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Abstract

Frailejones —endemic plants of high mountain paramo— exhibit morphological changes, which
can lead to death. Some of these changes have been regarded as symptoms and are grouped as the
Af-fectation Syndrome of Frailejones. Nonetheless, a standardized naming and description of these
symptoms is lacking. Thus, research was conducted in six pAramo complexes on the eastern range of
the Colombian Andes to characterize the symptoms of Affectation Syndrome of Frailejones across
different frailejon species, aiming at i) generating information about symptom specificity in certain
frailejon species and paramos, and ii) naming and providing a thorough description of these symptoms.
Plots of 5 X 5 m were randomly established in six paramo complexes, in which the features of each new
symptom were documented. A name was assigned to each symptom, and the affected frailejon spe-cies
was determined. Six new symptoms and one sign were found in all assessed paramos and frailejon
species within the study area, thus broadening the spectrum of frailejon affectation syn-drome. No
symptom was exclusive to a paramo or frailejon species. Moreover, the features of the novel signs and
symptoms were all consistent among frailejon species. Thanks to this naming and description of each
novel symptom and sign, further assessments of frailejon disease can be systemat-ically conducted.

Keywords: damage; endemic plant; Espeletia; Espeletiopsis; high mountain; paramo.

1. Introduction

Several plant genera within the Asteraceae (subtribe Espeletiinae Cuatrec) are commonly known
as Frailejones. These plants are abundant, dominant, and endemic to the piramo, subparamo,
and high-Andean forest ecosystems [1,2] in northern Ecuador, Colombia, and Venezuela [3].
Paramos occur at elevations between 3 000 m. and 5 000 m [4]. Besides the Andean ranges of
Ecuador, Colombia, and Venezuela, paramos also appear in high-altitude areas of Costa Rica,
Panama4, and Pert [5]. A recent study defined 13 natural biogeographic units of Andean paramos
based on vegetation records [6]. This biome absorbs, retains, and releases water from air and
rain [7], making it a vital water source for urban centres in the northern Andes [8].

In Colombia, paramos occupy nearly 3% of the country’s continental area, representing 43% of
the world’s total paramo area. Paramos are characteristically populated by grasses (Calamagrostis
Adans. 1763 and Festuca L. 1753) and several frailejon species [9—12]. Currently, of the known
145 frailejon species, 90 are present in Colombia, 78 thereof are endemic, and 55 are threatened
to some degree [13]. Frailejones are essential constitutive elements of the paramo ecosystem as
they sustain ongoing ecological processes, manage water supply, and safeguard other organisms.
Thanks to their morpho-logical adaptations, such as pubescent leaves and a medulla inside their
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trunks [14, 15], frailejones act as water storage elements, regulating water flow in the paramo [16].
Frailejones have other ecological functions, such as carbon storage, and provide nourishment and
refuge for insects, mammals, birds, and endemic amphibians [17-22].

Plant disease is caused by environmental interactions, particularly with microbial pathogens, and
disease symptoms are characteristic of given pathological conditions [23]. Such symptoms reveal
external or internal reactions and are evidenced by plant structural modifications, namely, changes
in color, texture, and shape [24]. Plant disease symptoms can also be expressed through signs,
such as vegetative, reproductive, or notorious pathogen-resistant structures [25]. The recognition
of disease symptoms and signs is essential in phytopathology [26].

In 2010, the first frailején disease assessment recorded the presence of two or more symptoms,
including severe herbivory, leaf malformation, mature leaf chlorosis, and stem rotting. These
combined symptoms were altogether designated as Affectation Syndrome of Frailejones [27]. Such
symptoms were associated with young and immature leaf herbivory by Lepidopteran larvae [28,29],
to mature leaf herbivory by Coleoptera, and leaf and trunk fungal attacks by Ascomycota [30].
Fungi associated with frailejon stem and rosette rot are largely due to phytopathogenic Ascomycota
such as Colletotrichum sp., Fusarium sp., Alternaria sp., Cladosporium sp., and Nigrospora sp.,
among others [27,30]. Some of these fungal species, such as Alternaria and Fusarium, also cause
diseases in local crops, such as potatoes and sunflowers, exhibiting symptoms similar to those
detected in frailejon plants [31, 32].

Frailejon affectation syndrome symptoms alter plant biology, potentially causing physiological
disorders and injuries that lead to structural damage [33-35]. For instance, diseased plants lose
area available for photosynthetic activity, resulting from direct damage to the photosynthetic
apparatus or its downregulation [36-39]. Additionally, these symptoms may decrease water
storage and catchment capacities [40], as phytopathogens induce changes in stomatal aperture
that affect plant water regulation. These damages compromise plant longevity by increasing
mortality rates and altering frailején population sizes, dynamics, and survival, ultimately triggering
local extinctions [41] and modifying ecosystem services provided by the pdramo. Symptoms
caused by fungal attacks are fatal [42], and the combined effects of viruses and adverse abiotic
conditions—such as nutrient scarcity, changes in precipitation regimes, and heat—undermine
both individual frailejones and populations [30].

Novel symptoms were detected in frailején plants at Piramo de Chingaza, Colombia. None of
these symptoms was described in the 2010 frailején assessment [27], and they were more complex
in characterization and their various manifestations on individual plants. Moreover, there was
no existing description or classification of these pathologies, nor was there any indication of
whether they were specific to certain paramos or frailejon species. Thus, documenting this novel
information would be crucial for identifying the causal agents of the symptoms, understanding their
effects on plants and frailejon populations, and monitoring their prevalence and incidence. This
knowledge would also aid in formulating effective management strategies for these pathologies
across different frailejon species and paramos.

The motivation for this research was to assess the condition of frailejones in relation to the new
symptoms associated with the Affectation Syndrome of Frailejones in protected or state-managed
paramo areas surrounding the city of Bogota. To achieve this goal, the following specific objectives
were proposed: i) to determine whether all the frailejon genera and species, occurring within
protected or state-managed piaramo areas, exhibited these new symptoms, and ii) to name them,
establishing their diagnostic descriptions and generating the basis for identifying their causal
agents.
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2. Materials and methods
2.1. Study areas

The study areas comprised six paramo complexes in the Eastern Cordillera of Colombia, within
the departments of Cundinamarca and Boyacé. These complexes are managed by Parque Nacional
Natural (PNN) Chingaza and the Corporacion Auténoma Regional de Cundinamarca (CAR),
which are regional, state funded, environmental institutions. The locations of these paramo
complexes are shown in Fig. 1 The Chingaza and Sumapaz paramo areas are partially protected
as national natural parks.

The Cundiboyacense region pdramo complex is located within the department of Cundinamarca
between coordinates 5°01'51.42"-5°16"12.46"" N and 73°37'22.87""-73°54’45.06"” W. 1t is
consti-tuted by several isolated peaks on the Bogota plateau, at an elevation of 3,100 + 100 m.
The entire complex spans 4,657 ha and experiences temperatures ranging from 5 to 13 °C, with a
bimodal rain-fall pattern of 1,000 mm to 2,000 mm per year [43]. This paramo area is highly
fragmented due to intense human activity and does not constitute a climatically defined region.
This landscape features frailejon plants, grasslands, and scrublands [44]; however, it is dominated
by cattle pastures and potato crops [45].
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Figure 1. Location of the six pdiramo complexes assessed in this study, located within the departments of
Cun-dinamarca and Boyaca. These paramo areas are under the jurisdiction of Parque Nacional Natural (PNN)
Chingaza and the Corporacién Auténoma Regional de Cundinamarca (CAR).
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The Chingaza paramo complex is located in the departments of Cundinamarca and Meta, within
coordinates 4°10'00”-5°05'00" N and 73°25’00”-74°00'00"” W [46,47], and it spans an area
of 64,500 ha, at elevations between 3,150 m and 3,980 m [48]. Chingaza’s average temperature
ranges between 6 °C and 7 °C, with daily temperatures varying from 5 °C to 13 °C, particularly
in June and August [49]. This paramo receives an annual precipitation of 4,500 mm on its
southeastern stripe, which gradually decreases to 1,200 mm on its western slopes. Rainfall peaks
between May and August, accounting for about 60% of the total annual rain volume. From
December to February, rainfall reaches its minimum, accounting for between 9% and 17% of
the total multi-year precipitation. This paramo fosters 592 vascular and 293 non-vascular plant
species [47], some of which are regionally endemic, such as some species of Espeletia Mutis ex
Humb. & Bonpl. 1808 [48,50]. Asteraceae and Poaceae are the most representative vascular
plant families in this ecosystem [51].

The Cruz Verde Sumapaz paramo complex is located between 3°50'00”-4°45'00"” N and
73°55'00"-74°25’00"”W [46], mainly in the Southwest of the department of Cundinamarca,
whereas the rest of this pdramo complex is located in the departments of Meta and Boyac4, with
a small extreme stretching into the department of Huila. The entire area spans 266 750 ha at
elevations between 3 250 and 4 230 m. Rainfall, ranging from 680 mm to 3 062 mm per year,
exhibits a bimodal distribution on the Western slopes and a unimodal one on the Eastern slopes.
The rainy periods occur from March to May and from October to November, and the dry ones
extend from December to February and from June to September. In this paramo complex, the
elevation-dependent average temperature is 6.5 °C, and daily temperatures fluctuate between 2 °C
and 18 °C. A total of 635 plant species, within 280 genera and 80 families, are present in this
paramo [52,53]. Vegetation is dominated by Asteraceae, Poaceae, and Orchidaceae [50-52].

The Guerrero paramo complex is located at 5°16’00” N and 74°10’00” W [48], in northern
Cundinamarca, covering an area of 39,240 ha, at elevations of 3200 and 3780 m [48]. This
paramo complex presents humid and semi-humid conditions with multi-year average temperatures
varying between 7.2 °C and 11.1 °C [49]. Annual precipitation ranges from 560 to 1,900 mm [54],
with a bimodal regime. Precipitation takes place from April to June and from October to November.
In this paramo, 182 plant species were identified [49, 52]. The families Asteraceae, Poaceae,
Ericaceae, and Melastomataceae [55,56] predominate in the landscape, particularly as frailejon
and grass communities [49, 54].

The Iguaque-Merchén paramo complex is located between 5°15’-5°5500" N and 73°50’-73°20/00"
W [46], in the departments of Boyac4 and Santander, covering an area of 16,212 ha at elevations
from 3 150 m to 3 820 m and a mean temperature of 9.5 °C [46]. This paramo complex presents
both wet and dry conditions due to its location and orographic features. The sectors located in the
north are more humid than those in the south. Precipitation ranges between 800 mm and 1200
mm per year, exhibiting a bimodal rainfall pattern, with high precipitation from March to May
and from September to November [49]. This pdramo harbors 816 plant species in 141 vascular
plant families. Of these species, 89.5% are native, and two are endemic. Frailejon plants and
grasses characterize its vegetation, including various Espeletia species and Calamagrostis effusa
Paxton 1840 [57,58].

The Rabanal rio Bogot4 paramo complex is located in the departments of Boyaca and Cundinamarca,
spanning an area of 16 356 ha at elevations between 3 200 and 3 585 m. Humidity differs between
slopes, being higher on the eastern slopes than on the western ones. Precipitation varies between
650 mm and 950 mm per year, exhibiting a bimodal rainfall distribution regime each year, with
the wet periods occurring between March and July and from October to November. The dry
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periods extend from December to February and from August to September. In this paramo,
angiosperms are represented by 274 species within 155 genera and 61 families. The Orchidaceae,
Asteraceae, and Rosaceae are the richest families in terms of genera [49, 59].

2.2. Frailejon symptom assessment

In each visited paramo complex, 5x5 m sampling plots were randomly located to assess frailejon
Affectation Syndrome symptoms that had not been previously reported [27] across frailejon species.
Assessment plots were placed only within “frailejonal-pajonal” plant formations, including
frailejon individuals of a single species at a time, as this is a common feature of frailején population
distribution in space. The number of plots within each pairamo complex depended on each complex
area; thus, 17 plots were placed in the Cundiboyacense region paramo complex, 51 plots within
Chingaza, 185 in Cruz Verde-Sumapaz, 65 in Guerrero, 30 in Iguaque-Merchan, and 48 in
Rabanal-rio Bogot4, for a total of 396 plots.

In each plot, the symptoms shown by the different frailejon species were observed. The observation
period corresponds to the transition season and the dry season. Frailejon samples were collected
(with collection permit No. 0546). Species were determined by comparison with specimens
previously deposited within the herbaria at Universidad Nacional de Colombia (COL) and
Pontificia Universidad Javeriana (HPUJ), and with the support of the original descriptions.

Young and mature non-senescent frailejon rosette leaves were examined in adult individuals
for disease symptoms. Subsequently, symptoms were documented in the field, referencing
descriptions commonly associated with commercial crops and trees. [60-63]. Symptoms were
described taking into account their distribution on the plant body (trunk, rosette base, young or
mature leaf), their position on the leaf (midrib, edge, base, apex, upper side, underside), their
aspect (spot, blotch, change of color, deformation, among others), shape (rounded, outstretched,
undetermined), and color. If a sign occurred, it was described in the field, and on some occasions,
a leaf sample was taken for observation under the stereoscope in the laboratory. This was done to
provide a more accurate description of the symptoms and to check for the presence of insects.
Additionally, photographs were taken in the field to document the observed symptoms.

3. Results and Discussion

Six novel symptoms and one sign of Affectation Syndrome of Frailejones were documented among
the assessed frailejon plants across the six visited paramo complexes, as shown in Table 1. These
new symptoms occurred with some of the symptoms already described in the Chingaza paramo in
2012, and they were present in different species of the genera Espeletia and Espeletiopsis Cuatrec
1976, as these two genera predominate in the paramo complexes of Cundinamarca and Boyaca.
All the symptoms were present in most of the paramos visited.

Table 1 summarizes the paramo areas and frailejon species in which symptoms were identified,
revealing a widespread symptom presence across the assessed paramo complexes and frailejon
species. Hence, supporting the notion that abiotic and biotic features inherent to each paramo
are unrelated to symptom presence. Furthermore, vegetation patch sizes and shapes within each
paramo, as indicators of connectivity and the presence of productive systems, revealed that the
Cruz Verde-Sumapaz complex is the best preserved paramo. In contrast, the Cundiboyacense
region paramo complex, Chingaza, and Iguaque-Merchan padramos exhibited numerous vegetation
islands, indicative of strong anthropogenic intervention [64, 65].
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Table 1. Summarized records of symptoms and signs found in different frailejon species and paramo complexes
studied.

Paramo complex

Frailejon species Symptom Sign
Mertesis Manosis Puntosis Hoblasis Abdosis Costrosis  Motnesis

Cundiboyacense region

Espeletiopsis corymbosa - - X X - - X

Chingaza

E. argentea

E. grandiflora
E. killipii
Espeletia uribei
E. corymbosa

I ]
MM M

X
X
X

MMM
I ]

>

Cruz Verde-Sumpaz

E. argentea
E. cabrerensis
E. grandiflora
E. killipii

o

Guerrero

. argentea

. barclayana

. chocontana
. congestiflora
. grandiflora
corymbosa

ol
Lol ST B I S B B B B e

Lo oI B I B B I
Lo B B I B B
Lol I N I B B I S B I S
Lo I B I s B I

Iguaque-Merchéan

SIISECESRSRS S

. argentea
E. boyacensis
E. incana

E. murilloi

E. pleiochasia

Lol B
Lol B
|
Fal ol B
Lol I B B

b

Rabanal-rio Bogota

E. argentea
E. barclayana
E. chocontana

E.

Lol o B B B T B T I - B I I I R o T B Bl

eI Il
e I T e
Lo B B B B T I

o oI B
MR K X

murilloi

This observation implies that the presence of the Affectation Syndrome of Frailejones (i) is not
associated with each particular paramo conservation status or degree of anthropogenic intervention,
warranting further studies on this topic, and (ii) the syndrome is a consequence of current
generalized biotic or abiotic environmental conditions. Even the frailejones with symptoms do
not show a clear distribution in space (Fig. 2A).

Consequently, it is essential to identify the possible drivers and causative agents of these symptoms
and to determine whether these agents belong to the same species or genus across all paramos.
Such findings could enhance our understanding of the Affectation Syndrome of Frailejones and
help in proposing effective management and control measures.

The novel symptoms are named and described in the following section, with mentions of the
paramo and frailejon species in which each symptom was observed. Symptom and sign names
were assigned based on their main characteristics, consisting of a prefix indicating how a plant
structure or organ was affected, followed by the suffix “sis”, meaning anomaly or disease. A
healthy Espeletia grandiflora Humb. & Bonpland (1808) plant (Fig. 2B, C), followed by images
of each symptom’s primary characteristics in affected conspecific individuals (Fig. 2D-F and
Fig. 3A-E), as described in the text. E. grandiflora plants exhibited the most distinct symptoms
and signs, while other frailején species displayed minimal variation in the symptoms and signs
presented in the photographs.
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Figure 2. Frailejon plants revealing mertesis, manosis and puntosis. A) Panoramic view of the Chingaza paramo,
where healthy and some diseased frailejones can be seen. B) Healthy E. grandiflora plant, without any symptoms or
signs on its leaves. C) Healthy medullary area inside the trunk. D) Frailejon central leaves revealing mertesis, seen as

turgidity loss and blackening at their base. E) The medullary area of a frailejon trunk showing galleries left by
coleopteran larvae with partial decomposition, also revealing mertesis. F) Leaves showing dark-brown stains,
revealing manosis.

Universitas Scientiarum:1-21 http://ciencias.javeriana.edu.co/investigacion/universitas-scientiarum


http://ciencias.javeriana.edu.co/investigacion/universitas-scientiarum

New symptoms of frailejon affectation

Figure 3. Frailejon plants revealing hoblasis, abdosis, costrosis, and motnesis. A) black spots on leaves, revealing
puntosis. B) Bleaching and twisting of the leaf tip, as main features of hoblasis. C) Presence of dark brown erect
fungal ascocarps growing on the leaf, seen in a later stage of the appearance of hoblasis. D) Yellow lesions turning to
orange necrotic tissues on leaves, revealing abdosis. E) Leaf areas without pubescence as signs of costrosis. F) Leaves
with black specks of cottony appearance featuring motnesis.

Mertesis (trunk dead damage) is a symptom characterized by a weakening of young central
leaves that grow around the apical meristem, which lose turgidity and, later, turn black at their
base, and decompose (Fig. 2D). As a consequence, most plants die, and only a few individuals
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recover. This symptom is akin to the reported rot at the hypocotyl base of Espeletia grandiflora
seedlings [66]. Also, for this symptom, longitudinal cuts were made in the upper part of the
trunk, revealing the presence of galleries and Coleopteran larvae in the trunk’s medullary area and
its partial decomposition (Fig. 2E). Mertesis was observed in individuals of Espeletia argentea
Humb. & Bonpland (1808), Espeletia barclayana Cuatrec. (1977), Espeletia boyacensis Cuatrec.
(1973), Espeletia cabrerensis Cuatrec. (1975), Espeletia chocontana Cuatrec. (1941), Espeletia
grandiflora, Espeletia killipii Cuatrec. (1940), Espeletia murilloi (Cuatrec.) Cuatrec. (1941),
Espeletiopsis corymbosa (Humb. & Bonpl.) Cuatrec. (1976), and Espeletiopsis pleiochasia
Cuatrec. (1940). This symptom was present in all pAramo complexes except the Cundiboyacense
region complex.

Manosis (dark staining) is characterized by the appearance of brown to black stains measuring
0.5-6 cm in length along the leaf blade (Fig. 2F). The stains have an irregular shape and are more
noticeable against the light. Manotic leaves weaken and deteriorate, turning completely brown
and leading to widespread leaf blade necrosis. Manosis was observed in frailejon individuals
of E. argentea, E. barclayana, E. boyacensis, E. cabrerensis, E. chocontana, E. grandiflora, E.
killipii, E. murilloi, and E. corymbosa. This symptom was found in all pAramo complexes except
the Cundiboyacense region complex.

Puntosis (dark spotting) consists of the appearance of dark brown to black dots (or spots), of
approximately 2 mm in diameter, on young and mature leaf blades (Fig. 3A). The following stages
of puntosis are unknown, as these could not be observed in the field. Plants of E. argentea, E.
barclayana, E. grandiflora, E. killipii, E. murilloi, and E. corymbosa were affected with puntosis,
and it occurred in all paramos except in Iguaque-Merchan.

Hoblasis (bleaching fungus) is characterized by leaf tip bleaching and twisting (Fig. 3B), followed
by its narrowing and browning. Subsequently, leaf tips undergo necrosis, and localized white
mycelia and groups of dark-brown erect fungal ascocarps become apparent. Fungal ascocarps
are shown in Fig. 3C, at a later stage of hoblasis progression. Hoblasis was detected in all
paramo complexes in E. argentea, E. barclayana, E. boyacensis, E. cabrerensis, E. chocontana,
E. grandiflora, E. killipii, E. murilloi, Espeletia uribei Cuatrec. (1953), E. corymbosa, and E.
pleiochasia plants

Abdosis (upper leaf surface abduction) is evidenced by a set of orange, round, and convex necrotic
tissue lesions on the upper surface of mature leaves. The lesions are 5 mm — 8 mm in diameter and
are surrounded by a chlorotic area (Fig. 3D). In advanced stages of abdosis, the lesions turn brown.
Although these lesions resemble galls, no insects were found beneath the convex surfaces. Abdosis
was observed on E. argentea, E. barclayana, E. boyacensis, E. cabrerensis, E. chocontana, E.
grandiflora, Espeletia incana Cuatrec (1940), E. killipii, E. murilloi, and Espeletiopsis corymbosa
individuals, occurring in all pAramo complexes except in the Cundiboyacense region paramo
complex.

Costrosis (crusting) is revealed by the presence of irregularly shaped areas on the upper surface
of a mature leaf, revealing loss of pubescence, which then form patches of necrotic tissue, turning
light brown in 3—4 months (Fig. 3E). The frailején species exhibiting costrosis were E. argentea,
E. barclayana, E. boyacensis, E. cabrerensis, E. chocontana, E. grandiflora, E. incana, E. killipii,
E. murilloi, E. uribei, E. corymbosa, and E. pleiochasia. Costrosis was present in all pdramo
complexes except in the Cundiboyacense region piramo complex.
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Motnesis (cotton-like black string) describes the presence of a cotton-like black string, which
generally extends from the main nervure to the leaf borders but, sometimes in patches, on the
underside surface of mature leaves (Fig. 3F). In extreme and eventual cases, it could cover
both sides of the whole leaf. Leaf tissue weakening and slight whitening are associated with
the surroundings of the black string, mostly to the sides of the main rib. Observations at the
microscope of the cotton-like black string revealed fungal hyphae and spores. Motnesis was
present in the six paramo complexes, and on plants of E. argentea, E. barclayana, E. cabrerensis,
E. congestiflora, E. grandiflora, E. incana, E. killipii, E. miradorensis, E. murilloi, E. corymbosa,
and E. pleiochasia.

The leading features of each symptom and sign were consistent among frailejon species, and they
were chiefly visible on plant leaves, although mertesis also involved trunk damage. This symptom
was the only one leading to plant death. In general, these symptoms and signs entail features akin
to those described in crop plants. However, these novel symptoms have not been reported for
frailejones nor as part of the first description of their affectation syndrome. Apart from the loss of
pubescence noted for E. paipana [67], which probably corresponds to costrosis in the present
context, no other symptoms in frailejon plants have been reported in other studies conducted in
paramos. Thus, the presence of these symptoms and the sign in a wild plant, such as the frailejon,
is unusual because not many individuals exhibit these persistent changes on their leaves.

Additionally, there are no written reports describing the complex symptoms observed in the
paramos across the mountain ranges of Colombia, Venezuela, or Ecuador. To the best of our
knowledge, the Affectation Syndrome of Frailejones is present in the paramos of these countries, as
we maintain constant communication with park officials from Colombia’s National Natural Parks
System and researchers from Venezuelan and Ecuadorian institutions regarding the described
symptoms. In this context, establishing a standardized nomenclature for these symptoms enables
us to conduct further research and compare the signs reported for other paramos and frailejon
species.

Although novel, these symptoms and signs can still be grouped under the name of frailején
affectation syndrome and may ultimately reflect a widespread environmental change. A single
plant can display multiple symptoms simultaneously, likely due to various influencing factors
and biological agents. The symptoms or signs manifested may depend on the individual plant’s
susceptibility or the species involved. Although studies in this regard are lacking, symptoms such
as mertesis, manosis, puntosis, hoblasis, and the motnesis sign may be indicative of a fungal
attack.

Fungal attacks on plants change the color of leaves entirely or locally. However, such color
changes may also be related to nutrient deficiencies before or in conjunction with the fungal
attack. In our observations, E. corymbosa plants, occurring within the Rabanal-rio Bogota paramo
complex, exhibited the fewest symptoms. The absence of other frailejon species within this pAramo
may have had a protective effect by minimizing biotic interactions (such as pathogen dispersal)
underlying symptom transmission. This possibility, or the role of specific soil conditions within
this paramo, requires further investigation.

Insects also inflict damage to frailejon leaves and trunks. Salinas et al. [29] reported herbivory
on frailejon plants by Lepidoptera feeding on mature and young central leaves, and described
symptoms associated with four levels of damage. These symptoms, which included chlorosis,
twisting, tissue loss, and leaf deformation, were previously described as part of the Affectation
Syndrome of Frailejones [27]. These damages were attributed to burrowing Scolytidae and
Curculionidae (Coleoptera), which are probably related to the death of these plants.
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Another study described leaf damage in frailejon plants in the paramos around Bogota (Colombia)
and in E. pycnophylla individuals in Venezuela. This damage was caused by the consumption of the
leaf blade by Exorides spp. (Curculionidae) and young leaf herbivory attributed to Lepidoptera.
Severe leaf twisting in E. hartwegiana occurring in a paramo in Tolima, central Colombia,
attributed to insects of the Aphidoidea, was also documented [68]. In addition, Fagua and
Gonzalez recorded frailejon trunk damage, likely due to insect interactions [17]. Notwithstanding,
none of the features described for each symptom in our work appears to be associated with
insect-driven herbivory.

In light of the information presented above, it is relevant to inquire about the identity of the
biological agents or abiotic factors causing the symptoms mentioned in this report. Motnesis, and
other symptoms such as manosis, puntosis, and hoblasis are likely caused by pathogenic fungi
due to the characteristics observed in the lesions. It is also possible that microorganism attacks
were favored by nutrient deficiencies, as has been found in some crops [69,70] or by stress caused
to plants by changes in climatic conditions [71,72]. Thus, further research is needed to elucidate
if the causes of symptoms are related to one or more microorganisms or species and if they act in
conjunction with abiotic factors.

The absence of earlier studies on the symptoms observed and described here for Affectation
Syndrome of Frailejones across frailejon species and paramos likely reflects their rarity in frailejon
populations decades ago. For instance, studies conducted in 1985 and 2002 in the paramos of
Cundinamarca with E. barclayana and E. grandiflora [17,73] did not report these symptoms.
They were reported extensively only in 2010, and according to this register, they can persist in
the plants for at least two years. The symptoms and signs recorded here reduce the frailejon
leaf photosynthetic area, potentially leading to decreased growth. Additionally, populations may
decline due to plant death. This decline can impact the ecological contribution of frailejones to
the paramo’s functional integrity. Furthermore, observations during sampling revealed damage,
possibly associated with pathogens, in other plant genera. Further sampling efforts should include
frailejon-associated vegetation to reveal signs of damage.

Thus, monitoring Affectation Syndrome of Frailejones symptoms and signs is essential to
understand their consequences at individual and population levels. Such monitoring should
involve generating quantitative data, namely prevalence (the number of symptomatic plants),
incidence (the number of new symptomatic plants), and severity (damage scale for each plant).
These data will enhance our understanding of the susceptibility of various frailejon species to
the different symptoms of the frailejon affectation syndrome. This information can inform the
management of vulnerable frailejon species, which are characterized by their restricted distribution,
low density, and low juvenile numbers, among others.

4. Conclusions

This research broadens and complements the spectrum of symptoms currently recognized as part of
the Affectation Syndrome of Frailejones. The recorded symptoms occurred in all frailejon species,
within the genera Espeletia and Espeletiopsis, and across all the pAramo complexes studied. The
characteristics of the symptoms and signs reported here were consistent in all frailejon species,
and none were unique to any genus or species. Thus, the particular biotic or abiotic conditions
in each paramo were unrelated to the presence of these symptoms. This widespread scenario
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could impair the viability of frailején populations. It may also have unforeseen consequences for
frailején-associated trophic networks, hydrological regulation, carbon storage, and the ecosystem
integrity of the paramo.

Standardizing the nomenclature and description of each symptom and sign will facilitate the
exchange of information and enable their documentation across frailejon species and paramos
in Colombia, Venezuela, and Ecuador, not included in this study. Additionally, a consistent
nomenclature and description of symptoms facilitates the characterization of potential symptoms
occurring in other paramo plants.

Although it was not the primary objective of this study, no relationship was detected between
the presence of frailején symptoms and the degree of anthropogenic activity (i.e., agricultural or
mining activities) in paramo ecosystems. This suggests that the widespread occurrence of these
symptoms may be associated with an overarching phenomenon, such as climate change, to which
agricultural activities contribute directly and indirectly. Therefore, future research should aim in
this direction.

Monitoring various frailejon species and assessing different paramo conservation conditions,
including the prevalence and severity of symptoms, is essential. This, combined with an
understanding of the causal agents of these symptoms and signs, will provide valuable information
for designing effective management strategies against the frailejon affectation syndrome.
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Nuevos sintomas del Sindrome de Afectacion de los Frailejones en Colombia

Resumen: Los Frailejones —plantas endémicas de los paramos de alta montafia— presentan
cambios morfoldgicos que pueden conducir a su muerte. Algunos de estos cambios se han
considerado sintomas y se agrupan bajo el denominado Sindrome de Afectacion de los
Frailejones. No obstante, no existe una nomenclatura y descripcion estandarizada de dichos
sintomas. Por lo tanto, llevamos a cabo una investigacion en seis complejos de paramo de la
cordillera oriental de los Andes colombianos para caracterizar la sintomatologia del sindrome
en diversas especies de frailejon, con el fin de: i) generar informacion sobre la especificidad
de los sintomas en determinadas especies y paramos, y ii) nombrar y proporcionar una
descripcion detallada de éstos. Se establecieron aleatoriamente parcelas de 5x5 m en los seis
complejos de paramo, donde se documentaron las caracteristicas de cada sintoma nuevo. Se
asign6 un nombre a cada sintoma y se determino la especie de frailejon afectada. Se hallaron
seis sintomas un signo nuevos en todos los paramos y especies evaluadas dentro del drea de
estudio, ampliando asi el espectro del Sindrome de Afectacion de los Frailejones. Ningtin
sintoma fue exclusivo de un paramo o especie en particular. Ademas, las caracteristicas de
los nuevos signos y sintomas fueron consistentes entre las distintas especies de frailejon.
Gracias a esta nomenclatura y descripcion, las evaluaciones posteriores sobre las patologias
del frailején podran realizarse de manera sistematica.

Palabras Clave: alta montafa; dafio, Espeletia, Espeletiopsis, piramo, planta endémica.
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New symptoms of frailejon affectation

Novos Sintomas da Sindrome de Afetacio dos Frailejones na Colombia

Resumo: Os Frailejones — plantas endémicas dos paramos de alta montanha — apresentam
alteracdes morfoldgicas que podem levar a morte. Algumas dessas alteracdes tém sido
consideradas sintomas e estdo agrupadas sob a denominada Sindrome de Afetacdo dos
Frailejones. No entanto, carece-se de uma nomenclatura e descricao padronizadas desses
sintomas. Portanto, realizou-se uma pesquisa em seis complexos de paramo na cordilheira
oriental dos Andes colombianos para caracterizar a sintomatologia da sindrome em diversas
espécies de frailejon, com o objetivo de: i) gerar informagdes sobre a especificidade dos
sintomas em determinadas espécies e paramos, € ii) nomear e fornecer uma descri¢ao detalhada
destes. Foram estabelecidas aleatoriamente parcelas de 5x5 m nos seis complexos de paramo,
nas quais foram documentadas as caracteristicas de cada novo sintoma. Atribuiu-se um nome
a cada sintoma e determinou-se a espécie de frailejon afetada. Foram encontrados seis novos
sintomas e um signo em todos os paramos e espécies avaliadas na area de estudo, ampliando,
assim, o espectro da Sindrome de Afetacdo dos Frailejones. Nenhum sintoma foi exclusivo de
um paramo ou espécie de frailejon. Além disso, as caracteristicas dos novos signos e sintomas
foram consistentes entre as espécies. Gragas a esta nomenclatura e descricdo, avaliacdes
posteriores sobre as patologias dos Frailejones poderdo ser realizadas de forma sistematica.

Palavras-chave: alta montanha, dano, Espeletia, Espeletiopsis, paramo, planta endémica.
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