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Abstract

The enchytraeid fauna in South America remains poorly explored despite the continent’s extensive habitat diversity and high
level of endemism. As part of PERMACHILE, an international, multidisciplinary, long-term research initiative, a faunistic survey
of Chilean Patagonia was initiated to address this knowledge gap. Preliminary results from Yendegaia National Park revealed
15 enchytraeid species, including 14 species recorded for the first time in Chile and Patagonia. Two new species of Achaeta
and three new species of Christensenidrilus have also been discovered so far and are to be described elsewhere. The finding
of Christensenidrilus is notable as it represents the first record of the genus outside the type locality of the type species in the
South Orkney Islands. Although species abundance was generally low, likely due to local environmental conditions, the results

demonstrate that Chilean Patagonia harbors considerable undocumented diversity and warrants further faunal research.
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1 Introduction

The project PERMACHILE 1is an international,
multidisciplinary, and long-term research program
(www.permachile.com). In the 15 years since its launch,
the research focus has expanded both geographically and
in terms of research topics. Thus, research that began in
the dry Andes of Chile is now being carried out across
much of Patagonia, including Torres del Paine and
Yendegaia National Parks. PERMACHILE focuses on
permafrost changes and their associated environmental
effects, drawing on extended field data collection and

long-term monitoring. Integrated geomorphological
and geophysical analyses used electrical resistivity
tomography (ERT) and seismic refraction tomography
(SRT) to characterize permafrost conditions and active-
layer dynamics (Carrera et al. 2026, Ruiz-Pereira
et al. 2026). Microbiological studies have revealed
considerable taxonomic diversity in active permafrost
layers and demonstrated that climatic fluctuations
influence the composition and diversity of extremophilic
bacterial communities (Farag6 et al. 2024, 2026).

To complement these investigations, soil zoological
studies were initiated in 2024, which currently include
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the nematode, enchytraeid, and lumbricid fauna. This
is significant because the enchytraeid fauna of South
America — concerning the size and the extraordinary
diversity of habitats of the continent — is still
understudied. Less than one hundred terrestrial or semi-
aquatic species of enchytraeids have been recorded from
Latin America (Schmelz et al., 2013). This number is
particularly striking when compared, for instance,
to a more thoroughly surveyed country: 123 species
are known from Hungary (Doézsa-Farkas, 2019), even
though its territory is approximately 192 times smaller
and its habitats are far less diverse.

One of the first records of enchytraeids from South
America and Patagonia was published by Ude (1896),
who reported five marine littoral species from the
Magellan Strait (Argentina and Chile). About 30 years
later, Cernosvitov described new species and two
new genera, Hemienchytraeus and Guaranidrilus,
from soils in Northern Argentina (1928, 1934, 1937).
After decades of relative inactivity, Brasil came into
focus from the 1970s: more than 20 new species were
described by Righi, Christoffersen and Bittencourt
(Christoffersen 2009, Schmelz et al., 2013). Species
knowledge increased with the SOLOBIOMA project,
a large-scale sampling campaign, which was executed
across different land-use systems, such as pastures and
old-growth forests (Rombke et al., 2005). Sixty-one
species were found, most of them new to science, and
a new genus, Xetadrilus, was also described (Schmelz
et al., 2011). New species were also described from
Ecuador by Do6zsa-Farkas (1989).

The above review is not complete, as, for example, most
of the marine littoral enchytraeids are not mentioned.
However, there are still no data on enchytraeid worms
from several Latin American countries. At any rate, the
continent would be a very promising area of research,
as former studies found that 74% of enchytraeids
were registered as native species to Latin America.
(Christoffersen, 2010). For this reason, one of the
expedition’s objectives — alongside the previously
mentioned geophysical surveys — was to explore the
local terrestrial enchytraeid fauna in Patagonia.

2 Materials and Methods

21 Study site

Yendegaia National Park (YNP) is a comparatively new
protected area, founded in 2013 by the Government
of Chile and the Yendegaia Foundation (https:/
www.tompkinsconservation.org). It is situated in the
UNESCO Cape Horn Biosphere Reserve, the southern

part of the Isla Grande de Tierra Del Fuego, Chile. The
park covers approximately 150,000 hectares, stretching
from the Beagle Channel to the Darwin mountain range,
including glaciers, fjords, rivers, forests, and open
grasslands. The area is in the Antiboreal Magellanian
biogeographic province as part of the Pacific and Austro-
Atlantic South American region (Rivas-Martinez et al.
2011). YNP has a subpolar oceanic climate according to
the Koppen-Geiger climate classification system (Peel
et al., 2007), and the area is classified as wet tundra
(Sarricolea et al., 2017). The climate of Yendegaia
National Park is strongly affected by the Cordillera
Darwin and the prevailing westerly winds. Moist Pacific
air undergoes orographic uplift over the mountain range,
resulting in high precipitation at higher elevations and
on the western slopes, while a pronounced rain-shadow
effect produces substantially drier conditions in the
Yendegaia Valley and toward Yendegaia Bay (Moreno
et al. 2023). Consequently, precipitation varies markedly
across the park, from approximately 350—400 mm yr!
near Yendegaia Bay to 2,000—5,000 mm yr! in the upper
glaciated areas of the Cordillera Darwin (Temme et al.,
2025). This results in diverse sample areas, even within
short geographical distances (5—10 km).

The mean annual air temperature is low, approximately
4-6 °C. Summer temperatures are cool, usually
averaging 8—10 °C, although exceptionally warm days
may briefly reach 20-24 °C. Winter temperatures are
generally close to freezing, with typical averages
around 0 °C and occasional lows near —11 °C between
June and September. Mean annual ground temperatures
range between —2 and 0 °C (Bartsch et al., 2016).
Annual precipitation is generally around 600 mm,
although the western and mountainous sectors near the
glaciers probably receive considerably more because
of orographic rainfall (https://meteostat.net). The soil
is very shallow and developing over a metamorphic
bedrock that is intruded by plutonic elements, such as
granite, granodiorite, and tonalite (Esteban et al., 2014).

The sub-Antarctic forests of the park are dominated
by the beech species of lenga (Nothofagus pumilio),
coigiie (N. dombeyi) and guindo or Magellan’s beech
(N. betuloides) (Promis et al., 2008). A further common
species is the canelo or Winter’s bark (Drimys winteri).
Due to the precipitation and high moisture, the region
is rich in peat bogs, and over 130 species of mosses
(Contreras, 2025) and 51 species of parmelioid lichens
(Elvebakk et al., 2014) can be found.

2.2 Sample collection

Samples were collected from three distinct areas
(Fig. 1). In 2024, twelve samples were collected on the
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Northwestern side of Cerro Skottsberg (1022 m) (Fig. 2),
which lies about 50 km northwest of the mountainous
core of the Cordillera Darwin, where moist Pacific air
is still being forced upward. Orographic uplift therefore
maintains relatively high humidity with approximately
700 mm annual precipitation (Soto-Rogel, 2022).
Sampling sites were on the northwest side of Cerro

Skottsberg between the elevations of 330-940 m. The
tree line is around 600 m a.s.l. (own measurements).

In 2025, the Southern slopes of Cerro Condor (1155 m)
and the North shore of Yendegaia Bay were sampled
(Fig. 3), with 11 and 9 samples, respectively. These sites
are the same distance from the Cordillera Darwin but
lie farther downwind, so the air’s moisture has already

Figure 1. Location of the sampling areas in South Patagonia, Chile. (CS - Cerro Skottsberg, CC - Cerro Cdndor, YB -

Yendegaia Bay)
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Figure 2. Sampling sites around Cerro Skottsberg. (Enlargement of Figure 1, part CS)
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Figure 3. Sampling sites next to Cerro Condor and Yendegaia Bay. (Enlargement of Figure 1, part CC/YB)

precipitated over the mountains. Consequently, these
sites have a considerably stronger rain-shadow effect,
having only 200 mm yr' (Soto-Rogel, 2022).

Before taking samples, photos were taken of each
sampling point-, and then the coordinates were recorded
(Table 1). Photos of some of the sites are shown in the
Supplements (Fig. S4-8). Qualitative soil samples were
taken with a hand shovel from the litter-covered surface
to about 10 cm depth. Field experience revealed that in
the sample areas Cerro Skottsberg and Cerro Condor, the
bedrock is only at a depth of 10-20 cm. Above this, there
is a mixture of minimal mineral soil and varying amounts
of decomposing litter and debris with a dense growth of
fine roots and small rock particles. Nothofagus species
occurring in the sample areas have both small canopies
and small leaves (roughly 1-3 cm?, calculated by own
measurements and the data of Promis et al., 2008), so
there is no significant replenishment of leaf litter biomass
from the trees. Nevertheless, decaying organic matter is
visible on the surface, which may be the result of slower
decomposition.

Samples were put into plastic ziplock bags and stored
in a cool place (5—10 °C). Samples were processed in
the months following their collection. Enchytraeids
were extracted by the O’Connor wet funnel method
(O’Connor, 1962).

Enchytraeid specimens were first examined and
measured alive, after which they were fixed and stored
in either 70% ethanol or absolute alcohol for subsequent
DNA analyses. Selected individuals were stained with

borax-carmine, dehydrated through a graded ethanol
series ranging from 70 % to absolute ethanol, temporarily
mounted in clove oil, and finally mounted permanently in
Euparal between two coverslips. This preparation allowed
both the dorsal and ventral sides to be examined (Schmelz
2003). Key morphological features were documented
from living specimens, illustrated, and photographed
using a Zeiss Axio Imager.A2 microscope equipped with
differential interference contrast illumination and a Zeiss
AxioCam MRec 5 digital camera. Images were processed
with Axiovision software. Whole-mounted specimens
were re-measured, re-examined, and photographed.

The maps were created by G. Boros using OpenStreetMap
data and the Mapy.com platform.

3 Results

Samples were poor in both species and individual numbers,
with 20 out of 32 containing no enchytraeid worms at
all; therefore, Table 1 lists only those samples in which
enchytraeids were present. In the YNP, fifteen species were
found (Tab. 1). Among these, Buchholzia appendiculata
(Buchholz, 1862), Enchytraeus buchholzi s.1. Vejdovsky,
1879, Fridericia bisetosa (Levinsen, 1884), F. dura (Eisen,
1879), F ratzeli (Eisen, 1872), and Henlea perpusilla
Friend, 1911 were found and reported here for the first time
from Chile. All except E. buchholzi, which was previously
reported from Argentinian Patagonia by Ude (1896), also
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represent the first records from Patagonia. Also, this is
the first find of £ dura in the Southern Hemisphere. Two
new species of the genus Achaeta Vejdovsky, 1878 and
three new species of the genus Christensenidrilus Dozsa-
Farkas & Convey, 1998 were also found. The genus
Christensenidrilus is new to both Chile and continental
South America. Representatives of Marionina and
Mesenchytraeus, unfortunately unidentifiable to species
level, were found as well.

4 Discussion

A notable difference between the two Nothofagus forest
sites is their aspect. At Cerro Skottsberg, the samples were
collected from a northwest-facing slope, whereas at Cerro

Céndor, they originated from a south-facing slope. At high
southern latitudes, south-facing slopes generally receive
less direct solar radiation than north-facing slopes, with
this contrast becoming particularly pronounced during
periods of low solar elevation (Nunez, 1983; Tian et al.,
2001). Reduced solar radiation may, in turn, decrease
evapotranspiration and snowmelt, thereby contributing
to higher soil moisture. As part of the PERMACHILE
project, soil temperature loggers were installed at the time
of sampling. Continued monitoring will provide a long-
term dataset that will allow soil temperature dynamics to
be compared between the study sites.

For technical reasons, the sample collections were at
the end of the summer period (late February), which
made the sample areas drier compared to average
local conditions. This may explain the low numbers of
individuals.

Table 1. List of the enchytraeid genera and species found with exact location data and habitat type.

Altitude

Date of

Sample q A . .
No. Sampling Area Coordinates (a.s.l.). Habitat type collection Species
54.6239494 S; Nothofagus forest, Christensenidrilus sp. 1,
4 Skottsberg  gg'7210057 W' 350M  jeafiitter, moss | 2°/02/2024 75
Christensenidrilus sp. 1,
. Nothofagus forest, sp. 2,
9 Skottsberg gggﬁgi%; 3\/ 350m leaf litter and 28/02/2024 Enchytraeus buchholzi s.l.,
decayed wood Fridericia dura, Henlea
heleotropha (juv)
54.6256903 S; Nothofagus forest Christensenidrilus sp. 1, sp.
10 Skottsberg 68.7514862 W 430 m leaf Iitte? ' 28/02/2024 3, Enchytraeus buchholzi
: s.l., Fridericia dura
: 54.8482774 S; Nothofagus forest, 6 —_
36 Cerro Céndor 68.6530350 W 293 m leaf litter 19/02/2025 Christensenidrilus sp. 1
Enchytraeus buchholzi s.l.
. 54.8597080 S; T t !
38 Cerro Condor  2g9257080% sgm  TeMAOrAy Waler  19/09/2025 Fridericia dura, Henlea
perpusilla, Marionina sp.
Achaeta sp. 1, Achaeta sp.
o 54.8628982 S; Meadow (clearing 28
39 Cerro Céndor 68.6646497 W SR in former woods) 19/02/2025 Fridericia dura, Henlea
perpusilla
Christensenidrilus sp. 1, sp.
. 3, Enchytraeus buchholzi
40 Yendegaia Bay 2go5oraas i 6m Coastal meadow  20/02/2025  S.l.,
’ Fridericia dura, Henlea
ventriculosa
Buchholzia appendiculata
. (juv.), Enchytraeus
4 Yendegaia Bay gg?;‘?ggg?\%’ om Coastal meadow  20/02/2025  buchholzis.l.,
’ Fridericia dura, Henlea
perpusilla
; 54.8410258 S; Mixed forest with Fridericia ratzeli, Henlea
43 Yendegaia Bay 68.7856344 W 26m understory layer 20/02/2025 perpusilla
: 54.8439440 S; E. buchholzi s.l., Henlea
44 Yendegaia Bay 68.7608661 W 16 m Tussock 20/02/2025 perpusilla
: 54.8693913 S; Coastal organic
48 Yendegaia Bay 68.6883639 W 5m e 21/02/2025 Mesenchytraeus sp.
. . Enchytraeus buchholzi s..
. 54.8653925 S; Mixed forest soil T !
49 Cerro Condor  go'coeqayy’  36m with leaf litter 22/02/2025  Fridericia bisetosa, F. dura,

F. ratzeli
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Abundance cannot be estimated due to qualitative
sampling. However, during sample processing, we
observed that Christensenidrilus species were dominant,
accounting for more than half of the individuals found in
the sample. The discovery of the genus Christensenidrilus
is of particular interest because it is the first time it has
been found outside the type locality of the type species.
So far, only one species, Christensenidrilus blocki has
been described from Signy Island, one of the South
Orkney Islands in the maritime Antarctic (Dézsa-Farkas
& Convey, 1997), but based on our findings, it is not an
isolated genus on one of the Subantarctic islands. The
presence of Christensenidrilus with several species
may indicate that it may be typical of the biogeographic
region, but more extensive sampling would be needed
to confirm this. Interestingly, the type species C. blocki
was not among the species found in Patagonia.

A comparison of the Patagonian enchytraeid fauna with
that in similar climates but different geographic regions is
difficult. As there is no other continent at this latitude in
the Southern Hemisphere, consequently, the enchytraeid
or mesofauna can only be compared with that observed
in the Northern Hemisphere. The corresponding
latitude (54.6°-54.8°) passes through southern Canada
(British Columbia to Newfoundland) in North America.
However, the altitudinal tree line is situated somewhat
south: studies in the Mealy Mountains (Labrador) report
the tree line at approximately 600 m elevation at 53.6° N
latitude. Dash (1970) and Dash and Cragg (1972) reported
10 enchytraeid species from various habitats (aspen and
coniferous woodland and fen area) further south, from
Kananaskis Valley, Canadian Rocky Mountains (around
51°N). However, samples were collected at a higher
altitude (1380 m). Further terrestrial enchytraeid data
are from the vicinity of Montréal (Nurminen, 1973),
and the more northerly regions of Canada. For example,
Christensen and Dozsa-Farkas (2006) conducted
research further north, examining areas in the Canadian
Arctic Archipelago (CAA) in addition to northeastern
Greenland. They described 19 species from the CAA; 12
of these are widely distributed, suggesting that they may
also occur further south. Among these species, we also
found Henlea heleotropha and H. perpusilla.

In Europe, the 54.6°-54.8° N latitude range passes
through areas such as Northern Ireland, Denmark, or
southern Lithuania. However, due to the warm ocean
currents that moderate Europe‘s climate, conditions are
not directly comparable to the Americas. For instance, the
tree line at an elevation of 550—650 meters occurs around
67-69° N in Scandinavia (Fassl et al. 2024, Gustafson
et al. 2021, Moen et al. 2008). Based on the vegetation
transition (subarctic/subantarctic forest to tundra) and
temperature conditions, our YNP study sites correspond
roughly to the Abisko region in Sweden (Parker et al.

2014). In their comprehensive work examining the
Swedish enchytraeid fauna, Rota et al. (1998) reported
22 species from the Abisko region. Among these, only
widely distributed Enchytraeus buchholzi s.l. and
Buchholzia appendiculata were found in Patagonia.
Further overlapping genera are Henlea, Fridericia and
Mesenchytraeus.

In Asia, the latitudes in question span Siberia, which
has a subpolar continental climate with long winters,
cool summers, and year-round precipitation (Dfc in
the Koppen-Geiger system) (Peel et al., 2007). At the
same time, given the continent’s vast extent and local
geographical conditions, this can entail a variety of
vegetation types (mixed forests, deciduous needleleaf
forests, wetlands, shrublands) (Beak et al., 2025).
Thus, comparison with the Patagonian fauna has little
relevance. The diversity and abundance of enchytraeid
fauna of the northern Palaearctic region were presented
in two studies (Degtyarev et al. 2024; Saifutdinov et al.
2025).

The first data presented here, and the ongoing species
descriptions, show that this region harbors numerous
new species of enchytraeids and is therefore definitely
worth further faunistic research.
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Figures S4-S8. (Fig. S4. The view of Cerro Condor
through the Nothofagus forest., Fig. S5. A typical
view of a Nothofagus stand on the southern slope of
Cerro Condor, at an elevation of approximately 400 m
a.s.l.,, Fig. S6. The view of Yendegaia Bay from Cerro
Condor. Behind the bay, the easternmost summits of
Cordillera Darwin are visible., Fig. S7. The view of
Yendegaia Bay., Fig. S8. Coastal meadow and the edge
of a mixed forest along the shore of Yendegaia Bay.
Available at https:/doi.org/10.25674/521.
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