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Abstract
Biodiversity, and its understanding and maintenance, are nowadays concerns in many
fields of sciences. In freshwater, epibenthic invertebrates are important for their
environment as consumers at intermediate trophic level and as food resources for other
organisms. Their sensitivity to environmental conditions, influencing their biotic diversity
and abundance, make them good indicators of the health of freshwater ecosystems. In the
vicinity of Lake Mývatn (NE Iceland), numerous groundwater fed lava caves are found;
they were formed after the collapse of lava tumuli. Groundwater seeps into the caves
through porous lava bedrock, creating small ponds inhabited by Arctic charr and diverse
invertebrates. The unique geomorphology of the caves creates various habitats, and along
with that the potential for different invertebrate communities. In summer 2014, I sampled
epibenthic crustaceans in 18 caves distributed in two areas around Lake Mývatn, Haganes
and Vindbelgjar, along with measurements of environmental variables and geomorphology
of the caves. I also sampled along a transect in four particular caves, to look at the changes
in the diversity in relation to a light gradient. The main differences between Haganes and
Vindbelgjar were observed with the environmental factors, which vary between the areas.
Overall I found a low diversity of invertebrates in all lava caves although this diversity
varied within and between areas. Some similarities in invertebrate composition were
observed between the caves and the nearby Lake Mývatn. I found that the abundance of
invertebrates per cave and per taxa decreased as light intensity decreased (i.e. going from
the shore into the caves). Other than for light gradients, no clear correlations between
environmental factors and invertebrate diversity was found. This study showed that even at
small scale an ecosystem can be variable, and show differences. This is important for
future studies and futures conservational ecology plans, not only for the caves, nor for
Iceland, but worldwide.

Útdráttur
Skilningur á því hvernig líffræðileg fjölbreytni verður til og hvernig henni er viðhaldið er
viðfangsefni fjölmargra vísindagreina. Hryggleysingjar sem lifa rétt fyrir ofan botninn, í
ferskvatnskerfum, eru mikilvægir sem afræningjar á neðri þrepum fæðuvefja og sem fæða
fyrir aðrar líferur. Þessar lífverur eru viðkvæmar fyrir umhverfisbreytingum, hafa áhrif á
fjölbreytileika þeirra og þéttleika, sem gerir þær að góðum tækjum til að meta hnignun
ferskvatnskerfa. Í kringum Mývatn má finna fjölmarga hraunhella sem fylltir eru af
grunnvatni. Hellarnir urðu aðgengilegir þegar hellisþök hrundu, grunnvatn hefur streymt
inn í hellana í gegnum gegndræp hraun. Þannig hefur myndast lítil tjörn í hverjum helli. Í
tjörninni má finna bleikju auk fjölmargra tegunda hryggleysingja. Hellarnir eru fjölbreyttir
að gerð og mynda ólík búsvæði fyrir þessar lífverur. Sumarið 2014 safnaði ég
krabbadýrum yfir botni í átján hellum frá tveimur svæðum við Mývatn, Haganes og
Vindbelgjar. Auk þess mældi ég umhverfisbreytur og lagði mat á útlitsbreytileika hellana.
Auk þessa þá tók ég sýni á sniði í fjórum hellum, þar sem að skoðaðar voru breytingar í
fjölbreytileika í tengslum við minnkandi ljós. Helsti munur í smádýrasamsetningu milli
hella tengdist muni milli svæðana tveggja, Haganes og Vindbelgjar. Niðurstöðurnar sýndu
að smádýrasamfélögin voru einföld, en þó var munur milli hella og svæða. Greina mátti að
smádýrasamfélögin voru að einhverju leiti lík þeim sem finna má í Mývatni. Eftir því sem
innar dró í hellana fækkaði bæði tegundum smádýra og fjölda þeirra. Aðrir þættir
umhverfisþættir, en breytileiki í ljósi, sýndu bein tengsl við fjölbreytileika hryggleysingja.
Rannsóknin sýndi að jafnvel á smáum skala má sjá fjölbreytileika í vistkerfum. Þetta er
mikivæg þekking fyrir vistfræðilega nálgun á friðun, ekki bara fyrir hellana, eða Ísland,
heldur á heimsvísu

To my family and friends,
who always have been there to support me
and push me forward.
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I. Introduction
The term “biodiversity,” a contraction of “biological diversity,” is used in various scientific
fields, but by now has become a term commonly used in a political and media context.
Generally considered to be synonymous with “life on earth,” the definition of
“biodiversity” has evolved from “the number of species” to “variety within and among
living organisms/species/communities, influenced by abiotic parameters - environmental
and/or climatic - in a given habitat” (Swingland, 2001). The interest in biodiversity
continues to increase nowadays, due to multiple anthropogenic impacts on biodiversity
caused by growing human populations, likely causing the “sixth great extinction in the
history of life” (Boulton et al., 2008). Specifically, the importance of understanding its
origin and maintenance are at the core of contemporary research in biology, ecology and
evolution (Magurran, 2004; Logue et al., 2011; Triantis & Sfenthourakis, 2012). Such
understanding is needed for example in optimizing habitat restorations and better help us
understanding how organisms adapt and evolve in relation to changing environments.
The basis for such understanding is to map out which taxa and how many organisms are
found in ecosystems (in Millennium Ecosystem Assessment, 2005; Balian et al., 2008).
The terrestrial environment is the most species diverse ecosystem with about 1.5 million
known species in comparison to 280,000 marine species and about 126,000 in fresh waters
(Balian et al., 2008). Although freshwater has the lowest species diversity of these three
ecosystems - it covers only 0.01% of the global surface of the Earth - making it
proportionally the ecosystem with the largest faunal diversity (Balian et al., 2008). This
diversity is dominated by insects (60.4%), followed by vertebrates (14.5%) and crustacean
(10%), the remaining 15.1% include Arachnida, Mollusca, Rotifera, Annelida, Nematoda,
Platyhelminthes, etc. (Balian et al., 2008). Crustacea is the third most diverse subphylum
in number of species in the world with about 11,990 species, and the second most diverse
in the Palaearctic region with 4,499 species known (Balian et al., 2008). Copepoda (1,204
species), Ostracoda (702 species) and Cladocera (245 species) are amongst the five taxa
dominating the Crustacean subphylum along with Isopoda (475 species) and Amphipoda
(1.315 species) in the Palaearctic region (Balian et al., 2008).
Freshwater ecosystems are extremely important both economically (Hunter-Cevera, 1998),
as freshwater sustains large parts of life on the planet, and biologically (Dodds, 2002), as
1

there is great biodiversity in freshwaters and they provide a large variety of ecosystems
services. Invertebrates are very important for the ecology of aquatic ecosystems (Dodds,
2002), they act in food webs either as primary or secondary consumers of plants or
detritus, and also as predators (Wallace & Snell, 2006; Boxshall & Defaye, 2008; Forró et
al., 2008; Martens et al., 2008; Segers (2008) in Balian et al., 2008). They have colonised
all freshwater habitats and can be classified depending on their habitat preference:
stygophilic (groundwater habitat), benthic (surface of the sediment), epibenthic (between
the surface of the sediment and the water column), pelagic (in the water column), and
surface (Dodds, 2002). The fact that invertebrates are very sensitive to changes in their
environment (Wallace & Webster, 1996; Segers (2008) in Balian et al., 2008), makes them
good indicators for the evaluation of habitat degradation and the health of freshwater
ecosystems (Wallace & Webster, 1996). The Millennium Ecosystem Assessment (2005)
showed that one of the primary causes of biodiversity loss is the destruction of habitat and
the consequent loss of habitat complexity (St Pierre, 2014). Moreover, abiotic factors, e.g.
temperature, pH, oxygen concentration, light intensity or conductivity may influence the
species composition within freshwater communities (Govoni, et al., 2018). For example,
Rotifera species can be divided into few groups according to their pH preference/tolerance
(alkaline-species, acid-species and broad range) (Wallace & Snell, 2010). In Iceland,
Govoni, et al. (2018) found that the Chironomidae group Diamesa was temperature
sensitive, they were found in colder sites, while harpacticoid Copepoda were pH sensitive,
they were more abundant where pH was higher.
An important aspect of freshwater diversity can be found in groundwater ecosystems.
Groundwater systems have important roles for human sustainability. One third of the
world's population relies on groundwater for drinking water, and food production of many
agricultural regions depends on the availability of groundwater for irrigation (Simonovic,
2002; Cornu et al., 2013). It is considered to be one of the oldest living environment on
Earth, with relatively consistent environmental conditions (Thulin & Hahn, 2008). Natural
groundwater is mostly encountered in aquifers, which are in the great majority inaccessible
for biological studies. Characterized by low water flow rates, groundwater systems have
long residence times and slow reactions to changes at the surface (Chilton, 1996). This
makes groundwater a very stable but also vulnerable environment. There is a growing
scientific interest in how groundwater interacts with other ecosystems that may, to large
extent, be dependent on groundwater (Boulton et al., 2008). This can be most clearly seen
2

where groundwater discharge in springs that sustains ecological function and biodiversity
in various freshwater ecosystems, including springs, wetlands, lakes and rivers (Holmes,
2000; Cornu et al., 2013). Springs are formed when groundwater reaches the surface and
are commonly classified into three types: rheocrene (forming streams), helocrene (forming
marshes), and limnocrene (forming pools) (Hynes, 1970).
Located in the North Atlantic just below the Arctic Circle, Iceland is a geologically young
island on the Mid-Atlantic ridge, where the American and Eurasian tectonic plates are
moving apart. The tectonic drift fuelled by up-welling from a mantle plume causes Iceland
to be extremely volcanically active (Pálmason & Sæmundsson, 1974; Sigmundsson &
Sæmundsson, 2008). Glaciations have further shaped the geomorphology of the island
(Geirsdóttir et al., 2007), where ongoing geomorphological changes continuously renew
the Icelandic bedrock. The island is subjected to harsh climate (Ogilvie, 1996) with high
amounts of precipitation (about 200 000 million m3 per year; Koreimann et al., 1996). This
precipitation along with glacial meltwater seep into the ground, especially within the
volcanic active zone through porous lava rocks leading to the creation of groundwater
systems (Sigurðsson & Stefánsson, 2002) and by extension spring systems.
Due to its remote location and late availability to colonisation (end of last glaciation,
14,000 years ago), Iceland’s fauna is depauperate compared to the rest of the European or
the North American continents. The country has seven species of terrestrial mammals,
from which only one was found on the island prior to human settlement (Hersteinsson,
2004). The insect fauna is represented by 1,266 species from which Diptera is the most
common group with 373 species (Ministry for the Environment & The Icelandic Institute
of Natural History, 2001). Freshwater fauna counts six species of fish. Among the
crustaceans there are 14 species of Ostracoda described by Gíslason (2005) plus seven
species newly reported reported by Alkalaj (in prep.), 27 species of Cladocera, 48 species
of Copepoda (Gíslason, 2005). In comparison Norway has 62 of Ostracoda, 67 of
Copepoda and 77 species of Cladocera and Britain has 71 species of Copepoda, 80 of
Ostracoda and 90 of Cladocera (Gíslason, 2005).
In the North-East of Iceland, Lake Mývatn is situated within the volcanically active zone.
The lake has a complex geological history. Thorarinsson (1951) first suggested, and
Einarsson (1982) later confirmed the presence of a first Lake Mývatn, a predecessor to the
present Lake. The formation of the present lake resulted from an eruption that occurred
3

2300 years ago which partly covered the ancient lake (Einarsson, 1982). In some areas
around the lake the lava interacted with water and inflated, forming hollow tumuli as it
cooled down and solidified (Deschamps, et al., 2014). These tumuli are partially filled with
groundwater, forming ponds which become accessible once part of the walls or roof of the
tumulus collapse, creating openings to the cave within (Figure I.1). The caves differ in
term of structure, size, number and size of openings, height of the ceiling and water depth
(Figure I.2). Moreover, due to the geomorphology of the cave, the amount of light able to
reach the pond at the openings, or further inside, differs from one cave to the other.
Therefore it is very likely that very specific and unique ecological conditions apply to each
cave. Örnólfsdóttir and Einarsson (2004) showed that some Cladocera species had
environmental preferences in Lake Mývatn. Eurycercus lamellatus (Müller, 1776) was
dominant in filamentous algae, Macrothrix hirsuticornis (Norman and Brady, 1867)
preferred the cold environment of the southern part of the lake, while Chydorus sphaericus
(Müller, 1776) and Alona quadrangularis (Müller, 1776) were found in patches, dominant
in other part of the lake. Due to their sensitivity and preferences to the environment they
inhabit, invertebrates are a good model to study the effects of environmental factors on
ecosystems in these lava caves.

Figure II.2.1Example of lava caves, Lake Mývatn, Iceland. Here it is cave 25. © Doriane Combot

4

Figure II.2.11 Example of structure inside a lava cave, Lake Mývatn, Iceland. © Doriane Combot.

I used 18 of these natural caves, from two areas, to study patterns in epibenthic diversity.
As Lake Mývatn is located within the volcanically active zone of Iceland, the area is rich
in groundwater and the lake is groundwater-fed, with both cold and warm springs.
Groundwater flow in the Lake Mývatn area has two separated origins, north and south of
the lake (Einarsson et al., 2004; Kjaran et al., 2004; Ólafsson et al., 2015). The areas
where the caves of this study are located are fed by groundwater from two different origins
(Figure I.3). Haganes receives water from the Kráká River, which flows north to Lake
Mývatn at 8 m3 s-1, while Vindbelgjar receives water flowing south from the mountains
towards Lake Mývatn at 1.7 m3 s-1 (Kjaran et al., 2004; Ólafsson et al., 2015). This study
focuses only on limnocrene springs, as the caves are fed with groundwater forming small
ponds (lentic water).

5

Figure II.2.1.2 Left picture: aerial view of Lake Mývatn. The two areas studied are circled in blue for Haganes and red
for Vindbelgjar. Middle picture, close up on Haganes area. Right picture, close up on Vindbelgjar area. The numbers
stand for the caves identifications. Blue arrows show the direction of the groundwater flow for each areas, flow rate for
Haganes is 8m3.s-1, flow rate for Vindbelgjar is1.7m3.s-1 (inspired from Kjaran et al., 2004; Ólafsson et al., 2015).
Modified from © 2018 Google Earth

I.1.

Objectives and hypothesis

The numerous groundwater-fed caves sampled for this study are found within a small area
(approximately three kilometres between the most northern cave of Haganes, cave 06 and
the most southern cave of Vindbelgjar, cave 20), but with considerable geomorphological
differences (size and number of openings, water depth, water surface exposed to air,
ceiling height, etc.). They can be considered as relatively simple unique ecosystems
inhabited with epibenthic invertebrate fauna, Arctic charr (Salvelinus alpinus) and in some
caves threespine stickleback (Gasterosteus aculeatus) (Kristjánsson et al., 2012; Leblanc et
al., personal observation).
The main goal of this study was to assess the diversity of the epibenthic fauna among and
within groundwater-fed lava caves. I also evaluated the potential influence of ecological
factors in shaping the observed diversity, with a special focus on community changed
along a light gradient in the second part of my study.
I explored these questions by seeking support for the following hypothesis:
Ecological factors such as temperature or conductivity have been shown to be important in
shaping the diversity of invertebrates (Hogg & Williams, 1996; Ólafsdóttir, 2015; Govoni
et al., 2018). Thus I expected a variation in the diversity of invertebrate fauna among caves
to be related to variation in physicochemical factors and to variation in the shape of the
6

cave. As light intensity is a key factor for primary production, which creates energy for
invertebrate communities (Wallace & Webster, 1996; Dodds, 2002). As primary producers
are the base of the food web for invertebrates in freshwater systems, I thus predicted to see
a decrease in invertebrate abundance and diversity along a longitudinal transect into the
caves, following a decrease of light intensity and hypothetically a decrease in primary
production (not evaluated in this study).
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II. Material and Methods
II.1. Study system
In the summer 2014, samples were collected from 18 caves, selected from 24 caves in an
ongoing study (Leblanc, et al. personal communication). The caves were distributed in two
areas: Haganes: South-West of the lake ten caves (marked by blue rectangle on Figure
II.1.1.c), and Vindbelgjar (named after the mountain Vindbelgjarfjall): West of the lake,
eight caves (marked by red rectangle on Figure II.1.1.c). The caves were created by the
interaction of lava and water and became accessible when part of a wall or ceiling
collapsed creating various openings. The caves are filled with groundwater seeping
through the lava bedrock, forming pools. The benthic substrate is made of lava rocks near
openings, from the collapsing of the ceiling, and soft bottom deeper into the cave.

Figure II.2.1.1 a) Map of Iceland showing the location of Mývatn area; b) location of Mývatn area in North-East
Iceland; c) aerial view of Lake Mývatn and locations of the two study sites: Haganes in blue and Vindbelgjar in red; d)
aerial view of Haganes, with the location of the caves; e) aerial view of Vindbelgjar site with locations of the caves. The
numbers are used as identification for the caves. (Images obtained and modified from © 2018 Google Earth)
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II.2. Invertebrate sampling
II.2.1.

General sampling with Crustacean traps

The first sampling took place over a period of
four days in mid-June 2014. I visited 18 caves
and collected invertebrates in the water column
just above the benthos using crustacean traps
(Figure II.2.1.1) modified from Örnólfsdóttir and
Einarsson (2004). The traps were composed of a
Plexiglas plate (140 mm x 145 mm x 4mm), four
carriage bolts (100mm long) as legs, maintained
by ø10 mm nuts, ø 15 mm flat washers, and four
container lids (ø 95 mm ) as feet to prevent the
legs sinking into the sediment. A hole of ø 80
mm was cut out in the centre of the plate to let a
funnel through. The sampling containers were
transparent plastic buckets (UniPak ref. 5.110,

Figure II.2.1.1 Crustacean traps, used for the
sampling in the lava caves around Lake Mývatn.

365 ml and ø 95 mm) fixed upside down on the

The traps are made from see-through Plexiglas with

Plexiglas frame, and maintained together with a 5

four feet and lids as support. A funnel fixed to an

mm thick rubber band. Each container had a lid

upside down container, allow crustaceans to swim
inside and stay trapped.

(UniPak ref. 281.0, ø 95 mm), drilled in the
centre to allow a funnel to slide in and be fixed with a 5 mm rubber band. The funnels (ø 8
mm at the narrow opening and ø 75 mm at the wide opening) were shortened from 130 mm
to 95 mm to allow a space between the bottom of the container and the end of the funnel.
Once deployed the wide opening of the funnel sits about 30 mm above the sediment
surface.
This trapping method allowed the capture of epibenthic invertebrates. The invertebrates
entered the traps by their own swimming movements and were unable to escape once
inside.
The traps were randomly laid at the opening of each cave. The number of traps per cave
varied from two to six depending on the size of the cave and the size and number of
openings. Prior to laying the traps, the containers were filled up with filtered water (63 µm
9

mesh) collected from the cave. This was done to prevent any non-filtered water from
seeping in when deployed. Once the traps were sealed with lids and funnels fixed to the
frame, they were laid by submerging the trap “upside down” (funnel facing the ceiling of
the cave) and then turned underwater (funnel facing the sediment). This technique
prevented the sieved water in the container from seeping out when the traps were
deployed. The traps were collected after 12 hours and each sample was preserved in 70%
ethanol, and stored until processing.
II.2.2.

Sampling along a transect following a light

gradient
The second sampling effort took place at
the end of July 2014. Over three days I
visited four caves, two per area and laid
traps along a transect following a light
gradient in each cave.
The four caves (caves 25 and 27 in
Haganes and caves 18 and 20 in
Vindbelgjar) were selected, based on both
their water-body size and the size of their

Figure II.2.2.1 Crustacean traps assembled by three for
sampling along a light gradient in lava caves around Lake

openings. The distance between the

Mývatn. The traps are composed of a see-through Plexiglas

stations was determined after measuring

square, with four legs and lids for feet. A funnel fixed to an

the longest distance into the cave from the

upside down container allow the crustacean to enter the trap
and stay trapped inside. The traps are maintain together with

opening, with a Laser meter Bosch PLR

a bar and deployed along a transect going into the cave.

50. For that I did stand at the shore where
the cave seem to be the deepest and point the laser inside scanning to find the farthest
point. At each station three traps were laid, held together by two bars of 35 mm length,
(Figure II.2.2.1). Collected samples were processed as described above.

II.3. Ecological factors
Ecological factors (concentration of oxygen (mg/L), pH, conductivity (S/m), were
measured at the time of sampling using a multiprobe sonde (Hydrolab DS5 (46711), Water
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Quality Probes). Temperature and light intensity were measured with a data logger (HOBO
Pendant ® Temperature/light, UA-002-64). Physical characteristics such as number and
size of the openings, proportion of the cave pond exposed to air, and depth of the pond at
the opening, distance to the lake, size of the openings were measured for each cave
selected, or evaluated, as part of a research on diversity of Arctic charr in these caves
(Leblanc et al. personal communication).

II.4. Processing
The samples were processed in the facilities of Hólar University College in Verið,
Sauðárkrókur. Each sample was transferred to a Petri dish (60mm x 15mm) and processed
using a Leica MZ12. Invertebrates were counted and identified to appropriate taxonomic
level. Cladocera were identified to species following the taxonomic keys by Alonso
(1996). Ostracoda were identified by Jovana Alkalaj and Chironomidae larvae were
identified by Agnes-Katharina Kreiling.

II.5. Statistical analysis
All statistical analyses were performed in R using RStudio (Version 1.1.383 – © 20092017 RStudio, Inc.).
In this study, t-test was used to look at differences in abundance of taxa between Haganes
and Vindbelgjar. The Shannon diversity Index was used as a measure of the invertebrate
diversity, using the package vegan (Oksanen et al., 2016). Details of the taxa diversity
were presented, however for further analysis, some taxa were grouped under higher level
of identification, due to very low abundances. Correlation among environmental factors
were tested using a Pearson’s r correlation matrix (see appendix). When a high correlation
was observed between two factors (r ≥ 0.80), only one of them was retained for further
analyses. Differences in environmental factors between Haganes and Vindbelgjar areas
were tested using a t-test. Two dendrograms, using Ward 2 clustering and Euclidean
distance, present the similarities of taxa diversity or environmental factors among the
caves. I used the mean abundance per taxa, with all taxa identified for the taxa diversity
clustering.
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Correlations between the environmental factors and the Shannon diversity index, the total
number of individuals and the total number of taxa, were tested using a Pearson’s r
correlation matrix, for both the first and the second part of this study. The mean abundance
of individuals with standard deviation were calculated per caves and presented in tables.
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III.

Results

III.1. Diversity among caves
III.1.1.

Invertebrate diversity

A total of 21 different taxa were identified (Table III.1.1.1). Twelve taxa were common
between the two areas, Haganes and Vindbelgjar. Rotifera, Copepoda and Chydorus
sphaericus (Cladocera) were the three most abundant taxa and they were found in all the
caves. Sixteen taxa were identified in Haganes. Five of these had extremely low abundance
and each was found only in one cave. This group included three of the four taxa found only
in Haganes. In Vindbelgjar, I found 17 taxa with five exclusive to this area. Five of the
taxa were found only in one cave. Two of them were among the taxa exclusive to
Vindbelgjar. Six taxa (all belonging to Ostracoda) of the 21 taxa found, three per area
(Potamocypris villosa (Jurine, 1820), Lymnocythere sp.and Cytherissa lacustris (Sars,
1863) in Haganes; Potamocypris fulva (Brady, 1868), Candona candida (Müller, 1776)
and Cyclocypris ovum (Jurine, 1820) in Vindbelgjar) were found only in the samples
collected in June. In the transect samples collected in July I found six species all
belonging to Chironomidae (Table III.2.1.1), and one species of Ostracoda (Tonnatocypris
juvenile) that were absent in the sampling in June. All of them were found in Haganes.
Rotifera showed the highest mean abundance in each area, followed by Copepoda and C.
sphaericus. The highest abundance of Rotifera was in cave 18, the highest abundance of
Copepoda in cave 12 and the highest abundance of C. sphaericus in cave 26 (Figure
III.1.1.1). In some cases mean abundance was extremely low. There was a considerable
variation in distribution within caves and in some cases standard deviation was higher than
the mean abundance itself (e.g. Rotifera in Cave 17b). Any further reference to the
abundance of taxa refers to the mean abundance.
The ward clustering on similarities of taxa composition between caves showed eight
clusters (Figure III.1.1.2). A priori the caves grouped according to their respective area,
Haganes and Vindbelgjar, except for cave 5 and 25 (from Haganes) and 18 and 17b (from
Vindbelgjar), meaning the diversity of taxa was similar within area. With a closer look
however, the caves geographically close to each other do not cluster together, e.g. cave 11
13

and 27 which seems to have the closest taxa diversity to each other are separated with
about 350m.
a)

c)

b)
a)

)

Figure III.1.1.1 Pictures of the three most abundant taxa identified in July, in the lava caves, Lake Mývatn, Iceland.
Picture a) Rotifera, b) Copepoda and c) Chydorus sphaericus, respectfully 3465 individuals, 2226 individuals and
1267 individuals counted overall the caves.. Pictures taken with Samsung S4 through objectives of Leica MZ12.

Figure III.1.1.2 Euclidian distance similarities between epibenthic invertebrate diversity among 18 lava caves, Lake
Mývatn, Iceland. Eight clusters, using ward clustering, are defined when height equal 7. The colours represent the two
distinct geographical areas, Haganes in blue and Vindbelgjar in red where caves were sampled.
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III.1.2.

Environmental factors

The Pearson’s correlation ran over all the caves (Appendix 1) showed strong pairwise
correlations between the environmental variables, the highest correlation being between
oxygen concentration and distance to the lake (p-value < 0.001, r = 0.79). However, there
were clear differences in environmental factors between the two areas Haganes and
Vindbelgjar (Figure III.1.2.1), which might be driving the above mentioned correlation.
The mean conductivity and surface of the openings were significantly higher in Haganes
than in Vindbelgjar. The mean oxygen concentration, water depth at opening, water
surface exposed to sky and minimal distance to the lake were significantly higher in
Vindbelgjar than Haganes. Figure III.1.2.2, a dendrogram showing the similarities between
the caves, confirmed the separation between the areas in terms of environmental factors.
The dendrogram showed four clusters, two grouping the caves from Haganes and two
grouping the caves belonging to Vindbelgjar. It is interesting to see that the caves from
Vindbelgjar grouped following the geographical clusters (= two groups of caves within the
area). One group with caves 21, 22 and 23, seemed to have more similarities with the caves
from Haganes than the other one. Though the caves from Haganes clustered together, with
the exception of cave 25, the split between geographical clusters is less visible for this
area. Cave 25 from Haganes, seems to have ecological parameters more similar to the
Vindbelgjar area than Haganes.
When performing a Pearson’s correlation between environmental factors within each area
(Appendix 2 and 3), in Haganes I found that pH and conductivity were highly positively
correlated, in Haganes (r = 0.82, p-value = 0.003) and negatively in Vindbelgjar (r = 0.86,
p-value=0.006). For further analyses I removed conductivity. I found a significant
correlation between conductivity and oxygen (r = 0.83, p-value=0.011) only in
Vindbelgjar.
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and Vindbelgjar are indicated in respective box, in respective colours for each areas. Significance and p-value are indicated in respective boxplot

and the bottom whisker is determined by Q1-1.5*IQR). Black dots are outliers. Means values of environmental factors with standard deviation for both area, Haganes

are demarcated by top and bottom of boxes. The interquartile range (IQR) is the height of boxes from top to bottom. The top whisker is determined by Q3 + 1.5*IQR

represented by a light green circle and median with a black line. Whiskers reflect variability beyond the upper and lower quartile (the 3rd (Q3) and 1st (Q1) quartiles

Figure III.1.2.1 Variation of environmental factors in lava caves around Lake Mývatn between the two areas: Haganes (in blue) and Vindbelgjar (in red). Mean is

Figure III.1.2.2 Euclidian distance similarities between ecological parameters among 18 lava caves, Lake Mývatn,
Iceland. Four clusters, using ward clustering, are defined when height equal 5. The colours represent the two distinct
geographical areas, Haganes in blue and Vindbelgjar in red where caves were sampled.

III.1.3.

Diversity and environmental factors

The Shannon diversity index ranged from 0.55 in Cave 1 to 1.19 in Cave 21, with a mean
of 0.91 ± 0.183. From all environmental factors, I found only one significant correlation
between the Shannon index and the distance to the lake (r = 0.49, p-value = 0.04). The
index was slightly higher in Vindbelgjar (0.95 ± 0.195) than in Haganes (0.88 ± 0.166),
however the difference was not significant. I found no correlation between the Shannon
index and environmental factors in Haganes, however I found two correlations in
Vindbelgjar: one between the index and the distance from the lake (r = 0.96, p-value <
0.001) and one between the index and the oxygen concentration (r = 0.76, p-value =
0.027).
III.1.4.

Cladocera

As Cladocera represented one of the dominant taxa in my samples, I identified members of
this group to genus/species level. I identified five taxa from the Order Cladocera, including
the group juveniles. The most abundant taxon was by far C. sphaericus with 1267
individuals in total, followed by the juveniles with 20 individuals, A. harpae with 19
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individuals, Alona sp. with 15 individuals and finally M. hirsuticornis with six individuals
identified (Table III.1.1.2).

III.2. Diversity along a transect
III.2.1.

Taxa diversity

A total of 21 taxa were identified in these four caves (Table III.2.1.1). I observed a similar
pattern in all the caves, where the station at the shore (first sampling station), had a lower
number of taxa than one meter from the shore (second sampling station), followed by a
reduction in diversity further into the caves (Figure III.2.1.1).
Fourteen taxa were found only in Haganes, with nine taxa (Copepoda, C. sphaericus, A.
harpae, Alona sp., Cladocera juvenile, Ostracoda juvenile, Acarina, Rotifera and
Collembola) common to both caves of the area (Table III.2.1.1). Seven taxa were identified
in Vindbelgjar with four common to both caves (Copepoda, C. sphaericus, A. harpae and
Cladocera juveniles). All taxa identified in Vindbelgjar were also found in Haganes. Two
taxa were found in every cave at every station: Copepoda and C. sphaericus (Table
III.2.1.1).
Six taxa belonging to Chironomidae larvae (Chironomus sp., Eukiefferiella minor
(Edwards, 1929), Orthocladius oblidens (Walker, 1856), Orthocladius sp., Micropsectra
sp., and Thienemanniella sp.) were identified in Haganes with three taxa in cave 25, three
in cave 27 and one found in both caves (Orthocladius sp.). This was the only time that
Chironomidae larvae were found in the samples.
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Figure III.2.1.1 Total number of taxa of invertebrates found at each sampling stations along a transect going into four
lava caves, in Haganes (caves 25 & 27) and Vindbelgjar (caves 18& 20), Lake Mývatn, Iceland. The sampling stations
correspond to the distance from the shore at the opening and each colours stands for one cave (see legend).

Fifteen taxa were identified in cave 25, with six taxa only found in this cave (M.
hirsuticornis, Cypria ophtalmica (Jurine, 1820), Cyclocypris sp., E. minor, O. oblidens,
Thienemanniella sp. and Chironomidae juvenile). Eight taxa were found only at one
station: Acroperus harpae at 0 m station, C. ophtalmica, Collembola and O. oblidens at the
2 m station, Cyclocypris sp. At the 7m station and E. minor and Thienemannniella sp. at
13m station (Table III.2.1.1). Overall mean abundance of taxa decreased along the transect
into the cave, after being highest at the 2 m station (Figure III.2.1.1).
In cave 27, I identified 15 taxa. Six taxa were only found in this cave (Potamocypris sp.,
Tonnacypris sp., Nematoda, Chironomus sp. and Micropsectra sp.). Five taxa were only
found in one station: Collembola, Chironomus sp. and Orthocladius sp. at station 0, A.
harpae at station 8 (Table III.2.1.1). All of the taxa found in cave 27, except Collembola
and A. harpae (Cladocera) have a mean abundance higher at the second station followed
by a decrease in abundance going into the cave (Figure III.2.1.1).
Cave 18 is the only cave with a lower taxa diversity near the shore (two taxa) in
comparison to the last station (three taxa). Seven taxa were identified in this cave (Table
III.2.1.1). Distribution of taxa followed what was seen in the other caves (Figure III.2.1.1).

21

Four taxa (Copepoda, A. harpae, C. sphaericus and juvenile Cladocera) were identified in
Cave 20. It is the lowest taxa diversity among the four caves of the study. Both the first and
last sampling station had only two taxa. No taxa were specific to this cave (Table III.2.1.1).
The mean abundance of A. harpae and juvenile Cladocera increased at the second station
before decreasing farther in the cave (Figure III.2.1.2), while the mean abundance of C.
sphaericus and Copepoda decreased following the transect going into the cave (Figure
III.2.1.3).
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Chironomidae are grouped under the higher taxonomic level as the members of these groups are only represented with few individuals. Each colours stands for one taxa (see legend)

20), Lake Mývatn, Iceland. The sampling stations correspond to the distance from the shore (0m being the closest from the shore). The lower taxonomic level of Ostracoda and

Figure III.2.1.2 Mean abundance (± standard deviation) of taxa per sampling stations along a transect going into four lava caves, in Haganes (caves 25 & 27) and Vindbelgjar (caves 18 &
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Area
Cave
Distance (m)

Subclass Copepoda
Suborder Cladocera
Acroperus harpae (Baird, 1834)
Alona sp.
Chydorus sphaericus (Müller, 1776)
Juveniles
Macrothrix hirsuticornis (Norman and Brady, 1867)
Family Chironomidae
Chironomus sp.
Euhiefferiella minor (Edwards, 1929)
Orthocladius oblidens (Walker, 1856)
Orthocladius sp.
Microspectra sp.
Thienemanniella sp.
Class Ostracoda
Cyclocypris juvenile
Cypria ophtalmica (Jurine, 1820)
Juveniles
Potamocypris juvenile
Tonnacypris juvenile
Branch Rotifera
Other groups
Acarina
Collembola
Nematoda
Total of taxa per stations
Total of taxa per caves (number of taxa specific per cave)
Total of taxa per area (number of common between the cave per area)
Total of taxa

areas and per areas

3







2







7 3
7 (0)

8 (4)

7



4 3
4 (0)
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C20
0 1 5 0 1 5
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15 (6)
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15 (6)












C27
8 10



2



18


7
3
3

1
1
3
2
4
87

1
2
1
1
11
1

23
6
4782
58
6

1983

Total individuals
per taxa

with total number of individuals counted per taxa with total number of taxa found overall, per stations, per caves, per areas, specific to the caves, the area and common between caves per

Table III.2.1.1 Diversity of invertebrates found at sampling stations along a transect going into four caves, Lake Mývatn, Iceland, during sampling of July, identified to lowest taxa possible

Figure III.2.1.3 Mean abundance (± standard deviation) of Copepoda and Chydorus sphaericus the two most abundant
taxa found at all the sampling stations along a transect going into four lava caves, in Haganes (caves 25 & 27) and
Vindbelgjar (caves 18 & 20), Lake Mývatn, Iceland. The sampling stations correspond to the distance from the shore
with 0m being the closest from the shore.

When examining the mean abundance of the taxa found per station in the caves (Table
III.2.1.2) C. sphaericus had the highest mean abundance followed by Copepoda. Variance
among the traps at each station was often high, in some stations the standard deviation was
higher than the mean abundance itself (e.g. Acarina in cave 27 distance 1m and 8m). But
overall mean abundance decreased with light intensity after being the highest a few meters
from the shore.

25

26

Class Ostracoda
Branch Rotifera
Other groups
Acarina
Collembola

Juveniles

Subclass Copepoda
Suborder Cladocera
Acroperus harpae (Baird, 1834)
Chydorus sphaericus (Müller, 1776)

Area
Cave
Distance (m)

―

0.3 ± 0.47

0.3 ± 0.47
―

―
―

―

―

0.3 ± 0.47

5.6 ± 8.01
―

―

―
―

―

―

―
―

―

1.0 ± 1.41

―
―

―

―

0.3 ± 0.47
1.3 ± 0.47

―
―

―

―

2.0 ± 2.16

―

C20
5
0
1
5
10
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD
9.7 ± 3.40 41.0 ± 22.00 25.0 ± 11.43 7.3 ± 4.64 4.0 ± 0.82

Vindbelgjar

―
―
―
1.3 ± 1.88
1.3 ± 1.88
121.0 ± 106.00 447.7 ± 298.87 2.0 ± 2.16 49.5 ± 17.50 24.0 ± 11.58

0
Mean ± SD
36.5 ± 19.5

C18
1
Mean ± SD
87.7 ± 93.10

Mývatn, Iceland, and identified per stations. Stations correspond to the distance from the shore. The area the caves are found within are specially labelled.

Table III.2.1.2 Mean abundance (± standard deviation) of epibenthic invertebrates collected with epibenthic traps along a transect going into four lava caves, Lake
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Area
0
Mean ± SD

2
Mean ± SD

C25

Haganes

―
―
―
―
―
2.0±2.00

―
0.5±0.50
―

―
―
―
―
―
0.3±0.47

―
―
―

―
0.3±0.47

0.5±0.50
―
―
0.5±0.50
3.0±1.00
―

―
0.6±0.94
―
―

―

―
―
258.5±64.50
1.0±1.00

―
0.3±0.47
9.7±0.94
―
―

0.3±0.47
―
0.7±0.47

―
0.3±0.47
0.3±0.47
1.0±1.41
2.3±1.89

―

1.7±1.70
―

―
―
―
―

―
0.7±0.94
267.7±8.58
2.3±2.05
―

43.0±28.00 101.33±28.54

1
Mean ± SD

6.3±4.50

7
13
0
Mean ± SD Mean ± SD Mean ± SD

82.3±29.49 179.3±104.15 20.3±5.44
Subclass Copepoda
Suborder Cladocera
Acroperus harpae (Baird, 1834)
4.3±3.09
―
―
Alona sp.
―
0.6±0.94
―
Chydorus sphaericus (Müller, 1776) 287.7±100.89 73.7±21.91 19.3±10.20
Juveniles
6.0±7.79
3.0±1.63
―
Macrothrix hirsuticornis (Norman and
―
1.7±1.70
0.3±0.47
Brady, 1867)
Family Chironomidae
Chironomus sp.
―
―
―
Euhiefferiella minor (Edwards, 1929)
―
―
―
Orthocladius oblidens (Walker, 1856)
―
0.3±0.47
―
―
―
―
Orthocladius sp.
Microspectra sp.
―
―
―
―
―
―
Thienemanniella sp.
Class Ostracoda
―
―
Cyclocypris juvenile
0.3±0.47
Cypria ophtalmica (Jurine, 1820)
―
0.3±0.47
―
Juveniles
―
―
0.7±0.47
Potamocypris juvenile
―
―
―
―
―
―
Tonnacypris juvenile
11.3±8.26
9.7±9.46
3.3±3.40
Branch Rotifera
Other groups
Acarina
1.0±0.82
0.3±0.47
―
Collembola
―
0.3±0.47
―
Nematoda
―
―
―

Distance (m)

Cave

14.6±2.62

0.3±0.47
―
0.3±0.47

―
―
0.3±0.47
0.3±0.47
0.3±0.47

―

―
―

―
―
―
―

―
―
―

―

―

―
―
―

―
―
―
―

―

―
―

―
―
―
―

―
―
2.0±0.81
―
―

4.6±1.70

―
―
―
―

―

―
―

―
―
―
―

0.3±0.47
―
0.3±0.47
―
156.7±57.33 14.33±6.94
0.7±0.94
―
―
―

38.0±8.49

8
10
18
Mean ± SD Mean ± SD Mean ± SD

C27

III.2.2.

Light gradient

Light intensity decreased along the transect in all the caves (Figure III.2.2.1). There were,
however differences in light intensity among the caves. The highest light intensity was
recorded in cave 27 at the shore (1808.3 SI) while the lowest was recorded in cave 20 10 m
inside the cave (172.2 SI). This can be easily explained by the size and height of the
openings of cave 27 having the highest and widest opening of all caves, while cave 20 and
18 had much smaller openings.

Figure III.2.2.1 Light intensity along a transect in four lava caves, in Haganes (caves 25 & 27) and Vindbelgjar (caves
18 & 20), Lake Mývatn, Iceland. The first station (0m) is at the opening of the cave and the last (18m) being the furthest
sampling point into the cave. Each colours correspond to a cave (see legend).

III.2.3.

Other environmental factors

The environmental factors were quite stable along the transect in the caves 20 and 25.
However in cave 18, all environmental parameters differed between the first sampling
station (at the shore) and the second sampling station (one meter away from the shore). The
environmental factors in cave 27 showed the greatest variation, specifically at the third
sampling station, which correspond to the location of the second opening in this cave
(Figure III.2.3.1).

28

Figure III.2.3.1 Variation of four environmental factors, conductivity (S/m), oxygen concentration (mg/L), pH and
temperature (°C), along a transect going into four lava caves, in Haganes (caves 25 & 27) and Vindbelgjar (caves 18 &
20), Lake Mývatn, Iceland. The x axis displays the sampling stations from the shore line (0m being at the shore). Each
colours stand for a cave (see legend).
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IV. Discussion
IV.1. Diversity and environmental factors
IV.1.1.

Differences Lake – Caves

The first goal of this study was to assess the diversity of the epibenthic invertebrates in

groundwater-fed ponds in the lava caves around the Lake Mývatn. A total of twenty-one
taxa were identified in the lava caves in June. Three taxa, Rotifera, Copepoda and C.
sphaericus dominated the samples both in terms of abundance and occurrence, and were
found in all the caves. The overall taxa diversity found in the caves seems similar to the
taxa found by Örnólfsdóttir and Einarsson (2004), who used similar epibenthic traps in
Lake Mývatn. In their study, Örnólfsdóttir and Einarsson (2004) focused on Cladocera,
however they listed some of the taxa diversity they found such as Rotifera, Copepoda,
Chironomidae larvae and Oligochaeta. All of the Cladocera taxa found in the lava caves,
have been found in the lake by Örnólfsdóttir and Einarsson (2004). However I observed
higher abundance in the cave than in the lake around the same period.
Despite the high numbers of Cladocera found in this study, only four species were
identified in the lava caves, whereas eight species have been found in the nearby Lake
Mývatn (Örnólfsdóttir and Einarsson 2004), and a total of 27 species have been described
in Iceland (Gíslason, 2005). One of the species completely absent from the caves was
Eurycercus lamellatus. Interestingly, this species is reported to be the most abundant
Cladocera in Lake Mývatn, along with C. sphaericus (Örnólfsdóttir and Einarsson 2004),
who was as well the most abundant species in the caves. In the lake, Eurycercus lamellatus
was encountered most often in mats of filamentous green algae. Moreover, Walseng (2018)
described this species to be more common in water vegetation and when surface area is
larger than 1ha. The caves water surface is much smaller than 1ha. The algae visible in the
caves have not been studied, thus I might have missed the presence of this Cladocera
species. However, this species has not been found in stomach content of charr in these
caves (Kristjánsson et al. 2012; Árnason, personal communication).
When examining less abundant species, only six individuals of M. hirsuticornis were found
in cave 25. Although this was a rare observation, six individuals were found in June and
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July (i.e. for light gradient study) samples in this particular cave. This may indicate that
particular ecological conditions are present only in cave 25, which is the largest and the
most exposed cave that is monitored. M. hirsuticornis was the most common and the
second most abundant Cladocera, found in the fissure Stekkjagjá (Ólafsdóttir, 2015). It was
also found in the coldest part of the lake where the temperature is about 8°C in summer
(Einarsson & Örnólfsdóttir, 2004), which is still higher temperature than in the caves
(overall mean temperature = 6.7 ± 0.56 °C). Several explanations are plausible as to why
some abundant species in other nearby groundwater fed systems are not found in the caves.
It may have to do with the colonisation history of the lava caves and the origin of the
groundwater, or differences in the size of the different habitats. It could as well be that the
fish found in the cave predate on larger Cladocera, e.g. Macrothrix. Thus the high
abundance observed in the fissures by Ólafsdóttir could be due to much lower density of
fish compared to the caves (Ólafsdóttir, 2015). However, no Macrothrix hirsuticornis have
been found in Arctic charr stomach content so far (Kristjánsson et al. 2012; Árnason,
personal communication).
Within the group Ostracoda, a total of 43 individuals were found belonging to seven
species. It is the highest interspecific diversity found in this study, and it represent half of
the Ostracoda species (about 20) known in Iceland today (Gíslason, 2005, Alkalaj et al., in
prep.). Three of the species identified are newly recorded for Iceland (Limnocythere
inopinata, Potamocypris fulva and Potamocypris villosa) (Alkalaj et al., in prep.). One of
this species, C. candida, is the most widespread species in Iceland (Alkalaj et al., in prep.).
In Stekkjagjá, a groundwater-fed fissure in North-East Iceland, Ólafsdóttir (2015) recorded
six species of Ostracoda, but only two, C. ovum and C. ophtalmica are common to the lava
caves. These two species are shown to tolerate a wide range of environmental factors
(Alkalaj et al., in prep.). One of the six species from the fissure was also newly recorded
for Iceland (Fabaeformiscandona sp.).
It was clear that within the caves the distribution of the crustacean species is patchy, as I
found a high variation in taxa and abundance within taxa between the 3 traps laid within
each cave, (e.g. Cave 25, one trap with one individual and one trap with 221 individuals).
Which is similar as Örnólfsdóttir and Einarsson (2004) who found that especially C.
sphaericus to be highly spatially variable in Lake Mývatn.
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IV.1.2.

Differences between and within areas

When looking at the environmental factors, the greatest variation among them was in
relation to the two geographical areas, Haganes and Vindbelgjar. Results showed that four
of the eight environmental factors (conductivity, water depth at the opening, water oxygen
concentration and minimal distance to the lake) differ between the two areas. Although
temperature was similar in both areas, I observed significant differences in the oxygen
concentration between Haganes and Vindbelgjar. Clearly, the differences in oxygen
concentration and electric conductivity between the two areas are related to the origin of
groundwater. The areas are fed by groundwater of different origins, Haganes coming from
the Kráká River in the South and Vindbelgjar from the mountains in the North (Figure
I.1.1). Thus the significant correlation between the concentration of oxygen and the
distance from the Lake observed in this study, could only be a coincidence.
It may be that differences in conductivity between the two areas, representing differences
in concentration in dissolved ions, influences nutrient availability e.g. in relation to
primary production. This nutrient availability can lead to differences in the invertebrate
communities and food web in general, seen in differences in diversity and abundance of
taxa inhabiting the caves (Huxel & McCann, 1998; Spivak et al., 2009). To answer this
hypothesis further research on the productivity of the caves in each area would be needed.
When examining variation among the caves in Haganes, it is interesting that cave 1 and
cave 2, which are geographically the closest, and connected, as seen by fish movements
(Leblanc, personal communication), present the largest differences in temperature, with
7.65°C in cave 1, the highest temperature recorded, and 5.30°C in cave 2, which is the
lowest temperature recorded. However the morphology of these two caves differs. The
total surface of the openings in cave 1 (9.03m²) is smaller than the one in cave 2 (25.77m²),
and the openings face in different directions (cave 1 toward south west and cave 2 toward
north east), which allows for the sun to differently warm up the water of the caves.
Interestingly, the diversity of taxa found in this two caves differs. I recorded eight taxa in
cave 2 and six taxa in cave 1, with five taxa in common, one specific to cave 1 and three
specific to cave 2. The diversity in cave 2 is the second highest diversity found among all
the caves (the highest being nine taxa in caves 5 and 22). The cave with the lowest number
taxa of all the caves is cave 6 with only three taxa. This cave has also the lowest
concentration of oxygen and the water is not exposed to the sky (limiting the input of
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terrestrial nutrient), which could explain the low diversity of epibenthic invertebrate found.
It is really interesting to see that the closest cave to cave 6, cave 5, with nine taxa found is
one of the two caves with the highest diversity seen. The oxygen concentration of cave 5 is
higher than in cave 6 and the surface of the openings is about four times bigger. In
summary, some of the closest caves and in some cases connected caves are not necessarily
similar, nor host the same diversity of invertebrates. This suggest that more complex
element interact in the caves. The presence of undetected springs might explain the
differences in temperature observed here, while the variation of diversity might be related
to the history of colonisations of the caves.
In Vindbelgjar, I observed less variation of taxa diversity. The caves of this area are
separated geographically in two groups. This separation was clearly visible in the
dendrogram on environmental factors. It was however a bit less obvious on the
dendrogram on taxa diversity, meaning the diversity of taxa within Vindbelgjar is quite
homogenous, where the two areas do not clearly stick out. However, it seems that the caves
21, 22 and 23 group together with a higher mean density with taxa than the other group of
caves. This group of three caves is located closer to the Lake than other caves in
Vindbelgjar. There might be a connection of these caves to the lake, although the closest
cave (21), which is most likely to be connected, has lower taxa diversity than the two other
caves (22 and 23). If cave 21 was connected to the lake I would have expected to see a
higher diversity of taxa in that cave. However, interestingly my results showed that cave 21
had the highest Shannon diversity index of all the caves (Haganes and Vindbelgjar
together). But as Shannon diversity include the diversity and evenness, the results observed
are due to evenness of the taxa found within cave 21, though the number of taxa is lower
than the other two caves from this area.
Interestingly, cave 17 and 17b, which are geographically the closest in Vindbelgjar, had
also the second highest and lowest taxa diversity with 8 and 4 taxa respectively. Regarding
the environmental factors of these caves, they are quite similar as confirmed by the
dendrogram. However, cave 17b had the lowest level of oxygen concentration and cave 17
the highest of this group of caves in Vindbelgjar. This could explain the taxa difference,
between this two caves.
Another hypothesis regarding the variation of diversity within area, between caves could
be related to the fish population inhabiting these caves. Each cave hosts a fish population.

33

Each population varies in term of fish density. Fish predate on adult Chironomidae falling
onto the surface of water, during the high peaks in their life cycle, as the surface of the
caves are completely covered by dead individuals. However, the fish must eat aquatic
invertebrates in times with less terrestrial input. Thus, I think it is fair to assume that
depending on the sampling period (during the peaks of adult Chironomidae or not), and
depending on the size of the fish population of the caves studied, we will see variations in
the invertebrate diversity. As said before, it is probable that fish predate first on bigger
invertebrates.

IV.2. Diversity along a transect
My results show that as expected the light intensity decreases as you go deeper inside a
cave, although the caves differed considerably in the light intensity at the openings, which
is depending on the size and orientation of the opening. Environmental factors varied from
one cave to another, but factors other than light were relatively stable in most of the caves.
Although, temperature was quite different among and within caves, which may reflect the
ability of the sun to heat up the caves. The temperature measured in the four caves of this
part of the study reflects the architecture of the caves and likely their orientation. Cave 18
first sampling station was in the sun, but as the opening is low and the sun cannot reach in
to the cave, thus we see a sudden drop of temperature. Cave 25 has a big opening as well,
however the water is deeper. Cave 20 has a small opening where the sun has trouble to
reach in. This cave has the lowest light intensity at the shore, so the lower temperature. An
interesting example of this is Cave 27, where the sudden drop of temperature can clearly be
explain by the architecture of the cave, where the cave is divided into two areas, the first
area has a wide opening (18.7 m²), shallow water and silt substrate with few lava rocks.
Further in the cave it becomes narrower, there is a second smaller opening (6.8 m²) made
of deeper water and rock bottom, made out of collapsed lava blocks, after which deeper
water and very low level of light are seen. This second area is colder than the first one (part
one = 8.0 ± 0.14, part two = 6.3 ± 0.12). As a result, in this particular cave, we can see the
highest number of taxa occurring in the 3 first stations, followed by a sudden drop, where
no taxa were found at the farthest station.
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As the caves are both darker and colder as you go further in, we can expect that primary
productivity drops along the transect and consequentially a decrease to total absence of
invertebrates at the end of the cave. Although two taxa, C. sphaericus and Copepoda, were
present and often highly abundant in all stations and in all caves sampled. However the
number within these taxa dropped as well along the transect. Highest number of
invertebrates were found at the opening and the next sampling station (one meter) into the
cave. Interestingly, I found higher diversity in all the caves at the second sampling station
than at the first. This might be due to the first station right at the shore do not receive
enough sunlight as it was sometime almost under the shore vegetation. As consequences,
the primary production might be lower at the first sampling station compare to the second
one. On the other hand, from personal observations and confirmation from Leblanc C., fish
in the caves are most often encounter by the shore. Thus, it is fair to assume that the lower
diversity and abundance observe at the first sampling station, might also be due to
predation from the fish on the invertebrates in this part of the caves.
One factor, which was not included specifically in this study, is the succession of
substrates in the caves. In most of the caves, the substrate starts by lava rocks at the shore,
due to collapsed walls or roof, followed by soft bottom (silt). Some studies showed that the
diversity of invertebrates was higher when the substrate is made out of rocks, and lower
when it is soft bottom (Phillips & Prestie, 2017), as rocks offer a good shelter to
invertebrates from predators such as other invertebrates and/or fish (Roy &
Homechaudhuri, 2017). In this study I see higher diversity at the shore where the lava
rocks are found and lower diversity further in the cave where silt covers the benthos. It
could be possible that the higher diversity of taxa observed at the transect here, is related to
the rock bottom. However, in cave 27 this substrate succession is the opposite as the soft
bottom is encounter in the first part of the cave followed by lava rocks. But as said before,
that second part of the cave is in darkness, which might rend life development difficult.

IV.3. Overall discussion
I found 28 taxa over all sampling times, with a total of 21 taxa identified for each time and
14 taxa common to both periods (June and July). The total diversity of epibenthic
invertebrates is lower compared to other studies, e.g. Govoni (2001) identified 57 taxa
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during his study of freshwater spring invertebrate ecology and Ólafsdóttir (2015) identified
44 taxa during her study of biological diversity in groundwater fissures. However, not all
taxa found from this study have been identified to species level, suggesting that diversity
could be higher than what I recorded. Moreover both Govoni and Ólafsdóttir used different
sampling methods. Although, both sampling times, June and July display the same number
of taxa diversity (twenty one) the taxa composition varies. If we compare the common
caves of this two sampling time (cave 18 and 20 in Vindbelgjar and 25 and 27 in Haganes),
I see a higher taxa diversity in July than in June for all the caves except cave 20. This
difference might be due to the hatching time of some invertebrate species. The lower
diversity observed in cave 20 could be due to a shift in the Arctic charr diet, the fish
inhabiting the caves. In June, with the emergence of Chironomidae in Lake Mývatn, water
surface of the caves is often covered with adult flies. That is easy food for the fish.
However in July, the high peaks of Chironomidae populations’ emergence is over and fish
might shift their diet towards invertebrates living in the caves, such as Crustaceans like
Cladocera, Copepoda or Ostracoda. The diversity of Ostracoda found in July is lower
compared to June (from ten taxa in June to five taxa in July), but the number of caves
sampled in June is also higher than the one in July.
I also observed a shift of taxa abundance between Rotifera and C. sphaericus. Rotifera,
who was the most abundant taxa in June, were almost absent from July samples with only
87 individuals found overall, while the abundance of C. sphaericus quadrupled.
Örnólfsdóttir and Einarsson (2004) as well as Ives et al. (2013) have observe a temporal
variation of the species C. sphaericus in Lake Mývatn, with a high abundance around end
of June and a low abundance around the end of July/ beginning of August. Interestingly,
my results show the opposite phenomenon in the caves, as the abundance of C. sphaericus
tripled between June and July. Williams (1982), reported that C. sphaericus was part of a
group of Chidoridae which showed two peaks of abundance in summer and fall/winter in
Lake Itasca, Minnesota. Interestingly he reported that this species was also among the one
with a relatively high populations density during winter, when the lake is ice covered. In
this study, the temporal variation between the peak of abundance in Lake Mývatn and in
the caves might be due to temporal differences in food supply and/or predation and/or
competition. In winter, the Mývatn area is completely covered in snow, including the
caves. The caves are much more sheltered than the lake, which might lead to a later
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development of primary production compared to the lake, as the snow might still be
obstructing some openings while the lake is no more ice-covered.
Lake Mývatn has been well studied for the last 40 years, with special focus on the
Chironomidae dynamics and its effects on the surrounding of the lake (Einarsson et al.,
2004; Hoekman et al., 2011; Bultman et al., 2014; Dreyer et al., 2015; Dreyer et al., 2015;
Herren et al., 2016). It has been observed that the midges have a direct influence on the
primary production and secondary production on the terrestrial environment and the lake
itself (Dreyer et al., 2015; Herren et al., 2016). As I have been able to witness in the caves,
during the Chironomidae peaks emergence, the midges can completely cover the water
surface of the caves, as well as sitting on the ceiling. Though most of these midges might
serve as food sources for the fish population inhabiting the caves, we can assume that part
of it fall down to the benthos, adding a nutrient source to the ecosystem. Moreover, Herren
et al. (2016) observe a positive feedback between Chironomidae larvae and benthic algae,
where a mutualism would be possible between primary consumer and primary producer
trophic levels in the benthos. Dreyer et al. (2015), showed the presence of a gradient of
nutrient brought to the terrestrial environment during the Chironomidae peaks, starting
from the lake shore and going away from the lake, and how it influenced. The diet of
terrestrial predators such as the wolf spider (Dreyer et al., 2015). It is fair to assume that
these effects might also be observed in the aquatic environment in the direct surrounding of
Lake Mývatn. It might be a possibility that the caves closer to the lake are more likely
influenced by the Chironomidae population fluctuation than the caves located further from
the lake. Moreover, the influence of the Chironomidae might vary from one cave to
another due to the architecture of the cave: big or small openings, suggesting more or less
high densities of Chironomidae able to fly into the caves. Another hypotheses could be that
due to Chironomidae fall in, from the vegetation boarding the entrance of the caves, onto
the water surface, it is probable to see a higher input of nutrient (due to positive feedback
between Chironomidae and algae) near the shore of the caves than further in. Leading to
the creation of a better ecosystem for the development of diversity of other invertebrates
than the midges’ larvae by the shore of the caves. Thus, the nutrient input would be higher
by the shore and lower as going into the cave, leading to a nutrient gradient. It would be
then natural to see a gradient of diversity and density following the gradient of nutrient,
with a higher diversity and density of taxa at the shore and then decreasing, as we see in
the results of this study.
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V. Conclusion
The lava caves around Lake Mývatn are at the same time simple and complicated
environments. Although at first, environmental variables seem stable in the caves, they
differ both between areas, and within each area. Caves geographically close do not
necessarily have similar environmental conditions nor similar taxa diversity. The diversity
of epibenthic crustaceans in the caves is low. However, the caves are geomorphologically
complicated and invertebrates from various habitats were not described in the study. To get
a whole understanding of invertebrate communities in these caves, it is necessary to add
diversity found on stones (hard bottom), in the sediment (soft bottom) and vegetation.
Moreover, as I have seen in my study, some species are distributed patchily in the caves.
To have a better overview of the diversity it would be better to have a systematic way of
sampling, with maybe a grid which would cover the caves. I did not look at the primary
production nor the terrestrial input, two elements that might play a major role in the
maintenance of these peculiar environments. There are no clear results in this study that the
biodiversity of invertebrates are influenced by environmental factors. However, this might
simply be because I do not have enough material to work with. By increasing the number
of invertebrates collected, with maybe a longer sampling period (over several months), this
results could change. This study showed that even at small scale an ecosystem can be
variable, and show differences. This is important for future studies and futures
conservational ecology plans, not only for the caves, or for Iceland, but worldwide.
Conservational plans needs to take in account as much as possible, all habitats encountered
in a certain area with their fauna and flora, or scientists might lose diversity and imbalance
the ecosystem instead of protecting it.
Biodiversity studies are hard and complex. This study and this cave system is a good
example of it. Though it looks simple at first, it appears more complicated at the end. The
caves, are not cave sensu stricto, nor are they sheltered pond. On the opposite of many
studies, the environmental factors do not seems to influence the diversity here. Meaning
they are other factors that have a major role in these systems, yet to be understood. This
shows how important and how difficult the mechanism shaping biodiversity may be.
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dots, blue for Haganes and red for Vindbelgjar. Regression line is in red in the graphs.

Appendix 1 Pearson’s correlation matrix, ran on the environmental factors measured overall in the lava caves around Lake Mývatn, in June 2014. Caves are represented with
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Regression line is in red in the graphs.

Appendix 2 Pearson’s correlation matrix, ran on the environmental factors measured in the lava caves around Lake Mývatn, in June 2014. Caves are represented with blue dots.
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with red dots and regression line is in red in the graphs.

Appendix 3 Pearson’s correlation matrix, ran over the environmental factors measured in the lava caves in Vindbelgjar area, around Lake Mývatn, in June 2014. Caves are represented
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line is represented in red in the graphs.

represented with dots and each colour correspond to a cave (yellow and red for caves 18 and 20 from Vindbelgjar. Light blue and dark blue for 25 and 27 from Haganes). Regression

Appendix 4 Pearson’s correlation matrix, ran over the environmental factors measured along the transect in four lava caves, around Lake Mývatn, in July 2014. Sampling station are

