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ABSTRACT: In April 2020, nearly 5,000 free-ranging common frogs (Rana temporaria) were found dead
on the surface of the water in a retention pond in the Swiss Alps. Macroscopic and microscopic lesions
revealed multisystem emphysema, affecting multiple organs. The most severe lesions were seen in the
skin, eyes, and blood vessels of internal organs and were secondary to the sudden massive distension of
the skin and other affected organs. All frogs had similar lesions consistent with those described
associated with gas bubble disease. No obvious pre-existing conditions potentially priming the
occurrence of the observed lesions could be detected. All the examined frogs were negative by PCR for
Batrachochytrium dendrobatidis, Ranavirus and Ranid Herpesvirus 3 (now Batravirus ranidallo 3).
The proposed etiology is considered to be an undetermined physical event, leading to an abrupt change
in the molecular or physical characteristics of the water (namely pressure and oxygen or other gas
supersaturation), resulting in the occurrence of the observed lesions in the frogs. No obvious pumping
system malfunction was recorded in the Mägisalp ponds before the mass mortality, but a sudden and
temporary undetected change in the water flow, which then quickly rebalanced, cannot be excluded.
Other hypotheses include weather conditions, such as lightning strikes in the water, or a device
detonating in the water.

Key words: Anurans, gas bubble disease, gas supersaturated water, oxygen supersaturated water,
wildlife.

INTRODUCTION

Gas bubble disease (GBD) is a recognized
noninfectious disease entity (syndrome) oc-
curring in aquatic species when the water is
supersaturated with atmospheric gases (Colt
et al. 1984a). The maximum volume of gas
that can be dissolved in a liter of liquid at a
specific pressure and temperature is defined
as the gas solubility. The resulting solution is
then saturated. A supersaturation of total
dissolved gas (TDG) occurs when the volume
of dissolved gas exceeds the gas solubility (Lu
et al. 2019).

The first description of GBD was in the
19th century in aquarium fish (Weitkamp and
Katz 1980). Several studies have since shown
that TDG supersaturation was associated with
fish mortality (Dawley and Ebel 1975; Weit-
kamp and Katz 1980; Bentley and Dawley

1981; Kulshrestha and Mandal 1982; Speare
1990; Geist et al. 2013; Machova et al. 2017).
Nitrogen and, in smaller amounts, argon are
the main gases involved (Colt et al. 1984b). As
oxygen is assimilated by the animal’s metab-
olism, it is less likely to cause persistent
bubble formation, but it can be dangerous at
very high concentrations (Noga 2010).

The main cause of death of the affected
animals is anoxia, secondary to blood stasis
caused by emboli (Stroud et al. 1975;
Weitkamp and Katz 1980; Colt et al. 1984b;
Machado et al. 1987). Level of supersaturation
greater than 115% may be lethal to fish
(Dawley and Ebel 1975; Huang et al. 2010;
Geist et al. 2013). Lesion severity depends on
the degree of supersaturation, the duration of
exposure, and the age and species of the
affected animals (Lutz 1993; Roberts 2012; Lu
et al. 2019). Thus, supersaturation can also
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cause chronic pathologies in aquaculture (Colt
1986; Tsai et al. 2017). This syndrome has
been reported at all life stages of fish (Roberts
2012), although earlier stages of development
are less severely affected than more advanced
stages (Geist et al. 2013).

Gas bubble disease remains a common
problem in fish aquaculture; it can also affect
other invertebrate and vertebrate species such
as molluscs (Malouf et al. 1972; Elston 1983;
Bisker and Castagna 1987; Ross et al. 2018),
crustaceans (Johnson 1976; McDonough and
Hemmingsen 1984), and anuran species (Colt
et al. 1984a; Mutschmann 2005; Tsai et al.
2017). In amphibians, this disease has been
mainly described in captive individuals. The
effects of water supersaturation have been
experimentally studied in various Rana spp.
(Egusa 1954). Only scarce information is
available for free-ranging amphibians, such
as what occurred in Barton Spring salamander
(Eurycea sosorum) in 2002 in the USA (U.S.
Fish and Wildlife Service 2005).

We report a massive acute mortality event
with findings consistent with GBD in a free-
ranging population of common frog (Rana
temporaria) in Switzerland.

MATERIAL AND METHODS

Field data

In April 2020, during a field survey, a
collaborator of the Department for Nature
Promotion (Abteilung Naturförderung) of the
canton of Bern, Switzerland found about
5,000 dead common frogs floating in a
mountain retention pond in Mägisalp, Bern,
Switzerland at about 1,700 m above sea level
(Fig. 1). The frogs floated on the surface of
the water, most on their backs, although some
on their bellies, with fore and hind limbs
extended. These ponds offer a natural spot for
reproduction of the common frog. This
species is widespread across Europe and the
most common frog species in Switzerland
(Lüscher et al. 2016), with distribution
extending up to 2,800 m in altitude (Spey-
broeck et al. 2021).

A pump from a village farther down the
valley fills the retention pond automatically (P.
Michel pers. comm. 2022). The water comes
from the overflow of the Mägisalp drinking
water supply. There is no automatic draining;
only a vertical pipe in the lake regulates the
overflow (P. Michel pers. comm. 2022). A
second smaller independent pond not con-
nected to the previous one is located about
100 m from the affected retention pond.

Animals and pathology investigation

Eight dead adult common frogs, two
females and six males, were submitted to the
Institute of Fish and Wildlife Health (FIWI)
at the University of Bern for a full postmortem
examination, including macroscopic, histo-
pathologic, and microbiologic investigation.
All organs were collected, fixed in 10%
buffered formalin, processed, and embedded
in paraffin and stained with H&E according to
the standard protocols carried out at the
Institute of Animal Pathology of the Univer-
sity of Bern, Bern, Switzerland. Additional
samples of skin and liver were frozen at�80 C
for further analysis, including detection of
Batrachochytrium dendrobatidis (Bd), Rana-
virus, and Ranid Herpesvirus 3 (now Batra-
virus ranidallo 3) as previously described
(Origgi et al. 2021).

RESULTS

Field data

The day before this mass mortality, no
abnormalities had been observed in the pond
and its surroundings. In addition to the dead
frogs in the pond, overtly unaffected living
frogs were observed on the banks of the pond
(alive and apparently healthy; they were not
subjected to necropsy). Although this pond is
also home to the common toad (Bufo bufo)
and alpine newt (Ichthyosaura alpestris)
during the summer, neither live nor dead
individuals of these species were observed.
Their absence is consistent with the fact that
their migration had not yet occurred at the
time of the event. No abnormalities were
recorded in the second smaller independent
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FIGURE 1. Retention pond at Mägisalp, Bern, Switzerland. The pipe in the foreground of (B) leads from the
pump, which comes from a village located farther down the valley, and which fills the retention pond
autonomously.
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pond. On the night preceding the discovery, a
severe thunderstorm had occurred in the area,
though unfortunately more information about
the weather was not recorded.

Gross and microscopic examination

The frogs were necropsied the day after the
event, approximately 24 h after death. At this
altitude, the temperature is cool overnight
(about 5–10 C) and autolysis of tissues was
minimal at the time of necropsy.

Males weighed between 36 and 47 g (mean
41.8 g); the two females weighed 38 and 60 g
respectively. Macroscopically, all examined
frogs were severely and diffusely bloated, with

open mouth, either with a distended tongue
projected outside (n¼6) or with a prolapsed
stomach (n¼4; Fig. 2) or both. The epidermis
was characterized by multifocal large-scale
detachment on both flanks of all frogs, and
intracutaneous bulla (Fig. 2). Skin hyperemia
was common: six individuals showed obvious
hyperemia diffusely on the caudoventral
region of the thighs (colloquially known as
drink patches; Fig. 2), extending along the
ventral side of the hind legs (n¼5), as well as
on the back skin (n¼2). Three of eight frogs
had transparent, light-red-colored, serosan-
guineous fluid under the skin in the subcuta-
neous lymphatic sac. The skeletal muscles

FIGURE 2. Gross lesions seen in free-ranging common frogs (Rana temporaria) found dead on the surface of
the water in a retention pond at Mägisalp, Bern, Switzerland, April 2020. (A) Protrusion of the tongue (blue
cross) and prolapse of the stomach (black star). (B) Multifocal large-scale skin detachment on the flank and the
back (orange arrows) and intracutaneous bulla (red arrowhead). (C) Same animal as in (A). Bloating of the
coelomic cavity (pneumocoelom). (D) Subcutaneous emphysema and hyperemia on the caudoventral region of
the thighs (orange arrow).
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forming the ventral part of the coelomic wall
(Musculus cutaneous pectoralis, M. rectus
abdominus, M. pectoralis major, and M.
external oblique) were distended and in-
creased in size (Fig. 2). The epimysium was
lifted from the underlying muscle bundles.
The coelomic cavity of all the frogs was
severely distended (pneumocoelom), with
the organs displaced cranially and the lung
dark-red colored. The two females had few
eggs left in the terminal portion of the
oviduct.

Histologically, the most severe lesions were
mainly observed in the skin and the eyes.
However, changes occurred also in almost all
examined organs. The areas of skin detach-
ments corresponded to regions of epidermal
ulceration in five cases (Figs. 3, 4). Several

epithelial cells showed vacuolization of the
cytoplasm, and occasionally ruptured (n¼3).
Hemorrhages were observed within the af-
fected skin areas of five individuals. Diffuse
severe emphysema was observed in the
dermis and epidermis (n¼8; Figs. 5, 6). Eye
changes included retinal detachment with
mild to moderate tombstoning of the pig-
mented retinal epithelium (n¼8), mild hem-
orrhages (n¼3), and uveal detachment (n¼2).
In the eight frogs, neither bacteria nor fungi
were observed histologically.

Lesions of internal organs (lung, heart,
liver, kidney, spleen, pancreas [five of eight
available samples], stomach, small and large
intestine) were similar, comprising mainly
multifocal mild to severe congestion, vascular
ectasia, and hemorrhage (Fig. 7). A thrombus

FIGURE 3. Histopathologic lesions seen in free-ranging common frogs (Rana temporaria) found dead on the
surface of the water in a retention pond at Mägisalp, Bern, Switzerland, April 2020. Locally extensive epidermal
ulceration (three asterisks) with hemorrhages (two asterisks). H&E.
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was observed in a large blood vessel proximal
to the heart of one of eight examined frogs.
The frogs with stomach prolapse (n¼4)
showed an extroflected mucosa and an
introflected serosa. Lungworms (consistent
with Rhabdias sp.) and gastrointestinal nem-
atodes were commonly observed in five and
four frogs respectively, without associated
inflammation. The brain and the intestine of
all eight examined frogs showed no abnor-
malities.

Molecular investigation

The PCR analyses for the detection of Bd,
Ranavirus, and Ranid Herpesvirus 3 (now
Batravirus ranidallo 3) were all negative. No
additional ancillary investigation (bacteriolog-
ic, viral, or toxicologic) was performed.

DISCUSSION

Macro- and microscopic lesions revealed
multisystemic emphysema affecting almost all
organs (except brain and intestine). The
severity of lesions often varied, depending
on the individual and the organ affected. The
most severe lesions were observed in the skin,
eyes, and blood vessels of the internal organs
and were presumably secondary to the
massive and sudden distension that the skin
and other affected organs underwent. Blood
vessels showed serious and potentially life-
threatening changes, such as dilation (ectasia)
and rupture. It is therefore very likely that
hypoxia might have been a significant con-
tributor to the death of these frogs. The
observed lesions were consistent with those

FIGURE 4. Histopathologic lesions seen in free-ranging common frogs (Rana temporaria) found dead on the
surface of the water in a retention pond at Mägisalp, Bern, Switzerland, April 2020. The epidermal layer is
fissured (black arrow) and ruptured (three asterisks). The devitalized hypereosinophilic upper layer is separated
by clear space from the lower, still-viable layer. H&E.
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described in the literature for GBD in fish and
amphibians. However, some common lesions
reported in fish, such as exophthalmia (Smith
1988; Bohl 1997) or skin distension by
discrete and well-detectable gas bubbles
(Machova et al. 2017), were not observed in
these frogs. This could be secondary to the
anatomy of anurans characterized by a rela-
tively loose connection between the skin and
the underlying tissues (Duellman and Trueb
1986), which might favor a solid and diffuse
separation of the skin by the infiltrating gas
without allowing it to accumulate in discrete
regions, different from what would occur in
fish (Alibardi 2003).

Although no bacteriologic or virologic tests
were performed, no microorganisms and no
inflammation were observed microscopically
on the histologic sections. We could not find

any obvious abnormality in any tissue sug-
gesting an infectious etiology. The only
exception was an evident hyperemia of the
caudoventral region of the thighs; this might
have been caused by distension of the skin
and consequent local compression of the
numerous blood vessels in that area and
consequent passive congestion. Moreover,
given the extent and severity of the lesions,
it can be argued that deaths may have
happened very quickly.

Given that the presence of pre-existing
conditions (infectious and degenerative) could
be at least histologically ruled out, a physical
event is high in the differential among the
possible etiologies: in particular, an event that
might have led to an abrupt change in the
molecular or physical characteristics of the
water, resulting in the occurrence of the

FIGURE 5. Diffusely visible clear spaces (presumptive air collections) in the dermis (three asterisks) and in
the epidermis (black arrow) of free-ranging common frogs (Rana temporaria) found dead on the surface of the
water in a retention pond at Mägisalp, Bern, Switzerland, April 2020. H&E.
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observed lesions in the frogs. Five main

mechanisms are known to cause supersatura-
tion of water in nature (Colt et al. 1984b; Bossy

and Surbeck 2004): 1) bubble formation (e.g.,

in pumping systems, dams, and waterfalls)
followed by a quick increase of the hydrostatic

pressure; 2) increase of the water temperature;

3) changes in atmospheric pressure; 4) photo-
synthesis (production by aquatic organisms of

more oxygen than can be diffused in the water;
Ignjatovic 1968); and 5) high bacterial activity.

Qu et al. (2011) carried out numerous

experiments on gas supersaturation related to

dams and concluded that the concentration of
TDG could also be positively influenced by the

pressure of water, aeration, and turbulence

intensity. If water is in contact with air, the two
media will eventually equilibrate. However, if

the change is sudden, organisms in the water

may be affected before this balance can be
reached. Most fish species may experience, for

example, the abrupt increase in TDG concen-
tration downstream of hydraulic structures,

such as spillways of dams (Orlins and Gulliver

FIGURE 6. Multiple, variably extensive clear spaces (presumptively air collections) are present in the
epidermal layer (black arrow) of free-ranging common frogs (Rana temporaria) found dead on the surface of the
water in a retention pond at Mägisalp, Bern, Switzerland, April 2020. H&E.
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2000). Thus, effects of such increases at several
hydroelectric dams have been subjected to
deeper study on the Columbia and Snake
rivers in Washington State because they were
suspected of contributing to the mortality of
salmonids at different life stages (Orlins and
Gulliver 2000). No obvious system malfunction
had been recorded at the ponds in Mägisalp
before the mass mortality; however, an unde-
tected sudden and temporary change in the
water flow, which then might have quickly re-
equilibrated, cannot be ruled out. Other
hypotheses include weather conditions, includ-
ing lightning striking the water; however, the
presence of a gondola lift nearby and two steel
cables of a ski lift that are stretched over the
water might have shielded the pond from a
lightning strike. No irregularities in the water
level were visible (P. Michel, pers. comm.

2022). Finally, even though no suspicious
sounds were heard, the pond is in an easily
accessible and popular area, and a detonating
device (a bomb exploding in water) cannot be
totally excluded either. Indeed, such an
explosion in the water might also result in
multisystemic emphysema. Interestingly, in
human medicine, it is described, in the case
of an explosion, that the supersonic blast wave
compresses gas-filled spaces, which then rap-
idly re-expand, causing tearing forces and
damaging tissue. These blast injuries can result
in subcutaneous emphysema (Jorolemon et al.
2022) or systemic air embolism (Madsen 2021).
As far as we know, this has never been
described for amphibians in the literature.

Although a toxic origin of the die-off could
not be totally excluded, the tissue changes are
highly indicative more of a strong and

FIGURE 7. Histopathologic lesion seen in free-ranging common frogs (Rana temporaria) found dead on the
surface of the water in a retention pond at Mägisalp, Bern, Switzerland, April 2020. The exocrine pancreatic
parenchyma is diffusely expanded and dissected by a severe hemorrhage. H&E.
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hyperacute physical event leading to a sudden
gas change, which primed irreversible tissue
changes and death. However, the exact cause
could not be determined. This event high-
lights how occurrences traditionally described
in captive animals might be relevant also for
free-ranging individuals and provide an addi-
tional consideration for amphibian mortality
events.
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