

61
3.

00
12

/0
8/

04
 

A 
50

30
95

.0
0 

46
39

78
3.

00
 

13
/0

5/
05

 
 

P 
51

67
63

.0
0 

46
41

27
2.

00
12

/0
8/

04
 

 
A 

49
39

72
.1

1 
46

42
61

7.
77

20
/0

5/
05

 
P 

51
56

51
.0

0 
46

39
88

4.
00

 
10

/0
8/

04
 

 
P 

51
61

08
.0

0 
46

41
29

5.
00

12
/0

8/
04

 
 

A 
51

38
85

.0
0 

46
42

62
3.

00
12

/0
8/

04
 

P 
51

60
48

.0
0 

46
39

91
8.

00
 

10
/0

8/
04

 
 

P 
51

52
64

.0
0 

46
41

30
3.

00
12

/0
8/

04
 

 
A 

51
36

46
.0

0 
46

42
63

3.
00

12
/0

8/
04

 
A 

51
41

61
.0

0 
46

39
93

4.
00

 
10

/0
8/

04
 

 
A 

51
50

02
.0

0 
46

41
30

5.
00

12
/0

8/
04

 
 

P 
51

65
73

.0
0 

46
42

64
2.

00
12

/0
8/

04
 

P 
51

64
29

.0
0 

46
39

95
6.

00
 

10
/0

8/
04

 
 

P 
51

75
46

.0
0 

46
41

33
7.

00
12

/0
8/

04
 

 
A 

48
64

98
.4

3 
46

42
72

5.
20

19
/0

5/
05

 
A 

50
25

99
.0

0 
46

40
06

1.
00

 
13

/0
5/

05
 

 
P 

51
74

93
.0

0 
46

41
41

9.
00

12
/0

8/
04

 
 

A 
51

36
33

.0
0 

46
42

82
3.

00
12

/0
8/

04
 

P 
51

58
56

.0
0 

46
40

07
0.

00
 

10
/0

8/
04

 
 

A 
51

50
57

.0
0 

46
41

48
1.

00
12

/0
8/

04
 

 
A 

51
38

27
.0

0 
46

42
83

3.
00

12
/0

8/
04

 
P 

51
67

83
.0

0 
46

40
13

5.
00

 
10

/0
8/

04
 

 
A 

49
30

78
.6

0 
46

41
49

8.
09

20
/0

5/
05

 
 

A 
48

67
54

.1
3 

46
42

89
4.

30
19

/0
5/

05
 

P 
51

51
19

.0
0 

46
40

22
2.

00
 

10
/0

8/
04

 
 

A 
51

51
74

.0
0 

46
41

53
9.

00
12

/0
8/

04
 

 
P 

51
62

91
.0

0 
46

42
90

8.
00

12
/0

8/
04

 
P 

51
60

84
.0

0 
46

40
23

0.
00

 
10

/0
8/

04
 

 
A 

51
35

83
.0

0 
46

41
56

6.
00

12
/0

8/
04

 
 

A 
49

63
59

.4
5 

46
42

91
6.

02
20

/0
5/

05
 

P 
51

59
80

.0
0 

46
40

23
2.

00
 

10
/0

8/
04

 
 

P 
51

73
86

.0
0 

46
41

59
5.

00
12

/0
8/

04
 

 
P 

51
64

68
.0

0 
46

42
93

3.
00

12
/0

8/
04

 
P 

51
65

63
.0

0 
46

40
26

8.
00

 
10

/0
8/

04
 

 
P 

51
78

49
.0

0 
46

41
63

9.
00

12
/0

8/
04

 
 

P 
51

60
48

.0
0 

46
42

93
7.

00
12

/0
8/

04
 

A 
49

24
56

.1
4 

46
40

29
8.

32
 

20
/0

5/
05

 
 

A 
50

18
41

.0
0 

46
41

65
5.

00
13

/0
5/

05
 

 
P 

51
75

49
.0

0 
46

42
94

1.
00

12
/0

8/
04

 
P 

51
73

26
.0

0 
46

40
59

1.
00

 
10

/0
8/

04
 

 
P 

51
52

19
.0

0 
46

41
66

1.
00

12
/0

8/
04

 
 

P 
51

32
71

.0
0 

46
42

95
6.

00
12

/0
8/

04
 

A 
48

75
14

.3
8 

46
40

63
1.

69
 

19
/0

5/
05

 
 

P 
51

47
71

.0
0 

46
41

71
6.

00
12

/0
8/

04
 

 
A 

48
56

89
.4

8 
46

42
99

0.
16

19
/0

5/
05

 
A 

49
26

21
.2

5 
46

40
66

8.
24

 
20

/0
5/

05
 

 
P 

51
54

30
.0

0 
46

41
76

7.
00

12
/0

8/
04

 
 

A 
49

44
05

.2
7 

46
43

05
9.

58
20

/0
5/

05
 

A 
51

59
91

.0
0 

46
40

80
4.

00
 

12
/0

8/
04

 
 

P 
51

71
79

.0
0 

46
41

77
4.

00
12

/0
8/

04
 

 
P 

51
58

66
.0

0 
46

43
14

2.
00

12
/0

8/
04

 
A 

50
21

47
.0

0 
46

40
81

0.
00

 
13

/0
5/

05
 

 
P 

51
72

69
.0

0 
46

41
78

8.
00

12
/0

8/
04

 
 

A 
49

65
80

.7
8 

46
43

19
5.

50
20

/0
5/

05
 

A 
51

56
13

.0
0 

46
40

93
0.

00
 

12
/0

8/
04

 
 

P 
51

50
94

.0
0 

46
41

80
7.

00
12

/0
8/

04
 

 
A 

49
51

84
.8

2 
46

43
20

7.
03

20
/0

5/
05

 
P 

51
46

83
.0

0 
46

40
93

1.
00

 
12

/0
8/

04
 

 
P 

51
69

86
.0

0 
46

41
81

6.
00

12
/0

8/
04

 
 

A 
49

59
13

.2
7 

46
43

21
1.

68
20

/0
5/

05
 

P 
51

49
21

.0
0 

46
40

95
5.

00
 

12
/0

8/
04

 
 

P 
51

47
64

.0
0 

46
41

95
3.

00
12

/0
8/

04
 

 
P 

51
52

57
.0

0 
46

43
21

3.
00

12
/0

8/
04

 
P 

51
49

39
.0

0 
46

40
95

7.
00

 
10

/0
8/

04
 

 
P 

51
43

98
.0

0 
46

42
03

2.
00

12
/0

8/
04

 
 

A 
49

71
09

.3
5 

46
43

23
2.

62
20

/0
5/

05
 

A 
51

46
67

.0
0 

46
40

98
1.

00
 

10
/0

8/
04

 
 

P 
51

40
84

.0
0 

46
42

05
1.

00
12

/0
8/

04
 

 
A 

50
25

40
.0

0 
46

43
36

0.
00

13
/0

5/
05

 
 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

51
68

93
.0

0 
46

43
67

4.
00

 
12

/0
8/

04
 

 
A 

50
43

25
.5

8 
46

45
21

2.
99

06
/0

7/
05

 
 

A 
51

16
71

.5
3 

46
46

06
7.

66
06

/0
7/

05
 

A 
51

03
14

.4
1 

46
43

80
0.

87
 

06
/0

7/
05

 
 

A 
50

54
14

.1
9 

46
45

21
8.

51
06

/0
7/

05
 

 
P 

51
73

42
.0

0 
46

46
10

7.
00

08
/0

9/
04

 
P 

51
76

49
.0

0 
46

43
89

0.
00

 
12

/0
8/

04
 

 
A 

49
92

23
.2

4 
46

45
23

7.
71

20
/0

5/
05

 
 

A 
51

25
18

.7
1 

46
46

14
5.

73
30

/0
6/

05
 

A 
49

74
57

.4
1 

46
43

95
6.

06
 

20
/0

5/
05

 
 

A 
50

17
16

.0
4 

46
45

25
0.

50
20

/0
5/

05
 

 
A 

51
17

83
.1

7 
46

46
18

0.
82

06
/0

7/
05

 
A 

51
04

48
.0

9 
46

44
04

8.
94

 
06

/0
7/

05
 

 
A 

51
21

58
.2

0 
46

45
28

4.
03

30
/0

6/
05

 
 

P 
51

87
79

.0
0 

46
46

27
9.

00
08

/0
9/

04
 

P 
51

01
32

.5
5 

46
44

06
3.

75
 

06
/0

7/
05

 
 

A 
51

20
67

.9
5 

46
45

29
4.

52
30

/0
6/

05
 

 
P 

51
87

62
.0

0 
46

46
34

0.
00

08
/0

9/
04

 
P 

50
96

03
.6

1 
46

44
07

3.
15

 
06

/0
7/

05
 

 
A 

50
47

04
.8

7 
46

45
30

5.
85

06
/0

7/
05

 
 

A 
50

27
42

.4
6 

46
46

40
6.

82
06

/0
7/

05
 

P 
50

95
37

.3
0 

46
44

16
2.

41
 

06
/0

7/
05

 
 

A 
49

96
25

.9
7 

46
45

31
0.

25
20

/0
5/

05
 

 
A 

51
23

77
.4

1 
46

46
43

2.
38

30
/0

6/
05

 
P 

50
98

34
.0

6 
46

44
17

6.
11

 
06

/0
7/

05
 

 
A 

50
27

07
.4

2 
46

45
31

1.
32

06
/0

7/
05

 
 

P 
51

74
64

.0
0 

46
46

47
1.

00
08

/0
9/

04
 

A 
50

90
41

.2
2 

46
44

23
6.

79
 

06
/0

7/
05

 
 

A 
50

50
22

.8
4 

46
45

31
3.

87
06

/0
7/

05
 

 
A 

51
36

34
.0

0 
46

46
48

4.
00

16
/0

8/
04

 
A 

49
80

58
.4

9 
46

44
34

0.
84

 
20

/0
5/

05
 

 
A 

49
99

33
.6

9 
46

45
32

6.
27

20
/0

5/
05

 
 

A 
51

27
25

.0
0 

46
46

60
2.

00
16

/0
8/

04
 

A 
51

08
18

.8
3 

46
44

43
6.

35
 

06
/0

7/
05

 
 

A 
51

05
81

.7
4 

46
45

32
8.

98
06

/0
7/

05
 

 
P 

51
87

58
.0

0 
46

46
63

7.
00

08
/0

9/
04

 
A 

50
80

13
.3

7 
46

44
49

1.
80

 
06

/0
7/

05
 

 
A 

51
14

14
.8

0 
46

45
36

7.
37

06
/0

7/
05

 
 

A 
50

25
78

.4
7 

46
46

74
2.

62
20

/0
5/

05
 

A 
50

73
93

.0
7 

46
44

60
7.

77
 

06
/0

7/
05

 
 

A 
50

08
47

.9
1 

46
45

36
9.

46
20

/0
5/

05
 

 
P 

51
47

06
.0

0 
46

46
86

1.
00

16
/0

8/
04

 
A 

51
08

33
.1

2 
46

44
69

7.
83

 
06

/0
7/

05
 

 
A 

50
02

67
.1

0 
46

45
41

4.
89

20
/0

5/
05

 
 

P 
51

84
37

.0
0 

46
46

86
9.

00
08

/0
9/

04
 

A 
51

08
70

.6
1 

46
44

73
7.

79
 

06
/0

7/
05

 
 

A 
51

19
88

.7
6 

46
45

43
3.

80
30

/0
6/

05
 

 
P 

51
82

11
.0

0 
46

46
87

4.
00

08
/0

9/
04

 
A 

50
68

98
.0

8 
46

44
74

5.
53

 
06

/0
7/

05
 

 
P 

51
85

79
.0

0 
46

45
45

1.
00

08
/0

9/
04

 
 

A 
51

24
71

.1
0 

46
46

87
9.

03
30

/0
6/

05
 

A 
51

06
60

.5
7 

46
44

87
8.

89
 

06
/0

7/
05

 
 

P 
51

72
58

.0
0 

46
45

47
7.

00
08

/0
9/

04
 

 
P 

51
42

40
.0

0 
46

46
89

3.
00

16
/0

8/
04

 
A 

51
10

62
.0

3 
46

44
89

0.
29

 
06

/0
7/

05
 

 
P 

51
84

26
.0

0 
46

45
48

2.
00

08
/0

9/
04

 
 

P 
51

43
35

.0
0 

46
46

95
6.

00
16

/0
8/

04
 

P 
51

74
89

.0
0 

46
44

89
6.

00
 

08
/0

9/
04

 
 

A 
51

13
07

.2
4 

46
45

55
9.

60
06

/0
7/

05
 

 
P 

51
78

46
.0

0 
46

46
96

9.
00

08
/0

9/
04

 
A 

49
94

24
.2

0 
46

44
93

8.
36

 
20

/0
5/

05
 

 
A 

51
24

23
.4

9 
46

45
57

0.
77

30
/0

6/
05

 
 

A 
51

37
04

.0
0 

46
47

04
4.

00
16

/0
8/

04
 

A 
49

91
59

.9
7 

46
44

95
0.

03
 

20
/0

5/
05

 
 

A 
51

19
17

.9
3 

46
45

62
8.

92
30

/0
6/

05
 

 
P 

51
47

55
.0

0 
46

47
06

2.
00

16
/0

8/
04

 
A 

49
98

51
.0

6 
46

44
96

7.
90

 
20

/0
5/

05
 

 
A 

50
25

13
.9

6 
46

45
63

3.
67

20
/0

5/
05

 
 

A 
51

25
28

.1
5 

46
47

09
0.

14
30

/0
6/

05
 

A 
49

82
35

.3
7 

46
44

96
8.

48
 

20
/0

5/
05

 
 

P 
51

82
89

.0
0 

46
45

67
0.

00
08

/0
9/

04
 

 
P 

51
71

84
.0

0 
46

47
22

6.
00

08
/0

9/
04

 
A 

50
11

83
.5

4 
46

44
99

0.
85

 
20

/0
5/

05
 

 
P 

51
84

46
.0

0 
46

45
71

0.
00

08
/0

9/
04

 
 

A 
51

30
20

.0
0 

46
47

23
3.

00
16

/0
8/

04
 

P 
51

80
62

.0
0 

46
45

01
9.

00
 

08
/0

9/
04

 
 

P 
51

59
41

.0
0 

46
45

72
8.

00
13

/0
9/

04
 

 
P 

51
66

23
.0

0 
46

47
24

1.
00

16
/0

8/
04

 
A 

50
60

42
.3

0 
46

45
02

6.
07

 
06

/0
7/

05
 

 
A 

50
28

13
.9

4 
46

45
75

6.
89

06
/0

7/
05

 
 

A 
51

26
72

.2
5 

46
47

26
2.

87
06

/0
7/

05
 

A 
51

12
32

.9
6 

46
45

03
3.

25
 

06
/0

7/
05

 
 

A 
51

18
50

.7
6 

46
45

78
5.

60
30

/0
6/

05
 

 
A 

51
32

34
.0

0 
46

47
26

4.
00

16
/0

8/
04

 
A 

50
09

05
.5

3 
46

45
05

1.
67

 
20

/0
5/

05
 

 
A 

51
14

02
.1

4 
46

45
78

7.
55

06
/0

7/
05

 
 

P 
51

44
30

.0
0 

46
47

35
5.

00
16

/0
8/

04
 

A 
49

97
42

.1
2 

46
45

08
9.

40
 

20
/0

5/
05

 
 

A 
51

11
02

.4
2 

46
45

78
8.

83
06

/0
7/

05
 

 
P 

51
42

91
.0

0 
46

47
38

9.
00

16
/0

8/
04

 
A 

50
57

40
.9

3 
46

45
11

9.
25

 
06

/0
7/

05
 

 
P 

51
88

04
.0

0 
46

45
79

7.
00

08
/0

9/
04

 
 

P 
51

67
05

.0
0 

46
47

39
4.

00
16

/0
8/

04
 

A 
50

33
19

.5
7 

46
45

13
2.

84
 

06
/0

7/
05

 
 

A 
51

15
82

.4
1 

46
45

83
7.

13
06

/0
7/

05
 

 
P 

51
65

65
.0

0 
46

47
42

6.
00

16
/0

8/
04

 
A 

50
28

51
.3

7 
46

45
14

0.
52

 
06

/0
7/

05
 

 
P 

51
84

15
.0

0 
46

45
86

6.
00

08
/0

9/
04

 
 

A 
51

61
31

.0
0 

46
47

43
4.

00
16

/0
8/

04
 

A 
51

16
17

.7
2 

46
45

19
4.

88
 

06
/0

7/
05

 
 

A 
51

10
09

.4
6 

46
45

95
3.

23
06

/0
7/

05
 

 
P 

51
63

87
.0

0 
46

47
44

8.
00

16
/0

8/
04

 
A 

49
93

34
.4

3 
46

45
20

3.
85

 
20

/0
5/

05
 

 
P 

51
87

64
.0

0 
46

45
98

5.
00

08
/0

9/
04

 
 

A 
51

27
05

.1
5 

46
47

49
0.

70
06

/0
7/

05
 

A 
50

38
68

.1
9 

46
45

20
7.

54
 

06
/0

7/
05

 
 

P 
51

68
43

.0
0 

46
45

99
4.

00
16

/0
8/

04
 

 
A 

50
22

45
.8

3 
46

47
51

3.
58

20
/0

5/
05

 
 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

51
50

42
.0

0 
46

47
51

6.
00

 
16

/0
8/

04
 

 
A 

51
25

08
.4

4 
46

49
51

9.
14

06
/0

7/
05

 
 

A 
51

37
09

.0
0 

46
52

53
4.

00
08

/0
9/

04
 

A 
51

27
61

.0
9 

46
47

54
7.

20
 

06
/0

7/
05

 
 

P 
51

54
00

.0
0 

46
49

66
6.

00
08

/0
9/

04
 

 
P 

51
17

05
.3

8 
46

52
54

4.
06

06
/0

7/
05

 
P 

51
40

66
.0

0 
46

47
57

4.
00

 
16

/0
8/

04
 

 
A 

51
55

55
.0

0 
46

49
66

7.
00

08
/0

9/
04

 
 

A 
49

20
66

.1
9 

46
52

55
5.

93
04

/0
7/

05
 

A 
51

33
88

.0
0 

46
47

58
1.

00
 

16
/0

8/
04

 
 

A 
51

55
81

.0
0 

46
49

68
5.

00
16

/0
8/

04
 

 
A 

49
18

63
.4

8 
46

52
59

0.
23

04
/0

7/
05

 
A 

51
51

46
.0

0 
46

47
61

7.
00

 
16

/0
8/

04
 

 
A 

51
50

73
.0

0 
46

49
77

7.
00

08
/0

9/
04

 
 

A 
49

42
77

.4
6 

46
52

63
0.

46
04

/0
7/

05
 

P 
51

71
46

.0
0 

46
47

63
8.

00
 

16
/0

8/
04

 
 

P 
51

57
92

.0
0 

46
49

79
2.

00
08

/0
9/

04
 

 
A 

51
16

75
.9

5 
46

52
65

9.
26

06
/0

7/
05

 
P 

51
61

71
.0

0 
46

47
75

5.
00

 
16

/0
8/

04
 

 
A 

51
48

05
.0

0 
46

49
87

0.
00

08
/0

9/
04

 
 

A 
49

15
13

.9
9 

46
52

76
9.

14
04

/0
7/

05
 

A 
51

27
58

.3
3 

46
47

76
5.

27
 

06
/0

7/
05

 
 

P 
51

23
48

.2
0 

46
50

03
2.

93
06

/0
7/

05
 

 
A 

48
88

85
.0

0 
46

52
78

1.
00

21
/0

6/
05

 
A 

51
58

71
.0

0 
46

47
77

8.
00

 
16

/0
8/

04
 

 
A 

50
04

35
.9

7 
46

50
06

9.
15

20
/0

5/
05

 
 

A 
51

26
40

.0
0 

46
52

78
3.

00
08

/0
9/

04
 

P 
51

71
10

.0
0 

46
47

77
9.

00
 

08
/0

9/
04

 
 

A 
51

61
42

.0
0 

46
50

11
3.

00
08

/0
9/

04
 

 
A 

49
86

53
.6

2 
46

52
80

8.
89

20
/0

5/
05

 
P 

51
63

27
.0

0 
46

47
79

2.
00

 
16

/0
8/

04
 

 
A 

51
48

21
.0

0 
46

50
43

7.
00

08
/0

9/
04

 
 

A 
51

14
95

.6
0 

46
52

83
2.

87
06

/0
7/

05
 

P 
51

38
31

.0
0 

46
47

80
6.

00
 

16
/0

8/
04

 
 

A 
50

02
02

.3
6 

46
50

59
6.

38
20

/0
5/

05
 

 
A 

49
12

82
.1

5 
46

52
85

2.
96

04
/0

7/
05

 
P 

51
43

40
.0

0 
46

47
83

3.
00

 
16

/0
8/

04
 

 
A 

51
22

42
.3

5 
46

50
60

0.
82

06
/0

7/
05

 
 

A 
51

60
53

.0
0 

46
52

86
2.

00
17

/0
8/

04
 

P 
51

51
73

.0
0 

46
47

87
0.

00
 

16
/0

8/
04

 
 

P 
51

61
92

.0
0 

46
50

76
2.

00
08

/0
9/

04
 

 
A 

48
91

68
.2

4 
46

52
89

5.
33

21
/0

6/
05

 
P 

51
71

08
.0

0 
46

47
88

9.
00

 
08

/0
9/

04
 

 
P 

51
57

79
.0

0 
46

50
94

8.
00

08
/0

9/
04

 
 

A 
49

04
43

.4
3 

46
52

91
4.

92
04

/0
7/

05
 

P 
51

62
03

.0
0 

46
47

93
6.

00
 

16
/0

8/
04

 
 

A 
51

54
14

.0
0 

46
51

12
8.

00
08

/0
9/

04
 

 
A 

48
94

77
.9

5 
46

52
93

2.
46

04
/0

7/
05

 
P 

51
66

63
.0

0 
46

47
98

9.
00

 
08

/0
9/

04
 

 
A 

51
20

61
.1

9 
46

51
17

0.
68

06
/0

7/
05

 
 

A 
48

98
89

.1
5 

46
52

95
2.

37
04

/0
7/

05
 

P 
51

50
89

.0
0 

46
48

03
4.

00
 

16
/0

8/
04

 
 

P 
51

56
54

.0
0 

46
51

29
7.

00
08

/0
9/

04
 

 
A 

49
08

72
.3

3 
46

52
99

0.
31

04
/0

7/
05

 
A 

50
19

00
.1

4 
46

48
03

7.
41

 
20

/0
5/

05
 

 
A 

51
38

38
.0

0 
46

51
36

6.
00

08
/0

9/
04

 
 

A 
51

11
99

.2
8 

46
53

01
2.

97
06

/0
7/

05
 

A 
51

54
46

.0
0 

46
48

06
7.

00
 

16
/0

8/
04

 
 

A 
51

54
22

.0
0 

46
51

43
9.

00
08

/0
9/

04
 

 
P 

48
97

86
.0

0 
46

53
01

4.
00

08
/0

9/
04

 
P 

51
50

70
.0

0 
46

48
18

1.
00

 
16

/0
8/

04
 

 
A 

49
98

94
.2

2 
46

51
46

2.
38

20
/0

5/
05

 
 

A 
49

40
25

.6
1 

46
53

02
8.

48
04

/0
7/

05
 

A 
51

46
04

.0
0 

46
48

21
8.

00
 

16
/0

8/
04

 
 

A 
51

55
85

.0
0 

46
51

60
8.

00
08

/0
9/

04
 

 
A 

48
93

41
.5

3 
46

53
17

7.
34

21
/0

6/
05

 
A 

51
29

04
.6

5 
46

48
27

2.
63

 
06

/0
7/

05
 

 
A 

51
17

86
.0

5 
46

52
17

0.
93

06
/0

7/
05

 
 

A 
49

80
29

.8
8 

46
53

28
6.

89
20

/0
5/

05
 

P 
51

63
71

.0
0 

46
48

29
4.

00
 

08
/0

9/
04

 
 

A 
49

36
14

.3
3 

46
52

17
1.

61
04

/0
7/

05
 

 
A 

49
39

72
.4

8 
46

53
30

8.
68

04
/0

7/
05

 
P 

51
53

91
.0

0 
46

48
30

2.
00

 
16

/0
8/

04
 

 
A 

49
40

27
.5

8 
46

52
21

1.
28

04
/0

7/
05

 
 

A 
51

54
16

.0
0 

46
53

40
4.

00
17

/0
8/

04
 

A 
51

55
44

.0
0 

46
48

44
6.

00
 

16
/0

8/
04

 
 

A 
49

33
43

.9
8 

46
52

23
6.

31
04

/0
7/

05
 

 
A 

51
06

95
.2

7 
46

53
42

6.
82

06
/0

7/
05

 
A 

50
15

55
.0

0 
46

48
48

5.
00

 
20

/0
5/

05
 

 
A 

49
94

19
.0

3 
46

52
28

2.
77

20
/0

5/
05

 
 

A 
51

60
01

.0
0 

46
53

50
4.

00
17

/0
8/

04
 

A 
51

29
56

.8
1 

46
48

49
0.

59
 

06
/0

7/
05

 
 

A 
49

38
27

.7
0 

46
52

28
7.

83
04

/0
7/

05
 

 
A 

48
84

74
.0

0 
46

53
50

9.
00

11
/0

5/
05

 
P 

51
65

82
.0

0 
46

48
50

9.
00

 
16

/0
8/

04
 

 
A 

49
31

69
.3

0 
46

52
29

3.
00

04
/0

7/
05

 
 

A 
48

91
51

.7
1 

46
53

51
9.

03
21

/0
6/

05
 

P 
51

61
82

.0
0 

46
48

80
8.

00
 

08
/0

9/
04

 
 

A 
49

42
58

.0
4 

46
52

32
1.

59
04

/0
7/

05
 

 
A 

48
90

69
.9

9 
46

53
52

0.
52

21
/0

6/
05

 
P 

51
61

16
.0

0 
46

48
95

1.
00

 
16

/0
8/

04
 

 
A 

51
56

05
.0

0 
46

52
32

6.
00

08
/0

9/
04

 
 

A 
48

91
64

.8
0 

46
53

54
0.

77
21

/0
6/

05
 

A 
51

26
84

.3
7 

46
49

02
4.

75
 

06
/0

7/
05

 
 

A 
49

29
24

.7
1 

46
52

35
4.

38
04

/0
7/

05
 

 
A 

48
93

90
.4

8 
46

53
54

9.
85

21
/0

6/
05

 
A 

51
50

94
.0

0 
46

49
13

5.
00

 
16

/0
8/

04
 

 
A 

49
26

70
.8

5 
46

52
40

1.
63

04
/0

7/
05

 
 

A 
48

90
85

.7
6 

46
53

66
2.

85
21

/0
6/

05
 

A 
50

10
58

.8
5 

46
49

16
6.

89
 

20
/0

5/
05

 
 

A 
49

25
18

.1
9 

46
52

41
4.

36
04

/0
7/

05
 

 
A 

48
92

48
.2

2 
46

53
69

6.
71

21
/0

6/
05

 
P 

51
60

42
.0

0 
46

49
21

0.
00

 
08

/0
9/

04
 

 
A 

49
24

01
.5

0 
46

52
44

8.
39

04
/0

7/
05

 
 

A 
51

54
75

.0
0 

46
53

69
7.

00
17

/0
8/

04
 

P 
51

59
00

.0
0 

46
49

40
4.

00
 

16
/0

8/
04

 
 

P 
51

17
36

.0
1 

46
52

46
9.

37
06

/0
7/

05
 

 
A 

49
38

51
.1

3 
46

53
70

0.
81

04
/0

7/
05

 
 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

51
04

64
.1

4 
46

53
79

9.
79

 
06

/0
7/

05
 

 
A 

49
42

43
.0

0 
46

54
66

5.
00

11
/0

5/
05

 
 

A 
49

23
73

.7
0 

46
55

01
0.

26
08

/0
7/

05
 

A 
51

59
24

.0
0 

46
53

80
4.

00
 

17
/0

8/
04

 
 

P 
51

08
87

.0
6 

46
54

67
0.

29
06

/0
7/

05
 

 
A 

49
96

41
.0

0 
46

55
01

1.
00

11
/0

5/
05

 
A 

49
37

81
.7

6 
46

53
82

8.
63

 
04

/0
7/

05
 

 
A 

51
52

53
.0

0 
46

54
70

1.
00

17
/0

8/
04

 
 

P 
50

04
26

.0
0 

46
55

01
5.

00
11

/0
5/

05
 

A 
48

83
94

.0
0 

46
53

87
6.

00
 

11
/0

5/
05

 
 

P 
49

43
38

.0
0 

46
54

70
2.

00
11

/0
5/

05
 

 
P 

49
46

14
.0

0 
46

55
01

8.
00

11
/0

5/
05

 
A 

49
00

41
.2

4 
46

53
90

0.
41

 
21

/0
6/

05
 

 
A 

51
19

92
.9

6 
46

54
70

5.
68

06
/0

7/
05

 
 

P 
50

04
58

.0
0 

46
55

03
4.

00
11

/0
5/

05
 

A 
50

01
20

.0
0 

46
53

91
5.

00
 

11
/0

5/
05

 
 

A 
49

07
26

.1
2 

46
54

72
8.

75
08

/0
7/

05
 

 
A 

49
49

36
.0

0 
46

55
03

5.
00

11
/0

5/
05

 
A 

49
35

52
.5

7 
46

53
97

8.
18

 
04

/0
7/

05
 

 
A 

50
00

64
.0

0 
46

54
76

2.
00

11
/0

5/
05

 
 

P 
49

98
16

.0
0 

46
55

03
5.

00
11

/0
5/

05
 

A 
49

99
79

.0
0 

46
54

03
2.

00
 

11
/0

5/
05

 
 

P 
49

44
60

.0
0 

46
54

77
1.

00
11

/0
5/

05
 

 
A 

49
23

27
.8

4 
46

55
03

6.
91

08
/0

7/
05

 
A 

48
83

94
.0

0 
46

54
06

2.
00

 
11

/0
5/

05
 

 
P 

49
45

25
.0

0 
46

54
78

5.
00

11
/0

5/
05

 
 

P 
50

04
76

.0
0 

46
55

05
2.

00
11

/0
5/

05
 

A 
49

00
53

.3
4 

46
54

07
1.

93
 

21
/0

6/
05

 
 

A 
51

46
79

.0
0 

46
54

80
9.

00
17

/0
8/

04
 

 
A 

50
05

05
.0

0 
46

55
05

2.
00

11
/0

5/
05

 
A 

51
53

42
.0

0 
46

54
09

1.
00

 
17

/0
8/

04
 

 
P 

49
45

19
.0

0 
46

54
81

7.
00

11
/0

5/
05

 
 

A 
49

22
83

.6
7 

46
55

05
5.

84
08

/0
7/

05
 

P 
51

59
37

.0
0 

46
54

11
5.

00
 

17
/0

8/
04

 
 

A 
49

68
00

.4
2 

46
54

81
7.

89
20

/0
5/

05
 

 
A 

50
04

17
.0

0 
46

55
05

9.
00

11
/0

5/
05

 
A 

49
70

85
.0

3 
46

54
16

4.
44

 
20

/0
5/

05
 

 
P 

49
45

82
.0

0 
46

54
82

4.
00

11
/0

5/
05

 
 

P 
49

45
28

.0
0 

46
55

06
0.

00
11

/0
5/

05
 

A 
49

33
34

.7
0 

46
54

19
2.

76
 

04
/0

7/
05

 
 

P 
49

27
44

.9
1 

46
54

82
7.

47
08

/0
7/

05
 

 
P 

49
98

42
.0

0 
46

55
09

3.
00

11
/0

5/
05

 
A 

48
84

16
.0

0 
46

54
23

1.
00

 
11

/0
5/

05
 

 
A 

51
23

20
.4

7 
46

54
82

9.
28

06
/0

7/
05

 
 

A 
49

65
31

.0
0 

46
55

11
5.

00
11

/0
5/

05
 

A 
49

01
69

.3
5 

46
54

24
0.

59
 

21
/0

6/
05

 
 

A 
49

68
53

.0
0 

46
54

87
4.

00
11

/0
5/

05
 

 
A 

49
40

48
.0

0 
46

55
11

6.
00

11
/0

5/
05

 
P 

51
13

68
.4

2 
46

54
26

1.
86

 
06

/0
7/

05
 

 
A 

49
97

54
.0

0 
46

54
87

6.
00

11
/0

5/
05

 
 

A 
49

63
55

.0
0 

46
55

11
6.

00
11

/0
5/

05
 

P 
51

07
89

.3
0 

46
54

26
7.

73
 

06
/0

7/
05

 
 

P 
49

46
23

.0
0 

46
54

88
1.

00
11

/0
5/

05
 

 
A 

51
33

35
.3

3 
46

55
12

1.
83

06
/0

7/
05

 
P 

51
12

09
.8

0 
46

54
29

3.
22

 
06

/0
7/

05
 

 
A 

51
25

26
.1

3 
46

54
88

2.
98

06
/0

7/
05

 
 

A 
49

47
62

.0
0 

46
55

12
5.

00
11

/0
5/

05
 

A 
49

36
01

.1
9 

46
54

33
6.

57
 

04
/0

7/
05

 
 

P 
51

04
69

.2
2 

46
54

89
4.

03
06

/0
7/

05
 

 
A 

50
96

28
.2

4 
46

55
13

4.
96

06
/0

7/
05

 
A 

51
54

43
.0

0 
46

54
37

2.
00

 
17

/0
8/

04
 

 
P 

49
97

25
.0

0 
46

54
89

5.
00

11
/0

5/
05

 
 

P 
49

97
50

.0
0 

46
55

13
8.

00
11

/0
5/

05
 

A 
49

37
98

.3
7 

46
54

42
0.

13
 

04
/0

7/
05

 
 

A 
49

11
29

.4
1 

46
54

91
5.

07
08

/0
7/

05
 

 
A 

49
96

21
.0

0 
46

55
13

9.
00

11
/0

5/
05

 
A 

48
82

17
.0

5 
46

54
42

3.
97

 
21

/0
6/

05
 

 
P 

49
44

75
.5

2 
46

54
91

9.
00

04
/0

7/
05

 
 

A 
49

67
78

.0
0 

46
55

14
1.

00
11

/0
5/

05
 

A 
49

37
49

.8
6 

46
54

42
5.

17
 

04
/0

7/
05

 
 

P 
49

44
84

.0
0 

46
54

92
0.

00
11

/0
5/

05
 

 
P 

49
98

08
.0

0 
46

55
14

1.
00

11
/0

5/
05

 
A 

49
70

02
.6

2 
46

54
46

1.
30

 
20

/0
5/

05
 

 
P 

51
00

34
.2

5 
46

54
92

0.
96

06
/0

7/
05

 
 

A 
50

05
07

.0
0 

46
55

14
5.

00
11

/0
5/

05
 

A 
49

38
39

.3
9 

46
54

48
6.

77
 

04
/0

7/
05

 
 

A 
49

97
73

.0
0 

46
54

92
9.

00
11

/0
5/

05
 

 
P 

49
96

95
.0

0 
46

55
14

6.
00

11
/0

5/
05

 
A 

49
39

58
.4

0 
46

54
53

0.
46

 
04

/0
7/

05
 

 
A 

51
27

04
.9

2 
46

54
93

2.
01

06
/0

7/
05

 
 

A 
49

43
82

.0
0 

46
55

14
8.

00
11

/0
5/

05
 

A 
51

14
21

.4
6 

46
54

54
0.

52
 

06
/0

7/
05

 
 

P 
49

25
35

.8
4 

46
54

93
8.

02
08

/0
7/

05
 

 
A 

49
98

58
.0

0 
46

55
14

8.
00

11
/0

5/
05

 
P 

51
58

41
.0

0 
46

54
54

2.
00

 
17

/0
8/

04
 

 
P 

49
44

79
.0

8 
46

54
94

3.
47

04
/0

7/
05

 
 

P 
49

95
42

.0
0 

46
55

14
9.

00
11

/0
5/

05
 

A 
48

82
49

.0
0 

46
54

56
7.

00
 

11
/0

5/
05

 
 

P 
49

28
42

.7
0 

46
54

95
4.

99
08

/0
7/

05
 

 
P 

49
96

20
.0

0 
46

55
15

1.
00

11
/0

5/
05

 
A 

49
39

79
.0

0 
46

54
60

2.
00

 
11

/0
5/

05
 

 
A 

49
24

30
.3

1 
46

54
97

1.
44

08
/0

7/
05

 
 

A 
50

05
49

.0
0 

46
55

15
1.

00
11

/0
5/

05
 

A 
49

39
74

.0
0 

46
54

61
5.

00
 

11
/0

5/
05

 
 

A 
49

60
45

.1
3 

46
54

97
2.

52
20

/0
5/

05
 

 
A 

49
56

61
.0

0 
46

55
15

5.
00

11
/0

5/
05

 
A 

49
69

20
.2

1 
46

54
63

8.
65

 
20

/0
5/

05
 

 
A 

49
14

71
.5

2 
46

54
97

3.
19

08
/0

7/
05

 
 

A 
49

14
65

.0
0 

46
55

16
2.

55
08

/0
7/

05
 

A 
49

41
98

.0
0 

46
54

64
1.

00
 

11
/0

5/
05

 
 

P 
49

24
08

.0
0 

46
54

99
1.

06
08

/0
7/

05
 

 
A 

49
21

11
.3

8 
46

55
16

5.
65

08
/0

7/
05

 
A 

49
04

83
.8

0 
46

54
65

8.
84

 
21

/0
6/

05
 

 
P 

49
23

73
.0

9 
46

54
99

4.
92

08
/0

7/
05

 
 

A 
51

44
96

.0
0 

46
55

17
2.

00
17

/0
8/

04
 

A 
51

17
77

.0
4 

46
54

65
9.

81
 

06
/0

7/
05

 
 

P 
49

23
85

.6
7 

46
55

00
2.

86
08

/0
7/

05
 

 
A 

49
62

70
.0

0 
46

55
17

5.
00

11
/0

5/
05

 
 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

49
96

24
.0

0 
46

55
18

2.
00

 
11

/0
5/

05
 

 
A 

49
48

24
.8

2 
46

55
43

2.
14

04
/0

7/
05

 
 

A 
51

50
77

.0
0 

46
55

87
5.

00
17

/0
8/

04
 

A 
51

36
91

.3
7 

46
55

18
6.

66
 

06
/0

7/
05

 
 

P 
51

45
30

.0
0 

46
55

43
4.

00
17

/0
8/

04
 

 
P 

51
42

81
.6

4 
46

56
00

6.
54

06
/0

7/
05

 
A 

49
29

80
.1

0 
46

55
19

0.
11

 
08

/0
7/

05
 

 
A 

49
34

01
.0

5 
46

55
44

5.
01

04
/0

7/
05

 
 

A 
49

69
97

.0
0 

46
56

03
4.

00
11

/0
5/

05
 

P 
49

96
71

.0
0 

46
55

19
9.

00
 

11
/0

5/
05

 
 

A 
49

37
57

.0
4 

46
55

46
1.

10
04

/0
7/

05
 

 
A 

50
88

88
.5

0 
46

56
04

1.
03

06
/0

7/
05

 
A 

49
18

44
.4

9 
46

55
21

0.
02

 
08

/0
7/

05
 

 
A 

49
49

20
.9

5 
46

55
46

6.
80

04
/0

7/
05

 
 

P 
51

59
30

.0
0 

46
56

04
2.

00
17

/0
8/

04
 

P 
49

96
15

.0
0 

46
55

21
1.

00
 

11
/0

5/
05

 
 

A 
50

24
01

.0
0 

46
55

47
3.

00
11

/0
5/

05
 

 
P 

51
39

97
.9

6 
46

56
04

9.
78

06
/0

7/
05

 
P 

49
95

92
.0

0 
46

55
22

5.
00

 
11

/0
5/

05
 

 
A 

49
38

50
.0

0 
46

55
47

7.
00

11
/0

5/
05

 
 

A 
51

54
83

.0
0 

46
56

10
8.

00
17

/0
8/

04
 

P 
49

96
16

.0
0 

46
55

22
5.

00
 

11
/0

5/
05

 
 

A 
49

48
10

.3
0 

46
55

47
7.

52
04

/0
7/

05
 

 
A 

49
68

28
.0

0 
46

56
11

0.
00

11
/0

5/
05

 
A 

49
64

35
.0

0 
46

55
22

8.
00

 
11

/0
5/

05
 

 
A 

51
36

07
.7

7 
46

55
47

8.
58

06
/0

7/
05

 
 

A 
49

03
12

.0
0 

46
56

16
4.

00
11

/0
5/

05
 

A 
49

65
52

.0
0 

46
55

23
1.

00
 

11
/0

5/
05

 
 

A 
49

36
49

.7
7 

46
55

48
0.

15
08

/0
7/

05
 

 
P 

51
42

00
.1

1 
46

56
19

0.
12

06
/0

7/
05

 
A 

49
45

54
.5

6 
46

55
25

3.
01

 
04

/0
7/

05
 

 
A 

49
48

92
.0

0 
46

55
48

5.
00

11
/0

5/
05

 
 

A 
50

86
86

.0
3 

46
56

19
6.

70
07

/0
7/

05
 

A 
50

10
23

.0
0 

46
55

25
4.

00
 

11
/0

5/
05

 
 

P 
51

46
80

.0
0 

46
55

48
5.

00
17

/0
8/

04
 

 
A 

50
86

72
.9

0 
46

56
21

7.
52

06
/0

7/
05

 
A 

49
45

89
.7

1 
46

55
25

7.
62

 
04

/0
7/

05
 

 
A 

49
46

29
.0

0 
46

55
49

2.
00

11
/0

5/
05

 
 

A 
49

67
06

.8
9 

46
56

22
8.

37
08

/0
7/

05
 

A 
49

39
47

.0
0 

46
55

26
7.

00
 

11
/0

5/
05

 
 

A 
49

40
66

.0
0 

46
55

49
5.

00
11

/0
5/

05
 

 
A 

49
76

72
.0

0 
46

56
33

4.
00

11
/0

5/
05

 
A 

49
64

11
.0

0 
46

55
26

8.
00

 
11

/0
5/

05
 

 
A 

49
35

70
.6

3 
46

55
50

2.
88

04
/0

7/
05

 
 

A 
49

68
01

.0
0 

46
56

34
8.

00
11

/0
5/

05
 

A 
49

45
28

.1
9 

46
55

26
8.

85
 

04
/0

7/
05

 
 

A 
49

67
83

.0
0 

46
55

52
7.

00
11

/0
5/

05
 

 
P 

51
62

83
.0

0 
46

56
36

8.
00

17
/0

8/
04

 
A 

50
16

53
.0

0 
46

55
27

2.
00

 
11

/0
5/

05
 

 
A 

49
63

08
.0

0 
46

55
52

8.
00

11
/0

5/
05

 
 

P 
51

62
84

.0
0 

46
56

39
4.

00
13

/0
9/

04
 

A 
49

48
08

.0
0 

46
55

27
5.

00
 

11
/0

5/
05

 
 

A 
49

41
81

.3
6 

46
55

53
0.

45
04

/0
7/

05
 

 
A 

49
91

03
.0

0 
46

56
42

5.
00

11
/0

5/
05

 
A 

49
66

09
.0

0 
46

55
27

5.
00

 
11

/0
5/

05
 

 
A 

49
43

14
.0

0 
46

55
54

2.
00

11
/0

5/
05

 
 

A 
50

86
15

.1
8 

46
56

44
0.

33
07

/0
7/

05
 

A 
49

51
76

.1
8 

46
55

29
0.

14
 

04
/0

7/
05

 
 

P 
49

61
53

.0
0 

46
55

54
2.

00
11

/0
5/

05
 

 
A 

51
61

78
.0

0 
46

56
54

5.
00

17
/0

8/
04

 
A 

49
46

48
.9

5 
46

55
29

0.
22

 
04

/0
7/

05
 

 
A 

49
51

82
.1

2 
46

55
56

9.
68

04
/0

7/
05

 
 

A 
49

79
49

.0
0 

46
56

55
6.

00
11

/0
5/

05
 

A 
49

65
57

.0
0 

46
55

30
0.

00
 

11
/0

5/
05

 
 

A 
50

05
13

.0
0 

46
55

57
2.

00
11

/0
5/

05
 

 
P 

51
61

17
.0

0 
46

56
57

2.
00

13
/0

9/
04

 
A 

49
66

88
.0

0 
46

55
31

3.
00

 
11

/0
5/

05
 

 
A 

49
44

30
.6

7 
46

55
57

4.
05

04
/0

7/
05

 
 

A 
49

67
64

.0
0 

46
56

62
1.

00
11

/0
5/

05
 

A 
51

32
51

.2
8 

46
55

32
2.

82
 

06
/0

7/
05

 
 

A 
49

62
94

.0
0 

46
55

57
5.

00
11

/0
5/

05
 

 
A 

49
11

60
.0

0 
46

56
62

2.
00

11
/0

5/
05

 
A 

49
49

43
.0

0 
46

55
32

9.
00

 
11

/0
5/

05
 

 
A 

49
53

45
.0

3 
46

55
58

5.
98

04
/0

7/
05

 
 

A 
49

69
50

.0
0 

46
56

63
0.

00
11

/0
5/

05
 

A 
50

93
61

.0
6 

46
55

34
0.

61
 

06
/0

7/
05

 
 

A 
49

53
94

.8
9 

46
55

59
0.

35
04

/0
7/

05
 

 
A 

49
70

80
.0

0 
46

56
68

7.
00

11
/0

5/
05

 
A 

51
40

68
.8

7 
46

55
36

0.
58

 
06

/0
7/

05
 

 
A 

49
63

09
.0

0 
46

55
60

2.
00

11
/0

5/
05

 
 

A 
49

87
80

.0
0 

46
56

72
4.

00
11

/0
5/

05
 

A 
49

95
10

.0
0 

46
55

36
3.

00
 

11
/0

5/
05

 
 

A 
50

32
76

.0
0 

46
55

60
7.

00
11

/0
5/

05
 

 
P 

51
56

93
.0

0 
46

56
72

7.
00

13
/0

9/
04

 
A 

49
47

29
.0

8 
46

55
36

3.
19

 
04

/0
7/

05
 

 
A 

50
92

42
.0

9 
46

55
61

0.
10

06
/0

7/
05

 
 

A 
49

82
65

.0
0 

46
56

81
5.

00
11

/0
5/

05
 

A 
49

30
39

.9
0 

46
55

37
5.

69
 

08
/0

7/
05

 
 

A 
49

36
44

.0
5 

46
55

61
3.

47
04

/0
7/

05
 

 
P 

51
64

71
.9

3 
46

56
84

1.
13

16
/0

6/
05

 
P 

51
39

23
.6

9 
46

55
37

8.
32

 
06

/0
7/

05
 

 
A 

51
51

60
.0

0 
46

55
63

6.
00

17
/0

8/
04

 
 

A 
51

62
17

.0
0 

46
56

88
0.

00
17

/0
8/

04
 

A 
49

51
78

.6
0 

46
55

38
9.

42
 

04
/0

7/
05

 
 

P 
51

39
99

.2
1 

46
55

69
6.

92
06

/0
7/

05
 

 
A 

51
64

26
.2

5 
46

56
88

7.
77

16
/0

6/
05

 
A 

49
50

92
.2

4 
46

55
39

5.
02

 
04

/0
7/

05
 

 
P 

51
52

09
.0

0 
46

55
71

3.
00

17
/0

8/
04

 
 

P 
51

60
56

.8
6 

46
56

90
9.

80
27

/0
5/

05
 

P 
51

38
23

.2
5 

46
55

41
3.

10
 

06
/0

7/
05

 
 

P 
51

41
32

.8
8 

46
55

75
0.

87
06

/0
7/

05
 

 
A 

51
63

97
.3

0 
46

56
92

5.
48

16
/0

6/
05

 
A 

49
33

11
.3

2 
46

55
42

3.
29

 
08

/0
7/

05
 

 
A 

50
91

14
.1

5 
46

55
82

0.
60

06
/0

7/
05

 
 

A 
50

84
37

.5
5 

46
56

93
9.

46
07

/0
7/

05
 

A 
49

48
39

.0
0 

46
55

42
5.

00
 

11
/0

5/
05

 
 

A 
51

52
71

.0
0 

46
55

86
0.

00
17

/0
8/

04
 

 
P 

51
56

74
.0

0 
46

56
95

2.
00

13
/0

9/
04

 
 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

51
62

25
.0

0 
46

56
96

2.
00

 
17

/0
8/

04
 

 
P 

51
60

60
.4

9 
46

57
18

5.
72

27
/0

5/
05

 
 

A 
50

21
22

.2
7 

46
58

08
7.

45
07

/0
7/

05
 

P 
51

60
69

.9
4 

46
56

96
3.

45
 

27
/0

5/
05

 
 

A 
51

60
46

.1
2 

46
57

19
2.

04
27

/0
5/

05
 

 
A 

50
09

32
.3

3 
46

58
11

1.
29

08
/0

7/
05

 
P 

51
58

55
.6

4 
46

56
97

0.
45

 
27

/0
5/

05
 

 
A 

49
83

27
.0

0 
46

57
19

9.
00

11
/0

5/
05

 
 

A 
50

09
96

.2
6 

46
58

11
4.

39
07

/0
7/

05
 

P 
51

58
22

.5
1 

46
56

97
6.

50
 

27
/0

5/
05

 
 

A 
51

60
46

.6
3 

46
57

21
2.

81
27

/0
5/

05
 

 
A 

50
81

72
.9

1 
46

58
11

6.
18

07
/0

7/
05

 
A 

51
63

28
.0

1 
46

56
99

1.
66

 
16

/0
6/

05
 

 
A 

51
57

19
.3

0 
46

57
21

4.
86

27
/0

5/
05

 
 

A 
50

23
38

.1
6 

46
58

18
0.

15
07

/0
7/

05
 

P 
51

57
55

.5
8 

46
57

00
3.

00
 

27
/0

5/
05

 
 

P 
51

59
41

.4
0 

46
57

23
5.

37
27

/0
5/

05
 

 
A 

50
25

20
.5

0 
46

58
24

8.
81

07
/0

7/
05

 
P 

51
55

31
.3

6 
46

57
00

5.
81

 
27

/0
5/

05
 

 
A 

51
57

20
.0

0 
46

57
25

5.
00

13
/0

9/
04

 
 

A 
49

74
36

.1
2 

46
58

30
7.

70
08

/0
7/

05
 

P 
51

60
88

.6
3 

46
57

00
6.

52
 

27
/0

5/
05

 
 

A 
51

57
26

.7
3 

46
57

26
0.

54
27

/0
5/

05
 

 
A 

50
26

88
.2

0 
46

58
33

6.
58

07
/0

7/
05

 
P 

51
55

46
.2

7 
46

57
00

8.
16

 
27

/0
5/

05
 

 
A 

50
83

12
.8

5 
46

57
27

0.
38

07
/0

7/
05

 
 

A 
50

29
85

.0
3 

46
58

36
4.

82
07

/0
7/

05
 

P 
51

56
95

.4
3 

46
57

01
4.

68
 

27
/0

5/
05

 
 

P 
51

59
38

.5
9 

46
57

27
0.

62
27

/0
5/

05
 

 
A 

50
27

57
.9

5 
46

58
37

4.
57

07
/0

7/
05

 
P 

51
59

19
.7

1 
46

57
04

3.
45

 
27

/0
5/

05
 

 
P 

51
59

79
.6

0 
46

57
28

4.
09

27
/0

5/
05

 
 

A 
50

33
01

.2
7 

46
58

40
2.

51
07

/0
7/

05
 

P 
51

59
89

.1
7 

46
57

04
9.

88
 

27
/0

5/
05

 
 

A 
51

60
45

.9
1 

46
57

28
4.

42
27

/0
5/

05
 

 
A 

50
56

62
.8

1 
46

58
40

3.
52

07
/0

7/
05

 
A 

51
60

89
.1

9 
46

57
05

3.
43

 
27

/0
5/

05
 

 
P 

51
59

68
.1

0 
46

57
30

1.
65

27
/0

5/
05

 
 

A 
50

59
00

.0
6 

46
58

42
0.

53
07

/0
7/

05
 

P 
51

57
26

.4
1 

46
57

07
0.

56
 

27
/0

5/
05

 
 

A 
49

70
79

.0
0 

46
57

30
6.

00
11

/0
5/

05
 

 
A 

50
81

54
.6

3 
46

58
43

3.
82

07
/0

7/
05

 
P 

51
60

26
.8

2 
46

57
07

2.
63

 
27

/0
5/

05
 

 
P 

51
58

49
.5

7 
46

57
30

6.
30

27
/0

5/
05

 
 

A 
50

66
28

.2
4 

46
58

44
8.

37
07

/0
7/

05
 

A 
51

61
84

.5
8 

46
57

07
4.

35
 

27
/0

5/
05

 
 

A 
51

57
81

.9
0 

46
57

30
8.

96
27

/0
5/

05
 

 
A 

50
61

31
.4

1 
46

58
45

1.
23

07
/0

7/
05

 
A 

51
61

31
.8

6 
46

57
07

6.
86

 
27

/0
5/

05
 

 
P 

51
59

04
.0

4 
46

57
31

1.
38

27
/0

5/
05

 
 

A 
51

54
97

.0
0 

46
58

45
2.

00
13

/0
9/

04
 

P 
51

57
24

.4
9 

46
57

07
6.

96
 

27
/0

5/
05

 
 

A 
49

83
13

.0
0 

46
57

49
7.

00
11

/0
5/

05
 

 
A 

50
34

55
.5

9 
46

58
47

9.
32

07
/0

7/
05

 
A 

51
60

51
.9

3 
46

57
08

9.
40

 
27

/0
5/

05
 

 
A 

51
56

02
.0

0 
46

57
51

6.
00

13
/0

9/
04

 
 

A 
50

03
34

.0
6 

46
58

49
2.

82
08

/0
7/

05
 

P 
51

57
20

.4
7 

46
57

09
2.

79
 

27
/0

5/
05

 
 

A 
50

23
39

.1
2 

46
57

52
9.

81
07

/0
7/

05
 

 
A 

50
74

77
.5

4 
46

58
49

9.
71

07
/0

7/
05

 
P 

51
59

92
.3

1 
46

57
09

8.
04

 
27

/0
5/

05
 

 
A 

50
23

23
.7

5 
46

57
64

3.
93

07
/0

7/
05

 
 

A 
50

63
99

.7
0 

46
58

50
5.

02
07

/0
7/

05
 

P 
51

56
89

.9
0 

46
57

10
2.

36
 

27
/0

5/
05

 
 

A 
50

82
43

.1
4 

46
57

65
0.

26
07

/0
7/

05
 

 
A 

50
70

98
.4

1 
46

58
51

3.
80

07
/0

7/
05

 
A 

51
56

68
.6

6 
46

57
10

7.
02

 
27

/0
5/

05
 

 
A 

49
58

81
.0

0 
46

57
71

4.
00

11
/0

5/
05

 
 

A 
50

68
04

.4
8 

46
58

51
5.

56
07

/0
7/

05
 

P 
51

60
03

.7
6 

46
57

12
0.

17
 

27
/0

5/
05

 
 

A 
49

69
87

.8
0 

46
57

77
5.

49
08

/0
7/

05
 

 
A 

50
53

57
.6

0 
46

58
54

0.
43

07
/0

7/
05

 
P 

51
57

29
.7

6 
46

57
12

4.
06

 
27

/0
5/

05
 

 
A 

49
72

41
.9

3 
46

57
78

7.
79

08
/0

7/
05

 
 

P 
50

79
72

.5
7 

46
58

56
5.

69
07

/0
7/

05
 

P 
51

57
28

.0
0 

46
57

12
5.

00
 

13
/0

9/
04

 
 

A 
50

22
63

.0
6 

46
57

79
7.

23
07

/0
7/

05
 

 
A 

50
36

90
.0

6 
46

58
61

7.
98

07
/0

7/
05

 
P 

51
58

88
.6

9 
46

57
13

0.
08

 
27

/0
5/

05
 

 
A 

49
70

83
.0

0 
46

57
82

2.
00

11
/0

5/
05

 
 

A 
50

50
82

.7
0 

46
58

62
3.

58
07

/0
7/

05
 

P 
51

57
50

.5
7 

46
57

13
2.

88
 

27
/0

5/
05

 
 

A 
51

56
16

.0
0 

46
57

90
3.

00
13

/0
9/

04
 

 
P 

50
80

77
.6

8 
46

58
63

7.
65

07
/0

7/
05

 
P 

51
60

22
.0

6 
46

57
13

3.
64

 
27

/0
5/

05
 

 
A 

50
13

94
.4

0 
46

57
92

0.
91

07
/0

7/
05

 
 

P 
50

79
04

.5
1 

46
58

64
9.

11
07

/0
7/

05
 

P 
51

57
26

.3
2 

46
57

13
6.

08
 

27
/0

5/
05

 
 

A 
50

10
77

.9
0 

46
57

95
1.

51
07

/0
7/

05
 

 
A 

50
82

84
.4

5 
46

58
68

8.
39

07
/0

7/
05

 
A 

51
57

34
.5

4 
46

57
14

1.
10

 
27

/0
5/

05
 

 
A 

50
21

15
.1

7 
46

57
96

1.
51

07
/0

7/
05

 
 

A 
50

00
05

.3
4 

46
58

69
1.

89
08

/0
7/

05
 

A 
51

56
78

.0
0 

46
57

14
2.

00
 

17
/0

8/
04

 
 

A 
50

16
81

.8
1 

46
57

97
2.

11
07

/0
7/

05
 

 
P 

50
81

20
.2

6 
46

58
69

7.
67

07
/0

7/
05

 
A 

51
61

92
.3

8 
46

57
14

3.
93

 
27

/0
5/

05
 

 
A 

50
19

09
.6

6 
46

57
97

2.
58

07
/0

7/
05

 
 

A 
50

47
55

.1
8 

46
58

70
7.

28
07

/0
7/

05
 

A 
51

57
71

.6
9 

46
57

17
1.

96
 

27
/0

5/
05

 
 

A 
50

11
87

.3
7 

46
57

97
7.

05
07

/0
7/

05
 

 
A 

50
38

95
.9

1 
46

58
75

1.
72

07
/0

7/
05

 
A 

51
60

94
.0

3 
46

57
17

5.
65

 
27

/0
5/

05
 

 
A 

50
06

91
.2

8 
46

58
05

9.
27

08
/0

7/
05

 
 

A 
50

42
35

.0
7 

46
58

85
5.

55
07

/0
7/

05
 

A 
51

57
16

.6
9 

46
57

17
6.

39
 

27
/0

5/
05

 
 

A 
50

08
85

.3
2 

46
58

08
3.

12
07

/0
7/

05
 

 
A 

49
97

07
.8

8 
46

58
86

9.
30

08
/0

7/
05

 
 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

50
79

63
.8

5 
46

58
92

3.
60

 
07

/0
7/

05
 

 
P 

51
26

80
.3

4 
46

61
53

9.
34

01
/0

6/
05

 
 

A 
50

67
58

.5
2 

46
63

02
7.

94
07

/0
7/

05
 

A 
50

45
06

.0
6 

46
58

95
0.

98
 

07
/0

7/
05

 
 

P 
51

13
09

.0
0 

46
61

56
2.

00
03

/0
5/

05
 

 
P 

51
13

52
.0

0 
46

63
05

4.
00

13
/0

9/
04

 
A 

51
51

35
.0

0 
46

58
98

3.
00

 
13

/0
9/

04
 

 
P 

51
27

29
.6

6 
46

61
56

7.
22

01
/0

6/
05

 
 

A 
50

66
31

.1
8 

46
63

44
1.

73
07

/0
7/

05
 

A 
50

85
70

.8
6 

46
58

99
0.

03
 

07
/0

7/
05

 
 

P 
51

13
14

.0
3 

46
61

59
6.

04
07

/0
7/

05
 

 
P 

51
03

61
.0

0 
46

63
72

8.
00

13
/0

9/
04

 
A 

49
76

72
.0

0 
46

59
03

4.
84

 
08

/0
7/

05
 

 
P 

51
28

55
.4

1 
46

61
62

9.
07

01
/0

6/
05

 
 

A 
50

66
25

.8
7 

46
63

86
3.

90
07

/0
7/

05
 

A 
49

94
37

.9
4 

46
59

03
6.

49
 

08
/0

7/
05

 
 

P 
51

28
89

.4
0 

46
61

65
3.

55
01

/0
6/

05
 

 
P 

50
98

51
.0

0 
46

64
14

4.
00

13
/0

9/
04

 
A 

49
93

84
.4

6 
46

59
17

1.
32

 
08

/0
7/

05
 

 
P 

51
40

44
.0

0 
46

61
66

2.
00

03
/0

5/
05

 
 

P 
51

01
25

.0
0 

46
64

17
1.

00
13

/0
9/

04
 

A 
49

90
91

.6
1 

46
59

21
9.

88
 

08
/0

7/
05

 
 

A 
50

73
06

.1
8 

46
61

67
4.

56
07

/0
7/

05
 

 
A 

50
66

77
.5

8 
46

64
24

5.
01

07
/0

7/
05

 
A 

50
88

14
.3

2 
46

59
26

6.
73

 
07

/0
7/

05
 

 
P 

51
31

68
.0

0 
46

61
68

4.
00

13
/0

9/
04

 
 

P 
51

00
57

.0
0 

46
64

41
3.

00
13

/0
9/

04
 

P 
50

79
75

.0
9 

46
59

28
3.

02
 

07
/0

7/
05

 
 

P 
51

32
63

.0
0 

46
61

73
7.

00
03

/0
5/

05
 

 
A 

50
65

90
.2

0 
46

64
41

7.
95

07
/0

7/
05

 
A 

50
77

70
.4

9 
46

59
29

0.
91

 
07

/0
7/

05
 

 
P 

51
18

08
.3

4 
46

61
79

0.
08

07
/0

7/
05

 
 

A 
50

85
92

.0
0 

46
64

52
8.

00
13

/0
9/

04
 

A 
49

77
57

.2
7 

46
59

31
7.

07
 

08
/0

7/
05

 
 

P 
51

11
25

.9
0 

46
61

82
5.

45
07

/0
7/

05
 

 
A 

50
64

32
.0

4 
46

64
64

8.
05

07
/0

7/
05

 
A 

49
85

80
.4

9 
46

59
34

0.
56

 
08

/0
7/

05
 

 
A 

50
73

11
.1

2 
46

61
83

6.
48

07
/0

7/
05

 
 

P 
50

63
08

.8
8 

46
64

67
9.

19
07

/0
7/

05
 

A 
49

80
02

.1
6 

46
59

43
8.

43
 

08
/0

7/
05

 
 

P 
51

21
13

.2
8 

46
61

85
4.

69
07

/0
7/

05
 

 
A 

50
92

63
.0

0 
46

64
71

1.
00

13
/0

9/
04

 
A 

50
76

64
.6

2 
46

59
55

6.
41

 
07

/0
7/

05
 

 
P 

51
40

01
.0

0 
46

61
91

5.
00

13
/0

9/
04

 
 

A 
50

62
53

.6
3 

46
64

72
4.

26
07

/0
7/

05
 

A 
51

48
53

.0
0 

46
59

58
0.

00
 

13
/0

9/
04

 
 

P 
51

25
13

.5
8 

46
61

95
0.

91
07

/0
7/

05
 

 
A 

50
84

10
.0

0 
46

64
86

9.
00

13
/0

9/
04

 
A 

50
90

78
.8

6 
46

59
69

6.
65

 
07

/0
7/

05
 

 
P 

51
37

94
.9

7 
46

62
00

8.
48

07
/0

7/
05

 
 

A 
50

86
58

.0
0 

46
64

87
5.

00
13

/0
9/

04
 

A 
50

75
64

.2
1 

46
59

87
2.

01
 

07
/0

7/
05

 
 

A 
51

03
67

.5
2 

46
62

01
3.

04
07

/0
7/

05
 

 
A 

50
93

15
.0

0 
46

64
91

6.
00

13
/0

9/
04

 
A 

51
49

13
.0

0 
46

59
90

0.
00

 
13

/0
9/

04
 

 
A 

50
71

88
.7

9 
46

62
02

4.
60

07
/0

7/
05

 
 

A 
50

62
05

.1
5 

46
64

91
8.

17
07

/0
7/

05
 

A 
50

74
64

.1
5 

46
60

24
0.

05
 

07
/0

7/
05

 
 

P 
51

32
11

.0
0 

46
62

07
1.

00
13

/0
9/

04
 

 
A 

50
93

15
.0

0 
46

65
00

4.
00

13
/0

9/
04

 
A 

51
46

89
.0

0 
46

60
26

6.
00

 
13

/0
9/

04
 

 
A 

51
03

99
.0

9 
46

62
09

3.
88

07
/0

7/
05

 
 

A 
50

60
61

.4
2 

46
65

24
3.

94
07

/0
7/

05
 

A 
51

44
37

.0
0 

46
60

58
7.

00
 

13
/0

9/
04

 
 

A 
51

06
06

.3
4 

46
62

09
7.

52
07

/0
7/

05
 

 
A 

50
84

29
.0

0 
46

65
25

0.
00

20
/0

9/
04

 
A 

50
95

55
.3

6 
46

60
60

0.
99

 
07

/0
7/

05
 

 
P 

51
10

52
.4

3 
46

62
16

0.
63

07
/0

7/
05

 
 

P 
50

96
04

.0
0 

46
65

30
9.

00
07

/0
9/

04
 

A 
50

72
46

.7
9 

46
60

75
5.

47
 

07
/0

7/
05

 
 

A 
50

70
58

.2
6 

46
62

23
7.

79
07

/0
7/

05
 

 
P 

50
97

55
.0

0 
46

65
48

4.
00

13
/0

9/
04

 
A 

50
98

20
.3

9 
46

61
04

7.
07

 
07

/0
7/

05
 

 
P 

51
43

37
.0

0 
46

62
25

5.
00

13
/0

9/
04

 
 

A 
50

59
73

.6
7 

46
65

55
1.

13
07

/0
7/

05
 

A 
51

37
17

.0
0 

46
61

22
3.

00
 

13
/0

9/
04

 
 

P 
51

37
33

.8
3 

46
62

25
5.

63
07

/0
7/

05
 

 
P 

50
96

03
.0

0 
46

65
56

7.
00

13
/0

9/
04

 
A 

51
35

32
.0

0 
46

61
36

0.
00

 
03

/0
5/

05
 

 
P 

51
42

76
.0

0 
46

62
31

4.
00

13
/0

9/
04

 
 

P 
50

94
81

.0
0 

46
65

77
2.

00
07

/0
9/

04
 

P 
50

71
82

.6
4 

46
61

36
6.

57
 

07
/0

7/
05

 
 

P 
51

25
78

.4
2 

46
62

32
6.

05
07

/0
7/

05
 

 
A 

49
64

48
.5

1 
46

65
96

8.
32

05
/0

7/
05

 
P 

51
12

97
.0

0 
46

61
38

0.
00

 
03

/0
5/

05
 

 
A 

50
70

11
.5

7 
46

62
36

9.
74

07
/0

7/
05

 
 

P 
50

97
05

.0
0 

46
65

96
9.

00
07

/0
9/

04
 

P 
50

72
91

.3
4 

46
61

40
9.

83
 

07
/0

7/
05

 
 

P 
51

31
52

.2
1 

46
62

41
1.

29
07

/0
7/

05
 

 
P 

50
96

01
.0

0 
46

66
03

9.
00

13
/0

9/
04

 
P 

51
13

24
.0

0 
46

61
43

0.
00

 
03

/0
5/

05
 

 
P 

51
41

81
.0

0 
46

62
45

4.
00

13
/0

9/
04

 
 

A 
49

71
88

.4
1 

46
66

03
9.

52
05

/0
7/

05
 

P 
51

25
97

.0
0 

46
61

43
0.

00
 

03
/0

5/
05

 
 

P 
51

37
36

.0
0 

46
62

47
3.

00
13

/0
9/

04
 

 
A 

49
68

36
.2

8 
46

66
04

0.
52

05
/0

7/
05

 
P 

51
25

58
.0

0 
46

61
44

6.
00

 
03

/0
5/

05
 

 
P 

51
29

39
.0

0 
46

62
52

4.
00

13
/0

9/
04

 
 

A 
50

59
27

.5
4 

46
66

07
3.

62
07

/0
7/

05
 

P 
51

33
06

.0
0 

46
61

50
5.

00
 

13
/0

9/
04

 
 

P 
51

26
69

.0
8 

46
62

60
3.

37
07

/0
7/

05
 

 
A 

50
81

98
.0

0 
46

66
07

6.
00

20
/0

9/
04

 
P 

51
26

48
.7

8 
46

61
52

9.
54

 
01

/0
6/

05
 

 
P 

51
41

73
.0

0 
46

62
68

3.
00

13
/0

9/
04

 
 

A 
49

60
41

.0
5 

46
66

07
9.

98
05

/0
7/

05
 

P 
51

32
98

.0
0 

46
61

53
7.

00
 

03
/0

5/
05

 
 

A 
50

68
23

.7
4 

46
62

75
8.

89
07

/0
7/

05
 

 
A 

49
55

95
.8

5 
46

66
14

1.
13

05
/0

7/
05

 
 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

49
73

30
.2

5 
46

66
14

8.
80

 
05

/0
7/

05
 

 
A 

49
93

59
.2

1 
46

68
79

1.
25

05
/0

7/
05

 
 

A 
50

82
28

.0
0 

46
72

01
5.

00
07

/0
9/

04
 

A 
49

53
57

.0
6 

46
66

18
1.

36
 

05
/0

7/
05

 
 

A 
50

65
57

.0
0 

46
68

81
7.

00
20

/0
9/

04
 

 
A 

50
88

10
.0

0 
46

72
31

0.
00

07
/0

9/
04

 
A 

50
58

28
.2

9 
46

66
25

2.
54

 
07

/0
7/

05
 

 
A 

50
17

11
.1

3 
46

68
84

9.
74

05
/0

7/
05

 
 

A 
50

91
29

.0
0 

46
72

55
5.

00
07

/0
9/

04
 

A 
49

48
63

.4
0 

46
66

26
7.

53
 

05
/0

7/
05

 
 

A 
50

60
19

.0
2 

46
68

86
0.

79
07

/0
7/

05
 

 
A 

50
89

39
.0

0 
46

72
60

8.
00

07
/0

9/
04

 
A 

49
45

65
.9

6 
46

66
28

8.
49

 
05

/0
7/

05
 

 
A 

50
21

23
.8

2 
46

68
90

4.
10

05
/0

7/
05

 
 

A 
50

83
27

.0
0 

46
73

00
9.

00
20

/0
9/

04
 

A 
49

79
72

.1
0 

46
66

46
7.

91
 

05
/0

7/
05

 
 

A 
50

05
24

.8
4 

46
68

99
2.

73
05

/0
7/

05
 

 
A 

50
72

21
.0

0 
46

73
56

4.
00

20
/0

9/
04

 
A 

50
92

55
.0

0 
46

66
47

7.
00

 
07

/0
9/

04
 

 
A 

50
24

75
.1

1 
46

69
00

4.
08

05
/0

7/
05

 
 

A 
50

76
63

.0
0 

46
73

61
0.

00
20

/0
9/

04
 

A 
49

39
33

.1
3 

46
66

55
0.

78
 

05
/0

7/
05

 
 

A 
49

92
37

.7
2 

46
69

08
4.

41
05

/0
7/

05
 

 
A 

50
77

20
.0

0 
46

74
89

8.
00

20
/0

9/
04

 
A 

50
58

31
.6

0 
46

66
65

8.
26

 
07

/0
7/

05
 

 
A 

50
78

23
.0

0 
46

69
13

5.
00

07
/0

9/
04

 
 

A 
50

75
59

.0
0 

46
75

53
6.

00
20

/0
9/

04
 

A 
49

84
37

.5
6 

46
66

70
6.

61
 

05
/0

7/
05

 
 

A 
50

01
13

.5
7 

46
69

19
7.

83
05

/0
7/

05
 

 
A 

50
69

57
.0

0 
46

75
99

3.
00

20
/0

9/
04

 
A 

49
37

21
.8

5 
46

66
75

0.
47

 
05

/0
7/

05
 

 
A 

50
28

42
.5

9 
46

69
19

8.
27

05
/0

7/
05

 
 

A 
51

78
13

.0
0 

46
76

27
8.

00
20

/0
9/

04
 

A 
49

86
82

.3
0 

46
66

88
7.

02
 

05
/0

7/
05

 
 

A 
50

80
52

.0
0 

46
69

25
2.

00
07

/0
9/

04
 

 
A 

51
81

93
.0

0 
46

76
38

3.
00

20
/0

9/
04

 
A 

50
57

11
.1

5 
46

67
04

6.
07

 
07

/0
7/

05
 

 
A 

50
38

46
.8

2 
46

69
25

8.
32

05
/0

7/
05

 
 

P 
51

75
45

.0
0 

46
76

45
0.

00
20

/0
9/

04
 

P 
50

59
26

.2
7 

46
67

11
2.

55
 

07
/0

7/
05

 
 

A 
50

33
70

.7
8 

46
69

28
2.

05
05

/0
7/

05
 

 
P 

51
01

86
.0

0 
46

76
56

9.
00

20
/0

9/
04

 
A 

50
59

80
.9

7 
46

67
13

8.
19

 
07

/0
7/

05
 

 
A 

50
31

75
.9

3 
46

69
31

4.
82

05
/0

7/
05

 
 

P 
51

75
65

.0
0 

46
76

61
0.

00
20

/0
9/

04
 

A 
50

59
17

.9
6 

46
67

19
7.

29
 

07
/0

7/
05

 
 

A 
50

00
05

.4
3 

46
69

32
3.

14
05

/0
7/

05
 

 
P 

50
97

47
.0

0 
46

76
72

9.
00

20
/0

9/
04

 
A 

49
35

98
.4

3 
46

67
20

8.
03

 
05

/0
7/

05
 

 
A 

49
94

12
.9

5 
46

69
33

6.
58

05
/0

7/
05

 
 

A 
51

79
21

.0
0 

46
76

73
6.

00
20

/0
9/

04
 

A 
49

88
54

.7
2 

46
67

22
0.

49
 

05
/0

7/
05

 
 

A 
50

34
89

.1
5 

46
69

40
4.

29
05

/0
7/

05
 

 
P 

51
72

57
.0

0 
46

76
93

4.
00

20
/0

9/
04

 
A 

50
77

43
.0

0 
46

67
24

6.
00

 
20

/0
9/

04
 

 
A 

50
40

52
.4

5 
46

69
48

4.
28

05
/0

7/
05

 
 

P 
51

69
63

.0
0 

46
76

94
9.

00
20

/0
9/

04
 

A 
49

90
89

.3
5 

46
67

29
5.

14
 

05
/0

7/
05

 
 

A 
49

99
08

.9
3 

46
69

62
6.

12
05

/0
7/

05
 

 
P 

51
74

74
.0

0 
46

76
95

0.
00

20
/0

9/
04

 
A 

49
27

06
.6

8 
46

67
41

6.
24

 
05

/0
7/

05
 

 
A 

50
43

62
.7

2 
46

69
63

9.
54

05
/0

7/
05

 
 

A 
51

84
20

.0
0 

46
77

09
8.

00
20

/0
9/

04
 

A 
49

31
69

.2
4 

46
67

42
2.

37
 

05
/0

7/
05

 
 

A 
50

91
60

.0
0 

46
69

68
9.

00
07

/0
9/

04
 

 
A 

51
79

49
.0

0 
46

77
20

6.
00

20
/0

9/
04

 
A 

49
34

85
.6

3 
46

67
42

4.
20

 
05

/0
7/

05
 

 
A 

50
85

95
.0

0 
46

69
76

0.
00

07
/0

9/
04

 
 

P 
51

52
55

.0
0 

46
77

30
3.

00
20

/0
9/

04
 

A 
50

60
49

.1
4 

46
67

49
6.

01
 

07
/0

7/
05

 
 

P 
50

77
55

.0
0 

46
69

89
2.

00
07

/0
9/

04
 

 
P 

51
02

23
.0

0 
46

77
30

5.
00

20
/0

9/
04

 
A 

50
76

15
.0

0 
46

67
59

2.
00

 
20

/0
9/

04
 

 
A 

50
50

71
.2

5 
46

69
91

1.
90

05
/0

7/
05

 
 

P 
50

87
22

.0
0 

46
77

40
0.

00
20

/0
9/

04
 

A 
49

91
89

.5
2 

46
67

69
3.

83
 

05
/0

7/
05

 
 

P 
50

88
46

.0
0 

46
70

16
5.

00
07

/0
9/

04
 

 
P 

51
02

40
.0

0 
46

77
45

2.
00

20
/0

9/
04

 
A 

50
60

87
.4

9 
46

67
73

2.
42

 
07

/0
7/

05
 

 
A 

50
57

41
.1

9 
46

70
17

5.
75

05
/0

7/
05

 
 

P 
51

63
86

.0
0 

46
77

49
1.

00
20

/0
9/

04
 

P 
50

89
99

.0
0 

46
67

81
1.

00
 

07
/0

9/
04

 
 

P 
50

78
03

.0
0 

46
70

44
1.

00
07

/0
9/

04
 

 
A 

51
11

30
.0

0 
46

77
50

1.
00

20
/0

9/
04

 
A 

50
62

52
.0

8 
46

67
92

4.
29

 
07

/0
7/

05
 

 
A 

50
63

35
.0

3 
46

70
51

9.
63

05
/0

7/
05

 
 

P 
51

86
74

.0
0 

46
77

55
2.

00
20

/0
9/

04
 

A 
49

93
22

.8
5 

46
68

07
2.

47
 

05
/0

7/
05

 
 

P 
50

76
58

.0
0 

46
70

60
3.

00
07

/0
9/

04
 

 
P 

51
66

39
.0

0 
46

77
69

2.
00

20
/0

9/
04

 
A 

50
60

89
.3

0 
46

68
24

7.
69

 
07

/0
7/

05
 

 
A 

50
65

80
.3

8 
46

70
60

6.
66

05
/0

7/
05

 
 

A 
51

10
97

.0
0 

46
77

79
8.

00
20

/0
9/

04
 

A 
50

70
11

.0
0 

46
68

44
6.

00
 

20
/0

9/
04

 
 

A 
50

67
62

.2
0 

46
70

62
0.

59
05

/0
7/

05
 

 
A 

51
92

68
.0

0 
46

77
81

3.
00

20
/0

9/
04

 
P 

50
60

83
.4

2 
46

68
53

5.
41

 
07

/0
7/

05
 

 
A 

50
79

68
.0

0 
46

70
80

9.
00

07
/0

9/
04

 
 

P 
51

86
80

.0
0 

46
77

85
5.

00
20

/0
9/

04
 

A 
50

13
34

.4
2 

46
68

71
5.

54
 

05
/0

7/
05

 
 

P 
50

70
34

.0
0 

46
70

84
3.

00
20

/0
9/

04
 

 
P 

51
90

72
.0

0 
46

77
99

7.
00

20
/0

9/
04

 
A 

50
09

91
.4

7 
46

68
72

2.
87

 
05

/0
7/

05
 

 
A 

50
90

73
.0

0 
46

70
92

7.
00

07
/0

9/
04

 
 

A 
51

74
31

.0
0 

46
78

03
9.

00
20

/0
9/

04
 

A 
50

92
50

.0
0 

46
68

77
1.

00
 

07
/0

9/
04

 
 

A 
50

67
91

.0
0 

46
71

24
0.

00
07

/0
9/

04
 

 
A 

51
87

06
.0

0 
46

78
17

2.
00

20
/0

9/
04

 
 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

51
68

22
.0

0 
46

78
20

7.
00

 
20

/0
9/

04
 

 
A 

50
27

48
.6

7 
46

79
53

5.
98

05
/0

7/
05

 
 

A 
52

50
51

.3
8 

46
85

58
8.

05
21

/0
6/

05
 

P 
50

73
99

.0
0 

46
78

26
1.

00
 

20
/0

9/
04

 
 

A 
50

11
94

.5
9 

46
79

56
1.

03
05

/0
7/

05
 

 
A 

52
51

85
.0

1 
46

85
58

9.
06

21
/0

6/
05

 
A 

51
85

96
.0

0 
46

78
31

1.
00

 
20

/0
9/

04
 

 
A 

50
35

48
.4

2 
46

79
56

3.
44

05
/0

7/
05

 
 

A 
52

43
85

.1
1 

46
85

59
7.

46
21

/0
6/

05
 

A 
51

64
61

.0
0 

46
78

32
2.

00
 

20
/0

9/
04

 
 

A 
50

18
82

.1
8 

46
79

60
1.

60
05

/0
7/

05
 

 
A 

52
50

02
.4

5 
46

85
60

0.
42

21
/0

6/
05

 
P 

50
61

43
.2

7 
46

78
39

3.
50

 
05

/0
7/

05
 

 
A 

50
03

69
.5

7 
46

79
60

2.
40

05
/0

7/
05

 
 

A 
52

49
90

.9
9 

46
85

62
2.

27
21

/0
6/

05
 

P 
51

50
77

.0
0 

46
78

40
8.

00
 

20
/0

9/
04

 
 

A 
50

32
88

.7
5 

46
79

60
5.

85
05

/0
7/

05
 

 
A 

52
46

73
.3

2 
46

85
64

2.
98

21
/0

6/
05

 
A 

50
53

07
.9

1 
46

78
43

2.
54

 
05

/0
7/

05
 

 
A 

50
06

37
.4

0 
46

79
66

9.
65

05
/0

7/
05

 
 

A 
52

46
55

.5
6 

46
85

64
9.

57
21

/0
6/

05
 

A 
50

57
42

.7
8 

46
78

45
8.

76
 

05
/0

7/
05

 
 

A 
49

97
17

.8
8 

46
79

68
9.

74
05

/0
7/

05
 

 
A 

52
46

60
.3

7 
46

85
65

0.
92

21
/0

6/
05

 
A 

51
01

43
.0

0 
46

78
47

8.
00

 
20

/0
9/

04
 

 
A 

50
23

71
.2

8 
46

79
69

4.
70

05
/0

7/
05

 
 

A 
52

46
48

.1
5 

46
85

65
7.

41
21

/0
6/

05
 

A 
51

82
86

.0
0 

46
78

51
6.

00
 

20
/0

9/
04

 
 

A 
50

24
51

.3
4 

46
79

82
6.

12
05

/0
7/

05
 

 
A 

52
46

36
.0

9 
46

85
66

7.
32

21
/0

6/
05

 
P 

50
66

43
.0

0 
46

78
60

4.
00

 
20

/0
9/

04
 

 
A 

51
37

29
.0

0 
46

79
83

1.
00

20
/0

9/
04

 
 

A 
52

46
23

.0
5 

46
85

66
9.

47
21

/0
6/

05
 

A 
50

56
45

.4
4 

46
78

60
5.

71
 

05
/0

7/
05

 
 

P 
51

26
31

.0
0 

46
79

83
2.

00
20

/0
9/

04
 

 
A 

52
46

47
.5

8 
46

85
67

1.
32

21
/0

6/
05

 
A 

50
51

34
.6

6 
46

78
62

6.
50

 
05

/0
7/

05
 

 
P 

51
28

91
.0

0 
46

80
00

3.
00

11
/0

8/
04

 
 

P 
52

46
30

.9
8 

46
85

68
5.

13
21

/0
6/

05
 

A 
50

54
07

.2
5 

46
78

67
5.

41
 

05
/0

7/
05

 
 

A 
51

51
83

.0
0 

46
80

03
2.

00
20

/0
9/

04
 

 
A 

52
46

18
.4

2 
46

85
68

9.
65

21
/0

6/
05

 
A 

50
97

29
.0

0 
46

78
67

9.
00

 
20

/0
9/

04
 

 
A 

52
24

90
.0

0 
46

82
12

8.
00

11
/0

8/
04

 
 

P 
52

46
19

.7
2 

46
85

69
3.

83
21

/0
6/

05
 

A 
50

55
91

.8
3 

46
78

74
9.

41
 

05
/0

7/
05

 
 

A 
52

23
34

.0
0 

46
82

24
2.

00
11

/0
8/

04
 

 
P 

52
46

16
.0

0 
46

85
71

0.
00

11
/0

8/
04

 
A 

50
56

96
.3

0 
46

78
83

1.
43

 
05

/0
7/

05
 

 
A 

52
29

96
.0

0 
46

82
27

6.
00

11
/0

8/
04

 
 

P 
52

45
72

.2
4 

46
85

71
1.

45
21

/0
6/

05
 

A 
50

49
48

.1
4 

46
78

83
8.

15
 

05
/0

7/
05

 
 

A 
52

32
59

.0
0 

46
82

66
0.

00
11

/0
8/

04
 

 
P 

52
45

80
.9

3 
46

85
71

2.
91

21
/0

6/
05

 
A 

51
48

82
.0

0 
46

78
85

0.
00

 
20

/0
9/

04
 

 
A 

51
70

71
.0

0 
46

82
69

4.
00

11
/0

8/
04

 
 

P 
52

45
21

.4
7 

46
85

71
3.

15
21

/0
6/

05
 

A 
50

56
61

.6
7 

46
78

85
9.

57
 

05
/0

7/
05

 
 

A 
52

34
61

.0
0 

46
82

93
4.

00
11

/0
8/

04
 

 
A 

52
45

57
.9

9 
46

85
71

6.
59

21
/0

6/
05

 
A 

51
58

23
.0

0 
46

78
86

1.
00

 
20

/0
9/

04
 

 
A 

51
96

08
.0

0 
46

82
96

0.
00

23
/0

9/
04

 
 

P 
52

45
98

.5
4 

46
85

71
7.

55
21

/0
6/

05
 

A 
51

56
61

.0
0 

46
78

98
5.

00
 

20
/0

9/
04

 
 

A 
52

38
57

.0
0 

46
83

31
4.

00
11

/0
8/

04
 

 
P 

52
45

33
.6

8 
46

85
72

3.
15

21
/0

6/
05

 
A 

50
47

96
.5

8 
46

78
98

7.
37

 
05

/0
7/

05
 

 
A 

51
79

58
.0

0 
46

84
51

8.
00

23
/0

9/
04

 
 

A 
52

45
38

.7
4 

46
85

72
3.

26
21

/0
6/

05
 

A 
51

55
34

.0
0 

46
79

02
3.

00
 

20
/0

9/
04

 
 

A 
52

38
47

.0
0 

46
84

96
1.

00
11

/0
8/

04
 

 
P 

52
46

27
.0

7 
46

85
72

9.
27

21
/0

6/
05

 
A 

50
44

21
.0

3 
46

79
14

3.
17

 
05

/0
7/

05
 

 
A 

52
60

26
.0

0 
46

85
41

9.
00

11
/0

8/
04

 
 

P 
52

43
96

.2
8 

46
85

73
3.

84
21

/0
6/

05
 

A 
50

42
07

.8
2 

46
79

22
1.

52
 

05
/0

7/
05

 
 

A 
52

50
53

.5
1 

46
85

43
0.

72
21

/0
6/

05
 

 
P 

52
44

82
.8

9 
46

85
74

0.
64

21
/0

6/
05

 
A 

49
98

89
.7

5 
46

79
26

8.
98

 
05

/0
7/

05
 

 
A 

52
51

46
.0

0 
46

85
47

0.
46

21
/0

6/
05

 
 

P 
52

46
25

.6
1 

46
85

75
2.

48
21

/0
6/

05
 

A 
49

97
35

.4
8 

46
79

27
3.

65
 

05
/0

7/
05

 
 

A 
52

51
48

.6
2 

46
85

48
2.

18
21

/0
6/

05
 

 
P 

52
43

79
.1

2 
46

85
75

5.
81

21
/0

6/
05

 
A 

51
19

98
.0

0 
46

79
34

5.
00

 
20

/0
9/

04
 

 
A 

52
49

12
.4

5 
46

85
50

1.
95

21
/0

6/
05

 
 

P 
52

46
23

.9
7 

46
85

75
8.

61
21

/0
6/

05
 

P 
51

54
58

.0
0 

46
79

34
7.

00
 

20
/0

9/
04

 
 

A 
52

51
39

.0
8 

46
85

51
5.

53
21

/0
6/

05
 

 
A 

52
43

66
.9

7 
46

85
77

0.
22

21
/0

6/
05

 
A 

50
01

76
.9

7 
46

79
38

7.
64

 
05

/0
7/

05
 

 
A 

52
51

33
.6

6 
46

85
52

6.
85

21
/0

6/
05

 
 

P 
52

46
27

.6
2 

46
85

77
4.

16
21

/0
6/

05
 

A 
50

39
05

.1
7 

46
79

42
3.

88
 

05
/0

7/
05

 
 

A 
52

47
83

.6
9 

46
85

56
2.

19
21

/0
6/

05
 

 
A 

52
43

85
.8

7 
46

85
77

4.
49

21
/0

6/
05

 
A 

50
17

69
.0

7 
46

79
45

7.
47

 
05

/0
7/

05
 

 
A 

52
50

78
.4

5 
46

85
56

7.
02

21
/0

6/
05

 
 

P 
52

43
67

.4
0 

46
85

78
3.

89
21

/0
6/

05
 

A 
49

97
02

.6
7 

46
79

47
2.

89
 

05
/0

7/
05

 
 

A 
52

51
30

.9
3 

46
85

57
3.

41
21

/0
6/

05
 

 
A 

52
43

44
.1

9 
46

85
80

2.
35

21
/0

6/
05

 
A 

50
14

09
.8

9 
46

79
50

1.
09

 
05

/0
7/

05
 

 
A 

52
50

71
.8

7 
46

85
57

6.
95

21
/0

6/
05

 
 

P 
52

46
31

.0
1 

46
85

81
0.

15
21

/0
6/

05
 

A 
50

30
21

.9
7 

46
79

53
4.

44
 

05
/0

7/
05

 
 

A 
52

51
51

.0
5 

46
85

57
8.

79
21

/0
6/

05
 

 
A 

52
43

27
.1

0 
46

85
81

5.
54

21
/0

6/
05

 
 



   P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
P 

52
46

18
.7

3 
46

85
81

6.
88

 
21

/0
6/

05
 

 
A 

51
56

81
.0

0 
46

86
07

3.
00

23
/0

9/
04

 
 

A 
51

46
82

.0
0 

46
88

84
8.

00
23

/0
9/

04
 

P 
52

46
11

.7
4 

46
85

82
3.

87
 

21
/0

6/
05

 
 

A 
52

48
59

.8
7 

46
86

09
1.

54
21

/0
6/

05
 

 
A 

50
35

58
.2

8 
46

88
94

2.
81

12
/0

7/
05

 
A 

52
43

07
.4

8 
46

85
82

4.
64

 
21

/0
6/

05
 

 
A 

52
48

72
.1

4 
46

86
10

6.
12

21
/0

6/
05

 
 

A 
51

50
17

.0
0 

46
88

98
6.

00
23

/0
9/

04
 

P 
52

46
42

.3
6 

46
85

82
6.

61
 

21
/0

6/
05

 
 

A 
52

48
81

.2
0 

46
86

12
4.

61
21

/0
6/

05
 

 
A 

50
89

53
.0

5 
46

89
08

8.
21

12
/0

7/
05

 
P 

52
45

91
.0

3 
46

85
84

4.
68

 
21

/0
6/

05
 

 
P 

52
49

04
.7

2 
46

86
14

2.
33

21
/0

6/
05

 
 

A 
50

90
15

.0
0 

46
89

17
3.

00
22

/0
9/

04
 

P 
52

46
18

.4
6 

46
85

84
8.

74
 

21
/0

6/
05

 
 

A 
52

50
00

.5
4 

46
86

14
3.

61
21

/0
6/

05
 

 
A 

51
43

96
.0

0 
46

89
17

3.
00

23
/0

9/
04

 
P 

52
46

37
.0

7 
46

85
85

0.
73

 
21

/0
6/

05
 

 
A 

52
49

33
.4

9 
46

86
14

7.
53

21
/0

6/
05

 
 

A 
51

16
27

.0
0 

46
89

18
1.

00
22

/0
9/

04
 

P 
52

46
45

.8
3 

46
85

86
1.

76
 

21
/0

6/
05

 
 

A 
51

70
05

.0
0 

46
86

25
6.

00
23

/0
9/

04
 

 
A 

51
41

15
.0

0 
46

89
24

7.
00

23
/0

9/
04

 
P 

52
46

00
.0

4 
46

85
86

2.
96

 
21

/0
6/

05
 

 
A 

51
61

83
.0

0 
46

86
36

1.
00

23
/0

9/
04

 
 

A 
50

31
73

.7
6 

46
89

30
4.

25
12

/0
7/

05
 

P 
52

46
68

.2
5 

46
85

86
5.

21
 

21
/0

6/
05

 
 

A 
51

61
12

.0
0 

46
86

83
0.

00
23

/0
9/

04
 

 
P 

51
41

28
.0

0 
46

89
31

7.
00

23
/0

9/
04

 
P 

52
46

17
.6

3 
46

85
88

5.
76

 
21

/0
6/

05
 

 
P 

51
58

99
.0

0 
46

86
93

8.
00

23
/0

9/
04

 
 

A 
51

38
11

.0
0 

46
89

34
9.

00
23

/0
9/

04
 

A 
52

47
28

.2
3 

46
85

89
7.

75
 

21
/0

6/
05

 
 

A 
50

66
43

.1
6 

46
86

98
3.

40
12

/0
7/

05
 

 
A 

51
37

86
.0

0 
46

89
42

7.
00

23
/0

9/
04

 
P 

52
46

28
.1

8 
46

85
90

4.
84

 
21

/0
6/

05
 

 
P 

51
59

78
.0

0 
46

87
05

7.
00

23
/0

9/
04

 
 

A 
51

36
53

.0
0 

46
89

57
7.

00
23

/0
9/

04
 

P 
52

45
97

.6
3 

46
85

90
7.

97
 

21
/0

6/
05

 
 

A 
50

63
68

.4
6 

46
87

14
3.

33
12

/0
7/

05
 

 
A 

49
22

03
.1

5 
46

89
60

7.
41

12
/0

7/
05

 
A 

52
47

33
.8

0 
46

85
90

8.
62

 
21

/0
6/

05
 

 
A 

50
70

12
.4

4 
46

87
20

4.
10

12
/0

7/
05

 
 

A 
51

34
36

.0
0 

46
89

63
3.

00
23

/0
9/

04
 

A 
52

47
23

.1
6 

46
85

91
3.

39
 

21
/0

6/
05

 
 

A 
51

39
63

.0
0 

46
87

29
2.

00
23

/0
9/

04
 

 
A 

50
29

07
.8

9 
46

89
75

3.
36

12
/0

7/
05

 
P 

52
46

70
.6

7 
46

85
92

3.
76

 
21

/0
6/

05
 

 
A 

51
68

85
.0

0 
46

87
39

5.
00

23
/0

9/
04

 
 

A 
51

33
24

.0
0 

46
89

84
8.

00
23

/0
9/

04
 

A 
52

47
40

.7
1 

46
85

92
4.

18
 

21
/0

6/
05

 
 

P 
51

56
33

.0
0 

46
87

41
5.

00
23

/0
9/

04
 

 
A 

51
28

76
.0

0 
46

89
86

2.
00

23
/0

9/
04

 
A 

52
47

34
.6

6 
46

85
92

9.
99

 
21

/0
6/

05
 

 
A 

51
54

99
.0

0 
46

87
55

2.
00

23
/0

9/
04

 
 

A 
51

12
40

.0
0 

46
89

96
1.

00
22

/0
9/

04
 

P 
52

46
90

.6
8 

46
85

93
0.

55
 

21
/0

6/
05

 
 

A 
50

73
09

.9
8 

46
87

63
3.

92
12

/0
7/

05
 

 
P 

51
17

05
.0

0 
46

89
98

6.
00

22
/0

9/
04

 
P 

52
45

58
.5

6 
46

85
93

7.
52

 
21

/0
6/

05
 

 
P 

50
54

87
.8

2 
46

87
67

8.
21

12
/0

7/
05

 
 

P 
51

20
78

.0
0 

46
90

01
1.

00
22

/0
9/

04
 

P 
52

45
47

.1
0 

46
85

94
3.

65
 

21
/0

6/
05

 
 

A 
51

49
72

.0
0 

46
87

76
4.

00
23

/0
9/

04
 

 
A 

51
29

78
.0

0 
46

90
05

0.
00

23
/0

9/
04

 
P 

52
45

35
.0

7 
46

85
95

3.
14

 
21

/0
6/

05
 

 
A 

51
53

87
.0

0 
46

87
88

1.
00

23
/0

9/
04

 
 

P 
51

33
67

.0
0 

46
90

06
5.

00
23

/0
9/

04
 

A 
52

47
50

.8
0 

46
85

95
4.

53
 

21
/0

6/
05

 
 

P 
50

75
21

.3
5 

46
87

88
3.

88
12

/0
7/

05
 

 
A 

49
23

34
.8

4 
46

90
09

1.
69

12
/0

7/
05

 
A 

52
47

56
.2

0 
46

85
96

6.
89

 
21

/0
6/

05
 

 
A 

51
51

74
.0

0 
46

87
94

3.
00

23
/0

9/
04

 
 

A 
49

74
74

.9
8 

46
90

11
2.

21
12

/0
7/

05
 

P 
52

45
17

.3
4 

46
85

97
1.

76
 

21
/0

6/
05

 
 

A 
51

68
28

.0
0 

46
87

96
0.

00
23

/0
9/

04
 

 
A 

51
31

64
.0

0 
46

90
13

0.
00

23
/0

9/
04

 
A 

52
47

48
.0

6 
46

85
98

0.
07

 
21

/0
6/

05
 

 
P 

50
51

13
.8

3 
46

87
98

2.
81

12
/0

7/
05

 
 

A 
51

27
68

.0
0 

46
90

20
9.

00
23

/0
9/

04
 

A 
52

47
65

.0
5 

46
85

98
9.

29
 

21
/0

6/
05

 
 

A 
51

67
38

.0
0 

46
88

00
3.

00
23

/0
9/

04
 

 
A 

50
25

72
.5

3 
46

90
26

1.
07

12
/0

7/
05

 
A 

52
47

58
.9

1 
46

85
98

9.
86

 
21

/0
6/

05
 

 
A 

50
49

16
.9

4 
46

88
17

8.
20

12
/0

7/
05

 
 

A 
49

24
58

.1
7 

46
90

28
8.

31
12

/0
7/

05
 

A 
52

47
69

.2
8 

46
86

00
5.

86
 

21
/0

6/
05

 
 

A 
51

71
55

.0
0 

46
88

25
1.

00
23

/0
9/

04
 

 
A 

49
80

43
.4

2 
46

90
36

6.
26

12
/0

7/
05

 
A 

52
47

38
.8

9 
46

86
02

9.
60

 
21

/0
6/

05
 

 
P 

50
45

47
.2

4 
46

88
35

3.
42

12
/0

7/
05

 
 

A 
49

67
75

.5
3 

46
90

44
3.

96
12

/0
7/

05
 

A 
52

47
82

.0
8 

46
86

03
8.

40
 

21
/0

6/
05

 
 

A 
50

80
38

.4
4 

46
88

50
2.

49
12

/0
7/

05
 

 
A 

51
35

12
.0

0 
46

90
56

9.
00

23
/0

9/
04

 
P 

52
47

38
.5

1 
46

86
04

1.
92

 
21

/0
6/

05
 

 
A 

50
39

94
.3

0 
46

88
60

4.
67

12
/0

7/
05

 
 

A 
50

22
85

.4
3 

46
90

62
0.

86
12

/0
7/

05
 

P 
52

48
02

.5
8 

46
86

04
2.

99
 

21
/0

6/
05

 
 

A 
51

01
78

.0
0 

46
88

61
5.

00
22

/0
9/

04
 

 
P 

51
24

36
.0

0 
46

90
63

1.
00

22
/0

9/
04

 
P 

52
48

18
.0

2 
46

86
05

8.
82

 
21

/0
6/

05
 

 
A 

51
45

75
.0

0 
46

88
74

0.
00

23
/0

9/
04

 
 

A 
49

25
94

.4
3 

46
90

64
2.

84
12

/0
7/

05
 

A 
52

48
36

.7
9 

46
86

07
2.

74
 

21
/0

6/
05

 
 

A 
51

07
72

.0
0 

46
88

75
3.

00
22

/0
9/

04
 

 
P 

51
24

08
.0

0 
46

90
70

1.
00

22
/0

9/
04

 
 



  P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
 

P
re

s 
Lh

 
Lo

ng
itu

de
 

La
tit

ud
e 

D
at

e 
A 

49
63

67
.0

1 
46

90
76

8.
16

 
12

/0
7/

05
 

 
A 

50
01

32
.5

5 
46

93
11

3.
75

12
/0

7/
05

 
A 

49
85

37
.7

7 
46

90
81

0.
44

 
12

/0
7/

05
 

 
A 

49
85

12
.6

3 
46

93
25

7.
21

12
/0

7/
05

 
A 

49
28

34
.4

7 
46

90
89

4.
04

 
12

/0
7/

05
 

 
A 

50
00

86
.2

4 
46

93
40

0.
80

12
/0

7/
05

 
A 

51
30

55
.0

0 
46

90
91

2.
00

 
23

/0
9/

04
 

 
A 

51
25

71
.0

0 
46

93
42

8.
00

22
/0

9/
04

 
A 

49
32

24
.4

5 
46

91
01

9.
93

 
12

/0
7/

05
 

 
A 

49
82

66
.6

1 
46

93
50

9.
40

12
/0

7/
05

 
A 

49
45

22
.9

4 
46

91
08

2.
75

 
12

/0
7/

05
 

 
A 

49
92

70
.9

0 
46

93
53

8.
17

12
/0

7/
05

 
A 

51
27

47
.0

0 
46

91
12

2.
00

 
22

/0
9/

04
 

 
A 

49
90

94
.0

0 
46

93
66

1.
68

12
/0

7/
05

 
A 

49
86

72
.5

7 
46

91
16

1.
03

 
12

/0
7/

05
 

 
A 

50
00

18
.6

1 
46

93
68

8.
11

12
/0

7/
05

 
A 

49
57

16
.8

8 
46

91
21

6.
35

 
12

/0
7/

05
 

 
A 

49
87

62
.9

2 
46

93
71

6.
43

12
/0

7/
05

 
A 

49
36

69
.4

0 
46

91
25

8.
90

 
12

/0
7/

05
 

 
A 

49
93

11
.4

1 
46

93
71

9.
20

12
/0

7/
05

 
A 

50
23

96
.2

2 
46

91
35

9.
16

 
12

/0
7/

05
 

 
A 

49
84

47
.7

5 
46

93
71

9.
22

12
/0

7/
05

 
A 

49
41

01
.4

2 
46

91
40

8.
65

 
12

/0
7/

05
 

 
A 

49
99

60
.8

2 
46

93
97

6.
72

12
/0

7/
05

 
A 

50
16

96
.8

7 
46

91
49

0.
15

 
12

/0
7/

05
 

 
A 

49
91

65
.5

1 
46

94
03

6.
41

12
/0

7/
05

 
A 

49
49

84
.7

3 
46

91
50

2.
19

 
12

/0
7/

05
 

 
A 

49
98

39
.8

1 
46

94
19

6.
20

12
/0

7/
05

 
A 

50
14

60
.2

8 
46

91
69

1.
23

 
12

/0
7/

05
 

 
A 

51
26

08
.0

0 
46

94
24

1.
00

22
/0

9/
04

 
A 

49
88

02
.2

4 
46

91
70

4.
59

 
12

/0
7/

05
 

 
A 

49
92

96
.2

3 
46

94
32

7.
25

12
/0

7/
05

 
P 

51
28

55
.0

0 
46

91
79

3.
00

 
22

/0
9/

04
 

 
A 

49
93

62
.0

2 
46

94
42

8.
70

12
/0

7/
05

 
A 

50
21

85
.4

3 
46

91
80

3.
48

 
12

/0
7/

05
 

 
A 

49
92

55
.3

3 
46

94
43

9.
96

12
/0

7/
05

 
A 

50
10

80
.7

7 
46

91
96

5.
90

 
12

/0
7/

05
 

 
A 

49
92

55
.5

3 
46

94
44

0.
61

12
/0

7/
05

 
P 

51
26

99
.0

0 
46

92
01

3.
00

 
22

/0
9/

04
 

 
A 

49
94

21
.5

6 
46

94
46

8.
36

12
/0

7/
05

 
A 

49
89

18
.8

0 
46

92
06

5.
93

 
12

/0
7/

05
 

 
A 

49
96

40
.7

7 
46

94
54

8.
07

12
/0

7/
05

 
A 

49
89

55
.1

1 
46

92
11

4.
74

 
12

/0
7/

05
 

 
A 

51
22

65
.0

0 
46

94
61

8.
00

22
/0

9/
04

 
A 

49
87

95
.7

1 
46

92
32

0.
78

 
12

/0
7/

05
 

 
A 

51
17

89
.0

0 
46

94
62

4.
00

22
/0

9/
04

 
A 

49
95

41
.5

5 
46

92
41

1.
26

 
12

/0
7/

05
 

 
A 

49
94

42
.9

3 
46

94
62

6.
37

12
/0

7/
05

 
P 

51
28

16
.0

0 
46

92
45

7.
00

 
22

/0
9/

04
 

 
A 

51
29

64
.0

0 
46

94
86

5.
00

22
/0

9/
04

 
A 

50
06

85
.2

0 
46

92
45

8.
61

 
12

/0
7/

05
 

 
A 

51
30

60
.0

0 
46

95
38

4.
00

22
/0

9/
04

 
A 

49
87

89
.7

7 
46

92
61

0.
18

 
12

/0
7/

05
 

 
A 

51
34

76
.0

0 
46

95
70

1.
00

22
/0

9/
04

 
P 

51
26

55
.0

0 
46

92
61

2.
00

 
22

/0
9/

04
 

 
A 

51
39

04
.0

0 
46

96
98

4.
00

22
/0

9/
04

 
A 

50
03

63
.7

4 
46

92
78

2.
88

 
12

/0
7/

05
 

 
A 

51
34

46
.0

0 
46

97
13

1.
00

22
/0

9/
04

 
A 

49
98

00
.6

4 
46

92
87

2.
47

 
12

/0
7/

05
 

 
A 

51
27

72
.0

0 
46

97
23

0.
00

22
/0

9/
04

 
P 

51
31

95
.0

0 
46

92
87

8.
00

 
22

/0
9/

04
 

 
A 

51
34

51
.0

0 
46

97
38

5.
00

22
/0

9/
04

 
P 

51
26

58
.0

0 
46

92
88

9.
00

 
22

/0
9/

04
 

 
 

 
 

 
A 

49
85

96
.5

9 
46

92
90

5.
03

 
12

/0
7/

05
 

 
 

 
 

 
P 

51
28

32
.0

0 
46

93
01

0.
00

 
22

/0
9/

04
 

 
 

 
 

 
P 

51
30

19
.0

0 
46

93
06

1.
00

 
22

/0
9/

04
 

 
 

 
 

 
P 

51
31

46
.0

0 
46

93
08

5.
00

 
22

/0
9/

04
 

 
 

 
 

 
  



 

 

 
 
 
 
 
 
 
 
 
 
 
 





 

 

 
 
A fora, al costat del niu, la Formiga Piga va veure que s’havia format una 
muntanya negra. Una muntanya grandiosa que gairebé arribava fins al cel. Com 
que era tan a prop, va decidir de pujar-hi a veure si estava feta de pedra dura, 
d’argila o de sorra. 

Quan només havia començat la pujada, la muntanya es va moure. Al 
començament la Formiga Piga gairebé no ho va notar. Però com que la 
muntanya s’enlairava, com si volés, i després tornava a terra, la Formiga Piga es 
va adonar que de tant en tant les fileres de formigues eren més petites i més 
llunyanes i per això va trobar que la muntanya negra caminava com un animal 
del bosc. 

I així, amagada i quieta dins d’un foradet de la muntanya perquè les 
sacsejades no la fessin caure, la Formiga Piga va veure com s’allunyava del 
bosc i entrava en una mena de cova tan negra com la muntanya.  

Un cop dins la cova, la muntanya es va quedar quieta. Però de sobte va 
sentir-se un soroll molt estrany, com si tota la cova trontollés tot i que la 
muntanya no es movia. 
 I més endavant van començar a sentir-se veus i riures i cançons i la 
Formiga Piga, una mica espantada, va començar a preocupar-se per si no podia 
tornar al niu. I a preocupar-se a quina mena de muntanya desconeguda s’havia 
enfilat.  
 El cas és que a poc a poc la Formiga Piga es va adonar que havia pujat a 
la sabata d’un home que visitava el bosc i que després havia tornat cap a la 
ciutat en un cotxe. 
 I ara la Formiga Piga es trobava molt lluny del seu cau i no podia tornar-
hi. I a quin niu la voldrien si no feia la seva olor? Segurament que no podria 
tornar a veure la seva reina i les seves companyes fins que a aquell senyor li 
vingués bé de visitar un altre cop el bosc. I qui sabia quant de temps podia 
passar fins que aquella sabata tornés a trepitjar el prat on s’obria el forat del seu 
niu?  
 La Formiga Piga tremolava en pensar que el senyor potser no tindria 
ganes de tornar-hi mai més. I potser, si hi tornava, no portaria les mateixes 
sabates!  
 (...) 
 I així, al cap del temps i de mots esforços, va arribar a entendre que 
aquell senyor era un periodista que estava a punt de fer la volta al món!  
 Res de tornar al niu. En lloc de tornar a casa, la Formiga Piga hauria de 
fer ... la volta al món! 
 De primer la Formiga Piga es va posar trista perquè veia impossible 
tornar a aviat al niu, però després va pensar que podia aprofitar l’oportunitat per 
conèixer tota la terra i veure com era el món fins i tot més enllà de l’horitzó. 
 I va decidir portar d’equipatge una llibreta petita per anar-hi escrivint i 
dibuixant les coses més importants que trobés en el viatge, de manera que en 
tornar al niu podria explicar a tot el formiguer com era el món i les persones i els 
animals que l’habitaven. 
 Com deia la Formiga Vella, “el saber no fa cap nosa”. 
 
 
 

E. Teixidor.  
(La volta al món de la Formiga Piga) 
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