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ABSTRACT 

 

The lakes studied (Chapo, Sargazo, Chaiquenes and Triángulo) are located in the Alerce Andino 

National Park (41°30'S, 71°32'W), Chile. An inventory of the aquatic and riparian species was performed 

between December 2010 and January 2011. A null model analysis was done to determine the existence of 

regulatory factors of species associations, and the Jaccard index was applied to determine floristic 

similarities. It identidied 23 species, the high number was reported (14) and the most introduced species 

number (4) were reported at Sargazo lake, whereas the low species number was observed in Triángulo 

lake with three species. The analysis of the null model revealed the presence of regulatory factors in one 

of the three simulations. However, in the other two simulations, the species associations appeared to be 

random, presumably because many species were repeated at the study sites. According to the Jaccard 

index, Triángulo Lake is noticeably different from the other lakes, probably due to its marked oligotrophy. 

Keywords: oligotrophy, mesotrophy, macrophytes, null model, lakes, Patagonia, Chile. 

 

RESUMO 

 

Os lagos estudados (Chapo, Sargazo, Chaiquenes e Triángulo) estão localizados no Parque 

Nacional Andino Alerce (41 ° 30'S, 71 ° 32'W), Chile. Um inventário das espécies aquáticas e ribeirinhas 

foi realizada entre dezembro de 2010 e janeiro de 2011. Uma análise modelo nulo foi feito para 

determinar a existência de fatores de regulação de associações de espécies, e o índice de Jaccard foi 

aplicado para determinar similaridade florística. Ele identidied 23 espécies, o número elevado foi relatado 

(14) eo número de espécies mais introduziu (4) foram relatados em Sargazo lago, enquanto que o baixo 

número de espécies foi observada no lago Triángulo com três espécies. A análise do modelo nulo revelou 

a presença de factores de regulação em um dos três simulações. No entanto, nas outras duas simulações, as 

associações de espécies parecia ser aleatória, presumivelmente porque muitas espécies foram repetidas nos 

locais do estudo. De acordo com o índice de Jaccard, Triángulo Lake é visivelmente diferente dos outros 

lagos, provavelmente devido ao seu oligotrofia marcada. 

Palavras-chave: oligotrofia, mesotrophy, macrófitas, modelo nulo, lagos, Patagonia, Chile. 
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INTRODUCTION 

 

The Chilean lakes of the north Patagonia are characterized by their oligotrophy, due to the native 

forest and chemical composition of the soil of their basin that avoid the nutrient entry from the land to the 

water, mainly in unpolluted mountain zones that have perennial native forests in their surrounding basins 

(Steinhart et al., 2002; De los Ríos-Escalante et al., 2012). Nevertheless, an oligotrophy to mesotrophy 

transition has been observed in some lakes located mainly between 38 to 41°S, due to the replacing of the 

native forest of their basin by agricultural zones, towns and industries (Soto, 2002; Villalobos et al., 2003; 

Woelfl et al., 2003; Woelfl, 2007). One of the biotic components that can be an indicator of trophic status 

is the assemblage of macrophytes (Hauenstein et al., 2002, 2011; Nagasaka, 2004; Li et al., 2009). We 

define macrophytes according to Ramírez & Stegmeier (1982). The macrophytes in Chilean inland waters 

have numerous endemic species (79.3%) and a low amount of introduced species (20.7%); there are 

endangered species that would need more studies about conservation topics (Hauenstein, 2006), especially 

if we consider that some Chilean lagoons close to coastal zones, and small stands of plants in the lakes 

have human intervention (Soto, 2002; Hauenstein et al., 2008), with the consequent alterations in 

macrophytes assemblages (Hauenstein et al., 2002; Ramírez & San Martín, 2006). 

According to this point of view, the macropytes and riparian assemblages are not random, that 

means that the regulator factors are deterministic. The absence of regulator factors, this is random 

distribution in species co-occurrence, is the basis of null models; one of these models used presence and 

absence of species to determine the absence of deterministic factors as regulator of co-occurrence species 

(Gotelli, 2000; Tiho & Johens, 2007). These null models are more robust in comparison with deterministic 

models (Gotelli, 2000). The aim of the present study is applying a null model analysis based in a presence-

absence species matrix for determining the absence regulator factors to explain species associations in 

macrophytes of lakes in Alerce Andino National Park. 

 

MATHERIAL AND METHODS 

 

Between January 2010  to January 2011 we worked in four lakes of a mountainous zone with 

Nothofagus nitida, N. pumilio, N. dombeyi and Fitzroya cupressoides forests: Chapo Lake, adjacent at 

Alerce Andino National Park (41°27,5’ S 72°30’ W; 241 m a.s.l); the second site was Sargazo lake at the 

north access of the park (41°30’ S; 72°36’ W; 354 m.a.s.l), and also was visited two lakes at the southwest 

access of the park, Chaiquenes (41°33’ S; 72°32’W; 538 m.a.s.l) and Triangulo lake (41°35’ S; 72°32’ W; 

285 m.a.s.l), these lakes are characterized by their marked oligotrophy and presence of native forest in 

their 63urrounding basin (Steinhart et al., 2002; De los Ríos-Escalante et al. 2012). 

The riparian and macrophyte species were collected and identified, according to Matthei (1995), 

Espinoza (1996) and Hoffmann et al. (1997); the scientific names updated by means of Zuloaga et al. 

(2008) and in the following page web: (http://www.ipni.org/). The taxonomical classification and the 

phytogeographical origin, according to Marticorena & Quezada (1985), and the helophytes and 

hydrophytes taxa, according to the classification of Ramírez & Stegmeier (1982) and Ramírez & San 

Martín (2006). 

The degree of human intervention was determined on the basis, according to the proposal of 

Hauenstein et al. (1988) and the scale of assessment proposed by González (2000), who used the 

phytogeographical origin (percentage relationship between native and the introduced species) to establish 

the degree of human disturbance of a specific area. 

The comparison of the data set gathered is useful to test the hypothesis that species reported are 

non-randomly associated. For this, we use the “C score” index (Tiho & Johens, 2007), which determines 

the presence-absence co-occurrence based on presence –absence matrices for zooplankton species in the 

sample. According to Gotelli (2000) and Tiho & Johens (2007) the presence/absence matrix was analysed 

as follows: (a) fixed-fixed: in this algorithm, the row and the column sums of the original matrix are 

preserved. Thus, each random community contains the same amount of species as the original community 

(fixed column), and each specie occurs with the same frequency as in the original community (fixed row). 

http://www.ipni.org/
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In this case, it is not prone to type I errors (falsely rejecting the null hypothesis) and it has a good power 

for detecting the non-randomness (Gotelli, 2000; Tiho & Johens, 2007). (b) Fixed-equiprobable: in this 

simulation, only the row sums are fixed, whereas the columns are treated as equiprobable. This null model 

treats all the samples (columns) as equally suitable for all species (Tiho & Johens, 2007; Gotelli, 2000). 

(c) Fixed-proportional: in this algorithm, the total of species occurrence is maintained as in the original 

community, and the probability that a specie occurs in a sample (= column) is proportional to the total 

column for that sample (Gotelli, 2000; Tiho & Johens, 2007). The data were analysed with the Ecosim 

program version 7.0 (Gotelli & Entsminger, 2009). Finally, it was applied a Jaccard index for determining 

the similarities between the studied sites (Gotelli & Graves, 1996), this analysis was applied using the 

software Biodiversity Pro. 2.0. 

 

RESULTS AND DISCUSSION 

 

The results of the floristic analysis revealed the presence of 23 species (21 vascular plants and two 

non vascular plants) and, in decreasing order, the lakes with more species were Sargazo, Chaiquenes, 

Chapo and Triángulo with 14; 5; 5 and 3 species respectively. Table 1 shows the complete and current 

catalogue. The more represented species are Magnoliopsida with 43.5% and Liliopsida with 39.1%; algae 

y pteridophytes both have  8.7 % each one. The total flora includes 4 classes, 16 families and 21 genus, 

with a different distribution between the lakes: two classes, 10 families and 14 genus were found in 

Sargazo Lake, in Chaiquenes Lake, three classes, 4 families and 4 genus, in Triángulo  Lake, two classes, 

3 families and 3 genus, and finally in Chapo Lake, three classes, 5 families and 5 genus (Table 1, Fig. 1). 

In the Great Lakes of the region of the Andean precordillera so-called “Araucanians", whose 

waters are oligotrophic and the lakes have a much larger surface area in study (Campos, 1984; Soto & 

Campos, 1995; Soto, 2002, Woelfl 2007), there has been a greater variability in the richness of flora. 

While the lakes Llanquihue and Cayutué presented a richness of species similar to the lakes of this study, 

40 and 37 respectively (Hauenstein et al., 1991, 1992), the lakes Villarrica, Caburgua and Calafquén are 

richer in diversity of species, registering 65, 64 and 69 species respectively (Hauenstein et al., 1996, 

1998), of which the only one that presents characteristics of mesotrophy condition is Villarrica Lake, with 

values of 87 ug L
-l
 of NO3 and 20.4 ug L

-l 
of total phosphorus (Soto & Campos, 1995). The low amount of 

species of the four lakes surveyed confirms the oligotrophic character of their waters. 

 

Figure 1 

Classification of macrophytes reported in the studied sites. 
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Figure 2 

Phytogeographical origin of the flora in the studied sites. 

 

The phytogeographical origin shows that in the four lakes surveyed the native species are 

dominant (Table 1, Fig. 2). The relatively low percentage of non-native species indicates a certain 

anthropized degree on their banks (Hauenstein et al., 1988, 2011), which would below, according to the 

scale of González (2000), to the category of "low human disturbance" for the three lakes of higher altitude 

(Chaiquenes, Triángulo, Sargazo), with one introduced species, these lakes have access difficults and it is 

probably that the presence of one introduced species would be to accidental introductions due tourism 

activities; instead the Chapo Lake has a high introduced species that would be associated to human 

intervention due rural communities and salmoniculture activities, that has classified it in the category of 

"high human disturbance". 

The results of null model analysis revealed the absence of regulator factors in species assemblages 

for Fixed-Fixed simulation (P > 0.05) and Fixed-Proportional (P > 0.05 ) whereas these results do not 

correspond to the Fixed-Equiprobable simulations (P < 0.05). A possible cause would be the presence of 

many repeated species (Table 2). In according to Bray-Curtis index, revealed low similarities for studied 

lakes being the most similar Chaiquenes and Sargazo lakes with 10 %, and consecutively Triángulo and 

Chapo lakes (Fig. 3).  

 

Figure 3 

Dendrogram according to Jaccard index for the four lakes studied. 
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Table 1. 

Catalogue of macrophytes in four lakes of the Alerce Andino National Park. X: presence, empty space: 

absence.  OF: phytogeographical origin, N: native, I: introduced  

 

Classification/Scientific name Family OF Sargazo Chaiquenes Triangulo Chapo 

Algae       

Oscillatoria sp.             Oscillatoriaceae      

Nitella sp. Characeae      

Pteridophyta       

Blechnum cordatum (Desv.) Hieron. Blechnaceae N  x   

Blechnum penna-marina (Poir.) Kuhn Blechnaceae N   x  

Magnoliopsida (Dycotiledoneae)     

Dichondra sericea Sw. Convolvulaceae I x    

Hydrocotyle sp. Apiaceae N x  x  

Myosotis scorpioides L. Boraginaceae I   x  

Myriophyllum aquaticum (Vell.) Verdc. Haloragaceae N  x   

Plantago major L. Plantaginaceae I x    

Polygonum hydropiperoides Michx. Polygonaceae I    x 

Prunella vulgaris L. Lamiaceae I x    

Ranunculus minutiflorus Bert. ex Phil. Ranunculaceae N  x   

Ranunculus repens L. Ranunculaceae I x x   

Symphyotrichum vahlii (Gaudich.) G.L.Nesom  Asteraceae N x    

Liliopsida (Monocotyledoneae)     

Agrostis magellanica Lam. Poaceae N x    

Carex sp. Cyperaceae N x    

Distichlis sp. Poaceae N    x 

Eleocharis bonariensis Nees Cyperaceae N x    

Juncus procerus E.Meyer Juncaceae N x   x 

Polypogon australis Brongn. Poaceae N x    

Potamogeton strictus Phil. Potamogetonaceae N x    

Schoenoplectus californicus (C.A.Mey.) Soják Cyperaceae N x x   

Scirpus inundatus (R.Br.) Poir. Cyperaceae N x    

 

Table 2. 

Results of the null model analysis for studied sites. P < 0.05 denote the presence of non random (or 

regulator) factors as regulator of the species association. 

 

 Mean index Observed index Variance Standard effect size P 

Fixed-fixed 0.739 0.727 < 0.001 -0.408 0.442 

Fized-proportional 0.726 0.727 0.011 0.011 0.458 

Fixed-equiprobable 0.862 0.727 0.001 -3.034 0.013 
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The results about littoral macrophytes are similar to the descriptions of mountain lakes; where the 

macrophytes are present contributing a high oxygen concentration (Nagasaka, 2004; Li et al., 2009). 

Nevertheless Chapo lake has low species number in spite of their transition from oligotrophy to 

mesotrophy (Villalobos et al., 2003; Woelfl et al., 2003), these patterns are similar to other lakes of the 

same category, with changes in trophic status, where ultraoligotrophic lakes have a low amount of species 

and abundance (Nagasaka, 2004; Li et al., 2009). 

Similar results of low amount of macrophytes species associated to diversity were observed for 

coastal wetlands in the Araucanía region with different trophic status due to human intervention 

(Hauenstein et al., 2002; Peña-Cortés et al., 2006). By his part, Ramírez & San Martín (2006) signal that 

the aquatic flora is scarce in water bodies oligotrophic and that this tends to situate in slots well delimited 

in the littoral zone, process known as zoning, which depends of habit of the species (submerged, floating, 

emergent). 

These results are the first observations for pristine mountain lakes of the north Patagonia, because 

this condition generates a different regulator mechanism in comparison to lakes of the north hemisphere 

(Soto, 2002; Steinhart et al., 2002). 
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