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Abstract: Exotic pine plantations, installed mainly for timber production and carbon sequestration 
purposes, cover an ever-expanding area of equatorial and tropical regions; however, their economic 
and environmental benefits are under debate due to their potential negative effects on native plant 
species conservation. The native understory plant species richness and cover under pine (Pinus ra-
diata D. Don) plantations were compared with natural grasslands in the Ecuadorian Páramo. We 
analyzed the vegetation in four zones: Antisana (8-year-old pines), Cajas (16-year-old pines), Tisaleo 
(41-year-old pines) and Cotopaxi (53-year-old pines). The total understory plant cover decreased 
between 29% and 90% under pine plantations in all zones. The mean species richness in the pine 
plantations decreased by 44% in Antisana, Cajas and Tisaleo but not in Cotopaxi. Pine plantations 
strongly reduced the abundance of herbaceous light-demanding species (59%), except small herbs 
whose cover increased under pine (17.6%). Shrub cover was also negatively affected in Tisaleo and 
Cotopaxi (7.4%). Pine afforestation effects on Páramo vegetation depend mainly on canopy cover 
which changes with age and growing conditions (altitude) and secondarily on the vegetation state 
at the time of planting, resulting from land use history and ecological conditions. The pine effect 
was therefore more pronounced in the young and dense plantations of Antisana and Cajas than in 
the old and open stand of Cotopaxi, whose understory vegetation was more similar to that of grass-
lands. 
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1. Introduction
Afforested zones are still expanding and cover ca. 290 million hectares worldwide, 

which represents around 7% of the total forest cover [1]. The main benefits of these plan-
tations are wood production for the construction and paper industries, as well as energy 
sources [2]. Approximately 24% of these plantations have an environmental goal, such as 
protection against erosion, rehabilitation of degraded soils and carbon sequestration [3–
7]. Plantations of exotic species have facilitated forest succession on sites where high dis-
turbances prevent natural regeneration [8,9]. Plantations typically utilize exotic fast-grow-
ing species such as pines and eucalypts [10,11], which are adapted to a wide range of 
ecological conditions [12,13]. 

In South America, more than 5 million hectares have been planted with Pinus species 
[14,15], including 1.64 million hectares in Brazil [16], 1.27 million hectares in Chile [17] 
and 0.7 million hectares in Argentina [18]. Pine plantations were also established in the 
Andean mountains of Perú and Ecuador [4,19]. 

Most of the pine plantations, mainly Pinus radiata and P. patula Schltdl. & Cham., in 
the Andean mountains were established in zones degraded by overgrazing or burning to 
prevent further land degradation. Such plantations might constitute a rehabilitation tech-
nique in highly degraded grasslands, because they are expected to favor the seedling 
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survival of typical native species by improving the microclimate conditions below the 
canopy [20–22]. They are also considered to be an opportunity to enhance ecosystem ser-
vices, such as carbon sequestration, and to provide additional outcomes to local peasant 
communities through the production of firewood and timber [23–25]. Furthermore, pine 
plantations in degraded highlands contribute to ecological functions such as soil stability 
and minimize the risk of landslides in steep slope conditions [21,26]. Some pine planta-
tions have shown higher species richness than adjacent high-altitude grasslands [27]. 
Moreover, exotic Pinus radiata plantations increased species richness and floristic compo-
sition in restoration experiences at forest altitudes in Tenerife, Canary Island [28]. 

The high-altitude tropical grasslands in the Andean mountains, ranging from 3200 
m to 4700 m a.s.l., constitute a highly diverse and unique ecosystem called the “Páramo” 
[29,30]. In the Ecuadorian Páramo, 1524 species of vascular plants, including 628 endemic 
species, have been registered [31]. Páramo grasslands provide several ecosystem services 
for more than 100 million people, including food production, water regulation and sup-
ply, carbon storage and biodiversity conservation [32–34]. Extensive cattle grazing and 
timber plantations among other land uses transformed about 40% of the original Páramo 
into agroecosystems [31]. About 80% (213 species) of the endemic vascular plants in the 
Ecuadorian Páramo are threatened according to the International Union for Conservation 
of Nature (IUCN) [35]. The main threat is the agricultural land degradation caused by 
burning, overgrazing and plantations of exotic species. 

In this context, the impact of pine plantations in Páramo regions is controversial [36–
38]. Introducing pine trees could have negative effects on the plant community by affect-
ing the diversity and the abundance of native species [39–41]. Decreases in Páramo grass-
land main species cover have been reported under pine plantations [42–44]. Afforestation 
also affects floristic composition by modifying microclimate conditions and resource 
availability [27,45,46]. The microclimate changes in the understory depend on tree species 
and age, stand density and, eventually, intensity of pruning [4,34]. Generally, in Páramo, 
pine afforestation favors shade-tolerant species to the detriment of light-demanding spe-
cies with a marked influence on understory life forms [30,47,48]. In some rare cases, a 
higher plant species richness was observed under plantations compared with natural 
grasslands but with changes in dominant life forms [27,46]. 

Our research aims to determine the changes in understory native vegetation caused 
by Pinus radiata D. Don plantations in four Ecuadorian Páramo grassland zones, Antisana, 
Cajas, Tisaleo and Cotopaxi. We hypothesized that (1) exotic Pinus radiata plantations re-
duce the plant cover and species richness of understory species, and (2) that this change 
is dependent on the zone and/or age of the pine plantations. 

2. Materials and Methods 
2.1. Study Zones 

The study was carried out in four zones of Páramo situated over 3500 m a.s.l., in the 
Ecuadorian Andes (Figure 1; Table 1). The “grass Páramo”, or “Páramo grassland”, is 
found above the high-altitude woody vegetation, and is dominated by tussock grasses 
belonging mainly to the genera Calamagrostis, Agrostis and Festuca [49]. The main Angio-
sperm families in this region include the Asteraceae (850 species), Poaceae (230 species) 
and Orchidaceae (150 species) [29]. In these zones, Monterrey pine (Pinus radiata) was 
planted for timber production, without any prior clearing or burning of the existing veg-
etation. All plantations are currently abandoned without pruning or thinning. The slope 
of the four pine plantations were locally irregular, ranging from 10 to 50 degrees. Trees 
were planted with spacing of about 3 m in all directions. 
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Figure 1. Location of the study zones with both land uses, pine plantations and grasslands. Coordi-
nates system: World geodetic system 84 (degrees and minutes). (Ant = Antisana, Caj = Cajas, Tis = 
Tisaleo, Cot = Cotopaxi, G = Grassland and P = pine plantation). 

Table 1. Climate, soil and stand characteristics of the four study zones. 

Environmental Variables Antisana Cajas Tisaleo Cotopaxi 
Mean annual temperature (°C) [50–53] 8.3 10 * 10 * 11 * 

Mean annual rainfall (mm) [52,53] 900 1200* 900 * 1110 * 
Mean altitude in grasslands (m a.s.l.) 3739 3734 3858 3695 

Mean altitude in pine plantations (m a.s.l.) 3556 3699 3874 3740 
Age of pine plantation 8 16 41 53 

Pine tree cover (%) 75 86 66 47 
Basal area of pine trees (m2/ha) 17 10.5 26 29.5 
Mean height of pine trees (m) 8 15 15 18 

pH H2O under grassland and pine  
plantation (10–30 cm depth) + 5.8–6.2 6.2–6.4 6.1–5.7 6.2–5.6 

Mean slope of grasslands and pine plantation 
plots + 

15.8–19.1 26.1–30.1 14.4–14.7 27.7–27.6 

Slope of grasslands and pine plantation plots S–SW NE–SE SE–SE N–N 
* These climate data come from the closest meteorological station, which is located at about 2 km 
from the study zone and is lower in altitude (about 400 m less). + No statistical differences were 
found between grasslands and pine plantations. 

We have chosen four zones in very similar ecological conditions, the main difference 
between them being the age of the pine plantation. Each pine plantation is located less 
than 1 km from their correspondent grassland. The youngest plantation is located in 
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Antisana (8 years old), while the oldest is in Cotopaxi (53 years old); the plantations in 
Cajas (16 years old) and Tisaleo (41 years old) have intermediate ages. In these plantations, 
basal area increased with age to reach a maximum around 30 m²/ha, while the canopy 
cover strongly increased during the first 15–20 years before progressively declining due 
to self-thinning and reduction of the crown-to-stem diameter ratio (Supplementary Figure 
S1, Table 1). Land use history is similar in the four study zones, always linked to livestock 
activities with small differences in intensity and frequency. Currently, our study zones 
are protected by the government or landowners. 

2.2. Experimental Design and Data Collection 
Vegetation surveys were carried out from July 2018 to December 2020. We estab-

lished paired sampling areas to compare the vegetation in native Páramo grasslands and 
under pine plantations. Nine plots of 10 × 10 m were established at least 50 m apart for 
each land use (pine plantation vs. grassland) in the four study zones. The plots were di-
vided into 2 × 2 m quadrats, among which six were randomly selected to perform the 
vegetation surveys [54,55]. In each quadrat, the cover estimation was made using a 10 by 
10 cm grid of 1 m². One sample of each species was taken for identification in the herbaria. 
Most vascular plants were identified to the species level, except for some young or grazed 
non-flowering individuals that were identified at the genus or family level. The average 
cover of mosses, fungi and lichens was also assessed [56]. 

In the pine plantations, pine tree cover was assessed at the four corners and in the 
center of each 10 × 10 m plot, using a convex spherical densiometer (Forestry Suppliers, 
Model A, Rockledge, FL, USA) [57], and their average was used for the analyses. The basal 
area was obtained based on the diameter at breast height of all trees in the plot. 

2.3. Data Analysis 
Plant life forms were classified into five classes, adapted from the classification of 

Ramsay and Oxley [58]. Tussock or bunch grasses have erected tillers produced from 
dense culms at the soil surface. Cushions include soft mat cushions and hard, compact 
bolster plants, all of them profusely branched with short internodes. The acaulescent or 
basal rosettes have leaves attached to the same level, at or below ground level. Creeping 
and prostrate herbaceous species lack erect, leafy stems and possess stolon or rhizomes 
for vegetative reproduction. Upright and dwarf shrubs, or woody species, present thin 
and distinctly woody branches with thin bark. Species were also categorized as herba-
ceous or shrub species and according to their shade tolerance [59–62]. 

To evaluate the extent to which the two land uses (grassland vs. pine plantation) were 
characterized by distinct plant communities while taking the variations among study 
zones into account, canonical correspondence analysis (CCA), linear models (LM), gener-
alized nonlinear models (GNLM) and a phytosociological analysis (IndVal) were per-
formed. All statistical analyses were performed at a significance level of 95%, Bonferroni 
corrections were applied when multiple tests had been performed. 

For the CCA, the analysis was based on the cover of each plant species (active varia-
bles), while four environmental and stand properties known to influence plant commu-
nity were retained as illustrative variables: altitude, stand age, basal area and canopy 
cover. LMs were applied to the cover and richness (dependent variables) of the various 
plant types (mosses, herbs, shrubs, total) and of the different life forms of the herbaceous 
species (tussocks, cushions, rosettes, small herbs) to highlight the effects of the study zone, 
the land use and their interaction (independent variables); no variable was used as covar-
iable: 

plant type cover or richness = zone + land use + zone × Land use  (1)

BoxCox transformations were used for all cover variables since they did not follow a 
normal distribution. Contrast analyses were then applied for evaluating differences be-
tween land uses within study zones. As pine cover present a major role in explaining the 
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effects of pine plantations on moss, herbaceous and shrub cover and richness, the quanti-
tative relationships between their cover/richness and pine cover was analyzed by means 
of GNLMs (k represents the parameters of the exponential function): 

plant type cover or richness ~ k1 + k2 exp (k3 pine cover) (2)

From a taxonomic perspective, a statistical phytosociological analysis was performed 
based on life forms and shade tolerance of plant species. For this statistical analysis, plant 
cover values were transformed in numeric coefficients using the van der Maarel transfor-
mation [63]. To characterize the plant species community in each zone and land use, indi-
cator species were identified according to the method IndVal [64]. An indicator species is 
mostly found in a single group of the typology (specificity) and is present in the majority 
of the sites belonging to this group (fidelity). 

Data treatment was achieved using R program (version 4.0.3, R Core Team, Vienna, 
Austria) and several of its packages: “vegan” for the CCA, “stats” for the LMs, “MASS” 
for BoxCox transformation when the variables did not show normality, “contrast” to de-
tect differences between land uses within zones, “nlme” and “nlraa” for GNLM and fig-
ures and “indicspecies” to apply IndVal and identify the indicator species. 

3. Results 
A total of 168 species belonging to 95 genera and 41 families were found in our four 

study zones on grasslands and under pine plantations, 14 families were represented by 
only one species and 14 species were found only in one quadrat. Asteraceae (42 species) 
and Poaceae (10 species) were the most represented families, followed by Rosaceae (9 spe-
cies) and Apiaceae and Cyperaceae, both with 8 species. A total of 118 species were found 
under the four pine plantations and 48 were exclusive of them. In grasslands, a total of 
119 species were found with 49 species specific to this land use. 

3.1. Multivariate Analysis (CCA) Illustrating Pine Plantation Effects on Plant Community 
In the plane formed by the first two axes of the CCA explaining 66% (total inertia: 

9.18, constrained inertia: 2.07) of the variability, grassland plots were grouped together 
close to the origin of the axes, while pine plantation plots were well discriminated by zone. 
Plots in Antisana and Cajas grasslands were placed together due to their similar species 
composition dominated by Calamagrostis intermedia (J. Presl) Steud. Tisaleo and Cotopaxi 
grassland plots were slightly apart mainly due to lower cover of C. intermedia (37% and 
28%, respectively) and presence of shrubs in Tisaleo and Puya hamata L.B. Sm. and Corta-
deria jubata (Lem.) Stapf. in Cotopaxi. Pine plantation plots were grouped by zone and the 
zones were placed relative to each other in such a way that a trajectory reflecting the age 
of the pine plantation appeared. The plots in the oldest plantation located in Cotopaxi 
were the closest to the grassland plots (Figure 2). 
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Figure 2. Canonical correspondence analysis of grasslands and pine plantations in Ecuadorian Pár-
amo. CCA to discriminate the study zones and the land-use types based on plant species abundance. 
The red ellipse encompasses the grassland plots. The red line ending with an arrow shows the in-
creasing age of pine stands. Ant = Antisana, Caj = Cajas, Tis = Tisaleo, Cot = Cotopaxi, BA = basal 
zone, CC = pine canopy cover, Alt = altitude and Age = stand age. Each black dot represents one 
plant species. Indicator species (Supplementary Table S1): Pe. sp.: Peperomia sp., L. pub = Lupinus 
pubescens, R. vul = Rhynchospora vulcanica, Ox. pha = Oxalis phaeotricha, G. man = Geranium manicula-
tum, Gu. mag = Gunnera magellanica, P. lin = Plantago linearis, Ga. hyp = Galium hypocarpium, Co. spp 
= Cortaderia nitida and C. jubata, M. cra = Monnina crassifolia, V. flo = Vaccinum floribundum, Gyn. min 
= Gynoxys miniphylla, O. and = Oreomyrrhis andicola. 

3.2. Land Use and Zone Effects on Plant Cover and Species Richness 
The linear model including land use (grassland vs. pine plantation) and zone effects 

as well as their interaction explained 73% of the total plant cover variability. The pine 
plantation effect was significant (p < 0.001) and contributed the most to the variability 
(46%). Pine plantations reduced the total plant cover by 29.5% in Tisaleo and by 90.6% in 
Cajas, with an average reduction of 47.5% (Table 2). Moss cover varied mainly among 
study zones (26% of the variability) and its change under pine was on average not signif-
icant (Table 2). Only in Cotopaxi, moss cover was significantly reduced under pine (from 
17.3 to 8.6%). The woody species cover varied strongly among study zones (48% of the 
variability), while the effect of pine plantation was much more limited and restricted to 
Tisaleo and Cotopaxi. In these zones, woody species cover decreased by 10.3% and 18.8%, 
respectively (Table 2). For the herbaceous species, cover change under pine was signifi-
cant (p < 0.001) and explained most of the variability (39% for the land use effect + 21% for 
its interaction with the zone effect). A 40.1% decrease of herbaceous cover occurred under 
pine plantations compared to grasslands and this reduction was more pronounced in Ca-
jas (89.7%) than in the other study zones (16%–25.6%) (Table 2). 
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Table 2. Comparison of the plant composition and diversity among the four study zones (Antisana, Cajas, Tisaleo and Cotopaxi) and the land-use types (grasslands 
vs. pine plantations). 

 Antisana Cajas Tisaleo Cotopaxi Contribution 
to R2 

 
Change 
under 

Pine (%) 

 Grassland 
Pine Planta-

tion Grassland 
Pine Planta-

tion Grassland 
Pine Planta-

tion Grassland Pine Plantation ZoneLand Use 
Z × 
LU  

Location WGS 84  0°00′13″ S 
78°05′11″W  

0°07′1.2 S 
78°05′36″ W  

2°01′00″ S 
79°03′0.4″ W  

2°01′00″ S 
79°03′36″ W  

1°06′00″ S 
78°01′31″ W  

1°06′53″ S 
78°11′0.1″ W  

0°01′11″ S 
78°08′36″W 

0°10′12″S  
78°08′00″W  

    

Altitude  
(m a.s.l.) 

3740 3560 3735 3698 3858 3871 3695 3742     

Herbaceous height 
(cm) 

80 15 60 20 60 25 100 60     

Shrub height (cm) 50 20 140 40 100 50 120 40     
Plant cover (%)             

Total cover 101.5 ± 3.3 66.3 ± 39.72 94.0 ± 4.7 3.4 ± 3.4 *** 85.0 ± 23.5 55.5 ± 21.3 ** 92.2 ± 19.1 57.4 ± 7.3 *** 0.14 0.46 0.13 −47.5 *** 
Moss cover 2.5 ± 1.2 1.7 ± 2.1 2.5 ± 1.7 10.5 ± 9.4 23.6 ± 14 9.9 ± 5.4 17.3 ± 15.2 8.6 ± 10.6 ** 0.26 0.03 0.13 −3.8 

Woody species 3.9 ± 2.1 4.3 ± 6.5 2.0 ± 1.7 1.1 ± 1.0 20.2 ± 12.0 9.9 ± 9.3 * 30.8 ± 9.7 12.0 ± 3.7 ** 0.48 0.10 0.11 −7.4 * 
Herbaceous 97.6 ± 2.6 62.0 ± 38.9 * 92.0 ± 5.0 2.3 ± 3.0 *** 64.8 ± 15.8 45.6 ± 15.4 * 61.4 ± 17.3 45.4 ± 5.9 0.15 0.39 0.21 −40.1 *** 

Tussocks 86.3 ± 5.4 13.1 ± 28.6 *** 83.1 ± 5.7 0.1 ± 0.3 *** 41.3 ± 13.7 0.5 ± 0.9 *** 39.9 ± 13 33.6 ± 5.8 0.10 0.57 0.20 −50.8 *** 
Cushions 2.2 ± 1.0 0.1 ± 0.3 * 1.6 ± 1.5 0.03 ± 0.05 8.6 ± 5.7 0.4 ± 1.1 *** 1.4 ± 1.6 0.0 0.21 0.24 0.17 −3.4 *** 
Rosettes 0.5 ± 0.3 0.04 ± 0.1 * 4.3 ± 2.2 0.9 ± 1.2 *** 0.8 ± 0.8 0.7 ± 0.4 11.3 ± 6.3 0.9 ± 1.2 *** 0.29 0.18 0.24 −3.6 *** 

Small herbs 8.6 ± 3.9 48.8 ± 42.8 3.0 ± 1.1 1.2 ± 2.0 14.1 ± 11.2 44.1 ± 14.9 *** 8.8 ± 3.8 10.9 ± 4.5 0.26 0.14 0.15 17.6 ** 
Light-demanding 

species cover 
89.7 ± 5.0 13.3 ± 28.5 *** 91.2 ± 5.3 1.1 ± 1.2 *** 51.9 ± 14.9 2.0 ± 1.9 *** 54 ± 18.2 34.5 ± 5.1 ** 0.07 0.67 0.14 −59.0 *** 

Shade-tolerant spe-
cies cover 

11.8 ± 5.5 53.2 ± 44.4 * 2.8 ± 1.7 2.4 ± 2.4 33.2 ± 14.3 56.1 ± 20.8 38.2 ± 12.1 23.8 ± 7.2 0.34 0.05 0.16 12.4 

Species richness             
Total 21.8 ± 1.6 13.8 ± 5.4 ** 29.7 ± 4.9 13.9 ± 5.7 *** 22.2 ± 6.3 13.9 ± 3.9 *** 21.9 ± 2.8 23.1 ± 2.8 0.10 0.32 0.20 −7.7 *** 

Herbaceous 17.7 ± 1.5 9.7 ± 3.5 *** 23.4 ± 5.8 8.3 ± 4.5 *** 17.2 ± 5.5 10.6 ± 3 ** 13.4 ± 2.3 13 ± 2.8 0.03 0.40 0.19 −7.5 *** 
Woody species 4.1 ± 0.6 4.1 ± 2.2 6.2 ± 2.3 5.6 ± 1.5 5.0 ± 1.0 3.3 ± 1.3 8.4 ± 1.5 10.0 ± 1.8 0.62 0.00 0.05 −0.2 

Z × LU: Interaction between zone and land use. Coordinates datum: World geodetic system (WGS) . Change under pine trees was taken from raw model and their 
significance was measured after BoxCox transformation for cover variables. Contrast analyses significance are presented in pine plantation columns. (Superscripts 
show significance p-value: * ≤0.05, ** ≤0.01, *** ≤0.001, the Bonferroni correction was applied to account for the fact that multiple tests were performed). 
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Among the life forms of the herbaceous species, the tussock cover (33.6%–86.3%) was 
strongly affected by pine plantation, with a reduction amounting to 50.8% on average (p 
< 0.001, R² = 0.57). The largest cover reduction was registered in Cajas (83%), while no 
change in tussock cover was detected in Cotopaxi (Table 2). Cushion cover ranged be-
tween 1.4% in Cotopaxi grasslands and 8.6% in Tisaleo grasslands and was reduced to 0% 
and 0.4%, respectively, under the pine plantations in the same zones (p < 0.001). The linear 
model explained 62% of cushion cover variability, with the largest contribution of the 
land-use effect (24%) followed by the zone effect (21%) and their interaction (17%). Rosette 
cover variability was well explained (R2 = 0.71) by the linear model. Rosette cover declined 
under pine in all zones except Tisaleo, where it was already quite low in the grasslands 
(0.8%). Compared to the other plant species, small herbs cover increased under pine, es-
pecially in Tisaleo (Table 2). The cover of light-demanding species was drastically reduced 
under pine in all zones (−59% on average, p < 0.001) but this effect was less pronounced in 
Cotopaxi (Table 2). Shade-tolerant species cover varied mainly among study zones (34% 
of the variability) and its increase under pine was significant only in Antisana (from 11.8 
to 53.2%). Total species richness was reduced significantly in all zones except in Cotopaxi. 
The loss of species (on average, 8 species) occurred in herbaceous species, while richness 
of woody species was not affected by pine plantations except in Cotopaxi where it in-
creased (Table 2). 

In Ecuadorian Páramo vegetation (grasslands), the dominant species was Cala-
magrostis intermedia, even if this dominance was less pronounced in Tisaleo and Cotopaxi 
(Appendix A). In these areas, some shrub species were also quite abundant: Disterigma 
empetrifolium (Kunth) Nied. and Baccharis caespitosa (Ruiz and Pav.) Pers. in Tisaleo and 
Puya hamata, Cortaderia jubata, Loricaria ilinissae (Benth.) Cuatrec and Diplostephium ericoides 
(Lam.) Cabrera in Cotopaxi. Pine plantations reduced Calamagrostis intermedia cover by 
21% to 84% in Cotopaxi and Antisana, respectively. In Antisana, it was mainly replaced 
by the small herbs plant species Lachemilla orbiculata (Ruiz and Pav.) Rydb and Agrostis 
breviculmis Hitchc. In Cajas, no species was clearly more abundant than any other under 
pines. In Tisaleo, the most abundant species under pines were Gunnera magellanica Lam., 
Sibthorpia repens (Mutis ex L.) Kuntze, Alchemilla hirta Rothm. and Aristeguietia sp. Finally, 
in Cotopaxi, Cortaderia jubata became the most abundant species under pines. Disterigma 
empetrifolium cover and Puya hamata cover were reduced almost completely under pines 
in the Tisaleo and Cotopaxi zone (Appendix A). 

Some species were considered as indicators of pine plantations in a given study area 
due to their exclusive presence there (specificity). Taraxacum campylodes G.E. Haglund, 
Margyricarpus pinnatus (Lam.) Kuntze, Oxalis lotoides Kunth, Arcytophyllum nitidum 
(Kunth) Schltdl., Calceolaria crenata Lam. and Calamagrostis ligulata (Kunth) Hitchc. were 
only recorded under the pine plantation in Antisana. Miconia salicifolia (Bonpl. ex Naudin) 
Naudin, Asplenium undetermined (sp.2), Asplenium fragans Sw. , Polypodium thyssanolepis A. 
Braun ex Klotzsch, Arcytophyllum filiforme (Ruiz and Pav.) Standl. and Cystopteris fragilis 
(L.) Bernh. were found only in the pine plantation of Cajas. Likewise, in Tisaleo, the spe-
cies Pteridium arachnoideum (Kaulf.) Maxon and Aristeguietia sp. were exclusively recorded 
in the pine plantation. Finally, Rubus nubigenus Kunth, Bomarea multiflora (L.f.) Mirb., Cy-
athea xenoxyla Lehnert, Ribes ecuadorense Jancz., Senecio tephrosioides Turcz., Solanum steno-
phyllum Dunal, Aristeguietia lamiifolia (Kunth) R.M.King and H.Rob. and Asplenium monan-
thes L. were exclusive species of the Cotopaxi pine plantation. 

A total of 16 endemic species were registered in this study, 10 in pine plantations and 
9 in grasslands, 3 species shared between both land uses. Among them, Ageratina den-
droides (Spreng.) R.M.King and H.Rob., Brachyotum jamesonii Triana. and Gentianella hys-
sopifolia (Kunth) Fabris are considered vulnerable. However, Halenia serpyllifolia J.S. Prin-
gle, Loricaria azuayensis Cuatrec. and Ribes lehmannii Jancz. are endangered, and Geranium 
antisanae R. Knuth is critically endangered according to the International Union for Con-
servation of Nature and natural resources (IUCN) [30]. The total cover of endemic species 
did not change significantly under pines. 
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3.3. Relationships between Pine Cover and Plant Cover/Richness 
Total plant cover first decreased slowly with pine cover (until 50%) and then dropped 

more sharply. The same pattern was observed for shrub and herbaceous species but the 
relationship between moss and pine cover was not significant, as well as that for shade-
tolerant species cover (Figure 3). Tussock cover (as well as that of light-demanding species 
cover) declined linearly with pine cover, while cushion and rosette species cover de-
creased exponentially with pine cover. The cover of small herbs increased with pine cover 
but progressively leveled off beyond 35% of pine cover. Total species richness first de-
clined slowly and progressively more sharply. The decline in herbaceous species richness 
was linear and no significant relationship was found for shrub species richness (Figure 3). 

 
Figure 3. Pine effects on plant cover (total, types of vegetation and life forms) and species richness. 
Formula for exponential or linear trend with their respective R2 and model p value are presented in 
each scatter plot. Color varies among study areas and therefore also reflects pine age. 

3.4. Indicator Species of the Study Zone and of the Pine Effect 
Zone effects—The indicator species determined by indicator value according IndVal 

in both land uses of Antisana were Geranium antisanae, Oreomyrrhis andicola (Kunth) Endl. 
ex Hook. f., Peperomia sp. and Lupinus pubescens Benth. In Cajas, Rhynchospora vulcani 
Boeckeler, Gynoxys miniphylla Cuatrec. and Oxalis phaeotricha Diels. were indicator species. 
Gunnera magellanica, Geranium maniculatum H.E. Moore and Plantago linearis Kunth. were 
indicator species of Tisaleo. In Cotopaxi, Cortaderia jubata, Cortaderia nitida Pilg., Vaccinium 
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floribundum Kunth, Monnina crassifolia (Bonpl.) Kunth, Galium hypocarpium (L.) Endl. ex 
Griseb. and Carex polystachya Sw. ex Wahlenb. were identified as indicators and were pre-
sent in both land uses (Figure 1, Appendix A, Supplementary Table S1). 

Pine effects—The indicator species in the understory of the pine plantation depended 
on stand age. Indicator species under pines in Antisana (youngest plantation) were 
Lachemilla orbiculata, Margyricarpus pinnatus, Agrostis breviculmis and Taraxacum cam-
pylodes, all of which are shade-tolerant species. In Cajas (higher canopy), the indicator spe-
cies under pines were two Melastomataceae shrub species, Brachyotum jamesonii and Mico-
nia salicifolia, species common in subPáramo. Indicator species under pine plantations in 
Tisaleo were Sibthorpia repens (Mutis ex L.) Kuntze, Pteridium arachnoideum and Asplenium 
cuspidatum Lam., shade-tolerant herbaceous species. In the older Cotopaxi plantation, the 
indicator species comprised Rubus coriaceus Poir. and Rubus nubigenus, Ribes ecuadorense 
and Bomarea multiflora, naturally abundant in subPáramo and high montane forests, also 
shade-tolerant species (Appendix A, Supplementary Table S1). 

4. Discussion 
4.1. What is the Impact of Pine Plantations on the Cover and Diversity of Understory Species? 

Our results indicate that pine plantations affect the Páramo vegetation by strongly 
reducing the cover and diversity of herbaceous species, mainly light-demanding and tus-
sock species such as Calamagrostis intermedia. Compared to tussocks, cushions and rosettes 
have a much more limited cover in the Páramo grasslands (0.5%–11.3%). These two her-
baceous life forms are, however, also negatively impacted by the presence of pine trees. 
In contrast, the abundance of small herbs substantially increases under pine. Shrub abun-
dance declines in the understory of pine plantations while their species richness remains 
similar compared to the grasslands. Regarding moss cover, no significant effect of pine 
was detected. 

Results reported by several authors [29,43,45] coincide with our study regarding the 
reduction of tussock and light-demanding species, as well as the increase in the cover of 
small herbs species, which are normally scarce in the natural grassland. Lower cover val-
ues of Calamagrostis intermedia are associated with forested areas with intermediate or 
dense canopy that partly prevents light transmission to the understory. Furthermore, 
Gloser et al. [65] and Gloser and Gloser [44] found that Calamagrostis epigejos (L.) Roth 
shows lower growth in controlled shaded environments. 

When the canopy closes, light conditions in the understory are reduced, which ex-
plains the decline in light-demanding species, as reported for New Zealand Pinus radiata 
plantations by Brockerhoff et al. [46], who found a reduction in adventive and indigenous 
(herbaceous and shrubs) plant cover under pine. Likewise, Quiroz-Dahik et al. [45] aimed 
at assessing differences in natural succession between pine plantations and grasslands in 
the Ecuadorian southern Páramo and found a lower cover of light-demanding species in 
the understory of pine plantations. 

Trees provide protection from high solar radiation, strong winds and night frosts, 
which can facilitate the colonization of species from subPáramo [27,66]. This was obvious 
in our results, where cover of common upper montane forest and subPáramo species 
(mainly shrubs) as Aristeguietia sp., Brachyotum ledifolium (Desr.) Triana, Rubus coriaceus 
and Rubus nubigenus were higher under pine than in grasslands. These species have wide 
altitudinal distribution [67], and were registered in other studies as being common in up-
per montane forest or subPáramo but rarer in natural Páramo grasslands [56,68,69]. In the 
same way, Van Wesenbeeck et al. [42] also found small differences between plots with 
low canopy of pine trees and subPáramo plots. Thus, tree protection against climate con-
straints can explain the presence of these species in our study plantations [30,48,70]. 

Pine plantations showed no clear effects on endemic or threatened species, due to the 
scarcity of such species. Given the random distribution and scarcity of these species, it is 
impossible to say whether these differences between land uses were obtained by chance 
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or resulted from real effects of pines. For this reason, we cannot provide a clear response 
regarding the influence of pine plantations on endemic and endangered species. 

4.2. Does the Zone/Age Influence the Pine Plantation Impact on Páramo Vegetation? 
The pine plantation effects on Páramo vegetation differed from one study zone to 

another, which was reflected by the interaction term of the linear model (land use x study 
zone, Table 2). The main factor explaining the differences between zones was canopy 
cover (Figure 3), depending on stand age, but also on climate conditions changing with 
altitude. At the plantation time, the canopy is quite open but closes as pines grow. In these 
pine plantations, basal area was lower than expected, and tree mortality was due to not 
only self-thinning but also the climate conditions, which are not suitable for tree growth 
above 3600 m. The canopy cover of pine plantations tended to decrease with age but was 
also influenced by altitude. Growing conditions were better in the Antisana plantation 
located at 3556 m than in the other zones, which ranged from 3699 to 3874 m. 

The pine effect was therefore more pronounced in the young and dense plantations 
of Antisana and Cajas than in the old and open pine stand in Cotopaxi, whose understory 
vegetation was more similar to that of grasslands (Table 2, Figure 2). In the dense young 
plantations, the cover of the light-demanding and tussock species largely decreased, fa-
voring an increase in shade-tolerant species, except in Cajas. Under the canopy of the old-
est pine plantation in Cotopaxi, shade-tolerant species were interspersed with light-de-
manding species, and this mixture resulted in a high number of native species, as reported 
in other studies [27,45,71–73]. Open canopy allowed cohabitation of light-demanding spe-
cies and shade-tolerant species, this increased the species richness and total plant cover. 

A decrease in the cover of the most dominant species, Calamagrostis intermedia, was 
registered in our four zones under pines (Appendix A). In Cajas, where the pine cover is 
the highest, Calamagrostis intermedia disappeared without being replaced by other species, 
while it was replaced by more shade-tolerant species of other life forms, Lachemilla orbic-
ulata and Agrostis breviculmis in Antisana and Gunnera magellanica and Sibthorpia repens in 
Tisaleo, and by other tussock species less light-demanding, Cortaderia spp. and Carex pol-
ystachya in Cotopaxi. Similarly, Matson and Bart [74] also observed an increased abun-
dance of Cortaderia nitida in response to expanding shrub cover in a protected area of the 
Zuleta Páramo. Such substitutions were also noticed by Grubbs et al. [75], who described 
changes in the structure and life forms of the vegetation in a higher zone of the Páramo in 
Antisana as a result of human activities. 

The contrasting vegetation composition between our study zones reflected differ-
ences due to land-use history and induces variations in the pine effects on Páramo vege-
tation. Grazing intensity and grassland degradation probably were higher in Antisana 
than in other zones, because sheep grazing occurred there and has severe impacts on veg-
etation since sheep consumed both the above- and below-ground parts of the herbaceous 
species growing between the less palatable Calamagrostis tussocks [76]. Due to grazing, in 
Antisana and Tisaleo grasslands, Calamagrostis intermedia was partly replaced by stolonif-
erous ground-covering herbs, such as Lachemilla orbiculata or Gunnera magellanica and by 
short grasses, such as Agrostis breviculmis (only in Antisana), which are typical species of 
grazed Páramo [40,76,77]. These changes in Páramo vegetation due to land-use history 
were still exacerbated under pines. 

5. Conclusions 
Our results showed that pine afforestation effects on Páramo vegetation depend 

mainly on the canopy cover and secondarily on the vegetation composition at the time of 
planting. After plantation, pine growth induces a closing of the canopy in 15 years which 
strongly reduces light reaching the understory and affects light-demanding herbaceous 
species. Then, canopy cover is progressively reduced due to tree mortality and to the fact 
that the crown-to-stem diameter decreases with age. This high mortality rate is probably 
due to the harsh climate conditions at altitudes above 3600 m. In the oldest and more open 
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pine plantation (more light availability), the abundance and composition of the Páramo 
vegetation is more similar to the grassland vegetation than in the pine plantations of the 
other study zones. We recommend heavy thinning operations in existing pine plantations 
to maintain good light conditions in the understory and favor its development. Where 
native species have disappeared, an active restoration technique can be used to re-intro-
duce these species after canopy opening by tree removal. As the light conditions improve 
with stand age, long rotation and/or continuous forestry should be preferred, which will 
also limit soil and vegetation disturbances. As pioneer tree species, pines create microcli-
mate conditions that could be favorable to the growth of native woody species present in 
the native mountain forests below 3600 m. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/article/10.3390/w14182890/s1. Figure S1: Relationship between pine canopy cover 
and basal area. Table S1. Phytosociological table. 
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Appendix A 

Table A1. Plant cover (%) of species in Páramo grasslands and under pine plantations in Antisana, 
Cajas, Tisaleo and Cotopaxi. 

  Antisana Cajas Tisaleo Cotopaxi Shade Life 

Family Species 
Grass-
lands 

Pin
e 

Grass-
lands Pine 

Grass-
lands Pine 

Grass-
lands Pine 

Toler-
ance Form 

Poaceae 
Calamagrostis interme-

dia 86.3 1.9 83.7 0.1 37.3 0.2 28.4 6.7 LD T 

Rosaceae Lachemilla orbiculata 1.9 42.9 <0.1 0.2 3.4 5 0.9 0.5 ST H 
Poaceae Cortaderia jubata       7.8 18.3 LD T 

Gunneraceae Gunnera magellanica     4.9 14.4   ST H 
Plantaginaceae Sibthorpia repens   <0.1 <0.1  12   ST H 

Poaceae Agrostis breviculmis <0.1 11       LD T 
Bromeliaceae Puya hamata      <0.1 10.7 0.2 LD R 

Ericaceae 
Disterigma empetrifo-

lium 0.3  0.6 0.1 8.9 0.1   ST S 

Rosaceae Alchemilla hirta   0.2 0.1 2.9 8.8   ST H 
Asteraceae Baccharis caespitosa   <0.1  7.8    LD C 
Asteraceae Loricaria ilinissae     0.4  7.5  ST S 

Asteraceae Diplostephium eri-
coides e 

      6.3  ST S 

Ericaceae Gaultheria myrsinoides 0.7  <0.1 <0.1 4.3 1.4 5.4 0.3 ST S 
Poaceae Cortaderia nitida       2.2 5.3 LD T 

Hypericaceae Hypericum laricifolium 0.1 0.1   2.5  4.3 <0.1 ST S 
Asteraceae Aristeguietia sp.      4.1   ST S 

Caprifoliaceae Valeriana microphylla 2.7  0.5  3.7 2.4 0.1 0.1 ST S 

Ericaceae 
Vaccinium floribun-

dum 
  <0.1   0.1 3.6 1.3 ST S 

Poaceae 
Paspalum bonplandi-

anum 
  3.4 0.1     LD T 

Cyperaceae Carex polystachya       1.5 3.3 LD T 
Geraniaceae Geranium reptans 2.9 3 0.1 <0.1   0.4 0.6 ST H 
Asteraceae Werneria nubigena 0.2  2.8 0.1   0.2  LD R 

Poaceae Cortaderia sericantha     2.8    LD T 

Lycopodiaceae 
Lycopodium magellan-

icum 
      2.8  ST H 

Asteraceae Senecio tephrosioides        2.5 ST H 
Rubiaceae Galium hypocarpium   <0.1 <0.1   0.3 2.4 ST H 
Asteraceae Baccharis teindalensis       2.4 <0.1 ST S 
Melasto-
mataceae Brachyotum ledifolium       0.1 2.2 ST S 

Rubiaceae 
Arcytophyllum ni-

tidum 
 2.1       ST S 

Geraniaceae Geranium manicula-
tum 

  <0.1  0.9 2.1   ST H 

Rosaceae Rubus coriaceus    0.2    2 ST S 
Rosaceae Rubus nubigenus        1.8 ST S 
Rubiaceae Nertera granadensis 0.4 0.1 0.2     1.8 ST H 

Rosaceae 
Margyricarpus pinna-

tus 
 1.8       ST S 
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Geraniaceae Geranium antisanaee 1.4 1.7       ST H 
Apiaceae Azorella biloba   1.5      LD C 
Apiaceae Azorella pedunculata 1.4 0.1 0.2  0.6  1.4  LD C 

Cyatheaceae Cyathea xenoxyla        1.4 ST S 
Rosaceae Polylepis sp.  <0.1    1.3   ST S 

Lycopodiaceae Lycopodium clavatum 0.1      1.2  ST H 

Gentianaceae Gentianella cerasti-
oides 

    0.1 <0.1 1.2  LD H 

Solanaceae Solanum stenophyllum        1 ST S 
Cyperaceae Carex sp.1     1 0.3   LD T 

Lycopodiaceae Phlegmariurus crassus     0.3 <0.1 1  ST H 
Alstroemeria-

ceae 
Bomarea multiflora        0.9 ST H 

Asteraceae Aristeguietia lamiifolia        0.8 ST S 

Caprifoliaceae 
Aretiastrum aretioides 

e 0.8        LD C 

Poaceae Bromus lanatus   0.7 <0.1  0.4   LD H 
Dryopterida-

ceae 
Elaphoglossum engelii       0.7 0.2 ST H 

Araliaceae Hydrocotyle bonplandii 0.6 0.2  <0.1  0.7  0.1 ST H 
Rosaceae Acaena ovalifolia      0.2  0.7 ST H 
Rosaceae Lachemilla hispidula     <0.1 0.6   ST H 

Grossulariaceae Ribes lehmannii e    <0.1  0.6   ST S 
Cyperaceae Rhynchospora vulcani   0.6 0.5    <0.1 LD R 
Cyperaceae Carex sp. 2   0.5      LD T 
Asteraceae Senecio sp. 0.5        ST H 
Asteraceae Galinsoga parviflora  <0.1  0.5     ST H 
Apiaceae Eryngium humile <0.1  0.5  0.1    LD R 

Caryophyl-
laceae Arenaria serpyllifolia    0.1  0.1 <0.1 0.5 ST H 

Lamiaceae Clinopodium nubi-
genum 

  0.5  0.3 0.2   LD H 

Asteraceae Hieracium frigidum   <0.1 <0.1   0.5 <0.1 ST R 
Piperaceae Peperomia sp. 0.1 0.5       ST H 

Lycopodiaceae 
Austrolycopodium 

magellanicum 
  0.4  <0.1 0.4   LD H 

Berberidaceae Berberis rigida  0.1  0.1   0.4 0.2 ST S 
Geraniaceae Geranium sibbaldioides   0.4 <0.1     ST H 
Cyperaceae Uncinia hamata   0.4     0.3 LD R 

Plantaginaceae Plantago rigida      0.4   LD C 
Melasto-
mataceae Brachyotum jamesoniie   0.1 0.4     ST S 

Grossulariaceae Ribes ecuadorense        0.3 ST S 
Cyperaceae Uncinia tenuis 0.3 <0.1   0.3 <0.1   LD R 

Gentianaceae Halenia weddelliana     0.3 <0.1 0.1  LD H 
Asteraceae Taraxacum campylodes  0.3       ST H 
Caryophyl-

laceae 
Cerastium mollissi-

mum 
       0.3 ST H 

Dennstaed-
tiaceae 

Pteridium arach-
noideum 

     0.3   ST R 

Asteraceae Gynoxys buxifolia       0.3  LD S 
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Polygalaceae Monnina crassifolia       0.3 0.2 ST S 
Asteraceae Gamochaeta cf. humilis 0.3        LD H 
Asteraceae Bidens andicola     0.2    LD H 

Hypericaceae Hypericum lancioides     0.2    ST S 
Cyperaceae Rhynchospora sp.     0.2    LD R 

Unidentified Unknown 3   <0.1 0.2     ST R 
Apiaceae Azorella aretioides    <0.1 0.2    LD C 

Asteraceae Bidens pilosa        0.2 LD H 
Lamiaceae Salvia pichinchensis 0.2        LD S 
Asteraceae Gynoxys miniphylla e   0.2 <0.1     LD S 

Aspleniaceae Asplenium monanthes        0.2 ST R 
Melasto-
mataceae 

Miconia chionophila   0.2      ST S 

Blechnaceae Blechnum loxense     0.1 0.2   ST R 
Polypodiaceae Polypodium mindense e        0.2 ST H 

Asteraceae Diplostephium sp.   0.2  0.1    ST S 
Poaceae Calamagrostis ligulata  0.2       LD T 

Calceolariaceae Calceolaria crenata  0.2       ST S 
Plantaginaceae Plantago linearis     0.2 <0.1   LD T 

Asteraceae Ageratina dendroides e        0.2 ST S 
Hypericaceae Hypericum decandrum   0.2  <0.1    ST S 

Iridaceae 
Orthrosanthus chim-

boracensis 
  0.1  0.1    LD H 

Ranunculaceae Ranunculus praemor-
sus 

0.1     <0.1   LD H 

Asteraceae Pentacalia peruviana       0.1  LD S 
Aspleniaceae Unknown 2   <0.1 0.1     ST H 

Apiaceae Oreomyrrhis andicola 0.1 <0.1 <0.1      ST H 

Asteraceae 
Dorobaea pimpinelli-

folia <0.1      0.1 <0.1 LD H 

Geraniaceae Geranium multiparti-
tum 

    0.1    ST H 

Poaceae Agrostis sp. 1     0.1    LD H 

Rubiaceae Arcytophyllum fili-
forme 

   0.1     ST S 

Aspleniaceae Asplenium cuspidatum      0.1   ST R 
Asteraceae Gynoxys sp.   0.1 <0.1     LD S 

Blechnaceae Blechnum auratum        0.1 ST R 
Cyatheaceae Cyathea caracasana        0.1 ST S 
Asteraceae Gynoxys halliie        0.1 LD S 

Escalloniaceae Escallonia myrtilloides    0.1    <0.1 LD S 
Pteridaceae  Jamesonia alstonii     0.1    ST H 

Hypericaceae Hypericum aciculare   0.1      ST S 
Asteraceae Hypochaeris sessiliflora   0.1  0.1    ST R 
Rosaceae Lachemilla nivalis     0.1    LD H 

Bromeliaceae Puya clava-herculis   <0.1 0.1     LD R 
Asteraceae Monticalia myrsinites e   0.1  <0.1    LD S 
Asteraceae Loricaria azuayensis e    0.1     ST S 
Asteraceae Erigeron ecuadoriensis   0.1  <0.1    LD H 

Dryopterida-
ceae 

Polystichum orbicula-
tum 

  0.1      ST H 
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Melasto-
mataceae Brachyotum sp.     0.1 <0.1   ST S 

Melasto-
mataceae Miconia salicifolia    0.1     ST S 

Asteraceae Gamochaeta americana <0.1 <0.1 0.1      LD H 
Ophioglos-

saceae 
Ophioglossum crotalo-

phoroides 
      0.1 <0.1 LD H 

Poaceae Festuca andicola 0.1        LD T 
Rubiaceae Galium corymbosum 0.1        ST H 
Asteraceae Aphanactis ollgaardii e     <0.1    LD H 

Gentianaceae Halenia serpyllifolia e   <0.1      LD H 
Oxalidaceae Oxalis phaeotricha   <0.1 <0.1     LD H 
Dryopterida-

ceae Polystichum sp.      <0.1   ST H 

Fabaceae Trifolium pratense  <0.1 <0.1      ST H 

Gentianaceae 
Gentianella hyssopifo-

lia e 
  <0.1      ST H 

Polypodiaceae Polypodium 
thyssanolepis 

   <0.1     ST H 

Asteraceae Cronquistianthus 
pseudoriganoides e 

      <0.1 ST S 

Unidentified Unknown 5     <0.1    ST R 
Plantaginaceae Plantago australis <0.1  <0.1      LD H 

Asteraceae Monticalia arbutifolia      <0.1   LD S 
Asteraceae Baccharis genistelloides   <0.1      ST H 

Cystopterida-
ceae  

Cystopteris fragilis    <0.1    <0.1 ST H 

Dryopterida-
ceae 

Elaphoglossum 
mathewsii 

    <0.1    ST H 

Oxalidaceae Oxalis lotoides  <0.1       ST H 
Unidentified Unknown 4    <0.1     ST H 
Aspleniaceae Asplenium fragans    <0.1    <0.1 ST R 

Asteraceae Baccharis tricuneata   <0.1 <0.1     LD S 
Apiaceae Oreomyrrhis sp.     <0.1    ST H 

Dryopterida-
ceae 

Polystichum polyphyl-
lum 

      <0.1  ST H 

Fabaceae Lupinus microphyllus       <0.1  ST H 

Polygonaceae Muehlenbeckia tamni-
folia 

 <0.1       ST S 

Asteraceae Cotula mexicana   <0.1      LD H 

Asteraceae Gnaphalium dombey-
anum 

   <0.1     LD H 

Gentianaceae Gentiana sedifolia   <0.1  <0.1    LD H 

Ranunculaceae 
Ranunculus limosel-

loides 
    <0.1    LD H 

Cyperaceae Rhynchospora ruiziana        <0.1 LD R 
Aspleniaceae Asplenium sp.2    <0.1     ST H 

Asteraceae Achyrocline alata       <0.1  ST H 
Asteraceae Pluchea biformis        <0.1 ST H 

Unidentified Unknown 6    <0.1     ST H 
Ericaceae Disterigma sp. 1       <0.1  ST S 
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Fabaceae Lupinus pubescens <0.1 <0.1       ST S 

Aspleniaceae 
Asplenium polyphyl-

lum 
   <0.1     ST R 

Asteraceae Unknown 7    <0.1     ST R 
Apiaceae Daucus montanus         LD H 
Apiaceae Niphogeton dissecta         LD H 

Asteraceae Taraxacum sp. 1         ST H 
Unidentified Unknown 1         ST H 

Asteraceae 
Aristeguietia cf. gluti-

nosa 
        ST S 

Asteraceae Hypochaeris 
sonchoides e 

        ST R 

Asteraceae Ageratina sp.         ST S 
 Total cover (%) 101.5 66.3 99 3.4 85 56.5 92.2 57.4   

 Total species rich-
ness 

29 25 52 42 45 35 36 48   

LD: light-demanding, ST: shade-tolerant, S: shrub, T: tussock, C: cushion, R: rosette, H: small herbs, 
e = endemic species. 
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