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SHORT COMMUNICATIONS
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Abstract: Previous studies have recognized bromeliads
as a key food resource for Andean bears (Tremarctos or-
natus) throughout their range. However, it is still not clear
how abundance and especially the nutritional value of
bromeliads influence habitat and diet selection. Under-
standing this is essential because conflicts such as crop
damage occur when available natural resources cannot of-
fer an adequate nutritional supply. During June and July
2017, we studied 6 forest and páramo areas in southern
Ecuador for signs of bear presence, the abundance and nu-
tritional value of bromeliads, and diet selection by fecal
microhistology. The nutritional composition of bromeli-
ads was affected by flowering and recent fire events but we
found greater variability across species and ecosystems,
with higher protein and lower fiber in páramo. However,
bears were more often present in the forest ecosystem, and
moreover, their presence was not affected by abundance
nor composition of bromeliads. Further similar studies
must focus on other key resources, such as temporary
fruits.

Key words: Andean bear, bromeliads, diet, habitat
use, montane forest, NIRS, nutritional composition,
páramo, Tremarctos ornatus

Resúmen: Estudios previos han reconocido que las
bromelias son un recurso clave para los osos andinos
(Tremarctos ornatus) a lo largo de su área de distribu-
ción. Sin embargo, aún no está claro cómo la abundancia
y especialmente el valor nutricional de las bromelias in-
fluyen en la selección de hábitat y dieta. Comprenderlo
es fundamental, ya que conflictos como el daño a cultivos
se producen cuando los recursos naturales disponibles no
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pueden ofrecer un aporte nutricional adecuado. Se estudi-
aron seis áreas de bosque y páramo en el sur de Ecuador
en busca de signos de presencia de osos, abundancia y
valor nutricional de bromelias, y selección de dieta por
microhistología fecal. La composición nutricional de las
bromelias se vio afectada por la floración y los incendios
recientes, pero además encontramos una alta variabilidad
entre especies y ecosistemas, con más proteína y menos
fibra en las bromelias de páramo. Sin embargo, los signos
de presencia de osos fueron más abundantes en el ecosis-
tema forestal, y además la presencia no se vio afectada
por la abundancia ni la composición de las bromelias.
Otros estudios similares deben centrarse en otros recur-
sos clave, como los frutos temporales.
Palabras clave: bosque montano, bromelias, composi-

ción nutricional, dieta, NIRS, oso andino, paramo,
Tremarctos ornatus, uso del hábitat
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The Andean bear (Tremarctos ornatus), also known as
the spectacled bear, is the only species of the Ursidae
family still present in South America. It is categorized
as vulnerable and the population is decreasing (IUCN
2019), mainly because of habitat destruction and frag-
mentation, poaching, and human–wildlife conflict (Pey-
ton 1999, Velez-Liendo and García-Rangel 2017). When
there is not sufficient food in their native habitat, Andean
bears may attack livestock or feed on crops, leading to
conflict with local farmers (García-Rangel 2012).

Although the Andean bear has been described as
an omnivorous species, switching between habitats and
potential food sources (Peyton 1980, Paisley 2001),
most of the literature on the diet of Andean bears
states that bromeliads are one of the most important
food sources (Table 1), if not the most important. An-
other very important food source is ripe fruit, which
is consumed seasonally, with the time period varying
among different regions of South America (Peyton 1980,
Rodríguez et al. 1986). Although some authors claim
that fruit is the most important part of Andean bear
diet during specific seasons (Peyton 1980, 1986; Ro-
dríguez et al. 1986), in the highlands of Ecuador, Andean
bears feed almost exclusively on bromeliads thorough the
year (Suárez 1988, Ontaneda and Armijos 2012). Similar
diet preference of Andean bears was reported in Bolivia
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2 SHORT COMMUNICATIONS

Table 1. Summary of previous studies documenting the use of bromeliads by Andean bears (Tremarctos orna-
tus), including study area and period, reported use of bromeliads, and method used to study it.

Reference Location Study period Use of bromeliads (method)

Peyton 1980 Peru (whole country) Year round 46.8% (feeding sign)
Goldstein and Yerena 1986 Venezuela Not indicated 50% (feces, not indicated)
Suárez 1988 Ecuador (Antisana) Year round 96% (feeding sign)

80% (feces—volume per scat)
Rivadeneira-Canedo 2008 Bolivia (Apolobamba) Jul, Oct, Apr,

Jun
57.5% (feeding sign and feces—frequency of

feces with bromeliads)
Ríos-Uzeda et al. 2009 Bolivia (Apolobamba and

Madidi)
Year round 47.3–76.9% (feces—frequency of occurrence in

feces)
Ontaneda and Armijos 2012 Ecuador (Podocarpus NP) Year round 70% (feces—frequency of occurrence in feces)
Figueroa 2013 Peru (whole country) Year round 58.5% (feeding sign), 45.5% (feces—frequency of

occurrence in feces)
Hernani-Lineros 2016 Bolivia (Cotapata) Oct–Nov 38–60% (feces—frequency of occurrence in feces)
Ardila-Montaña 2020 Colombia (Chingaza) Year round 34–37% (feces—frequency of occurrence in feces)
Cáceres-Martínez et al. 2020 Colombia (Tamá) Year round 89% (feces—frequency of occurrence in feces)
Hernani-Lineros et al. 2020 Bolivia (Cotapata) Oct–Nov 33–46% (feces—frequency of feces with

bromeliads)

(Rivadeneira-Canedo 2008, Ríos-Uzeda et al. 2009,
Hernani-Lineros et al. 2020). Moreover, Andean bears
feed almost exclusively on bromeliads in Podocarpus
National Park, Ecuador, during June and July (On-
taneda and Armijos 2012; time and place correspond-
ing to our research). Although some authors have sug-
gested that bromeliads are a good food source—high
in carbohydrates, fat, and protein (Goldstein 1990)—
other sources suggest that bromeliad meristems have low
nutritional value in the form of soluble carbohydrates
and small amounts of proteins and lipids (Paisley 2001,
Rivadeneria-Canedo 2008). Nevertheless, substantial in-
formation on the nutritional value of bromeliads is lack-
ing, and their chemical composition has been studied
mostly in relation to their potential medical and mechan-
ical properties (Vieira-de-Abreu et al. 2005, Xie et al.
2005, Errasti et al. 2018).

As a consequence of their feeding behavior, Andean
bears are a keystone species, with a fundamental role in
the dynamics of the ecosystems in which they live as
dispersers of seeds (Rivadeneria-Canedo 2008) and by
contributing to the formation of small illuminated spaces
suitable for the growth of new vegetation (Oso Andino
2020). Thus, for the successful protection of the species,
knowledge on habitat use, food preferences, and nutri-
tional requirements is essential. Certain studies have fo-
cused on some of these topics in several localities (Peyton
1980, Paisley and Garshelis 2006, Ríos-Uzeda et al. 2006,
Rivadeneria-Canedo 2008); however, there is a notice-
able lack of research combining all these aspects, espe-
cially ecological studies considering the nutritional value

of bromeliads. In this study, we investigated the ecolog-
ical factors affecting the nutritional value of bromeliad
species used by Andean bears in southern Ecuador, and
the influence of the availability and nutritional quality
of bromeliads on the bears’ habitat use and foraging
preferences.

Study area
We collected data at 6 study sites—3 in Andean páramo

(a tropical alpine vegetation ecosystem above the tree
line [Cleef 1979]) and 3 in montane forest ecosystems in
Loja Province, southern Ecuador, during June and July
2017 (Fig. 1)—because Andean bears are active in both
páramo and forest ecosystems during this period of the
year, according to Cisneros-Vidal (2013).

Podocarpus National Park (montane forest) is located
above 2,800 m above sea level between the provinces
of Loja and Zamora Chinchipe. In this area, the centers
of endemism of the Northern and Southern Andes over-
lap (Narvaez 2013). Podocarpus National Park covers
approximately 1,460 km2 and possesses an exceptional
flora. A phytogeographic study in the area described up
to 187 vascular plant genera (Lozano et al. 2009). Of
these, Andean bears are known to consume only few
species, such as Puya eryngioides, Puya maculata, Be-
jaria mathewsii, Pernettya prostrata, Macleania salapa,
Miconia sp., Macleania sp., Hesperomeles obtusifolia,
Clusia ducoides, Guzmania gloriosa, and Tillandsia sp.
(Ontaneda and Armijos 2012). Both páramo (ranging
from 2,800 to 3,800 m; Lozano et al. 2009) and montane
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SHORT COMMUNICATIONS 3

Fig. 1. Map of study sites in the area of Loja, south-
ern Ecuador (forest is represented in darker color,
páramo is represented in lighter color), where we
studied 6 forest and páramo areas in June and
July 2017 for signs of Andean bear (Tremarctos
ornatus) presence, the abundance and nutritional
value of bromeliads, and diet selection by fecal
microhistology.

forest ecosystems are found there. The poor accessibil-
ity led us to stratify the study area following the touristic
pathways and roads.

Madrigal is a private reserve of 800 ha, including mon-
tane forest and páramo ecosystems. The reserve is part
of a microbasin located north of Podocarpus National
Park, at elevations from 2,200 to 3,300 m. Andean bears
are common in the area, according to previous research
(Cisneros-Vidal 2013). In November 2016 there was a
fire in the páramo area of the reserve.

Volcano is a montane forest located above 2,000 m. It
is an open area bounded by meadows with no or insignif-
icant human disturbance. This forest is very similar to
forests in Podocarpus National Park and Madrigal in its
plant composition, but there are no pathways and roads.

The marginal parts of the forest are not very dense and
there is a high abundance of bromeliads, whereas the core
of the forest is almost impenetrable and less suitable for
the bears.

El Carmen is a páramo located in the west slope of the
Madrigal del Podocarpus border. It is an artificial páramo
(man-made, fire-induced ecosystem [Holz and Gradstein
2005]) at a lower elevation than that at which natural
páramo ecosystems are found. This area is surrounded
by farmlands and meadows in the south and by forest on
other sides. The plant community, elevation, climate, and
slope are very similar to Madrigal, but there was no influ-
ence of fire for dozens of years. On the uppermost part,
many bromeliad species are abundant in large numbers.

El Tiro is a natural páramo ecosystem located in the
northern part of the Podocarpus National Park. Since
2009, industrial changes, such as power line construction
and road extension, have started in this area and generated
a great disturbance of the natural ecosystem. However,
even after the construction of the road and continuation
of the industrial management, Andean bears have been
observed in El Tiro (Cisneros-Vidal 2013).

Materials and methods
In each study site, we selected 5 50-m × 50-m plots. To

ensure independency in the data collection, all the plots
in each site were �250 m apart.

Presence of Andean bears
Most studies focusing on habitat use of Andean bear

were based on the evaluation of signs of presence (Cuesta
et al. 2003). We did this in the plots in all 6 study sites.
A team of 2–3 people searched every plot thoroughly.
Signs recorded included feces, ground nests, partly eaten
plants, scratch marks, hairs, and footprints. We counted
data as number of signs per hectare.

Abundance of bromeliads
In each of the plots, we placed 2 10-m × 10-m subplots

in opposite corners. We evaluated only the most abundant
bromeliad species at each subplot, and counted the exact
number of each of these species and recorded them as
bromeliads per hectare. We adopted this method because
the most abundant species of each subplot always repre-
sented the vast majority of the bromeliad species at each
place and other bromeliads were rather scarce.

Collection of bromeliads
In each subplot, we collected 3 specimens of the most

abundant bromeliad species. We collected 3 species from

Ursus 32:article e21 (2021)
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4 SHORT COMMUNICATIONS

subfamily Pitcairnioideae: Puya eryngioides, P. nitida,
and P. parviflora; subfamily Tillandsioideae was repre-
sented by Tillandsia sp.

Diet selection
We collected all the feces that we found in the plots,

placed them into zip-lock bags, and stored them in a
freezer. Once the samples were unfrozen, we filtered them
through a 1.5-mm sieve, so only the largest particles were
obtained. We placed the retained particles into plastic
vessels and preserved them in alcohol. We placed the
samples into large plastic dishes and spread out all the
particles equally. Using 2 measuring sticks, we selected
every tenth particle and placed it in a dish, to obtain the
percentage representation from the original sample. We
measured the fragments in the feces using 10 nonoverlap-
ping optical fields, in which we identified undigested par-
ticles on 10 slides. We carefully placed the selected frag-
ments in the middle of the slide using sterile lab tweezers
(100 optical fields per sample). We divided these particles
into those with bromeliad origin and unknown by micro-
histological analysis (Carrière 2002). We distinguished
bromeliad particles into Puya sp. and Tillandsia sp. by
microscopical comparison with a reference collection of
bromeliads found in the study area, which we made to
identify the unique characteristics of the plant species.
We made the reference collection by mashing Puya sp.
and Tillandsia sp. into small particles in a blender, so
they would resemble plants digested by Andean bears.
We preserved the reference collection in alcohol. We
counted the percentage representation of the bromeliad
species in every sample (Davitt and Nelson 1980,
Breuer 2005).

Nutritional composition of bromeliads
We only used the meristematic parts of plants for the

nutritional analysis. We hot-air-dried all forage samples
at 40°C for 48 hours, ground them with a mill to pass
through a 1-mm sieve, and thoroughly mixed them to
achieve maximum uniformity and homogeneity. Just be-
fore the nutritional analysis, we dispensed the samples
into sample cups (Foley et al. 1998). We used the Near-
Infrared Reflectance Spectroscopy (NIRS) method in
combination with wet chemistry analyses, so we scanned
all the samples with the NIRSTM DS 2500 FOSS an-
alyzer under the ISIscanTM Routine Analysis Software
(FOSS A/S, Hillerød, Denmark) and obtained spectra for
all bromeliads. We predicted all spectra with existing cali-
brations for plant-based food ingredients: Vegetal Protein
Meal v3000 and v2000, and Vegetal By-Products v2000
(FOSS). We discarded the latter as a result of inappro-

priate protein range. The output contained several inade-
quate GH (Global distances) and/or NH (Neighborhood
distances) values, so we selected 18 samples for classical
wet chemistry analyses and used the results to improve
the calibrations. By this method, we calculated protein,
fat, starch, fiber, acid detergent fiber (ADF), neutral de-
tergent fiber (NDF), and ash contents for each sample. We
used the mean of the 3 plants collected at each subplot in
further analyses.

Statistical analysis
We conducted all analyses in IBM® SPSS® Statistics

25 (IBM, Armonk, New York). We evaluated normality
by Shapiro–Wilk (S–W) and Kolmogorov–Smirnov (K–
S) tests, depending on the sample size available for the dif-
ferent data sets. Nutritional composition (protein, starch,
fiber, ADF, NDF, fat, and ash) of bromeliads showed a
normal distribution (all K–S >0.200), whereas the abun-
dance of bromeliads, signs of Andean bear presence, and
percentage representation of Puya sp. and Tillandsia sp.
in feces did not (all S–W <0.050). This conditioned the
subsequent statistical approach.

We designed a set of generalized linear mixed models
to test the influence of the recorded ecological variables
(ecosystem, fire occurrence, bromeliad species, and flow-
ering) on the nutritional composition of bromeliads used
by the Andean bear. We determined data structure by site
as subject and subplot as repeated measure. The other
ecological variables entered the model as factors. We al-
ways used linear response. To discard nonsignificant vari-
ables, we used the traditional stepwise backward selec-
tion procedure, and we used the Akaike Information Cri-
terion to detect the best model. We used analysis of vari-
ance with post-hoc Tukey test to determine differences in
nutritional composition among the 4 studied bromeliads
species.

We designed a second set of analyses to determine
the influence of the occurrence and nutritional value
of bromeliads on bear presence. We used the Mann–
Whitney U-test for the analysis of bear presence across
ecosystems and the Kruskal–Wallis test to detect dif-
ferences in frequency of bear presence and occurrence
of bromeliads among the different study sites. We used
Spearman’s rank correlation to detect correlation be-
tween signs of presence of Andean bears and abun-
dance of bromeliads, between signs of presence of An-
dean bears and nutritional composition of bromeliads,
and between percentage representation of bromeliads in
feces and nutritional composition of bromeliads in the
area.

Ursus 32:article e21 (2021)
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Table 2. Multivariate analysis of factors affecting the
nutritional value of the basal part of bromeliads,
which is the part usually consumed by Andean bears
(Tremarctos ornatus), in June and July 2017 in south-
ern Ecuador. ADF = acid detergent fiber; NDF = neu-
tral detergent fiber.

Factor F β P-value

Protein
Ecosystema 2.983 2.673 0.090
Speciesb 32.646 <0.001
Floweringc 2.882 2.101 0.095

Fat
Ecosystem 6.453 1.726 0.014
Burnedd 3.379 − 1.747 0.072
Species 11.447 <0.001

Starch
Ecosystem 8.484 1.215 0.005
Burned 5.242 1.420 0.026
Species 33.349 <0.001

Fiber
Ecosystem 5.403 − 2.115 0.024
Burned 8.341 − 3.906 0.006
Species 7.888 − 4.580 <0.001

ADF
Ecosystem 18.473 − 5.884 <0.001
Burned 9.553 − 5.828 0.003
Species 14.948 <0.001
Flowering 4.177 − 2.810 0.046

NDF
Ecosystem 14.909 − 7.850 <0.001
Burned 5.867 − 6.846 0.019
Species 19.273 <0.001
Flowering 4.300 − 3.804 0.043

Ash
Species 5.922 0.001

aForest was used as category of reference. Therefore, positive
β means higher content in páramo compared with forest.

bβ values are not indicated because the nutritional composition
of each species is shown in Table 2.

cNonflowering plants were used as category of reference.
dUnburned conditions were used as category of reference.

Results
The effects of the ecological factors we examined on

the nutritional value of the studied bromeliads are shown
in Table 2. Bromeliads in páramo ecosystem had higher
protein (β = 2.673), fat (β = 1.726), and starch (β =
1.215) than in forest, but lower fiber (β = −2.115), ADF
(β = −5.884), and NDF (β = −7.850). In burned ar-
eas, bromeliads had lower fat (β = −1.747), fiber (β =
−3.906), ADF (β = −5.828), and NDF (β = −6.846),
but higher starch (β = 1.420). Flowering bromeliads had
higher protein content (β = 2.101), but lower ADF (β =
−2.810) and NDF (β = −3.804).

However, we found the main variability in nutritional
composition was among bromeliad species, which was

always the most significant factor affecting all the stud-
ied nutrients (always P � 0.001). Tillandsia and Puya
nitida were nutritionally similar, with greater contents
of protein, fat, fiber, and ash, but with lower content of
starch compared with Puya eringyoides and Puya parvi-
flora (Table 3).

During our study period, signs of the presence of An-
dean bear were significantly more abundant in forest than
in páramo, where the presence was very low (U = 12.5;
P < 0.001). Thus, the rest of analyses are focused on
the bear´s presence in the forest ecosystem. The presence
(abundance of signs) was similar across the 3 forest study
sites (H = 2.784; P = 0.249), as was the abundance of
bromeliads (H = 2.215; P = 0.330). However, the pres-
ence of Andean bears in the forest was not correlated to
the abundance of bromeliads (ρ = −0.070; P = 0.811),
nor to the nutritional value of the bromeliads in that area
(all P > 0.243).

To investigate feeding preferences of Andean bears, we
analyzed the occurrence of bromeliads in feces. The aver-
age percentage occurrence of bromeliads in feces samples
differed between the 2 studied ecosystems. In forest the
frequency of occurrence of Puya sp. was 1.38% (±4.29)
and of Tillandsia sp. was 26.62% (±13.59). In páramo,
we found Tillandsia sp. in 8% (±8.00) of the feces, but we
found no Puya sp. The percentage of feces with bromeli-
ads was not correlated with the abundance of bromeliads
in the area (ρ = −0.800; P = 0.104), nor to the nutritional
value of the bromeliads in that area (all P > 0.148).

Discussion
Our results show that ecological factors like ecosystem

type, flowering, or recent fire events have a strong ef-
fect on the nutritional composition of bromeliads, which
also differs among the bromeliad species used by Andean
bears in southern Ecuador. However, neither the avail-
ability nor the nutritional value of bromeliads seemed to
influence the presence or the diet selection of the bears.
Moreover, contrary to what we expected, Andean bears
were present almost exclusively in the forest ecosystem,
but not in páramo during the study period.

The nutritional value of the studied bromeliads differed
between ecosystems. It is well-known that all the mem-
bers of family Ursidae favor habitats with the most pro-
ductive conditions (Schoen 1990). However, in the forest
ecosystem (where bears were most often present) the nu-
tritional value of bromeliads was lower than in páramo.
These differences in the nutritional composition may be
driven by differences in strategies for the acquisition of

Ursus 32:article e21 (2021)
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Table 3. Nutritional value (± standard error) of the basal part of 4 species of bromeliads known to be consumed
by Andean bears (Tremarctos ornatus; as derived from fecal samples) in the study area in southern Ecuador
in June and July 2017.

Puya eringyoides Puya nitida Puya parviflora Tillandsia sp.
Nutrient Mean ± SE Mean ± SE Mean ± SE Mean ± SE

Protein (%) 5.92 ± 0.21B 6.75 ± 0.32A 4.40 ± 4.02C 6.47 ± 0.41AB

Fat (%) 5.60 ± 0.19A 6.95 ± 0.49A 4.47 ± 6.88A 6.32 ± 4.48B

Starch (%) 7.26 ± 0.39B 5.62 ± 0.55B 9.63 ± 1.49A 3.42 ± 1.09C

Fiber (%) 17.61 ± 0.48B 20.66 ± 1.11AB 18.72 ± 4.04B 23.86 ± 1.92A

ADF (%)a 19.08 ± 1.08B 27.71 ± 0.90A 20.83 ± 5.09B 30.56 ± 3.61A

NDF (%)b 46.28 ± 2.25C 54.82 ± 2.38B 44.69 ± 6.88C 63.22 ± 4.48A

Ash (%) 8.72 ± 0.46AB 10.29 ± 0.51AB 8.42 ± 1.44B 10.80 ± 1.74A

aADF = acid detergent fiber.
bNDF = neutral detergent fiber.
ABCSuperscripts indicate significant differences after analysis of variance with Tukey test.

nutrients by bromeliads (i.e., bromeliads are mainly epi-
phytic in forest, but terrestrial in páramo [Benzing 2000]).

Special attention should be given to fiber content,
which was higher in bromeliads in the forest ecosystem.
Herbivorous mammals, such as bears, do not possess en-
zymes for fiber degradation, which means that foods with
high fiber content have low nutritional value for them.
However, they can establish a symbiosis with cellulose-
hydrolyzing microorganisms in their gastrointestinal tract
to be able to meet their nutritional requirements (Zhu et al.
2011, Xue et al. 2015). Bacteria families Lachnospiraceae
and Ruminococcaceae have been found in wild Andean
bear feces, suggesting that the gut microbiota of Andean
bears possess the ability to break down constituents such
as cellulose, hemicellulose, and lignocelluloses (Borbón-
García et al. 2017).

Alterations in the ecosystem also affected the nutri-
tional value of bromeliads. Previous research has sug-
gested a strong negative impact of fire (Rocha et al.
2004), which is supported by our study; bromeliads in
burned areas had lower fat, fiber, ADF, and NDF. How-
ever, the starch content of bromeliads from burned areas
was higher, which should also increase the nutritional
value for an omnivore forager like the Andean bear. The
meristematic part, in which soluble carbohydrates accu-
mulate (Paisley 2001, Rivadeneria-Canedo 2008), is en-
circled by water; and according to Ariani et al. (2004),
the water inside the plant may assist in the conservation
of the meristem, and thus of the carbohydrates, help-
ing in the vegetation recovery of the plant following
the fire.

Andean bears may change their habitat use as a result
of changes in the availability of different food sources
(Cuesta et al. 2003). Although the frequency of presence

of Andean bears may vary between habitats, they use both
páramo and forest ecosystems year-round. Bromeliads
are available in both ecosystems but, contrary to our ex-
pectations, the presence of bears was not affected in either
of them by the nutritional composition nor the abundance
of bromeliads. This suggest that bromeliads were not a
key food source during our study period, although that
was found in previous studies in this same location and
period (Ontaneda and Armijos 2012). The relative homo-
geneity among the forest study sites may also explain that
result. Seasonal variations affecting the nutritional com-
position of bromeliads, rather than the ecological factors
studied in this work, may be also behind this result and
deserve to be studied in the future.

In summary, our results show that the nutritional com-
position of bromeliads is species-specific and affected
by ecological factors like ecosystem, fire, and flowering
period. Nevertheless, neither nutritional value nor abun-
dance seem significant factors influencing the habitat use
of Andean bears. Thus, the interpretation of potential
links between the nutritional value of bromeliads and
presence of Andean bears is complicated, perhaps as a
result of the relatively high homogeneity of forest and
páramo habitats, or due to the fact that bromeliads are
indeed not a nutritionally key resource for Andean bears.

Acknowledgments
This research was financially supported by Faculty

of Tropical AgriSciences (CZU) through the programs
“Podpora mobility studentů” and IGA-20205005, by the
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