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Effect of volcanic ash over Orthoptera survival in Patagonia
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ABsTRACT. The aim of this work was to evaluate the ash toxicity from the Puyehue-Cordén Caulle volcanic
complex on the survival of two Orthopteran species: the grasshoper Dichroplus vittigerum and the green locust
Brugilis sp. Two grain size were used to evaluate the effect of volcanic eruption on these insects. Chemical
analyses from this eruption proved that the ashes were very abrasive and predominantly composed of silica
shards (5iO,) and aluminia (ALQ,), two substances with insecticidal properties. In northern Patagonia, both
orthopteran species are polyphagous chewers on grasses and dicots. The laboratory data showed that sustained
exposure to volcanic ash induced mortality in adult grasshoppers. Survival of D. vittigerum significantly
decreased once exposed to the two ash granulometries. In turn, Brugilis sp. survival was significantly reduced
when exposed to fine grain ashes. These results suggest that the onset of the volcanic eruption with the
consequent suspension of the pyroclastic material in the air might negatively impacted these orthopteran due
to the mortality of adults. The ash from the Puyehue-Cordén Caulle volcanic complex could be compared to
the application of non-persistent and broad spectrum insecticide, causing a temporary reduction in orthopteran
populations.
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ResuMeN. Efecto de la ceniza volcanica sobre la supervivencia de ortépteros en la Patagonia: El objetivo de este
trabajo fue evaluar la toxicidad de las cenizas volcanicas del volcan Puyehue-cordén Caulle en la supervivencia
de dos especies de Orthoptera: la tucura Dichroplus vittigerum y la langosta verde Brugilis sp. Se utilizaron dos
granulometrias de ceniza para evaluar el efecto de las erupciones volcanicas sobre estos insectos. El anélisis
quimico de la ceniza de esta erupcién demostré que estas fueron muy abrasivas y estuvieron predominantemente
compuestas por fragmentos de silice (SiO,) y altimina (Al,0,), dos sustancias con propiedades insecticidas. En
el norte de la Patagonia, ambas especies de ortdpteros son polifagas, masticadoras de pastos y dicotiledéneas.
Los datos de laboratorio mostraron que la exposicién sostenida a la ceniza volcanica provocé mortalidad
en adultos de ambas especies. La supervivencia de D. vittigerum disminuy¢ significativamente bajo las dos
granulometrias. La supervivencia de Brugilis sp. se redujo significativamente ante la ceniza fina. Estos resultados
sugieren que la erupcién volcanica, con la consiguiente suspensién del material piroclastico en el aire, pudo
haber impactado negativamente sobre las poblaciones de ortépteros mediante la mortalidad de adultos. La
ceniza del complejo volcanico Puyehue-Caulle se podria comparar con la aplicacién de un insecticida de amplio

espectro no persistente, causando una reduccién temporal en poblaciones de ortépteros.

[Palabras clave: langostas, Patagonia, polvos inertes, supervivencia, tucuras]

INTRODUCTION

Natural catastrophic events such as volcano
eruptions have greatly affected environments
in wide regions around the world (Elizalde
2014; Fernandez-Arhex et al.,, in press). The
general consequences of this type of event
are loss of habitats for flora and fauna, and
decrease of susceptible insect populations due
to the insecticidal effect of the ashes (Akre 1980;
1981; Shanks & Chase 1981; Buteler et al. 2011;
Fernandez-Arhex et al. 2013). Indeed, insect
populations are affected by the area covered
by the ash plume, duration of the exposure
to volcanic ash, and chemical composition of
the pyroclastic material. These events cause
different impacts according to the taxa and the
stage of insects (Shanks & Chase 1981; Akre
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et al. 1981; Brown & Hussain 1981; Martinez
et al. 2013; Masciocchi et al. 2013; Pirk 2014;
Morales et al. 2014; Ferndndez-Arhex et al., in
press; Pietrantuono et al. 2014).

In June 2011, the eruption of the Puyehue-
Cordén Caulle (PC) volcanic complex in Chile
deposited large amounts of volcanic ash over
Patagonia. This volcanic complex dispersed
about 100 million metric tons of ash over 7.5
million hectares mainly in northern Patagonia
(Argentina) (Gaitan et al. 2011). The magni-
tude of this eruption was so important that
affected distant places, mainly in northern
Patagonia (i.e. Rio Negro and Neuquén). The
volcanic material was dispersed by wind in
west-east direction transporting different ash
grain sizes. In places close to the volcano the
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ash particles size were thicker, while in distant
places ash particles were finer. The chemical
analyses of the volcanic ash showed that is
extremely abrasive (Informe UNCO-Neuquén
2011) and predominantly composed of glass
shards (SiO,) and aluminia (Al,O,) (Buteler et
al. 2011; Mogni et al. 2011), two substances
with insecticidal properties (Shanks & Chase
1981; Subramanyam & Roesli 2000).

The mechanism of action of these insecticides
is through the abrasion and adsorption of the
epicuticular waxes phenomena, leading to
insect’s desiccation. Occlusion of spiracles,
excessive salivation activity, cleanliness
and the interruption of digestive activity by
the accumulation of ash in the intestine are
contributing factors (Wigglesworth 1944; Wille
& Fuentes 1975; Edwards & Schwertz 1981;
Stadler et al. 2010).

Several species of rangeland grasshoppers
and green locusts (Orthoptera: Acrididae)
are considered pests for plants (Ibrahim
1983; Latchininsky et al. 2007). Often, these
insects compete with livestock and wildlife
for grazing resources (Fielding & Brusven
1995). In northern Patagonia, South America,
the native grasshopper Dichroplus vittigerum
(Blanchard), and the migratory green locust
Brugilis sp. (Krauss) are polyphagous chewers
of grasses and dicots. As these species affect
natural grasslands, the main forage source for
extensive livestock (de Wysiecki & Sanchez
1992), they are potential pests for the region.
Besides, many authors predict that climate
change will have a number of effects on
insects: sweeping shifts in herbivory rates,
altered distribution and outbreak frequency
of key insect pests, and unpredictably altered
relationships with natural enemies (Williams
& Liebhold 1995; Fleming 1996; Coley 1998;
Tenow et al. 1999). Therefore, underestanding
the dynamics of this pest species is relevant
for the development of future management
strategies.

Because the ash plume affects the natural
distribution of these insects, we investigated if
grain size of volcanic ash differentially affects
the survival of two orthopteran species, D.
vittigerum and Brugilis sp.

METHODS

Adult females of D. vittigerum were collected from
Colonia Suiza, Bariloche, Rio Negro (541°04723.777,
W 71°32714.417") and Brugilis sp. were collected
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from Ferndndez Oro, Rio Negro (S 35°56°56.25",
W 67°54°30.78"") Argentina. The individuals were
transported to the laboratory to study the effect
of volcanic ash over their survival (measured as
survival probability per day).

Five to six individuals were introduced ina 15 x 30
x 8 cm plastic container with food and volcanic ash
(treatment) or food without volcanic ash (control).
We fed them with fresh leaves of Taraxacum officinale
F.H. Wigg (Asterales: Asteraceae) ad libitum. The
leaves were daily renewed. This forb is widely
distributed in meadows from the area affected by
the volcano. Insects were grouped since they had
enough food to prevent cannibalism (pers. obs.).
A total of five containers were used as it follows:
(1) Grasshopper Control; (2) Grasshopper under
fine grain size; (3) Grasshopper under thick grain
size; (4) Locust Control; (5) Locust under fine grain
size. Each treatment was replicated four times. After
each replicate the containers were washed and
ventilated to avoid pseudo-replication (Ramirez
et al. 2000).

To evaluate the ash effect according to wind
conditions of the rangeland affected by the PC
eruption (mean wind speed in the region is 7 km/
h), a fan was set on top of the plastic containers.
It was turned on four times a day for one hour.
Temperature and humidity were controlled and
established according to Fernandez-Arhex et al.
(2013) (20.43°C = 0.01, 39.57 + 0.09% RH). The
experiment begun when the insects were exposed
to simulated wind and 15 g of volcanic ash collected
from Ing. Jacobacci, Rio Negro (S 41° 18' 0", O 69°
35'0"; the entire container floor was covered with
ash).

In the case of grasshoppers, they were exposed
to two grain particle sizes (n= 20, fine < 500; n=
28, medium= 500 pm and n= 22 control), while
for green locusts, they were exposed only to fine
grain size (n= 18, fine grain and n= 20 control;
because there were few individuals in the field
to capture). Mortality was daily recorded. Data
analyses were carried out using Log-Rank test
for survival analysis. Significantly different least
square means (P< 0.05) were performed with the
Holm-Sidak method (P< 0.05) using the Sigma Stat
3.5 statistical package designed by STATCON®
Witzenhausen, Germany.

REsuLTs

Survival of grasshoppers and green locusts
were significantly reduced by exposure
to volcanic ash. Under ashless conditions
grasshoppers lived 17 + 1.84 (median + SE)
days and locust lived 17 + 4.02 (median +
SE) days. In the case of D. vittigerum, their
survival significantly decreased when they
were exposed to both ash granulometries
(Log-Rank test=35.86, df =2, P < 0.001; Holm
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Figure 1. a, b. Survival times (days) of (a) Dichroplus vittigerum and (b) Burgilis sp. placed in plastic cages with or without
volcanic ash (control) and fed with fresh leaves of dandelion (7Taraxacum officinale) ad libitum. A fan was used to simulate wind
gusts. D. vittigerum: Log-Rank test; Statistic 35.86; df = 2; P < 0.001. Holm Sidak Test applied to the data: control vs. medium
volcanic ash (500 um) P = 0.017; control vs. fine volcanic ash (<500 pm) P = 0.02. Burgilis sp.: Log-Rank test; Statistic 16.42;
df=1; P<0.001. A fan was used to simulate wind gusts. Control (-), Medium ash (...), Fine ash (--).

Figura 1. a, b. Tiempo de supervivencia (dias) de (a) Dichroplus vittigerum 'y (b) Burgilis sp., colocados en jaulas de plastico con
o sin (control) ceniza volcanica, alimentados ad libitum con hojas frescas de diente de ledn (Taraxacum officinale). Se utiliz6é un
ventilador para simular rafagas de viento. Ver detalles en leyenda en inglés.

Sidak Test: control vs. fine volcanic ash, P
= 0.02; control vs. medium volcanic ash, P
= 0.017) (Figure 1a). D. vittigerum survival
decreased on average to 3 + 0.56 (median + SE)
days with fine ash, and 9 + 0.88 (median + SE)
days with medium size ash. In turn, Brugilis
sp. survival was significantly reduced when
exposed to fine ash (Log-Rank test; Statistic
16.42; df= 1; P< 0.001) (Figure 1b). Survival
was reduced on average to 8 + 1.35 (median
+ SE) days when exposed to fine ash.

DiscussioN

Ash treatments increased the mortality
of grasshopper and green locust species,
regardless of the grain size. The lower survival
could be due to the abrasive exposure of this
ash suspended in the air, causing desiccation
of the insects. Ash may also cause occlusion
of spiracles, salivation, excessive grooming
activity and ash accumulation in the digestive
system with consequent death (see Buteler
et al. 2011, 2014). Shanks and Chase (1981)
demonstrated the effect of ash in weevils.
The constant walking and feeding on ashes
produced the insertion of ash particles into
membrane areas between the mouthparts
and appendages, where tissue is susceptible
to be damaged. For this reason, they stated
that these insects lose their abilities to feed,
and finally die of desiccation. Also, in
honeybees (Apis mellifera) the volcanic ash of

PC reduces its survival, indicating that there
is no mechanism to prevent ingestion of food
contaminated with ash (Martinez et al. 2013).
In the case of invasive wasp Vespula spp.,
their populations were severely affected by
the ash deposition and plume, caused by the
eruption of the volcano. Populations of this
wasp were completely devastated in areas
where ash thickness was >3 cm (Masciocchi
et al. 2013). On the other hand, Morales et al.
(2014) studied the impact of the ash in the
foraging behavior of bees. They evaluated
the effect of the gradient of increasing ash
layer thickness on wild bees, native (Bombus
dahlbomii) and invasive (B. terrestris and B.
ruderatus) bumble bees. They found, with
the increase of ash deposition, a consistent
and significant decrease in: the number of
wild bees and total bee richness visiting
raspberry flowers; the number of bumble bees
(particularly B. terrestris) visiting wild flowers;
and the proportion of triggered flowers of
scotch broom. Thus, volcanic eruptions of PC
can exert a detrimental effect on bee fauna.

Our results, in addition to those obtained by
Fernandez-Arhexetal. (2013), may suggest that
the survival of grasshopper and green locust
adults could be affected by a combination of
factors like climatic conditions during the
initial ash fall, dispersal of the ash by wind
and suspended volcanic ash, regardless of
particle size. A volcanic eruption causes
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changes in the environment, Chaneton et
al. (2014) argued that ash fall on distant
forest canopies and soils may disrupt species
interactions and ecosystem level processes like
primary productivity and herbivory (Bishop et
al. 2005, Marske et al. 2007). They considered
that the effects from ash fall varied with site
distance to the crater (see also Dale et al. 2005).
Thus herbivorous searching behavior could be
affected. Consequently, the possible impact of
the volcanic ash is not the same for all insect
species, depending mainly on their habits,
behavior, motivation and life cycle (Marske
et al. 2007; Pietrantuono et al. 2014).

In this work, we may assume that the ashes
will have a long term effect on the insects’
survival. This may occur because when
the ashes fell, on June 2011, the eggs of the
evaluated insects were located underground,
fully protected of ash effect; as a consequence
the populations from the area affected with the
volcanic ash would be negatively influenced
in the following seasons. In these seasons
the nymphs and adults will emerge in an
environment contaminated with ash, together
with the prevailing conditions of wind and
warm weather from the region, so that the
volcanic ash will have a negative effect on
insects due to its abrasive and desiccant
action.

Fernandez-Arhex et al. (2013) had shown
that the toxicity of this volcanic ash has
an insecticidal effect similar to that of
diatomaceous earth (an inert dust with
insecticidal properties). Suggesting that
volcanic ash could be use as a natural
insecticide. Therefore, this ash may be
compared to the application of non-persistent
and broad spectrum natural insecticide as
well as it can be used in integrated pest
management strategies. Further studies are
needed to understand the effect of this volcanic
ash on these insects population in the field. It
is also necessary to evaluate the effectiveness
of volcanic ash as an indoors insecticide such
as in greenhouses.
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