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Persistence of epiphytic lichens along a tephra-depth gradient produced by the
2011Puyehue-Cordon Caulle eruption in Parque Nacional Puyehue, Chile
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SUMMARY

Lichens, symbioses between fungi and algae or cyanobacteria, are diverse and abundant in humid temperate forests in mountain
ranges such as the Andes. They are also sensitive to changes in atmospheric conditions. We suspected lichens would show die back
as a result of tephra fall from the 2011 Puyehue-Cordén Caulle volcanic eruption. We measured macrolichen community composition
six months after initiation of the Caulle eruption at four sites along a tephra depth gradient from 10 to 50 cm. We also monitored the
lichen community on permanent tree-bole quadrats over the next three years. We found 81 macrolichens species on seven plots at four
sites across the tephra depth gradient. Plot species richness ranged between 23 and 34 lichen taxa. Nearly three years after the eruption,
lichens in quadrats on tree boles showed no obvious trend of mortality in response to depth of tephra deposition. We concluded that
lichen communities, despite being sensitive to atmospheric conditions, were able to survive the disturbance of up to 50 cm of tephra
deposition three years after the eruption in part because of their position on the vertical sides of tree boles, which prevented abrasive
impact and smothering by tephra deposition.
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RESUMEN

Los liquenes, una simbiosis entre un hongo y un alga o cianobacteria, son muy diversos y abundantes en bosques templados humedos
en sistemas cordilleranos como lo es la Cordillera de Los Andes. Asimismo, son altamente sensibles a los cambios en las condiciones
atmosféricas. Producto de la erupcion del volcan Puyehue-Cordon Caulle del afio 2011, se predijo su potencial disminucion y
desaparicion. Para evaluar esta condicion, se midi6 la comunidad de macroliquenes seis meses después del inicio de la erupcion del volcan
Puyehue-Cordon Caulle en cuatro sitios con diferente grado de depdsito de material volcanico, con profundidades de entre 10 y 50 cm.
También se monitorearon las comunidades liquénicas en cuatro cuadrantes permanentes en un lapso de tres afios. Fueron encontradas
81 especies de macroliquenes en siete parcelas en cuatro sitios a lo largo del gradiente de acumulacion de material piroclastico o tefra.
La riqueza de las parcelas vari6 entre 23 y 34 especies. Luego de casi tres afios después de la erupcion, la presencia de liquenes en
cuadrantes sobre troncos de arboles no mostro tendencia alguna hacia la mortalidad en respuesta a diferentes profundidades de deposito
de material piroclastico. Se concluyd que las comunidades liquénicas, a pesar de ser sensibles a las condiciones atmosféricas, fueron
capaces de sobrevivir a la acumulacion de hasta 50 cm de deposito de material pirocléstico tres afios después de la erupcion, en parte
dada la posicion vertical de los troncos, que previno el impacto abrasivo y cobertura del material piroclastico.

Palabras clave: bosque montano, disturbio volcanico, repetir fotografia, vegetacion.

INTRODUCTION Grishin et al. 1996, Antos and Zobel 2005) relatively few

have examined lichens. Lichens, symbioses between fungi,

Biotic responses to volcanic eruptions vary widely de-
pending on the organism and nature of the volcanic distur-
bance. Understanding biotic factors involved in ecosystem
responses to disturbance can help us better gauge future
effects of volcanism on ecosystems, interpret biological le-
gacies and prepare for or mitigate problems for human acti-
vities after eruptions. Although many studies document ve-
getation responses to volcanic eruptions (Veblen et al. 1977,

algae and/or cyanobacteria, are ubiquitous in temperate rain
forest ecosystems along the Pacific rim, including southern
Chile (Galloway 1988, 1992). In temperate forests, lichens
can contribute large amounts of nitrogen (Kurina and Vi-
tousek 1999), significantly add to the terrestrial biodiversi-
ty (Galloway 1995) and stabilize soil (Jackson and Keller
1970). Lichens are also highly sensitive to atmospheric con-
ditions and have been widely used in air quality monitoring

97



BOSQUE 37(1): 97-105, 2016
Persistence of epiphytic lichens along a tephra-depth gradient

(Conti and Cecchetti 2001). By virtue of their sensitivity,
they may also provide a uniquely sensitive measure of the
ecological impacts of atmospheric chemical changes cau-
sed by a volcanic eruption (Davies and Notcutt 1988).

Most studies of volcanic disturbances that included
lichens focused on establishment on lava flows (Skotts-
berg 1941, Jackson 1971, Bjarnason 1991, Kitayama et al.
1995, Sipman and Raus 1995). The handful of studies that
examined other types of eruption processes, such as te-
phra fall (Grishin et al. 1996), pyroclastic flows or lahars
(Nelson et al. In Press), occurred more than 30 years after
the eruption. The eruption of the Puyehue-Cordén Caulle
complex in south-central Chile, which began June 4, 2011,
provided an opportunity to study lichen responses within
months after an eruption. The eruption also created a gra-
dient of tephra depth along which lichen response could be
observed. Our general goals are to observe lichen commu-
nity composition along a tephra depth gradient and moni-
tor lichen community changes across several years in the
most impacted areas accessible around Volcan Puyehue.
We expected that lichens would likely perish soon after the
eruption, due to their sensitivity to physical abrasion from
tephra, heat and volcanic chemical emissions.

METHODS

Study area. See Swanson et al. (2016) for description of
sampling area, situated on the border between Chile and
Argentina southeast of Volcan Puyehue along Ruta 215 in
an area between Chilean and Argentinean customs stations.

Plot selection. Access to the eruption zone near Volcan Pu-
yehue was constrained to areas easily accessible on foot
from Ruta 215. We installed plots in January 2012 posi-
tioned along the tephra depth gradient at 10, 25, 35 and
50 cm tephra depths in patches of native forest with no
evidence of human disturbance and located on gentle slo-
pes hence the tephra remained in place. The forest type on
plots varied along the tephra depth gradient. Plots at 10 cm
of tephra depth were dominated by Laureliopsis philippia-
na (Looser) Schodde. with a few, large Nothofagus dom-
beyi (Mirb.) Oerst. and significant Chusquea culeou Desv.
understory cover. Forests in plots at 20 cm of tephra depth
were dominated by a mixed-size stand of N. dombeyi with
a few Nothofagus pumilio (Poepp. et Endl.) Krasser and
some Drimys andina (Reiche) R.A. Rodr. et. Quez. protru-
ding from the tephra. At 35 cm of tephra depth, our plots
were dominated by a relatively dense, even-sized cohort
of N. pumilio with a few, larger N. dombeyi and some
D. andina understory. The forests at 50 cm of tephra depth
were composed by a mixture of N. dombeyi and N. pumilio
and some D. andina understory. See Swanson et al. (2016)
for more details on forest structure on the plots.

At each tephra depth station, two circular plots 34.7 m
in radius were positioned at both ends of a 100 m transect
used by Swanson et al. (2016). On each plot, two methods
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were used to measure the lichen community; 1) we esti-
mated the abundance of each macrolichen species on all
substrates by searching the entire plot and; 2) measured
the abundance of lichens through time (without identifying
lichen species) using repeated photography of 0.2 m? qua-
drats installed on selected tree boles.

Plot sampling. On each plot, one of the two authors sur-
veyed the lichen community on all available substrates,
which involved searching for macro-lichen species (larger
species, excluding crustose species requiring microscopy
for identification, hereafter referred to as “lichen”). Vou-
chers of species not confidently identifiable in the field
were collected for identification in the lab. Each lichen
species was assigned one of four abundance classes: 1=
1-3 thalli, 2= 4-10 thalli, 3= >10 thalli, 4= more than half
available substrate occupied by the species. A thallus is an
individual lichen. Available substrate means boles, bran-
ches and twigs of trees and shrubs for epiphytic species
and the ground surface and thin soil over rock for terrico-
lous species. Each plot was searched for a minimum of 30
min and maximum of 2 h. Searching ceased when 15 min
elapsed without finding a new species.

Tree quadrats. One tree on each plot (two trees per transect)
was opportunistically selected as representative of the li-
chen community. The tree species, circumference at breast
height (1.37 m above ground) and whether it was alive or
dead were recorded. Four stainless steel rivets were driven
into the tree demarcating a permanent, rectangular qua-
drat 0.2 m? in area (75 cm x 26.666 cm = 2,000 cm?) with
bottom of each quadrat 1 m above ground. We selected
this size of quadrat to fit on a range of tree diameters while
also remaining relatively flat for photography, capturing a
large enough area of the tree bole but not being too large to
make examination and photographing the quadrat physica-
Ily cumbersome. In 2012, we took high-resolution digital
photographs of each quadrat, with subsequent photographs
taken January 2013 and December 2013. We used “2014”
to designate the austral summer of 2013-2014. Quadrat li-
chen cover was estimated by superimposing a grid of 100
points on each image in Adobe Photoshop and counting
the number of points intersecting live lichens.

RESULTS

A wide range of lichen species survived the initial erup-
tion. Most lichens were encountered on boles, branches or
litter fall. Very few lichens were observed growing on the
ground and all those found on the tephra surface were litter
fall from the canopy, not surviving terrestrial lichens.

Eighty-one lichen species were found on the plots. Li-
chen species richness ranged from 23 to 34 species on a
plot (table 1).

Initial lichen cover within the 0.2 m? tree quadrats ran-
ged from nine to 66 % cover. Lichen cover on the tree qua-
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Table 1 Continued
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=} =] > B o B o 5 3 5 B s B 3
Hypotrachyna densirhizinata Pseudocyphellaria faveolata
(Kurok.) Hale 1975 ! ! 2 3 057 (Delise) Malme 1899 4 4 ! 4 4 ot
Hypotrachyna pseudosinuosa Pseudocyphellaria flavicans
(Asahina) Hale 1975 2 0.14 (Hook. f. et Taylor) Vain. 1913 4 4 4 4 3 4 4 L
Leifidium tenerum Pseudocyphellaria gilva
(Laurer) Wedin 1993 4 4 4 4057 (Ach.) Malme 1899 2 0.14
Leptogium cyanescens Pseudocyphellaria glabra
(Rabenh.) Korb. 1855 2 0.14 (Hook. f. et Taylor) C.W. Dodge 1948 4 4 2 4 3 3 086
Leptogium decipiens Pseudocyphellaria granulata
PM. Jorg. 1995 2 0.14 (C. Bab.) Malme 1899 2 0.14
Leptogium laceroides 1 0.14 Pseudocyphellaria guilleminii 1 014
B. de Lesd. 1933 ' (Mont.) D.J. Galloway 1986 '
Leptogium valdivianum Pseudocyphellaria hirsuta
M. Lindstr. 1996 2 0.14 (Mont.) Malme 1899 ! 0.14
Melanelia subglabra Pseudocyphellaria intricata
(Résénen) Essl. 1978 2 1029 (Delise) Vain. 1898 3 2 2 2 057
. Pseudocyphellaria lechleri
Menegazzia sp. 1 2 2 3 1 3 4  0.86 (Miill. Arg.) Du Rietz 1940 1 014
. Pseudocyphellaria nitida
Menegazzia sp. 2 1 3 3 0.43 (Taylor) Malme 1899 4 0.14
Menegazzia opuntiodes Pseudocyphellaria norvegica
(Mill. Arg.) R. Sant. 1942 3 2 4 2 057 (Gyeln.) P. James 1979 2 0.14
. Pseudocyphellaria obvoluta
Menegazzia sp. 3 2 4 2 3 1 3 0.86 (Sw.) Malme 1899 2 3 3 2 2 071
. Pseudocyphellaria pilosella
Menegazzia sp. 4 2 2 4 4 2 2 086 Malme 1899 4 3 0.29
Nephroma analogicum Pseudocyphellaria piloselloides
Nyl. 1876 4 4 2 043 (Résdnen) H. Magn. 1940 3 0.14
Continue
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drats heterogeneously changed between 2012 and 2014
with respect to tephra depth. For example, at 35 cm in the
tephra depth site, lichen cover increased on one tree and
decreased on another tree at the same site (table 2). Even
three years after the eruption, images of the lichens in the
tree quadrats appeared remarkably similar to the images
taken six months after the eruption began (figure 1). We
could easily distinguish the same, individual lichen thalli
with more or less the same extent alive for most thalli in
most of the tree quadrats three years after the eruption.

DISCUSSION

Epiphytic lichens are generally poorly adapted to phy-
sical disturbance, at least in the short term (Johansson
2008). They are also sensitive to both low pH precipitation
and high concentrations of sulphur dioxide (Hawksworth
and Rose 1970) or hydrogen fluoride (Nash 1971), all of
which are atmospheric chemical changes potentially pro-
duced by volcanic eruptions. We expected lichen species
richness and abundance would decrease in response to a
combination of physical or chemical disturbance origina-
ting from Puyehue-Cordon Caulle eruption. We specifica-
lly expected tephra fall to either smother or abrade lichens

Table 2. Count of points (out of 100) in each tree quadrat covered
by lichen from the three years since the 2011 Puyehue-Cordon
Caulle eruption. Site is the depth of tephra, tree is the species
(coihue = Nothofagus dombeyi (Mirb.) Blume and lenga =
N. pumilio (Poepp. et Endl.) Krasser), status is either alive or
dead and size is circumference at breast height (1.3 m). Change
is the magnitude and direction of change of percent lichen cover
between 2012 and 2014.

Cantidad de puntos (sobre 100) en cada cuadrante de arbol
cubierto por liquenes en los tres anos desde la erupcion de 2011 del com-
plejo Puyehue-Cordon Caulle. Sitio es la profundidad de tefra, arbol
es la especie (coigue = Nothofagus dombeyi (Mirb.) Blume y lenga =
N. pumilio (Poepp. et Endl.) Krasser), el estado es vivo o muerto y el
tamailo es el perimetro a la altura del pecho (1,3 m). El cambio es la mag-
nitud y la direccion del cambio de la cubierta de liquenes en porcentaje
entre 2012 y 2014.

Site/Tree/Status/Size 2012 2013 2014 Change
10 cm, coihue, dead, 360 cm 57 55 41 -16
10 cm, coihue, dead, 720 cm 29 36 35 +6
25 c¢m, coihue, dead, 148 cm 31 39 27 -4
25 cm, coihue, dead, 210 cm 9 16 7 -2
35 cm, lenga, alive, 134 cm 66 62 56 -10
35 cm, lenga, alive, 195 cm 18 31 28 +10
50 cm, coihue, dead, 269 cm 49 43 35 -14
50 cm, lenga, alive, 149 cm 22 32 16 -6
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and anticipated changes in atmospheric chemistry caused
by the eruption could cause lichen damage or mortality.
Both of these expectations were proven to be unsuppor-
ted. Pre-eruption forest conditions differed among plots,
which also contributed to the observed variation in lichen
communities, independent from the volcanic disturbance.
Nonetheless, our results here support the simple, yet sur-
prising, conclusion that many epiphytic lichens were able
to persist after a range of tephra deposition depths.

Previous studies on lichen responses to volcanism, all
of which occurred decades after the eruptions, found li-
chen species richness and cover can be quite high in dis-
turbed areas. However, most previous studies occurred in
subalpine or alpine habitats where terrestrial lichens are
more common even before the eruption. In contrast, our
field experience in south central Chilean forest prior to the
eruption suggests terrestrial lichens are relatively low in
abundance and diversity compared to the epiphytic lichen
community because of the small amount of habitat sui-
table for ground dwelling lichens, such as rock outcrops
or thin, gravelly soils and very low light conditions that
favor bryophytes. Coarse woody debris, however, is com-
mon on the ground in these forests and is often colonized
by lichens predominantly found on wood, such as some
Cladonia sp. We found only two of the 13 Cladonia spe-
cies reported from nearby Parque Nacional Vicente Pérez
Rosales (Rédon 1974) suggesting these lichens may have
been buried by tephra or conditions were not suitable prior
to the eruption, such as extremely low light conditions or
competition from bryophytes.

Grishin et al. (1996) studied vegetation response, in-
cluding lichens, along a tephra depth gradient 89 years
after the Ksudach volcano erupted on the Kamchatka
peninsula, Russia, in 1907. However, they sampled only
ground-dwelling lichens, excluding epiphytes from their
sampling. They found an increase in ground-dwelling li-
chen diversity with increasing tephra depth. The species
richness pattern at Ksudach suggests lichens escaped
competitive pressure by colonizing harsh physical envi-
ronments devoid of vascular vegetation where deep tephra
suppressed vascular plant growth. This supports the es-
tablished theory that lichens are stress tolerant and poor
competitors (Grime 1977). Another study sampled all li-
chens, including epiphytes, in different disturbance zones
32 years after Mount St. Helens erupted in 1980 (Nelson
et al. In Press). They found overall lichen diversity was
higher on the massive landslide deposit, where lichens had
a wide variety of substrates, including two species of trees,
shrubs, rocks and soil, to grow upon and yet a low density
of plants competing for resources. In the relict forest pat-
ches subjected to tephra fall near Mount St. Helens, Nel-
son et al. (In Press) found that many lichens common in
old-growth forest canopies (measured via litterfall and fa-
llen branches) and boles apparently survived the eruption.
However, it is not clear whether all or some of the lichen
species they observed in the relict forest actually persisted
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TDN-35 Lenga Alive 134
A, R 5%

Figure 1. Photographs of tree quadrats at 10 cm and 35 cm tephra depths 6 months, 1.5 and 2.5 years after the June 4, 2011 Puyehue-

Cordon Caulle eruption.

Fotografias de los cuadrantes de arboles en 10 cm y 35 cm de profundidad de tefra seis meses, 1,5 y 2,5 afos después de la erupcion del 04

de junio de 2011 del complejo Puyehue-Cordon Caulle.

or re-colonized in the 32 years between the eruption and
sampling. Several of the species they found are thought
to be very dispersal limited, implying survival rather than
re-colonization.

We found diverse epiphytic lichen communities, similar
to areas not impacted by the eruption (Redén 1974, Rubio
etal. 2013), had survived in close proximity (ca. 20-50 km)
to the vent of the 2011 Puyehue-Cordon Caulle eruption,
despite up to 50 cm of tephra deposition (figure 1, tables

1 and 2). We found 81 lichens species compared to 141
(Rédon 1974) and 183 species (Rubio 2013) found in flo-
ristic surveys of nearby Vicente Pérez Rosales and Con-
guillio National Parks, respectively. Our study encounte-
red a large portion of this regional lichen flora considering
we only sampled seven plots, further implying no large
lichen die off occurred in the six months after the erup-
tion. The lichens that survived represented a wide range of
morphological, chemical and reproductive traits, implying
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no one group of lichens was differentially exterminated
(table 1). In contrast to Ksudach, we observed very few
ground-dwelling lichens at Puyehue-Cordon Caulle. Since
we conducted fieldwork so soon after the Puyehue-Cordon
Caulle eruption, it is unclear when or whether the ground
dwelling lichens will colonize the tephra. Many ground or
rock-dwelling species found in the area were not present
in our sample (Redon 1974), leaving open the possibility
that those species were buried in the eruption and therefore
undetected in our sampling. It remains possible that the
deeper tephra areas will have suppressed vascular vege-
tation for some time, potentially allowing lichens to co-
lonize and persist. This could produce a similar positive
association of lichen species richness and tephra depth, as
was found at Ksudach. However, since lichens were not
frequent on the ground prior to the eruption, we expected
most of the lichen diversity and abundance to remain in
the canopy. Similar to Mount St. Helens where lichens oc-
curred in relict forest patches that experienced only tephra
fall, we observed lichen persistence across tephra depths
at Puyehue-Cordon Caulle. The mechanisms permitting
lichen persistence after the Puyehue-Cordén Caulle erup-
tion remain unclear. However tephra texture, temperature
and chemistry likely play important roles as does tree ar-
chitecture, which could provide shelter from the brunt of
the tephra fall. If the characteristics of the eruption were
different, such as laterally projected tephra, more dense
lithic ejecta, more fine ash, all of which occurred at Volcan
Chaitén south of Puyehue-Cordén Caulle (Swanson et al.
2016), then we expected lichens would experience more
mortality. Indeed, preliminary results from a parallel study
conducted by the authors four years after the 2008 eruption
of Volcan Chaitén suggest very different lichen responses
from those at Puyehue-Cordon Caulle.

The vertical orientation of tree boles and the assumed
vertical descent of the tephra likely protected the lichens
from much of the physical impact force and abrasion of the
falling tephra. Also, most of the tephra from this eruption
was pumice, which has very low density. The impact force
of pumice against the tree boles was likely tolerable for the
lichens. Another factor potentially contributing to lichen’s
persistence was widespread tree survival, which left their
bark intact. Dead trees apparently killed by the tephra de-
position had not yet lost their bark, consequently lichen
cover at the plot and tree levels may change in the next
5-10 years as bark of dead trees falls off or if trees thought
to be dead turn out to have had delayed re-sprouting.

We also note the persistence of lichens as indication
there was likely limited to no volcanic fluorine emissions
sufficient to produce lichen damage. Many lichens are sen-
sitive to acidic compounds such as the hydrogen fluoride
(HFT) (Nash 1971), the form of fluorine frequently emitted
from explosive volcanic events. If there were significant
HFI emissions from the 2011 Puyehue-Cordén Caulle
eruption, we believe we would not have observed the di-
versity and abundance of lichens both on the plots.
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CONCLUSIONS

Epiphytic lichens near volcanic eruptions can appa-
rently survive up to 50 cm of tephra deposition at least
three years after an eruption. We attribute the persistence
of epiphytic lichens to the vertical orientation of the trees
upon which they grow, the low-density, pumice-rich te-
phra of the 2011 Puyehue-Cordén Caulle eruption and the
apparent lack or limited extent of gaseous emissions toxic
to lichens. It is notable that lichens, thought being some
of the most sensitive organisms to atmospheric conditions,
survived a substantial volcanic eruption in close proximity
to the vent of the Puyehue-Cordon Caulle eruption.

Lichen responses to the Puyehue-Cordon Caulle erup-
tion may have differed from impacts of other forest distur-
bances, such as logging or fire, since the forest was largely
left intact, with mostly branch damage or tree mortality
confined to deeper tephra deposition and no tree removal.
Also, gaseous volcanic emissions that could produce li-
chen necrosis or mortality (eg. sulphur, fluorine or chlori-
ne compounds) may have differed from chemically similar
anthropogenic air pollution sources, as volcanic eruptions
may be of shorter duration and lower concentration than
are chronic emissions from industry. These differences
between volcanic and other disturbances belie the need
for conceptual framework within which to compare lichen
responses to different disturbance processes.
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