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Abstract

Iceland is a country with many great Holocene lava
caves that contain a diversity of microbial deposit
Our study examined a variety of microbial commuasiti
that included microbial mats, snottites, organizego
mineral deposits, and surface soils above the caes
samples varied in color from white to tan, yellowaify
orange, to the brown of surface soils. Four cavere
sampled: Prihndkagigur, Leidarendi, Raufarhélshelli
and Vatnshellir. Scanning electron microscopy (SEM
revealed the presence of biofilm, filaments, raos]
clusters of coccoid shapes, plus evidence of irgh a
sulfur minerals. DNA analysis demonstrated that the
surface soils above the two of the caves are more
diverse and substantially different from cave saspl
All samples contained Acidobacteria and
Proteobacteria, but surface soils were the onlypsasn
to contain a new candidate phylum, AD3. The srestit
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were more similar to microbial mats than expected a
were not acidic as the snottites are in sulfur save
around the world. While the microbial mats werelyai
similar in composition at the phylum level, the evial
deposits varied from sample to sample. Overadl, th
type of sample (mat versus mineral versus surfaite s
made the greatest difference in composition.

Methods
Site descriptions and sample
collection:

In 2013, we have sampled four lava caves
(Prihndkagigur, Leidarendi, Raufarhdlshellir, and
Vatnshellir) for microbial communities for scanning
electron microscopy (SEM) analysis and DNA
sequencing.rihnidkagigur is a 4000 years old
(tephrochronological dating) open vertical volcanic
conduit (OVVC). The crater reaches down to a defth
201 m and is descended on a platform (Fig. 1). $ssnp
were taken at 120-130 m depth from a 20-30.000syear
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old tuya base. Leidarendi is a little over 100(ny
and 2000 years old (tephrochronological dating).
Leidarendi has become the most frequented cave in
Iceland with 50-100 visitors per day on the average
Raufarhélshellir is 5600 years old lava cave (carbo
dating), 1360 m long, wide (10 m on average).
Vatnshellir is 8-10,000 years old (sea level 15720
lower than present). Vatnshellir is special becatise
on three levels. The cave reaches down to a dépth o
36 m, with a total length of 200 m.

Figure 1: Overview of the descending
platform used to enter brihndkagigur. Photo
by K. Ingham.

Figure 2: Gunnhildur in Leidarendi. Photo by K.
Ingham.

Figure 3: Gunnhildur in Raufarholshellir. Photo
by K. Ingham.

o
)

Figure 4: Gunnhildur in Vatnsellr. Photo by K. o
Ingham.

Samples were taken aseptically using a flame-gtedl
cold chisel, and were immediately covered with sser
lysis buffer to preserve the DNA (Giovannoni et al.
1990).
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Scanning electron microscopy
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Results and Discussion

SEM

Scanning electron microscopy (SEM) revealed that th

yellow crumbly mineral deposit of brihntkagigur
contained abundant biofilm with a plethora of eatng
filaments (Fig. 5) and clusters of round, coccdidpes
with short hair-like extensions. The white micralbi

Figure 6: Clusters of coccoid shapes with short
hair-like extensions from the white microbial
mat in Leidarendi.

mat from Leidarendi contained an abundance of fuzzy

coccid shaped morphologies (Fig. 6), biofilm, sashe

which had many rod-shaped morphologies embedded in

it, and some filaments. The hard, gold-colored mgihe
deposit from Raufarhdlshellir showed biofilm coveyi
mineral crystals, some of which contained iron esid
and sulfur minerals. The sulfur deposit from Vatish
contained some beautifully folded biofilm (Fig. 7).

Figure 5: Overview of filament like structures
on a sample of yellow, crumbly mineral
deposit in bPrihntkagigur.

DNA sequencing

The Actinobacteria, which give caves their mustgrd
were more abundant in microbial mats, with the
exception of one white microbial mat, and surpggmn
were not very abundant in surface soils. Actinddida
were also not very abundant in mineral deposit# or
the snottite or ooze samples (Fig. 8). Anothemndbant
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Figure 7: Folded biofilm from a sulfur deposit in
Vatnshellir.

group in most samples was the Acidobacteria, miost o
which were undescribed, uncultured bacteria.
Gammaproteobacteria, a class that contains sottie of
acidophilic bacteria found in snottites in sulfaves,
was not very abundant in the snottite found in
Leidarendi, or in the ooze sample or in surface soi
samples. Also interesting was the occurrence of the
candidate phylum NC10, which was discovered in the
Nullarbor Plain caves of Australia. NC10, a
methanotroph that reduces nitrite (Ettwig et aD20
was mostly found in the mineral deposits sampled.

This parallels several of the findings of Hathaweal.
2014, who studied Hawaiian and Azorean lava cave
microbial mats. A notable exception is the lack of
Nitrospirae in the Icelandic lava caves.
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Figure 8: Bacterial phyla composition arranged by sample type , color, and cave.

Alpha Diversity Indices for Sample Type of Iceland Caves
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Figure 9: Alpha diversity by sample type: left to right on th e x axis for each plot: biomat
(microbial mat), mineral, ooze, snottite, surface s oil.
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Alpha diversity (the number of different operatibna
taxonomic units (OTUs or “species”) present in any
given sample) varied within and across sample types
Surface soils were the most diverse, while hathef
mineral samples were the least diverse. Snottitds a
o0oze were at the bottom end of the diversity otesrv
in microbial mats (Fig. 9). The non-metric
multidimensional scaling (NMDS) observed in Fig.
10 reveals that the two surface soil samples were
substantially different from the cave samples (ldgm

0.2-

0.1-

0.0-

NMDS2

0.1 -

0.2 -

mineral, ooze, and snot). The mineral and miclobia
mat (biomat) samples are mostly intermixed,
revealing similarities in their makeup. Both the
shottite and organic ooze samples were substantiall
different from the other cave samples.

NMDS plots by cave, color, surface versus cave, and
by cave type were also done, but the most revealing
was the substrate type, which appeared to be tis¢ mo
important factor so far studied in determining what
controls diversity.
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Figure 10: NMDS plot of diversity by sample type.
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Conclusions

Samples of microbial mats, mineral deposits, a
snottite, an organic ooze, and overlying surfadis so
were analyzed by SEM and DNA sequencing. SEM
imaging revealed filamentous and coccoid

morphologies, with biofilm present in some samples.

DNA analysis demonstrated that the most abundant
bacterial phyla present were the Actinobacteria,
Acidobacteria and the Alpha-, Beta-, and
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Gammproteobacteria. Surface soils were the most
diverse, followed by microbial mat samples. The
mineral samples varied from not very diverse to som
being comparable to some of the microbial mats.
Organic ooze and snottites were moderately diverse.
Icelandic lava caves offer a new and exciting fiemt
for investigating microbial diverse in la caves.
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