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The Polylepis genus faces signi�cant conservation challenges, with all species experiencing declining 
population trends. Northwest Argentina, home to �ve species, represents a hotspot, yet this region 
has received less research attention in the country. This review assesses the role of grey literature in 
Polylepis conservation, supplemented by �eldwork. Our �ndings reveal that most data focus on 
Polylepis tomentella, with less entries on P. australis, P. tarapacana, and especially P. hieronymi, and P. 
crista-galli. More than half of the information rated as useful for conservation purposes was provided 
by grey literature (51.8%). Locally informed population trends for P. australis o�er valuable insights, 
though broader conclusions are still required. The available information was essential in identifying 
knowledge gaps and threats. This work underscores the need for �eld experiments to validate 
prevailing assumptions about the genus. The information presented here provides a solid foundation 
for future conservation strategies and we recommend including grey literature in reviews on 
little-known species or underrepresented regions.
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Grey literature consists of materials and research produced by 
organizations outside the traditional commercial or academic 
publication and distribution channels [1]. In conservation 
biology and management, the review method has gained 
popularity based on the premise that more information leads to 
better decision-making and improved management practices [2]. 

 In this context, grey literature is particularly valuable for 
understanding species and ecosystems that are not 
well-documented in peer-reviewed journals. Although the use 
of grey literature can be risky due to potential gaps in scienti�c 
rigor and representation of data or analysis, it also broadens the 
scope of relevant studies, o�ering a more comprehensive view of 
the available evidence [3]. �is breadth of information is crucial 
for ecosystems like those dominated by the genus Polylepis, 
which represent the highest-altitude forest formations in the 
Andes and sub-Andean valleys. �ese forests extend 
latitudinally from Venezuela to northern Chile and central 
Argentina [4]. Polylepis forests provide numerous ecosystem 
services, including erosion prevention, regulation of the water 
cycle, and resources for local populations such as posts, utensils, 
�rewood, and grazing [5]. Serving as "biodiversity islands" in a 
matrix of lower diversity, particularly in arid and semi-arid 
regions, these unique ecosystems play a vital role in maintaining 
ecological balance [6-8]. However, they face various degrees of 
threat and require targeted conservation actions. To manage 
Polylepis forests e�ectively and restore balanced, functional 
ecosystems, clearly de�ned restoration goals are essential [9]. 
Unfortunately, there is currently a lack of baseline knowledge 

regarding Polylepis species in northwest Argentina.

 �ere are 45 recognized species of Polylepis, of which 
11.1% (5 species) are found in northwest Argentina, making it 
a hotspot for the genus. However, this region has seen fewer 
investigations compared to the rest of the country, despite 
Argentina having the highest number of publications on 
Polylepis. Notably, P. hieronymi is among the species with the 
fewest publications in this area [10]. Unknown aspects on the 
genus in the NOA persist, on population dynamics, habitat 
speci�city; although general distribution maps exist, 
�ner-scale information on the speci�c ecological preferences 
and microhabitats is incomplete, genetic diversity, 
regeneration mechanisms, and interactions with other 
species.

 Given these gaps in knowledge, this review examines 
both grey and formal scienti�c literature on the genus 
Polylepis in northwest Argentina. �e main objective is to 
integrate and assess the utility of grey literature alongside 
scienti�c research for advancing conservation strategies for 
Polylepis species. �e speci�c objectives are as follows: (1) to 
assess and synthesize existing knowledge from both scienti�c 
works and grey literature, (2) to evaluate the relevance and 
implications of grey literature in conservation e�orts, and (3) 
to validate the practical application of insights gleaned from 
grey literature. We posit that Polylepis species in northwest 
Argentina are underrepresented in mainstream literature and 
that grey literature may provide critical insights to inform and 
enhance conservation strategies.

Introduction

Methodology 
Study area
Northwest Argentina includes the provinces of Jujuy, Salta, 
Tucumán, and Catamarca (Figure 1). 

Our methodology comprised two main approaches
Bibliographic review

�e Agricultural Ecology Department at the National 
University of Jujuy pioneered research on Polylepis in northwest 
Argentina. First, we conducted a systematic search of the 
department's library and �eld notes for materials related to 
Polylepis. Second, we performed an online search using Google 
Scholar with the search terms “Polylepis” + “northwest 
Argentina” and “Queñoa” + “northwest Argentina”.

 Following these initial searches, we examined the 
bibliographies of the obtained studies, a technique known as the 
"paper trail," which allows researchers to identify additional 
relevant studies that may not appear in traditional search results 
[2]. We included all the information on Polylepis located in the 
NOA. Our inclusion criteria encompassed abstracts from 
scienti�c events, theses, dra�s of scienti�c articles, research 
project reports, unpublished data sheets, guides, and artworks. 
We systematically reviewed and summarized the most pertinent 
information for conservation purposes, which we have listed 
(Supplementary Material 1).

 Information was collected and carefully read between 
March 2021 and June 2024. We systematically categorized the 
data, extracting the following information: species studied (P. 
australis, P. crista-galli, P. hieronymi, P. tarapacana, and P. 
tomentella), year of publication, principal study area, and 
subject matter. Subjects included: Mention (where the species is 
only noted, e.g., in study area descriptions), Taxonomy, Species 
Description (e.g., guidebooks), Biogeography/Distribution, 
Physiology/Ecology, Conservation, Dendrochronology, 
Archaeology, Ethnobiology, Genetics, Associated Groups (e.g., 
birds, fungi), and Outreach (where information is reproduced). 
We classi�ed the information into “grey literature” and 
“scienti�c peer-reviewed work,” noting whether each 
publication was accessible online.
 

Each item was rated for its conservation input based on the 
experience of the authors, as follows: 0 we rated information 
with no use for conservation when it was only description of the 
species or the information was already mentioned in previous 
works, we rated information with 0.5 when it has information 
that has potential use in conservation, but was not scienti�cally 
based, and we rated the item with 1 when it has information 
deemed useful for conservation purposes. �ere were no 
di�erences in judgement between authors. We evaluated both 
grey and scienti�c literature and analyzed the contributions 
from each type based on the sum of the three rating categories. 
For each item, we extracted and highlighted key conclusions 
and critical insights.

Fieldwork

Fieldwork was done in the Provincial Park “Potrero de Yala” 
(PPPY herea�er wards). �e PPPY is in the northern sector of 
the Southern Andean Yungas Australes (24° 05′ 29.16″ S, 65° 30′ 
15.36” W, 2619 m) (Figure 1) and extends altitudinally between 
1600 and 5000 m, with a surface of 4300 ha.

 �e Southern Andean Yungas ecoregion or Tucuman- 
Bolivian rainforest develops between 400 m and 2300 m asl, 
from Bolivia (Tarija) to the Argentinean province Catamarca. 
�e climate of the Southern Andean Yungas is temperate and 
humid with mainly summer rains (80%) and frosts during the 
winter [11].

 To test the practical application of grey literature, we 
selected one report that we had the opportunity to reassess [12]. 
�is is a park ranger's report detailing the presence of P. 
australis within the PPPY by mapping the area and counting 
individuals. To verify the accuracy and relevance of the 
information, we revisited the site to check whether the 
population remained consistent with the original report. We 
used the map provided in the report and visited the park twice.

Results
In total, we obtained 157 entries that mentioned 215 times one 
species of the genus. Two abstracts, which were previous oral 
presentations of this work, were excluded [13]. One entry uses 
the common name “Queñoa” and “Queuñoal”, but refers to 
another species Cochlospermun zahlbruckneri and was excluded 
from the analysis (n=156). �e majority (59.6%) belonged to 
grey literature [14]. �e most studied species was P. tomentella 
(Figure 4). �e information spanned 113 years (1911–2024), 

were useful for conservation purposes and therefore they were 
not analyzed further. We also discovered a poem on Polylepis, 
but it was unfortunately misidenti�ed as P. racemosa [15]. Also, 
Wikipedia spells incorrectly two species (P. cristagalli and P. 
hyeronymi) [16].

Taxonomy: �e genus shares a common origin with Acaena and 
occupies a primitive phylogenetic position based on speci�c 
wood characteristics observed in P. tomentella [17,18]. Leaf 
morphology has been used in taxonomy, alongside di�erences 
in seed weight, seedling height, and leaf length to distinguish 
among the species in NOA [19,20].

Species description: Several examples of misnaming exist 
[21-23]. Early publications indicate that the fruit of the species 
is achene, while other authors refer to it as a cupela [17,24,25]. 
Also, some outreach work made mistakes by naming the 
in�orescences spigots, and leaves with serrated edge for P. 
tarapacana [22].

Biogeography/Distribution: �e �rst article we located 
indicates P. hieronymi, P. australis, and P. tomentella present in 
the northwest of Argentina [17]. Later P. australis and P. 
hieronymi were noted in Catamarca [26,27]. P. australis is 
distributed across the provinces of Jujuy, Salta, Tucumán, 
Catamarca, Córdoba, and San Luis [28]. Segovia carefully 
mapped the distribution of P. tomentella, however, this report 
included areas within the distribution range of P. tarapacana. P. 
tomentella in Jujuy covers 832.71 ha [29,30]. �e genus has also 
been mapped at a regional level [31], but this map is no longer 
available online.

 P. tomentella is found in an elevational belt between 3700 
and 4700 meters and adopts a shrubby form above 4200 m asl. 
Legname notes the presence of P. tomentella above 3000 m asl. 
for P. australis in Tucumán [32]. Krussmann mentions an 
elevational gradient between 2000 and 3500 m asl [27]. Other 
studies indicate it can be found between 1680 and 2800 m asl in 
Tucumán or between 1200 and 3500 m asl [33,34]. P. hieronymi, 
P. australis, and P. crista-galli are found at 2500 meters in the 
Yungas, while P. tomentella ranges between 3800 and 4200 
meters. P. tarapacana occurs at elevations from 4400 to 4900 
meters [19]. �e elevational gradient for P. crista-galli was 
recorded between 2400 and 2700 m asl [35]. P. tarapacana is 
found at elevations between 4000 and 4750 meters above sea 
level, while P. tomentella starts from 3000 meters [26].

Physiology/Ecology: P. tomentella prefers narrow ravines and 
rocky slopes [36]. Bonaventura et al. describe moderate rocky 
slopes with a northeast or east orientation (warm slopes) as 
suitable habitat for P. tomentella while Ruthsatz and Movia 
mention north and east slopes [37,38]. In 1972 P. australis was 
described as a “shrub” (4 stems, 10 cm DBH, 2.6 m height and 3 
m wide), based on a single individual present in the Botanic 
Garden of Copenhagen [27]. Frangi emphasizes the root system 
of P. australis in the Puna ecoregion; however, this should likely 
pertain to P. tomentella [23]. Additionally, Ruthsatz and Movia 
mention an extensive root system both horizontally and 
vertically for P. tomentella [38]. When examined at sea level, the 
foliar anatomy of P. tomentella changes, whereas P. australis 
does not [33]. Di�erences in seed weight, seedling height, and 
leaf length also play a crucial role in understanding their 
ecological adaptations [20]. Segovia reported an average height 

of 3.1 m and 25.6% cover for P. tomentella [29]. Based on a 
thesis, we calculated forest structure data for P. tomentella, 
�nding 0.33±0.21 seedlings per square meter and 362.5 adult 
individuals per hectare [39].

 A provincial report suggests that UV rays inhibit growth 
due to hormonal e�ects without citing a source for this 
information; however, it was noted that leaf wax may protect 
against ultraviolet radiation [40]. Rock outcrops and edges are 
highlighted as important for the regeneration of P. tarapacana 
forests [41,42]. �e germination rate of P. tomentella is 3.1%, 3% 
or 3.8 ± 3.1, compared to 4.3 ± 4.4 for P. tarapacana, which is 
markedly di�erent from the rates for P. australis and P. 
hieronymi (14.9 ± 16.6 and 14.7± 9.0, respectively) and 9.8% for 
P. crista-galli [35,40,43,44]. In P. australis forests, the individual 
density is 60 individuals per hectare, while P. tomentella forests 
host 325 individuals per hectare, with coverages of 9% and 13%, 
respectively [45]. For P. crista-galli, the density is 0.81 
seedlings/m² and 386 individuals/ha, with a mean diameter at 
the base of 16.9 cm [35].

Conservation: As early as 1984, P. tomentella was classi�ed as 
endangered due to the e�ects of intensive �rewood collection in 
Jujuy, a concern that was subsequently echoed by Braun Wilke 
[46,47]. While P. tomentella is occasionally regarded as a plant 
of interest for livestock, it has a low to moderate forage value 
[46]. Livestock grazing signi�cantly hinders regeneration in P. 
tomentella [43]. �is was also quanti�ed in one site for P. 
australis, with cattle negatively a�ecting the herbaceous stratum 
[48-50]. Furthermore, northern populations of P. australis tend 
to be less well-conserved than their southern counterparts [4].

 Important management data indicate that only P. 
tomentella faces serious threats, primarily from military and 
educational institutions rather than residents. A partially cut 
tree requires 20 years to recover, and trees up to 60 cm in 
diameter provide excellent �rewood quality. �e bark layer is 
crucial for germination [51]. �is information is based on 
interviews, without citation of scienti�c sources. �e current 
distribution of Polylepis species has been signi�cantly a�ected 
by climate change, further fragmenting their already patchy 
distribution [52,53]. Human in�uence over the past 11,000 
years has also played a role, with P. tarapacana and P. tomentella 
historically exhibiting limited distribution during the Holocene 
[54]. Since the Glacial Maximum, approximately 35% of 
suitable habitat for the genus has been lost [55].

 Currently, the Administration of National Parks in 
Argentina mentions 7 species, of which two (P. racemosa and P. 
rugulosa) are not present in Argentina. In the NOA P. australis 
is present in �ve protected areas, P. hieronymi in three, and P. 
tomentella in two. No information is available regarding P. 
crista-galli, and P. tarapacana is not represented in any 
protected area.

Dendrochronology: Braun Wilke presents the relationship 
between the diameter at the base, height, and estimated age of P. 
tomentella individuals (Figure 7), also he notes signi�cant 
growth di�erences among individuals, although he may have 
confused P. tarapacana with P. tomentella [56,57]. Corcuera 
reported an individual tree aged 65 years and suggests that trees 
reach a diameter of 30 cm a�er 50 years [51]. Simultaneously, 
González Arzac indicates that a perimeter of 100cm 

corresponds to 50 years (based on n=3), nevertheless, this 
author mentions the presence of rotten trunk centers that could 
indicate a threat for conservation and hinders the correct 
counting of rings [57]. Alonso indicates that one meter of trunk 
diameter corresponds to approximately 400 years of growth 
[40]. Chocovar and Picchi, found that the average annual 
increment in height for P. australis specimens was 13.5 cm, 
while the increase in diameter was 3.2 mm and 2.9 mm/year for 
P. tomentella, with an average age of 118 years [58,59]. However, 
this information was based on a small sample size (N = 2 for P. 
tomentella and N = 14 for P. australis).

Archaeology: Albeck found remnants of charcoal from P. 
tomentella at an archaeological site near Casabindo [60]. 
Additionally, a P. tomentella tree over 300 years old (3 meters 
high) was discovered above a kiln in Coyahuayma [61]. �e use 
of queñoa wood for metal smelting during the colonial period 
(18th century) has been documented [62].

Ethnobiology: Parker mentions medicinal (anti-hemorrhoidal 
properties) for P. australis for the �rst time in the region [63]. 
Later chemical compounds of P. australis were identi�ed [64]. 
Ponessa et al. used chromatography to detect �avonoids in P. 
australis [33]. �e medicinal use of P. australis leaves was also 
noted [65].

Genetics: �ere is a notable di�erence in polyploidy between 
northern and southern populations of P. australis, with 
northern populations predominantly being diploid [66]. 
Additionally, the genetic diversity of adult P. tarapacana 
decreases with increasing elevation, indicating upward 
migration during interglacial periods [67].

Associated groups: P. tomentella has been associated with the 
endemic bird species Saí Grande (Oreomanes fraseri) in Salta 
province. Species richness, relative abundance, and bird 
diversity are higher in P. australis forests compared to P. 
hieronymi forests, though there were no highly associated bird 
species reported [68]. A survey of one P. australis forest detected 
31 species of birds and 25 species of mosses, lichens, and ferns 
associated with the habitat [69].

Outhreach: Some outreach e�orts encountered challenges, 
including incorrect or missing scienti�c names or no mention 
of the scienti�c name, mention of medical use, the growth rate 
of the diameter, and the use of the ritidoma to make cigarettes 
[40,70,71]. We also discovered two paintings, one in street art 
and the other on social media [72,73].

Field work: We successfully identi�ed the six P. australis groups 
visited in 1999 [12]. �e total number of individuals decreased, 
especially at the lower altitudes (Table 1). We found other 
groups of P. australis in PPPY.

Species studied

�e genus Polylepis is a member of the Rosacea family. It is 
characterized by the curved branches and the multiple 
rhytidome layers. In general, it grows higher than the timberline 
(in grasslands). In the NOA �ve species are present (Figures 1,2 
and 3). In the humid forests that grow on the sub-Andean hills 
we �nd Polylepis australis, Polylepis crista-galli and Polylepis 
hieronymi. �ese can be di�erentiated based on lea�ets and 
distribution. In the High Andes, we �nd Polylepis tarapacana 
(Figure 3) which, in general has a bushy growth, in the Puna 
region we �nd Polylepis tomentella.

�e number of publications �uctuated over time. A�er the �rst 
publication in 1911, there was a 40-year gap until the second 
publication in 1951. Over the years, there has been a general, 
albeit inconsistent, increase in studies on Polylepis, with a peak 
of 12 publications in a single year in 2016 (Figure 5). Research 
e�orts are predominantly concentrated in Jujuy, with limited 
studies in Salta (documenting only three species) and less data 
from Tucumán. �e most studied topic was Physiology/Ecology 
(24%), followed by entries that only mentioned the species 
(22%) (Figure 6). 33.3% of the entries were not available online. 
�e total conservation input score for the 157 entries amounted 
to 106, with 51 points (48.1%) derived from scienti�c articles 
and 55 points (51.8%) from grey literature.

Mention: None of the articles that only mention the species 

Discussion
Publication trends show a peak in articles during years when the 
International Congress on the Ecology and Conservation of 
Polylepis was organized (Quito-Ecuador 2019, Jujuy-Argentina 
2016, Arica-Chile 2013, Cusco-Peru 2006, Cochabamba- 
Bolivia, 2000), especially when this congress was in Jujuy 
(NOA) with the record of 12 publications. �is underscores the 
importance of local events and the organization of speci�c 
congresses on conservation. We, therefore, recommend 
organizing new international congresses on the topic. �ese 
congresses were interrupted during COVID-19 pandemia and 
not retaken a�erward. Access to congress abstracts remains 
challenging, and this article aims to address this gap.

 Although the genus Polylepis was described early and 
according to Simpson no synonym exists, we found the 
synonym Quinasis, indicating that some taxonomic 
inconsistencies may have persisted in earlier literature [74-76]. 
�is was later solved by considering it a heteroteric synonym 
[77]. Nevertheless, considerable confusion remains at the 

species level, both locally and regionally. Recently, 45 species 
have been revised and accepted, but since then, two more 
species have been described in Peru, totaling 47 species [78-80]. 
In P. australis in northwest Argentina, the di�erence in ploidy 
levels with populations in the south suggests the potential 
existence of di�erent species [66]. Given the challenging 
morphological diagnosability, we propose a comprehensive 
review of the systematics based on genetic and/or niche 
di�erences between P. tarapacana and P. tomentella and 
between di�erent P. australis populations.

 �ere has been confusion regarding the correct 
terminology for its fruits. Most authors have referred to the 
fruits as achenes, while authors outside the NOA have even 
referred to them as nuts e.g. [16,24,81]. However, despite their 
similarity to achenes, the �owers of Polylepis have an inferior 
ovary, making "cupela" (�ower cup) the correct term, as 
supported by Zardini and Acosta and Moroni [25,82]. Also, the 
correct term is amentiform spikelike racemes. �ose multiple 
errors suggest that generators of outreach material should 
rigorously check scienti�c sources.

 Historically, there has been considerable confusion 
regarding the species present in NOA. Early, three species (P. 
australis, P. hieronymi, P. tomentella) were mentioned in the 
NOA, which �uctuated to one or two species. �e early works of 
the Ecology department abled identifying two new species 
present in the NOA (P. crista-galli and P. tarapacana) and it was 
only in the year 2021 that the �ve species were �nally included 
in the Flora Argentina [83,84].

 Toponymy associated with P. tomentella, corresponds in 
some cases to P. tarapacana [85]. In 2003 a detailed dot-based 
distribution map was elaborated. Nevertheless, in 2016 P. 
australis was erroneously cited in Puna, which should be P. 
tomentella [21]. Additionally, there is also confusion between P. 
tomentella and P. tarapacana [56]. �e shrubby form observed 
above 4700 m most likely belongs to P. tarapacana [86]. Also, in 
recent studies, populations most likely belonging to P. 
tomentella in the El Aguilar location have been identi�ed as P. 
tarapacana [87]. Renison et al. attempted to clarify their 
distributions using Species Distribution Models, which have 
their limitations [4]. Recently, the species from the Puna (P. 
tomentella) and High Andes (P. tarapacana) have been mapped 
in detail based on satellite images and �eldwork [30]. We 
recommend a detailed mapping of all �ve species in the NOA 
and re-uploading the regional map. 

 �e most important category was ecology/physiology. �e 
characterization as a pioneer species of P. hieronymi, P. 
tomentella and P. australis were not scienti�cally sustained. �e 
e�ect of cattle on P. tomentella, although widely mentioned was 
never quanti�ed and for P. australis more experiments should 
be done as it was only tested in one site (PPPY). Also, the 
management directions provided by outreach are not based on 
ecological experiments. �erefore, we suggest using those 
a�rmations as hypotheses for scienti�c investigations [51].

 We consider that forest structure and especially the 
germination potential of P. tomentella are su�ciently studied. 
However, this subject could be complemented with other 
questions for conservation to enhance germination e�cacy. For 
example, the longevity of seeds remains unknown, and the 
interannual seed germination of a single tree is also uncharted 
territory. We suggest more studies that aim to improve practical 
application for P. tomentella and studies on forest structure and 
regeneration on the other four species which are poorly studied, 
especially P. crista-galli and P. hieronymi. �ere is growing 
evidence that the current distribution of Polylepis may be 
in�uenced by anthropogenic factors, though it remains unclear 
if this applies to NOA. According to toponomy Polylepis has 
been locally extirpated from many areas, it persists in restricted 
environments such as ravines and protected areas [85]. 
However, restricted distribution can also be related to 
environmental factors like wind or water availability for P. 
australis. Wind has been identi�ed as a limiting factor, and 
precipitation concerns are noted for P. tarapacana [88,89]. 
Factors in�uencing the distributions of the species still need to 
be disentangled.

 P. australis has not been classi�ed by the IUCN, but was 
considered of Least Concern on the country level [90]. �e 
other four species have not been categorized in NOA. P. 
tomentella might be the most threatened species, but this 
assertion was not based on empirical evidence, re�ecting a 
broader issue with the lack of formal categorization, especially 

since P. tomentella has been recognized by the provincial 
government of Jujuy for conservation [47,91]. We recommend 
an assessment of the conservation status of P. australis, as well as 
a local categorization for the other four species. Additionally, we 
suggest research on the e�ect of cattle and exotic species such as 
the European hare, whose presence was documented in the area 
since the 1980s [92]. At the national level, the Administration of 
National Parks, which is the maximum authority, on its website 
cites two species not present in Argentina [22]. Also, it 
mentions the presence of P. tomentella in the National Park El 
Rey, which should be P. hieronymi. Additionally, the ANP 
website mentions P. australis as Vulnerable by the IUCN, but 
this species is not (yet) classi�ed by IUCN. Finally, it indicates 
that the presence of P. australis in PPPY is not con�rmed, 
although scienti�c and grey literature indicates its presence 
[49,50,93]. We suggest a revision of this website [22].

 �e assumption that there is extensive unpublished 
material on Polylepis has been partially substantiated, as 33% 
were not available online and grey literature contributed 51.8% 
to conservation knowledge, but outreach works generated 
confusion. Although we used a subjective indicator, it was 
useful to solve the aim of our work. Unfortunately, a signi�cant 
amount of information circulating lacks scienti�c or empirical 
backing. For example, the use of bark for cigarette rolling and 
writing and the medicinal use of leaves and bark is not 
scienti�cally sustained [63,94]. Although the chemical 
components were investigated, no reference to medicinal use is 
made and therefore we suggest caution [33,64]. Further 
ethnobotanical studies could help to elucidate this issue. 
Archeological studies show the long-standing relation between 
Polylepis forests and humans, maintained until nowadays 
[62,94,95]. �e number of mentions and species descriptions in 
literature, the amount of outreach work, and even the artwork 
on the genus (Figure 6) show that the genus is charismatic, 
nevertheless, this recognition has not translated into su�cient 

conservation e�orts.
 �e limited amount of unpublished data contains 
important information with conservation implications, 
particularly regarding population dynamics and structure of P. 
australis. �e comparison between the report and our �eldwork 
indicated that there is a signi�cant decline in adult trees, 
particularly at lower altitudes [12]. �is could be an e�ect of 
climate change, or due to di�erences in altitude or climatic 
conditions. �ese hypotheses should be tested. Continuous 
monitoring is essential to better understand the population 
dynamics of Polylepis and to develop more e�ective 
conservation strategies.

Conclusions
Our review demonstrates that grey literature has been valuable 
for informing conservation e�orts for Polylepis spp. in 
northwest Argentina (NOA). Grey literature provided critical 
data on species distributions, population trends, and threats. It 
is essential to do �eld experiments to address the knowledge 
gaps identi�ed, especially for lesser-studied species such as P. 
hieronymi and P. crista-galli. With Polylepis species continuing 
to face signi�cant environmental pressures, a collaborative 
e�ort between researchers, policymakers, and local 
communities is necessary to ensure the long-term preservation 
of these unique and threatened ecosystems. �is approach can 
be similarly useful for other species that, while 
underrepresented in formal scienti�c publications, are present 
in grey literature due to their conservation status or charismatic 
nature. �is is particularly relevant in regions with limitations 
on scienti�c publishing, such as the Southern Hemisphere, 
where grey literature remains a key resource for conservation 
planning.
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Grey literature consists of materials and research produced by 
organizations outside the traditional commercial or academic 
publication and distribution channels [1]. In conservation 
biology and management, the review method has gained 
popularity based on the premise that more information leads to 
better decision-making and improved management practices [2]. 

 In this context, grey literature is particularly valuable for 
understanding species and ecosystems that are not 
well-documented in peer-reviewed journals. Although the use 
of grey literature can be risky due to potential gaps in scienti�c 
rigor and representation of data or analysis, it also broadens the 
scope of relevant studies, o�ering a more comprehensive view of 
the available evidence [3]. �is breadth of information is crucial 
for ecosystems like those dominated by the genus Polylepis, 
which represent the highest-altitude forest formations in the 
Andes and sub-Andean valleys. �ese forests extend 
latitudinally from Venezuela to northern Chile and central 
Argentina [4]. Polylepis forests provide numerous ecosystem 
services, including erosion prevention, regulation of the water 
cycle, and resources for local populations such as posts, utensils, 
�rewood, and grazing [5]. Serving as "biodiversity islands" in a 
matrix of lower diversity, particularly in arid and semi-arid 
regions, these unique ecosystems play a vital role in maintaining 
ecological balance [6-8]. However, they face various degrees of 
threat and require targeted conservation actions. To manage 
Polylepis forests e�ectively and restore balanced, functional 
ecosystems, clearly de�ned restoration goals are essential [9]. 
Unfortunately, there is currently a lack of baseline knowledge 

regarding Polylepis species in northwest Argentina.

 �ere are 45 recognized species of Polylepis, of which 
11.1% (5 species) are found in northwest Argentina, making it 
a hotspot for the genus. However, this region has seen fewer 
investigations compared to the rest of the country, despite 
Argentina having the highest number of publications on 
Polylepis. Notably, P. hieronymi is among the species with the 
fewest publications in this area [10]. Unknown aspects on the 
genus in the NOA persist, on population dynamics, habitat 
speci�city; although general distribution maps exist, 
�ner-scale information on the speci�c ecological preferences 
and microhabitats is incomplete, genetic diversity, 
regeneration mechanisms, and interactions with other 
species.

 Given these gaps in knowledge, this review examines 
both grey and formal scienti�c literature on the genus 
Polylepis in northwest Argentina. �e main objective is to 
integrate and assess the utility of grey literature alongside 
scienti�c research for advancing conservation strategies for 
Polylepis species. �e speci�c objectives are as follows: (1) to 
assess and synthesize existing knowledge from both scienti�c 
works and grey literature, (2) to evaluate the relevance and 
implications of grey literature in conservation e�orts, and (3) 
to validate the practical application of insights gleaned from 
grey literature. We posit that Polylepis species in northwest 
Argentina are underrepresented in mainstream literature and 
that grey literature may provide critical insights to inform and 
enhance conservation strategies.

Methodology 
Study area
Northwest Argentina includes the provinces of Jujuy, Salta, 
Tucumán, and Catamarca (Figure 1). 

Our methodology comprised two main approaches
Bibliographic review

�e Agricultural Ecology Department at the National 
University of Jujuy pioneered research on Polylepis in northwest 
Argentina. First, we conducted a systematic search of the 
department's library and �eld notes for materials related to 
Polylepis. Second, we performed an online search using Google 
Scholar with the search terms “Polylepis” + “northwest 
Argentina” and “Queñoa” + “northwest Argentina”.

 Following these initial searches, we examined the 
bibliographies of the obtained studies, a technique known as the 
"paper trail," which allows researchers to identify additional 
relevant studies that may not appear in traditional search results 
[2]. We included all the information on Polylepis located in the 
NOA. Our inclusion criteria encompassed abstracts from 
scienti�c events, theses, dra�s of scienti�c articles, research 
project reports, unpublished data sheets, guides, and artworks. 
We systematically reviewed and summarized the most pertinent 
information for conservation purposes, which we have listed 
(Supplementary Material 1).

 Information was collected and carefully read between 
March 2021 and June 2024. We systematically categorized the 
data, extracting the following information: species studied (P. 
australis, P. crista-galli, P. hieronymi, P. tarapacana, and P. 
tomentella), year of publication, principal study area, and 
subject matter. Subjects included: Mention (where the species is 
only noted, e.g., in study area descriptions), Taxonomy, Species 
Description (e.g., guidebooks), Biogeography/Distribution, 
Physiology/Ecology, Conservation, Dendrochronology, 
Archaeology, Ethnobiology, Genetics, Associated Groups (e.g., 
birds, fungi), and Outreach (where information is reproduced). 
We classi�ed the information into “grey literature” and 
“scienti�c peer-reviewed work,” noting whether each 
publication was accessible online.
 

Each item was rated for its conservation input based on the 
experience of the authors, as follows: 0 we rated information 
with no use for conservation when it was only description of the 
species or the information was already mentioned in previous 
works, we rated information with 0.5 when it has information 
that has potential use in conservation, but was not scienti�cally 
based, and we rated the item with 1 when it has information 
deemed useful for conservation purposes. �ere were no 
di�erences in judgement between authors. We evaluated both 
grey and scienti�c literature and analyzed the contributions 
from each type based on the sum of the three rating categories. 
For each item, we extracted and highlighted key conclusions 
and critical insights.

Fieldwork

Fieldwork was done in the Provincial Park “Potrero de Yala” 
(PPPY herea�er wards). �e PPPY is in the northern sector of 
the Southern Andean Yungas Australes (24° 05′ 29.16″ S, 65° 30′ 
15.36” W, 2619 m) (Figure 1) and extends altitudinally between 
1600 and 5000 m, with a surface of 4300 ha.

 �e Southern Andean Yungas ecoregion or Tucuman- 
Bolivian rainforest develops between 400 m and 2300 m asl, 
from Bolivia (Tarija) to the Argentinean province Catamarca. 
�e climate of the Southern Andean Yungas is temperate and 
humid with mainly summer rains (80%) and frosts during the 
winter [11].

 To test the practical application of grey literature, we 
selected one report that we had the opportunity to reassess [12]. 
�is is a park ranger's report detailing the presence of P. 
australis within the PPPY by mapping the area and counting 
individuals. To verify the accuracy and relevance of the 
information, we revisited the site to check whether the 
population remained consistent with the original report. We 
used the map provided in the report and visited the park twice.

Results
In total, we obtained 157 entries that mentioned 215 times one 
species of the genus. Two abstracts, which were previous oral 
presentations of this work, were excluded [13]. One entry uses 
the common name “Queñoa” and “Queuñoal”, but refers to 
another species Cochlospermun zahlbruckneri and was excluded 
from the analysis (n=156). �e majority (59.6%) belonged to 
grey literature [14]. �e most studied species was P. tomentella 
(Figure 4). �e information spanned 113 years (1911–2024), 

were useful for conservation purposes and therefore they were 
not analyzed further. We also discovered a poem on Polylepis, 
but it was unfortunately misidenti�ed as P. racemosa [15]. Also, 
Wikipedia spells incorrectly two species (P. cristagalli and P. 
hyeronymi) [16].

Taxonomy: �e genus shares a common origin with Acaena and 
occupies a primitive phylogenetic position based on speci�c 
wood characteristics observed in P. tomentella [17,18]. Leaf 
morphology has been used in taxonomy, alongside di�erences 
in seed weight, seedling height, and leaf length to distinguish 
among the species in NOA [19,20].

Species description: Several examples of misnaming exist 
[21-23]. Early publications indicate that the fruit of the species 
is achene, while other authors refer to it as a cupela [17,24,25]. 
Also, some outreach work made mistakes by naming the 
in�orescences spigots, and leaves with serrated edge for P. 
tarapacana [22].

Biogeography/Distribution: �e �rst article we located 
indicates P. hieronymi, P. australis, and P. tomentella present in 
the northwest of Argentina [17]. Later P. australis and P. 
hieronymi were noted in Catamarca [26,27]. P. australis is 
distributed across the provinces of Jujuy, Salta, Tucumán, 
Catamarca, Córdoba, and San Luis [28]. Segovia carefully 
mapped the distribution of P. tomentella, however, this report 
included areas within the distribution range of P. tarapacana. P. 
tomentella in Jujuy covers 832.71 ha [29,30]. �e genus has also 
been mapped at a regional level [31], but this map is no longer 
available online.

 P. tomentella is found in an elevational belt between 3700 
and 4700 meters and adopts a shrubby form above 4200 m asl. 
Legname notes the presence of P. tomentella above 3000 m asl. 
for P. australis in Tucumán [32]. Krussmann mentions an 
elevational gradient between 2000 and 3500 m asl [27]. Other 
studies indicate it can be found between 1680 and 2800 m asl in 
Tucumán or between 1200 and 3500 m asl [33,34]. P. hieronymi, 
P. australis, and P. crista-galli are found at 2500 meters in the 
Yungas, while P. tomentella ranges between 3800 and 4200 
meters. P. tarapacana occurs at elevations from 4400 to 4900 
meters [19]. �e elevational gradient for P. crista-galli was 
recorded between 2400 and 2700 m asl [35]. P. tarapacana is 
found at elevations between 4000 and 4750 meters above sea 
level, while P. tomentella starts from 3000 meters [26].

Physiology/Ecology: P. tomentella prefers narrow ravines and 
rocky slopes [36]. Bonaventura et al. describe moderate rocky 
slopes with a northeast or east orientation (warm slopes) as 
suitable habitat for P. tomentella while Ruthsatz and Movia 
mention north and east slopes [37,38]. In 1972 P. australis was 
described as a “shrub” (4 stems, 10 cm DBH, 2.6 m height and 3 
m wide), based on a single individual present in the Botanic 
Garden of Copenhagen [27]. Frangi emphasizes the root system 
of P. australis in the Puna ecoregion; however, this should likely 
pertain to P. tomentella [23]. Additionally, Ruthsatz and Movia 
mention an extensive root system both horizontally and 
vertically for P. tomentella [38]. When examined at sea level, the 
foliar anatomy of P. tomentella changes, whereas P. australis 
does not [33]. Di�erences in seed weight, seedling height, and 
leaf length also play a crucial role in understanding their 
ecological adaptations [20]. Segovia reported an average height 

of 3.1 m and 25.6% cover for P. tomentella [29]. Based on a 
thesis, we calculated forest structure data for P. tomentella, 
�nding 0.33±0.21 seedlings per square meter and 362.5 adult 
individuals per hectare [39].

 A provincial report suggests that UV rays inhibit growth 
due to hormonal e�ects without citing a source for this 
information; however, it was noted that leaf wax may protect 
against ultraviolet radiation [40]. Rock outcrops and edges are 
highlighted as important for the regeneration of P. tarapacana 
forests [41,42]. �e germination rate of P. tomentella is 3.1%, 3% 
or 3.8 ± 3.1, compared to 4.3 ± 4.4 for P. tarapacana, which is 
markedly di�erent from the rates for P. australis and P. 
hieronymi (14.9 ± 16.6 and 14.7± 9.0, respectively) and 9.8% for 
P. crista-galli [35,40,43,44]. In P. australis forests, the individual 
density is 60 individuals per hectare, while P. tomentella forests 
host 325 individuals per hectare, with coverages of 9% and 13%, 
respectively [45]. For P. crista-galli, the density is 0.81 
seedlings/m² and 386 individuals/ha, with a mean diameter at 
the base of 16.9 cm [35].

Conservation: As early as 1984, P. tomentella was classi�ed as 
endangered due to the e�ects of intensive �rewood collection in 
Jujuy, a concern that was subsequently echoed by Braun Wilke 
[46,47]. While P. tomentella is occasionally regarded as a plant 
of interest for livestock, it has a low to moderate forage value 
[46]. Livestock grazing signi�cantly hinders regeneration in P. 
tomentella [43]. �is was also quanti�ed in one site for P. 
australis, with cattle negatively a�ecting the herbaceous stratum 
[48-50]. Furthermore, northern populations of P. australis tend 
to be less well-conserved than their southern counterparts [4].

 Important management data indicate that only P. 
tomentella faces serious threats, primarily from military and 
educational institutions rather than residents. A partially cut 
tree requires 20 years to recover, and trees up to 60 cm in 
diameter provide excellent �rewood quality. �e bark layer is 
crucial for germination [51]. �is information is based on 
interviews, without citation of scienti�c sources. �e current 
distribution of Polylepis species has been signi�cantly a�ected 
by climate change, further fragmenting their already patchy 
distribution [52,53]. Human in�uence over the past 11,000 
years has also played a role, with P. tarapacana and P. tomentella 
historically exhibiting limited distribution during the Holocene 
[54]. Since the Glacial Maximum, approximately 35% of 
suitable habitat for the genus has been lost [55].

 Currently, the Administration of National Parks in 
Argentina mentions 7 species, of which two (P. racemosa and P. 
rugulosa) are not present in Argentina. In the NOA P. australis 
is present in �ve protected areas, P. hieronymi in three, and P. 
tomentella in two. No information is available regarding P. 
crista-galli, and P. tarapacana is not represented in any 
protected area.

Dendrochronology: Braun Wilke presents the relationship 
between the diameter at the base, height, and estimated age of P. 
tomentella individuals (Figure 7), also he notes signi�cant 
growth di�erences among individuals, although he may have 
confused P. tarapacana with P. tomentella [56,57]. Corcuera 
reported an individual tree aged 65 years and suggests that trees 
reach a diameter of 30 cm a�er 50 years [51]. Simultaneously, 
González Arzac indicates that a perimeter of 100cm 

corresponds to 50 years (based on n=3), nevertheless, this 
author mentions the presence of rotten trunk centers that could 
indicate a threat for conservation and hinders the correct 
counting of rings [57]. Alonso indicates that one meter of trunk 
diameter corresponds to approximately 400 years of growth 
[40]. Chocovar and Picchi, found that the average annual 
increment in height for P. australis specimens was 13.5 cm, 
while the increase in diameter was 3.2 mm and 2.9 mm/year for 
P. tomentella, with an average age of 118 years [58,59]. However, 
this information was based on a small sample size (N = 2 for P. 
tomentella and N = 14 for P. australis).

Archaeology: Albeck found remnants of charcoal from P. 
tomentella at an archaeological site near Casabindo [60]. 
Additionally, a P. tomentella tree over 300 years old (3 meters 
high) was discovered above a kiln in Coyahuayma [61]. �e use 
of queñoa wood for metal smelting during the colonial period 
(18th century) has been documented [62].

Ethnobiology: Parker mentions medicinal (anti-hemorrhoidal 
properties) for P. australis for the �rst time in the region [63]. 
Later chemical compounds of P. australis were identi�ed [64]. 
Ponessa et al. used chromatography to detect �avonoids in P. 
australis [33]. �e medicinal use of P. australis leaves was also 
noted [65].

Genetics: �ere is a notable di�erence in polyploidy between 
northern and southern populations of P. australis, with 
northern populations predominantly being diploid [66]. 
Additionally, the genetic diversity of adult P. tarapacana 
decreases with increasing elevation, indicating upward 
migration during interglacial periods [67].

Associated groups: P. tomentella has been associated with the 
endemic bird species Saí Grande (Oreomanes fraseri) in Salta 
province. Species richness, relative abundance, and bird 
diversity are higher in P. australis forests compared to P. 
hieronymi forests, though there were no highly associated bird 
species reported [68]. A survey of one P. australis forest detected 
31 species of birds and 25 species of mosses, lichens, and ferns 
associated with the habitat [69].

Outhreach: Some outreach e�orts encountered challenges, 
including incorrect or missing scienti�c names or no mention 
of the scienti�c name, mention of medical use, the growth rate 
of the diameter, and the use of the ritidoma to make cigarettes 
[40,70,71]. We also discovered two paintings, one in street art 
and the other on social media [72,73].

Field work: We successfully identi�ed the six P. australis groups 
visited in 1999 [12]. �e total number of individuals decreased, 
especially at the lower altitudes (Table 1). We found other 
groups of P. australis in PPPY.

Figure 1. The four Argentinean provinces considered in this work 
(Jujuy, Salta, Tucumán, and Catamarca), and the field work site (PPPY) 
Polylepis spp. distribution (based on Renison et al., 2013), inside: the 
location of the NOA, Argentina in South America.

Species studied

�e genus Polylepis is a member of the Rosacea family. It is 
characterized by the curved branches and the multiple 
rhytidome layers. In general, it grows higher than the timberline 
(in grasslands). In the NOA �ve species are present (Figures 1,2 
and 3). In the humid forests that grow on the sub-Andean hills 
we �nd Polylepis australis, Polylepis crista-galli and Polylepis 
hieronymi. �ese can be di�erentiated based on lea�ets and 
distribution. In the High Andes, we �nd Polylepis tarapacana 
(Figure 3) which, in general has a bushy growth, in the Puna 
region we �nd Polylepis tomentella.

�e number of publications �uctuated over time. A�er the �rst 
publication in 1911, there was a 40-year gap until the second 
publication in 1951. Over the years, there has been a general, 
albeit inconsistent, increase in studies on Polylepis, with a peak 
of 12 publications in a single year in 2016 (Figure 5). Research 
e�orts are predominantly concentrated in Jujuy, with limited 
studies in Salta (documenting only three species) and less data 
from Tucumán. �e most studied topic was Physiology/Ecology 
(24%), followed by entries that only mentioned the species 
(22%) (Figure 6). 33.3% of the entries were not available online. 
�e total conservation input score for the 157 entries amounted 
to 106, with 51 points (48.1%) derived from scienti�c articles 
and 55 points (51.8%) from grey literature.

Mention: None of the articles that only mention the species 

Discussion
Publication trends show a peak in articles during years when the 
International Congress on the Ecology and Conservation of 
Polylepis was organized (Quito-Ecuador 2019, Jujuy-Argentina 
2016, Arica-Chile 2013, Cusco-Peru 2006, Cochabamba- 
Bolivia, 2000), especially when this congress was in Jujuy 
(NOA) with the record of 12 publications. �is underscores the 
importance of local events and the organization of speci�c 
congresses on conservation. We, therefore, recommend 
organizing new international congresses on the topic. �ese 
congresses were interrupted during COVID-19 pandemia and 
not retaken a�erward. Access to congress abstracts remains 
challenging, and this article aims to address this gap.

 Although the genus Polylepis was described early and 
according to Simpson no synonym exists, we found the 
synonym Quinasis, indicating that some taxonomic 
inconsistencies may have persisted in earlier literature [74-76]. 
�is was later solved by considering it a heteroteric synonym 
[77]. Nevertheless, considerable confusion remains at the 

species level, both locally and regionally. Recently, 45 species 
have been revised and accepted, but since then, two more 
species have been described in Peru, totaling 47 species [78-80]. 
In P. australis in northwest Argentina, the di�erence in ploidy 
levels with populations in the south suggests the potential 
existence of di�erent species [66]. Given the challenging 
morphological diagnosability, we propose a comprehensive 
review of the systematics based on genetic and/or niche 
di�erences between P. tarapacana and P. tomentella and 
between di�erent P. australis populations.

 �ere has been confusion regarding the correct 
terminology for its fruits. Most authors have referred to the 
fruits as achenes, while authors outside the NOA have even 
referred to them as nuts e.g. [16,24,81]. However, despite their 
similarity to achenes, the �owers of Polylepis have an inferior 
ovary, making "cupela" (�ower cup) the correct term, as 
supported by Zardini and Acosta and Moroni [25,82]. Also, the 
correct term is amentiform spikelike racemes. �ose multiple 
errors suggest that generators of outreach material should 
rigorously check scienti�c sources.

 Historically, there has been considerable confusion 
regarding the species present in NOA. Early, three species (P. 
australis, P. hieronymi, P. tomentella) were mentioned in the 
NOA, which �uctuated to one or two species. �e early works of 
the Ecology department abled identifying two new species 
present in the NOA (P. crista-galli and P. tarapacana) and it was 
only in the year 2021 that the �ve species were �nally included 
in the Flora Argentina [83,84].

 Toponymy associated with P. tomentella, corresponds in 
some cases to P. tarapacana [85]. In 2003 a detailed dot-based 
distribution map was elaborated. Nevertheless, in 2016 P. 
australis was erroneously cited in Puna, which should be P. 
tomentella [21]. Additionally, there is also confusion between P. 
tomentella and P. tarapacana [56]. �e shrubby form observed 
above 4700 m most likely belongs to P. tarapacana [86]. Also, in 
recent studies, populations most likely belonging to P. 
tomentella in the El Aguilar location have been identi�ed as P. 
tarapacana [87]. Renison et al. attempted to clarify their 
distributions using Species Distribution Models, which have 
their limitations [4]. Recently, the species from the Puna (P. 
tomentella) and High Andes (P. tarapacana) have been mapped 
in detail based on satellite images and �eldwork [30]. We 
recommend a detailed mapping of all �ve species in the NOA 
and re-uploading the regional map. 

 �e most important category was ecology/physiology. �e 
characterization as a pioneer species of P. hieronymi, P. 
tomentella and P. australis were not scienti�cally sustained. �e 
e�ect of cattle on P. tomentella, although widely mentioned was 
never quanti�ed and for P. australis more experiments should 
be done as it was only tested in one site (PPPY). Also, the 
management directions provided by outreach are not based on 
ecological experiments. �erefore, we suggest using those 
a�rmations as hypotheses for scienti�c investigations [51].

 We consider that forest structure and especially the 
germination potential of P. tomentella are su�ciently studied. 
However, this subject could be complemented with other 
questions for conservation to enhance germination e�cacy. For 
example, the longevity of seeds remains unknown, and the 
interannual seed germination of a single tree is also uncharted 
territory. We suggest more studies that aim to improve practical 
application for P. tomentella and studies on forest structure and 
regeneration on the other four species which are poorly studied, 
especially P. crista-galli and P. hieronymi. �ere is growing 
evidence that the current distribution of Polylepis may be 
in�uenced by anthropogenic factors, though it remains unclear 
if this applies to NOA. According to toponomy Polylepis has 
been locally extirpated from many areas, it persists in restricted 
environments such as ravines and protected areas [85]. 
However, restricted distribution can also be related to 
environmental factors like wind or water availability for P. 
australis. Wind has been identi�ed as a limiting factor, and 
precipitation concerns are noted for P. tarapacana [88,89]. 
Factors in�uencing the distributions of the species still need to 
be disentangled.

 P. australis has not been classi�ed by the IUCN, but was 
considered of Least Concern on the country level [90]. �e 
other four species have not been categorized in NOA. P. 
tomentella might be the most threatened species, but this 
assertion was not based on empirical evidence, re�ecting a 
broader issue with the lack of formal categorization, especially 

since P. tomentella has been recognized by the provincial 
government of Jujuy for conservation [47,91]. We recommend 
an assessment of the conservation status of P. australis, as well as 
a local categorization for the other four species. Additionally, we 
suggest research on the e�ect of cattle and exotic species such as 
the European hare, whose presence was documented in the area 
since the 1980s [92]. At the national level, the Administration of 
National Parks, which is the maximum authority, on its website 
cites two species not present in Argentina [22]. Also, it 
mentions the presence of P. tomentella in the National Park El 
Rey, which should be P. hieronymi. Additionally, the ANP 
website mentions P. australis as Vulnerable by the IUCN, but 
this species is not (yet) classi�ed by IUCN. Finally, it indicates 
that the presence of P. australis in PPPY is not con�rmed, 
although scienti�c and grey literature indicates its presence 
[49,50,93]. We suggest a revision of this website [22].

 �e assumption that there is extensive unpublished 
material on Polylepis has been partially substantiated, as 33% 
were not available online and grey literature contributed 51.8% 
to conservation knowledge, but outreach works generated 
confusion. Although we used a subjective indicator, it was 
useful to solve the aim of our work. Unfortunately, a signi�cant 
amount of information circulating lacks scienti�c or empirical 
backing. For example, the use of bark for cigarette rolling and 
writing and the medicinal use of leaves and bark is not 
scienti�cally sustained [63,94]. Although the chemical 
components were investigated, no reference to medicinal use is 
made and therefore we suggest caution [33,64]. Further 
ethnobotanical studies could help to elucidate this issue. 
Archeological studies show the long-standing relation between 
Polylepis forests and humans, maintained until nowadays 
[62,94,95]. �e number of mentions and species descriptions in 
literature, the amount of outreach work, and even the artwork 
on the genus (Figure 6) show that the genus is charismatic, 
nevertheless, this recognition has not translated into su�cient 

conservation e�orts.
 �e limited amount of unpublished data contains 
important information with conservation implications, 
particularly regarding population dynamics and structure of P. 
australis. �e comparison between the report and our �eldwork 
indicated that there is a signi�cant decline in adult trees, 
particularly at lower altitudes [12]. �is could be an e�ect of 
climate change, or due to di�erences in altitude or climatic 
conditions. �ese hypotheses should be tested. Continuous 
monitoring is essential to better understand the population 
dynamics of Polylepis and to develop more e�ective 
conservation strategies.

Conclusions
Our review demonstrates that grey literature has been valuable 
for informing conservation e�orts for Polylepis spp. in 
northwest Argentina (NOA). Grey literature provided critical 
data on species distributions, population trends, and threats. It 
is essential to do �eld experiments to address the knowledge 
gaps identi�ed, especially for lesser-studied species such as P. 
hieronymi and P. crista-galli. With Polylepis species continuing 
to face signi�cant environmental pressures, a collaborative 
e�ort between researchers, policymakers, and local 
communities is necessary to ensure the long-term preservation 
of these unique and threatened ecosystems. �is approach can 
be similarly useful for other species that, while 
underrepresented in formal scienti�c publications, are present 
in grey literature due to their conservation status or charismatic 
nature. �is is particularly relevant in regions with limitations 
on scienti�c publishing, such as the Southern Hemisphere, 
where grey literature remains a key resource for conservation 
planning.
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Figure 2. Polylepis species present in northwest Argentina A. P. 
crista-galli forest, B. drawings of details of P. crista-galli, B1-Branch, 
B2-Flower, B3-Cupela, C. P. tomentella branch, D. bark of P. australis, E. 
leaf of P. hieronymi E. adaxial side, F. abaxial side. Source: Argentina 
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Figure 3. Polylepis tarapacana present in the Jujuy province.
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Grey literature consists of materials and research produced by 
organizations outside the traditional commercial or academic 
publication and distribution channels [1]. In conservation 
biology and management, the review method has gained 
popularity based on the premise that more information leads to 
better decision-making and improved management practices [2]. 

 In this context, grey literature is particularly valuable for 
understanding species and ecosystems that are not 
well-documented in peer-reviewed journals. Although the use 
of grey literature can be risky due to potential gaps in scienti�c 
rigor and representation of data or analysis, it also broadens the 
scope of relevant studies, o�ering a more comprehensive view of 
the available evidence [3]. �is breadth of information is crucial 
for ecosystems like those dominated by the genus Polylepis, 
which represent the highest-altitude forest formations in the 
Andes and sub-Andean valleys. �ese forests extend 
latitudinally from Venezuela to northern Chile and central 
Argentina [4]. Polylepis forests provide numerous ecosystem 
services, including erosion prevention, regulation of the water 
cycle, and resources for local populations such as posts, utensils, 
�rewood, and grazing [5]. Serving as "biodiversity islands" in a 
matrix of lower diversity, particularly in arid and semi-arid 
regions, these unique ecosystems play a vital role in maintaining 
ecological balance [6-8]. However, they face various degrees of 
threat and require targeted conservation actions. To manage 
Polylepis forests e�ectively and restore balanced, functional 
ecosystems, clearly de�ned restoration goals are essential [9]. 
Unfortunately, there is currently a lack of baseline knowledge 

regarding Polylepis species in northwest Argentina.

 �ere are 45 recognized species of Polylepis, of which 
11.1% (5 species) are found in northwest Argentina, making it 
a hotspot for the genus. However, this region has seen fewer 
investigations compared to the rest of the country, despite 
Argentina having the highest number of publications on 
Polylepis. Notably, P. hieronymi is among the species with the 
fewest publications in this area [10]. Unknown aspects on the 
genus in the NOA persist, on population dynamics, habitat 
speci�city; although general distribution maps exist, 
�ner-scale information on the speci�c ecological preferences 
and microhabitats is incomplete, genetic diversity, 
regeneration mechanisms, and interactions with other 
species.

 Given these gaps in knowledge, this review examines 
both grey and formal scienti�c literature on the genus 
Polylepis in northwest Argentina. �e main objective is to 
integrate and assess the utility of grey literature alongside 
scienti�c research for advancing conservation strategies for 
Polylepis species. �e speci�c objectives are as follows: (1) to 
assess and synthesize existing knowledge from both scienti�c 
works and grey literature, (2) to evaluate the relevance and 
implications of grey literature in conservation e�orts, and (3) 
to validate the practical application of insights gleaned from 
grey literature. We posit that Polylepis species in northwest 
Argentina are underrepresented in mainstream literature and 
that grey literature may provide critical insights to inform and 
enhance conservation strategies.

Methodology 
Study area
Northwest Argentina includes the provinces of Jujuy, Salta, 
Tucumán, and Catamarca (Figure 1). 

Our methodology comprised two main approaches
Bibliographic review

�e Agricultural Ecology Department at the National 
University of Jujuy pioneered research on Polylepis in northwest 
Argentina. First, we conducted a systematic search of the 
department's library and �eld notes for materials related to 
Polylepis. Second, we performed an online search using Google 
Scholar with the search terms “Polylepis” + “northwest 
Argentina” and “Queñoa” + “northwest Argentina”.

 Following these initial searches, we examined the 
bibliographies of the obtained studies, a technique known as the 
"paper trail," which allows researchers to identify additional 
relevant studies that may not appear in traditional search results 
[2]. We included all the information on Polylepis located in the 
NOA. Our inclusion criteria encompassed abstracts from 
scienti�c events, theses, dra�s of scienti�c articles, research 
project reports, unpublished data sheets, guides, and artworks. 
We systematically reviewed and summarized the most pertinent 
information for conservation purposes, which we have listed 
(Supplementary Material 1).

 Information was collected and carefully read between 
March 2021 and June 2024. We systematically categorized the 
data, extracting the following information: species studied (P. 
australis, P. crista-galli, P. hieronymi, P. tarapacana, and P. 
tomentella), year of publication, principal study area, and 
subject matter. Subjects included: Mention (where the species is 
only noted, e.g., in study area descriptions), Taxonomy, Species 
Description (e.g., guidebooks), Biogeography/Distribution, 
Physiology/Ecology, Conservation, Dendrochronology, 
Archaeology, Ethnobiology, Genetics, Associated Groups (e.g., 
birds, fungi), and Outreach (where information is reproduced). 
We classi�ed the information into “grey literature” and 
“scienti�c peer-reviewed work,” noting whether each 
publication was accessible online.
 

Each item was rated for its conservation input based on the 
experience of the authors, as follows: 0 we rated information 
with no use for conservation when it was only description of the 
species or the information was already mentioned in previous 
works, we rated information with 0.5 when it has information 
that has potential use in conservation, but was not scienti�cally 
based, and we rated the item with 1 when it has information 
deemed useful for conservation purposes. �ere were no 
di�erences in judgement between authors. We evaluated both 
grey and scienti�c literature and analyzed the contributions 
from each type based on the sum of the three rating categories. 
For each item, we extracted and highlighted key conclusions 
and critical insights.

Fieldwork

Fieldwork was done in the Provincial Park “Potrero de Yala” 
(PPPY herea�er wards). �e PPPY is in the northern sector of 
the Southern Andean Yungas Australes (24° 05′ 29.16″ S, 65° 30′ 
15.36” W, 2619 m) (Figure 1) and extends altitudinally between 
1600 and 5000 m, with a surface of 4300 ha.

 �e Southern Andean Yungas ecoregion or Tucuman- 
Bolivian rainforest develops between 400 m and 2300 m asl, 
from Bolivia (Tarija) to the Argentinean province Catamarca. 
�e climate of the Southern Andean Yungas is temperate and 
humid with mainly summer rains (80%) and frosts during the 
winter [11].

 To test the practical application of grey literature, we 
selected one report that we had the opportunity to reassess [12]. 
�is is a park ranger's report detailing the presence of P. 
australis within the PPPY by mapping the area and counting 
individuals. To verify the accuracy and relevance of the 
information, we revisited the site to check whether the 
population remained consistent with the original report. We 
used the map provided in the report and visited the park twice.

Results
In total, we obtained 157 entries that mentioned 215 times one 
species of the genus. Two abstracts, which were previous oral 
presentations of this work, were excluded [13]. One entry uses 
the common name “Queñoa” and “Queuñoal”, but refers to 
another species Cochlospermun zahlbruckneri and was excluded 
from the analysis (n=156). �e majority (59.6%) belonged to 
grey literature [14]. �e most studied species was P. tomentella 
(Figure 4). �e information spanned 113 years (1911–2024), 

were useful for conservation purposes and therefore they were 
not analyzed further. We also discovered a poem on Polylepis, 
but it was unfortunately misidenti�ed as P. racemosa [15]. Also, 
Wikipedia spells incorrectly two species (P. cristagalli and P. 
hyeronymi) [16].

Taxonomy: �e genus shares a common origin with Acaena and 
occupies a primitive phylogenetic position based on speci�c 
wood characteristics observed in P. tomentella [17,18]. Leaf 
morphology has been used in taxonomy, alongside di�erences 
in seed weight, seedling height, and leaf length to distinguish 
among the species in NOA [19,20].

Species description: Several examples of misnaming exist 
[21-23]. Early publications indicate that the fruit of the species 
is achene, while other authors refer to it as a cupela [17,24,25]. 
Also, some outreach work made mistakes by naming the 
in�orescences spigots, and leaves with serrated edge for P. 
tarapacana [22].

Biogeography/Distribution: �e �rst article we located 
indicates P. hieronymi, P. australis, and P. tomentella present in 
the northwest of Argentina [17]. Later P. australis and P. 
hieronymi were noted in Catamarca [26,27]. P. australis is 
distributed across the provinces of Jujuy, Salta, Tucumán, 
Catamarca, Córdoba, and San Luis [28]. Segovia carefully 
mapped the distribution of P. tomentella, however, this report 
included areas within the distribution range of P. tarapacana. P. 
tomentella in Jujuy covers 832.71 ha [29,30]. �e genus has also 
been mapped at a regional level [31], but this map is no longer 
available online.

 P. tomentella is found in an elevational belt between 3700 
and 4700 meters and adopts a shrubby form above 4200 m asl. 
Legname notes the presence of P. tomentella above 3000 m asl. 
for P. australis in Tucumán [32]. Krussmann mentions an 
elevational gradient between 2000 and 3500 m asl [27]. Other 
studies indicate it can be found between 1680 and 2800 m asl in 
Tucumán or between 1200 and 3500 m asl [33,34]. P. hieronymi, 
P. australis, and P. crista-galli are found at 2500 meters in the 
Yungas, while P. tomentella ranges between 3800 and 4200 
meters. P. tarapacana occurs at elevations from 4400 to 4900 
meters [19]. �e elevational gradient for P. crista-galli was 
recorded between 2400 and 2700 m asl [35]. P. tarapacana is 
found at elevations between 4000 and 4750 meters above sea 
level, while P. tomentella starts from 3000 meters [26].

Physiology/Ecology: P. tomentella prefers narrow ravines and 
rocky slopes [36]. Bonaventura et al. describe moderate rocky 
slopes with a northeast or east orientation (warm slopes) as 
suitable habitat for P. tomentella while Ruthsatz and Movia 
mention north and east slopes [37,38]. In 1972 P. australis was 
described as a “shrub” (4 stems, 10 cm DBH, 2.6 m height and 3 
m wide), based on a single individual present in the Botanic 
Garden of Copenhagen [27]. Frangi emphasizes the root system 
of P. australis in the Puna ecoregion; however, this should likely 
pertain to P. tomentella [23]. Additionally, Ruthsatz and Movia 
mention an extensive root system both horizontally and 
vertically for P. tomentella [38]. When examined at sea level, the 
foliar anatomy of P. tomentella changes, whereas P. australis 
does not [33]. Di�erences in seed weight, seedling height, and 
leaf length also play a crucial role in understanding their 
ecological adaptations [20]. Segovia reported an average height 

of 3.1 m and 25.6% cover for P. tomentella [29]. Based on a 
thesis, we calculated forest structure data for P. tomentella, 
�nding 0.33±0.21 seedlings per square meter and 362.5 adult 
individuals per hectare [39].

 A provincial report suggests that UV rays inhibit growth 
due to hormonal e�ects without citing a source for this 
information; however, it was noted that leaf wax may protect 
against ultraviolet radiation [40]. Rock outcrops and edges are 
highlighted as important for the regeneration of P. tarapacana 
forests [41,42]. �e germination rate of P. tomentella is 3.1%, 3% 
or 3.8 ± 3.1, compared to 4.3 ± 4.4 for P. tarapacana, which is 
markedly di�erent from the rates for P. australis and P. 
hieronymi (14.9 ± 16.6 and 14.7± 9.0, respectively) and 9.8% for 
P. crista-galli [35,40,43,44]. In P. australis forests, the individual 
density is 60 individuals per hectare, while P. tomentella forests 
host 325 individuals per hectare, with coverages of 9% and 13%, 
respectively [45]. For P. crista-galli, the density is 0.81 
seedlings/m² and 386 individuals/ha, with a mean diameter at 
the base of 16.9 cm [35].

Conservation: As early as 1984, P. tomentella was classi�ed as 
endangered due to the e�ects of intensive �rewood collection in 
Jujuy, a concern that was subsequently echoed by Braun Wilke 
[46,47]. While P. tomentella is occasionally regarded as a plant 
of interest for livestock, it has a low to moderate forage value 
[46]. Livestock grazing signi�cantly hinders regeneration in P. 
tomentella [43]. �is was also quanti�ed in one site for P. 
australis, with cattle negatively a�ecting the herbaceous stratum 
[48-50]. Furthermore, northern populations of P. australis tend 
to be less well-conserved than their southern counterparts [4].

 Important management data indicate that only P. 
tomentella faces serious threats, primarily from military and 
educational institutions rather than residents. A partially cut 
tree requires 20 years to recover, and trees up to 60 cm in 
diameter provide excellent �rewood quality. �e bark layer is 
crucial for germination [51]. �is information is based on 
interviews, without citation of scienti�c sources. �e current 
distribution of Polylepis species has been signi�cantly a�ected 
by climate change, further fragmenting their already patchy 
distribution [52,53]. Human in�uence over the past 11,000 
years has also played a role, with P. tarapacana and P. tomentella 
historically exhibiting limited distribution during the Holocene 
[54]. Since the Glacial Maximum, approximately 35% of 
suitable habitat for the genus has been lost [55].

 Currently, the Administration of National Parks in 
Argentina mentions 7 species, of which two (P. racemosa and P. 
rugulosa) are not present in Argentina. In the NOA P. australis 
is present in �ve protected areas, P. hieronymi in three, and P. 
tomentella in two. No information is available regarding P. 
crista-galli, and P. tarapacana is not represented in any 
protected area.

Dendrochronology: Braun Wilke presents the relationship 
between the diameter at the base, height, and estimated age of P. 
tomentella individuals (Figure 7), also he notes signi�cant 
growth di�erences among individuals, although he may have 
confused P. tarapacana with P. tomentella [56,57]. Corcuera 
reported an individual tree aged 65 years and suggests that trees 
reach a diameter of 30 cm a�er 50 years [51]. Simultaneously, 
González Arzac indicates that a perimeter of 100cm 

corresponds to 50 years (based on n=3), nevertheless, this 
author mentions the presence of rotten trunk centers that could 
indicate a threat for conservation and hinders the correct 
counting of rings [57]. Alonso indicates that one meter of trunk 
diameter corresponds to approximately 400 years of growth 
[40]. Chocovar and Picchi, found that the average annual 
increment in height for P. australis specimens was 13.5 cm, 
while the increase in diameter was 3.2 mm and 2.9 mm/year for 
P. tomentella, with an average age of 118 years [58,59]. However, 
this information was based on a small sample size (N = 2 for P. 
tomentella and N = 14 for P. australis).

Archaeology: Albeck found remnants of charcoal from P. 
tomentella at an archaeological site near Casabindo [60]. 
Additionally, a P. tomentella tree over 300 years old (3 meters 
high) was discovered above a kiln in Coyahuayma [61]. �e use 
of queñoa wood for metal smelting during the colonial period 
(18th century) has been documented [62].

Ethnobiology: Parker mentions medicinal (anti-hemorrhoidal 
properties) for P. australis for the �rst time in the region [63]. 
Later chemical compounds of P. australis were identi�ed [64]. 
Ponessa et al. used chromatography to detect �avonoids in P. 
australis [33]. �e medicinal use of P. australis leaves was also 
noted [65].

Genetics: �ere is a notable di�erence in polyploidy between 
northern and southern populations of P. australis, with 
northern populations predominantly being diploid [66]. 
Additionally, the genetic diversity of adult P. tarapacana 
decreases with increasing elevation, indicating upward 
migration during interglacial periods [67].

Associated groups: P. tomentella has been associated with the 
endemic bird species Saí Grande (Oreomanes fraseri) in Salta 
province. Species richness, relative abundance, and bird 
diversity are higher in P. australis forests compared to P. 
hieronymi forests, though there were no highly associated bird 
species reported [68]. A survey of one P. australis forest detected 
31 species of birds and 25 species of mosses, lichens, and ferns 
associated with the habitat [69].

Outhreach: Some outreach e�orts encountered challenges, 
including incorrect or missing scienti�c names or no mention 
of the scienti�c name, mention of medical use, the growth rate 
of the diameter, and the use of the ritidoma to make cigarettes 
[40,70,71]. We also discovered two paintings, one in street art 
and the other on social media [72,73].

Field work: We successfully identi�ed the six P. australis groups 
visited in 1999 [12]. �e total number of individuals decreased, 
especially at the lower altitudes (Table 1). We found other 
groups of P. australis in PPPY.

Species studied

�e genus Polylepis is a member of the Rosacea family. It is 
characterized by the curved branches and the multiple 
rhytidome layers. In general, it grows higher than the timberline 
(in grasslands). In the NOA �ve species are present (Figures 1,2 
and 3). In the humid forests that grow on the sub-Andean hills 
we �nd Polylepis australis, Polylepis crista-galli and Polylepis 
hieronymi. �ese can be di�erentiated based on lea�ets and 
distribution. In the High Andes, we �nd Polylepis tarapacana 
(Figure 3) which, in general has a bushy growth, in the Puna 
region we �nd Polylepis tomentella.

Figure 4. Total number of publications per Polylepis species obtained in 
a review on the genus in northwest Argentina (n=215).

�e number of publications �uctuated over time. A�er the �rst 
publication in 1911, there was a 40-year gap until the second 
publication in 1951. Over the years, there has been a general, 
albeit inconsistent, increase in studies on Polylepis, with a peak 
of 12 publications in a single year in 2016 (Figure 5). Research 
e�orts are predominantly concentrated in Jujuy, with limited 
studies in Salta (documenting only three species) and less data 
from Tucumán. �e most studied topic was Physiology/Ecology 
(24%), followed by entries that only mentioned the species 
(22%) (Figure 6). 33.3% of the entries were not available online. 
�e total conservation input score for the 157 entries amounted 
to 106, with 51 points (48.1%) derived from scienti�c articles 
and 55 points (51.8%) from grey literature.

Mention: None of the articles that only mention the species 

Figure 6. Pie chart indicating the topics of the 143 entries resulting from a review on Polylepis spp. in northwest Argentina.

Discussion
Publication trends show a peak in articles during years when the 
International Congress on the Ecology and Conservation of 
Polylepis was organized (Quito-Ecuador 2019, Jujuy-Argentina 
2016, Arica-Chile 2013, Cusco-Peru 2006, Cochabamba- 
Bolivia, 2000), especially when this congress was in Jujuy 
(NOA) with the record of 12 publications. �is underscores the 
importance of local events and the organization of speci�c 
congresses on conservation. We, therefore, recommend 
organizing new international congresses on the topic. �ese 
congresses were interrupted during COVID-19 pandemia and 
not retaken a�erward. Access to congress abstracts remains 
challenging, and this article aims to address this gap.

 Although the genus Polylepis was described early and 
according to Simpson no synonym exists, we found the 
synonym Quinasis, indicating that some taxonomic 
inconsistencies may have persisted in earlier literature [74-76]. 
�is was later solved by considering it a heteroteric synonym 
[77]. Nevertheless, considerable confusion remains at the 

species level, both locally and regionally. Recently, 45 species 
have been revised and accepted, but since then, two more 
species have been described in Peru, totaling 47 species [78-80]. 
In P. australis in northwest Argentina, the di�erence in ploidy 
levels with populations in the south suggests the potential 
existence of di�erent species [66]. Given the challenging 
morphological diagnosability, we propose a comprehensive 
review of the systematics based on genetic and/or niche 
di�erences between P. tarapacana and P. tomentella and 
between di�erent P. australis populations.

 �ere has been confusion regarding the correct 
terminology for its fruits. Most authors have referred to the 
fruits as achenes, while authors outside the NOA have even 
referred to them as nuts e.g. [16,24,81]. However, despite their 
similarity to achenes, the �owers of Polylepis have an inferior 
ovary, making "cupela" (�ower cup) the correct term, as 
supported by Zardini and Acosta and Moroni [25,82]. Also, the 
correct term is amentiform spikelike racemes. �ose multiple 
errors suggest that generators of outreach material should 
rigorously check scienti�c sources.

 Historically, there has been considerable confusion 
regarding the species present in NOA. Early, three species (P. 
australis, P. hieronymi, P. tomentella) were mentioned in the 
NOA, which �uctuated to one or two species. �e early works of 
the Ecology department abled identifying two new species 
present in the NOA (P. crista-galli and P. tarapacana) and it was 
only in the year 2021 that the �ve species were �nally included 
in the Flora Argentina [83,84].

 Toponymy associated with P. tomentella, corresponds in 
some cases to P. tarapacana [85]. In 2003 a detailed dot-based 
distribution map was elaborated. Nevertheless, in 2016 P. 
australis was erroneously cited in Puna, which should be P. 
tomentella [21]. Additionally, there is also confusion between P. 
tomentella and P. tarapacana [56]. �e shrubby form observed 
above 4700 m most likely belongs to P. tarapacana [86]. Also, in 
recent studies, populations most likely belonging to P. 
tomentella in the El Aguilar location have been identi�ed as P. 
tarapacana [87]. Renison et al. attempted to clarify their 
distributions using Species Distribution Models, which have 
their limitations [4]. Recently, the species from the Puna (P. 
tomentella) and High Andes (P. tarapacana) have been mapped 
in detail based on satellite images and �eldwork [30]. We 
recommend a detailed mapping of all �ve species in the NOA 
and re-uploading the regional map. 

 �e most important category was ecology/physiology. �e 
characterization as a pioneer species of P. hieronymi, P. 
tomentella and P. australis were not scienti�cally sustained. �e 
e�ect of cattle on P. tomentella, although widely mentioned was 
never quanti�ed and for P. australis more experiments should 
be done as it was only tested in one site (PPPY). Also, the 
management directions provided by outreach are not based on 
ecological experiments. �erefore, we suggest using those 
a�rmations as hypotheses for scienti�c investigations [51].

 We consider that forest structure and especially the 
germination potential of P. tomentella are su�ciently studied. 
However, this subject could be complemented with other 
questions for conservation to enhance germination e�cacy. For 
example, the longevity of seeds remains unknown, and the 
interannual seed germination of a single tree is also uncharted 
territory. We suggest more studies that aim to improve practical 
application for P. tomentella and studies on forest structure and 
regeneration on the other four species which are poorly studied, 
especially P. crista-galli and P. hieronymi. �ere is growing 
evidence that the current distribution of Polylepis may be 
in�uenced by anthropogenic factors, though it remains unclear 
if this applies to NOA. According to toponomy Polylepis has 
been locally extirpated from many areas, it persists in restricted 
environments such as ravines and protected areas [85]. 
However, restricted distribution can also be related to 
environmental factors like wind or water availability for P. 
australis. Wind has been identi�ed as a limiting factor, and 
precipitation concerns are noted for P. tarapacana [88,89]. 
Factors in�uencing the distributions of the species still need to 
be disentangled.

 P. australis has not been classi�ed by the IUCN, but was 
considered of Least Concern on the country level [90]. �e 
other four species have not been categorized in NOA. P. 
tomentella might be the most threatened species, but this 
assertion was not based on empirical evidence, re�ecting a 
broader issue with the lack of formal categorization, especially 

since P. tomentella has been recognized by the provincial 
government of Jujuy for conservation [47,91]. We recommend 
an assessment of the conservation status of P. australis, as well as 
a local categorization for the other four species. Additionally, we 
suggest research on the e�ect of cattle and exotic species such as 
the European hare, whose presence was documented in the area 
since the 1980s [92]. At the national level, the Administration of 
National Parks, which is the maximum authority, on its website 
cites two species not present in Argentina [22]. Also, it 
mentions the presence of P. tomentella in the National Park El 
Rey, which should be P. hieronymi. Additionally, the ANP 
website mentions P. australis as Vulnerable by the IUCN, but 
this species is not (yet) classi�ed by IUCN. Finally, it indicates 
that the presence of P. australis in PPPY is not con�rmed, 
although scienti�c and grey literature indicates its presence 
[49,50,93]. We suggest a revision of this website [22].

 �e assumption that there is extensive unpublished 
material on Polylepis has been partially substantiated, as 33% 
were not available online and grey literature contributed 51.8% 
to conservation knowledge, but outreach works generated 
confusion. Although we used a subjective indicator, it was 
useful to solve the aim of our work. Unfortunately, a signi�cant 
amount of information circulating lacks scienti�c or empirical 
backing. For example, the use of bark for cigarette rolling and 
writing and the medicinal use of leaves and bark is not 
scienti�cally sustained [63,94]. Although the chemical 
components were investigated, no reference to medicinal use is 
made and therefore we suggest caution [33,64]. Further 
ethnobotanical studies could help to elucidate this issue. 
Archeological studies show the long-standing relation between 
Polylepis forests and humans, maintained until nowadays 
[62,94,95]. �e number of mentions and species descriptions in 
literature, the amount of outreach work, and even the artwork 
on the genus (Figure 6) show that the genus is charismatic, 
nevertheless, this recognition has not translated into su�cient 

conservation e�orts.
 �e limited amount of unpublished data contains 
important information with conservation implications, 
particularly regarding population dynamics and structure of P. 
australis. �e comparison between the report and our �eldwork 
indicated that there is a signi�cant decline in adult trees, 
particularly at lower altitudes [12]. �is could be an e�ect of 
climate change, or due to di�erences in altitude or climatic 
conditions. �ese hypotheses should be tested. Continuous 
monitoring is essential to better understand the population 
dynamics of Polylepis and to develop more e�ective 
conservation strategies.

Conclusions
Our review demonstrates that grey literature has been valuable 
for informing conservation e�orts for Polylepis spp. in 
northwest Argentina (NOA). Grey literature provided critical 
data on species distributions, population trends, and threats. It 
is essential to do �eld experiments to address the knowledge 
gaps identi�ed, especially for lesser-studied species such as P. 
hieronymi and P. crista-galli. With Polylepis species continuing 
to face signi�cant environmental pressures, a collaborative 
e�ort between researchers, policymakers, and local 
communities is necessary to ensure the long-term preservation 
of these unique and threatened ecosystems. �is approach can 
be similarly useful for other species that, while 
underrepresented in formal scienti�c publications, are present 
in grey literature due to their conservation status or charismatic 
nature. �is is particularly relevant in regions with limitations 
on scienti�c publishing, such as the Southern Hemisphere, 
where grey literature remains a key resource for conservation 
planning.
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Grey literature consists of materials and research produced by 
organizations outside the traditional commercial or academic 
publication and distribution channels [1]. In conservation 
biology and management, the review method has gained 
popularity based on the premise that more information leads to 
better decision-making and improved management practices [2]. 

 In this context, grey literature is particularly valuable for 
understanding species and ecosystems that are not 
well-documented in peer-reviewed journals. Although the use 
of grey literature can be risky due to potential gaps in scienti�c 
rigor and representation of data or analysis, it also broadens the 
scope of relevant studies, o�ering a more comprehensive view of 
the available evidence [3]. �is breadth of information is crucial 
for ecosystems like those dominated by the genus Polylepis, 
which represent the highest-altitude forest formations in the 
Andes and sub-Andean valleys. �ese forests extend 
latitudinally from Venezuela to northern Chile and central 
Argentina [4]. Polylepis forests provide numerous ecosystem 
services, including erosion prevention, regulation of the water 
cycle, and resources for local populations such as posts, utensils, 
�rewood, and grazing [5]. Serving as "biodiversity islands" in a 
matrix of lower diversity, particularly in arid and semi-arid 
regions, these unique ecosystems play a vital role in maintaining 
ecological balance [6-8]. However, they face various degrees of 
threat and require targeted conservation actions. To manage 
Polylepis forests e�ectively and restore balanced, functional 
ecosystems, clearly de�ned restoration goals are essential [9]. 
Unfortunately, there is currently a lack of baseline knowledge 

regarding Polylepis species in northwest Argentina.

 �ere are 45 recognized species of Polylepis, of which 
11.1% (5 species) are found in northwest Argentina, making it 
a hotspot for the genus. However, this region has seen fewer 
investigations compared to the rest of the country, despite 
Argentina having the highest number of publications on 
Polylepis. Notably, P. hieronymi is among the species with the 
fewest publications in this area [10]. Unknown aspects on the 
genus in the NOA persist, on population dynamics, habitat 
speci�city; although general distribution maps exist, 
�ner-scale information on the speci�c ecological preferences 
and microhabitats is incomplete, genetic diversity, 
regeneration mechanisms, and interactions with other 
species.

 Given these gaps in knowledge, this review examines 
both grey and formal scienti�c literature on the genus 
Polylepis in northwest Argentina. �e main objective is to 
integrate and assess the utility of grey literature alongside 
scienti�c research for advancing conservation strategies for 
Polylepis species. �e speci�c objectives are as follows: (1) to 
assess and synthesize existing knowledge from both scienti�c 
works and grey literature, (2) to evaluate the relevance and 
implications of grey literature in conservation e�orts, and (3) 
to validate the practical application of insights gleaned from 
grey literature. We posit that Polylepis species in northwest 
Argentina are underrepresented in mainstream literature and 
that grey literature may provide critical insights to inform and 
enhance conservation strategies.

Methodology 
Study area
Northwest Argentina includes the provinces of Jujuy, Salta, 
Tucumán, and Catamarca (Figure 1). 

Our methodology comprised two main approaches
Bibliographic review

�e Agricultural Ecology Department at the National 
University of Jujuy pioneered research on Polylepis in northwest 
Argentina. First, we conducted a systematic search of the 
department's library and �eld notes for materials related to 
Polylepis. Second, we performed an online search using Google 
Scholar with the search terms “Polylepis” + “northwest 
Argentina” and “Queñoa” + “northwest Argentina”.

 Following these initial searches, we examined the 
bibliographies of the obtained studies, a technique known as the 
"paper trail," which allows researchers to identify additional 
relevant studies that may not appear in traditional search results 
[2]. We included all the information on Polylepis located in the 
NOA. Our inclusion criteria encompassed abstracts from 
scienti�c events, theses, dra�s of scienti�c articles, research 
project reports, unpublished data sheets, guides, and artworks. 
We systematically reviewed and summarized the most pertinent 
information for conservation purposes, which we have listed 
(Supplementary Material 1).

 Information was collected and carefully read between 
March 2021 and June 2024. We systematically categorized the 
data, extracting the following information: species studied (P. 
australis, P. crista-galli, P. hieronymi, P. tarapacana, and P. 
tomentella), year of publication, principal study area, and 
subject matter. Subjects included: Mention (where the species is 
only noted, e.g., in study area descriptions), Taxonomy, Species 
Description (e.g., guidebooks), Biogeography/Distribution, 
Physiology/Ecology, Conservation, Dendrochronology, 
Archaeology, Ethnobiology, Genetics, Associated Groups (e.g., 
birds, fungi), and Outreach (where information is reproduced). 
We classi�ed the information into “grey literature” and 
“scienti�c peer-reviewed work,” noting whether each 
publication was accessible online.
 

Each item was rated for its conservation input based on the 
experience of the authors, as follows: 0 we rated information 
with no use for conservation when it was only description of the 
species or the information was already mentioned in previous 
works, we rated information with 0.5 when it has information 
that has potential use in conservation, but was not scienti�cally 
based, and we rated the item with 1 when it has information 
deemed useful for conservation purposes. �ere were no 
di�erences in judgement between authors. We evaluated both 
grey and scienti�c literature and analyzed the contributions 
from each type based on the sum of the three rating categories. 
For each item, we extracted and highlighted key conclusions 
and critical insights.

Fieldwork

Fieldwork was done in the Provincial Park “Potrero de Yala” 
(PPPY herea�er wards). �e PPPY is in the northern sector of 
the Southern Andean Yungas Australes (24° 05′ 29.16″ S, 65° 30′ 
15.36” W, 2619 m) (Figure 1) and extends altitudinally between 
1600 and 5000 m, with a surface of 4300 ha.

 �e Southern Andean Yungas ecoregion or Tucuman- 
Bolivian rainforest develops between 400 m and 2300 m asl, 
from Bolivia (Tarija) to the Argentinean province Catamarca. 
�e climate of the Southern Andean Yungas is temperate and 
humid with mainly summer rains (80%) and frosts during the 
winter [11].

 To test the practical application of grey literature, we 
selected one report that we had the opportunity to reassess [12]. 
�is is a park ranger's report detailing the presence of P. 
australis within the PPPY by mapping the area and counting 
individuals. To verify the accuracy and relevance of the 
information, we revisited the site to check whether the 
population remained consistent with the original report. We 
used the map provided in the report and visited the park twice.

Results
In total, we obtained 157 entries that mentioned 215 times one 
species of the genus. Two abstracts, which were previous oral 
presentations of this work, were excluded [13]. One entry uses 
the common name “Queñoa” and “Queuñoal”, but refers to 
another species Cochlospermun zahlbruckneri and was excluded 
from the analysis (n=156). �e majority (59.6%) belonged to 
grey literature [14]. �e most studied species was P. tomentella 
(Figure 4). �e information spanned 113 years (1911–2024), 

were useful for conservation purposes and therefore they were 
not analyzed further. We also discovered a poem on Polylepis, 
but it was unfortunately misidenti�ed as P. racemosa [15]. Also, 
Wikipedia spells incorrectly two species (P. cristagalli and P. 
hyeronymi) [16].

Taxonomy: �e genus shares a common origin with Acaena and 
occupies a primitive phylogenetic position based on speci�c 
wood characteristics observed in P. tomentella [17,18]. Leaf 
morphology has been used in taxonomy, alongside di�erences 
in seed weight, seedling height, and leaf length to distinguish 
among the species in NOA [19,20].

Species description: Several examples of misnaming exist 
[21-23]. Early publications indicate that the fruit of the species 
is achene, while other authors refer to it as a cupela [17,24,25]. 
Also, some outreach work made mistakes by naming the 
in�orescences spigots, and leaves with serrated edge for P. 
tarapacana [22].

Biogeography/Distribution: �e �rst article we located 
indicates P. hieronymi, P. australis, and P. tomentella present in 
the northwest of Argentina [17]. Later P. australis and P. 
hieronymi were noted in Catamarca [26,27]. P. australis is 
distributed across the provinces of Jujuy, Salta, Tucumán, 
Catamarca, Córdoba, and San Luis [28]. Segovia carefully 
mapped the distribution of P. tomentella, however, this report 
included areas within the distribution range of P. tarapacana. P. 
tomentella in Jujuy covers 832.71 ha [29,30]. �e genus has also 
been mapped at a regional level [31], but this map is no longer 
available online.

 P. tomentella is found in an elevational belt between 3700 
and 4700 meters and adopts a shrubby form above 4200 m asl. 
Legname notes the presence of P. tomentella above 3000 m asl. 
for P. australis in Tucumán [32]. Krussmann mentions an 
elevational gradient between 2000 and 3500 m asl [27]. Other 
studies indicate it can be found between 1680 and 2800 m asl in 
Tucumán or between 1200 and 3500 m asl [33,34]. P. hieronymi, 
P. australis, and P. crista-galli are found at 2500 meters in the 
Yungas, while P. tomentella ranges between 3800 and 4200 
meters. P. tarapacana occurs at elevations from 4400 to 4900 
meters [19]. �e elevational gradient for P. crista-galli was 
recorded between 2400 and 2700 m asl [35]. P. tarapacana is 
found at elevations between 4000 and 4750 meters above sea 
level, while P. tomentella starts from 3000 meters [26].

Physiology/Ecology: P. tomentella prefers narrow ravines and 
rocky slopes [36]. Bonaventura et al. describe moderate rocky 
slopes with a northeast or east orientation (warm slopes) as 
suitable habitat for P. tomentella while Ruthsatz and Movia 
mention north and east slopes [37,38]. In 1972 P. australis was 
described as a “shrub” (4 stems, 10 cm DBH, 2.6 m height and 3 
m wide), based on a single individual present in the Botanic 
Garden of Copenhagen [27]. Frangi emphasizes the root system 
of P. australis in the Puna ecoregion; however, this should likely 
pertain to P. tomentella [23]. Additionally, Ruthsatz and Movia 
mention an extensive root system both horizontally and 
vertically for P. tomentella [38]. When examined at sea level, the 
foliar anatomy of P. tomentella changes, whereas P. australis 
does not [33]. Di�erences in seed weight, seedling height, and 
leaf length also play a crucial role in understanding their 
ecological adaptations [20]. Segovia reported an average height 

of 3.1 m and 25.6% cover for P. tomentella [29]. Based on a 
thesis, we calculated forest structure data for P. tomentella, 
�nding 0.33±0.21 seedlings per square meter and 362.5 adult 
individuals per hectare [39].

 A provincial report suggests that UV rays inhibit growth 
due to hormonal e�ects without citing a source for this 
information; however, it was noted that leaf wax may protect 
against ultraviolet radiation [40]. Rock outcrops and edges are 
highlighted as important for the regeneration of P. tarapacana 
forests [41,42]. �e germination rate of P. tomentella is 3.1%, 3% 
or 3.8 ± 3.1, compared to 4.3 ± 4.4 for P. tarapacana, which is 
markedly di�erent from the rates for P. australis and P. 
hieronymi (14.9 ± 16.6 and 14.7± 9.0, respectively) and 9.8% for 
P. crista-galli [35,40,43,44]. In P. australis forests, the individual 
density is 60 individuals per hectare, while P. tomentella forests 
host 325 individuals per hectare, with coverages of 9% and 13%, 
respectively [45]. For P. crista-galli, the density is 0.81 
seedlings/m² and 386 individuals/ha, with a mean diameter at 
the base of 16.9 cm [35].

Conservation: As early as 1984, P. tomentella was classi�ed as 
endangered due to the e�ects of intensive �rewood collection in 
Jujuy, a concern that was subsequently echoed by Braun Wilke 
[46,47]. While P. tomentella is occasionally regarded as a plant 
of interest for livestock, it has a low to moderate forage value 
[46]. Livestock grazing signi�cantly hinders regeneration in P. 
tomentella [43]. �is was also quanti�ed in one site for P. 
australis, with cattle negatively a�ecting the herbaceous stratum 
[48-50]. Furthermore, northern populations of P. australis tend 
to be less well-conserved than their southern counterparts [4].

 Important management data indicate that only P. 
tomentella faces serious threats, primarily from military and 
educational institutions rather than residents. A partially cut 
tree requires 20 years to recover, and trees up to 60 cm in 
diameter provide excellent �rewood quality. �e bark layer is 
crucial for germination [51]. �is information is based on 
interviews, without citation of scienti�c sources. �e current 
distribution of Polylepis species has been signi�cantly a�ected 
by climate change, further fragmenting their already patchy 
distribution [52,53]. Human in�uence over the past 11,000 
years has also played a role, with P. tarapacana and P. tomentella 
historically exhibiting limited distribution during the Holocene 
[54]. Since the Glacial Maximum, approximately 35% of 
suitable habitat for the genus has been lost [55].

 Currently, the Administration of National Parks in 
Argentina mentions 7 species, of which two (P. racemosa and P. 
rugulosa) are not present in Argentina. In the NOA P. australis 
is present in �ve protected areas, P. hieronymi in three, and P. 
tomentella in two. No information is available regarding P. 
crista-galli, and P. tarapacana is not represented in any 
protected area.

Dendrochronology: Braun Wilke presents the relationship 
between the diameter at the base, height, and estimated age of P. 
tomentella individuals (Figure 7), also he notes signi�cant 
growth di�erences among individuals, although he may have 
confused P. tarapacana with P. tomentella [56,57]. Corcuera 
reported an individual tree aged 65 years and suggests that trees 
reach a diameter of 30 cm a�er 50 years [51]. Simultaneously, 
González Arzac indicates that a perimeter of 100cm 

corresponds to 50 years (based on n=3), nevertheless, this 
author mentions the presence of rotten trunk centers that could 
indicate a threat for conservation and hinders the correct 
counting of rings [57]. Alonso indicates that one meter of trunk 
diameter corresponds to approximately 400 years of growth 
[40]. Chocovar and Picchi, found that the average annual 
increment in height for P. australis specimens was 13.5 cm, 
while the increase in diameter was 3.2 mm and 2.9 mm/year for 
P. tomentella, with an average age of 118 years [58,59]. However, 
this information was based on a small sample size (N = 2 for P. 
tomentella and N = 14 for P. australis).

Archaeology: Albeck found remnants of charcoal from P. 
tomentella at an archaeological site near Casabindo [60]. 
Additionally, a P. tomentella tree over 300 years old (3 meters 
high) was discovered above a kiln in Coyahuayma [61]. �e use 
of queñoa wood for metal smelting during the colonial period 
(18th century) has been documented [62].

Ethnobiology: Parker mentions medicinal (anti-hemorrhoidal 
properties) for P. australis for the �rst time in the region [63]. 
Later chemical compounds of P. australis were identi�ed [64]. 
Ponessa et al. used chromatography to detect �avonoids in P. 
australis [33]. �e medicinal use of P. australis leaves was also 
noted [65].

Genetics: �ere is a notable di�erence in polyploidy between 
northern and southern populations of P. australis, with 
northern populations predominantly being diploid [66]. 
Additionally, the genetic diversity of adult P. tarapacana 
decreases with increasing elevation, indicating upward 
migration during interglacial periods [67].

Associated groups: P. tomentella has been associated with the 
endemic bird species Saí Grande (Oreomanes fraseri) in Salta 
province. Species richness, relative abundance, and bird 
diversity are higher in P. australis forests compared to P. 
hieronymi forests, though there were no highly associated bird 
species reported [68]. A survey of one P. australis forest detected 
31 species of birds and 25 species of mosses, lichens, and ferns 
associated with the habitat [69].

Outhreach: Some outreach e�orts encountered challenges, 
including incorrect or missing scienti�c names or no mention 
of the scienti�c name, mention of medical use, the growth rate 
of the diameter, and the use of the ritidoma to make cigarettes 
[40,70,71]. We also discovered two paintings, one in street art 
and the other on social media [72,73].

Field work: We successfully identi�ed the six P. australis groups 
visited in 1999 [12]. �e total number of individuals decreased, 
especially at the lower altitudes (Table 1). We found other 
groups of P. australis in PPPY.

Species studied

�e genus Polylepis is a member of the Rosacea family. It is 
characterized by the curved branches and the multiple 
rhytidome layers. In general, it grows higher than the timberline 
(in grasslands). In the NOA �ve species are present (Figures 1,2 
and 3). In the humid forests that grow on the sub-Andean hills 
we �nd Polylepis australis, Polylepis crista-galli and Polylepis 
hieronymi. �ese can be di�erentiated based on lea�ets and 
distribution. In the High Andes, we �nd Polylepis tarapacana 
(Figure 3) which, in general has a bushy growth, in the Puna 
region we �nd Polylepis tomentella.

�e number of publications �uctuated over time. A�er the �rst 
publication in 1911, there was a 40-year gap until the second 
publication in 1951. Over the years, there has been a general, 
albeit inconsistent, increase in studies on Polylepis, with a peak 
of 12 publications in a single year in 2016 (Figure 5). Research 
e�orts are predominantly concentrated in Jujuy, with limited 
studies in Salta (documenting only three species) and less data 
from Tucumán. �e most studied topic was Physiology/Ecology 
(24%), followed by entries that only mentioned the species 
(22%) (Figure 6). 33.3% of the entries were not available online. 
�e total conservation input score for the 157 entries amounted 
to 106, with 51 points (48.1%) derived from scienti�c articles 
and 55 points (51.8%) from grey literature.

Mention: None of the articles that only mention the species 

Discussion
Publication trends show a peak in articles during years when the 
International Congress on the Ecology and Conservation of 
Polylepis was organized (Quito-Ecuador 2019, Jujuy-Argentina 
2016, Arica-Chile 2013, Cusco-Peru 2006, Cochabamba- 
Bolivia, 2000), especially when this congress was in Jujuy 
(NOA) with the record of 12 publications. �is underscores the 
importance of local events and the organization of speci�c 
congresses on conservation. We, therefore, recommend 
organizing new international congresses on the topic. �ese 
congresses were interrupted during COVID-19 pandemia and 
not retaken a�erward. Access to congress abstracts remains 
challenging, and this article aims to address this gap.

 Although the genus Polylepis was described early and 
according to Simpson no synonym exists, we found the 
synonym Quinasis, indicating that some taxonomic 
inconsistencies may have persisted in earlier literature [74-76]. 
�is was later solved by considering it a heteroteric synonym 
[77]. Nevertheless, considerable confusion remains at the 

species level, both locally and regionally. Recently, 45 species 
have been revised and accepted, but since then, two more 
species have been described in Peru, totaling 47 species [78-80]. 
In P. australis in northwest Argentina, the di�erence in ploidy 
levels with populations in the south suggests the potential 
existence of di�erent species [66]. Given the challenging 
morphological diagnosability, we propose a comprehensive 
review of the systematics based on genetic and/or niche 
di�erences between P. tarapacana and P. tomentella and 
between di�erent P. australis populations.

 �ere has been confusion regarding the correct 
terminology for its fruits. Most authors have referred to the 
fruits as achenes, while authors outside the NOA have even 
referred to them as nuts e.g. [16,24,81]. However, despite their 
similarity to achenes, the �owers of Polylepis have an inferior 
ovary, making "cupela" (�ower cup) the correct term, as 
supported by Zardini and Acosta and Moroni [25,82]. Also, the 
correct term is amentiform spikelike racemes. �ose multiple 
errors suggest that generators of outreach material should 
rigorously check scienti�c sources.

 Historically, there has been considerable confusion 
regarding the species present in NOA. Early, three species (P. 
australis, P. hieronymi, P. tomentella) were mentioned in the 
NOA, which �uctuated to one or two species. �e early works of 
the Ecology department abled identifying two new species 
present in the NOA (P. crista-galli and P. tarapacana) and it was 
only in the year 2021 that the �ve species were �nally included 
in the Flora Argentina [83,84].

 Toponymy associated with P. tomentella, corresponds in 
some cases to P. tarapacana [85]. In 2003 a detailed dot-based 
distribution map was elaborated. Nevertheless, in 2016 P. 
australis was erroneously cited in Puna, which should be P. 
tomentella [21]. Additionally, there is also confusion between P. 
tomentella and P. tarapacana [56]. �e shrubby form observed 
above 4700 m most likely belongs to P. tarapacana [86]. Also, in 
recent studies, populations most likely belonging to P. 
tomentella in the El Aguilar location have been identi�ed as P. 
tarapacana [87]. Renison et al. attempted to clarify their 
distributions using Species Distribution Models, which have 
their limitations [4]. Recently, the species from the Puna (P. 
tomentella) and High Andes (P. tarapacana) have been mapped 
in detail based on satellite images and �eldwork [30]. We 
recommend a detailed mapping of all �ve species in the NOA 
and re-uploading the regional map. 

 �e most important category was ecology/physiology. �e 
characterization as a pioneer species of P. hieronymi, P. 
tomentella and P. australis were not scienti�cally sustained. �e 
e�ect of cattle on P. tomentella, although widely mentioned was 
never quanti�ed and for P. australis more experiments should 
be done as it was only tested in one site (PPPY). Also, the 
management directions provided by outreach are not based on 
ecological experiments. �erefore, we suggest using those 
a�rmations as hypotheses for scienti�c investigations [51].

 We consider that forest structure and especially the 
germination potential of P. tomentella are su�ciently studied. 
However, this subject could be complemented with other 
questions for conservation to enhance germination e�cacy. For 
example, the longevity of seeds remains unknown, and the 
interannual seed germination of a single tree is also uncharted 
territory. We suggest more studies that aim to improve practical 
application for P. tomentella and studies on forest structure and 
regeneration on the other four species which are poorly studied, 
especially P. crista-galli and P. hieronymi. �ere is growing 
evidence that the current distribution of Polylepis may be 
in�uenced by anthropogenic factors, though it remains unclear 
if this applies to NOA. According to toponomy Polylepis has 
been locally extirpated from many areas, it persists in restricted 
environments such as ravines and protected areas [85]. 
However, restricted distribution can also be related to 
environmental factors like wind or water availability for P. 
australis. Wind has been identi�ed as a limiting factor, and 
precipitation concerns are noted for P. tarapacana [88,89]. 
Factors in�uencing the distributions of the species still need to 
be disentangled.

 P. australis has not been classi�ed by the IUCN, but was 
considered of Least Concern on the country level [90]. �e 
other four species have not been categorized in NOA. P. 
tomentella might be the most threatened species, but this 
assertion was not based on empirical evidence, re�ecting a 
broader issue with the lack of formal categorization, especially 

since P. tomentella has been recognized by the provincial 
government of Jujuy for conservation [47,91]. We recommend 
an assessment of the conservation status of P. australis, as well as 
a local categorization for the other four species. Additionally, we 
suggest research on the e�ect of cattle and exotic species such as 
the European hare, whose presence was documented in the area 
since the 1980s [92]. At the national level, the Administration of 
National Parks, which is the maximum authority, on its website 
cites two species not present in Argentina [22]. Also, it 
mentions the presence of P. tomentella in the National Park El 
Rey, which should be P. hieronymi. Additionally, the ANP 
website mentions P. australis as Vulnerable by the IUCN, but 
this species is not (yet) classi�ed by IUCN. Finally, it indicates 
that the presence of P. australis in PPPY is not con�rmed, 
although scienti�c and grey literature indicates its presence 
[49,50,93]. We suggest a revision of this website [22].

 �e assumption that there is extensive unpublished 
material on Polylepis has been partially substantiated, as 33% 
were not available online and grey literature contributed 51.8% 
to conservation knowledge, but outreach works generated 
confusion. Although we used a subjective indicator, it was 
useful to solve the aim of our work. Unfortunately, a signi�cant 
amount of information circulating lacks scienti�c or empirical 
backing. For example, the use of bark for cigarette rolling and 
writing and the medicinal use of leaves and bark is not 
scienti�cally sustained [63,94]. Although the chemical 
components were investigated, no reference to medicinal use is 
made and therefore we suggest caution [33,64]. Further 
ethnobotanical studies could help to elucidate this issue. 
Archeological studies show the long-standing relation between 
Polylepis forests and humans, maintained until nowadays 
[62,94,95]. �e number of mentions and species descriptions in 
literature, the amount of outreach work, and even the artwork 
on the genus (Figure 6) show that the genus is charismatic, 
nevertheless, this recognition has not translated into su�cient 

conservation e�orts.
 �e limited amount of unpublished data contains 
important information with conservation implications, 
particularly regarding population dynamics and structure of P. 
australis. �e comparison between the report and our �eldwork 
indicated that there is a signi�cant decline in adult trees, 
particularly at lower altitudes [12]. �is could be an e�ect of 
climate change, or due to di�erences in altitude or climatic 
conditions. �ese hypotheses should be tested. Continuous 
monitoring is essential to better understand the population 
dynamics of Polylepis and to develop more e�ective 
conservation strategies.

Conclusions
Our review demonstrates that grey literature has been valuable 
for informing conservation e�orts for Polylepis spp. in 
northwest Argentina (NOA). Grey literature provided critical 
data on species distributions, population trends, and threats. It 
is essential to do �eld experiments to address the knowledge 
gaps identi�ed, especially for lesser-studied species such as P. 
hieronymi and P. crista-galli. With Polylepis species continuing 
to face signi�cant environmental pressures, a collaborative 
e�ort between researchers, policymakers, and local 
communities is necessary to ensure the long-term preservation 
of these unique and threatened ecosystems. �is approach can 
be similarly useful for other species that, while 
underrepresented in formal scienti�c publications, are present 
in grey literature due to their conservation status or charismatic 
nature. �is is particularly relevant in regions with limitations 
on scienti�c publishing, such as the Southern Hemisphere, 
where grey literature remains a key resource for conservation 
planning.
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Grey literature consists of materials and research produced by 
organizations outside the traditional commercial or academic 
publication and distribution channels [1]. In conservation 
biology and management, the review method has gained 
popularity based on the premise that more information leads to 
better decision-making and improved management practices [2]. 

 In this context, grey literature is particularly valuable for 
understanding species and ecosystems that are not 
well-documented in peer-reviewed journals. Although the use 
of grey literature can be risky due to potential gaps in scienti�c 
rigor and representation of data or analysis, it also broadens the 
scope of relevant studies, o�ering a more comprehensive view of 
the available evidence [3]. �is breadth of information is crucial 
for ecosystems like those dominated by the genus Polylepis, 
which represent the highest-altitude forest formations in the 
Andes and sub-Andean valleys. �ese forests extend 
latitudinally from Venezuela to northern Chile and central 
Argentina [4]. Polylepis forests provide numerous ecosystem 
services, including erosion prevention, regulation of the water 
cycle, and resources for local populations such as posts, utensils, 
�rewood, and grazing [5]. Serving as "biodiversity islands" in a 
matrix of lower diversity, particularly in arid and semi-arid 
regions, these unique ecosystems play a vital role in maintaining 
ecological balance [6-8]. However, they face various degrees of 
threat and require targeted conservation actions. To manage 
Polylepis forests e�ectively and restore balanced, functional 
ecosystems, clearly de�ned restoration goals are essential [9]. 
Unfortunately, there is currently a lack of baseline knowledge 

regarding Polylepis species in northwest Argentina.

 �ere are 45 recognized species of Polylepis, of which 
11.1% (5 species) are found in northwest Argentina, making it 
a hotspot for the genus. However, this region has seen fewer 
investigations compared to the rest of the country, despite 
Argentina having the highest number of publications on 
Polylepis. Notably, P. hieronymi is among the species with the 
fewest publications in this area [10]. Unknown aspects on the 
genus in the NOA persist, on population dynamics, habitat 
speci�city; although general distribution maps exist, 
�ner-scale information on the speci�c ecological preferences 
and microhabitats is incomplete, genetic diversity, 
regeneration mechanisms, and interactions with other 
species.

 Given these gaps in knowledge, this review examines 
both grey and formal scienti�c literature on the genus 
Polylepis in northwest Argentina. �e main objective is to 
integrate and assess the utility of grey literature alongside 
scienti�c research for advancing conservation strategies for 
Polylepis species. �e speci�c objectives are as follows: (1) to 
assess and synthesize existing knowledge from both scienti�c 
works and grey literature, (2) to evaluate the relevance and 
implications of grey literature in conservation e�orts, and (3) 
to validate the practical application of insights gleaned from 
grey literature. We posit that Polylepis species in northwest 
Argentina are underrepresented in mainstream literature and 
that grey literature may provide critical insights to inform and 
enhance conservation strategies.

Methodology 
Study area
Northwest Argentina includes the provinces of Jujuy, Salta, 
Tucumán, and Catamarca (Figure 1). 

Our methodology comprised two main approaches
Bibliographic review

�e Agricultural Ecology Department at the National 
University of Jujuy pioneered research on Polylepis in northwest 
Argentina. First, we conducted a systematic search of the 
department's library and �eld notes for materials related to 
Polylepis. Second, we performed an online search using Google 
Scholar with the search terms “Polylepis” + “northwest 
Argentina” and “Queñoa” + “northwest Argentina”.

 Following these initial searches, we examined the 
bibliographies of the obtained studies, a technique known as the 
"paper trail," which allows researchers to identify additional 
relevant studies that may not appear in traditional search results 
[2]. We included all the information on Polylepis located in the 
NOA. Our inclusion criteria encompassed abstracts from 
scienti�c events, theses, dra�s of scienti�c articles, research 
project reports, unpublished data sheets, guides, and artworks. 
We systematically reviewed and summarized the most pertinent 
information for conservation purposes, which we have listed 
(Supplementary Material 1).

 Information was collected and carefully read between 
March 2021 and June 2024. We systematically categorized the 
data, extracting the following information: species studied (P. 
australis, P. crista-galli, P. hieronymi, P. tarapacana, and P. 
tomentella), year of publication, principal study area, and 
subject matter. Subjects included: Mention (where the species is 
only noted, e.g., in study area descriptions), Taxonomy, Species 
Description (e.g., guidebooks), Biogeography/Distribution, 
Physiology/Ecology, Conservation, Dendrochronology, 
Archaeology, Ethnobiology, Genetics, Associated Groups (e.g., 
birds, fungi), and Outreach (where information is reproduced). 
We classi�ed the information into “grey literature” and 
“scienti�c peer-reviewed work,” noting whether each 
publication was accessible online.
 

Each item was rated for its conservation input based on the 
experience of the authors, as follows: 0 we rated information 
with no use for conservation when it was only description of the 
species or the information was already mentioned in previous 
works, we rated information with 0.5 when it has information 
that has potential use in conservation, but was not scienti�cally 
based, and we rated the item with 1 when it has information 
deemed useful for conservation purposes. �ere were no 
di�erences in judgement between authors. We evaluated both 
grey and scienti�c literature and analyzed the contributions 
from each type based on the sum of the three rating categories. 
For each item, we extracted and highlighted key conclusions 
and critical insights.

Fieldwork

Fieldwork was done in the Provincial Park “Potrero de Yala” 
(PPPY herea�er wards). �e PPPY is in the northern sector of 
the Southern Andean Yungas Australes (24° 05′ 29.16″ S, 65° 30′ 
15.36” W, 2619 m) (Figure 1) and extends altitudinally between 
1600 and 5000 m, with a surface of 4300 ha.

 �e Southern Andean Yungas ecoregion or Tucuman- 
Bolivian rainforest develops between 400 m and 2300 m asl, 
from Bolivia (Tarija) to the Argentinean province Catamarca. 
�e climate of the Southern Andean Yungas is temperate and 
humid with mainly summer rains (80%) and frosts during the 
winter [11].

 To test the practical application of grey literature, we 
selected one report that we had the opportunity to reassess [12]. 
�is is a park ranger's report detailing the presence of P. 
australis within the PPPY by mapping the area and counting 
individuals. To verify the accuracy and relevance of the 
information, we revisited the site to check whether the 
population remained consistent with the original report. We 
used the map provided in the report and visited the park twice.

Results
In total, we obtained 157 entries that mentioned 215 times one 
species of the genus. Two abstracts, which were previous oral 
presentations of this work, were excluded [13]. One entry uses 
the common name “Queñoa” and “Queuñoal”, but refers to 
another species Cochlospermun zahlbruckneri and was excluded 
from the analysis (n=156). �e majority (59.6%) belonged to 
grey literature [14]. �e most studied species was P. tomentella 
(Figure 4). �e information spanned 113 years (1911–2024), 

were useful for conservation purposes and therefore they were 
not analyzed further. We also discovered a poem on Polylepis, 
but it was unfortunately misidenti�ed as P. racemosa [15]. Also, 
Wikipedia spells incorrectly two species (P. cristagalli and P. 
hyeronymi) [16].

Taxonomy: �e genus shares a common origin with Acaena and 
occupies a primitive phylogenetic position based on speci�c 
wood characteristics observed in P. tomentella [17,18]. Leaf 
morphology has been used in taxonomy, alongside di�erences 
in seed weight, seedling height, and leaf length to distinguish 
among the species in NOA [19,20].

Species description: Several examples of misnaming exist 
[21-23]. Early publications indicate that the fruit of the species 
is achene, while other authors refer to it as a cupela [17,24,25]. 
Also, some outreach work made mistakes by naming the 
in�orescences spigots, and leaves with serrated edge for P. 
tarapacana [22].

Biogeography/Distribution: �e �rst article we located 
indicates P. hieronymi, P. australis, and P. tomentella present in 
the northwest of Argentina [17]. Later P. australis and P. 
hieronymi were noted in Catamarca [26,27]. P. australis is 
distributed across the provinces of Jujuy, Salta, Tucumán, 
Catamarca, Córdoba, and San Luis [28]. Segovia carefully 
mapped the distribution of P. tomentella, however, this report 
included areas within the distribution range of P. tarapacana. P. 
tomentella in Jujuy covers 832.71 ha [29,30]. �e genus has also 
been mapped at a regional level [31], but this map is no longer 
available online.

 P. tomentella is found in an elevational belt between 3700 
and 4700 meters and adopts a shrubby form above 4200 m asl. 
Legname notes the presence of P. tomentella above 3000 m asl. 
for P. australis in Tucumán [32]. Krussmann mentions an 
elevational gradient between 2000 and 3500 m asl [27]. Other 
studies indicate it can be found between 1680 and 2800 m asl in 
Tucumán or between 1200 and 3500 m asl [33,34]. P. hieronymi, 
P. australis, and P. crista-galli are found at 2500 meters in the 
Yungas, while P. tomentella ranges between 3800 and 4200 
meters. P. tarapacana occurs at elevations from 4400 to 4900 
meters [19]. �e elevational gradient for P. crista-galli was 
recorded between 2400 and 2700 m asl [35]. P. tarapacana is 
found at elevations between 4000 and 4750 meters above sea 
level, while P. tomentella starts from 3000 meters [26].

Physiology/Ecology: P. tomentella prefers narrow ravines and 
rocky slopes [36]. Bonaventura et al. describe moderate rocky 
slopes with a northeast or east orientation (warm slopes) as 
suitable habitat for P. tomentella while Ruthsatz and Movia 
mention north and east slopes [37,38]. In 1972 P. australis was 
described as a “shrub” (4 stems, 10 cm DBH, 2.6 m height and 3 
m wide), based on a single individual present in the Botanic 
Garden of Copenhagen [27]. Frangi emphasizes the root system 
of P. australis in the Puna ecoregion; however, this should likely 
pertain to P. tomentella [23]. Additionally, Ruthsatz and Movia 
mention an extensive root system both horizontally and 
vertically for P. tomentella [38]. When examined at sea level, the 
foliar anatomy of P. tomentella changes, whereas P. australis 
does not [33]. Di�erences in seed weight, seedling height, and 
leaf length also play a crucial role in understanding their 
ecological adaptations [20]. Segovia reported an average height 

of 3.1 m and 25.6% cover for P. tomentella [29]. Based on a 
thesis, we calculated forest structure data for P. tomentella, 
�nding 0.33±0.21 seedlings per square meter and 362.5 adult 
individuals per hectare [39].

 A provincial report suggests that UV rays inhibit growth 
due to hormonal e�ects without citing a source for this 
information; however, it was noted that leaf wax may protect 
against ultraviolet radiation [40]. Rock outcrops and edges are 
highlighted as important for the regeneration of P. tarapacana 
forests [41,42]. �e germination rate of P. tomentella is 3.1%, 3% 
or 3.8 ± 3.1, compared to 4.3 ± 4.4 for P. tarapacana, which is 
markedly di�erent from the rates for P. australis and P. 
hieronymi (14.9 ± 16.6 and 14.7± 9.0, respectively) and 9.8% for 
P. crista-galli [35,40,43,44]. In P. australis forests, the individual 
density is 60 individuals per hectare, while P. tomentella forests 
host 325 individuals per hectare, with coverages of 9% and 13%, 
respectively [45]. For P. crista-galli, the density is 0.81 
seedlings/m² and 386 individuals/ha, with a mean diameter at 
the base of 16.9 cm [35].

Conservation: As early as 1984, P. tomentella was classi�ed as 
endangered due to the e�ects of intensive �rewood collection in 
Jujuy, a concern that was subsequently echoed by Braun Wilke 
[46,47]. While P. tomentella is occasionally regarded as a plant 
of interest for livestock, it has a low to moderate forage value 
[46]. Livestock grazing signi�cantly hinders regeneration in P. 
tomentella [43]. �is was also quanti�ed in one site for P. 
australis, with cattle negatively a�ecting the herbaceous stratum 
[48-50]. Furthermore, northern populations of P. australis tend 
to be less well-conserved than their southern counterparts [4].

 Important management data indicate that only P. 
tomentella faces serious threats, primarily from military and 
educational institutions rather than residents. A partially cut 
tree requires 20 years to recover, and trees up to 60 cm in 
diameter provide excellent �rewood quality. �e bark layer is 
crucial for germination [51]. �is information is based on 
interviews, without citation of scienti�c sources. �e current 
distribution of Polylepis species has been signi�cantly a�ected 
by climate change, further fragmenting their already patchy 
distribution [52,53]. Human in�uence over the past 11,000 
years has also played a role, with P. tarapacana and P. tomentella 
historically exhibiting limited distribution during the Holocene 
[54]. Since the Glacial Maximum, approximately 35% of 
suitable habitat for the genus has been lost [55].

 Currently, the Administration of National Parks in 
Argentina mentions 7 species, of which two (P. racemosa and P. 
rugulosa) are not present in Argentina. In the NOA P. australis 
is present in �ve protected areas, P. hieronymi in three, and P. 
tomentella in two. No information is available regarding P. 
crista-galli, and P. tarapacana is not represented in any 
protected area.

Dendrochronology: Braun Wilke presents the relationship 
between the diameter at the base, height, and estimated age of P. 
tomentella individuals (Figure 7), also he notes signi�cant 
growth di�erences among individuals, although he may have 
confused P. tarapacana with P. tomentella [56,57]. Corcuera 
reported an individual tree aged 65 years and suggests that trees 
reach a diameter of 30 cm a�er 50 years [51]. Simultaneously, 
González Arzac indicates that a perimeter of 100cm 

corresponds to 50 years (based on n=3), nevertheless, this 
author mentions the presence of rotten trunk centers that could 
indicate a threat for conservation and hinders the correct 
counting of rings [57]. Alonso indicates that one meter of trunk 
diameter corresponds to approximately 400 years of growth 
[40]. Chocovar and Picchi, found that the average annual 
increment in height for P. australis specimens was 13.5 cm, 
while the increase in diameter was 3.2 mm and 2.9 mm/year for 
P. tomentella, with an average age of 118 years [58,59]. However, 
this information was based on a small sample size (N = 2 for P. 
tomentella and N = 14 for P. australis).

Archaeology: Albeck found remnants of charcoal from P. 
tomentella at an archaeological site near Casabindo [60]. 
Additionally, a P. tomentella tree over 300 years old (3 meters 
high) was discovered above a kiln in Coyahuayma [61]. �e use 
of queñoa wood for metal smelting during the colonial period 
(18th century) has been documented [62].

Ethnobiology: Parker mentions medicinal (anti-hemorrhoidal 
properties) for P. australis for the �rst time in the region [63]. 
Later chemical compounds of P. australis were identi�ed [64]. 
Ponessa et al. used chromatography to detect �avonoids in P. 
australis [33]. �e medicinal use of P. australis leaves was also 
noted [65].

Genetics: �ere is a notable di�erence in polyploidy between 
northern and southern populations of P. australis, with 
northern populations predominantly being diploid [66]. 
Additionally, the genetic diversity of adult P. tarapacana 
decreases with increasing elevation, indicating upward 
migration during interglacial periods [67].

Associated groups: P. tomentella has been associated with the 
endemic bird species Saí Grande (Oreomanes fraseri) in Salta 
province. Species richness, relative abundance, and bird 
diversity are higher in P. australis forests compared to P. 
hieronymi forests, though there were no highly associated bird 
species reported [68]. A survey of one P. australis forest detected 
31 species of birds and 25 species of mosses, lichens, and ferns 
associated with the habitat [69].

Outhreach: Some outreach e�orts encountered challenges, 
including incorrect or missing scienti�c names or no mention 
of the scienti�c name, mention of medical use, the growth rate 
of the diameter, and the use of the ritidoma to make cigarettes 
[40,70,71]. We also discovered two paintings, one in street art 
and the other on social media [72,73].

Field work: We successfully identi�ed the six P. australis groups 
visited in 1999 [12]. �e total number of individuals decreased, 
especially at the lower altitudes (Table 1). We found other 
groups of P. australis in PPPY.

Species studied

�e genus Polylepis is a member of the Rosacea family. It is 
characterized by the curved branches and the multiple 
rhytidome layers. In general, it grows higher than the timberline 
(in grasslands). In the NOA �ve species are present (Figures 1,2 
and 3). In the humid forests that grow on the sub-Andean hills 
we �nd Polylepis australis, Polylepis crista-galli and Polylepis 
hieronymi. �ese can be di�erentiated based on lea�ets and 
distribution. In the High Andes, we �nd Polylepis tarapacana 
(Figure 3) which, in general has a bushy growth, in the Puna 
region we �nd Polylepis tomentella.

�e number of publications �uctuated over time. A�er the �rst 
publication in 1911, there was a 40-year gap until the second 
publication in 1951. Over the years, there has been a general, 
albeit inconsistent, increase in studies on Polylepis, with a peak 
of 12 publications in a single year in 2016 (Figure 5). Research 
e�orts are predominantly concentrated in Jujuy, with limited 
studies in Salta (documenting only three species) and less data 
from Tucumán. �e most studied topic was Physiology/Ecology 
(24%), followed by entries that only mentioned the species 
(22%) (Figure 6). 33.3% of the entries were not available online. 
�e total conservation input score for the 157 entries amounted 
to 106, with 51 points (48.1%) derived from scienti�c articles 
and 55 points (51.8%) from grey literature.

Mention: None of the articles that only mention the species 

1999 2022
Group Adults Seedlings Total Adults Death Trees Seedlings Total ∆ time Altitude
1 32 0 32 6 4 0 6 -26 2105
2 60 0 60 6 19 0 6 -54 2141
3 16 3 19 23 0 3 26 +7 2174
4 21 0 21 20 1 11 31 +10 2240
5 9 0 9 9 0 3 12 +3 2260
6 3 0 3 2 1 1 3 0 2258

TOTAL 141 3 144 66 25 18 84 -60

Table 1. Number of adult P. australis trees, seedlings (<30 cm) obtained by Mariani [12] in 1999 and in this work (2022), including 
di�erence over time (1999-2022) and altitude measured by us present in the Provincial Park “Potrero de Yala”, along the In�ernillo 
River.

Discussion
Publication trends show a peak in articles during years when the 
International Congress on the Ecology and Conservation of 
Polylepis was organized (Quito-Ecuador 2019, Jujuy-Argentina 
2016, Arica-Chile 2013, Cusco-Peru 2006, Cochabamba- 
Bolivia, 2000), especially when this congress was in Jujuy 
(NOA) with the record of 12 publications. �is underscores the 
importance of local events and the organization of speci�c 
congresses on conservation. We, therefore, recommend 
organizing new international congresses on the topic. �ese 
congresses were interrupted during COVID-19 pandemia and 
not retaken a�erward. Access to congress abstracts remains 
challenging, and this article aims to address this gap.

 Although the genus Polylepis was described early and 
according to Simpson no synonym exists, we found the 
synonym Quinasis, indicating that some taxonomic 
inconsistencies may have persisted in earlier literature [74-76]. 
�is was later solved by considering it a heteroteric synonym 
[77]. Nevertheless, considerable confusion remains at the 

species level, both locally and regionally. Recently, 45 species 
have been revised and accepted, but since then, two more 
species have been described in Peru, totaling 47 species [78-80]. 
In P. australis in northwest Argentina, the di�erence in ploidy 
levels with populations in the south suggests the potential 
existence of di�erent species [66]. Given the challenging 
morphological diagnosability, we propose a comprehensive 
review of the systematics based on genetic and/or niche 
di�erences between P. tarapacana and P. tomentella and 
between di�erent P. australis populations.

 �ere has been confusion regarding the correct 
terminology for its fruits. Most authors have referred to the 
fruits as achenes, while authors outside the NOA have even 
referred to them as nuts e.g. [16,24,81]. However, despite their 
similarity to achenes, the �owers of Polylepis have an inferior 
ovary, making "cupela" (�ower cup) the correct term, as 
supported by Zardini and Acosta and Moroni [25,82]. Also, the 
correct term is amentiform spikelike racemes. �ose multiple 
errors suggest that generators of outreach material should 
rigorously check scienti�c sources.

 Historically, there has been considerable confusion 
regarding the species present in NOA. Early, three species (P. 
australis, P. hieronymi, P. tomentella) were mentioned in the 
NOA, which �uctuated to one or two species. �e early works of 
the Ecology department abled identifying two new species 
present in the NOA (P. crista-galli and P. tarapacana) and it was 
only in the year 2021 that the �ve species were �nally included 
in the Flora Argentina [83,84].

 Toponymy associated with P. tomentella, corresponds in 
some cases to P. tarapacana [85]. In 2003 a detailed dot-based 
distribution map was elaborated. Nevertheless, in 2016 P. 
australis was erroneously cited in Puna, which should be P. 
tomentella [21]. Additionally, there is also confusion between P. 
tomentella and P. tarapacana [56]. �e shrubby form observed 
above 4700 m most likely belongs to P. tarapacana [86]. Also, in 
recent studies, populations most likely belonging to P. 
tomentella in the El Aguilar location have been identi�ed as P. 
tarapacana [87]. Renison et al. attempted to clarify their 
distributions using Species Distribution Models, which have 
their limitations [4]. Recently, the species from the Puna (P. 
tomentella) and High Andes (P. tarapacana) have been mapped 
in detail based on satellite images and �eldwork [30]. We 
recommend a detailed mapping of all �ve species in the NOA 
and re-uploading the regional map. 

 �e most important category was ecology/physiology. �e 
characterization as a pioneer species of P. hieronymi, P. 
tomentella and P. australis were not scienti�cally sustained. �e 
e�ect of cattle on P. tomentella, although widely mentioned was 
never quanti�ed and for P. australis more experiments should 
be done as it was only tested in one site (PPPY). Also, the 
management directions provided by outreach are not based on 
ecological experiments. �erefore, we suggest using those 
a�rmations as hypotheses for scienti�c investigations [51].

 We consider that forest structure and especially the 
germination potential of P. tomentella are su�ciently studied. 
However, this subject could be complemented with other 
questions for conservation to enhance germination e�cacy. For 
example, the longevity of seeds remains unknown, and the 
interannual seed germination of a single tree is also uncharted 
territory. We suggest more studies that aim to improve practical 
application for P. tomentella and studies on forest structure and 
regeneration on the other four species which are poorly studied, 
especially P. crista-galli and P. hieronymi. �ere is growing 
evidence that the current distribution of Polylepis may be 
in�uenced by anthropogenic factors, though it remains unclear 
if this applies to NOA. According to toponomy Polylepis has 
been locally extirpated from many areas, it persists in restricted 
environments such as ravines and protected areas [85]. 
However, restricted distribution can also be related to 
environmental factors like wind or water availability for P. 
australis. Wind has been identi�ed as a limiting factor, and 
precipitation concerns are noted for P. tarapacana [88,89]. 
Factors in�uencing the distributions of the species still need to 
be disentangled.

 P. australis has not been classi�ed by the IUCN, but was 
considered of Least Concern on the country level [90]. �e 
other four species have not been categorized in NOA. P. 
tomentella might be the most threatened species, but this 
assertion was not based on empirical evidence, re�ecting a 
broader issue with the lack of formal categorization, especially 

since P. tomentella has been recognized by the provincial 
government of Jujuy for conservation [47,91]. We recommend 
an assessment of the conservation status of P. australis, as well as 
a local categorization for the other four species. Additionally, we 
suggest research on the e�ect of cattle and exotic species such as 
the European hare, whose presence was documented in the area 
since the 1980s [92]. At the national level, the Administration of 
National Parks, which is the maximum authority, on its website 
cites two species not present in Argentina [22]. Also, it 
mentions the presence of P. tomentella in the National Park El 
Rey, which should be P. hieronymi. Additionally, the ANP 
website mentions P. australis as Vulnerable by the IUCN, but 
this species is not (yet) classi�ed by IUCN. Finally, it indicates 
that the presence of P. australis in PPPY is not con�rmed, 
although scienti�c and grey literature indicates its presence 
[49,50,93]. We suggest a revision of this website [22].

 �e assumption that there is extensive unpublished 
material on Polylepis has been partially substantiated, as 33% 
were not available online and grey literature contributed 51.8% 
to conservation knowledge, but outreach works generated 
confusion. Although we used a subjective indicator, it was 
useful to solve the aim of our work. Unfortunately, a signi�cant 
amount of information circulating lacks scienti�c or empirical 
backing. For example, the use of bark for cigarette rolling and 
writing and the medicinal use of leaves and bark is not 
scienti�cally sustained [63,94]. Although the chemical 
components were investigated, no reference to medicinal use is 
made and therefore we suggest caution [33,64]. Further 
ethnobotanical studies could help to elucidate this issue. 
Archeological studies show the long-standing relation between 
Polylepis forests and humans, maintained until nowadays 
[62,94,95]. �e number of mentions and species descriptions in 
literature, the amount of outreach work, and even the artwork 
on the genus (Figure 6) show that the genus is charismatic, 
nevertheless, this recognition has not translated into su�cient 

conservation e�orts.
 �e limited amount of unpublished data contains 
important information with conservation implications, 
particularly regarding population dynamics and structure of P. 
australis. �e comparison between the report and our �eldwork 
indicated that there is a signi�cant decline in adult trees, 
particularly at lower altitudes [12]. �is could be an e�ect of 
climate change, or due to di�erences in altitude or climatic 
conditions. �ese hypotheses should be tested. Continuous 
monitoring is essential to better understand the population 
dynamics of Polylepis and to develop more e�ective 
conservation strategies.

Conclusions
Our review demonstrates that grey literature has been valuable 
for informing conservation e�orts for Polylepis spp. in 
northwest Argentina (NOA). Grey literature provided critical 
data on species distributions, population trends, and threats. It 
is essential to do �eld experiments to address the knowledge 
gaps identi�ed, especially for lesser-studied species such as P. 
hieronymi and P. crista-galli. With Polylepis species continuing 
to face signi�cant environmental pressures, a collaborative 
e�ort between researchers, policymakers, and local 
communities is necessary to ensure the long-term preservation 
of these unique and threatened ecosystems. �is approach can 
be similarly useful for other species that, while 
underrepresented in formal scienti�c publications, are present 
in grey literature due to their conservation status or charismatic 
nature. �is is particularly relevant in regions with limitations 
on scienti�c publishing, such as the Southern Hemisphere, 
where grey literature remains a key resource for conservation 
planning.
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Grey literature consists of materials and research produced by 
organizations outside the traditional commercial or academic 
publication and distribution channels [1]. In conservation 
biology and management, the review method has gained 
popularity based on the premise that more information leads to 
better decision-making and improved management practices [2]. 

 In this context, grey literature is particularly valuable for 
understanding species and ecosystems that are not 
well-documented in peer-reviewed journals. Although the use 
of grey literature can be risky due to potential gaps in scienti�c 
rigor and representation of data or analysis, it also broadens the 
scope of relevant studies, o�ering a more comprehensive view of 
the available evidence [3]. �is breadth of information is crucial 
for ecosystems like those dominated by the genus Polylepis, 
which represent the highest-altitude forest formations in the 
Andes and sub-Andean valleys. �ese forests extend 
latitudinally from Venezuela to northern Chile and central 
Argentina [4]. Polylepis forests provide numerous ecosystem 
services, including erosion prevention, regulation of the water 
cycle, and resources for local populations such as posts, utensils, 
�rewood, and grazing [5]. Serving as "biodiversity islands" in a 
matrix of lower diversity, particularly in arid and semi-arid 
regions, these unique ecosystems play a vital role in maintaining 
ecological balance [6-8]. However, they face various degrees of 
threat and require targeted conservation actions. To manage 
Polylepis forests e�ectively and restore balanced, functional 
ecosystems, clearly de�ned restoration goals are essential [9]. 
Unfortunately, there is currently a lack of baseline knowledge 

regarding Polylepis species in northwest Argentina.

 �ere are 45 recognized species of Polylepis, of which 
11.1% (5 species) are found in northwest Argentina, making it 
a hotspot for the genus. However, this region has seen fewer 
investigations compared to the rest of the country, despite 
Argentina having the highest number of publications on 
Polylepis. Notably, P. hieronymi is among the species with the 
fewest publications in this area [10]. Unknown aspects on the 
genus in the NOA persist, on population dynamics, habitat 
speci�city; although general distribution maps exist, 
�ner-scale information on the speci�c ecological preferences 
and microhabitats is incomplete, genetic diversity, 
regeneration mechanisms, and interactions with other 
species.

 Given these gaps in knowledge, this review examines 
both grey and formal scienti�c literature on the genus 
Polylepis in northwest Argentina. �e main objective is to 
integrate and assess the utility of grey literature alongside 
scienti�c research for advancing conservation strategies for 
Polylepis species. �e speci�c objectives are as follows: (1) to 
assess and synthesize existing knowledge from both scienti�c 
works and grey literature, (2) to evaluate the relevance and 
implications of grey literature in conservation e�orts, and (3) 
to validate the practical application of insights gleaned from 
grey literature. We posit that Polylepis species in northwest 
Argentina are underrepresented in mainstream literature and 
that grey literature may provide critical insights to inform and 
enhance conservation strategies.

Methodology 
Study area
Northwest Argentina includes the provinces of Jujuy, Salta, 
Tucumán, and Catamarca (Figure 1). 

Our methodology comprised two main approaches
Bibliographic review

�e Agricultural Ecology Department at the National 
University of Jujuy pioneered research on Polylepis in northwest 
Argentina. First, we conducted a systematic search of the 
department's library and �eld notes for materials related to 
Polylepis. Second, we performed an online search using Google 
Scholar with the search terms “Polylepis” + “northwest 
Argentina” and “Queñoa” + “northwest Argentina”.

 Following these initial searches, we examined the 
bibliographies of the obtained studies, a technique known as the 
"paper trail," which allows researchers to identify additional 
relevant studies that may not appear in traditional search results 
[2]. We included all the information on Polylepis located in the 
NOA. Our inclusion criteria encompassed abstracts from 
scienti�c events, theses, dra�s of scienti�c articles, research 
project reports, unpublished data sheets, guides, and artworks. 
We systematically reviewed and summarized the most pertinent 
information for conservation purposes, which we have listed 
(Supplementary Material 1).

 Information was collected and carefully read between 
March 2021 and June 2024. We systematically categorized the 
data, extracting the following information: species studied (P. 
australis, P. crista-galli, P. hieronymi, P. tarapacana, and P. 
tomentella), year of publication, principal study area, and 
subject matter. Subjects included: Mention (where the species is 
only noted, e.g., in study area descriptions), Taxonomy, Species 
Description (e.g., guidebooks), Biogeography/Distribution, 
Physiology/Ecology, Conservation, Dendrochronology, 
Archaeology, Ethnobiology, Genetics, Associated Groups (e.g., 
birds, fungi), and Outreach (where information is reproduced). 
We classi�ed the information into “grey literature” and 
“scienti�c peer-reviewed work,” noting whether each 
publication was accessible online.
 

Each item was rated for its conservation input based on the 
experience of the authors, as follows: 0 we rated information 
with no use for conservation when it was only description of the 
species or the information was already mentioned in previous 
works, we rated information with 0.5 when it has information 
that has potential use in conservation, but was not scienti�cally 
based, and we rated the item with 1 when it has information 
deemed useful for conservation purposes. �ere were no 
di�erences in judgement between authors. We evaluated both 
grey and scienti�c literature and analyzed the contributions 
from each type based on the sum of the three rating categories. 
For each item, we extracted and highlighted key conclusions 
and critical insights.

Fieldwork

Fieldwork was done in the Provincial Park “Potrero de Yala” 
(PPPY herea�er wards). �e PPPY is in the northern sector of 
the Southern Andean Yungas Australes (24° 05′ 29.16″ S, 65° 30′ 
15.36” W, 2619 m) (Figure 1) and extends altitudinally between 
1600 and 5000 m, with a surface of 4300 ha.

 �e Southern Andean Yungas ecoregion or Tucuman- 
Bolivian rainforest develops between 400 m and 2300 m asl, 
from Bolivia (Tarija) to the Argentinean province Catamarca. 
�e climate of the Southern Andean Yungas is temperate and 
humid with mainly summer rains (80%) and frosts during the 
winter [11].

 To test the practical application of grey literature, we 
selected one report that we had the opportunity to reassess [12]. 
�is is a park ranger's report detailing the presence of P. 
australis within the PPPY by mapping the area and counting 
individuals. To verify the accuracy and relevance of the 
information, we revisited the site to check whether the 
population remained consistent with the original report. We 
used the map provided in the report and visited the park twice.

Results
In total, we obtained 157 entries that mentioned 215 times one 
species of the genus. Two abstracts, which were previous oral 
presentations of this work, were excluded [13]. One entry uses 
the common name “Queñoa” and “Queuñoal”, but refers to 
another species Cochlospermun zahlbruckneri and was excluded 
from the analysis (n=156). �e majority (59.6%) belonged to 
grey literature [14]. �e most studied species was P. tomentella 
(Figure 4). �e information spanned 113 years (1911–2024), 

were useful for conservation purposes and therefore they were 
not analyzed further. We also discovered a poem on Polylepis, 
but it was unfortunately misidenti�ed as P. racemosa [15]. Also, 
Wikipedia spells incorrectly two species (P. cristagalli and P. 
hyeronymi) [16].

Taxonomy: �e genus shares a common origin with Acaena and 
occupies a primitive phylogenetic position based on speci�c 
wood characteristics observed in P. tomentella [17,18]. Leaf 
morphology has been used in taxonomy, alongside di�erences 
in seed weight, seedling height, and leaf length to distinguish 
among the species in NOA [19,20].

Species description: Several examples of misnaming exist 
[21-23]. Early publications indicate that the fruit of the species 
is achene, while other authors refer to it as a cupela [17,24,25]. 
Also, some outreach work made mistakes by naming the 
in�orescences spigots, and leaves with serrated edge for P. 
tarapacana [22].

Biogeography/Distribution: �e �rst article we located 
indicates P. hieronymi, P. australis, and P. tomentella present in 
the northwest of Argentina [17]. Later P. australis and P. 
hieronymi were noted in Catamarca [26,27]. P. australis is 
distributed across the provinces of Jujuy, Salta, Tucumán, 
Catamarca, Córdoba, and San Luis [28]. Segovia carefully 
mapped the distribution of P. tomentella, however, this report 
included areas within the distribution range of P. tarapacana. P. 
tomentella in Jujuy covers 832.71 ha [29,30]. �e genus has also 
been mapped at a regional level [31], but this map is no longer 
available online.

 P. tomentella is found in an elevational belt between 3700 
and 4700 meters and adopts a shrubby form above 4200 m asl. 
Legname notes the presence of P. tomentella above 3000 m asl. 
for P. australis in Tucumán [32]. Krussmann mentions an 
elevational gradient between 2000 and 3500 m asl [27]. Other 
studies indicate it can be found between 1680 and 2800 m asl in 
Tucumán or between 1200 and 3500 m asl [33,34]. P. hieronymi, 
P. australis, and P. crista-galli are found at 2500 meters in the 
Yungas, while P. tomentella ranges between 3800 and 4200 
meters. P. tarapacana occurs at elevations from 4400 to 4900 
meters [19]. �e elevational gradient for P. crista-galli was 
recorded between 2400 and 2700 m asl [35]. P. tarapacana is 
found at elevations between 4000 and 4750 meters above sea 
level, while P. tomentella starts from 3000 meters [26].

Physiology/Ecology: P. tomentella prefers narrow ravines and 
rocky slopes [36]. Bonaventura et al. describe moderate rocky 
slopes with a northeast or east orientation (warm slopes) as 
suitable habitat for P. tomentella while Ruthsatz and Movia 
mention north and east slopes [37,38]. In 1972 P. australis was 
described as a “shrub” (4 stems, 10 cm DBH, 2.6 m height and 3 
m wide), based on a single individual present in the Botanic 
Garden of Copenhagen [27]. Frangi emphasizes the root system 
of P. australis in the Puna ecoregion; however, this should likely 
pertain to P. tomentella [23]. Additionally, Ruthsatz and Movia 
mention an extensive root system both horizontally and 
vertically for P. tomentella [38]. When examined at sea level, the 
foliar anatomy of P. tomentella changes, whereas P. australis 
does not [33]. Di�erences in seed weight, seedling height, and 
leaf length also play a crucial role in understanding their 
ecological adaptations [20]. Segovia reported an average height 

of 3.1 m and 25.6% cover for P. tomentella [29]. Based on a 
thesis, we calculated forest structure data for P. tomentella, 
�nding 0.33±0.21 seedlings per square meter and 362.5 adult 
individuals per hectare [39].

 A provincial report suggests that UV rays inhibit growth 
due to hormonal e�ects without citing a source for this 
information; however, it was noted that leaf wax may protect 
against ultraviolet radiation [40]. Rock outcrops and edges are 
highlighted as important for the regeneration of P. tarapacana 
forests [41,42]. �e germination rate of P. tomentella is 3.1%, 3% 
or 3.8 ± 3.1, compared to 4.3 ± 4.4 for P. tarapacana, which is 
markedly di�erent from the rates for P. australis and P. 
hieronymi (14.9 ± 16.6 and 14.7± 9.0, respectively) and 9.8% for 
P. crista-galli [35,40,43,44]. In P. australis forests, the individual 
density is 60 individuals per hectare, while P. tomentella forests 
host 325 individuals per hectare, with coverages of 9% and 13%, 
respectively [45]. For P. crista-galli, the density is 0.81 
seedlings/m² and 386 individuals/ha, with a mean diameter at 
the base of 16.9 cm [35].

Conservation: As early as 1984, P. tomentella was classi�ed as 
endangered due to the e�ects of intensive �rewood collection in 
Jujuy, a concern that was subsequently echoed by Braun Wilke 
[46,47]. While P. tomentella is occasionally regarded as a plant 
of interest for livestock, it has a low to moderate forage value 
[46]. Livestock grazing signi�cantly hinders regeneration in P. 
tomentella [43]. �is was also quanti�ed in one site for P. 
australis, with cattle negatively a�ecting the herbaceous stratum 
[48-50]. Furthermore, northern populations of P. australis tend 
to be less well-conserved than their southern counterparts [4].

 Important management data indicate that only P. 
tomentella faces serious threats, primarily from military and 
educational institutions rather than residents. A partially cut 
tree requires 20 years to recover, and trees up to 60 cm in 
diameter provide excellent �rewood quality. �e bark layer is 
crucial for germination [51]. �is information is based on 
interviews, without citation of scienti�c sources. �e current 
distribution of Polylepis species has been signi�cantly a�ected 
by climate change, further fragmenting their already patchy 
distribution [52,53]. Human in�uence over the past 11,000 
years has also played a role, with P. tarapacana and P. tomentella 
historically exhibiting limited distribution during the Holocene 
[54]. Since the Glacial Maximum, approximately 35% of 
suitable habitat for the genus has been lost [55].

 Currently, the Administration of National Parks in 
Argentina mentions 7 species, of which two (P. racemosa and P. 
rugulosa) are not present in Argentina. In the NOA P. australis 
is present in �ve protected areas, P. hieronymi in three, and P. 
tomentella in two. No information is available regarding P. 
crista-galli, and P. tarapacana is not represented in any 
protected area.

Dendrochronology: Braun Wilke presents the relationship 
between the diameter at the base, height, and estimated age of P. 
tomentella individuals (Figure 7), also he notes signi�cant 
growth di�erences among individuals, although he may have 
confused P. tarapacana with P. tomentella [56,57]. Corcuera 
reported an individual tree aged 65 years and suggests that trees 
reach a diameter of 30 cm a�er 50 years [51]. Simultaneously, 
González Arzac indicates that a perimeter of 100cm 

corresponds to 50 years (based on n=3), nevertheless, this 
author mentions the presence of rotten trunk centers that could 
indicate a threat for conservation and hinders the correct 
counting of rings [57]. Alonso indicates that one meter of trunk 
diameter corresponds to approximately 400 years of growth 
[40]. Chocovar and Picchi, found that the average annual 
increment in height for P. australis specimens was 13.5 cm, 
while the increase in diameter was 3.2 mm and 2.9 mm/year for 
P. tomentella, with an average age of 118 years [58,59]. However, 
this information was based on a small sample size (N = 2 for P. 
tomentella and N = 14 for P. australis).

Archaeology: Albeck found remnants of charcoal from P. 
tomentella at an archaeological site near Casabindo [60]. 
Additionally, a P. tomentella tree over 300 years old (3 meters 
high) was discovered above a kiln in Coyahuayma [61]. �e use 
of queñoa wood for metal smelting during the colonial period 
(18th century) has been documented [62].

Ethnobiology: Parker mentions medicinal (anti-hemorrhoidal 
properties) for P. australis for the �rst time in the region [63]. 
Later chemical compounds of P. australis were identi�ed [64]. 
Ponessa et al. used chromatography to detect �avonoids in P. 
australis [33]. �e medicinal use of P. australis leaves was also 
noted [65].

Genetics: �ere is a notable di�erence in polyploidy between 
northern and southern populations of P. australis, with 
northern populations predominantly being diploid [66]. 
Additionally, the genetic diversity of adult P. tarapacana 
decreases with increasing elevation, indicating upward 
migration during interglacial periods [67].

Associated groups: P. tomentella has been associated with the 
endemic bird species Saí Grande (Oreomanes fraseri) in Salta 
province. Species richness, relative abundance, and bird 
diversity are higher in P. australis forests compared to P. 
hieronymi forests, though there were no highly associated bird 
species reported [68]. A survey of one P. australis forest detected 
31 species of birds and 25 species of mosses, lichens, and ferns 
associated with the habitat [69].

Outhreach: Some outreach e�orts encountered challenges, 
including incorrect or missing scienti�c names or no mention 
of the scienti�c name, mention of medical use, the growth rate 
of the diameter, and the use of the ritidoma to make cigarettes 
[40,70,71]. We also discovered two paintings, one in street art 
and the other on social media [72,73].

Field work: We successfully identi�ed the six P. australis groups 
visited in 1999 [12]. �e total number of individuals decreased, 
especially at the lower altitudes (Table 1). We found other 
groups of P. australis in PPPY.

Species studied

�e genus Polylepis is a member of the Rosacea family. It is 
characterized by the curved branches and the multiple 
rhytidome layers. In general, it grows higher than the timberline 
(in grasslands). In the NOA �ve species are present (Figures 1,2 
and 3). In the humid forests that grow on the sub-Andean hills 
we �nd Polylepis australis, Polylepis crista-galli and Polylepis 
hieronymi. �ese can be di�erentiated based on lea�ets and 
distribution. In the High Andes, we �nd Polylepis tarapacana 
(Figure 3) which, in general has a bushy growth, in the Puna 
region we �nd Polylepis tomentella.

�e number of publications �uctuated over time. A�er the �rst 
publication in 1911, there was a 40-year gap until the second 
publication in 1951. Over the years, there has been a general, 
albeit inconsistent, increase in studies on Polylepis, with a peak 
of 12 publications in a single year in 2016 (Figure 5). Research 
e�orts are predominantly concentrated in Jujuy, with limited 
studies in Salta (documenting only three species) and less data 
from Tucumán. �e most studied topic was Physiology/Ecology 
(24%), followed by entries that only mentioned the species 
(22%) (Figure 6). 33.3% of the entries were not available online. 
�e total conservation input score for the 157 entries amounted 
to 106, with 51 points (48.1%) derived from scienti�c articles 
and 55 points (51.8%) from grey literature.

Mention: None of the articles that only mention the species 

Discussion
Publication trends show a peak in articles during years when the 
International Congress on the Ecology and Conservation of 
Polylepis was organized (Quito-Ecuador 2019, Jujuy-Argentina 
2016, Arica-Chile 2013, Cusco-Peru 2006, Cochabamba- 
Bolivia, 2000), especially when this congress was in Jujuy 
(NOA) with the record of 12 publications. �is underscores the 
importance of local events and the organization of speci�c 
congresses on conservation. We, therefore, recommend 
organizing new international congresses on the topic. �ese 
congresses were interrupted during COVID-19 pandemia and 
not retaken a�erward. Access to congress abstracts remains 
challenging, and this article aims to address this gap.

 Although the genus Polylepis was described early and 
according to Simpson no synonym exists, we found the 
synonym Quinasis, indicating that some taxonomic 
inconsistencies may have persisted in earlier literature [74-76]. 
�is was later solved by considering it a heteroteric synonym 
[77]. Nevertheless, considerable confusion remains at the 

species level, both locally and regionally. Recently, 45 species 
have been revised and accepted, but since then, two more 
species have been described in Peru, totaling 47 species [78-80]. 
In P. australis in northwest Argentina, the di�erence in ploidy 
levels with populations in the south suggests the potential 
existence of di�erent species [66]. Given the challenging 
morphological diagnosability, we propose a comprehensive 
review of the systematics based on genetic and/or niche 
di�erences between P. tarapacana and P. tomentella and 
between di�erent P. australis populations.

 �ere has been confusion regarding the correct 
terminology for its fruits. Most authors have referred to the 
fruits as achenes, while authors outside the NOA have even 
referred to them as nuts e.g. [16,24,81]. However, despite their 
similarity to achenes, the �owers of Polylepis have an inferior 
ovary, making "cupela" (�ower cup) the correct term, as 
supported by Zardini and Acosta and Moroni [25,82]. Also, the 
correct term is amentiform spikelike racemes. �ose multiple 
errors suggest that generators of outreach material should 
rigorously check scienti�c sources.

 Historically, there has been considerable confusion 
regarding the species present in NOA. Early, three species (P. 
australis, P. hieronymi, P. tomentella) were mentioned in the 
NOA, which �uctuated to one or two species. �e early works of 
the Ecology department abled identifying two new species 
present in the NOA (P. crista-galli and P. tarapacana) and it was 
only in the year 2021 that the �ve species were �nally included 
in the Flora Argentina [83,84].

 Toponymy associated with P. tomentella, corresponds in 
some cases to P. tarapacana [85]. In 2003 a detailed dot-based 
distribution map was elaborated. Nevertheless, in 2016 P. 
australis was erroneously cited in Puna, which should be P. 
tomentella [21]. Additionally, there is also confusion between P. 
tomentella and P. tarapacana [56]. �e shrubby form observed 
above 4700 m most likely belongs to P. tarapacana [86]. Also, in 
recent studies, populations most likely belonging to P. 
tomentella in the El Aguilar location have been identi�ed as P. 
tarapacana [87]. Renison et al. attempted to clarify their 
distributions using Species Distribution Models, which have 
their limitations [4]. Recently, the species from the Puna (P. 
tomentella) and High Andes (P. tarapacana) have been mapped 
in detail based on satellite images and �eldwork [30]. We 
recommend a detailed mapping of all �ve species in the NOA 
and re-uploading the regional map. 

 �e most important category was ecology/physiology. �e 
characterization as a pioneer species of P. hieronymi, P. 
tomentella and P. australis were not scienti�cally sustained. �e 
e�ect of cattle on P. tomentella, although widely mentioned was 
never quanti�ed and for P. australis more experiments should 
be done as it was only tested in one site (PPPY). Also, the 
management directions provided by outreach are not based on 
ecological experiments. �erefore, we suggest using those 
a�rmations as hypotheses for scienti�c investigations [51].

 We consider that forest structure and especially the 
germination potential of P. tomentella are su�ciently studied. 
However, this subject could be complemented with other 
questions for conservation to enhance germination e�cacy. For 
example, the longevity of seeds remains unknown, and the 
interannual seed germination of a single tree is also uncharted 
territory. We suggest more studies that aim to improve practical 
application for P. tomentella and studies on forest structure and 
regeneration on the other four species which are poorly studied, 
especially P. crista-galli and P. hieronymi. �ere is growing 
evidence that the current distribution of Polylepis may be 
in�uenced by anthropogenic factors, though it remains unclear 
if this applies to NOA. According to toponomy Polylepis has 
been locally extirpated from many areas, it persists in restricted 
environments such as ravines and protected areas [85]. 
However, restricted distribution can also be related to 
environmental factors like wind or water availability for P. 
australis. Wind has been identi�ed as a limiting factor, and 
precipitation concerns are noted for P. tarapacana [88,89]. 
Factors in�uencing the distributions of the species still need to 
be disentangled.

 P. australis has not been classi�ed by the IUCN, but was 
considered of Least Concern on the country level [90]. �e 
other four species have not been categorized in NOA. P. 
tomentella might be the most threatened species, but this 
assertion was not based on empirical evidence, re�ecting a 
broader issue with the lack of formal categorization, especially 

since P. tomentella has been recognized by the provincial 
government of Jujuy for conservation [47,91]. We recommend 
an assessment of the conservation status of P. australis, as well as 
a local categorization for the other four species. Additionally, we 
suggest research on the e�ect of cattle and exotic species such as 
the European hare, whose presence was documented in the area 
since the 1980s [92]. At the national level, the Administration of 
National Parks, which is the maximum authority, on its website 
cites two species not present in Argentina [22]. Also, it 
mentions the presence of P. tomentella in the National Park El 
Rey, which should be P. hieronymi. Additionally, the ANP 
website mentions P. australis as Vulnerable by the IUCN, but 
this species is not (yet) classi�ed by IUCN. Finally, it indicates 
that the presence of P. australis in PPPY is not con�rmed, 
although scienti�c and grey literature indicates its presence 
[49,50,93]. We suggest a revision of this website [22].

 �e assumption that there is extensive unpublished 
material on Polylepis has been partially substantiated, as 33% 
were not available online and grey literature contributed 51.8% 
to conservation knowledge, but outreach works generated 
confusion. Although we used a subjective indicator, it was 
useful to solve the aim of our work. Unfortunately, a signi�cant 
amount of information circulating lacks scienti�c or empirical 
backing. For example, the use of bark for cigarette rolling and 
writing and the medicinal use of leaves and bark is not 
scienti�cally sustained [63,94]. Although the chemical 
components were investigated, no reference to medicinal use is 
made and therefore we suggest caution [33,64]. Further 
ethnobotanical studies could help to elucidate this issue. 
Archeological studies show the long-standing relation between 
Polylepis forests and humans, maintained until nowadays 
[62,94,95]. �e number of mentions and species descriptions in 
literature, the amount of outreach work, and even the artwork 
on the genus (Figure 6) show that the genus is charismatic, 
nevertheless, this recognition has not translated into su�cient 

Figure 7. Estimated relationship between age, height, and base diameter 
of P. tomentella, derived from a sample of 400 felled trees (reproduced 
from [56]).

conservation e�orts.
 �e limited amount of unpublished data contains 
important information with conservation implications, 
particularly regarding population dynamics and structure of P. 
australis. �e comparison between the report and our �eldwork 
indicated that there is a signi�cant decline in adult trees, 
particularly at lower altitudes [12]. �is could be an e�ect of 
climate change, or due to di�erences in altitude or climatic 
conditions. �ese hypotheses should be tested. Continuous 
monitoring is essential to better understand the population 
dynamics of Polylepis and to develop more e�ective 
conservation strategies.

Conclusions
Our review demonstrates that grey literature has been valuable 
for informing conservation e�orts for Polylepis spp. in 
northwest Argentina (NOA). Grey literature provided critical 
data on species distributions, population trends, and threats. It 
is essential to do �eld experiments to address the knowledge 
gaps identi�ed, especially for lesser-studied species such as P. 
hieronymi and P. crista-galli. With Polylepis species continuing 
to face signi�cant environmental pressures, a collaborative 
e�ort between researchers, policymakers, and local 
communities is necessary to ensure the long-term preservation 
of these unique and threatened ecosystems. �is approach can 
be similarly useful for other species that, while 
underrepresented in formal scienti�c publications, are present 
in grey literature due to their conservation status or charismatic 
nature. �is is particularly relevant in regions with limitations 
on scienti�c publishing, such as the Southern Hemisphere, 
where grey literature remains a key resource for conservation 
planning.
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Grey literature consists of materials and research produced by 
organizations outside the traditional commercial or academic 
publication and distribution channels [1]. In conservation 
biology and management, the review method has gained 
popularity based on the premise that more information leads to 
better decision-making and improved management practices [2]. 

 In this context, grey literature is particularly valuable for 
understanding species and ecosystems that are not 
well-documented in peer-reviewed journals. Although the use 
of grey literature can be risky due to potential gaps in scienti�c 
rigor and representation of data or analysis, it also broadens the 
scope of relevant studies, o�ering a more comprehensive view of 
the available evidence [3]. �is breadth of information is crucial 
for ecosystems like those dominated by the genus Polylepis, 
which represent the highest-altitude forest formations in the 
Andes and sub-Andean valleys. �ese forests extend 
latitudinally from Venezuela to northern Chile and central 
Argentina [4]. Polylepis forests provide numerous ecosystem 
services, including erosion prevention, regulation of the water 
cycle, and resources for local populations such as posts, utensils, 
�rewood, and grazing [5]. Serving as "biodiversity islands" in a 
matrix of lower diversity, particularly in arid and semi-arid 
regions, these unique ecosystems play a vital role in maintaining 
ecological balance [6-8]. However, they face various degrees of 
threat and require targeted conservation actions. To manage 
Polylepis forests e�ectively and restore balanced, functional 
ecosystems, clearly de�ned restoration goals are essential [9]. 
Unfortunately, there is currently a lack of baseline knowledge 

regarding Polylepis species in northwest Argentina.

 �ere are 45 recognized species of Polylepis, of which 
11.1% (5 species) are found in northwest Argentina, making it 
a hotspot for the genus. However, this region has seen fewer 
investigations compared to the rest of the country, despite 
Argentina having the highest number of publications on 
Polylepis. Notably, P. hieronymi is among the species with the 
fewest publications in this area [10]. Unknown aspects on the 
genus in the NOA persist, on population dynamics, habitat 
speci�city; although general distribution maps exist, 
�ner-scale information on the speci�c ecological preferences 
and microhabitats is incomplete, genetic diversity, 
regeneration mechanisms, and interactions with other 
species.

 Given these gaps in knowledge, this review examines 
both grey and formal scienti�c literature on the genus 
Polylepis in northwest Argentina. �e main objective is to 
integrate and assess the utility of grey literature alongside 
scienti�c research for advancing conservation strategies for 
Polylepis species. �e speci�c objectives are as follows: (1) to 
assess and synthesize existing knowledge from both scienti�c 
works and grey literature, (2) to evaluate the relevance and 
implications of grey literature in conservation e�orts, and (3) 
to validate the practical application of insights gleaned from 
grey literature. We posit that Polylepis species in northwest 
Argentina are underrepresented in mainstream literature and 
that grey literature may provide critical insights to inform and 
enhance conservation strategies.

Methodology 
Study area
Northwest Argentina includes the provinces of Jujuy, Salta, 
Tucumán, and Catamarca (Figure 1). 

Our methodology comprised two main approaches
Bibliographic review

�e Agricultural Ecology Department at the National 
University of Jujuy pioneered research on Polylepis in northwest 
Argentina. First, we conducted a systematic search of the 
department's library and �eld notes for materials related to 
Polylepis. Second, we performed an online search using Google 
Scholar with the search terms “Polylepis” + “northwest 
Argentina” and “Queñoa” + “northwest Argentina”.

 Following these initial searches, we examined the 
bibliographies of the obtained studies, a technique known as the 
"paper trail," which allows researchers to identify additional 
relevant studies that may not appear in traditional search results 
[2]. We included all the information on Polylepis located in the 
NOA. Our inclusion criteria encompassed abstracts from 
scienti�c events, theses, dra�s of scienti�c articles, research 
project reports, unpublished data sheets, guides, and artworks. 
We systematically reviewed and summarized the most pertinent 
information for conservation purposes, which we have listed 
(Supplementary Material 1).

 Information was collected and carefully read between 
March 2021 and June 2024. We systematically categorized the 
data, extracting the following information: species studied (P. 
australis, P. crista-galli, P. hieronymi, P. tarapacana, and P. 
tomentella), year of publication, principal study area, and 
subject matter. Subjects included: Mention (where the species is 
only noted, e.g., in study area descriptions), Taxonomy, Species 
Description (e.g., guidebooks), Biogeography/Distribution, 
Physiology/Ecology, Conservation, Dendrochronology, 
Archaeology, Ethnobiology, Genetics, Associated Groups (e.g., 
birds, fungi), and Outreach (where information is reproduced). 
We classi�ed the information into “grey literature” and 
“scienti�c peer-reviewed work,” noting whether each 
publication was accessible online.
 

Each item was rated for its conservation input based on the 
experience of the authors, as follows: 0 we rated information 
with no use for conservation when it was only description of the 
species or the information was already mentioned in previous 
works, we rated information with 0.5 when it has information 
that has potential use in conservation, but was not scienti�cally 
based, and we rated the item with 1 when it has information 
deemed useful for conservation purposes. �ere were no 
di�erences in judgement between authors. We evaluated both 
grey and scienti�c literature and analyzed the contributions 
from each type based on the sum of the three rating categories. 
For each item, we extracted and highlighted key conclusions 
and critical insights.

Fieldwork

Fieldwork was done in the Provincial Park “Potrero de Yala” 
(PPPY herea�er wards). �e PPPY is in the northern sector of 
the Southern Andean Yungas Australes (24° 05′ 29.16″ S, 65° 30′ 
15.36” W, 2619 m) (Figure 1) and extends altitudinally between 
1600 and 5000 m, with a surface of 4300 ha.

 �e Southern Andean Yungas ecoregion or Tucuman- 
Bolivian rainforest develops between 400 m and 2300 m asl, 
from Bolivia (Tarija) to the Argentinean province Catamarca. 
�e climate of the Southern Andean Yungas is temperate and 
humid with mainly summer rains (80%) and frosts during the 
winter [11].

 To test the practical application of grey literature, we 
selected one report that we had the opportunity to reassess [12]. 
�is is a park ranger's report detailing the presence of P. 
australis within the PPPY by mapping the area and counting 
individuals. To verify the accuracy and relevance of the 
information, we revisited the site to check whether the 
population remained consistent with the original report. We 
used the map provided in the report and visited the park twice.

Results
In total, we obtained 157 entries that mentioned 215 times one 
species of the genus. Two abstracts, which were previous oral 
presentations of this work, were excluded [13]. One entry uses 
the common name “Queñoa” and “Queuñoal”, but refers to 
another species Cochlospermun zahlbruckneri and was excluded 
from the analysis (n=156). �e majority (59.6%) belonged to 
grey literature [14]. �e most studied species was P. tomentella 
(Figure 4). �e information spanned 113 years (1911–2024), 

were useful for conservation purposes and therefore they were 
not analyzed further. We also discovered a poem on Polylepis, 
but it was unfortunately misidenti�ed as P. racemosa [15]. Also, 
Wikipedia spells incorrectly two species (P. cristagalli and P. 
hyeronymi) [16].

Taxonomy: �e genus shares a common origin with Acaena and 
occupies a primitive phylogenetic position based on speci�c 
wood characteristics observed in P. tomentella [17,18]. Leaf 
morphology has been used in taxonomy, alongside di�erences 
in seed weight, seedling height, and leaf length to distinguish 
among the species in NOA [19,20].

Species description: Several examples of misnaming exist 
[21-23]. Early publications indicate that the fruit of the species 
is achene, while other authors refer to it as a cupela [17,24,25]. 
Also, some outreach work made mistakes by naming the 
in�orescences spigots, and leaves with serrated edge for P. 
tarapacana [22].

Biogeography/Distribution: �e �rst article we located 
indicates P. hieronymi, P. australis, and P. tomentella present in 
the northwest of Argentina [17]. Later P. australis and P. 
hieronymi were noted in Catamarca [26,27]. P. australis is 
distributed across the provinces of Jujuy, Salta, Tucumán, 
Catamarca, Córdoba, and San Luis [28]. Segovia carefully 
mapped the distribution of P. tomentella, however, this report 
included areas within the distribution range of P. tarapacana. P. 
tomentella in Jujuy covers 832.71 ha [29,30]. �e genus has also 
been mapped at a regional level [31], but this map is no longer 
available online.

 P. tomentella is found in an elevational belt between 3700 
and 4700 meters and adopts a shrubby form above 4200 m asl. 
Legname notes the presence of P. tomentella above 3000 m asl. 
for P. australis in Tucumán [32]. Krussmann mentions an 
elevational gradient between 2000 and 3500 m asl [27]. Other 
studies indicate it can be found between 1680 and 2800 m asl in 
Tucumán or between 1200 and 3500 m asl [33,34]. P. hieronymi, 
P. australis, and P. crista-galli are found at 2500 meters in the 
Yungas, while P. tomentella ranges between 3800 and 4200 
meters. P. tarapacana occurs at elevations from 4400 to 4900 
meters [19]. �e elevational gradient for P. crista-galli was 
recorded between 2400 and 2700 m asl [35]. P. tarapacana is 
found at elevations between 4000 and 4750 meters above sea 
level, while P. tomentella starts from 3000 meters [26].

Physiology/Ecology: P. tomentella prefers narrow ravines and 
rocky slopes [36]. Bonaventura et al. describe moderate rocky 
slopes with a northeast or east orientation (warm slopes) as 
suitable habitat for P. tomentella while Ruthsatz and Movia 
mention north and east slopes [37,38]. In 1972 P. australis was 
described as a “shrub” (4 stems, 10 cm DBH, 2.6 m height and 3 
m wide), based on a single individual present in the Botanic 
Garden of Copenhagen [27]. Frangi emphasizes the root system 
of P. australis in the Puna ecoregion; however, this should likely 
pertain to P. tomentella [23]. Additionally, Ruthsatz and Movia 
mention an extensive root system both horizontally and 
vertically for P. tomentella [38]. When examined at sea level, the 
foliar anatomy of P. tomentella changes, whereas P. australis 
does not [33]. Di�erences in seed weight, seedling height, and 
leaf length also play a crucial role in understanding their 
ecological adaptations [20]. Segovia reported an average height 

of 3.1 m and 25.6% cover for P. tomentella [29]. Based on a 
thesis, we calculated forest structure data for P. tomentella, 
�nding 0.33±0.21 seedlings per square meter and 362.5 adult 
individuals per hectare [39].

 A provincial report suggests that UV rays inhibit growth 
due to hormonal e�ects without citing a source for this 
information; however, it was noted that leaf wax may protect 
against ultraviolet radiation [40]. Rock outcrops and edges are 
highlighted as important for the regeneration of P. tarapacana 
forests [41,42]. �e germination rate of P. tomentella is 3.1%, 3% 
or 3.8 ± 3.1, compared to 4.3 ± 4.4 for P. tarapacana, which is 
markedly di�erent from the rates for P. australis and P. 
hieronymi (14.9 ± 16.6 and 14.7± 9.0, respectively) and 9.8% for 
P. crista-galli [35,40,43,44]. In P. australis forests, the individual 
density is 60 individuals per hectare, while P. tomentella forests 
host 325 individuals per hectare, with coverages of 9% and 13%, 
respectively [45]. For P. crista-galli, the density is 0.81 
seedlings/m² and 386 individuals/ha, with a mean diameter at 
the base of 16.9 cm [35].

Conservation: As early as 1984, P. tomentella was classi�ed as 
endangered due to the e�ects of intensive �rewood collection in 
Jujuy, a concern that was subsequently echoed by Braun Wilke 
[46,47]. While P. tomentella is occasionally regarded as a plant 
of interest for livestock, it has a low to moderate forage value 
[46]. Livestock grazing signi�cantly hinders regeneration in P. 
tomentella [43]. �is was also quanti�ed in one site for P. 
australis, with cattle negatively a�ecting the herbaceous stratum 
[48-50]. Furthermore, northern populations of P. australis tend 
to be less well-conserved than their southern counterparts [4].

 Important management data indicate that only P. 
tomentella faces serious threats, primarily from military and 
educational institutions rather than residents. A partially cut 
tree requires 20 years to recover, and trees up to 60 cm in 
diameter provide excellent �rewood quality. �e bark layer is 
crucial for germination [51]. �is information is based on 
interviews, without citation of scienti�c sources. �e current 
distribution of Polylepis species has been signi�cantly a�ected 
by climate change, further fragmenting their already patchy 
distribution [52,53]. Human in�uence over the past 11,000 
years has also played a role, with P. tarapacana and P. tomentella 
historically exhibiting limited distribution during the Holocene 
[54]. Since the Glacial Maximum, approximately 35% of 
suitable habitat for the genus has been lost [55].

 Currently, the Administration of National Parks in 
Argentina mentions 7 species, of which two (P. racemosa and P. 
rugulosa) are not present in Argentina. In the NOA P. australis 
is present in �ve protected areas, P. hieronymi in three, and P. 
tomentella in two. No information is available regarding P. 
crista-galli, and P. tarapacana is not represented in any 
protected area.

Dendrochronology: Braun Wilke presents the relationship 
between the diameter at the base, height, and estimated age of P. 
tomentella individuals (Figure 7), also he notes signi�cant 
growth di�erences among individuals, although he may have 
confused P. tarapacana with P. tomentella [56,57]. Corcuera 
reported an individual tree aged 65 years and suggests that trees 
reach a diameter of 30 cm a�er 50 years [51]. Simultaneously, 
González Arzac indicates that a perimeter of 100cm 

corresponds to 50 years (based on n=3), nevertheless, this 
author mentions the presence of rotten trunk centers that could 
indicate a threat for conservation and hinders the correct 
counting of rings [57]. Alonso indicates that one meter of trunk 
diameter corresponds to approximately 400 years of growth 
[40]. Chocovar and Picchi, found that the average annual 
increment in height for P. australis specimens was 13.5 cm, 
while the increase in diameter was 3.2 mm and 2.9 mm/year for 
P. tomentella, with an average age of 118 years [58,59]. However, 
this information was based on a small sample size (N = 2 for P. 
tomentella and N = 14 for P. australis).

Archaeology: Albeck found remnants of charcoal from P. 
tomentella at an archaeological site near Casabindo [60]. 
Additionally, a P. tomentella tree over 300 years old (3 meters 
high) was discovered above a kiln in Coyahuayma [61]. �e use 
of queñoa wood for metal smelting during the colonial period 
(18th century) has been documented [62].

Ethnobiology: Parker mentions medicinal (anti-hemorrhoidal 
properties) for P. australis for the �rst time in the region [63]. 
Later chemical compounds of P. australis were identi�ed [64]. 
Ponessa et al. used chromatography to detect �avonoids in P. 
australis [33]. �e medicinal use of P. australis leaves was also 
noted [65].

Genetics: �ere is a notable di�erence in polyploidy between 
northern and southern populations of P. australis, with 
northern populations predominantly being diploid [66]. 
Additionally, the genetic diversity of adult P. tarapacana 
decreases with increasing elevation, indicating upward 
migration during interglacial periods [67].

Associated groups: P. tomentella has been associated with the 
endemic bird species Saí Grande (Oreomanes fraseri) in Salta 
province. Species richness, relative abundance, and bird 
diversity are higher in P. australis forests compared to P. 
hieronymi forests, though there were no highly associated bird 
species reported [68]. A survey of one P. australis forest detected 
31 species of birds and 25 species of mosses, lichens, and ferns 
associated with the habitat [69].

Outhreach: Some outreach e�orts encountered challenges, 
including incorrect or missing scienti�c names or no mention 
of the scienti�c name, mention of medical use, the growth rate 
of the diameter, and the use of the ritidoma to make cigarettes 
[40,70,71]. We also discovered two paintings, one in street art 
and the other on social media [72,73].

Field work: We successfully identi�ed the six P. australis groups 
visited in 1999 [12]. �e total number of individuals decreased, 
especially at the lower altitudes (Table 1). We found other 
groups of P. australis in PPPY.

Species studied

�e genus Polylepis is a member of the Rosacea family. It is 
characterized by the curved branches and the multiple 
rhytidome layers. In general, it grows higher than the timberline 
(in grasslands). In the NOA �ve species are present (Figures 1,2 
and 3). In the humid forests that grow on the sub-Andean hills 
we �nd Polylepis australis, Polylepis crista-galli and Polylepis 
hieronymi. �ese can be di�erentiated based on lea�ets and 
distribution. In the High Andes, we �nd Polylepis tarapacana 
(Figure 3) which, in general has a bushy growth, in the Puna 
region we �nd Polylepis tomentella.

�e number of publications �uctuated over time. A�er the �rst 
publication in 1911, there was a 40-year gap until the second 
publication in 1951. Over the years, there has been a general, 
albeit inconsistent, increase in studies on Polylepis, with a peak 
of 12 publications in a single year in 2016 (Figure 5). Research 
e�orts are predominantly concentrated in Jujuy, with limited 
studies in Salta (documenting only three species) and less data 
from Tucumán. �e most studied topic was Physiology/Ecology 
(24%), followed by entries that only mentioned the species 
(22%) (Figure 6). 33.3% of the entries were not available online. 
�e total conservation input score for the 157 entries amounted 
to 106, with 51 points (48.1%) derived from scienti�c articles 
and 55 points (51.8%) from grey literature.

Mention: None of the articles that only mention the species 

Discussion
Publication trends show a peak in articles during years when the 
International Congress on the Ecology and Conservation of 
Polylepis was organized (Quito-Ecuador 2019, Jujuy-Argentina 
2016, Arica-Chile 2013, Cusco-Peru 2006, Cochabamba- 
Bolivia, 2000), especially when this congress was in Jujuy 
(NOA) with the record of 12 publications. �is underscores the 
importance of local events and the organization of speci�c 
congresses on conservation. We, therefore, recommend 
organizing new international congresses on the topic. �ese 
congresses were interrupted during COVID-19 pandemia and 
not retaken a�erward. Access to congress abstracts remains 
challenging, and this article aims to address this gap.

 Although the genus Polylepis was described early and 
according to Simpson no synonym exists, we found the 
synonym Quinasis, indicating that some taxonomic 
inconsistencies may have persisted in earlier literature [74-76]. 
�is was later solved by considering it a heteroteric synonym 
[77]. Nevertheless, considerable confusion remains at the 

species level, both locally and regionally. Recently, 45 species 
have been revised and accepted, but since then, two more 
species have been described in Peru, totaling 47 species [78-80]. 
In P. australis in northwest Argentina, the di�erence in ploidy 
levels with populations in the south suggests the potential 
existence of di�erent species [66]. Given the challenging 
morphological diagnosability, we propose a comprehensive 
review of the systematics based on genetic and/or niche 
di�erences between P. tarapacana and P. tomentella and 
between di�erent P. australis populations.

 �ere has been confusion regarding the correct 
terminology for its fruits. Most authors have referred to the 
fruits as achenes, while authors outside the NOA have even 
referred to them as nuts e.g. [16,24,81]. However, despite their 
similarity to achenes, the �owers of Polylepis have an inferior 
ovary, making "cupela" (�ower cup) the correct term, as 
supported by Zardini and Acosta and Moroni [25,82]. Also, the 
correct term is amentiform spikelike racemes. �ose multiple 
errors suggest that generators of outreach material should 
rigorously check scienti�c sources.

 Historically, there has been considerable confusion 
regarding the species present in NOA. Early, three species (P. 
australis, P. hieronymi, P. tomentella) were mentioned in the 
NOA, which �uctuated to one or two species. �e early works of 
the Ecology department abled identifying two new species 
present in the NOA (P. crista-galli and P. tarapacana) and it was 
only in the year 2021 that the �ve species were �nally included 
in the Flora Argentina [83,84].

 Toponymy associated with P. tomentella, corresponds in 
some cases to P. tarapacana [85]. In 2003 a detailed dot-based 
distribution map was elaborated. Nevertheless, in 2016 P. 
australis was erroneously cited in Puna, which should be P. 
tomentella [21]. Additionally, there is also confusion between P. 
tomentella and P. tarapacana [56]. �e shrubby form observed 
above 4700 m most likely belongs to P. tarapacana [86]. Also, in 
recent studies, populations most likely belonging to P. 
tomentella in the El Aguilar location have been identi�ed as P. 
tarapacana [87]. Renison et al. attempted to clarify their 
distributions using Species Distribution Models, which have 
their limitations [4]. Recently, the species from the Puna (P. 
tomentella) and High Andes (P. tarapacana) have been mapped 
in detail based on satellite images and �eldwork [30]. We 
recommend a detailed mapping of all �ve species in the NOA 
and re-uploading the regional map. 

 �e most important category was ecology/physiology. �e 
characterization as a pioneer species of P. hieronymi, P. 
tomentella and P. australis were not scienti�cally sustained. �e 
e�ect of cattle on P. tomentella, although widely mentioned was 
never quanti�ed and for P. australis more experiments should 
be done as it was only tested in one site (PPPY). Also, the 
management directions provided by outreach are not based on 
ecological experiments. �erefore, we suggest using those 
a�rmations as hypotheses for scienti�c investigations [51].

 We consider that forest structure and especially the 
germination potential of P. tomentella are su�ciently studied. 
However, this subject could be complemented with other 
questions for conservation to enhance germination e�cacy. For 
example, the longevity of seeds remains unknown, and the 
interannual seed germination of a single tree is also uncharted 
territory. We suggest more studies that aim to improve practical 
application for P. tomentella and studies on forest structure and 
regeneration on the other four species which are poorly studied, 
especially P. crista-galli and P. hieronymi. �ere is growing 
evidence that the current distribution of Polylepis may be 
in�uenced by anthropogenic factors, though it remains unclear 
if this applies to NOA. According to toponomy Polylepis has 
been locally extirpated from many areas, it persists in restricted 
environments such as ravines and protected areas [85]. 
However, restricted distribution can also be related to 
environmental factors like wind or water availability for P. 
australis. Wind has been identi�ed as a limiting factor, and 
precipitation concerns are noted for P. tarapacana [88,89]. 
Factors in�uencing the distributions of the species still need to 
be disentangled.

 P. australis has not been classi�ed by the IUCN, but was 
considered of Least Concern on the country level [90]. �e 
other four species have not been categorized in NOA. P. 
tomentella might be the most threatened species, but this 
assertion was not based on empirical evidence, re�ecting a 
broader issue with the lack of formal categorization, especially 

since P. tomentella has been recognized by the provincial 
government of Jujuy for conservation [47,91]. We recommend 
an assessment of the conservation status of P. australis, as well as 
a local categorization for the other four species. Additionally, we 
suggest research on the e�ect of cattle and exotic species such as 
the European hare, whose presence was documented in the area 
since the 1980s [92]. At the national level, the Administration of 
National Parks, which is the maximum authority, on its website 
cites two species not present in Argentina [22]. Also, it 
mentions the presence of P. tomentella in the National Park El 
Rey, which should be P. hieronymi. Additionally, the ANP 
website mentions P. australis as Vulnerable by the IUCN, but 
this species is not (yet) classi�ed by IUCN. Finally, it indicates 
that the presence of P. australis in PPPY is not con�rmed, 
although scienti�c and grey literature indicates its presence 
[49,50,93]. We suggest a revision of this website [22].

 �e assumption that there is extensive unpublished 
material on Polylepis has been partially substantiated, as 33% 
were not available online and grey literature contributed 51.8% 
to conservation knowledge, but outreach works generated 
confusion. Although we used a subjective indicator, it was 
useful to solve the aim of our work. Unfortunately, a signi�cant 
amount of information circulating lacks scienti�c or empirical 
backing. For example, the use of bark for cigarette rolling and 
writing and the medicinal use of leaves and bark is not 
scienti�cally sustained [63,94]. Although the chemical 
components were investigated, no reference to medicinal use is 
made and therefore we suggest caution [33,64]. Further 
ethnobotanical studies could help to elucidate this issue. 
Archeological studies show the long-standing relation between 
Polylepis forests and humans, maintained until nowadays 
[62,94,95]. �e number of mentions and species descriptions in 
literature, the amount of outreach work, and even the artwork 
on the genus (Figure 6) show that the genus is charismatic, 
nevertheless, this recognition has not translated into su�cient 

conservation e�orts.
 �e limited amount of unpublished data contains 
important information with conservation implications, 
particularly regarding population dynamics and structure of P. 
australis. �e comparison between the report and our �eldwork 
indicated that there is a signi�cant decline in adult trees, 
particularly at lower altitudes [12]. �is could be an e�ect of 
climate change, or due to di�erences in altitude or climatic 
conditions. �ese hypotheses should be tested. Continuous 
monitoring is essential to better understand the population 
dynamics of Polylepis and to develop more e�ective 
conservation strategies.

Conclusions
Our review demonstrates that grey literature has been valuable 
for informing conservation e�orts for Polylepis spp. in 
northwest Argentina (NOA). Grey literature provided critical 
data on species distributions, population trends, and threats. It 
is essential to do �eld experiments to address the knowledge 
gaps identi�ed, especially for lesser-studied species such as P. 
hieronymi and P. crista-galli. With Polylepis species continuing 
to face signi�cant environmental pressures, a collaborative 
e�ort between researchers, policymakers, and local 
communities is necessary to ensure the long-term preservation 
of these unique and threatened ecosystems. �is approach can 
be similarly useful for other species that, while 
underrepresented in formal scienti�c publications, are present 
in grey literature due to their conservation status or charismatic 
nature. �is is particularly relevant in regions with limitations 
on scienti�c publishing, such as the Southern Hemisphere, 
where grey literature remains a key resource for conservation 
planning.
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Grey literature consists of materials and research produced by 
organizations outside the traditional commercial or academic 
publication and distribution channels [1]. In conservation 
biology and management, the review method has gained 
popularity based on the premise that more information leads to 
better decision-making and improved management practices [2]. 

 In this context, grey literature is particularly valuable for 
understanding species and ecosystems that are not 
well-documented in peer-reviewed journals. Although the use 
of grey literature can be risky due to potential gaps in scienti�c 
rigor and representation of data or analysis, it also broadens the 
scope of relevant studies, o�ering a more comprehensive view of 
the available evidence [3]. �is breadth of information is crucial 
for ecosystems like those dominated by the genus Polylepis, 
which represent the highest-altitude forest formations in the 
Andes and sub-Andean valleys. �ese forests extend 
latitudinally from Venezuela to northern Chile and central 
Argentina [4]. Polylepis forests provide numerous ecosystem 
services, including erosion prevention, regulation of the water 
cycle, and resources for local populations such as posts, utensils, 
�rewood, and grazing [5]. Serving as "biodiversity islands" in a 
matrix of lower diversity, particularly in arid and semi-arid 
regions, these unique ecosystems play a vital role in maintaining 
ecological balance [6-8]. However, they face various degrees of 
threat and require targeted conservation actions. To manage 
Polylepis forests e�ectively and restore balanced, functional 
ecosystems, clearly de�ned restoration goals are essential [9]. 
Unfortunately, there is currently a lack of baseline knowledge 

regarding Polylepis species in northwest Argentina.

 �ere are 45 recognized species of Polylepis, of which 
11.1% (5 species) are found in northwest Argentina, making it 
a hotspot for the genus. However, this region has seen fewer 
investigations compared to the rest of the country, despite 
Argentina having the highest number of publications on 
Polylepis. Notably, P. hieronymi is among the species with the 
fewest publications in this area [10]. Unknown aspects on the 
genus in the NOA persist, on population dynamics, habitat 
speci�city; although general distribution maps exist, 
�ner-scale information on the speci�c ecological preferences 
and microhabitats is incomplete, genetic diversity, 
regeneration mechanisms, and interactions with other 
species.

 Given these gaps in knowledge, this review examines 
both grey and formal scienti�c literature on the genus 
Polylepis in northwest Argentina. �e main objective is to 
integrate and assess the utility of grey literature alongside 
scienti�c research for advancing conservation strategies for 
Polylepis species. �e speci�c objectives are as follows: (1) to 
assess and synthesize existing knowledge from both scienti�c 
works and grey literature, (2) to evaluate the relevance and 
implications of grey literature in conservation e�orts, and (3) 
to validate the practical application of insights gleaned from 
grey literature. We posit that Polylepis species in northwest 
Argentina are underrepresented in mainstream literature and 
that grey literature may provide critical insights to inform and 
enhance conservation strategies.

Methodology 
Study area
Northwest Argentina includes the provinces of Jujuy, Salta, 
Tucumán, and Catamarca (Figure 1). 

Our methodology comprised two main approaches
Bibliographic review

�e Agricultural Ecology Department at the National 
University of Jujuy pioneered research on Polylepis in northwest 
Argentina. First, we conducted a systematic search of the 
department's library and �eld notes for materials related to 
Polylepis. Second, we performed an online search using Google 
Scholar with the search terms “Polylepis” + “northwest 
Argentina” and “Queñoa” + “northwest Argentina”.

 Following these initial searches, we examined the 
bibliographies of the obtained studies, a technique known as the 
"paper trail," which allows researchers to identify additional 
relevant studies that may not appear in traditional search results 
[2]. We included all the information on Polylepis located in the 
NOA. Our inclusion criteria encompassed abstracts from 
scienti�c events, theses, dra�s of scienti�c articles, research 
project reports, unpublished data sheets, guides, and artworks. 
We systematically reviewed and summarized the most pertinent 
information for conservation purposes, which we have listed 
(Supplementary Material 1).

 Information was collected and carefully read between 
March 2021 and June 2024. We systematically categorized the 
data, extracting the following information: species studied (P. 
australis, P. crista-galli, P. hieronymi, P. tarapacana, and P. 
tomentella), year of publication, principal study area, and 
subject matter. Subjects included: Mention (where the species is 
only noted, e.g., in study area descriptions), Taxonomy, Species 
Description (e.g., guidebooks), Biogeography/Distribution, 
Physiology/Ecology, Conservation, Dendrochronology, 
Archaeology, Ethnobiology, Genetics, Associated Groups (e.g., 
birds, fungi), and Outreach (where information is reproduced). 
We classi�ed the information into “grey literature” and 
“scienti�c peer-reviewed work,” noting whether each 
publication was accessible online.
 

Each item was rated for its conservation input based on the 
experience of the authors, as follows: 0 we rated information 
with no use for conservation when it was only description of the 
species or the information was already mentioned in previous 
works, we rated information with 0.5 when it has information 
that has potential use in conservation, but was not scienti�cally 
based, and we rated the item with 1 when it has information 
deemed useful for conservation purposes. �ere were no 
di�erences in judgement between authors. We evaluated both 
grey and scienti�c literature and analyzed the contributions 
from each type based on the sum of the three rating categories. 
For each item, we extracted and highlighted key conclusions 
and critical insights.

Fieldwork

Fieldwork was done in the Provincial Park “Potrero de Yala” 
(PPPY herea�er wards). �e PPPY is in the northern sector of 
the Southern Andean Yungas Australes (24° 05′ 29.16″ S, 65° 30′ 
15.36” W, 2619 m) (Figure 1) and extends altitudinally between 
1600 and 5000 m, with a surface of 4300 ha.

 �e Southern Andean Yungas ecoregion or Tucuman- 
Bolivian rainforest develops between 400 m and 2300 m asl, 
from Bolivia (Tarija) to the Argentinean province Catamarca. 
�e climate of the Southern Andean Yungas is temperate and 
humid with mainly summer rains (80%) and frosts during the 
winter [11].

 To test the practical application of grey literature, we 
selected one report that we had the opportunity to reassess [12]. 
�is is a park ranger's report detailing the presence of P. 
australis within the PPPY by mapping the area and counting 
individuals. To verify the accuracy and relevance of the 
information, we revisited the site to check whether the 
population remained consistent with the original report. We 
used the map provided in the report and visited the park twice.

Results
In total, we obtained 157 entries that mentioned 215 times one 
species of the genus. Two abstracts, which were previous oral 
presentations of this work, were excluded [13]. One entry uses 
the common name “Queñoa” and “Queuñoal”, but refers to 
another species Cochlospermun zahlbruckneri and was excluded 
from the analysis (n=156). �e majority (59.6%) belonged to 
grey literature [14]. �e most studied species was P. tomentella 
(Figure 4). �e information spanned 113 years (1911–2024), 

were useful for conservation purposes and therefore they were 
not analyzed further. We also discovered a poem on Polylepis, 
but it was unfortunately misidenti�ed as P. racemosa [15]. Also, 
Wikipedia spells incorrectly two species (P. cristagalli and P. 
hyeronymi) [16].

Taxonomy: �e genus shares a common origin with Acaena and 
occupies a primitive phylogenetic position based on speci�c 
wood characteristics observed in P. tomentella [17,18]. Leaf 
morphology has been used in taxonomy, alongside di�erences 
in seed weight, seedling height, and leaf length to distinguish 
among the species in NOA [19,20].

Species description: Several examples of misnaming exist 
[21-23]. Early publications indicate that the fruit of the species 
is achene, while other authors refer to it as a cupela [17,24,25]. 
Also, some outreach work made mistakes by naming the 
in�orescences spigots, and leaves with serrated edge for P. 
tarapacana [22].

Biogeography/Distribution: �e �rst article we located 
indicates P. hieronymi, P. australis, and P. tomentella present in 
the northwest of Argentina [17]. Later P. australis and P. 
hieronymi were noted in Catamarca [26,27]. P. australis is 
distributed across the provinces of Jujuy, Salta, Tucumán, 
Catamarca, Córdoba, and San Luis [28]. Segovia carefully 
mapped the distribution of P. tomentella, however, this report 
included areas within the distribution range of P. tarapacana. P. 
tomentella in Jujuy covers 832.71 ha [29,30]. �e genus has also 
been mapped at a regional level [31], but this map is no longer 
available online.

 P. tomentella is found in an elevational belt between 3700 
and 4700 meters and adopts a shrubby form above 4200 m asl. 
Legname notes the presence of P. tomentella above 3000 m asl. 
for P. australis in Tucumán [32]. Krussmann mentions an 
elevational gradient between 2000 and 3500 m asl [27]. Other 
studies indicate it can be found between 1680 and 2800 m asl in 
Tucumán or between 1200 and 3500 m asl [33,34]. P. hieronymi, 
P. australis, and P. crista-galli are found at 2500 meters in the 
Yungas, while P. tomentella ranges between 3800 and 4200 
meters. P. tarapacana occurs at elevations from 4400 to 4900 
meters [19]. �e elevational gradient for P. crista-galli was 
recorded between 2400 and 2700 m asl [35]. P. tarapacana is 
found at elevations between 4000 and 4750 meters above sea 
level, while P. tomentella starts from 3000 meters [26].

Physiology/Ecology: P. tomentella prefers narrow ravines and 
rocky slopes [36]. Bonaventura et al. describe moderate rocky 
slopes with a northeast or east orientation (warm slopes) as 
suitable habitat for P. tomentella while Ruthsatz and Movia 
mention north and east slopes [37,38]. In 1972 P. australis was 
described as a “shrub” (4 stems, 10 cm DBH, 2.6 m height and 3 
m wide), based on a single individual present in the Botanic 
Garden of Copenhagen [27]. Frangi emphasizes the root system 
of P. australis in the Puna ecoregion; however, this should likely 
pertain to P. tomentella [23]. Additionally, Ruthsatz and Movia 
mention an extensive root system both horizontally and 
vertically for P. tomentella [38]. When examined at sea level, the 
foliar anatomy of P. tomentella changes, whereas P. australis 
does not [33]. Di�erences in seed weight, seedling height, and 
leaf length also play a crucial role in understanding their 
ecological adaptations [20]. Segovia reported an average height 

of 3.1 m and 25.6% cover for P. tomentella [29]. Based on a 
thesis, we calculated forest structure data for P. tomentella, 
�nding 0.33±0.21 seedlings per square meter and 362.5 adult 
individuals per hectare [39].

 A provincial report suggests that UV rays inhibit growth 
due to hormonal e�ects without citing a source for this 
information; however, it was noted that leaf wax may protect 
against ultraviolet radiation [40]. Rock outcrops and edges are 
highlighted as important for the regeneration of P. tarapacana 
forests [41,42]. �e germination rate of P. tomentella is 3.1%, 3% 
or 3.8 ± 3.1, compared to 4.3 ± 4.4 for P. tarapacana, which is 
markedly di�erent from the rates for P. australis and P. 
hieronymi (14.9 ± 16.6 and 14.7± 9.0, respectively) and 9.8% for 
P. crista-galli [35,40,43,44]. In P. australis forests, the individual 
density is 60 individuals per hectare, while P. tomentella forests 
host 325 individuals per hectare, with coverages of 9% and 13%, 
respectively [45]. For P. crista-galli, the density is 0.81 
seedlings/m² and 386 individuals/ha, with a mean diameter at 
the base of 16.9 cm [35].

Conservation: As early as 1984, P. tomentella was classi�ed as 
endangered due to the e�ects of intensive �rewood collection in 
Jujuy, a concern that was subsequently echoed by Braun Wilke 
[46,47]. While P. tomentella is occasionally regarded as a plant 
of interest for livestock, it has a low to moderate forage value 
[46]. Livestock grazing signi�cantly hinders regeneration in P. 
tomentella [43]. �is was also quanti�ed in one site for P. 
australis, with cattle negatively a�ecting the herbaceous stratum 
[48-50]. Furthermore, northern populations of P. australis tend 
to be less well-conserved than their southern counterparts [4].

 Important management data indicate that only P. 
tomentella faces serious threats, primarily from military and 
educational institutions rather than residents. A partially cut 
tree requires 20 years to recover, and trees up to 60 cm in 
diameter provide excellent �rewood quality. �e bark layer is 
crucial for germination [51]. �is information is based on 
interviews, without citation of scienti�c sources. �e current 
distribution of Polylepis species has been signi�cantly a�ected 
by climate change, further fragmenting their already patchy 
distribution [52,53]. Human in�uence over the past 11,000 
years has also played a role, with P. tarapacana and P. tomentella 
historically exhibiting limited distribution during the Holocene 
[54]. Since the Glacial Maximum, approximately 35% of 
suitable habitat for the genus has been lost [55].

 Currently, the Administration of National Parks in 
Argentina mentions 7 species, of which two (P. racemosa and P. 
rugulosa) are not present in Argentina. In the NOA P. australis 
is present in �ve protected areas, P. hieronymi in three, and P. 
tomentella in two. No information is available regarding P. 
crista-galli, and P. tarapacana is not represented in any 
protected area.

Dendrochronology: Braun Wilke presents the relationship 
between the diameter at the base, height, and estimated age of P. 
tomentella individuals (Figure 7), also he notes signi�cant 
growth di�erences among individuals, although he may have 
confused P. tarapacana with P. tomentella [56,57]. Corcuera 
reported an individual tree aged 65 years and suggests that trees 
reach a diameter of 30 cm a�er 50 years [51]. Simultaneously, 
González Arzac indicates that a perimeter of 100cm 

corresponds to 50 years (based on n=3), nevertheless, this 
author mentions the presence of rotten trunk centers that could 
indicate a threat for conservation and hinders the correct 
counting of rings [57]. Alonso indicates that one meter of trunk 
diameter corresponds to approximately 400 years of growth 
[40]. Chocovar and Picchi, found that the average annual 
increment in height for P. australis specimens was 13.5 cm, 
while the increase in diameter was 3.2 mm and 2.9 mm/year for 
P. tomentella, with an average age of 118 years [58,59]. However, 
this information was based on a small sample size (N = 2 for P. 
tomentella and N = 14 for P. australis).

Archaeology: Albeck found remnants of charcoal from P. 
tomentella at an archaeological site near Casabindo [60]. 
Additionally, a P. tomentella tree over 300 years old (3 meters 
high) was discovered above a kiln in Coyahuayma [61]. �e use 
of queñoa wood for metal smelting during the colonial period 
(18th century) has been documented [62].

Ethnobiology: Parker mentions medicinal (anti-hemorrhoidal 
properties) for P. australis for the �rst time in the region [63]. 
Later chemical compounds of P. australis were identi�ed [64]. 
Ponessa et al. used chromatography to detect �avonoids in P. 
australis [33]. �e medicinal use of P. australis leaves was also 
noted [65].

Genetics: �ere is a notable di�erence in polyploidy between 
northern and southern populations of P. australis, with 
northern populations predominantly being diploid [66]. 
Additionally, the genetic diversity of adult P. tarapacana 
decreases with increasing elevation, indicating upward 
migration during interglacial periods [67].

Associated groups: P. tomentella has been associated with the 
endemic bird species Saí Grande (Oreomanes fraseri) in Salta 
province. Species richness, relative abundance, and bird 
diversity are higher in P. australis forests compared to P. 
hieronymi forests, though there were no highly associated bird 
species reported [68]. A survey of one P. australis forest detected 
31 species of birds and 25 species of mosses, lichens, and ferns 
associated with the habitat [69].

Outhreach: Some outreach e�orts encountered challenges, 
including incorrect or missing scienti�c names or no mention 
of the scienti�c name, mention of medical use, the growth rate 
of the diameter, and the use of the ritidoma to make cigarettes 
[40,70,71]. We also discovered two paintings, one in street art 
and the other on social media [72,73].

Field work: We successfully identi�ed the six P. australis groups 
visited in 1999 [12]. �e total number of individuals decreased, 
especially at the lower altitudes (Table 1). We found other 
groups of P. australis in PPPY.

Species studied

�e genus Polylepis is a member of the Rosacea family. It is 
characterized by the curved branches and the multiple 
rhytidome layers. In general, it grows higher than the timberline 
(in grasslands). In the NOA �ve species are present (Figures 1,2 
and 3). In the humid forests that grow on the sub-Andean hills 
we �nd Polylepis australis, Polylepis crista-galli and Polylepis 
hieronymi. �ese can be di�erentiated based on lea�ets and 
distribution. In the High Andes, we �nd Polylepis tarapacana 
(Figure 3) which, in general has a bushy growth, in the Puna 
region we �nd Polylepis tomentella.

�e number of publications �uctuated over time. A�er the �rst 
publication in 1911, there was a 40-year gap until the second 
publication in 1951. Over the years, there has been a general, 
albeit inconsistent, increase in studies on Polylepis, with a peak 
of 12 publications in a single year in 2016 (Figure 5). Research 
e�orts are predominantly concentrated in Jujuy, with limited 
studies in Salta (documenting only three species) and less data 
from Tucumán. �e most studied topic was Physiology/Ecology 
(24%), followed by entries that only mentioned the species 
(22%) (Figure 6). 33.3% of the entries were not available online. 
�e total conservation input score for the 157 entries amounted 
to 106, with 51 points (48.1%) derived from scienti�c articles 
and 55 points (51.8%) from grey literature.

Mention: None of the articles that only mention the species 

Discussion
Publication trends show a peak in articles during years when the 
International Congress on the Ecology and Conservation of 
Polylepis was organized (Quito-Ecuador 2019, Jujuy-Argentina 
2016, Arica-Chile 2013, Cusco-Peru 2006, Cochabamba- 
Bolivia, 2000), especially when this congress was in Jujuy 
(NOA) with the record of 12 publications. �is underscores the 
importance of local events and the organization of speci�c 
congresses on conservation. We, therefore, recommend 
organizing new international congresses on the topic. �ese 
congresses were interrupted during COVID-19 pandemia and 
not retaken a�erward. Access to congress abstracts remains 
challenging, and this article aims to address this gap.

 Although the genus Polylepis was described early and 
according to Simpson no synonym exists, we found the 
synonym Quinasis, indicating that some taxonomic 
inconsistencies may have persisted in earlier literature [74-76]. 
�is was later solved by considering it a heteroteric synonym 
[77]. Nevertheless, considerable confusion remains at the 

species level, both locally and regionally. Recently, 45 species 
have been revised and accepted, but since then, two more 
species have been described in Peru, totaling 47 species [78-80]. 
In P. australis in northwest Argentina, the di�erence in ploidy 
levels with populations in the south suggests the potential 
existence of di�erent species [66]. Given the challenging 
morphological diagnosability, we propose a comprehensive 
review of the systematics based on genetic and/or niche 
di�erences between P. tarapacana and P. tomentella and 
between di�erent P. australis populations.

 �ere has been confusion regarding the correct 
terminology for its fruits. Most authors have referred to the 
fruits as achenes, while authors outside the NOA have even 
referred to them as nuts e.g. [16,24,81]. However, despite their 
similarity to achenes, the �owers of Polylepis have an inferior 
ovary, making "cupela" (�ower cup) the correct term, as 
supported by Zardini and Acosta and Moroni [25,82]. Also, the 
correct term is amentiform spikelike racemes. �ose multiple 
errors suggest that generators of outreach material should 
rigorously check scienti�c sources.

 Historically, there has been considerable confusion 
regarding the species present in NOA. Early, three species (P. 
australis, P. hieronymi, P. tomentella) were mentioned in the 
NOA, which �uctuated to one or two species. �e early works of 
the Ecology department abled identifying two new species 
present in the NOA (P. crista-galli and P. tarapacana) and it was 
only in the year 2021 that the �ve species were �nally included 
in the Flora Argentina [83,84].

 Toponymy associated with P. tomentella, corresponds in 
some cases to P. tarapacana [85]. In 2003 a detailed dot-based 
distribution map was elaborated. Nevertheless, in 2016 P. 
australis was erroneously cited in Puna, which should be P. 
tomentella [21]. Additionally, there is also confusion between P. 
tomentella and P. tarapacana [56]. �e shrubby form observed 
above 4700 m most likely belongs to P. tarapacana [86]. Also, in 
recent studies, populations most likely belonging to P. 
tomentella in the El Aguilar location have been identi�ed as P. 
tarapacana [87]. Renison et al. attempted to clarify their 
distributions using Species Distribution Models, which have 
their limitations [4]. Recently, the species from the Puna (P. 
tomentella) and High Andes (P. tarapacana) have been mapped 
in detail based on satellite images and �eldwork [30]. We 
recommend a detailed mapping of all �ve species in the NOA 
and re-uploading the regional map. 

 �e most important category was ecology/physiology. �e 
characterization as a pioneer species of P. hieronymi, P. 
tomentella and P. australis were not scienti�cally sustained. �e 
e�ect of cattle on P. tomentella, although widely mentioned was 
never quanti�ed and for P. australis more experiments should 
be done as it was only tested in one site (PPPY). Also, the 
management directions provided by outreach are not based on 
ecological experiments. �erefore, we suggest using those 
a�rmations as hypotheses for scienti�c investigations [51].

 We consider that forest structure and especially the 
germination potential of P. tomentella are su�ciently studied. 
However, this subject could be complemented with other 
questions for conservation to enhance germination e�cacy. For 
example, the longevity of seeds remains unknown, and the 
interannual seed germination of a single tree is also uncharted 
territory. We suggest more studies that aim to improve practical 
application for P. tomentella and studies on forest structure and 
regeneration on the other four species which are poorly studied, 
especially P. crista-galli and P. hieronymi. �ere is growing 
evidence that the current distribution of Polylepis may be 
in�uenced by anthropogenic factors, though it remains unclear 
if this applies to NOA. According to toponomy Polylepis has 
been locally extirpated from many areas, it persists in restricted 
environments such as ravines and protected areas [85]. 
However, restricted distribution can also be related to 
environmental factors like wind or water availability for P. 
australis. Wind has been identi�ed as a limiting factor, and 
precipitation concerns are noted for P. tarapacana [88,89]. 
Factors in�uencing the distributions of the species still need to 
be disentangled.

 P. australis has not been classi�ed by the IUCN, but was 
considered of Least Concern on the country level [90]. �e 
other four species have not been categorized in NOA. P. 
tomentella might be the most threatened species, but this 
assertion was not based on empirical evidence, re�ecting a 
broader issue with the lack of formal categorization, especially 

since P. tomentella has been recognized by the provincial 
government of Jujuy for conservation [47,91]. We recommend 
an assessment of the conservation status of P. australis, as well as 
a local categorization for the other four species. Additionally, we 
suggest research on the e�ect of cattle and exotic species such as 
the European hare, whose presence was documented in the area 
since the 1980s [92]. At the national level, the Administration of 
National Parks, which is the maximum authority, on its website 
cites two species not present in Argentina [22]. Also, it 
mentions the presence of P. tomentella in the National Park El 
Rey, which should be P. hieronymi. Additionally, the ANP 
website mentions P. australis as Vulnerable by the IUCN, but 
this species is not (yet) classi�ed by IUCN. Finally, it indicates 
that the presence of P. australis in PPPY is not con�rmed, 
although scienti�c and grey literature indicates its presence 
[49,50,93]. We suggest a revision of this website [22].

 �e assumption that there is extensive unpublished 
material on Polylepis has been partially substantiated, as 33% 
were not available online and grey literature contributed 51.8% 
to conservation knowledge, but outreach works generated 
confusion. Although we used a subjective indicator, it was 
useful to solve the aim of our work. Unfortunately, a signi�cant 
amount of information circulating lacks scienti�c or empirical 
backing. For example, the use of bark for cigarette rolling and 
writing and the medicinal use of leaves and bark is not 
scienti�cally sustained [63,94]. Although the chemical 
components were investigated, no reference to medicinal use is 
made and therefore we suggest caution [33,64]. Further 
ethnobotanical studies could help to elucidate this issue. 
Archeological studies show the long-standing relation between 
Polylepis forests and humans, maintained until nowadays 
[62,94,95]. �e number of mentions and species descriptions in 
literature, the amount of outreach work, and even the artwork 
on the genus (Figure 6) show that the genus is charismatic, 
nevertheless, this recognition has not translated into su�cient 

conservation e�orts.
 �e limited amount of unpublished data contains 
important information with conservation implications, 
particularly regarding population dynamics and structure of P. 
australis. �e comparison between the report and our �eldwork 
indicated that there is a signi�cant decline in adult trees, 
particularly at lower altitudes [12]. �is could be an e�ect of 
climate change, or due to di�erences in altitude or climatic 
conditions. �ese hypotheses should be tested. Continuous 
monitoring is essential to better understand the population 
dynamics of Polylepis and to develop more e�ective 
conservation strategies.

Conclusions
Our review demonstrates that grey literature has been valuable 
for informing conservation e�orts for Polylepis spp. in 
northwest Argentina (NOA). Grey literature provided critical 
data on species distributions, population trends, and threats. It 
is essential to do �eld experiments to address the knowledge 
gaps identi�ed, especially for lesser-studied species such as P. 
hieronymi and P. crista-galli. With Polylepis species continuing 
to face signi�cant environmental pressures, a collaborative 
e�ort between researchers, policymakers, and local 
communities is necessary to ensure the long-term preservation 
of these unique and threatened ecosystems. �is approach can 
be similarly useful for other species that, while 
underrepresented in formal scienti�c publications, are present 
in grey literature due to their conservation status or charismatic 
nature. �is is particularly relevant in regions with limitations 
on scienti�c publishing, such as the Southern Hemisphere, 
where grey literature remains a key resource for conservation 
planning.
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Grey literature consists of materials and research produced by 
organizations outside the traditional commercial or academic 
publication and distribution channels [1]. In conservation 
biology and management, the review method has gained 
popularity based on the premise that more information leads to 
better decision-making and improved management practices [2]. 

 In this context, grey literature is particularly valuable for 
understanding species and ecosystems that are not 
well-documented in peer-reviewed journals. Although the use 
of grey literature can be risky due to potential gaps in scienti�c 
rigor and representation of data or analysis, it also broadens the 
scope of relevant studies, o�ering a more comprehensive view of 
the available evidence [3]. �is breadth of information is crucial 
for ecosystems like those dominated by the genus Polylepis, 
which represent the highest-altitude forest formations in the 
Andes and sub-Andean valleys. �ese forests extend 
latitudinally from Venezuela to northern Chile and central 
Argentina [4]. Polylepis forests provide numerous ecosystem 
services, including erosion prevention, regulation of the water 
cycle, and resources for local populations such as posts, utensils, 
�rewood, and grazing [5]. Serving as "biodiversity islands" in a 
matrix of lower diversity, particularly in arid and semi-arid 
regions, these unique ecosystems play a vital role in maintaining 
ecological balance [6-8]. However, they face various degrees of 
threat and require targeted conservation actions. To manage 
Polylepis forests e�ectively and restore balanced, functional 
ecosystems, clearly de�ned restoration goals are essential [9]. 
Unfortunately, there is currently a lack of baseline knowledge 

regarding Polylepis species in northwest Argentina.

 �ere are 45 recognized species of Polylepis, of which 
11.1% (5 species) are found in northwest Argentina, making it 
a hotspot for the genus. However, this region has seen fewer 
investigations compared to the rest of the country, despite 
Argentina having the highest number of publications on 
Polylepis. Notably, P. hieronymi is among the species with the 
fewest publications in this area [10]. Unknown aspects on the 
genus in the NOA persist, on population dynamics, habitat 
speci�city; although general distribution maps exist, 
�ner-scale information on the speci�c ecological preferences 
and microhabitats is incomplete, genetic diversity, 
regeneration mechanisms, and interactions with other 
species.

 Given these gaps in knowledge, this review examines 
both grey and formal scienti�c literature on the genus 
Polylepis in northwest Argentina. �e main objective is to 
integrate and assess the utility of grey literature alongside 
scienti�c research for advancing conservation strategies for 
Polylepis species. �e speci�c objectives are as follows: (1) to 
assess and synthesize existing knowledge from both scienti�c 
works and grey literature, (2) to evaluate the relevance and 
implications of grey literature in conservation e�orts, and (3) 
to validate the practical application of insights gleaned from 
grey literature. We posit that Polylepis species in northwest 
Argentina are underrepresented in mainstream literature and 
that grey literature may provide critical insights to inform and 
enhance conservation strategies.

Methodology 
Study area
Northwest Argentina includes the provinces of Jujuy, Salta, 
Tucumán, and Catamarca (Figure 1). 

Our methodology comprised two main approaches
Bibliographic review

�e Agricultural Ecology Department at the National 
University of Jujuy pioneered research on Polylepis in northwest 
Argentina. First, we conducted a systematic search of the 
department's library and �eld notes for materials related to 
Polylepis. Second, we performed an online search using Google 
Scholar with the search terms “Polylepis” + “northwest 
Argentina” and “Queñoa” + “northwest Argentina”.

 Following these initial searches, we examined the 
bibliographies of the obtained studies, a technique known as the 
"paper trail," which allows researchers to identify additional 
relevant studies that may not appear in traditional search results 
[2]. We included all the information on Polylepis located in the 
NOA. Our inclusion criteria encompassed abstracts from 
scienti�c events, theses, dra�s of scienti�c articles, research 
project reports, unpublished data sheets, guides, and artworks. 
We systematically reviewed and summarized the most pertinent 
information for conservation purposes, which we have listed 
(Supplementary Material 1).

 Information was collected and carefully read between 
March 2021 and June 2024. We systematically categorized the 
data, extracting the following information: species studied (P. 
australis, P. crista-galli, P. hieronymi, P. tarapacana, and P. 
tomentella), year of publication, principal study area, and 
subject matter. Subjects included: Mention (where the species is 
only noted, e.g., in study area descriptions), Taxonomy, Species 
Description (e.g., guidebooks), Biogeography/Distribution, 
Physiology/Ecology, Conservation, Dendrochronology, 
Archaeology, Ethnobiology, Genetics, Associated Groups (e.g., 
birds, fungi), and Outreach (where information is reproduced). 
We classi�ed the information into “grey literature” and 
“scienti�c peer-reviewed work,” noting whether each 
publication was accessible online.
 

Each item was rated for its conservation input based on the 
experience of the authors, as follows: 0 we rated information 
with no use for conservation when it was only description of the 
species or the information was already mentioned in previous 
works, we rated information with 0.5 when it has information 
that has potential use in conservation, but was not scienti�cally 
based, and we rated the item with 1 when it has information 
deemed useful for conservation purposes. �ere were no 
di�erences in judgement between authors. We evaluated both 
grey and scienti�c literature and analyzed the contributions 
from each type based on the sum of the three rating categories. 
For each item, we extracted and highlighted key conclusions 
and critical insights.

Fieldwork

Fieldwork was done in the Provincial Park “Potrero de Yala” 
(PPPY herea�er wards). �e PPPY is in the northern sector of 
the Southern Andean Yungas Australes (24° 05′ 29.16″ S, 65° 30′ 
15.36” W, 2619 m) (Figure 1) and extends altitudinally between 
1600 and 5000 m, with a surface of 4300 ha.

 �e Southern Andean Yungas ecoregion or Tucuman- 
Bolivian rainforest develops between 400 m and 2300 m asl, 
from Bolivia (Tarija) to the Argentinean province Catamarca. 
�e climate of the Southern Andean Yungas is temperate and 
humid with mainly summer rains (80%) and frosts during the 
winter [11].

 To test the practical application of grey literature, we 
selected one report that we had the opportunity to reassess [12]. 
�is is a park ranger's report detailing the presence of P. 
australis within the PPPY by mapping the area and counting 
individuals. To verify the accuracy and relevance of the 
information, we revisited the site to check whether the 
population remained consistent with the original report. We 
used the map provided in the report and visited the park twice.

Results
In total, we obtained 157 entries that mentioned 215 times one 
species of the genus. Two abstracts, which were previous oral 
presentations of this work, were excluded [13]. One entry uses 
the common name “Queñoa” and “Queuñoal”, but refers to 
another species Cochlospermun zahlbruckneri and was excluded 
from the analysis (n=156). �e majority (59.6%) belonged to 
grey literature [14]. �e most studied species was P. tomentella 
(Figure 4). �e information spanned 113 years (1911–2024), 

were useful for conservation purposes and therefore they were 
not analyzed further. We also discovered a poem on Polylepis, 
but it was unfortunately misidenti�ed as P. racemosa [15]. Also, 
Wikipedia spells incorrectly two species (P. cristagalli and P. 
hyeronymi) [16].

Taxonomy: �e genus shares a common origin with Acaena and 
occupies a primitive phylogenetic position based on speci�c 
wood characteristics observed in P. tomentella [17,18]. Leaf 
morphology has been used in taxonomy, alongside di�erences 
in seed weight, seedling height, and leaf length to distinguish 
among the species in NOA [19,20].

Species description: Several examples of misnaming exist 
[21-23]. Early publications indicate that the fruit of the species 
is achene, while other authors refer to it as a cupela [17,24,25]. 
Also, some outreach work made mistakes by naming the 
in�orescences spigots, and leaves with serrated edge for P. 
tarapacana [22].

Biogeography/Distribution: �e �rst article we located 
indicates P. hieronymi, P. australis, and P. tomentella present in 
the northwest of Argentina [17]. Later P. australis and P. 
hieronymi were noted in Catamarca [26,27]. P. australis is 
distributed across the provinces of Jujuy, Salta, Tucumán, 
Catamarca, Córdoba, and San Luis [28]. Segovia carefully 
mapped the distribution of P. tomentella, however, this report 
included areas within the distribution range of P. tarapacana. P. 
tomentella in Jujuy covers 832.71 ha [29,30]. �e genus has also 
been mapped at a regional level [31], but this map is no longer 
available online.

 P. tomentella is found in an elevational belt between 3700 
and 4700 meters and adopts a shrubby form above 4200 m asl. 
Legname notes the presence of P. tomentella above 3000 m asl. 
for P. australis in Tucumán [32]. Krussmann mentions an 
elevational gradient between 2000 and 3500 m asl [27]. Other 
studies indicate it can be found between 1680 and 2800 m asl in 
Tucumán or between 1200 and 3500 m asl [33,34]. P. hieronymi, 
P. australis, and P. crista-galli are found at 2500 meters in the 
Yungas, while P. tomentella ranges between 3800 and 4200 
meters. P. tarapacana occurs at elevations from 4400 to 4900 
meters [19]. �e elevational gradient for P. crista-galli was 
recorded between 2400 and 2700 m asl [35]. P. tarapacana is 
found at elevations between 4000 and 4750 meters above sea 
level, while P. tomentella starts from 3000 meters [26].

Physiology/Ecology: P. tomentella prefers narrow ravines and 
rocky slopes [36]. Bonaventura et al. describe moderate rocky 
slopes with a northeast or east orientation (warm slopes) as 
suitable habitat for P. tomentella while Ruthsatz and Movia 
mention north and east slopes [37,38]. In 1972 P. australis was 
described as a “shrub” (4 stems, 10 cm DBH, 2.6 m height and 3 
m wide), based on a single individual present in the Botanic 
Garden of Copenhagen [27]. Frangi emphasizes the root system 
of P. australis in the Puna ecoregion; however, this should likely 
pertain to P. tomentella [23]. Additionally, Ruthsatz and Movia 
mention an extensive root system both horizontally and 
vertically for P. tomentella [38]. When examined at sea level, the 
foliar anatomy of P. tomentella changes, whereas P. australis 
does not [33]. Di�erences in seed weight, seedling height, and 
leaf length also play a crucial role in understanding their 
ecological adaptations [20]. Segovia reported an average height 

of 3.1 m and 25.6% cover for P. tomentella [29]. Based on a 
thesis, we calculated forest structure data for P. tomentella, 
�nding 0.33±0.21 seedlings per square meter and 362.5 adult 
individuals per hectare [39].

 A provincial report suggests that UV rays inhibit growth 
due to hormonal e�ects without citing a source for this 
information; however, it was noted that leaf wax may protect 
against ultraviolet radiation [40]. Rock outcrops and edges are 
highlighted as important for the regeneration of P. tarapacana 
forests [41,42]. �e germination rate of P. tomentella is 3.1%, 3% 
or 3.8 ± 3.1, compared to 4.3 ± 4.4 for P. tarapacana, which is 
markedly di�erent from the rates for P. australis and P. 
hieronymi (14.9 ± 16.6 and 14.7± 9.0, respectively) and 9.8% for 
P. crista-galli [35,40,43,44]. In P. australis forests, the individual 
density is 60 individuals per hectare, while P. tomentella forests 
host 325 individuals per hectare, with coverages of 9% and 13%, 
respectively [45]. For P. crista-galli, the density is 0.81 
seedlings/m² and 386 individuals/ha, with a mean diameter at 
the base of 16.9 cm [35].

Conservation: As early as 1984, P. tomentella was classi�ed as 
endangered due to the e�ects of intensive �rewood collection in 
Jujuy, a concern that was subsequently echoed by Braun Wilke 
[46,47]. While P. tomentella is occasionally regarded as a plant 
of interest for livestock, it has a low to moderate forage value 
[46]. Livestock grazing signi�cantly hinders regeneration in P. 
tomentella [43]. �is was also quanti�ed in one site for P. 
australis, with cattle negatively a�ecting the herbaceous stratum 
[48-50]. Furthermore, northern populations of P. australis tend 
to be less well-conserved than their southern counterparts [4].

 Important management data indicate that only P. 
tomentella faces serious threats, primarily from military and 
educational institutions rather than residents. A partially cut 
tree requires 20 years to recover, and trees up to 60 cm in 
diameter provide excellent �rewood quality. �e bark layer is 
crucial for germination [51]. �is information is based on 
interviews, without citation of scienti�c sources. �e current 
distribution of Polylepis species has been signi�cantly a�ected 
by climate change, further fragmenting their already patchy 
distribution [52,53]. Human in�uence over the past 11,000 
years has also played a role, with P. tarapacana and P. tomentella 
historically exhibiting limited distribution during the Holocene 
[54]. Since the Glacial Maximum, approximately 35% of 
suitable habitat for the genus has been lost [55].

 Currently, the Administration of National Parks in 
Argentina mentions 7 species, of which two (P. racemosa and P. 
rugulosa) are not present in Argentina. In the NOA P. australis 
is present in �ve protected areas, P. hieronymi in three, and P. 
tomentella in two. No information is available regarding P. 
crista-galli, and P. tarapacana is not represented in any 
protected area.

Dendrochronology: Braun Wilke presents the relationship 
between the diameter at the base, height, and estimated age of P. 
tomentella individuals (Figure 7), also he notes signi�cant 
growth di�erences among individuals, although he may have 
confused P. tarapacana with P. tomentella [56,57]. Corcuera 
reported an individual tree aged 65 years and suggests that trees 
reach a diameter of 30 cm a�er 50 years [51]. Simultaneously, 
González Arzac indicates that a perimeter of 100cm 

corresponds to 50 years (based on n=3), nevertheless, this 
author mentions the presence of rotten trunk centers that could 
indicate a threat for conservation and hinders the correct 
counting of rings [57]. Alonso indicates that one meter of trunk 
diameter corresponds to approximately 400 years of growth 
[40]. Chocovar and Picchi, found that the average annual 
increment in height for P. australis specimens was 13.5 cm, 
while the increase in diameter was 3.2 mm and 2.9 mm/year for 
P. tomentella, with an average age of 118 years [58,59]. However, 
this information was based on a small sample size (N = 2 for P. 
tomentella and N = 14 for P. australis).

Archaeology: Albeck found remnants of charcoal from P. 
tomentella at an archaeological site near Casabindo [60]. 
Additionally, a P. tomentella tree over 300 years old (3 meters 
high) was discovered above a kiln in Coyahuayma [61]. �e use 
of queñoa wood for metal smelting during the colonial period 
(18th century) has been documented [62].

Ethnobiology: Parker mentions medicinal (anti-hemorrhoidal 
properties) for P. australis for the �rst time in the region [63]. 
Later chemical compounds of P. australis were identi�ed [64]. 
Ponessa et al. used chromatography to detect �avonoids in P. 
australis [33]. �e medicinal use of P. australis leaves was also 
noted [65].

Genetics: �ere is a notable di�erence in polyploidy between 
northern and southern populations of P. australis, with 
northern populations predominantly being diploid [66]. 
Additionally, the genetic diversity of adult P. tarapacana 
decreases with increasing elevation, indicating upward 
migration during interglacial periods [67].

Associated groups: P. tomentella has been associated with the 
endemic bird species Saí Grande (Oreomanes fraseri) in Salta 
province. Species richness, relative abundance, and bird 
diversity are higher in P. australis forests compared to P. 
hieronymi forests, though there were no highly associated bird 
species reported [68]. A survey of one P. australis forest detected 
31 species of birds and 25 species of mosses, lichens, and ferns 
associated with the habitat [69].

Outhreach: Some outreach e�orts encountered challenges, 
including incorrect or missing scienti�c names or no mention 
of the scienti�c name, mention of medical use, the growth rate 
of the diameter, and the use of the ritidoma to make cigarettes 
[40,70,71]. We also discovered two paintings, one in street art 
and the other on social media [72,73].

Field work: We successfully identi�ed the six P. australis groups 
visited in 1999 [12]. �e total number of individuals decreased, 
especially at the lower altitudes (Table 1). We found other 
groups of P. australis in PPPY.

Species studied

�e genus Polylepis is a member of the Rosacea family. It is 
characterized by the curved branches and the multiple 
rhytidome layers. In general, it grows higher than the timberline 
(in grasslands). In the NOA �ve species are present (Figures 1,2 
and 3). In the humid forests that grow on the sub-Andean hills 
we �nd Polylepis australis, Polylepis crista-galli and Polylepis 
hieronymi. �ese can be di�erentiated based on lea�ets and 
distribution. In the High Andes, we �nd Polylepis tarapacana 
(Figure 3) which, in general has a bushy growth, in the Puna 
region we �nd Polylepis tomentella.

�e number of publications �uctuated over time. A�er the �rst 
publication in 1911, there was a 40-year gap until the second 
publication in 1951. Over the years, there has been a general, 
albeit inconsistent, increase in studies on Polylepis, with a peak 
of 12 publications in a single year in 2016 (Figure 5). Research 
e�orts are predominantly concentrated in Jujuy, with limited 
studies in Salta (documenting only three species) and less data 
from Tucumán. �e most studied topic was Physiology/Ecology 
(24%), followed by entries that only mentioned the species 
(22%) (Figure 6). 33.3% of the entries were not available online. 
�e total conservation input score for the 157 entries amounted 
to 106, with 51 points (48.1%) derived from scienti�c articles 
and 55 points (51.8%) from grey literature.

Mention: None of the articles that only mention the species 

Discussion
Publication trends show a peak in articles during years when the 
International Congress on the Ecology and Conservation of 
Polylepis was organized (Quito-Ecuador 2019, Jujuy-Argentina 
2016, Arica-Chile 2013, Cusco-Peru 2006, Cochabamba- 
Bolivia, 2000), especially when this congress was in Jujuy 
(NOA) with the record of 12 publications. �is underscores the 
importance of local events and the organization of speci�c 
congresses on conservation. We, therefore, recommend 
organizing new international congresses on the topic. �ese 
congresses were interrupted during COVID-19 pandemia and 
not retaken a�erward. Access to congress abstracts remains 
challenging, and this article aims to address this gap.

 Although the genus Polylepis was described early and 
according to Simpson no synonym exists, we found the 
synonym Quinasis, indicating that some taxonomic 
inconsistencies may have persisted in earlier literature [74-76]. 
�is was later solved by considering it a heteroteric synonym 
[77]. Nevertheless, considerable confusion remains at the 

species level, both locally and regionally. Recently, 45 species 
have been revised and accepted, but since then, two more 
species have been described in Peru, totaling 47 species [78-80]. 
In P. australis in northwest Argentina, the di�erence in ploidy 
levels with populations in the south suggests the potential 
existence of di�erent species [66]. Given the challenging 
morphological diagnosability, we propose a comprehensive 
review of the systematics based on genetic and/or niche 
di�erences between P. tarapacana and P. tomentella and 
between di�erent P. australis populations.

 �ere has been confusion regarding the correct 
terminology for its fruits. Most authors have referred to the 
fruits as achenes, while authors outside the NOA have even 
referred to them as nuts e.g. [16,24,81]. However, despite their 
similarity to achenes, the �owers of Polylepis have an inferior 
ovary, making "cupela" (�ower cup) the correct term, as 
supported by Zardini and Acosta and Moroni [25,82]. Also, the 
correct term is amentiform spikelike racemes. �ose multiple 
errors suggest that generators of outreach material should 
rigorously check scienti�c sources.

 Historically, there has been considerable confusion 
regarding the species present in NOA. Early, three species (P. 
australis, P. hieronymi, P. tomentella) were mentioned in the 
NOA, which �uctuated to one or two species. �e early works of 
the Ecology department abled identifying two new species 
present in the NOA (P. crista-galli and P. tarapacana) and it was 
only in the year 2021 that the �ve species were �nally included 
in the Flora Argentina [83,84].

 Toponymy associated with P. tomentella, corresponds in 
some cases to P. tarapacana [85]. In 2003 a detailed dot-based 
distribution map was elaborated. Nevertheless, in 2016 P. 
australis was erroneously cited in Puna, which should be P. 
tomentella [21]. Additionally, there is also confusion between P. 
tomentella and P. tarapacana [56]. �e shrubby form observed 
above 4700 m most likely belongs to P. tarapacana [86]. Also, in 
recent studies, populations most likely belonging to P. 
tomentella in the El Aguilar location have been identi�ed as P. 
tarapacana [87]. Renison et al. attempted to clarify their 
distributions using Species Distribution Models, which have 
their limitations [4]. Recently, the species from the Puna (P. 
tomentella) and High Andes (P. tarapacana) have been mapped 
in detail based on satellite images and �eldwork [30]. We 
recommend a detailed mapping of all �ve species in the NOA 
and re-uploading the regional map. 

 �e most important category was ecology/physiology. �e 
characterization as a pioneer species of P. hieronymi, P. 
tomentella and P. australis were not scienti�cally sustained. �e 
e�ect of cattle on P. tomentella, although widely mentioned was 
never quanti�ed and for P. australis more experiments should 
be done as it was only tested in one site (PPPY). Also, the 
management directions provided by outreach are not based on 
ecological experiments. �erefore, we suggest using those 
a�rmations as hypotheses for scienti�c investigations [51].

 We consider that forest structure and especially the 
germination potential of P. tomentella are su�ciently studied. 
However, this subject could be complemented with other 
questions for conservation to enhance germination e�cacy. For 
example, the longevity of seeds remains unknown, and the 
interannual seed germination of a single tree is also uncharted 
territory. We suggest more studies that aim to improve practical 
application for P. tomentella and studies on forest structure and 
regeneration on the other four species which are poorly studied, 
especially P. crista-galli and P. hieronymi. �ere is growing 
evidence that the current distribution of Polylepis may be 
in�uenced by anthropogenic factors, though it remains unclear 
if this applies to NOA. According to toponomy Polylepis has 
been locally extirpated from many areas, it persists in restricted 
environments such as ravines and protected areas [85]. 
However, restricted distribution can also be related to 
environmental factors like wind or water availability for P. 
australis. Wind has been identi�ed as a limiting factor, and 
precipitation concerns are noted for P. tarapacana [88,89]. 
Factors in�uencing the distributions of the species still need to 
be disentangled.

 P. australis has not been classi�ed by the IUCN, but was 
considered of Least Concern on the country level [90]. �e 
other four species have not been categorized in NOA. P. 
tomentella might be the most threatened species, but this 
assertion was not based on empirical evidence, re�ecting a 
broader issue with the lack of formal categorization, especially 

since P. tomentella has been recognized by the provincial 
government of Jujuy for conservation [47,91]. We recommend 
an assessment of the conservation status of P. australis, as well as 
a local categorization for the other four species. Additionally, we 
suggest research on the e�ect of cattle and exotic species such as 
the European hare, whose presence was documented in the area 
since the 1980s [92]. At the national level, the Administration of 
National Parks, which is the maximum authority, on its website 
cites two species not present in Argentina [22]. Also, it 
mentions the presence of P. tomentella in the National Park El 
Rey, which should be P. hieronymi. Additionally, the ANP 
website mentions P. australis as Vulnerable by the IUCN, but 
this species is not (yet) classi�ed by IUCN. Finally, it indicates 
that the presence of P. australis in PPPY is not con�rmed, 
although scienti�c and grey literature indicates its presence 
[49,50,93]. We suggest a revision of this website [22].

 �e assumption that there is extensive unpublished 
material on Polylepis has been partially substantiated, as 33% 
were not available online and grey literature contributed 51.8% 
to conservation knowledge, but outreach works generated 
confusion. Although we used a subjective indicator, it was 
useful to solve the aim of our work. Unfortunately, a signi�cant 
amount of information circulating lacks scienti�c or empirical 
backing. For example, the use of bark for cigarette rolling and 
writing and the medicinal use of leaves and bark is not 
scienti�cally sustained [63,94]. Although the chemical 
components were investigated, no reference to medicinal use is 
made and therefore we suggest caution [33,64]. Further 
ethnobotanical studies could help to elucidate this issue. 
Archeological studies show the long-standing relation between 
Polylepis forests and humans, maintained until nowadays 
[62,94,95]. �e number of mentions and species descriptions in 
literature, the amount of outreach work, and even the artwork 
on the genus (Figure 6) show that the genus is charismatic, 
nevertheless, this recognition has not translated into su�cient 

conservation e�orts.
 �e limited amount of unpublished data contains 
important information with conservation implications, 
particularly regarding population dynamics and structure of P. 
australis. �e comparison between the report and our �eldwork 
indicated that there is a signi�cant decline in adult trees, 
particularly at lower altitudes [12]. �is could be an e�ect of 
climate change, or due to di�erences in altitude or climatic 
conditions. �ese hypotheses should be tested. Continuous 
monitoring is essential to better understand the population 
dynamics of Polylepis and to develop more e�ective 
conservation strategies.

Conclusions
Our review demonstrates that grey literature has been valuable 
for informing conservation e�orts for Polylepis spp. in 
northwest Argentina (NOA). Grey literature provided critical 
data on species distributions, population trends, and threats. It 
is essential to do �eld experiments to address the knowledge 
gaps identi�ed, especially for lesser-studied species such as P. 
hieronymi and P. crista-galli. With Polylepis species continuing 
to face signi�cant environmental pressures, a collaborative 
e�ort between researchers, policymakers, and local 
communities is necessary to ensure the long-term preservation 
of these unique and threatened ecosystems. �is approach can 
be similarly useful for other species that, while 
underrepresented in formal scienti�c publications, are present 
in grey literature due to their conservation status or charismatic 
nature. �is is particularly relevant in regions with limitations 
on scienti�c publishing, such as the Southern Hemisphere, 
where grey literature remains a key resource for conservation 
planning.
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