Research Article

vol, 13, vy, 255-797,

Taxonomic distinctness of climbing plants and epiphytes in central-
Chilean forests: an alternative diversity measure from unequal species

lists

Jimmy Pincheira-Ulbrich

Introduction

One of the primary objectives of pro-
tected wild areas is the conservation of
biodiversity, particularly in the context of
global climate change and increasing de-
mand for ecosystem goods and services.
This demand is placing growing pressure
on these areas and the species inhabiting
them (Pereira & Cooper 2006). Achieving
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Protected wild areas aim to conserve biodiversity. However, a lack of monitor-
ing limits the availability of biological information needed to achieve this goal.
This study used taxonomic distinctness (A*), its variance (A*), and a combined
metric of both measures as alternative methods to monitor the diversity of
climbing plants and vascular epiphytes in the absence of standardized data
over time and space. The study was conducted in five forested small protected
areas within the biodiversity hotspot of central Chile. The method involved
updating the species inventory and comparing it with those from previous
studies. The results showed that epiphytes followed a general pattern of in-
creasing diversity towards the south along the latitudinal gradient (A* between
54.95 and 73.3), while climbers remained more stable (A* between 70.33 and
72.33). The combined analysis of both indices (A* and A*) suggested that both
climbers and epiphytes gained taxonomic diversity over time at most sites (p <
0.05). Sites that did not follow this general pattern may reflect differences in
sampling design between the original and current inventories, which may have
influenced the results. This observation requires further investigation as an-
thropogenic pressures may explain these variations. Future research should
focus on long-term monitoring of the taxonomic distinctness of both assem-
blages to assess their responses to environmental disturbance and climate
change, thereby providing a basis for developing more effective conservation
strategies.
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this objective necessitates access to infor-
mation that enables the study of changes
in biodiversity (e.g., species composition or
richness) across time and space, typically
through inventories or monitoring pro-
grams. However, logistical constraints such
as accessibility, funding, and time, often
hinder comprehensive species sampling
within a given area. In this context, vascu-
lar indicator plants represent a practical
starting point for long-term monitoring
programs (Dominguez et al. 2012). Changes
in the distribution of these species can pro-
vide insights into local climate variations or
the effects of habitat modification, and
their diversity is a reliable predictor of the
diversity of other taxa (Pereira & Cooper
2006).

Despite the potential benefits offered by
indicator species, the implementation of in-
ventories or other systematic sampling
strategies in protected areas remains an
unresolved issue in most Latin American
countries and globally. This is mainly be-
cause such activities are resource-intensive
and must be linked to national policies. The
limited availability of data for species con-
servation is a recognized problem (Linden-
mayer et al. 2010). In the absence of a for-
mal data collection strategy, using existing
information from previous studies be-
comes a viable alternative. This secondary
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information, such as floristic catalogs, is of-
ten derived from sources with varying ob-
jectives, methods, and times of collection,
and generally only provides occurrence
data (presence-absence).

Although citizen science initiatives cur-
rently offer promising alternatives for ad-
vancing biodiversity studies, large-scale
biodiversity databases (e.g., GBIF — https://
www.gbif.org) still present significant chal-
lenges, including inconsistencies in taxo-
nomic resolution, spatial biases, and vari-
able data quality depending on the original
sources (Zizka et al. 2019). These issues can
limit the comparability of heterogeneous
data across time and space (Dominguez et
al. 2012). Nevertheless, certain analytical
approaches enable the effective utilization
of these datasets for preliminary assess-
ments, such as determining the conserva-
tion status of individual species or species
groups. Such approaches include taxo-
nomic distinctness indices (Clarke & War-
wick 2001), species distribution modeling
(Pena et al. 2014), and gap analysis (Ah-
madi et al. 2020).

A significant challenge in biodiversity as-
sessments is the use of non-standardized
or incomplete datasets (Dominguez et al.
2012). Basic diversity metrics such as spe-
cies richness and similarity indices can be
heavily influenced by sampling intensity
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and completeness, which frequently vary
between datasets and are often not explic-
itly reported. Consequently, indices based
solely on species richness or composition
might not reliably detect subtle yet ecolog-
ically relevant changes. Furthermore, as-
semblage composition may shift substan-
tially due to long-term environmental
changes or disturbances, further compli-
cating comparisons. Although strategies
such as rarefaction curves (Chao et al.
2014) and species richness estimators
(Chao 1984) can partially address these
sampling biases, these methods remain
sensitive to temporal and spatial variability
in sampling intensity. Despite these limita-
tions, species inventories, floristic catalogs,
and other biodiversity datasets contain
valuable biological information that re-
flects the taxonomic relationships among
species. In this context, taxonomic distinct-
ness offers a valuable complementary ap-
proach (Clarke & Warwick 2001).

Taxonomic distinctness refers to the de-
gree to which species in a community are
evolutionarily or taxonomically related, en-
compassing both the ecological roles and
shared evolutionary histories that shape
community structure. In this context, taxo-
nomic distinctness indices (A* and A*) offer
a robust way to measure and compare how
closely or distantly related species are,
based on the hierarchical distance be-
tween taxa at higher levels (e.g., genus,
family, order). Specifically, A* captures the
average taxonomic distance among spe-
cies, whereas A* measures the variance in
those distances (Clarke & Warwick 1998,
2001, Ellingsen et al. 2005). By emphasizing
taxonomic relationships rather than simple
species counts, these indices offer a more
nuanced measure of biodiversity. A major
advantage of taxonomic distinctness in-
dices is their independence from sampling
effort, enabling reliable comparisons
across different studies and conditions,
even when species richness or sampling
methodologies vary (Clarke & Warwick
1998). They also exhibit high sensitivity to
environmental stress, responding clearly to
disturbances such as habitat degradation
or pollution and thus serving as valuable
tools for ecosystem health monitoring.
Moreover, these indices explicitly measure
changes in taxonomic relationships at hier-
archical levels beyond the species rank,
recognizing that an assemblage spanning a
broader range of higher-level categories
(e.g., several families or orders) reflects
greater evolutionary diversity than one
concentrated within a few genera or fami-
lies. Owing to their robustness as ecologi-
cal indicators, taxonomic distinctness in-
dices remain relatively unaffected by habi-
tat differences and can be applied across a
broad range of ecosystems (Ellingsen et al.
2005). By capturing both community-wide
patterns and deeper ecological and evolu-
tionary processes, A* and A* provide in-
sights into biodiversity that transcend
mere species counts.
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These taxonomic distinctness indices typi-
cally rely on a master species list, a care-
fully constructed reference that accurately
reflects the regional taxonomic structure
(Clarke & Warwick 1998, 2001). When the
master list and the sampling methods are
well-aligned, A* and A* can determine
whether particular subsets of species
(sites, time periods) adequately mirror the
taxonomic composition of the broader re-
gion. Such relative independence from
sampling size and effort is especially help-
ful for historical comparisons or studies
with uneven or uncontrolled sampling. It
can also help identify impacted sites or ar-
eas of exceptional taxonomic richness (El-
lingsen et al. 2005). This approach can be
applied spatially (e.g., comparing local
against regional assemblages) and tempo-
rally (e.g., spanning decades or centuries),
making it invaluable in scenarios where
standardizing sample sizes proves impracti-
cal. However, the accuracy of these indices
depends on maintaining a sufficiently well-
resolved taxonomic hierarchy and compa-
rable sampling protocols (Clarke & War-
wick 1998).

Although taxonomic distinctness indices
have been widely applied in marine and
freshwater environments (Bevilacqua et al.
2011, Jiang et al. 2020), their use in terres-
trial ecosystems remains less common
(Silva & Batalha 2006). The aim of this
study is to contribute to the application of
these indices in forest ecosystems by
analysing species inventories in five small
protected wild areas distributed along the
coast of central Chile, a region recognised
as a global biodiversity hotspot (Myers et
al. 2000). The study areas include Los Rui-
les National Reserve (45 ha), Los Queules
National Reserve (146 ha), Contulmo Natu-
ral Monument (82 ha), Rucamanque Estate
(330 ha), and Cerro Nielol Natural Monu-
ment (89 ha). These units are located in a
climatic and vegetation transition zone,
where sclerophyllous vegetation from the
north and temperate forest from the south
converge (Luebert & Pliscoff 2006). The se-
lection of these areas was based on the
availability of historical inventory data,
which provides the opportunity to com-
pare changes in species diversity over time
and detect signals of ecosystem or climatic
shifts (Dominguez et al. 2012).

The literature suggests that climbing
plants and vascular epiphytes, such as filmy
ferns, may serve as indicator species for
habitat structure changes and ecosystem
disturbance levels in forests. These plants
are highly dependent on forest trees for
their survival and display differentiated re-
sponses to environmental gradients (Zotz
2016, Pincheira-Ulbrich et al. 2018). For ex-
ample, more humid conditions in the lower
section of tree trunks create more favor-
able microhabitats for epiphytic ferns
(Hymenophyllaceae - Saldafia et al. 2014),
while climbers prefer clearings or sites with
greater direct solar radiation (Carrasco-Ur-
ra & Gianoli 2009).

The principal aim of this study is to assess
temporal changes in the taxonomic dis-
tinctness of assemblages composed of for-
est climbing plants and epiphytes. To
achieve this, the species lists from each
wildlife reserve were compared against a
master species list compiled from historical
and current inventories. Taxonomic dis-
tinctness was evaluated using both aver-
age taxonomic distinctness (A*) and its
variance (A*). These two indices were first
analyzed independently and then com-
bined, as their simultaneous use (A* and A*¥)
offers greater sensitivity for detecting sub-
tle shifts in taxonomic structure, particu-
larly concerning species distribution and re-
latedness within assemblages.

The starting hypothesis is that the taxo-
nomic diversity of climbing plants has in-
creased over time, whereas the diversity of
epiphytes has decreased. This expectation
is based on the premise that epiphytes,
lacking effective mechanisms for moisture
regulation, are primarily restricted to sta-
ble, humid microhabitats (Dubuisson et al.
2009). Temporal changes in diversity pat-
terns are thus considered a response to
the increasing influence of the Mediterran-
ean climate on forest structure and compo-
sition, potentially exacerbated by anthro-
pogenic pressures, such as the growing
number of visitors in protected areas (Sub-
secretaria de Turismo 2022). Such pressure
could fragment habitats, amplify edge ef-
fects, and limit suitable colonization oppor-
tunities for epiphytes, while simultaneously
creating favorable conditions for climbing
plants (Pincheira-Ulbrich et al. 2018). Thus,
differences in taxonomic composition be-
tween epiphyte and climber assemblages
may reflect underlying environmental pres-
sures, providing insights to support efforts
aimed at updating species inventories and
improving management practices in pro-
tected wild areas.

Materials and methods

Description of the study area

The study area is situated within the
Mediterranean-temperate phytogeograph-
ic interaction zone of central Chile, encom-
passing five protected wild areas: Los Rui-
les National Reserve (45 ha), Los Queules
National Reserve (146 ha), Contulmo Natu-
ral Monument (82 ha), Rucamanque Estate
(330 ha), and Cerro Nielol Natural Monu-
ment (89 ha). These sites, located within a
highly fragmented landscape dominated
by Pinus radiata D. Don plantations, form
part of the coastal range (Fig. 1) and are
recognized as one of the world’s biodiver-
sity hotspots (Myers et al. 2000).

The geographic coordinates of the study
area range from 35° 49’ 59.38" S, 72° 29’
48.76" W at Los Ruiles National Reserve to
38° 43’ 18.86" S, 72° 35’ 12.35” W at Cerro
Nielol Natural Monument. The climate
shifts from Mediterranean with oceanic in-
fluence in the north to temperate with
Mediterranean influence in the south. An-
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nual rainfall varies from 1086 mm at Los
Ruiles, with an average temperature of
10.8 °C, to 1240 mm at Cerro Nielol, where
the average temperature is 10.9 °C (Lue-
bert & Pliscoff 2006).

The predominant vegetation in the region
reflects the climatic transition: Mediter-
ranean deciduous forests in the north, with
species such as Nothofagus glauca (Phil.)
Krasser and Persea lingue (Ruiz & Pav.)
Nees, and temperate deciduous forests in
the south, dominated by Nothofagus obli-
qua (Mirb.) Oerst. and Laurelia sempervir-
ens (Ruiz & Pav.) Tul. Common species
across the region include Nothofagus spp.,
and Cryptocarya alba (Molina) Looser.
Climbers and epiphytes are also wide-
spread throughout these areas (Luebert &
Pliscoff 2006).

Sampling design and data collection

A non-random sampling design was em-
ployed to capture greater microhabitat va-
riation and maximize the detection of rare
species (Diekmann et al. 2007). Trails and
ravines were used as natural transects
(Brower et al. 1990), along which all vascu-
lar plant species were identified and re-
corded. Within these transects, circular
plots (3 m in diameter, 7.06 m?) were es-
tablished, applying an intensive survey ap-
proach to ensure a thorough assessment
of species composition (Pincheira-Ulbrich
etal. 2018).

Within each plot, all epiphytes and climb-
ing plants were recorded from the ground
up to a height of 2.3 meters on tree trunks
with a diameter at breast height (DBH) 23
cm. Additionally, climbing plants at juvenile
stages, including those growing on the
ground, and individuals colonizing fallen
logs were documented.

Sampling was conducted between 2018
and 2023, with a total of 100 plots estab-
lished. Surveys were carried out in Cerro
Nielol in 2018 (25 plots), Contulmo in 2020
(15 plots), and in Los Queules (17 plots),
Los Ruiles (21 plots), and Rucamanque (22
plots) between 2022 and 2023.

Epiphytes were identified following the
criteria established by Larsen et al. (2013),
while the identification of climbing plants
followed the guidelines provided by Marti-
corena et al. (2010). Some specimens were
also identified with the assistance of the
herbarium at the University of Concepcidén
(CONCQ), Chile.

Historical inventories

The bibliographic sources for the floristic
species lists were drawn from five key
studies, each employing different method-
ologies that combined exhaustive vegeta-
tion censuses, phytosociological invento-
ries, systematic sampling, and herbarium
records.

For Cerro Nielol Natural Monument, Hau-
enstein et al. (1988) conducted vegetation
censuses between 1980 and 1984, comple-
mented by phytosociological inventories
using Braun-Blanquet’s approach to de-
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Fig. 1- Wilderness areas under study in central Chile.

scribe species composition and classify
vegetation associations. Similarly, for Ruca-
manque Estate, Ramirez et al. (1989) con-
ducted censuses using a phytosociological
framework.

In Contulmo Natural Monument, Baeza et
al. (1999) compiled the most comprehen-
sive floristic catalogue based on botanical
field explorations, complemented by her-
barium records to ensure taxonomic accu-
racy. Similarly, for Los Queules and Los Rui-
les National Reserves, Arroyo et al. (2005)
conducted botanical surveys across diverse
habitats in 1999 and 2000, integrating
these data with herbarium records from
national and international collections.

To analyze the taxonomic distinctness of
climber and vascular epiphyte assem-
blages, the taxonomic tree structure was
defined using six hierarchical levels of the
standard Linnaean classification: species,
genus, family, order, class, and phylum.
The classification framework was derived
from the “Catalogue of Life” (Banki et al.
2024). Each protected wild area was con-
sidered a sample representing the taxo-
nomic diversity of the phytogeographic re-
gion at two distinct time points: (i) histori-
cal records compiled from the aforemen-
tioned bibliographic sources, and (ii) con-
temporary field surveys conducted as part
of this study, allowing for a comparative
analysis of species composition. Historical
inventories are identified by an abbrevia-
tion followed by a two-digit code repre-
senting the year of the survey (e.g., MNC83
=1983, RQE89 = 1989). In contrast, current
inventories use the same abbreviation
without the numerical suffix (e.g., MNC,
RQE, CTM, LQLES, LRLES).

Analysis of taxonomic structure
The taxonomic structure of the samples
(i.e., the wild areas) was quantified using

taxonomic distinctness indices: average
taxonomic distinctness (A, eqn. 1) and its
variance (A*, eqn. 2), following the meth-
ods of Clarke & Gorley (2015). This analysis
was performed separately for vascular epi-
phyte and climbing plant assemblages, as
their distinct biological traits may influence
habitat structure and responses to climatic
conditions (Pincheira-Ulbrich et al. 2018):

+_z ZKJ- W5

T s(s-1)/2 ®
A= Z Ziq (wij_A+)2
T s(s—1)/2 ©)

The average taxonomic distinctness (A*)
for an observed number of species (S) in a
sample represents the weighted average
of the taxonomic distances between all
species pairs, measured within the taxo-
nomic hierarchy. These distances, denoted
as wy, correspond to the number of hierar-
chical levels separating each species pair
(i,j)- Each level in the taxonomic classifica-
tion contributes a predefined weight to the
total distance, following the methodology
of Clarke & Warwick (2001). The maximum
possible distance assigned to species from
different phyla is set to 100 and divided
into six equal steps across the taxonomic
hierarchy. Consequently, species within the
same genus have a taxonomic distance of
16.6, those at the family level are assigned
a weight of 33.3, and species from different
phyla retain the maximum distance of 100.
The A* index is calculated by summing all
taxonomic distances between unique
species pairs (3.Y wy), normalized by the
total number of species pairs [S(S-1)/2].

Since A* represents the average taxo-
nomic distance among species in a commu-
nity, the addition of new species does not
necessarily lead to greater taxonomic dis-
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tinctness. When the newly added species
are taxonomically closely related (e.g.,
within the same genus), they introduce
comparisons with lower taxonomic dis-
tances, reducing the mean taxonomic dis-
tance and thereby decreasing A*. Con-
versely, if the new species belong to more
distantly related taxa, A* may increase or
remain stable depending on their place-
ment within the taxonomic hierarchy.

While A* quantifies the average taxo-
nomic distance or branch length, it does
not provide information about the overall
shape of the taxonomic tree. To address
this, the variance in taxonomic distinctness
(A*) is calculated, measuring the dispersion
of taxonomic distances relative to the
mean A* value. This calculation involves
summing the squared deviations of each
taxonomic distance from A* [>> (i -
AY)*]. A helps distinguish assemblages with
different branching distributions, such as
those with high species richness within cer-
tain genera or higher hierarchical taxa rep-
resented by only a single species (Clarke &
Warwick 2001).

The hypothesis tested was that the sam-
ples (i.e., the wild areas), each comprising
n species, represent sub-lists randomly
drawn from a master species list encom-
passing all taxa present across the wild ar-
eas, and thus do not differ significantly in
their taxonomic structure from the expec-
tation under a null model of random spe-
cies assembly based on this master list.

This analysis assumes that historical inven-
tories were sufficiently intensive to capture
most of the species present across all
study sites, ensuring that the master list is
representative of the regional taxonomic
structure defined by the sampled sites. Un-
der these conditions, Taxonomic Distinct-
ness (A*) is theoretically independent of
sample size and survey effort (Clarke &
Warwick 1998). Consequently, any ob-
served differences in A* are expected to re-
flect genuine variations in taxonomic struc-
ture across sites rather than artifacts of
sampling effort.

To test this hypothesis, sub-lists of five
species were randomly extracted, with
their size progressively increased by a fac-
tor of 1.2 (the default setting in PRIMER
software, e.g., 4, 4.8 =5, 6.9 = 7), up to the
maximum number of species recorded at
the richest site. Each sub-list was then ran-
domly permuted 10,000 times, generating
new taxonomic distinctness indices for
these permuted subsets, based on the con-
struction of new taxonomic trees. This
process built the probability distribution
under the null hypothesis, establishing 95%
confidence intervals for both the average
(A*) and variance (A*) of taxonomic dis-
tinctness (Clarke & Gorley 2015).

It is important to note that this method
does not conduct direct statistical compar-
isons between sites. Instead, it assesses
deviations from a null expectation derived
from the master species list.

Following the same rationale, the simulta-
neous relationship between both indices
(A%, A*) was examined using an ellipse plot,
one for each sublist size. Under the null hy-
pothesis — which assumes that observed
taxonomic distinctness values result from a
random assembly model based on the mas-
ter species list — each confidence ellipse
serves as a reference to evaluate two key
aspects: (i) whether communities conform
to the overall taxonomic structure of the
master list, as indicated by their position in-
side or outside the central 95% confidence
ellipse, and (ii) whether species sublists of
a given size exhibit the expected taxo-
nomic distinctness. The null distribution for
each sublist size was estimated through
10,000 simulations of species sublists, pro-
gressively increasing in size at fixed inter-
vals.

To account for differences in species rich-
ness across sites, sublist sizes were ad-
justed separately for each plant group. For
epiphytes, sublists were constructed in 5-
species intervals (5, 10, 15, and 20), with
each interval generating a distinct confi-
dence ellipse, where 20 represents the to-
tal species richness in the master list. For
climbing plants, sublists ranged from 15 to
35 species, following the same approach,
with 35 representing the total recorded
richness. This adjustment ensures that con-
fidence ellipses reflect realistic expecta-
tions for each taxonomic group.

This graphical approach enhances the de-
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tection of deviations from the expected
taxonomic structure that might not be sta-
tistically significant when assessed sepa-
rately. Notably, when a site falls within a
given confidence ellipse, its taxonomic
structure aligns with the expected pattern
for a community composed of that number
of species randomly drawn from the mas-
ter list (e.g., a site within the 10-species el-
lipse follows the expected structure for 10
species). Further, when a site falls exactly
on the boundary of an ellipse, its taxo-
nomic distinctness matches the expected
threshold for that species richness level.
Conversely, when two points are located in
distinct regions separated by an ellipse,
their taxonomic distinctness is considered
significantly different (p < 0.05 — Clarke &
Warwick 2001).

Taxonomic trees were constructed using
Taxallnomy (http://biodados.icb.ufmg.br/ta
xallnomy/), a database maintained by the
Biodata Laboratory of the Federal Univer-
sity of Minas Gerais, based on NCBI Taxon-
omy. Species absent from the NCBI taxon-
omy were manually added by modifying
the SVG file generated by Taxallnomy,
adapting it to the taxonomy used in this
study (see Tab. S2 and Tab. S4 in Supple-
mentary materials). All calculations and the
ellipse plottings were performed using the
TAXDEST routine in PRIMER v. 7 software
(Clarke & Gorley 2015).

Results

Composition and taxonomic structure

The taxonomic structure of climbing
plants in the five protected wild areas of
central Chile showed higher taxonomic dis-
tinctness (A*) than that of epiphytes, as re-
flected by a greater number of families and
genera (Fig. 2). Epiphytes were predomi-
nantly ferns, largely from the genus Hy-
menophyllum. Overall, climbing plants dis-
played a more stable taxonomic composi-
tion across sites. In contrast, epiphytes ex-
hibited greater variability, with new spe-
cies recorded in surveys of this study (see
Tab. S3 and Tab. S4 in Supplementary ma-
terial).

Epiphytes

A total of 20 epiphyte species were docu-
mented, distributed across nine genera,
five families, and four orders. Species rich-
ness per site remained relatively stable be-
tween the initial inventories (4-17 species)
and the most recent surveys conducted in
this study (5-17 species — Tab. S1, Tab. S2).
However, site-specific comparisons re-
vealed that Cerro Nielol (MNC) and Ruca-
manque (RQE) had the most significant in-
creases, with five additional species re-
corded compared to previous inventories.

Species such as Asplenium dareoides
Desv. and Synammia feuillei (Bertero) Cop-
el. have been consistently recorded across
all sites along the latitudinal gradient. In
contrast, species like Hymenophyllum sese-
lifolium C. Presl and Pleopeltis macrocarpa
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Tab. 1 - Comparison of the taxonomic distinctness of vascular epiphyte and climbing
plant assemblages in five wild areas relative to the master species list (36 species for
climbers, 20 species for epiphytes). Sample codes: Cerro Nielol Natural Monument
(MNC, MNC83), Rucamanque (RQE, RQE89), Contulmo Natural Monument (CTM,
CTM99), Los Queules National Reserve (LQLES, LQLES05), Los Ruiles National
Reserve (LRLES, LRLES05). Acronyms with numbers (e.g., MNC83, CTMQ9) refer to
historical inventories, while acronyms without numbers (e.g., MNC, CTM) correspond
to current inventories conducted in this study. Variables - (A*): average taxonomic

distinctness, (A*): variance of taxonomic

distances; (S): species richness; (p-value):

probability associated with the null hypothesis of no difference between species sam-
ples and the master species list, obtained from 10,000 simulations; (na): not applica-

ble.
Group Samples s Taxonomic distinctness

A p-value A p-value

MNC 14 54.95 0.836 1181.29 0.087
MNC83 10 65.93 0.174 1024.14 0.430
RQE 17 55.15 0.758 966.15 0.607
RQE89 11 64.24 0.209 973.92 0.704

§ CT™ 15 58.89 0.188 920.99 0.861
-E CTM99 17 57.84 0.007 878.03 0.789
L.E_r LQLES 11 62.73 0.282 1090.54 0.298
LQLESO5 7 75.40 0.077 836.48 0.913
LRLES 5 73.33 0.261 677.78 0.689
LRLESO5 4 55.56 0.985 339.51 0.625
Master list 20 53.25 na 929.52 na

MNC 19 72.22 0.153 172.19 0.988
MNC83 18 72.33 0.135 134.94 0.409
RQE 17 70.96 0.881 142.96 0.548
RQE89 20 71.75 0.411 129.09 0.232

g CT™ 18 71.13 0.982 174.32 0.963
'g CTM99 20 71.40 0.733 141.31 0.398
S LQLES 19 72.03 0.239 128.83 0.276
LQLESO5 19 72.32 0.089 117.49 0.155
LRLES 23 71.48 0.486 158.03 0.603
LRLESO5 16 71.94 0.469 185.11 0.79%4
Master list 36 70.90 na 179.61 na

(Bory ex Willd.) Kaulf. were only docu-
mented in the initial inventories at Con-
tulmo (CTM).

The most diverse family was Hymeno-
phyllaceae, represented by 13 species. Con-
sequently, the genus Hymenophyllum (in-
cluding 11 species) and the order Hymeno-
phyllales (including 13 species) were the
most represented. This family of filmy ferns
demonstrated notable variability in species
richness along the latitudinal gradient, sug-
gesting that temporal and spatial changes
in the taxonomic structure of the study
sites were largely driven by changes in the
species composition of this family. For in-
stance, five species not observed in the ini-
tial inventory were documented at Cerro
Nielol: Hymenophyllum cuneatum, H. dicra-
notrichum, H. pectinatum, H. peltatum, and
H. tunbrigense.

Climbers

The climber assemblage exhibited great-
er taxonomic richness than epiphytes, with
a total of 36 species recorded across 27

genera, 17 families, and 13 orders (Tab. S3
and Tab. S4 in Supplementary material).
Species richness per site ranged from 16 to
20 in the initial inventories and from 17 to
23 in the most recent surveys. The most no-
table increase was observed at Los Ruiles
(LRLES), where the current inventory re-
corded 23 species, compared to 16 in the
previous survey.

Species such as Bomarea salsilla (L.) Mirb.,
Lapageria rosea Ruiz & Pav., and Muehlen-
beckia hastulata (Sm.) I.M. Johnst. have
maintained their presence over time at all
sites along the latitudinal gradient. In con-
trast, species like Boquila trifoliolata (DC.)
Decne. and Cissus striata Ruiz & Pav. were
recorded only in the current inventories at
Los Ruiles and Los Queules, respectively.

The most frequently occurring families
were Dioscoreaceae (five species), Aster-
aceae (four species), and Fabaceae (three
species). The most frequently occurring ge-
nera were Dioscorea (five species), Mutisia
(three species), and Vicia (three species).
The most representative orders were Dios-
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coreales (five species), Liliales (four spe-
cies), Gentianales (four species), and Aster-
ales (four species).

Although the overall species composition
remained largely stable across sites and be-
tween the historical and current invento-
ries, some notable changes were observed.
For instance, while the Dioscoreaceae fam-
ily was present in both periods, the repre-
sentation of its species varied. Dioscorea
auriculata Poepp. was recorded at most
sites, whereas Dioscorea pedicellata Phil.
exhibited shifts in distribution between his-
torical and current inventories.

Similarly, Mitraria coccinea Cav. was ab-
sent from the current inventory at Cerro
Nielol, while Elytropus chilensis (A. DC.)
Miill. Arg. was recorded only in the most
recent inventory. These species turnover
events introduced some degree of varia-
tion in taxonomic structure and family
composition.

Taxonomic distinctness
Epiphytes
The average taxonomic distinctness (A*)

in the current inventories ranged from
54.95 at Contulmo (CTM) to 73.3 at Los
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Ruiles (LRLES), representing the sites with
the lowest and highest taxonomic distinct-
ness, respectively. This pattern suggests a
northward increase in taxonomic distinct-
ness along the latitudinal gradient, despite
a concurrent decrease in species richness.
However, in most sites, these variations
were not statistically significant when com-
pared to the master species list, which has
an expected A* of 53.25 (p > 0.05 — Tab. 1).

At Contulmo, the first inventory (CTM99)
exhibited a highly significant difference
from the master species list (A*=57.84, p =
0.007), indicating that its taxonomic dis-
tinctness was previously higher than in the
current inventory (CTM, A* = 58.89, p =
0.188). This suggests that its taxonomic
structure is now more aligned with the ex-
pected regional composition.

In the past, Los Queules (LQLES05) dis-
played a marginally significant difference
(A = 75.5, p = 0.077), suggesting a greater
taxonomic breadth than the expected tax-
onomic structure. However, in the current
inventory (LQLES, A* = 62.73, p = 0.282),
the observed decrease in taxonomic dis-
tinctness was not statistically significant.
This reduction in A* in the current invento-
ries is likely explained by the increased rep-

Fig. 3 - Ellipse graph simul-
S taneously relating the tax-
5/ onomic distinctness (A, x-
axis) and the variance of
15| taxonomic distinctness (A,
y-axis) at two points in
time. Epiphytes (a) and
Climbing plants (b). Spe-
cies richness (S) is shown
in parentheses. Confidence
limits for the contours
were constructed by ran-
domly extracting sublists
(S) of 5 species with 10,000
simulations for 95% confi-
dence. Sample codes:
Cerro Nielol Natural Monu-
ment (MNC, MNC83),
Rucamanque (RQE,
RQE89), Contulmo Natural
Monument (CTM, CTM99),
g Los Queules National
15| Reserve (LQLES, LQLESo05),
Los Ruiles National
25 Reserve (LRLES, LRLESO05).

resentation of Hymenophyllum species, as
the addition of closely related species
within the same genus reduces the aver-
age taxonomic distinctness by decreasing
the mean distance between species pairs.
Other sites did not show significant differ-
ences (Tab. 1).

Regarding the variance of taxonomic dis-
tinctness (A*), the current inventories
ranged from 677.78 at Los Ruiles (LRLES)
to 1181.29 at Cerro Nielol (MNC), the geo-
graphically extreme sites of the study area.
This pattern suggests a gradual transition
from more taxonomically homogeneous to
more heterogeneous assemblages, with
greater variability in taxonomic distances
observed at the northernmost sites (see
Tab. S2 and Tab. S4 in Supplementary ma-
terial).

Despite this apparent gradient, none of
the sites exhibited statistically significant
differences from the master species list (A*
= 929.52, p > 0.05). However, Cerro Nielol
showed a marginally non-significant differ-
ence (MNC, A* = 1181, p = 0.43), suggesting
potential taxonomic enrichment compared
to both the master list and the previous in-
ventory (MNC83, A* = 1024, p = 0.087).

The simultaneous analysis of both indices
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(A+, A*) across five-species intervals identi-
fied three statistically distinct zones (p <
0.05) in the ellipse plot (Fig. 3a). The cen-
tral zone represents sites that do not sig-
nificantly differ from the master species
list, based on a 95% confidence threshold.

A clear temporal and spatial pattern
emerges, revealing a south-to-north in-
crease in taxonomic complexity that was
not evident in previous inventories, indicat-
ing a progressive reorganization of site po-
sitions. In earlier inventories, LQLES05 was
the most distant from the center, whereas
CTMg9 was already positioned within the
central zone, indicating no differentiation
from the master species list. In contrast,
the current sampling exhibits a more struc-
tured distribution, with CTM, RQE, and
MNC now grouped within the central zone,
while LRLES is positioned at the extreme.

Overall, this shift indicates a more diverse
and structured taxonomic composition in
southern sites compared to previous inven-
tories.

Climbers

Taxonomic distinctness in climbers re-
mained stable over time and across sites in
both mean (A*) and variance (A*), particu-
larly when compared to epiphytes. The av-
erage taxonomic distinctness (A*) for
climbers varied slightly, ranging between
70.33 and 72.33, while the variance of taxo-
nomic distinctness (A*) ranged from 117.49
at Los Queules (LQLES05) to 174.32 at Con-
tulmo (CTM). This suggests a consistent
taxonomic structure over both spatial and
temporal scales, with no significant differ-
ences at any site compared to the master
species list (A* = 70.9, p > 0.05).

However, the first inventory at Los
Queules (LQLESo05, A* = 72.32, p = 0.089)
suggests a minor deviation from the ex-
pected taxonomic structure, though this
difference was not statistically significant.
Compared to the current inventory (LQLES,
A+ = 72.03), this indicates that the taxo-
nomic composition of climbers remained
relatively unchanged over time at this site.

The simultaneous analysis of both indices
(A+, A*) for the five-species sublists identi-
fied five statistically distinct zones (p <
0.05) in the ellipse plot (Fig. 3b). Only Con-
tulmo (CTM) was positioned within the
central zone, indicating no significant devi-
ation from the master species list at a 95%
confidence level.

A clear pattern of increasing taxonomic
complexity southwards and over time was
observed, alongside a shift in site distribu-
tion across the ellipse zones. In the earlier
inventories, no sites were positioned
within the first or second zone, indicating
that none closely resembled the master
species list. This suggests that the overall
taxonomic structure was historically more
simplified. In contrast, the current sam-
pling reveals a general trend of taxonomic
enrichment, with some sites shifting to-
wards the central region of the ellipse. For
example, LRLESo5 and RQE89, previously
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positioned in more peripheral zones, have
now moved closer to the center, while no
sites remain in the most distant zone.

This shift supports a broader pattern of
increasing taxonomic complexity south-
wards and over time, with sites progres-
sively converging towards the structure
represented in the master species list. The
presence of five distinct zones in climbing
plants confirms that this assemblage en-
compasses a broader range of genera and
exhibits greater phylogenetic dispersion
compared to epiphytes, which formed only
three zones. This indicates that climbing
plant assemblages are taxonomically more
heterogeneous, whereas epiphyte commu-
nities exhibit greater taxonomic similarity
or phylogenetic clustering.

Discussion

Joint use of average taxonomic
distinctness and its variance (A*, A*)

In this study, the average taxonomic dis-
tinctness (A*), its variance (A*), and their
combined measure (A*, A*) were analyzed
for epiphyte and climbing plant assem-
blages in five protected wild areas along
the native forested coast of central Chile.
Although each index individually captures
only one dimension of the community’s
taxonomic structure, the simultaneous use
of both indices (represented graphically in
an ellipse plot) proved to be more sensitive
in detecting significant differences in taxo-
nomic structure than when these indices
were assessed separately (Clarke & War-
wick 2001). For instance, the combined
analysis revealed an overall increase in tax-
onomic complexity over time for both epi-
phytes and climbers at most sites, except
for Los Ruiles (LRLES), the only site to
show a decrease in taxonomic distinctness
among epiphytes.

One notable advantage of using both in-
dices concurrently is that A* offers a consis-
tent and robust measure of taxonomic di-
versity by quantifying the average variabil-
ity in taxonomic distances between pairs of
species. At the same time, A* captures the
distribution of branches or the shape of
the taxonomic tree within the community
(Clarke & Warwick 2001). By combining A*
and A+, researchers can better detect both
average changes in taxonomic structure
and the variability of these changes. This is
particularly valuable for identifying distur-
bance patterns and differential responses
to environmental pressures (Zhou et al.
2010). Consequently, these indices could
also be applied to assess potential shifts in
taxonomic structure under climate change
scenarios.

To date, most studies applying the met-
rics of taxonomic distinctness have fo-
cused on marine and freshwater ecosys-
tems, examining a variety of organisms
such as fish, nematodes, benthic macro-
fauna, and mollusks (Clarke & Warwick
1998, Zhou et al. 2010, Bevilacqua et al.
2011, Jiang et al. 2020). Interest in applying

these metrics to terrestrial ecosystems has
grown more recently, with research ex-
panding to environments such as savan-
nas, forest fragments, Mediterranean for-
ests, arid regions, and the effects of silvi-
cultural practices (Silva & Batalha 2006,
Selvi et al. 2016, Sferlazza et al. 2023).

The reviewed studies consistently agree
that average taxonomic distinctness (A*)
and its variance (A*) are valuable tools for
assessing taxonomic diversity. Moreover,
the simultaneous use of these indices of-
fers several advantages, including greater
sensitivity to detecting subtle changes, a
multidimensional assessment of taxonomic
structure, and enhanced ecological inter-
pretation of community patterns, as high-
lighted by previous authors (Zhou et al.
2010). However, research within terrestrial
ecosystems has yet to fully explore their
joint application.

Species richness vs. taxonomic
distinctness

Species richness, defined as the total
number of species within a community, is a
widely used measure of biodiversity, val-
ued for its simplicity and ease of measure-
ment. It facilitates direct comparisons be-
tween communities or habitats and helps
identify areas of high biodiversity value for
conservation (Ellingsen et al. 2005). How-
ever, it fails to account for phylogenetic re-
lationships, thereby limiting our under-
standing of biodiversity at functional and
evolutionary scales (Wong et al. 2018). Two
communities with the same number of
species may differ significantly in their tax-
onomic composition, leading to variations
in ecosystem functionality (Clarke & War-
wick 2001).

Taxonomic distinctness metrics, such as
A+ and Af, overcome these limitations by
explicitly incorporating taxonomic hierar-
chy (e.g., genus, family, order) as a proxy
for evolutionary relatedness. Although
these indices rely on standard taxonomic
classifications rather than explicit phyloge-
netic analyses, they likely capture evolu-
tionary history and functional diversity due
to the hierarchical nature of taxonomy.
This makes these metrics especially valu-
able for monitoring ecosystem health and
assessing conservation effectiveness (Bev-
ilacqua et al. 2011).

In this study, the taxonomic distinctness
is especially evident when comparing epi-
phytes and climbers. Epiphytes, comprising
20 species, exhibited a broader range of A*
values (54 < A* < 63), yet the analysis re-
vealed only three distinct zones, indicating
that, despite the wider A* range, their over-
all taxonomic composition remains rela-
tively cohesive. Climbers, by contrast, have
a narrower span of A* values (71 < A* < 72)
but exhibit higher variability in taxonomic
composition, resulting in five distinct
zones. Hence, the method demonstrates
its sensitivity to differences in community
structure, even when the mean A* varies
only slightly, as this sensitivity arises from
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the simultaneous consideration of both A*
and its variance A+, rather than from the av-
erage alone.

A key consideration when applying taxo-
nomic distinctness metrics is ensuring that
taxonomic classification is well resolved.

While interpreting taxonomic distinctness
(A*) and its variance (A*) may be less intu-
itive than species richness, and compar-
isons across studies may be hindered by
variations in taxonomic resolution or sam-
pling design (Clarke & Warwick 2001), this
metric is often more informative, particu-
larly for understanding biodiversity at func-
tional and evolutionary levels (Clarke &
Warwick 1998, Jiang et al. 2020, Bevilacqua
et al. 2011). Thus, while species richness
provides a straightforward measure of bio-
diversity, it does not necessarily reflect tax-
onomic structure or phylogenetic relation-
ships. By incorporating taxonomic distinct-
ness metrics, a more accurate and ecologi-
cally meaningful picture of biodiversity can
be obtained, distinguishing between com-
munities with similar species numbers but
different taxonomic compositions.

The challenge of comparing biodiversity
over time

Comparing biodiversity over time pres-
ents significant methodological and practi-
cal challenges that complicate the interpre-
tation of results. A central difficulty is en-
suring consistency in sampling design:
methodological variations can create a
false impression of increased diversity (Lo-
zano et al. 2012) and may partly explain the
apparent rise in epiphyte and climber diver-
sity observed in our recent inventories.

Early botanical surveys, though invalu-
able, were rarely georeferenced or stan-
dardized, making strict site-to-site compar-
isons difficult. Because most historical eco-
logical work lacked the spatial precision
and methodological consistency of modern
studies (Christie et al. 2019), exact resam-
pling is usually impossible. Even so, these
legacy datasets provide indispensable
baselines. Comparisons between historical
and contemporary inventories are there-
fore vital for detecting long-term biodiver-
sity trends and disentangling the combined
effects of climate forcing and human dis-
turbance (Pereira & Cooper 2006). Indeed,
multi-decadal records already document
climate-driven declines across a range of
animal and plant populations (Morris et al.
2008).

In the absence of continuous monitoring,
historical-recent comparisons must be in-
terpreted with caution. Apparent shifts
may indeed represent genuine taxonomic
turnover, yet the underlying drivers of
land-use change, forest dynamics, climate
variation, or their interactions often remain
unresolved (Pliscoff et al. 2012). These un-
certainties, together with lingering meth-
odological and taxonomic inconsistencies,
can blur the mechanisms behind observed
diversity patterns, even when modern sur-
veys follow rigorous, standardized proto-
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cols.

An illustration of these challenges arises
from our findings. Climbing plants exhib-
ited a marked temporal increase in taxo-
nomic distinctness at all sites except at
Cerro Nielol, where no change was ob-
served. The stability observed at this site
may reflect high visitor pressure, estimated
to be tens of thousands per year (Subsec-
retarfa de Turismo 2022), though its influ-
ence remains unquantified. In contrast, epi-
phytes showed an overall southward in-
crease in taxonomic distinctness, while Los
Ruiles displayed a decline, possibly indicat-
ing local homogenization driven by climate-
mediated filtering of drought-tolerant lin-
eages. These site-specific patterns under-
score how true ecological shifts may be
confounded by sampling artifacts and un-
measured pressures, highlighting the im-
portance of rigorously standardized re-in-
ventories when comparing historical and
contemporary datasets.

Taxonomic uncertainty remains a major
source of error in temporal biodiversity
metrics. Incomplete species-level identifi-
cations (Caparrds et al. 2016), recently di-
verged species complexes (Baumsteiger et
al. 2017), cryptic taxa (Kinosian et al. 2020),
and erroneous sequences in DNA reference
libraries (Sandoval-Sierra et al. 2014) can all
mislead analyses. These problems are com-
pounded by the rapid evolution of identifi-
cation methods. Whereas historical inven-
tories depended on a handful of specialists
working with printed floras and herbarium
specimens (Bieker & Martin 2018), modern
studies draw on millions of observations
uploaded to citizen-science platforms such
as iNaturalist® (https://www.inaturalist.org)
and Pl@ntNet® (http://identify.plantnet.
org). This digital revolution has accelerated
discovery and broadened coverage, yet
large repositories like GBIF still harbor tax-
onomic inconsistencies, spatial biases, and
heterogeneous validation levels that can
obscure true biodiversity patterns (Zizka et
al. 2019). Such discrepancies must there-
fore be weighed carefully whenever histor-
ical and contemporary datasets are com-
pared.

Well-designed, long-term studies that pair
consistent sampling with environmental
monitoring remain indispensable for disen-
tangling the interacting drivers of biodiver-
sity change, especially in Latin America and
other data-poor regions where standard-
ized time series are rare (Pereira & Cooper
2006, Lindenmayer et al. 2010). In such
contexts, legacy inventories provide some
of the few baselines available, and taxo-
nomic-distinctness indices offer a practical
surrogate for detecting broad-scale shifts
in community structure and informing con-
servation strategies when sustained moni-
toring is lacking.

Implications for forest conservation
Understanding forest biodiversity de-

mands attention not only to how many

species occur, but to how those species

are related. Taxonomic distinctness metrics
(A and A¥) satisfy this requirement by re-
vealing taxonomic loss, homogenization,
enrichment, and, ultimately, the resilience
of forest communities. Applied to monitor-
ing and restoration, they allow managers
to judge whether silvicultural practices pre-
serve an ecologically representative taxo-
nomic structure and, by extension, long-
term forest stability.

Epiphytes and climbing plants illustrate
the value of this approach. Because epi-
phytes — especially filmy ferns (Hymeno-
phyllaceae) - depend on persistent humid-
ity and shaded micro-habitats, they are
highly sensitive to canopy alteration and
climatic gradients (Saldafia et al. 2014).
Climbers, in contrast, tolerate or even ben-
efit from increased light, thriving in gap en-
vironments and spanning a wider range of
families (Carrasco-Urra & Gianoli 2009).
Monitoring both groups, therefore, yields
complementary signals: epiphytes track mi-
croclimatic stability and habitat continuity,
whereas climbers reflect disturbance re-
gimes, canopy openness, and successional
dynamics. Consistent with previous find-
ings (Pincheira-Ulbrich et al. 2018), the
present analysis shows that climbers oc-
cupy five well-separated zones in the el-
lipse (A%, A*), whereas epiphytes cluster in
three zones, highlighting their contrasting
structural responses.

The greater variability in epiphytic A* ob-
served suggests heightened sensitivity to
fragmentation and forest heterogeneity.
Part of this variation may be methodologi-
cal; minute, filmy ferns are less detectable
than conspicuous climbers, and older sur-
veys lacked standard protocols, but it also
points to genuine ecological vulnerability.
Conversely, the stable taxonomic structure
of climbers implies resilience rooted in tax-
onomic breadth. In our dataset, they span
many more families than epiphytes, which
concentrate in a few closely related lin-
eages (Silva & Batalha 2006). Such breadth
affords functional redundancy that can
buffer forests against change.

Climate-driven environmental filtering
adds a further layer of complexity. Warm-
ing and altered rainfall favor drought-toler-
ant, phylogenetically clustered taxa (Kut-
nar et al. 2019), potentially lowering taxo-
nomic distinctness even when species
counts remain unchanged. Conversely,
when colonization by distantly related spe-
cies prevails, distinctness may rise (Pinch-
eira-Ulbrich et al. 2018). Either trajectory
has functional consequences: greater taxo-
nomic distinctness enhances ecological
complementarity, supporting processes
such as pollination, seed dispersal, and nu-
trient cycling. In contrast, phylogenetic ho-
mogenization can erode functional redun-
dancy and ecosystem resilience, ultimately
compromising those same functions (EIm-
qvist et al. 2003).

These findings point to clear manage-
ment priorities. First, conserve humid for-
est patches that host specialized epiphytic
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communities and restore degraded stands
in ways that promote the taxonomic vari-
ety of climbing plants, thereby strengthen-
ing overall forest resilience (Burrascano et
al. 2009, Pincheira-Ulbrich et al. 2018). Sec-
ond, preserve structural heterogeneity:
smaller trees provide supports for twiners
and tendril climbers, whereas larger stems
are crucial for adventitious-rooted species
(Carrasco-Urra & Gianoli 2009). Finally, im-
plement long-term, standardized monitor-
ing, ideally pairing A* and A* with environ-
mental variables to track genuine biodiver-
sity trajectories (Silva & Batalha 2006). In
this context, citizen-science platforms can
help bridge data gaps in regions with lim-
ited monitoring capacity (Zizka et al. 2019).
Taken together, these management con-
siderations and monitoring needs under-
score the broader significance of the study.
In light of these results, although the initial
expectation of diverging trends - steady
gains in climber diversity and epiphyte de-
cline — were only partially supported, the
joint use of A* and A* uncovered clear pat-
terns: climbers showed increasing taxo-
nomic distinctness over time and stability
along the latitudinal gradient, whereas epi-
phytes displayed site-specific variability
with a southward rise in diversity. These
findings confirm that taxonomic-distinct-
ness metrics reveal structural changes that
simple species counts may obscure, and re-
inforce their value for guiding forest-con-
servation strategies in a changing world.

Conclusions

This study highlights the taxonomic struc-
ture of vascular epiphytes and climbing
plants in five protected wild areas along
the native forested coast of central Chile.
Taxonomic distinctness indices (A* and A*)
provided a more nuanced understanding
of biodiversity patterns than species rich-
ness alone, revealing differences in taxo-
nomic composition and structural complex-
ity.

When applied independently, these in-
dices captured distinct aspects of commu-
nity structure: average taxonomic distinct-
ness (A+) reflected overall richness across
the taxonomic hierarchy, while its variance
(A+) highlighted heterogeneity in taxo-
nomic relatedness. Climbing plants exhib-
ited greater taxonomic richness and stabil-
ity over time and space, with no significant
deviations from the expected structure
based on the master species list. In con-
trast, epiphytes, particularly Hymenophyl-
laceae, showed greater variability, suggest-
ing higher sensitivity to environmental het-
erogeneity. A trend of increasing epiphyte
taxonomic complexity was observed to-
wards the south, whereas Los Ruiles exhib-
ited signs of taxonomic simplification, po-
tentially indicating biodiversity loss or cli-
mate-induced changes.

The simultaneous use of A* and A* im-
proved the detection of taxonomic shifts,
showing that most sites became more
structured over time. However, differences

iForest 18: 283-292

Taxonomic distinctness in Chilean forest climbers and epiphytes

in sampling methodologies across histori-
cal and contemporary inventories may
have influenced some patterns, requiring
cautious interpretation of temporal com-
parisons.

These findings underscore the impor-
tance of maintaining structural forest het-
erogeneity to support taxonomically di-
verse assemblages. Epiphytes serve as indi-
cators of forest continuity and microcli-
matic stability, while climbing plants reflect
disturbance regimes and successional dy-
namics.

Future research should standardize sam-
pling methods and integrate taxonomic
distinctness metrics with functional and en-
vironmental data to enhance forest biodi-
versity assessments and conservation plan-
ning.

Acknowledgements

To Pedro Jara, manager of Reserva Na-
cional Los Ruiles, Carlos Reyes, manager of
Reserva Nacional Los Queules; Claudio Cor-
rea, manager of Cerro Nielol Monument;
Juan Carlos Correa, manager of Contulmo;
and Rodrigo Vargas, manager of Ruca-
manque. To Rodrigo Callejas for his dedi-
cated work in preparing the cartography.
To Ulises Zambrano, Elias Andrade, Martina
Pincheira, and Benjamin Pincheira for their
collaboration in the field. Special thanks to
CONAF for facilitating access to the wilder-
ness areas. The author was supported by
the Chilean agency ANID-FONDECYT under
postdoctoral project no. 3200698.

| also thank two anonymous reviewers
for their valuable comments and sugges-
tions, which greatly improved this manu-
script.

References

Ahmadi M, Farhadinia MS, Cushman SA, Hemami
M-R, Balouchi BN, Jowkar H, Macdonald DW
(2020). Species and space: a combined gap
analysis to guide management planning of con-
servation areas. Landscape Ecology 35: 1505-
1517. - doi: 10.1007/s10980-020-01033-5

Arroyo MK, Matthei O, Mufioz-Schick M, Armes-
to JJ, Pliscoff P, Pérez F, Marticorena C (2005).
Flora de cuatro Reservas Nacionales en la Cor-
dillera de la Costa de la VII Regidn (35>-36° S),
Chile, y su papel en la proteccién de la biodiver-
sidad regional [Flora of four National Reserves
in the Coastal Range of Region VII (35°-36° S),
Chile, and their role in protecting regional bio-
diversity]. In: “Historia, Biodiversidad y Eco-
logia de los Bosques Costeros de Chile” (Smith-
Ramirez C, Armesto JJ, Valdovinos C, eds). Edi-
torial Universitaria, Santiago, Chile, pp. 225-244.
[in Spanish]

Baeza CM, Marticorena C, Rodriguez R (1999).
Catdlogo de la flora vascular del Monumento
Natural Contulmo, Chile [Catalogue of the vas-
cular flora of the Contulmo Natural Monument,
Chile]. Gayana Botdnica 56 (2): 125-135. [in
Spanish]

Banki O, Roskov Y, Déring M, Ower G, Hernan-
dez Robles DR, Plata Corredor CA, Stjernegaard
Jeppesen T, Orn A, Vandepitte L, Hobern D
(2024). Catalogue of Life: Annual Checklist

2024. Catalogue of Life, Amsterdam, Nether-
lands. - doi: 10.48580/dg9ld

Baumsteiger J, Moyle PB, Aguilar A, Rourke SM,
Miller MR (2017). Genomics clarifies taxonomic
boundaries in a difficult species complex. PLoS
One 12 (12): €0189417. - doi: 10.1371/journal.pon
€.0189417

Bevilacqua S, Fraschetti S, Musco L, Guarnieri G,
Terlizzi A (2011). Low sensitiveness of taxonom-
ic distinctness indices to human impacts: evi-
dences across marine benthic organisms and
habitat types. Ecological Indicators 11: 448-455.
- doi: 10.1016/j.ecolind.2010.06.016

Bieker VC, Martin MD (2018). Implications and
future prospects for evolutionary analyses of
DNA in historical herbarium collections. Botany
Letters 165 (3-4): 409-418. - doi: 10.1080/23818
107.2018.1458651

Brower JE, Zar JH, Von Ende CN (1990). Field and
laboratory methods for general ecology (3
edn). Wm. C. Brown Publishers, Dubuque, IA,
USA, pp. 273.

Burrascano S, Rosati L, Blasi C (2009). Plant spe-
cies diversity in Mediterranean old-growth for-
ests: a case study from central Italy. Plant Bio-
systems 143: 190-200. - doi: 10.1080/1126350080
2709699

Caparrds R, Lara F, Draper |, Mazimpaka V, Garil-
leti R (2016). Integrative taxonomy sheds light
on an old problem: the Ulota crispa complex
(Orthotrichaceae, Musci). Botanical Journal of
the Linnean Society 180: 427-451. - doi: 10.1111/
boj.12397

Carrasco-Urra F, Gianoli E (2009). Abundance of
climbing plants in a southern temperate rain-
forest: host tree characteristics or light avail-
ability? Journal of Vegetation Science 20 (6):
1155-1162. - doi: 10.1111/j.1654-1103.2009.01115.X

Chao A, Gotelli NJ, Hsieh TC, Sander EL, Ma KH,
Colwell RK, Ellison AM (2014). Rarefaction and
extrapolation with Hill numbers: a framework
for sampling and estimation in species diversity
studies. Ecological Monographs 84 (1): 45-67. -
doi: 10.1890/13-0133.1

Chao A (1984). Non-parametric estimation of the
number of classes in a population. Scandina-
vian Journal of Statistics 11: 265-270.

Christie AP, Amano T, Martin PA, Shackelford GE,
Simmons BI, Sutherland WJ (2019). Simple
study designs in ecology produce inaccurate es-
timates of biodiversity responses. Journal of
Applied Ecology 56 (12): 2742-2754. - doi: 10.1111/
1365-2664.13499

Clarke KR, Warwick RM (1998). A taxonomic dis-
tinctness index and its statistical properties.
Journal of Applied Ecology 35: 523-531. - doi:
10.1046/j.1365-2664.1998.3540523.X

Clarke KR, Warwick RM (2001). A further biodi-
versity index applicable to species lists: varia-
tion in taxonomic distinctness. Marine Ecology
Progress Series 216: 265-278. - doi: 10.3354/me
Ps216265

Clarke KR, Gorley RN (2015). PRIMER v7: User
Manual/Tutorial. PRIMER-E, Plymouth, UK, pp.
296.

Diekmann M, Kiihne A, Isermann M (2007). Ran-
dom vs. non-random sampling: effects on pat-
terns of species abundance, species richness
and vegetation-environment relationships. Fo-
lia Geobotanica 42: 179-190. - doi: 10.1007/BF028
93884

291

>
(S
)
wv
]
S
o
L.
e
c
(1]
wv
]
19}
c
AL
194
w
o
)
B0
2
0
I
)
w
)
S
)
=



https://doi.org/10.1007/s10980-020-01033-5
https://doi.org/10.1007/BF02893884
https://doi.org/10.1007/BF02893884
https://doi.org/10.3354/meps216265
https://doi.org/10.3354/meps216265
https://doi.org/10.1046/j.1365-2664.1998.3540523.x
https://doi.org/10.1111/1365-2664.13499
https://doi.org/10.1111/1365-2664.13499
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1111/j.1654-1103.2009.01115.x
https://doi.org/10.1111/boj.12397
https://doi.org/10.1111/boj.12397
https://doi.org/10.1080/11263500802709699
https://doi.org/10.1080/11263500802709699
https://doi.org/10.1080/23818107.2018.1458651
https://doi.org/10.1080/23818107.2018.1458651
https://doi.org/10.1016/j.ecolind.2010.06.016
https://doi.org/10.1371/journal.pone.0189417
https://doi.org/10.1371/journal.pone.0189417
https://doi.org/10.48580/dg9ld

>
S
ey
wv
]
1)
o
L.
o)
c
(4]
wv
]
v
c
AL
194
wv
o
)
°0
2
0
I
)
w
)
S
)
=

Pincheira-Ulbrich J - iForest 18: 283-292

Dominguez F, Rebelo AG, Bittman R (2012). How
plant inventories improve future monitoring.
Biodiversity and Conservation 21: 1937-1951. -
doi: 10.1007/510531-012-0286-2

Dubuisson J-Y, Schneider H, Hennequin S (2009).
Epiphytism in ferns: diversity and history.
Comptes Rendus Biologies 332 (2-3): 120-128. -
doi: 10.1016/j.crvi.2008.08.018

Ellingsen KE, Clarke KR, Somerfield PJ, Warwick
RM (2005). Taxonomic distinctness as a mea-
sure of diversity applied over a large scale: the
benthos of the Norwegian continental shelf.
Journal of Animal Ecology 74: 1069-1079. - doi:
10.1111/j.1365-2656.2005.01004.X

EImqvist T, Folke C, Nystrém M, Peterson G,
Bengtsson J, Walker B, Norberg J (2003). Re-
sponse diversity, ecosystem change, and re-
silience. Frontiers in Ecology and the Environ-
ment 1: 488-494. - doi: 10.1890/1540-9295(2003)
001[0488:RDECAR]2.0.CO;2

Hauenstein E, Ramirez C, Latsague M (1988).
Evaluacién floristica y sinecologia del Monu-
mento Natural Cerro Nielol (IX Regién, Chile)
[Floristic and synecological evaluation of the
Cerro Nielol Natural Monument (IX Region,
Chile)]. Boletin Museo Regional de la Araucania
3: 7-32. [in Spanish]

Jiang X, Pan B, Zhiwei S, Cao L, Lu Y (2020). Ap-
plication of taxonomic distinctness indices of
fish assemblages for assessing effects of river-
lake disconnection and eutrophication in flood-
plain lakes. Ecological Indicators 110: 105955. -
doi: 10.1016/j.ecolind.2019.105955

Kinosian SP, Pearse WD, Wolf PG (2020). There
and back again: reticulate evolution in Ceratop-
teris. American Fern Journal 110 (4): 193-210. -
doi: 10.1640/0002-8444-110.4.193

Kutnar L, Nagel TA, Kermavnar J (2019). Effects
of disturbance on understory vegetation across
Slovenian forest ecosystems. Forests 10 (11):
1048. - doi: 10.3390/f10111048

Larsen C, Ponce MM, Scataglini MA (2013). Re-
vision de las especies de Hymenophyllum (Hy-
menophyllaceae) del sur de Argentina y Chile
[Review of Hymenophyllum species (Hymeno-
phyllaceae) from southern Argentina and
Chile]. Gayana Botdnica 70 (2): 275-330. [in
Spanish] - doi: 10.4067/S0717-66432013000200
009

Lindenmayer DB, Likens GE, Krebs CJ, Hobbs RJ
(2010). Improved probability of detection of
ecological “surprises”. Proceedings of the Na-
tional Academy of Sciences USA 107 (51): 21957-
21962. - doi: 10.1073/pnas.1015696107

Lozano FD, Rebelo AG, Bittman R (2012). How
plant inventories improve future monitoring.
Biodiversity and Conservation 21 (8): 1937-1951.
- doi: 10.1007/510531-012-0286-2

Luebert F, Pliscoff P (2006). Sinopsis bioclimatica
y vegetacional de Chile [Bioclimatic and vegeta-
tion synopsis of Chile]. Editorial Universitaria,
Santiago, Chile, pp. 316. [in Spanish]

Marticorena A, Alarcén D, Abello L, Atala C

292

(2010). Plantas trepadoras, epifitas y parasitas
nativas de Chile: gufa de campo [Climbing, epi-
phytic, and parasitic plants native to Chile: field
guide]. Ediciones Corporacién Chilena de la Ma-
dera, Concepcidn, Chile, pp. 196. [in Spanish]

Morris WF, Pfister CA, Tuljapurkar S, Haridas CV,
Boggs CL, Boyce MS, Bruna EM, Church DR,
Coulson T, Doak DF, Forsyth S, Gaillard J-M,
Horvitz CC, Kalisz S, Kendall BE, Knight TM, Lee
CT, Menges ES (2008). Longevity can buffer
plant and animal populations against changing
climatic variability. Ecology 89 (1): 19-25. - doi:
10.1890/07-0774.1

Myers N, Mittermeier RA, Mittermeier CG, Da
Fonseca GAB, Kent J (2000). Biodiversity hot-
spots for conservation priorities. Nature 403
(6772): 853-858. - doi: 10.1038/35002501

Pena JCC, Kamino LHY, Rodrigues M, Mariano-
Neto E, De Siqueira MF (2014). Assessing the
conservation status of species with limited
available data and disjunct distribution. Biologi-
cal Conservation 170: 130-136. - doi: 10.1016/j.bio
CoN.2013.12.015

Pereira HM, Cooper HD (2006). Towards the
global monitoring of biodiversity change.
Trends in Ecology and Evolution 21 (3): 123-129. -
doi: 10.1016/j.tree.2005.10.015

Pincheira-Ulbrich J, Herndandez CE, Saldafa A
(2018). Consequences of swamp forest frag-
mentation on assemblages of vascular epi-
phytes and climbing plants: evaluation of the
metacommunity structure. Ecology and Evolu-
tion 8 (23): 11785-11798. - doi: 10.1002/ece3.4635

Pliscoff P, Arroyo MTK, Cavieres LA (2012).
Changes in the main vegetation types of Chile
predicted under climate change based on a
preliminary study: models, uncertainties and
adapting research to a dynamic biodiversity
world. Anales del Instituto de la Patagonia 40
(1): 81-86. - doi: 10.4067/S0718-686X2012000100
010

Ramirez C, Hauenstein E, San Martin J, Contreras
D (1989). Study of the flora of Rucamanque,
Cautin Province, Chile. Annals of the Missouri
Botanical Garden 76: 444-453. - doi: 10.2307/239
9493

Saldana A, Parra MJ, Flores-Bavestrello A, Cor-
cuera LJ, Bravo LA (2014). Effects of forest suc-
cessional status on microenvironmental condi-
tions, diversity, and distribution of filmy fern
species in a temperate rainforest. Plant Species
Biology 29 (3): 253-262. - doi: 10.1111/1442-1984.
12020

Sandoval-Sierra JV, Martin MP, Diéguez-Uribeon-
do J (2014). Species identification in the genus
Saprolegnia (Oomycetes): defining DNA-based
molecular operational taxonomic units. Fungal
Biology 118 (7): 559-578. - doi: 10.1016/j.funbio.
2013.10.005

Selvi F, Carrari E, Coppi A (2016). Impact of pine
invasion on the taxonomic and phylogenetic di-
versity of a relict Mediterranean forest ecosys-
tem. Forest Ecology and Management 367: 1-11.

- doi: 10.1016/j.foreco.2016.02.013

Sferlazza S, Londi G, Veca D, Maetzke F, Vinci-
guerra S, Spampinato G (2023). Close-to-nature
silviculture to maintain a relict population of
white oak on Etna volcano (Sicily, Italy): prelim-
inary results of a peculiar case study. Plants 12
(10): 2053. - doi: 10.3390/plants12102053

Silva 1A, Batalha MA (2006). Taxonomic distinct-
ness and diversity of a hyperseasonal savanna
in central Brazil. Diversity and Distributions 12
(5): 664-670. - doi: 10.1111/j.1472-4642.2006.0026
4.X

Subsecretaria de Turismo (2022). Visitas a par-
ques, reservas, areas protegidas y monumen-
tos nacionales [Visits to parks, reserves, pro-
tected areas and national monuments]. Serie
2009-2022, website. [in Spanish] [online] URL:
http://www.subturismo.gob.cl/wp-content/upl
oads/2023/07/serie-visitas-a-snaspe-conaf-2009-
2022.xlsx

Wong JSY, Chan YKS, Ng CSL, Tun KPP, Darling
ES, Huang D (2018). Comparing patterns of tax-
onomic, functional and phylogenetic diversity
in reef coral communities. Coral Reefs 37 (3):
737-750. - doi: 10.1007/s00338-018-1698-6

Zhou H, Hua E, Zhang ZN (2010). Taxonomic dis-
tinctness of macrofauna as an ecological indica-
tor in Laizhou Bay and adjacent waters. Journal
of Ocean University of China 9 (4): 350-358. -
doi: 10.1007/511802-010-1717-X

Zizka A, Silvestro D, Andermann T, Azevedo J,
Ritter CD, Edler D, Farooq H, Herdean A, Ariza
M, Scharn R, Svantesson S, Wengstréom N, Zizka
V, Antonelli A (2019). CoordinateCleaner: stan-
dardized cleaning of occurrence records from
biological collection databases. Methods in
Ecology and Evolution 10 (5): 744-751. - doi:
10.1111/2041-210X.13152

Zotz G (2016). Plants on plants - The biology of
vascular epiphytes. Springer International Pub-
lishing, Cham, Switzerland, pp. 282. - doi: 10.100
7/978-3-319-39237-0

Supplementary Material

Tab. S1 - Epiphyte presence/absence matrix
across five protected areas in central Chile.

Tab. S2 - Taxonomic classification of epi-
phyte species recorded across five pro-
tected areas in central Chile.

Tab. S3 - Climbing plant presence/absence
matrix across five protected areas in cen-
tral Chile.

Tab. S4 - Taxonomic classification of climb-
ing plant species recorded across five pro-

tected areas in central Chile.

Link:
Pincheira-Ulbrich_4693@supploo1.pdf

iForest 18: 283-292


https://doi.org/10.1007/978-3-319-39237-0
https://doi.org/10.1007/978-3-319-39237-0
https://doi.org/10.1111/2041-210X.13152
https://doi.org/10.1007/s11802-010-1717-x
https://doi.org/10.1007/s00338-018-1698-6
http://www.subturismo.gob.cl/wp-content/uploads/2023/07/serie-visitas-a-snaspe-conaf-2009-2022.xlsx
http://www.subturismo.gob.cl/wp-content/uploads/2023/07/serie-visitas-a-snaspe-conaf-2009-2022.xlsx
http://www.subturismo.gob.cl/wp-content/uploads/2023/07/serie-visitas-a-snaspe-conaf-2009-2022.xlsx
https://doi.org/10.1111/j.1472-4642.2006.00264.x
https://doi.org/10.1111/j.1472-4642.2006.00264.x
https://doi.org/10.3390/plants12102053
https://doi.org/10.1016/j.foreco.2016.02.013
https://doi.org/10.1016/j.funbio.2013.10.005
https://doi.org/10.1016/j.funbio.2013.10.005
https://doi.org/10.1111/1442-1984.12020
https://doi.org/10.1111/1442-1984.12020
https://doi.org/10.2307/2399493
https://doi.org/10.2307/2399493
https://doi.org/10.4067/S0718-686X2012000100010
https://doi.org/10.4067/S0718-686X2012000100010
https://doi.org/10.1002/ece3.4635
https://doi.org/10.1016/j.tree.2005.10.015
https://doi.org/10.1016/j.biocon.2013.12.015
https://doi.org/10.1016/j.biocon.2013.12.015
https://doi.org/10.1038/35002501
https://doi.org/10.1890/07-0774.1
https://doi.org/10.1007/s10531-012-0286-2
https://doi.org/10.1073/pnas.1015696107
https://doi.org/10.4067/S0717-66432013000200009
https://doi.org/10.4067/S0717-66432013000200009
https://doi.org/10.3390/f10111048
https://doi.org/10.1640/0002-8444-110.4.193
https://doi.org/10.1016/j.ecolind.2019.105955
https://doi.org/10.1890/1540-9295(2003)001%5B0488:RDECAR%5D2.0.CO;2
https://doi.org/10.1890/1540-9295(2003)001%5B0488:RDECAR%5D2.0.CO;2
https://doi.org/10.1111/j.1365-2656.2005.01004.x
https://doi.org/10.1016/j.crvi.2008.08.018
https://doi.org/10.1007/s10531-012-0286-2
http://iforest.sisef.org/pdf/Pincheira-Ulbrich_4693@suppl001.pdf

	Taxonomic distinctness of climbing plants and epiphytes in central-Chilean forests: an alternative diversity measure from unequal species lists
	Introduction
	Materials and methods
	Description of the study area
	Sampling design and data collection
	Historical inventories
	Analysis of taxonomic structure

	Results
	Composition and taxonomic structure
	Epiphytes
	Climbers

	Taxonomic distinctness
	Epiphytes
	Climbers


	Discussion
	Joint use of average taxonomic distinctness and its variance (Δ+, Λ+)
	Species richness vs. taxonomic distinctness
	The challenge of comparing biodiversity over time
	Implications for forest conservation

	Conclusions
	Acknowledgements
	References
	Supplementary Material


