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Six subtropical montane forest Kaunia spp. are remarkable for their superficial morphological similarity. We aim to 
explore different sources of data to clarify species delimitation in this complex of Kaunia. Morphological variation 
and environmental data of the species of the complex were assessed by using multivariate morphometric analy-
ses. We performed a species distribution modelling approach applying BIOMOD2. Morphological quantitative traits 
allowed discrimination of some species in the complex. These Kaunia spp. have statistically different potential distri-
butions, although some similarities between species in terms of climatic space were found. The species with the most 
similar climatic space were K. saltensis and K. lasiophthalma. The biogeographical context that could have affected 
the distribution of these two species is discussed. The results of our integrative study confirm the discrimination of 
three species, K. lasiophthalma, K. rufescens and K. saltensis, but the other three, K. arbuscularis, K. longipetiolata 
and K. uber, are here regarded as a single entity.

ADDITIONAL KEYWORDS:  montane forest – morphological traits – multivariate analyses – Oxylobinae – 
species complex – species distribution modelling (SDM).

INTRODUCTION

Kaunia is a small genus of 13 species in Eupatorieae, 
Asteraceae (King & Robinson, 1980; Jørgensen, Nee & 
Beck, 2010). Kaunia spp. are shrubs with showy cymose–
corymbose capitulescences; they are important ecological 
constituents of Andean subtropical montane forest and 
montane scrublands from north-western Argentina 
to Ecuador. Kaunia inhabits variable environments 

especially in the shrubby layer or often as elements of 
secondary forests (Liberman Cruz & Pedrotti, 2006). 
Kaunia spp. play a key role in Andean ecosystems by 
dominating or co-dominating specific vegetation units 
in the montane forest (Seibert, 1993; Liberman Cruz & 
Pedrotti, 2006).

Six subtropical montane forest species of Kaunia 
[K.  arbuscularis (B.L.Rob.) R.M.King & H.Rob., 
K.  lasiophthalma (Griseb.) R.M.King & H.Rob., 
K. longipetiolata (Sch.Bip. ex Rusby) R.M.King & 
H.Rob., K. rufescens (P.W.Lund ex DC.) R.M.King & 
H.Rob., K. saltensis (Hieron.) R.M.King & H.Rob. and *Corresponding author. E-mail: sancho@fcnym.unlp.edu.ar
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K. uber (B.L.Rob.) R.M.King & H.Rob.; see Appendix] 
are remarkable for their superficial morphological 
similarity (Hieronymus, 1897; Robinson & Holmes, 
2008; Novara, 2009). From a molecular point of view, 
three species of this complex have been recovered 
as monophyletic (K. rufescens, K. lasiophthalma and 
K.  saltensis; Rivera et al., 2016). The sampling of 
Kaunia, however, was scarce and low.

The six species of the complex, although somewhat 
overlapping, show a continuous distribution along a 
latitudinal gradient of subtropical montane forest from 
Ecuador to Argentina. In the Andes, as in other regions 
worldwide, disentangling species delimitation has 
implications in defining species richness, conservancy 
strategies and elucidating the biogeographical history 
of the ecosystem component units. On the other 
hand, some recent studies have explored the role of 
climatic niche attributes in species diversification 
(e.g. Kozak & Wiens, 2010; Schnitzler et al., 2012; 
Kostikova, Salamin & Pearman, 2014). Studying the 
environmental conditions affecting the distribution of 
Kaunia spp. and the variation in morphological traits 
could provide an integrative approach to help in species 
delimitation. In addition, these studies could provide 
the first knowledge of the spatio-temporal paths of 
diversification of Kaunia in the Andes.

As suggested by Blundo et al. (2012) and Malizia et al. 
(2012), to understand the environmental conditions 
affecting the distribution of Kaunia and other species in 
the Andean montane forest, latitudinal and elevational 
gradients and regional environmental factors in the 
Andes need to be considered. A species with a wide 
latitudinal range of distribution (from Bolivia to 
Ecuador) in this complex, K. longipetiolata, has been 
treated either as a polymorphic species (Robinson & 
Holmes, 2008) or as three different, more geographically 
restricted species (King & Robinson, 1980; Hind, 2011). 
Indeed, the confusing circumscription of this species 
led to misinterpretations of its distributional range 
with the consequent regional and taxonomic biases 
in the diversity estimates (Brako & Zarucchi, 1993; 
Jørgensen & León-Yáñez, 1999; Robinson & Holmes, 
2008; Jørgensen et al., 2010).

Elevational gradient also appears to influence the 
distribution of some species in this complex of Kaunia 
(Blundo et al., 2012; Malizia et al. 2012). In the Andes 
of Argentina, for instance, Kaunia spp., although found 
throughout almost the whole elevational gradient of 
subtropical forest, apparently prefer environments 
1600–2100 m a.s.l. (Blundo et al., 2012; Malizia et al., 
2012). Elevational gradients in the Andes and the 
changing environmental conditions are crucial in the 
definition of vegetation types and its constituents. 
According to Malizia, Blundo & Pacheco (2006) and 
Malizia et al. (2012), elevation has dramatic effects 
on vegetation types of the subtropical montane forest, 

including shifts in species richness, tree height and 
tree top surface. Additionally, regional environmental 
factors, such as climate, also vary along sites in the 
montane forest and may also be significant for its 
species composition (Blundo et al., 2012), probably 
impacting on the distribution of Kaunia.

From the preliminary evidence, a context of 
morphologically similar traits and somewhat 
overlapping distributional patterns obscures the 
species distinction in this Andean complex of six Kaunia 
spp. We aim to explore different sources of data to 
clarify species delimitation in this complex. To this end, 
morphological and environmental data of the species 
of the complex were assessed using multivariate and 
species distribution modelling (SDM) approaches.

We expect that climatic niche and quantitative 
characters allow the identification of morphologically 
similar Andean Kaunia spp. Otherwise, only one 
species rather than six may be considered. We 
hypothesize that the species in this complex of Kaunia 
have different climatic niches, which may have acted 
in promoting its diversification.

MATERIAL AND METHODS

Morphometric analyses

Plant material and morphological characters
A complex of six morphologically similar Kaunia spp. 
was selected for this study. In total, 229 herbarium 
specimens from CORD, CTES, F, GH, LP, LPB, MO and 
NY (abbreviations from Thiers, 2013) were examined 
and from which 75 were selected and measured for 
their inclusion in the statistical analyses (Appendix). 
Thirty-one vegetative and floral characters were 
investigated (Table 1), including those regarded here 
to be reliable for the identification of species and those 
known to be diagnostic in Kaunia (De Candolle, 1836; 
Grisebach, 1874; Hieronymus, 1897; Rusby, 1893; 
Robinson, 1920; Cabrera, 1978; Cabrera & Klein, 1989; 
Ariza Espinar, 1994; Vega & Dematteis, 2008; Novara, 
2009). Invariant and nearly invariant characters were 
excluded from the analyses. Twenty-seven characters 
were used in the final analyses (Table 1).

When the availability of specimens made it possible, 
replicates of three measurements for each character 
were obtained and the average was used in the ensuing 
statistical analyses.

Statistical analyses
Statistical analyses were performed using PAST v.3.06 
(Hammer, Harper & Ryan, 2001) and XLSTAT v.2.01 
software (Addinsoft, Paris, France). We standardized 
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variables prior to all analyses with log10 transformation. 
The character value was transformed through the 
addition of a constant value of 1 to ensure positive 
values for all characters.

Morphological variation within and among taxa was 
assessed first using univariate statistics (mean, SD, 
variance) and multivariate morphometric analyses 
[principal component analysis (PCA) and discriminant 
analysis (DA)].

To explore correlations and dependencies among 
characters, a pairwise Pearson correlation matrix was 

created. One trait of each pair with a correlation value 
> 0.6 was excluded. A preliminary matrix of 16 traits 
was used in all analyses. We performed PCA based on 
a variance–covariance matrix and the results were 
plotted in two-dimensional scatter plots.

DA of quantitative morphological variables was 
used to determine statistically significant differences 
among a priori groups (the six Kaunia spp.). Wilk’s 
lambda, Pillai’s trace and Hotelling-Lawley trace tests 
for equality of group centroids were carried out based 
on Mahalanobis distances between coordinates in 

Table 1.  Table of morphological traits measured for the morphological analyses of Kaunia arbuscularis,  
K. lasiophthalma, K. longipetiolata, K. rufescens, K. saltensis and K. uber

Character Description

INTLEN15 # Internode length: measured at 15 cm of capitulescence base (cm)
INTLEN0 # Internode length: measured at capitulescence base (cm)
LEPELE15 # Petiole length: measured on leaves at 15 cm of capitulescence base (cm)
LEPELE0 # Petiole length: measured on leaves at the capitulescence base (cm)
LMTOL Length of leaf margin tooth: measured on an equatorial tooth (mm)
LMTOW Width of leaf margin tooth: measured on an equatorial tooth (mm)
NUMT/LL Number of teeth of leaf margin/leaf blade length (cm)
NUMTDT/LL Number of teeth of leaf margin (distal third)/leaf blade length (cm)
NUMTMT/LL Number of teeth of leaf margin (middle third/leaf blade length (cm)
NUMTPT/LL Number of teeth of leaf margin (proximal third)/leaf blade length (cm)
LMBLBFP Midvein length: measured between leaf base and the divergence point of the  

first pair of secondary veins (mm)
LMBLFPS Midvein length: measured between the divergence point of first pair of secondary  

veins and the divergence point of second pair of secondary veins (mm)
HPV/HM + Height of midvein/height of mesophyll: measured in cross-section
WL/ LL Leaf blade width: measured at its widest point/leaf blade length (cm)
LLBT Length of leaf blade: measured from the base to the widest point (cm)
WDT* Maximum leaf width (distal third) (cm)
CASHLS Area of abaxial leaf surface covered by simple trichomes (%): observations with  

a stereoscopic microscope (magnification 4×)
PGLH + Presence of glandular trichomes on abaxial leaf surface
CASHUS Area of adaxial leaf surface covered by simple trichomes (%): observations with  

a stereoscopic microscope (magnification 4×)
PUGH* Presence of glandular trichomes on adaxial leaf surface
CAGHP Area of phyllaries covered by glandular trichomes (%): observations with a  

stereoscopic microscope (magnification 4×)
LCAPT Capitulescence length (cm)
LFIC* Length of the capitulescence first internode (cm)
LEPED* Length of capitulum peduncle (mm)
NUMFLO* Number of florets per head
NUMPHY* Number of phyllaries per head
LEINV* Involucre height (mm)
LECOR* Corolla length (mm)
NGHPCL* Number of glandular trichomes per corolla lobe
NUMPBR* Number of pappus bristles
CYPLEN* Cypsela length (mm)

Traits indicated with a numeral (#) were not included in analyses because measurements were scarce. Traits with an asterisk (*) were not included in 
analyses because they were correlated with other traits. Traits with a plus (+) symbol were not included in analyses because they were not informative 
when K. saltensis was excluded.
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N-dimensional hyperspace and the F statistics on the 
distances (Cook, Semple & Baum, 2009).

Preliminary analyses (PCA and DA) showed all 
the specimens of K. saltensis as a clearly separated 
group respect to the other samples. To explore deeper 
distinction among the other species, we excluded 
the specimens of K. saltensis from a second round of 
analyses. When K. saltensis was excluded, two traits 
became invariant [presence of glandular trichomes 
on abaxial leaf surface (PGLH) and height of 
midvein/height of mesophyll (HPV/HM); Supporting 
Information, Appendix S1, Table S1], and thus they 
were excluded from the data matrix. The final analyses 
were carried out based on 60 specimens and 14 traits.

Species distribution and climate niche analysis

An SDM approach (Guisan & Zimmermann, 2000; 
Guisan & Thuiller, 2005; Araújo et al., 2013) was 
used to define the potential distribution and compare 
climatic space between the species of this Kaunia 
complex in South America. The BIOMOD2 package 
(Thuiller et al., 2016) in R (R Core Team, 2017) was 
used to develop the SDM framework. BIOMOD2 allows 
the user to run a set of different modelling techniques 
and to define an ensemble of model projections. The 
ensemble modelling approach allows us to deal 
with uncertainties related to SDM methodology, for 
example the sensibility of techniques to the definition 
of pseudo-absences (Lobo, Jiménez-Valverde & Hortal, 
2010) and the number of occurrences used (Hernandez 
et al., 2006). In our study, four techniques were selected 
to define the ensemble for current projection of Kaunia 
spp. in this complex: generalized linear model (GLM), 
generalized boosting model (GBM), random forest 
(RF) and maximum entropy (Maxent). The selected 
techniques represent the main two families of models 
(statistical and machine-learning methods) and 
showed good performance under different assessment 
of SDM techniques (Elith et al., 2006).

Occurrence data were obtained from specimens in 
nine herbaria (CORD, CTES, F, GH, LP, LPB, MO, NY, 
SI) completing a database of 229 records for the six 
species of the Kaunia complex. To obtain accurate and 
comparable SDM models, two species were excluded 
from the SDM analysis (K. arbuscularis, K. uber) 
because they have a low number of occurrences (<10), 
making it impossible to calibrate and project a reliable 
SDM model. The final selected species occurrences 
were filtered to avoid spatial autocorrelation using 
the rarefaction procedure present in SDMtools 
(Brown, 2014). This procedure allows us to deal 
with close distance effects between occurrences and 
spatial autocorrelation of variables. In Table 2 we 
show the total number of occurrences per species and 
the different selection procedures to define the final 
number of occurrences used with BIOMOD2.

Climatic variables for species distribution modelling 
were obtained from Worldclim (Hijmans et al., 2005). As 
a procedure for variable selection we apply a correlation 
pairwise analysis (Pearson’s product moment correlation 
coefficient) for all the 19 current bioclimatic variables 
for South America present in Worldclim, which are 
been widely used for plant distribution modelling. The 
results allow discrimination of those variables with high 
correlation (> 0.8) in the pairwise analysis. We obtained 
a final set of seven variables with low correlation to use 
in BIOMOD2: annual mean temperature, minimum 
temperature of the coldest month, temperature annual 
range, annual precipitation, precipitation of wettest 
month, precipitation of driest month and precipitation 
of warmest quarter.

Two repetitions and one pseudoabsence approach 
(10 000 random points around the whole study area) was 
carried out for each of the four techniques run under the 
BIOMOD2 framework, selecting a calibration set with 
the 20% of initial occurrences. Performance was tested 
using TSS (true skill statistics). A final binary ensemble 
was obtained using a TSS binary transformation for each 
full model of the four techniques. The binary ensemble 

Table 2.  Total number of records per species of Kaunia and selection procedures to define the final number of records 
used in the species distribution modelling (SDM)

Total number of 
records

Number of unique 
records

Records removed by  
rarefaction

Records used in 
modelling

K. arbuscularis* 5 5
K. lasiophthalma 104 83 11 72
K. longipetiolata 38 34 5 29
K. rufescens 26 26 4 22
K. saltensis 112 72 12 60
K. uber* 9 9
Total 294 229 32 183

*Species not modelled.
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for each species was used to establish climatically 
suitable areas in the climatic niche comparisons.

We follow the framework proposed by Broennimann 
et al. (2012) for niche analysis, calculating climatic 
niche overlaps between species and estimating 
similarity and identity indices. This framework allows 
the analysis of species–climate relationships using 
the availability of different environmental (climatic) 
variables within niche space. It has been used to 
explore niche dynamics, for example between native 
and invaded ranges (Liu et al., 2017), and to track 
climate change (Ralston et al., 2017).

RESULTS

Morphometric analyses

Univariate analysis
The means, SDs and ranges of the 27 traits initially 
scored were calculated for 75 specimens of Kaunia 
(Supporting Information, Appendix S1, Table S1). The 
ranges of variation in each trait overlap to such an 
extent that none of them can be used individually to 
provide reliable delimitation, with the exception of six 
characters (CAGHP, CASHLS, CASHUS, LMBLBFP, 
PGLH, PUGH), which clearly allow K. saltensis to be 
distinguished.

Principal component analysis
According to our results (in the analyses excluding 
K.  saltensis), in the scatter plot showing PC1 vs. 
PC2 (Fig. 1A) one group of specimens belonging to 
K.  lasiophthalma could be discriminated to some 
extent. The remaining specimens are distributed in 
one undifferentiated cloud, with the possible exception 
of some specimens of K. rufescens. Less resolution was 
obtained by comparing PC1 vs. PC3 (Fig. 1B). In the 
PCA of the data matrix excluding K. saltensis, the first 
three principal components (PCs) accounted for 66.8% of 
the total variance of the data (34.98, 16.43 and 15.39%, 
respectively) (Fig. 1A, B). In decreasing order, PC1 has 
the highest loadings for area of adaxial leaf surface 
covered by simple trichomes (CASHUS; eigenvector: 
0.73), area of abaxial leaf surface covered by simple 
trichomes (CASHLS; 0.54) and number of teeth of leaf 
margin/leaf blade length (NUMT/LL; −0.19). PC2 has 
the highest loadings for area of phyllaries covered by 
glandular trichomes (CAGHP; eigenvector: 0.82) and 
area of adaxial leaf surface covered by simple trichomes 
(CASHUS; −0.21). PC3 has the highest loadings for area 
of phyllaries covered by glandular trichomes (CAGHP; 
0.46), number of teeth of leaf margin/leaf blade length 
(NUMT/LL; 0.45) and area of adaxial leaf surface 
covered by simple trichomes (CASHUS; 0.39).

Discriminant analysis
The results of the DA more clearly discriminated 
groups of  specimens than those of  the PCA 
(K. lasiophthalma, K. rufescens, and another group 
with K. arbuscularis, K. longipetiolata and K. uber). 
As a first result of DA, the eigenvalue for the first 
canonical axis (14.09) accounted for 70.24% of the 
variation, the eigenvalue for the second (4.63) for 
23.08% of the variation (Fig. 1C) and the eigenvalue 
for the third (0.84) for 4.19% of the total dispersion of 
the specimens. The most discriminating characters for 
the first axis were, in decreasing order: area of adaxial 
leaf surface covered by simple trichomes (CASHUS; 
loading = 0.08), area of abaxial leaf surface covered 
by simple trichomes (CASHLS; 0.04) and area of 
phyllaries covered by glandular trichomes (CAGHP; 
−0.02). For the second axis, the most discriminant 
characters were area of abaxial leaf surface covered by 
simple trichomes (CASHLS; −0.11), midvein length: 
measured between the divergence point of the first 
pair of secondary veins and the divergence point of 
the second pair of secondary veins (LMBLFPS; −0.06), 
and area of adaxial leaf surface covered by simple 
trichomes (CASHUS; -0.05). For the third canonical 
axis the values were: leaf blade width: measured at 
its widest point/leaf blade length (WL/LL; 0.09) and 
area of phyllaries covered by glandular trichomes 
(CAGHP; 0.07). The probabilities for Wilk’s lambda 
[Value (v) = 0.004; F value (Fv) = 8.72; d.f. = 56], Pillai’s 
trace (v = 2.529; Fv = 5.405; d.f. = 56) and Hotelling-
Lawley trace (v = 19.763; Fv = 14.015, d.f. = 56) 
indicated significant differences at least between one 
group centroid and the others (P < 0.0001). F values 
based on Mahalanobis distances indicate significant 
differences between most pairs of group centroids 
(P < 0.0001). Separation between the group centroids 
of K. arbuscularis and K. uber were less well supported 
(P = 0.011).

Species distribution and climate niche analysis

Species distribution modelling
The results of the SDM approach are presented in 
Figure 2 where we show the final binary model obtained 
for the ensemble of modelling techniques carried out 
with BIOMOD2. The importance of climatic variables 
used for the definition of potential distributions 
models (Fig. 3, Supporting Information, Appendix S2, 
Fig. S1) reveals overall similar results, annual mean 
temperature being the most relevant variable, with 
the exception of K. longipetiolata for which minimum 
temperature of the coldest month was the most 
important. In K. rufescens, precipitation of the warmest 
quarter was relevant in indicating a difference with the 
other three species.
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Comparison of climatic spaces
Climatic spaces obtained from the final binary 
ensemble model were compared for the four species 
using the equivalence test, Schoener’s niche overlap 
index (D) and identity index (I) (Fig. 4 and Table 3). 
The first overall results show that the potential 
species distribution is statistically different because 
of the similarity simulations. The four species show 
geographically separated distributions, and thus the 
equivalence test is not statistically supported among 
all species, and this is finally reflected in the results for 
overlap and identity indices. The results indicate closer 
relationships in terms of climatic space similarity 
between K. lasiophthalma and K. saltensis (D: 0, 57, I: 
0, 68) and K. longipetiolata and K. saltensis (D: 0, 44, 
I: 0, 62). Finally, K. rufescens presents lower values for 
both indices in all the pairwise comparisons (Table 3, 
Supporting Information, Appendix S2, Fig. S2).

DISCUSSION

Our morphometric analyses provided clear identifica-
tion of K. saltensis, although discrimination of the other 
five species was less conclusive. Overall, our results 
showed that this Andean complex of Kaunia spp. has 
statistically different potential distributions, although 
some similarities between species in terms of climatic 
space were obtained. The results of our integrative 
study confirm the discrimination of three species 
(K.  lasiophthalma, K. rufescens and K.  saltensis), 
whereas K. arbuscularis, K. longipetiolata and K. uber 
are regarded here as a single entity. With the evidence 
obtained here, we discuss the biogeographical context 
that could have affected the distribution of these two 
species.

Morphometric analyses

From the six species in this Andean complex of 
Kaunia, K. saltensis was clearly discriminated in all 
morphometric analyses. Kaunia saltensis is a species 
of Andean forests from northern Argentina to central 
Bolivia and has distinguishing glabrous leaves and 
phyllaries. According to our analyses, leaf characters 
including type of trichomes and area covered by 
trichomes are significant for discrimination of groups 
in this complex. Unlike vegetative traits, most floral 
characters were insufficient for delimitation of the 
species. As an exception, glandular trichomes on 

phyllaries were important for grouping specimens, 
although they are lacking in K. saltensis. In this 
framework, in particular the glabrous leaves of 
K. saltensis are set apart from those of the other 
species of the complex, potentially explaining its clear 
distinction in the preliminary analyses.

Discrimination of the other five species of the 
complex was less conclusive. The DA results more 
clearly distinguished the groups than the PCA results. 
Together, the two analyses allowed the discrimination 
of K. lasiophthalma and, to a lesser extent, K. rufescens. 
The identification of the other three species of the 
complex (K. arbuscularis, K. longipetiolata and K. uber) 
was not supported. Previous authors (Robinson & 
Holmes, 2008) noted the similarity of these three 
species and sank two under K. longipetiolata.

Species distribution and climate niche of the 
Andean complex of Kaunia

The distribution of K. longipetiolata in Ecuador
According to our results, the climatic variables that most 
influenced the distributions of the Kaunia spp. were 
annual mean temperature together with minimum 
temperature of coldest month and precipitation of 
warmest quarter (Fig. 3, Supporting Information, 
Appendix S2, Fig. S1). Specifically for K. longipetiolata, 
minimum temperature of coldest month was the most 
important climatic variable. Low temperatures at high 
elevations are known to affect tree distribution and 
diversity towards the tree line (Stevens & Fox, 1991; 
Blundo et al., 2012). Low temperatures have been 
also indicated as a limiting factor for mountain forest, 
preventing recruitment outside of closed canopy forest 
for some tree species (Rehm & Feeley, 2015) or affecting 
tree cover (Greenberg et al., 2015). In certain areas 
of Bolivia, K. longipetiolata dominates a community 
marginal to alder (Alnus acuminata Kunth) forests 
(Seibert, 1993), 2700–3000 (3400)  m a.s.l. The 
importance of minimum temperature of coldest month 
in K. longipetiolata could be explained as a climatic 
control in the distribution related to elevation. Indeed, 
the low temperatures in the coldest month appear to 
have a high impact in K. longipetiolata, which is the 
only species of the genus with deciduous leaves during 
the coldest season.

The modelled potential distribution of K. longipetiolata 
extends its current distribution (from Argentina to 
Peru) northwards, suggesting suitable habitats in 
Ecuador. These results and those of our multivariate 

Figure 1.  Scattergrams for the principal coordinate (PCA) and discriminant (DA) analyses carried out on Andean Kaunia 
spp. A, first two components of the PCA (PC1 vs. PC2); B, first and third components of the PCA (PC1 vs. PC3); C, first and 
second canonical axis, from DA. In the four cases, the eigenvalues of each axis are provided in parentheses. Symbols: ♦, 
K. arbuscularis (orange); ▼, K. lasiophthalma (green); ■, K. longipetiolata (red); ●, K. rufescens (blue); ▲, K. uber (light blue).
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Figure 2.  Potential distribution models for the four analysed Andean Kaunia spp. Red areas show the final binary model 
obtained from the ensemble of techniques in BIOMOD2. Black dots represent the records used for modelling.
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analyses provide additional evidence for combining this 
species with K. uber (from Peru) and K. arbuscularis 
(endemic to Ecuador and northern Peru) as proposed 
by Robinson & Holmes (2008). These results shed light 
on the uncertainty on the variable accounts of diversity 
of Kaunia in Ecuador (e.g. Jørgensen & León-Yáñez, 
1999; Robinson & Holmes, 2008; Jørgensen et al., 2010), 
restricting it to only K. longipetiolata and K. pachanoi 
(B.L.Rob.) R.M.King & H.Rob., the latter a species out-
side the complex of morphologically similar species.

As shown in our SDM, Andean forests from Bolivia to 
Ecuador provide suitable habitats for K. longipetiolata. 
Along this distribution, the Amotape–Huancabamba 
zone, in northern Peru and southern Ecuador, is an 
area where physical and environmental conditions of 
the Andes change dramatically (Weigend, 2002). The 
Amotape–Huancabamba zone has often been indicated 
as a dividing line between the floras of the northern and 
central Andes (Vuilleumier, 1968; Prance, 1989) or, in 
other cases, as a broad overlap zone especially for low- 
and mid-elevation taxa (Weigend, 2002; Struwe et al., 
2009). In this area, K. longipetiolata inhabits secondary 
forest on the east side of the Andes at 1900–2200 m 
a.s.l. Based on our model, the Amotape–Huancabamba 

zone, instead of acting as a barrier, apparently allowed 
migration of K. longipetiolata.

In a historical biogeographical context, the 
diversification of Andean flora has been driven by a 
variety of processes (Luebert & Weigend, 2014). It could 
be that mountains played the role of a corridor for 
migration of some species (e.g. K. longipetiolata) along 
a latitudinal gradient, most probably after the last 
Andean uplift, when many other Asteraceae underwent 
high diversification (Luebert & Weigend, 2014).

The distribution of K. rufescens in Brazil
Apart from K. longipetiolata, annual mean temperature 
emerged as the most important variable to define the 
climatic niches of the modelled species. For K. rufescens, 
which occurs in the Andes and south-eastern Brazil, 
besides annual mean temperature, precipitation of 
the warmest quarter emerges as a relevant climatic 
variable, differentiating this species from the other 
three modelled here. The distinctiveness of K. rufescens 
observed when climatic spaces of the modelled species 
are compared might be due to the capacity of this species 
to live in environments different from those of the Andes.

Figure 3.  Importance of climatic variables used for the definition of potential distribution models of the analysed Kaunia 
spp. AMT, annual mean temperature; AP, annual precipitation; MTCM, minimum temperature of the coldest month; PDM, 
precipitation of driest month; PWM, precipitation of wettest month; PWQ, precipitation of warmest quarter; TAR, tempera-
ture annual range.

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/186/2/259/4825227 by guest on 14 August 2021



268  J. N. VIERA BARRETO ET AL.

© 2018 The Linnean Society of London, Botanical Journal of the Linnean Society, 2018, 186, 259–272

Many disjunct distributions between the Andes and 
eastern Brazil have been explained by a reduction 
of unfavourable habitats or the interposition of new 

patches of montane forest that allowed migration 
during the Quaternary (Simpson Vuilleumier, 1971; 
Safford, 2007; Michelangeli et al., 2013), and this could 

Table 3.  Pairwise comparisons results for Schoener’s overlap index (D) and identity index (I) for Kaunia species

K. lasiophthalma K. longipetiolata K. rufescens K. saltensis

D
K. lasiophthalma
K. longipetiolata 0.2247115
K. rufescens 0.0063773 0.0529206
K. saltensis 0.5708719 0.4403371 0.0065346
I
K. lasiophthalma
K. longipetiolata 0.4814474
K. rufescens 0.3016955 0.332981
K. saltensis 0.6847886 0.627598 0.3016902

Figure 4.  Climatic spaces of the four analysed Andean Kaunia spp. Grey scale shows the density of occupied area in cli-
matic space. Dotted and solid lines depict 50 and 75% of the climatic space, respectively, used by the species.
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be the case for K. rufescens. Instead, long-distance 
dispersal has been regarded as unlikely for this 
distributional pattern (Safford, 2007).

Distinctiveness of K. saltensis in the context of its 
similar climatic space with K. lasiophthalma
Two pair of species, K. longipetiolata and K. saltensis on 
the one hand, and K. lasiophthalma and K. saltensis on 
the other, were the pairs with the most similar climatic 
space according to our results. However, in nature, 
K. longipetiolata and K. saltensis do not have overlapping 
distributions and they do not substantially coincide 
in their SDMs. The situation with K. lasiophthalma 
and K. saltensis differs, as they coexist in part of their 
distributional range but show, at the same time, an 
elevational gradient. Indeed, in the Andean subtropical 
forest of north-western Argentina, the presence of 
K. lasiophthalma and K. saltensis is related to the 
elevational gradient (Blundo et al., 2012). Kaunia 
saltensis is found in dry and cloud forest, across a wide 
elevational gradient (400–2300 m a.s.l.), although it is 
more abundant in the upper cloud montane forest (1600–
2000 m a.s.l.). In contrast, K. lasiophthalma is found in the 
lower cloud montane forest (900–1600 m a.s.l.), where it 
is most abundant. Kaunia saltensis and K. lasiophthalma 
also coexist in some environments (Brown & Malizia, 
2007). In terms of phenology, these species have different 
flowering periods, K. lasiophthalma blooming during late 
winter and K. saltensis blooming during summer.

According to Lomolino (2001), the extant patterns 
of diversity along elevational gradients may, to some 
degree, represent historical legacies of past climates, 
and therefore some consideration of the historical 
biogeographical context that could have affected the 
distribution of K. saltensis and K. lasiophthalma can 
be explored. Kaunia is probably a recently diversified 
genus as indeed are Eupatorieae (c. 12 Mya; Schmidt 
& Schilling, 2000; Tippery et al., 2014; Schilling et al., 
2015). Moreover, other members of the family have 
shown high diversification in the Andes during the 
Quaternary or at the earliest in the early Pliocene 
(Luebert & Weigend, 2014, and references therein). For a 
variety of other plant families, in addition, many studies 
have highlighted the exceptional diversification rates in 
the Andes as a possible consequence of the last Andean 
uplift (Vargas, Ortiz & Simpson, 2017) about 3 Mya.

Although part of a monophyletic group with the 
other Kaunia spp. (Rivera et al., 2016), K. saltensis 
has been shown here to be somewhat morphologically 
distinct. The different flowering period of K. saltensis 
with respect to K. lasiophthalma is also important. 
Such temporal differences could provide evidence of 
sufficient divergence time for the establishment of 
the species and suggest a scenario in which ecological 

isolation may have played a role at some point in 
species differentiation of Kaunia. The expansions and 
contractions of biota along an elevational gradient as 
a response to alternating colder and warmer periods 
that occurred, most probably, during the Quaternary 
or late Pliocene were regarded by Luebert & Weigend 
(2014, and references therein) as one of the processes 
influencing the diversification of Andean flora. The 
temporal specifics and implications of this climatic 
alternation and the consequent isolation of populations 
of the ancestors of Kaunia remain unknown. However, 
the imprint that these events may have had in this 
genus could be reflected today in two morphologically 
and phenologically distinct species such as K. saltensis 
and K. lasiophthalma, which, at the same time, share 
similar climatic spaces and partially overlapping 
distributions.
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APPENDIX

Voucher information of the specimens used in 
the morphometric analyses

Kaunia arbuscularis (B.L.Rob.) R.M.King & H.Rob. 
ECUADOR. Argelia. 2300 m, Espinosa 691 (NY). Loja. 
Along the road to Loja, c. 4 km N of Loja, 6400 ft, King 
& Garvey 6905 (NY); road La Toma-Loja, km 12., 
2000 m, Madsen & Ellemann 75199 (NY); vicinity of 
Las Juntas, Rose 23229 (NY); between El Tambo and 
La Toma, 1000–2200 m, Hitchcock 21348 (NY); 13,6 km 
E of Sambi on rd to Chinchicas (2 km W of Chinchicas), 
2200 m, Stuessy 5883 (LP); Zaragura, Rose 23144 (NY).

Kaunia lasiophthalma (Griseb.) R.M.King & H.Rob. 
ARGENTINA. Catamarca. Andalgalá, Río del Potrero, 
1600 m, Venturi 4989 (GH); Ambato, Las Juntas, 
Ulibarri 608 (CORD). Jujuy. Capital, Los Blancos, 
Cabrera 15855 (LP). La Rioja. Capital, El Cantadero: 
Quebrada de la Aguadita, Cerana 975 (CORD). Salta. 
Rosario de la Frontera, 900 m, Venturi 9329 (LP); 
Guachipas, Pampa Grande, 1600 m, Hunziker 1802 
(LP). Tucumán. Cerro San Javier, Cabrera 13586 (LP); 
Capital, 450 m, Lillo 12912 (GH); Cuesta del Siambón, 
Lorentz 508 (CORD). BOLIVIA. Cochabamba. Cercado, 
Valle del Cercado de Cochabamba, 2570 m, Steinbach 
37 (GH), E.W.D. 396 (GH). Potosí. Charcas, San Pedro 
de Buena Vista, 2800 m, Torrico & Peca 169 (LP).

Kaunia longipetiolata (Sch.Bip. ex Rusby) R.M.King 
& H.Rob. BOLIVIA. Cochabamba. Carrasco, Chua 
Khocha, 2300 m, Renjel 14 (NY). Chuquisaca. B.Boeto, 
2440 m, Nee & Churchill 52797 (F); 2360 m, Nee 52778 
(F); Villa Taquina, 2900 m, Eyerdam 25224 (F). La 
Paz. Inquisivi, 3550–3850 m, Müller & Heinrichs 6418 
(MO); 3200 m, Lewis 881065 (NY); Larecaja, Sorata, 
2800 m, Beck 8633 (LPB); 7500 ft, Williams 2408 (NY); 
Songo, Bang 867 (NY); Buchtien 651 (LP). PERÚ. 
Cajamarca. Jaén, Sallique de Catala a Piquijaca, 1940–
2195 m, Campos & Díaz 5408 (F). Cuzco. Paucartambo, 
Pillahuata, 2500 m, Marin 1683 (F). Huancabamba. 
4200 ft, Towsend A174 (F).
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Kaunia rufescens (P.W.Lund ex DC.) R.M.King & 
H.Rob. ARGENTINA. Misiones. Iguazú, Parque Nacional 
Iguazú, Vanni 2770 (CTES); Vanni 3441 (CTES). 
BOLIVIA. Santa Cruz. Caballero, 2500 m, Nee & Mendoza 
52543 (NY). BRASIL. Bananal. Estrada pa Sertao do 
Rio Vermello, Brade 15901 (LP). Novo Horizonte. Lauro 
Müller, Vargem Grande, 350 m, Reitz & Klein 6729 (LP); 
Lauro Müller, Reitz & Klein 8861 (LP). Minas Gerais. 
Caldas, Edwall 16336 (GH). Paraná. Larenjeiras do Sul, 
Hatschbach 49550 (NY). Rio Grande do Sul. Farroupilha, 
Caldas, Wasum 7972 (LP). Santa Catarina. Gravatal, 
500 m, Matzenbacher 28 (F). Sao Paulo. Serra da 
Mantiqueira entre Itajubá e Guaratinguetá, Castellanos 
23381 (F); Taimberinho, 50 m, Ruiz c1148 (LP); Serra do 
Rio Rastro,700 m, Reitz & Klein 18139 (LP); Vila Flores, 
800 m, Wasum 8637 (NY). PARAGUAY. Charará region 
Guairá, Rojas 6104 (LP).

Kaunia saltensis (Hieron.) R.M.King & H.Rob. 
ARGENTINA. Jujuy. Capital, Termas de Reyes, 
Cabrera 8143 (LP); Delucchi 1468 (LP); Fabris 8037 
(LP); Santa Bárbara, Cerro Centinela, Fabris 5154 (LP); 
Cabrera 17370 (LP); Tumbaya, Volcán, 2100 m, Fabris 
6329 (LP); Valle Grande: Río Jordán, 1600 m, Fabris 
5334 (LP). Salta. Cafayate, Río Colorado, Krapovickas 
& Cristóbal 20687 (LP); Caldera, Cabrera & Schwabe 

218 (LP); Capital, San Lorenzo, Cabrera 2991 (LP); 
Rosario de Lerma, Potrero de Linares, Cabrera 13136 
(LP). BOLIVIA. Cochabamba. Pojo, 2400 m, King & 
Solomon 9652 (LPB). Comarapa. King & Bishop 7663A 
(F); Santa Cruz: Valle Grande, Loma Larga, 1966 m, 
Hurtado 506 (LPB). Tarija. Eustaquio Méndez, 5 km 
antes de Padcaya, 1900 m, Ehrich 45 (LP).

Kaunia uber (B.L.Rob.) R.M.King & H.Rob. PERÚ. 
Amazonas. Luya, Valley of Rio Utcubamba Tingo and 
Ponaya, 1750–1850 m, Wurdack 1787 (GH). Cajamarca. 
Chota, arriba de Cochabamba, 2300 m, Mostacero 1580 
(MO); Celendín, Llanguat, 2500 m, Mostacero 948 (F); 
Colasay, Woytkowski 6843 (F); 2700 m, Woytkowsky 
6913 (F). Santa Cruz. ENE Monteseco, 1700  m, 
Santisteban & Guevara 159 (NY). Lima. Jesus María, 
Jardín Botanico de INMETRA, 100 m, Schunke Vigo 
14685 (NY); Plowman 11001 (F). Cuzco. Calca, Boecke 
& Boecke 3248 (NY); gravelly river-valley floor (a 
tree common from here to Casma), 3000 ft, Macbride 
& Featherstone 2549 (F). Cajamarca. Contumazá, 
Rupe (Chilete-Contumazá), 1500 m, Sagastegui 9799 
(MO); Anchash: Huailas, debajo de Pampa Romás, 
2100 m, Weberbauer 3184 (MOL). Cajamarca. San 
Ignacio, San José de Lourdes, Santo Tomas, 1950 m, 
Quipuscoa 408 (MO).

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article:

Appendix S1. Morphological analysis. Table S1: Mean ± SD and range (minimum – maximum) for the 27 
characters studied from the 75 analysed specimens of Kaunia.
Appendix S2. Potential distribution modelling and climate space. Figure S1: Importance of climatic variables 
for each of the four modelling techniques runs under the biomod2 approach. Figure S2: Climatic space overlap 
obtained from the final binary ensemble model and similarity simulations compared for the four species in pairs.
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