
ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2022

Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Science and Technology 2189

In Murky waters

Swedish demosponges and their genealogies

RAQUEL PEREIRA

ISSN 1651-6214
ISBN 978-91-513-1597-3
URN urn:nbn:se:uu:diva-484379



Dissertation presented at Uppsala University to be publicly examined in Lindahl-salen, EBC,
Norbyvägen 18A, Uppsala, Friday, 28 October 2022 at 09:00 for the degree of Doctor of
Philosophy. The examination will be conducted in English. Faculty examiner: Professor
Dirk Erpenbeck (Department of Earth & Environmental Sciences, Palaeontology and
Geobiology,,Ludwig Maximilian University of Munich ).

Abstract
Pereira, R. 2022. In Murky waters. Swedish demosponges and their genealogies. Digital
Comprehensive Summaries of Uppsala Dissertations from the Faculty of Science and
Technology 2189. 60 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-1597-3.

Swedish Sponge fauna last updated happened over 80’s years ago. This fact explains, partially,
the country’s low sponge. In this thesis, I update our knowledge of the swedish demosponge
fauna (Paper I and II) and, give an insight to the relationship within one of the most common
sponge groups in the country belonging to order Suberitida (Paper III and IV), as well as to
investigate possible dispersal barriers for freshwater sponges (Paper I). I relied on my own
sampling, museum specimens and the marine inventory by STI. In total, we found nine new
reports for Sweden (one freshwater and eight in sea water) and one new species to science
(sea water). In the freshwater survey using Spongilla lacustris (Paper I) we tested if catchment
areas represented dispersal barriers, but with the marker used we could not observe a clear
population structure. For the marine environment the collected material contained what appear
to be several species Suberites (Paper II). This genus, and many taxa within the order, is known
for a paucity of morphological characters and long taxonomic history. This while being known
for not representing a natural group. Thus, in order to know what species of Suberites present in
Sweden we had to answer: What is the circumscription for the genus? What are its relationships
with other suberitids? What are the oldest available names for the genus and the species within?

In Paper III, we use phylogenetics to infer the relationships within Suberitida. The trees
showed two separate clades for Suberites - A and B. Clade B was together with the genus
Aaptos, a Homaxinella species and Stylocordyla - family Stylocordylidae and, given that result
we argued for expansion of Stylocordylidae. In Paper IV, we did an extensive literature review
of the senior names for clade A and B. Plus, we presented species delimitation and their names
for 30 species found in the Northern Temperate Atlantic realm. We argue for the resurrection of
Syringella as the name for clade B. While, in clade A (under the name of Suberites), we make
the case for S. ficus proper name to be S. subereus and, we solved the homonymy with the name
S. virgultosus by naming the species found by Bowerbank - Suberites sp. ”misterbeanii”.
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”But I am very poor today & very stupid hate everybody & everything.One
lives only to make blunders” Charles Darwin letter to Charles Lyell, 1861
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Introduction

When I started my Ph.D studies at Uppsala University I knew for a fact that
Sweden valued, deeply, the natural diversity, especially the names and evo-
lutionary history of the different organisms that inhabit the country. In other
words the Taxonomy and Systematics of the Swedish fauna and flora. So in
Linnaeus’ country, where there is a budget of tens of million SEK (Ronquist,
2010) one can wonder what is still to be known in general or, in my case, in
demosponge (class Demospongiae, phylum Porifera) fauna here? I was sur-
prised to learn, shortly after my arrival to Uppsala, that the latest update on
sponge diversity overall but, more specifically species diversity, had been at
least 80 years ago (Alander, 1942; Arndt, 1932). This is especially concerning
to me given the increasingly fast loss of biodiversity around the world (Sweden
included) that would mean Sweden was losing demosponge biodiversity with-
out anyone being aware of it. Furthermore, sponges are an important habitat
builders e.g., (Hultgren & Duffy, 2010) and an important source of new bio-
compounds usable in medicine (e.g., Anjum et al. 2016). Thus, losing sponge
diversity will mean loose resources that could directly help humanity in a near
future. Nonetheless, I personally think that we, humans, are simply critters
with curiosity and as such, once a knowledge-gap is found we cannot stop
questioning and investigating even without foreseeable benefit. To question
without thinking: ”why do I need to know that?” is a luxury but also what
define us as humans and as in the past revealed fundamental for the advance
not only of basic knowledge and technology e.g., Mendel’s work on heritable
traits (Mendel, 1866). The research I have conducted for this thesis was as well
to, just, close the knowledge-gap on what demosponge fauna can be found in
Sweden the demosponge fauna which, is aligned with one of the main goals
of the Swedish Taxonomic Initiative – to describe all multicellular organisms
inhabiting Sweden.

In this thesis I will dwell on the contribution that I have made to close the
knowledge-gap in diversity of the demosponge fauna in Sweden in both fresh-
water Paper I and marine environment Paper II using both morphological and
molecular data. Furthermore in Paper II we noticed that many of the collected
specimens (16%) belong to the order Suberitida (Chombard & Boury-Esnault,
1999). The order is comprised of three families: Halichondriidae Gray, 1867,
Suberitidae Schmidt, 1870 and Stylocordylidae (Topsent, 1892). While Stylo-
cordylidae is a monogeneric deep-sea family encompassing 8 species world-
wide, the families Halichondriidae and Suberitidae are much larger and known
for intertwining phylogenies. Thus, in order to know what demosponges exist
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in Sweden the systematics between these two families will have to be solved.
I dwell on that in Paper III and ended up by suggesting the expansion of
the third family - Stylocordylidae, and dividing the genera Suberites Nardo
(Suberitidae) and Halichondria Fleming (Halichondriidae) two clades, each
- Clades A to D, without however reconciling this with the Linnean taxon-
omy by following International Code of Zoological Nomenclature (ICZN). In
Paper IV, I then attempted to find a name for Suberites-clade B (the clade
without the type species Suberites domuncula (Olivi, 1792) in the myriad of
forgotten and/or synonymized genus names while discussing species delimi-
tations and their proper names for what Suberites (Clade A) species exist in
Sweden and the surrounding area.

The Atlantic Ocean
The specimens I used for this thesis are mostly from the North East Atlantic
(NEA), with special focus on Sweden. Since sponges are aquatic, their evo-
lutionary history, diversity or changes thereof, are tightly linked to the aquatic
environment from where they come from. So in the coming sections I will
attempt to give you a very broad overview of the Atlantic and a narrower char-
acterization of the Swedish underwater environment.

The Atlantic Ocean is the second largest ocean in the world covering about
20% of the world’s surface and it is roughly S shaped. Its waters have a mean
temperature of 3.25°C but with temperatures ranging from 0 to 13.7° C and a
salinity between 34.7 and 34.97‰ for 90% of its water (Montgomery 1959).
The Atlantic has an average depth of nearly 4000 m but a maximum depth of
8376 m (Bongiovanni et al., 2022). The northernmost area of the Atlantic is
at Strait at the coast of Labrador and Greenland while the southmost is at 60
S line parallel to the Antarctic Sea (Rekestraw, 1943).This ocean is divided in
the North Atlantic and the South Atlantic by this split in the water masses by
the Equatorial counter-current (8° N). These two regions are different in wa-
ter densities, temperature and each of these divisions has a main gyre. While
the South Atlantic is broad and with a relatively straight coastline the North
Atlantic narrows and has a coastline fairly irregular which creates several iso-
lated water masses - seas. The North Atlantic counts with: the Caribbean, the
Mediterranean and the Black, Norwegian, Baltic, Polar, Labrador, Baffin and
Sargasso seas (the only sea enclosed by currents). These different seas are,
effectively, barriers for biota dispersal for both lack of water flow among them
and also different environmental conditions. Apart from this there is also a
meridional division between East and West Atlantic. Despite the appearance
of purely political division between East and West, theres is a biogeographical
reason behind it as this division represents an important barrier for dispersal
of biota. The dispersal of a certain species is tightly linked to dispersal capa-
bilities and availability of suitable habitats. Thus shallow water species with
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poor dispersal capabilities cannot keep population between East and West of
the Atlantic given that there is 1000 km (at least) separating the two coasts.
With a basin at 5000 m depth but a mid Atlantic ridge at less than 200 m depth
this structure provides an important dispersal barrier for benthic fauna even if
the Gulf stream provides a pelagic opportunity to connect East and West. In
my thesis I mainly treated sponge fauna from the North East Atlantic (NEA)
or the Northern European Seas (Spalding et al., 2007) (Figure 1).

Figure 1. North Atlantic map. Bathymetry from ETOPO1 Arc-Minute Global Relief
Model (doi:10.7289/V5C8276M). Borders in red represent the Temperate Northern
Atlantic and in red-shade the North European Seas, both as defined in Marine Ecore-
gions of the World (MEOWs) (Spalding et al., 2007). Swedish EEZ borders in yellow.

Swedish waterscape
Sweden is one of the largest European countries with an area of 528000 km
2, and a length of 1600 km long from North to South. Much of its land is,
however, occupied by innumerous water masses. Apart from that, Sweden
has an extensive and intricate coastline throughout Baltic sea and the Kattegat
and Skagerrak areas encompassing 11600 km of very different topographies,
environments and habitats.

Freshwater environment
There are nowadays 17700 lakes bigger than 104 km2 mapped in Sweden
(Westman et al., 2017) with twice as many smaller lakes (Håkanson, 1994)
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adding to this 136600 rivers and streams (Westman et al., 2017) we obtain and
land richly dotted by water. All of these elements are usually assembled into
hydrological basins or catchment areas. The water masses among catchment
areas do not mix, thus I hypothesised that these catchment areas could con-
tribute to the sponge population variability as it has been shown previously
(Dröscher & Waringer, 2007). In Sweden there are 267 main catchment areas
(Danielsson & Andersson, 2020) which contain water masses running gener-
ally from North West to South East. The existence of well mapped roads helps
to delineate the shortest roads to sample as many different catchment areas as
possible fast as possible which was preponderant for the sampling in Paper I

Marine Environment
The marine environment of Sweden encompasses parts of the Gulf of Both-
nia, Baltic Sea, Skagerrak and Kattegat (Figure 1). In total 70000 km2 and a
maximum depth of 725 m. Most of this area, however, belongs to the Gulf
of Bothnia and Baltic Sea which due its brackish waters represents a difficult
environment for both freshwater and marine fauna to live in (Berglund, 2015).
Hence I will not talk about these areas in my work even though there are some
freshwater sponges that can be found in the Baltic (near Stockholm coast).

The majority of my work will focus on the Kattegat\Skagerrak area of the
Swedish marine jurisdictions. This area is of higher salinity due North Atlantic
water input brought by a number of currents such as Fair Island Current and
the European Slope Current. These currents are influenced i.e., weakened or
strengthened, by winds but also by the North Atlantic Oscillations (Winther &
Johannessen, 2006). Finally, we have the deep current of Norwegian Trench
input deep water. In addition to the Atlantic water input, which constitutes
79% of the water in the North Sea, there is still a very significant input from
freshwater by the Baltic sea and run offs from nearby rivers (c. 10%).

The coast is topographically rich with a myriad of re-entrances, bays and
small islands. However, the Swedish West Coast only possesses two true
fjords: Idde fjord and Gullmars fjord. In these two fjords, the inlet is con-
strained by a shallow sill(s). The sill then creates a deep water area that is
isolated from the rest of the ocean. The Idde fjord constitutes a natural border
between Sweden and Norway. This fjord extends for 25 km and has four sills:
Sponvika, Bjällvarpet, Svinesund and, Brattøya; in depths between 9 and 24
m. Ide fjord is divided into two basins the first being the deepest with 45 m
maximum depth and 6.4 km long from Singlefjord in the west to the city of
Halden in the Easter part. This fjord has a long industrial history that started in
the 1860’s but was especially intense in the beginning of the 20th century (An-
dreassen, 1974; Berge, 1994; Berge et al., 1997) although, condition seemed
to have improve considerably since the closure of the paper mill in the 1990’s
(Asteman et al., 2015; Asteman & Nordberg, 2017). Gullmars fjord on other
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hand, is solely Swedish, located roughly 70 km from Gothenburg on the Bo-
huslän coast and has a long history of fisheries but no heavy industries. Apart
from local fisheries this fjord has three biological stations: Klubban Biologi-
cal Station (Uppsala University), Kristineberg Centre for Research and Inno-
vation (Gothenburg University), and Institute of Marine Research (Swedish
Agricultural University). This fjord is 28 km long and 1 to 2 km wide with
a maximum depth of 118 m. Gullmaren has a single sill of 42 m depth at
the entrance (Filipsson & Nordberg, 2004). Due to its depth there is a strong
water stratification in the fjord, which can be divided into three water masses.
The deepest, coldest and most saline water mass only found below 50 m depth
is the only place where Suberites spermatozoon was ever found in Sweden
(Alander, 1942). I used some samples from both fjords together with other
samples offshore to assess the demosponge species diversity in the Swedish
West Coast Paper II. These fresh samples together with museum specimens
from all over the world would allow me to start revising the Systematic with
Suberitida Paper III and draw some conclusions on what species of Suberites
existing in Sweden neighbouring countries and what their names are Paper

IV. All my observations of current fauna are, however, prone to change, if not
by my lack of reach then by the current threats/change that all ecosystems are
under right now.

Threats
In fact all ecosystems around us are threatened. This is usually translated
as loss of biodiversity. One of the major and greatest widespread threats is
climate change that has as major consequence the increase of average temper-
atures. This, in aquatic environments will affect the amount of oxygen in the
water thus causing more frequent or at the larger scale hypoxia events(e.g.,
Golosov et al., 2012; Bendtsen & Hansen, 2013; Hetherington et al., 2015.
However, given that climate change happens due, mostly, the increase the CO2

in atmosphere, there is a second consequence of climate change - acidification
(e.g., Odén, 1976; Eriksson et al., 1983; Ek & Renberg, 2001) which affects
the existing biodiversity (e.g., Odén, 1976; Eriksson et al., 1983; Brodin, 1995;
Filipsson & Nordberg, 2004. Apart from climate change there are other an-
thropogenic pressure that are and will continue to affect the ecosystems: a) the
contamination with pollutants such as heavy metals Dave & Nilsson, 1994;
Kersten et al., 1993; Renberg et al., 2001; b) eutrophication (e.g.,Bergstrand,
1990; c) browning of freshwater masses (e.g., Weyhenmeyer et al., 2016;
Kritzberg et al., 2020) which affects the phytoplankton communities (Jones,
1992) and the distribution of heat and light at subsurface Ask et al., 2009
and; d) overfishing, which affects mostly the marine areas (e.g., Svedäng,
2010; Baden et al., 2012) and physical disturbance by the use of destructive
fishing methods such as bottom trawling and more recently deep-sea mining
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(Wedding et al., 2015; Niner et al., 2018) The changes induced by anthro-
pogenic pressures seemed, at least in the marine environment, to remove the
rare species from the ecosystem (Obst et al., 2018). At the same time as all
this changes and pressure are happening we remain ignorant of the sponges
biodiversity that still remains.

What are sponges?
Human bias
When the word ”animal” is uttered the vast majority of us will think firstly of
a vertebrate - something big and emblematic. The existence of this taxonomic
bias has been well reported among STEM (Bonnet et al., 2002; Dunn, 2005;
Titley et al., 2017) and it seems to affect all human society including children
(Snaddon et al., 2008). In fact vertebrates represent only 4% of the known
animal species. However, they do not only represent a unspecious group, they
also represent a very restricted body plan and life strategies existing among
the kingdom Animalia. Among these other groups (31 Phyla) there are liv-
ing strategies and body plans that to us seem truly bizarre and alien. Yet the
phylum Porifera remains one of the most neglected/understudied of all animal
groups. Sponges (phylum Porifera) are usually described as simple, primitive
and by what they lack rather than what they have i.e., ”lack of organs or tis-
sues, very few of different cells...” (Simpson, 1984; Ereskovsky, 2010; Brusca
et al., 2016). While the ”primitive” is easily tossed as reminiscent of ladder
thinking the term ”simple” seems to be a bit more difficult to argue against
specially when the group is characterised for what it is not rather than what it
is. This view, however, says much about the eyes of the beholder and nearly
nothing about the monster itself a fact also pointed out before in Leys, 2003
and; Leys & Riesgo, 2001). In fact, if one was to characterise vertebrates the
same way as sponges, the definition would come as something like: ”Mobile
animals with cells with predestined rigid fates thus, adult cells are incapable
to transmute into others, lacking flagellated cells other than sperm cells. Inca-
pable to filter-feed thus resorting to predation and with a very limited amount
of commensal or symbiotic bacteria which are only present externally. Their
lack of physiological and cellular plasticity means that these species are quite
sensitive to environmental change, thus perhaps the reason why they evolved
mobility”. This vertebrate characterization really tells very little about the
group. So in the next section I will give an overview of what a sponge is,
rather than what it is not. I will further dwell into the most recent exchanges in
the systematic especially regarding the order Suberitida (Chombard & Boury-
Esnault, 1999) given that I, myself, attempted to solve some of its systematic
problems during my Ph.D (Paper III) as well as explain a bit of what exactly
a species is and what tools are used to assess species hypothesis given that I
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have attempted to answer: How many Suberites species exist in Sweden and
neighbouring areas and what are their names in Paper IV

Sponges
So sponges, phylum Porifera Grant, 1936 have as one of their most promi-
nent characteristics the ability of filter feeding by using an intricate system of
pores and canals called the aquiferous system. In fact, the name of the phylum
can be literally translated into pore bearing. Their aquiferous system con-
sist: in afferent pores (ostia) and, efferent, usually bigger openings (osculum
or oscula, plural) which gives the name to the group; and a system of canals
with choanocyte chambers lined with flagellated cells (choanocytes). These
choanocytes maintain the unidirectional water flow by beating their flagella
of the chonanocytes and to lesser extent through contractions called sneezes
(Elliott & Leys, 2007; Ludeman et al., 2014). Despite their aquiferous sys-
tem being their more characteristic feature, some sponges have lost this entire
system and have evolved carnivory (Vacelet 2006 and Hestetun et al. 2015).

Up until recently, it was thought that, as adults, all sponges were sessile in
their adult life. However, this fact was recently contested with photographic
evidence of sponge trails (Morganti et al., 2021). So it seems that, in this
group, if we look long enough we will find exceptions to all rules. Sponges
have two morphologically distinct epithelial cell layers: the pinacoderm com-
posed by flat cells, the pinacocytes, which covers the surface of the sponge and
aquiferous system canals and the choanoderm, composed by choanocytes. In
between the epithelial layers, pinacoderm and choanoderm, there are a myriad
of other cells usual mobile and pluri or totipotent and the skeletal parts which
can be organic - collagen fibrils or spongin fibres - or inorganic, called spicules
that can constituted of calcite, aragonite or more commonly silica (Uriz, 2006).
These acellular parts of the mesohyl, especially the mineral parts, are used by
taxonomists for species identification and description but for the sponges they
serve for support and protection. The mineral parts are produced by sclero-
cytes either internally in case of siliceous spicules (Müller et al., 2006; Uriz,
2006) or externally for calcareous spicules.

The sponge feeding is perhaps one of the most strikingly different from the
rest of the animal kingdom. Sponges feed by phagocytosis which usually oc-
cur in choanocyte chambers being the choanocytes the main responsible for
the intake of particles. However, to a lesser extent, pinacocytes or directly ar-
chaeocytes (that enter in contact with the external environment through open-
ings created by porocytes) can also phagocytize of the food particles. The pre-
ferred uptaked particles are usual bacteria (Simpson, 1984). Still some studies
seem to indicate that dissolved organic material is also absorbed (Goeij et al.,
2008, 2013).
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The reproduction can be both asexual (e.g gemmulae in freshawater sponges)
or sexual. In sponge sexual reproduction there are really few common ele-
ments across the phylum. They can be viviparous or oviparous, hermaphroditic
or gonochoristic (Simpson, 1984; Ereskovsky & Tokina, 2007). In any case,
the larvae or eggs released into the water column have enough nutrients within
themselves to sustain their short free-living stage (Simpson, 1984; Maldonado
& Riesgo, 2009).

Sponges are present in a wide geographical and bathymetric range that en-
compasses marine and freshwater environments, being found from the litoral
to the hadal areas. Literally any water mass, regardless of how small it might
be, is likely to have a sponge in it. They can even be found in artificial small
garden ponds like the one near Blåsenhus (Uppsala University campus). In
certain areas, sponges represent the majority of the benthic biomass (e.g., Kl-
itgaard & Tendal 2004 or Murillo et al. 2012) providing three dimensional
habitats for other fauna Bett et al. (1992); Cleary & Voogd (2007); E. et al.
(2012) and also converting organic matter into more bioavailable forms Goeij
et al. (2013); Maldonado (2015). Despite all this, we understand very little of
how they manage to keep homeostasis and such plasticity. What are the mech-
anisms behind cell recognition, communication, what dictates cell fate and
when are these fates ”decided”or initiated? We do know, however, that sponge
genomes seem to have some key genes associated with for example neuron
signalling and development Riesgo et al. (2012) which are perhaps used in a
different ways as hypothesised by Leys and collaborators (2015).

Nonetheless, sponges architecture might be a hint on how far back their
phylogeny splits from all other animals. In fact, there has been a recent con-
tention on whether sponges are the sister group to all other animals (e.g.,
Philippe et al. 2009; Pick et al. 2010; Feuda et al. 2017; Redmond & McLysaght
2021). As alternative hypothesis indicating comb jellies Ctenophora (Es-
chscholtz, 1829) as the most diverged animal phylum (Nosenko et al., 2013;
Whelan et al., 2015; Chang et al., 2015; Pandey & Braun, 2020). Sponges
present a rich fossil record as far back as 500 Ma (lower cambrian) (Chang
et al., 2017; Tang et al., 2019), biomarkers (chemical specific signatures) go-
ing as far back in time as 700 Ma (cryogenian period) (Love et al., 2008;
Zumberge et al., 2018) seem to also indicate sponges are a earliest diverging
animal lineage.

There are currently 9375 accepted/valid species and total species richness
is predicted to be between 25800 and 26500 (Soest et al., 2012; Appeltans
et al., 2012). However, given that the number of accepted names seems to
still increase exponentially and especially accelerating since the end of 1990s
(Figure 2), and that it is very difficult to assess the changes in research effort
(as the research environment seems to have changed from single author effort
to multiple authors consortiums), these estimates are unreliable.

21



Figure 2. Plot of the number of valid sponge species described world-wide from
1754 to present day; blue dots indicate the number of species described each year and
dashed line species accumulation curve. Data from World Porifera database, 2021-
02-03 (Voogd et al., n.d.)

Demospogiae systematics
Twenty years later, the classification in SP is quite outdated but, this book
remains a good tool for both identification, as well study of the history of
sponge taxonomy and classification. This publication made the sponge classi-
fication and taxonomy more accessible, being for sure an important milestone
to bring sponge systematics to life. At the same time the use of molecular data
started to become more common. In fact, the use of molecular data started
with allozymes (Solé-Cava & Thorpe, 1987, 1986) but, soon the sequenc-
ing techniques caught up and DNA was preferred for it is easier to obtain
and interpret than allozymes. Perhaps, one of most influential studies to start
revising the class Demospongiae was one by Borchiellini and collaborators
(2004) where they purposed the removal of the Homoscleromorpha (as or-
der Homosclerophorida) from Demospongiae to a class of its own and. The
same study showed a clear evidence that the subclasses Tetractinomorpha and
Ceratinomorpha were not monophyletic, and it named four clades well sup-
ported by the phylogenies using the Phylocode (Philip et al., 2010) . Keratosa
(G1) - Containing orders Dictyoceratida and Dendroceratida (which mostly
lack of siliceous spicules); Myxospongiae (G2) - Orders Chondrosida; Hal-
isarcisa and Verongida; Haploscleromorpha (G3) - With marine Haploscle-
rida; and Heteroscleromorpha (G4) - Agelasida, Handromerida (now split-
ted among seven orders), Halichondrida, Tretractinellida, Poecilosclerida and
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Spongillina. These four clades were later confirmed by others using other
molecular markers (Lavrov et al., 2008; Sperling et al., 2009) and later is im-
plemented in Linnaean nomenclature (Cárdenas et al., 2012). However, in this
classification the groups within Heteroscleromopha (G4) represented unnatu-
ral classification with, among other issues, Halichondrida and Hadromerida
as non-monophylectic (Chombard & Boury-Esnault, 1999; Erpenbeck et al.,
2006; Redmond et al., 2013). In fact multiple orders at the time were non-
monophyletic (Thacker et al., 2013) and the possible cause being the use of
morphological character that were homoplasious thus not suitable to infer the
evolutionary history for the groups nor to circumscribe those same groups
(Morrow et al., 2013). It was only in 2015 that this problem was solved and a
new classification that abandons all proven non-monophyletic ”groups” to the
family level (Morrow & Cárdenas, 2015). The systematics for the subclasses
and orders has been stable since then. However, the same cannot be said for
the family and genus level. In my Ph.D I attempted to solve some of the is-
sues for the group Halichondriidae-Suberitidae (Suberitida) group which were
known to have intertwining phylogenies.

Suberitidae-Halichondriidae
The family Suberitidae Schmidt, 1870 was created to encompass genera with-
out cortex, confused choanosome and tylotes as spicules. The description,
however, counted mostly with negative characters – ”lack of cortex”, or ”lack
of microsclres”, this while using characters that are difficult to infer such as
”confused skeleton”. So perhaps it comes as no surprise that this family ended
up being a taxonomic wastebasket and source of much contention with gen-
era subsequently had been included and excluded from the family. As for
examples: Vosmaer, 1887 - includes Rhizaxinella Keller, 1880 Stylocordyla
Thomson, 1873 in the family and excludes some polymastids and, interest-
ing enough remarks that suberitids and halichondrids lookalike. Lendenfeld
(1898) - disagrees with Vosmaer and adds back the polymastids previously re-
moved. In 1892 Topsent - removes Stylocordyla from Suberitidae and created
a new family, Stylocordylidae, Topsent, 1892. In 1900, Topsent lay a supra-
family classification which became the most widely accepted until 2000’s. In
this classification Suberitidae and Stylocordylidae both appear in the same
suborder Hadromerina and Halichondriidae is in a different suborder – Hali-
chondrina. Both Halichondrina and Hadromerida were raised to order later
(Laubenfels 1936). Still, given that both groups were circumscribed with char-
acters they lack of characters it comes as no surprise that neither represented a
natural group, i.e., the classification did not reflect evolutionary history. This
was exactly what Chombard & Boury-Esnault concluded in 1999 for the sub-
order Suberitina. However, the obvious paucity of morphological characters,
which is the main culprit in these systematic changes, also resulted in a delay
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in the adoption of this suborder. This, in spite of multiple subsequent studies
confirming this result. The contention ended in 2015 with proposal for new
demosponge classification upgrading Suberitina to order (Suberitida) (Morrow
& Cárdenas, 2015).

The order Suberitida comprises of 26 genera in three families: Halichon-
driidae, Stylocordylidae and, Suberitidae; of which neither Halichondriidae
nor Suberitidae are monophyletic with genera of both intertwining with each-
other. But, in order to solve any of these issues one would have to access type
taxa for every genera and be sure that the identification is trustworthy. Neither
of these requirements are easy to fulfil because: a) Some of the genera are
rare, and have type species that have been sampled very few times (e.g. Hali-
chondriidae: Ciocalapata Laubenfels, 1936 - Ciocalapata amorphosa (Ridley
& Dendy, 1886) with only 7 reports; Halichondriidae: Cryptax Laubenfels,
1954- Cryptax orygmi Laubenfels, 1954 with 1 report); b) the paucity of mor-
phological characters in this group allied with old descriptions, which are often
wanting in detail, makes the identification of new specimens complicated even
with comparison of type material. Furthermore, the museum material often
yields a low success rate in PCR and/or might be lost or in poor preservation
conditions which the morphological comparison difficult and often subjective.

Suberites
To assign a specimen to the genus Suberites is an easy task. The genus is
characterized by a velvety/microhispid surface, often with orange-yellow hue
colour. Growing in dense mass, often contractile. Skeleton overall is confused
apart from some protruding spicule bouquets at the surface. Spicules are ty-
lostyles, subtylostyles and, often centrotyloted microrhabds. The assignment
of a specimen to a particular species within Suberites, is, however far from
a prosaic task because many of these species seem to have nearly no differ-
ence in spicule sizes and their external morphology is plastic. The genus was
created to accommodate Suberites domuncula Olivi, 1792 and Suberites ficus
Johnston, 1842. To this date, this genus counts 79 valid species of which 30
can be found within the Northern Temperate Atlantic biogeographic realm.
Due to the shallow water nature of many specimens within the species though,
there have been numerous authors, sampling, studying and attempting to clas-
sify or delimit species within the genus. The result is a vast synonyms list for
many of the species presently accepted (e.g., Vosmaer 1933 or Burton 1953).
The synonomies or what the correct name for some of these species is, was,
already, partially addressed Soest et al. 2020, but still much was left to be done
since types have not been looked.
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Molecular markers
One of the main issues studying sponge diversity is the lack of good mark-
ers that are: a) easy to amplify or obtain; b) with a substitution rate that is
capable of resolving phylogenies to the family or genus level. This problem
is especially frustrating given the amount of animal groups now relying on
genomics to tackle the same kind of questions while the use of genomics in
sponges is still not very well established due the difficulty to obtain clean data
(see Mariani et al. 2019).

On the other hand, given the age of some clades it is safe to assume that
the fixation rate in different loci is different for different groups hence mak-
ing it unlikely that the same regions would solve inner clades across groups.
Regardless of these annoyances and difficulties, some studies have managed
to indeed improve our resolution of the phylogenies within families, as for
example: The use of DNA encoding for small and large subunit of ribosomal
RNA and partial genes coxI (both Folmer fragment and extended) and alg11
shows monophyly of Cladorhizidae Dendy, 1922 and it is sister to Guitarri-
dae Dendy, 1924 and Mycalidea Lundbeck, 1905, (Hestetun et al., 2015); or
phylogeny based on coxI and DNA encoding region for big ribosomal RNA
subunit show non-monophyly of the genera within family Polymastidae Gray,
1867 (Plotkin et al., 2017); use of DNA encoding for 18S and 28S (fragment
D3-D5), coxI gene (M1-M6 partition) shown cryptic species in Hemimycale
in the Mediterranean sea and polyphyly for the genera Hemimycale and Crella
(Uriz et al., 2017). In addition some effort have been made in species delim-
itation using multiple loci as for example; several primers for mitochondrial
genes, allegedly more polymorphic than coxI (Rua et al., 2011)) were shown
useful to access population isolation and existence of cryptic species in barrel
sponges (Swierts et al., 2013, 2017), the use of the internal transcribed spacer
regions (ITS for populations Ianthella basta (Pallas, 1766) (Andreakis et al.,
2012) or, the use of coxI (fragment I3-M11) in Phorbas fictitius (Bowerbank,
1866) and Cliona celata (Grant, 1826) allowed to discriminate population
structure in the Atlanto-mediterranean region (Xavier et al., 2010). Finally,
the use of use of non-targeted sequencing techniques such as RADseq (Leiva
et al., 2019; Maas et al., 2020). This and other non-target sequencing tech-
niques have the drawback of sequence whatever is in and on or have been the
vicinity of the sponge sample (Mariani et al., 2019), which can be in the end
the bulk of one sequences (Steffen, 2022). This fact makes the downstream
analysis of the data extremely difficult at least with nowadays bioinformatics.

Sponge Barcoding Project
Molecular data can be used to infer evolutionary history and create a classifi-
cation that respects (as in above). Alternatively the same data can be used for
discrimination and identification or taxa, either in a phylogenetic frame work
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or simply by similarity. The DNA barcode started with the idea to standardise
species discrimination across big groups by having the same molecular marker
and primers across groups. For animals the proposed region was coxI (Hebert
et al., 2003). Since then, many initiatives have been launched, but maybe the
most important was the BOLD system (Ratnasinghan & Herbert, 2007) which
aimed to store high quality information of the specimens together with the se-
quences. For sponges, there has been a Sponge Barcoding project since 2006
(Wörheide & Erpenbeck, 2007) and included several campaigns of sequencing
including the attempt to obtain museum specimens sequences (Vargas et al.,
2012).

Recent sponge diversity surveys
Despite the promising start for sponge studies of the 2000’s, sponge surveys
studies still seem a rarity, appearing only sporadically. This fact is in part due
the fact that sponges are benthonic and humans do not breathe water (this is
an obvious statement) and in part because there is no way to accurately and
precisely identify sponges on site. Thus to identify them one will need a lot
of space time and resources allocated on collection and preservation of spec-
imens. Plus, the identification in the lab requires trained operator time and
resources. To worsen the situation, much of the species described, accepted
and common still lack of a published barcode (see examples in Paper II), that
could be used for faster identification and/or less rigorous surveys. Nowadays,
it is common for scientific campaigns to not collect sponges all together or if
they do the results often lag behind compared with other biota. Nonetheless,
there are some recent good examples of sponge diversity surveys as for ex-
ample: The survey on demosponges species diversity in South Africa with the
creation of a barcode library associated (Ngwakum et al., 2021); Studies on
rock sponges in the North East Atlantic (Xavier et al., 2021; Carvalho et al.,
2020);The description of species of carnivorous sponges (Demospongiae) in
Marina Island (Hestetun et al., 2019), what freshwater sponges can be found
UK (Evans, 2017), Mozambique (sea water) (Calcinai et al., 2020) or (sea wa-
ter) Hawaii (Pons et al., 2017). In Paper I and II, I too attempted to contribute
with demosponge species surveys.

Why study sponge diversity in Sweden?
In 2001, Sweden created the Swedish taxonomic initiative which aims to de-
scribe all multi-cellular species in the country and to provide, to the general
public, identification keys (”Nationalnyckeln”). For sponges, and many other
groups, however, this description could never bee complete without a taxo-
nomic and systematic revisions. The description of a species requires a formal
name (in this case ICNZ) and, also a circumscriptions with a classification
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that reflect the evolutionary history of it. Much of the sponge fauna in Sweden
lacks both these requirements. Sponges are highly understudied in Sweden.
There has not been an update on the Swedish Sponge Fauna in the last 80
years for neither freshwater nor marine environment. When I started my Ph.D
the species richness of this group of animals is low in Sweden when compared
to the neighbouring regions counting with only 154 species in total in Sweden
in contrast with circa 360 species known for Norway (Oug & Rapp, 2015). It
is in this context that both the update for the freshwater sponge fauna Paper

II and the one marine for marine demosponges fauna are inserted.

Aims
The general aim of my work is to revise the demosponge diversity in Sweden,
from species richness to population structure together with the phylogenetic
relationships for the taxa found. For Paper I, I focuses on the freshwater
environment and, not only species richness but, also population structure for
one of the species - Spongilla lacustris (Linnaeus, 1759) to attempt to answer:
Do the catchment areas represent a dispersal barrier for the species?

In Paper II we focus on species richness assessment of a broad sampling
constituted by dredging by the Swedish Taxonomic Initiative (STI) and SCUBA
diving in an attempt to close the knowledge gap on demosponges species di-
versity. For this we used both molecular data: standard barcoding regions coxI
Folmer et al. (1994) and the DNA encoding region of 28S (D3-D5 fragment)
(Morrow et al., 2011) and morphological data. In Paper III, I produced a
phylogeny for the order Suberitida obtain an overview of the phylogenetic re-
lationships within it (see Introduction) and in Paper IV, I attempted to answer:
How many Suberites species seem to exist in Sweden and in a broader sense
Northern European Seas, in and what are their correct names? I conducted
these two last studies because a large number (16%) of all specimens col-
lected in Paper II happened to be within order Suberitida with several species
of Suberites. However, clades within the order Suberitida was known for be-
ing difficult to classify and discriminate thus in order to know what names to
give to the specimens collect one would have to infer their genealogies and to
survey the previous descriptions for the group.
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Material and Methods

Collection
I wish I could start this section with wondrous tales of places I visited to collect
my specimens. However, the vast majority of the material I have examined was
already long dead and preserved in spirits when I acquired them. While for
faunistic assessment recently collected specimens are best because their better
preservation state means that both molecular and morphological data are easier
to obtain, to study the systematic of a group, where specific determination is
difficult, one would need to visit the historical collections that have the name-
bearing specimens (types) or that, at least were identified by the same authors
that circumscribed the taxon in the first place. So my sampling mostly looked
like a small desk-space at a collection of a museum covered with jars full
of spirits and sponges. The bulk of specimens I have collected have been
preserved from the 19th and 20th century, the oldest being from 1844. The
majority of museum specimens had been collected by bottom trawling.

Besides museum specimens, I also had some specimens collected for me
when I arrived at Uppsala, namely the STI collection and some specimens
collected by students and staff at Klubban. Without the later contribution I
would have never been able to have fresh material for many of the Suberites
species delt with in Paper IV, especially Suberites spermatozoon (Schmidt,
1868). Furthermore, some of the specimens were donated.

Finally, on a whim typical of a Ph.D student I too succumbed to collecting
more than I could examine by summer 2017, collecting in the freshwater envi-
ronment. In total I accumulated c. 1600 specimens at the SystBio cold storage
room.

Data management
To take care of such collections and keep track of what has happened or what
needs to be done one needs a Laboratory Management System (LIMS). For
that our group has created the Porifera Taxonomy Workgroup database (Por-
Tax) written as a SpringBoot Java application with a ExtJS javascript front end
and a mySQL back end. The same way, in order to keep track of all previous
taxonomic work within Suberites we had the need to create a tool to manage
information on taxon names in the literature and their relationships throughout
history, and have the relation between publications. This is how Gossip came
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to be useful, by allowing the visualisation of relations of names and opinions
in a network or timeline. Another issue handled with Gossip was the amount
of previous taxonomic work with genus Suberites which, in order to have a
thorough taxonomic review, we would have to evaluate i.e., agree or disagree
with. Some of these species had several pages of synonymies, thus I would
likely get lost in the literature review for the taxonomic work (Figure 3) if I
had no aid. Gossip is implemented much like PorTax but with a graphical
database (Neo4J) as back end (Thollesson, 2017).

Figure 3. Portax user interface rate (Thollesson, 2017)

Morphological identification
In sponge identifications, the external morphology is usually regarded as un-
informative. Although in a small study area with a well curated database some
attempts have been made to use external morphology for identification e.g.
(McIntyre et al., 2016). In order to identify a demosponge one usually uses
microscopical characteristics, namely what type of spicules and their size and
what is their skeletal conformation. Like in any other group, each of these el-
ements have a specific name. In my case I followed The Thesaurus of Sponge
Morphology (Boury-Esnault & Rützler, 1997) and SP (Hooper et al., 2002)
throughout my Ph.D.

To observe these characters one has: a) to make thick sections, by hand.
So after having the thick section and the spicule slide (for the demosponges
with spicules), one must compare it with the literature. If lucky one can ar-
rive at the genus or family level using the keys in SP (Hooper et al., 2002)
and then compare the literature for the region or neighbouring regions. Fortu-
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nately, for the marine environment in Sweden there was already a good mor-
phological study from the 1940’s (Alander, 1942). Furthermore, good work
has already been published for the British Islands (Ackers et al., 2007) and
NEA (Soest et al., 2000). However, in case of doubt one should compare
the material with the original description which are usually available in World
Porifera Database (WPD) (Voogd et al., n.d.) or in Biodiversity Heritage Li-
brary (http://www.biodiversitylibrary.org) (BHL). In case the textitSuberites
and Suberitida(e) the problem was more complex with original description
very short or very little information, some of which with spicule names pre-
dating what is now used as standard, or without spicules mentioned and with
several synonyms so for solving that one will have to go through types of
the said taxon, a reason that explains my sampling strategy (see above). For
the freshwater environment, we had only one order, with about 200 accepted
species of which we already knew of three existing in Sweden (all in a sin-
gle family: Spongillidae Gray, 1867) (Arndt, 1932). So the identification was
relatively simplified. Furthermore, there were other recent studies for neigh-
bouring countries (Tendal, 1967; Richelle-Maurer et al., 1994; Roovere et al.,
2006; Evans & Montagnes, 2019) which further narrowed our identification
process.

Molecular markers and Phylogenetics
There is a myriad of molecular markers that have shown useful for animal
phylogenetics. For demosponges, although less abundant, there are still a con-
siderable amount of molecular makers/primers published throughout the last
30 years. So when looking at literature there is a question that arises: What
markers should one use for the study in question? In an ideal world, one could
have several independent single copy markers with an amount of variation ca-
pable of answering our questions: being species discrimination or resolving
deeper nodes in a phylogeny. Unfortunately, to be sure what markers to use,
we still resort to trial and error. In Table 1 you can find some of the primers
I tested during my Ph.D. However, for a complete overview one must add the
supplementary file 1 of Paper I. During my Ph.D I have tested for mitochon-
drial markers: coxI (folmer region) (Folmer et al., 1994), the extension I3-M11
(Erpenbeck et al., 2002), which presents bigger variation, in sponges, than the
standard barcoding regions (Erpenbeck et al., 2006) and for old samples I em-
ployed the mini-barcodes (Meusnier et al., 2008) given that this strategy was
shown successful for sponges before (Cárdenas & Moore, 2017). Apart from
this I attempted to amplify 16S (Palumbi, 1996) and ATP6 (Rua et al., 2011).
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Table 1. List of Primers tested in addition to EPIC primers stated in Supplementary
file 1 Paper II. Forward direction primers are indicated with ”fwr:” and reverse with
”rev:”; some primers for 18S (Redmond et al., 2013) we used just for sequencing
”[Seq]” while the ones used for both PCR and sequencing are marked with ”[PCR &
Seq]” .

Marker Direction : Primer Publication

coxI Folmer fwr:LCO1490-GGTCAACAAATCATAAAGATA
TTGG

Folmer et al.
(1994)

rev:HCO1490-TAAACTTCAGGGTGACCAAAAA
ATCA

fwr:dgLCO1490-GGTCAACAAATGATAAAGA
YATYG

Meyer et al.
(2005)

rev:dgHCO2198-TAAACTTCAGGGTGACCAAA
RAAYCA

fwr:Uni-MinibarF1-TCCACTAATCACAARGAT
ATTGGTAC

Meusnier
et al. (2008)

rev:Uni-MinibarR1-GAAAATCATAATGAAG
GCATGAGC

I3-M11 fwr:CO1porF1-CCNCANTTNKCNGMNAA
AAAACA

Erpenbeck
et al. (2006)

rev:CO1porR1-AANTGNTGNGGRAARAANG

16S fwr:16sar-CGCCTGTTTATCAAAAACAT
Palumbi
(1996)

rev:16sbr-CCGGTCTGAACTCAGATCACGT

ATP6 fwr:ATP6porF-GTAGTCCAGGATAATTTAGG
Rua et al.
(2011)

rev:ATP6porR-GTTAATAGACAAAATACATAA
GCCTG

28S D1-D2 fwr:Por28S-15F-GCGAGATCACCYGCTGAAT
Morrow et al.
(2011)

rev:Por28S-878R-CACTCCTTGGTCCGTGTTTC

28S D3-D5 fwr:Por28S-830F-CATCCGACCCGTCTTGAA
rev:Por28S-1520R-CATCCGACCCGTCTTGAA

fwr:RD3a-GACCCGTCTTGAAACACGA
McCormack
& Kelly
(2010)

rev:RD5B2-ACACACTCCTTAGCGGA
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28S D6-D8 fwr:Por28S-1490F-AACTCACCTGCCGAATCAAC
Morrow et al.
(2011)

rev:Por28S-2170R-CCAATCCTTTTCCCAARGTT

18S[PCR & Seq] fwr:1f18S-AACCTGGTTGATCCTGCCAGT
Redmond
et al. (2013)

rev:1800R18S-GTTCACCTACYGAAACCTTGTT
18S[Seq] fwr:560F18S-GAGGAACAATTGGAGGGC

rev:600R18S-CGAGCTTTTTAACTGCAA
rev:1350R18S-CGGGACTAGTTAGCAGGTTAA

ITS1-5.8S-ITS2 fwr:RA.2-GTCCCTGCCCTTTGTACACA
Wörheide
et al. (2004-
12)

rev:ITS2.2-CCTGGTTAGTTTCTTTTCCTCCGC

fwr:Fw13-ACACACCGCCCGTCGCTACTA
Maikova et al.
(2010)

rev:1278-CTYYGACGTGCCTTTCCAGGT

ATPaseβ fwr:ATPSbf1-CGTGAGGGHAAYGATTTHTACCA
TGAGATGAT

Jarman et al.
(2002)

rev:ATPSbr1-CGGGCACGGGCRCCDGGNGGTT
CGTTCAT

fwr:ATPSβ-F-ATGAGATGATCACATCAGGTG
Swierts et al.
(2017)

rev:ATPSβ-R-GGTTCGTTCATCTGTCC

alg11 fwr:ALG11-D1-TTYCAYCCNTAYTGYAAYGCN
GGNGG

Belinky et al.
(2012)

fwr:ALG11-D2-TGYAAYGCNGGNGGNGGN
GGNGA
rev:ALG11-R1-ATNCCRAARTGYTCRTTCC
ACAT
rev:ALG11-R2-CCRAARTGYTCRTTCCACAT
NGTRTG

Histone 3 fwr:H3F-ATGGCTCGTACCAAGCAGACVGC
Colgan et al.
(2000)

rev:H3R-ATATCCTTRGGCATRATRGTGAC

The DNA region encoding for rRNA (18S and 28S, also referred as small
ribosomal and large ribosomal RNA) which has its amplification success in-
fluenced by the possible folding structure that single strands of DNA may
create during PCR. Plus, these are multicopy regions which, however, present
concerted evolution. The existence of several identical copies render these
regions, and nay mitochondrial marker, easy to amplify. Furthermore, some
areas of DNA region encoding for rRNA are conserved even from far related
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organisms making them attractive for solving deep phylogenies. In my work I
have used DNA encoding region for 28S partitions: D1D2, D3D5, and D6D8
(McCormack & Kelly, 2010; Morrow et al., 2011) and encoding for 18S (Red-
mond et al., 2007) (Figure 4). Furthermore, attempt to use DNA encoding for
ITS1-5.8S-ITS2 (Wörheide et al., 2004-12) for potentially being more vari-
able than DNA encoding regions for 18S or 28S.

Apart from these I also tested the following nuclear markers: Exon-Primed-
Intron-Crossing (EPIC) markers (Chenuil et al., 2010) (see supplementary file
1 in Paper I); ATPaseβ nuclear intron (Swierts et al., 2017; Jarman et al.,
2002); alg11 (Belinky et al., 2012); Histone 3 (Colgan et al., 2000) (see Table
1). All these nuclear markers have an uncertain position in a sponge genome
(but see nuclear positions prediction).

After obtaining sequences I used BLAST (Altschul, 1990), as a method to
assess possible contamination with other organisms, namely humans, and se-
lect homologous sequences already published. The sequences per maker were
aligned creating a matrix with homologies hypothesis per nucleotide position
or so-called multi sequence alignment. For Paper I) we used distance based
methods to compute the phylogenies and networks. For the remaining papers
we inferred phylogenies using Maximum Likelihood (Paper II and III) or
Bayesian framework (Paper III and IV). It is important to note that my im-
plementation of Bayesian phylogenetics was done with MrBayes (Ronquist &
Huelsenbeck, 2003) which allows for MCMCMC but does not allow to imple-
ment all the evolutionary models. This could have been circumvented using
(Höhna et al., 2016) RevBayes (Höhna et al., 2016) but, unfortunately that
program requires much trial and error to build an effective and convergeable
MCMCMC. Furthermore, Bayesian phylogenetic inference seems to perform
well in overparameterized models (Lemmon & Moriarty, 2004; Huelsenbeck
& Rannala, 2004; Fabreti & Höhna, 2022), which is, effectively, the choice
I made when the best model in Akaike information criterion (AIC) was not
available in MrBayes.
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Figure 4. 28S and 18S structure, with the primers tested and the extentation of the
predited PCR product. 28S structure predicted using RNAfold web server (Gruber
et al., 2008), using Halichondria okadai full 28S (AB511881); 18S for Halichon-
dria melanodocia (AY737639) structure downloaded from Database for SSU rRNA
secondary structures of Porifera (Voigt et al., 2008). Structure drawn in RNA3draw
(Johnson et al., 2019)
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Results

Successful markers
In this section I will be describing the main results of my thesis. However,
because I think it is relevant for any future studies but the results are not pub-
lishable elsewhere, I will firstly talk about which primers/markers worked and
which did not.
For the mitochondrial genome coxI folmer (Folmer et al., 1994) with the stan-
dard primers seemed to work very well in all samples except for the sam-
ples within the genus Hymedesmia (Bowerbank, 1864) Paper II so we at-
tempted to use the 16S Palumbi primers (Palumbi, 1996) but equally without
success in amplifying. ATP6 (Rua et al., 2011) which presented low vari-
ability for Spongilla lacustris and did not amplify DNA extracts for speci-
mens of Suberites. For the DNA encoding for the ribosomal region the 18
primers (Redmond et al., 2007) present good PCR success. However, the
primer 1F18S seems too often yields bad\dirty electropherograms. Further-
more the sequencing requires at least five primers (Table 1) to create a good
contig while amplifying only 1800 bp, whereas the 28S requires six primers
but results in 2700 bp thus the sequencing for 18S is considerably more ex-
pensive than for 28S. For the 28S, the primers for Morrow and collaborators
2011 are successful in amplifying and sequencing any specimens tested. The
primers for the region D3D5 worked especially well for amplification and se-
quencing. This contrasts with the primers from (McCormack & Kelly, 2010)
(RD3A and D5B2) that were less successful at amplifying and often had se-
quences contaminated with dinoflagellates, as previously noted (Morrow et al.,
2011). The primers used for ITS were successful in amplifying, however the
sequences presented intragenomic variation which makes its use for phyloge-
netics troublesome. Regarding other nuclear markers: Exon-Primed-Intron-
Crossing (EPIC) markers (Chenuil et al., 2010) (see supplementary file 1 Pa-

per I) of which only one primer pair worked for the freshwater population
study; ATPaseβ (Swierts et al., 2017) nuclear intron all of the primers failed
to amplify for suberitids and shown low variation in S lacustris; Histone 3
(Colgan et al., 2000) are difficult to amplify and shown no differences in the
sequences produced for specimens of different Suberites species; finally, alg11
did not amplify easily and, with the current degenerated primers (Table 1) it is
impossible to obtain good electropherograms without optimizing the sequenc-
ing run conditions.

36



Demosponge Fauna in Sweden: an update
At the start of my Ph.D, the Swedish sponge fauna had more than 80 years
hiatus in both marine and freshwater environments. So one of my contribu-
tions is invariably to update the checklist of sponges species for Sweden. For
that my collaborators and I used both morphology and coxI and 28S D3-D5
(Morrow et al., 2011), in a total of 560 specimens examined (Paper I and II).
These specimens represent a sampling effort of 68 freshwater stations within
12 catchment areas, 124 STI trawling stations and nine SCUBA diving spots
in addition to data Gullmars fjord with R/V Belone, within the framework of
Uppsala University courses.

Freshwater environment
From our sampling in the freshwater environment we found one new report
for the freshwater environment: Eunapius fragilis (Leidy, 1851). However,
our sampling was restricted to the southern area of Sweden and only shal-
low water, thus it is possible other species, such as Trochospongilla horrida
(Weltner, 1894), to be present in Sweden freshwater environment. Spongilla
lacustris was the most commonly found species in freshwater thus we used
specimen of the species for the phylogeography assessment and answer: Do
catchment areas represent a dispersal barrier?
From the primers tested, unfortunately only one pair seemed to amplify with
moderate success rate. However, when using that marker/primer pair for phy-
logeography study on S. lacustris we found more variation within catchment
areas than between catchment areas hence we cannot infer if nor how much
catchment areas represent a dispersal barrier for this species Paper I.

Marine environment
In the marine environment we found eight new reports for the Swedish
west coast: Aplysilla glacialis (Merejkowsky, 1878) , Grambe stillifera
(Goodwin & Picton, 2009), Hymeraphia elongata Picton & Goodwin,
2007, Hymedesmia jecusculum (Bowerbank, 1866), Hymedesmia hibernica
Stephens, 1916, Phorbas dives (Topsent, 1891), Mycale macilenta (Bower-
bank, 1866), and Raspailia aculeata (Johnston, 1842). Furthermore, from
the STI sampling we found a species new to science: Halisarca sp. ”hans-
ghanssoni”. However, 56% of the species had three or less specimens which,
together with the disjunction from the demosponge fauna reported in previous
studies, might indicate that the description of the swedish marine demosponge
fauna is not yet complete. Furthermore, we found that many of the sponge
specimens from Jägerkiöld’s campaigns stand unidentified 1938 thus we can-
not infer if there has been a shift on demosponge fauna in Sweden. Finally,
16% of all specimens belonged to the family Suberitidae (order Suberitida).
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However this family is known for: a) is paucity of morphological characters to
enable the identification to the species level; b) do not correspond to a natural
group i.e., it is non-monophyletic and in fact species from this family inter-
mingling with halichindrids in several studies (Chombard & Boury-Esnault,
1999; Erpenbeck et al., 2006; Morrow et al., 2011; Thacker et al., 2013; Red-
mond et al., 2013; Morrow & Cárdenas, 2015). Consequently, in order to
know the diversity of marine demosponges in Sweden one would have first to
solve some of taxonomic and systematics issues in this group.

Suberitida Systematic insight
So in Paper III we used both museum specimens and freshly collected mate-
rial with nearly DNA encoding regions for 28S, 18S and coxI. we concluded
that there are two separated clades constituting Suberites: One containing S.
domuncula and Suberites species with microrhabds (clade A), and the second
one with Suberites carnosus (Johnston, 1842), Suberites massa Nardo, 1847
and species from e.g., Caribbean sea - Suberites aurantiacus (Fonbressin &
Michelotti, 1864) and Indonesia - Suberites diversicolor Becking & Lim, 2009
that have a radial skeleton near the surface of the sponge (clade B). Clade B
appears together with Aaptos Gray, 1867 and Homaxinella flagelliformis Ri-
dley & Dendy, 1887 and with Stylocordyla Thomson, 1873 as sister to that
clade. Thus we suggested expanding the family Stylocordylidae circumscrip-
tion to include clade B, Aaptos and Homaxinella flagelliformis. This means
that the Suberites species of the clade B need to be removed for the genus
Suberites and the family Suberitidae and the species H. flagiliformis too needs
to change genus and move from Halichondriidae. Furthermore, Homaxinella
subodola (Bowerbank, 1866), and Vosmaeria crustacea (Fristedt, 1885) ap-
pear in a together in a clade sister to the group Halichondriidae-Suberitidae-
Stylocordylidae, thus, likely needing to be moved to their own separated fam-
ily with H. subodola in need to be moved from the genus Homaxinella and
family Suberitidae.

How many Suberites species and what are their names
So Paper III where we split Suberites without finding a proper name for the
clade without the type species i.e., clade B, nor did we know what names
should be kept for species comprising Suberites and which synonymizations
were erroneous. This is when Gossip (Thollesson, 2017) comes into play to
assist in the network of species hypothesis and names published throughout
the 260 years of Linnaean taxonomy. This combined with molecular and mor-
phological data of both fresh and museum material encompassing 18 species
all in the Northern Temperate Atlantic biogeographic realm. The Phylogenetic
analysis resulting from coxI alignment and mitochondrial genomes Paper IV
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agreed with each other and, with Paper III. Suberites as it stands with the
current circumscription is paraphyletic. Thus, based on that result and the lit-
erature review we concluded that clade A (Paper IV should remain under the
names Suberites Nardo, 1833 while the best fitting name for clade B should
be Syringella Schmidt, 1868 which we propose to resurrect (Paper IV). Using
morphology reported for recently described species we assigned them to either
of the genus. We hypothesise that Suberites ficus and Suberites suberia (Mon-
tagu, 1814) are the same species and given that Suberites suberia precedes
the name Subrites ficus has to change to Suberites subereus (epithet changed
to be congruent gender of the genus). Furthermore, we find that Suberites
virgultosus sensu Jonhston (Johnston, 1842) and Suberites virgultosus sensu
Bowerbank (Bowerbank, 1866) are different species. Given the homonym
i.e., Suberites virgultosus name being already in use when Bowerbank de-
scribed his species I decided to create a new name for Bowerbank species
- Suberites sp. ”misterbeanii” (Paper IV. Some Suberites species seem to
have cosmopolitan distribution or different external morphologies present in
the same area. Therefore, we are inclined to believe this species are in fact,
species complexes although such need to be confirmed with molecular data.
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Concluding Remarks

This thesis presents an update of demosponges species existing in Sweden.
Moreover, it solves some of the systematic issues within Suberitida by circum-
scribing the genus Suberites and assessing what species exist, which species
hypothesis can be refuted and what are their correct names (under IZCN). This
work is, however, wanting and I truly wish to be considered outdated as soon
as possible.

Plausible or near future perspectives
For the freshwater review I would like to do a more thorough sampling in
a larger area than what was sampled in Paper I. Furthermore, given the ex-
istence of chromosome level genome assembly for E. mulleri (Kenny & It-
skovich, 2020) show how it is possible to obtain good genomic data out of a
sponge and create gemmules. Thus, I think by either: a) using E. mulleri with
the reference genome to obtain more markers suitable for phytogeography and
population genetics or; b) by using the same strategy that Kenny to obtain a
good reference genome for Spongilla lacustris and then make a marker search;
is a very much near future (present time even) possibility.
For the marine environment, I would like to examined the sponge specimens
collected in the Jägerkiöld survey (1936-1938) in order to assess if there has
been any shift in the sponge fauna in the same way it happened with other taxa
(Obst et al., 2018).
For my taxonomic and Systematic work with Suberitids, I have not found
much morphology to work with, so it would be good to assess if there is any
chemical synapomorphy for Suberites and closely related clades.
Finally, I think, it is very much feasible to obtain fresh material of Suberites
domuncula or Syringella carnosa from different regions to assess: How many
species the each group truly constitutes using mitochondrial genomes.

Shenanigans or far future perspectives
Apart from palpable, currently executable, additions there are other works in
need to be done but of which I do not know about their feasibility or rather I
suspect that they are rather difficult to achieve. Firstly, I have not examined nor
identified any calcareous sponges even though Mats Larsson has photographed
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and collected some quite beautiful specimens (Figure 5). Then, as you may
have noticed, my attempts to find primers that work for my group were, at
large, futile. I could have attempted to use RADseq but studies have found
massive, contamination problems using this method without a published ref-
erence genome. However, Suberitida has some species that grow fast and
in shallow water, so perhaps, one could use one of those species growing in
a nearby a research station to optimize a protocol for single nuclei sorting
which will, likely, bypass the intracellular contamination problem allowing
for cleaner sequencing. This would be the first step to obtain a first reference
genome for the group and allow for a creation of ultra conservative elements
probes which could potential shed a better light over Suberitida systematics ei-
ther/or Suberites species delimitation. Furthermore, these probes would have
potential to work with old museum specimens.

Figure 5. In situ photography of some calcareous specimens already collected. Photos
by Mats Larsson
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Svensk sammanfattning

Dokumentationen av den svenska svampdjursfaunan har inte uppdaterats på
över 80 år. Detta faktum kan till viss del förklara varför diversiteten inom
svampdjur har setts som lägre i Sverige än i närliggande länder. I denna
avhandling har jag genomfört en uppdatering av Horn- och kiselsvampar (De-
mospongiae) i svenska vatten (Artikel II). Jag har också studerat släktskaps-
förhållanden inom Suberitida, den vanligaste gruppen svampdjur i Sverige
(Artikel III och IV) och studerat spridningsbarriärer för svampdjur i Svenska
sjöar och vattendrag (Artikel I). För dessa studier har jag använt svampdjur
som vi samlat in speciellt för denna avhandling, tillsammans med material från
muséesamlingar och från det Svenska Artprojektets marina inventering (2007-
2009), och jag har använt mig av både morfologiska data och fylogenetiska
analyser för att dra mina slutsatser. Sammanlagt hittade vi nio arter som tidi-
gare inte beskrivits från Sverige (en i sötvatten och åtta i havsvatten), samt en
art som tidigare inte beskrivits i den vetenskapliga litteraturen.
I studien som fokuserar svampdjur i Svenska sjöar och vattendrag (Artikel I)
använde vi oss av arten Spongilla lacustris för att undersöka om vattendelare
utgör spridningsbarriärer. Vi använde oss av genetiska markörer, men dessa
kunde inte visa på någon populationsstruktur inom arten.
I studien av svampdjur i svenska havsvatten (Artikel II) märkte vi att de en
stor andel av de identifierade proverna tillhörde ordningen Suberitida, och mer
specifikt var släktet Suberites välrepresenterat. Detta släkte, liksom många
andra taxa inom Suberitida, har en lång och komplicerad taxonomisk historia,
något som till stor del har orsakats av en brist på utmärkande morfologiska
kännetecken. För att genomföra en utförlig analys av svampdjursdiversiteten
i Sverige, var det därför nödvändigt att göra en djupdykning inom systematik
och taxonomi för just detta släkte (Artikel III). Fylogenetisk släktskapsanalys
visade klart att Suberites kunde delas in i två undergrupper, som vi kallade A
och B. Undergrupp B grupperades tillsammans släktet Aaptos, samt en art som
tillhör släktet Homaxinella. Denna grupp var närmast släkt med Stylocordyla
och utifrån dessa resultat menar vi gruppen bör placeras inom familjen Stylo-
cordylidae.
Släktet Suberites har en komplicerad taxonomisk historia och har genom åren
ansamlat en mängd alternativa namn och synonymer, och listan med alterna-
tiva artnamn sträcker sig över flera sidor. På grund av detta genomförde vi
en utförlig litteraturstudie där vi gick igenom de korrekta namnen för för de
två ovan nämnda undergrupperna, samt för de arter som hittas i den temper-
erade Nordatlanten (Artikel IV). Utifrån denna analys menar vi att Suberites
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undergrupp B borde ges namnet Syringella. I undergrupp A menar vi vidare
att Suberites ficus ska döpas om till S. subereus och vi löste också homonymin
för S. virgultosus genom att ge arten som studerades av Bowerbank det nya
namnet Suberites sp. ”misterbeanii”.
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Bżewicz-Paszkowycz, Magdalena, Bock, Phil, Boxshall, Geoff, Boyko,
Christopher B., Brandão, Simone Nunes, Bray, Rod A., Bruce, Niel L., Cairns,
Stephen D., Chan, Tin-Yam, Cheng, Lanna, Collins, Allen G., Cribb, Thomas,
Curini-Galletti, Marco, Dahdouh-Guebas, Farid, Davie, Peter J.F., Dawson,
Michael N., De Clerck, Olivier, Decock, Wim, De Grave, Sammy, de Voogd,
Nicole J., Domning, Daryl P., Emig, Christian C., Erséus, Christer, Eschmeyer,
William, Fauchald, Kristian, Fautin, Daphne G., Feist, Stephen W., Fransen,
Charles H.J.M., Furuya, Hidetaka, Garcia-Alvarez, Oscar, Gerken, Sarah, Gibson,
David, Gittenberger, Arjan, Gofas, Serge, Gómez-Daglio, Liza, Gordon, Dennis P.,
Guiry, Michael D., Hernandez, Francisco, Hoeksema, Bert W., Hopcroft,
Russell R., Jaume, DamiÃ , Kirk, Paul, Koedam, Nico, Koenemann, Stefan, Kolb,
Jürgen B., Kristensen, Reinhardt M., Kroh, Andreas, Lambert, Gretchen, Lazarus,
David B., Lemaitre, Rafael, Longshaw, Matt, Lowry, Jim, Macpherson, Enrique,
Madin, Laurence P., Mah, Christopher, Mapstone, Gill, McLaughlin, Patsy A.,
Mees, Jan, Meland, Kenneth, Messing, Charles G., Mills, Claudia E., Molodtsova,
Tina N., Mooi, Rich, Neuhaus, Birger, Ng, Peter K.L., Nielsen, Claus, Norenburg,
Jon, Opresko, Dennis M., Osawa, Masayuki, Paulay, Gustav, Perrin, William,
Pilger, John F., Poore, Gary C.B., Pugh, Phil, Read, Geoffrey B., Reimer,
James D., Rius, Marc, Rocha, Rosana M., Saiz-Salinas, Jos’ I., Scarabino, Victor,
Schierwater, Bernd, Schmidt-Rhaesa, Andreas, Schnabel, Kareen E., Schotte,
Marilyn, Schuchert, Peter, Schwabe, Enrico, Segers, Hendrik, Self-Sullivan,

46



Caryn, Shenkar, Noa, Siegel, Volker, Sterrer, Wolfgang, Stöhr, Sabine, Swalla,
Billie, Tasker, Mark L., Thuesen, Erik V., Timm, Tarmo, Todaro, M. Antonio,
Turon, Xavier, Tyler, Seth, Uetz, Peter, van der Land, Jacob, Vanhoorne, Bart, van
Ofwegen, Leen P., van Soest, Rob W.M., Vanaverbeke, Jan, Walker-Smith,
Genefor, Walter, T. Chad, Warren, Alan, Williams, Gary C., Wilson, Simon P., &
Costello, Mark J. 2012. The Magnitude of Global Marine Species Diversity.
Current Biology, 22(23), 2189–2202.

Arndt, Walther. 1932. Die Süsswasserschwammfauna Schwedens, Finnlands und
Dänemarks. Arkiv för Zoologi, 24A(3), 1 – 33.

Ask, Jenny, Karlsson, Jan, Persson, Lennart, Ask, Per, Byström, Pär, & Jansson,
Mats. 2009. Terrestrial organic matter and light penetration: Effects on bacterial
and primary production in lakes. Limnology and Oceanography, 54(6),
2034–2040.

Asteman, Irina Polovodova, & Nordberg, Kjell. 2017. A short note on a present-day
benthic recovery status in the formerly heavily polluted Idefjord
(Sweden/Norway). Marine Pollution Bulletin, 123(1-2), 227–231.

Asteman, Irina Polovodova, Hanslik, Daniela, & Nordberg, Kjell. 2015. An almost
completed pollution-recovery cycle reflected by sediment geochemistry and
benthic foraminiferal assemblages in a Swedish–Norwegian Skagerrak fjord.
Marine Pollution Bulletin, 95(1), 126–140.

Baden, S, Emanuelsson, A, Pihl, L, Svensson, CJ, & Åberg, P. 2012. Shift in
seagrass food web structure over decades is linked to overfishing. Marine Ecology
Progress Series, 451, 61–73.

Becking, L E, & Lim, S C. 2009. A new Suberites (Demospongiae: Hadromerida:
Suberitidae) from the tropical Indo-West Pacific. Zool. Med. Leiden, 83(4), 853 –
862.

Belinky, Frida, Szitenberg, Amir, Goldfarb, Itay, Feldstein, Tamar, Wörheide, Gert,
Ilan, Micha, & Huchon, Dorothée. 2012. ALG11 - A new variable DNA marker
for sponge phylogeny: Comparison of phylogenetic performances with the 18S
rDNA and the COI gene. Molecular Phylogenetics and Evolution, 63(3), 702–713.

Bendtsen, Jørgen, & Hansen, Jørgen L.S. 2013. Effects of global warming on
hypoxia in the Baltic SeaâNorth Sea transition zone. Ecological Modelling, 264,
17–26.

Berge, Bjerkeng, J.;, Magnusson, B.;, Stigebrandt, B.;, Rygg, J.;, & Walday, A.;.
1997. Miljøundersøkelser i forbindelse med en mulig utdyping av tersklene i
Iddefjorden/Ringdalsfjorden. Tech. rept. Norwegian Institute for Water Research.
ISBN 82-577-3260-5.

Berge, J. 1994. Effekter av forurensning i Iddefjorden. Sak nr. 93-00490: Framtiden i
våre hender mot Saugbrugsforeningen AS, Halden Byrett 1995. Tech. rept.
82-577-2654-0. Norsk institutt for vannforskning.

Berglund, Ingemar. 2015. Marine Spatial Planning â Current Status 2014: National
planning in Sweden’s territorial waters and exclusive economic zone (EEZ). Tech.
rept. The Swedish Agency for Marine and Water Management, Gothenburg.

Bergstrand, Eva. 1990. Changes in the fish and zooplankton communities of Ringsjn,
a Swedish lake undergoing man-made eutrophication. Hydrobiologia, 191(1),
57–66.

47



Bett, B J, Rice, A L, & Bett, B J. 1992. The influence of hexactinellid sponge
(Pheronema carpenteri) spicules on the patchy distribution of macrobenthos in the
Porcupine Seabight (bathyal NE Atlantic). Ophelia: International Journal of
Marine Biology, 36(3), 217 – 226.

Bongiovanni, Cassandra, Stewart, Heather A., & Jamieson, Alan J. 2022.
High–resolution multibeam sonar bathymetry of the deepest place in each ocean.
Geoscience Data Journal, 9(1), 108–123.

Bonnet, Xavier, Shine, Richard, & Lourdais, Olivier. 2002. Taxonomic chauvinism.
Trends in Ecology & Evolution, 17(1), 1–3.

Borchiellini, Carole, Chombard, Catherine, Manuel, Michaël, Alivon, Eliane,
Vacelet, Jean, & Boury-Esnault, Nicole. 2004. Molecular phylogeny of
Demospongiae: implications for classification and scenarios of character
evolution. Molecular Phylogenetics and Evolution, 32(3), 823–837.

Boury-Esnault, Nicole, & Rützler, Klaus. 1997. Thesaurus of sponge morphology.
Smithsonian contributions to Zoology, 596, 1 – 55.

Bowerbank, James Scott. 1864. A Monograph of the British Spongiadae. Ray
Society, vol. 1. Ray Society.

Bowerbank, James Scott. 1866. A Monograph of the British Spongiadae. Ray
Society, vol. 2. Ray Society.

Brodin, Y.-W. 1995. Liming of Acidified Surface Waters, A Swedish Synthesis.
63–80.

Brusca, Ricchard C., More, Wendy, & Schuster, Stephen M. 2016. Invertebrates.
Vol. 1. Sunderland Massachusetts: Sinauer Associates, Inc .,.

Burton, Maurice. 1953. Suberites domuncula (Olivi): its synonomy, distribution,and
ecology. Bulletin of the British Museum (Natural History) Zoology, 1(12), 353 –
378.

Calcinai, Barbara, Belfiore, Giuseppe, Pica, Daniela, Torsani, Fabrizio, Palma,
Marco, & Cerrano, Carlo. 2020. Porifera from Ponta do Ouro (Mozambique).
European Journal of Taxonomy, 0(698), 1 – 56.

Cárdenas, P., Pérez, T., & Boury-Esnault, N. 2012. Chapter two Sponge Systematics
Facing New Challenges. Advances in Marine Biology, 61, 79–209.

Cárdenas, Paco, & Moore, Jon A. 2017. First records of Geodia demosponges from
the New England seamounts, an opportunity to test the use of DNA mini-barcodes
on museum specimens. Marine Biodiversity, 49(1), 163–174.

Carvalho, Francisca C., Cárdenas, Paco, Ríos, Pilar, Cristobo, Javier, Rapp,
Hans Tore, & Xavier, Joana R. 2020. Rock sponges (lithistid Demospongiae) of
the Northeast Atlantic seamounts, with description of ten new species. PeerJ, 8(4),
e8703.

Chang, E. Sally, Neuhof, Moran, Rubinstein, Nimrod D., Diamant, Arik, Philippe,
Hervé, Huchon, Dorothé, & Cartwright, Paulyn. 2015. Genomic insights into the
evolutionary origin of Myxozoa within Cnidaria. Proceedings of the National
Academy of Sciences, 112(48), 14912–14917.

Chang, Shan, Feng, Qinglai, Clausen, Sébastien, & Zhang, Lei. 2017. Sponge
spicules from the lower Cambrian in the Yanjiahe Formation, South China: The
earliest biomineralizing sponge record. Palaeogeography, Palaeoclimatology,
Palaeoecology, 474(C), 36–44.

48



Chenuil, Anne, Hoareau, Thierry B, Egea, Emilie, Penant, Gwilherm, Rocher,
Caroline, Aurelle, Didier, Mokhtar-Jamai, Kenza, Bishop, John DD, Boissin,
Emilie, Diaz, Angie, Krakau, Manuela, Luttikhuizen, Pieternella C, Patti,
Francesco P, Blavet, Nicolas, & Mousset, Sylvain. 2010. An efficient method to
find potentially universal population genetic markers, applied to metazoans. BMC
Evolutionary Biology, 10(1), 276.

Chombard, & Boury-Esnault, Nicole. 1999. Good congruence between morphology
and molecular phylogeny of Hadromerida, or how to bother sponge taxonomists.
Memoirs of the Queensland Museum, 44(5), 100.

Cleary, Daniel F.R., & Voogd, Nicole J. de. 2007. Environmental associations of
sponges in the Spermonde Archipelago, Indonesia. Journal of the Marine
Biological Association of the United Kingdom, 87(6), 1669–1676.

Colgan, Donald. J., Ponder, Winston F, & Eggler, Peter E. 2000. Gastropod
evolutionary rates and phylogenetic relationships assessed using partial 28S rDNA
and histone H3 sequences. Zoologica Scripta, 29(1), 29–63.

Danielsson, Kristina, & Andersson, Mattias. 2020 (06). Leveransbeskrivning SVAR
version 2016:6. Tech. rept. (SMHI) Sveriges Meteorologiska och Hydrologiska
Institut.

Dave, Göran, & Nilsson, Eva. 1994. Sediment toxicity in the Kattegat and Skagerrak.
Journal of Aquatic Ecosystem Health, 3(3), 193–206.

Dendy, Arthur. 1922. Report on the Sigmatotetraxonida collected by
H.M.S.âSealarkâ in the Indian Ocean. Transactions of the Linnean Society of
London, 18(1), 1 – 164– pls 1–18.

Dendy, Arthur. 1924. Porifera. Part I. Non-Antarctic sponges. Natural History
Report.

Didden, Robert, Sigafoos, Jeff, O’Reilly, Mark F., Lancioni, Giulio E., & Sturmey,
Peter. 2007. A multisite cross-culture replication of Upper’s (1974) unsuccessful
Group Treatment of ”Writer’s Block”. Journal of Applied Behavior Analysis,
40(4), 773–773.

Dröscher, Iris, & Waringer, Johann. 2007. Abundance and microhabitats of
freshwater sponges (Spongillidae) in a Danubean floodplain in Austria.
Freshwater Biology, 52(6), 998–1008.

Dunn, Rober R. 2005. Modern Insect Extinctions, the Neglected Majority.
Conservation Biology, 19(4), 1030–1036.

E., Kenchington, D., Power, & M., Koen-Alonso. 2012. Associations of demersal
fish with sponge grounds on the continental slopes of the northwest Atlantic.
Marine Ecology Progress Series, 477(3), 217â230. 10.3354/meps10127
10.3354/meps10127.

Ek, Anna S., & Renberg, Ingemar. 2001. Heavy metal pollution and lake acidity
changes caused by one thousand years of copper mining at Falun, central Sweden.
Journal of Paleolimnology, 26(1), 89–107.

Elliott, Glen R. D., & Leys, Sally P. 2007. Coordinated contractions effectively expel
water from the aquiferous system of a freshwater sponge. Journal of Experimental
Biology, 210(21), 3736–3748.

Ereskovsky, Alexander V. 2010. The Comparative Embryology of Sponges. Springer.
Springer.

49



Ereskovsky, Alexander V., & Tokina, Daria B. 2007. Asexual reproduction in
homoscleromorph sponges (Porifera; Homoscleromorpha). Marine Biology,
151(2), 425–434.

Eriksson, Fritz, Hörnström, Einar, Mossberg, Per, & Nyberg, Per. 1983. Ecological
effects of lime treatment of acidified lakes and rivers in Sweden. Hydrobiologia,
101(1-2), 145–163.

Erpenbeck, D., Breeuwer, J., Velde, H. van der, & Soest, R. van. 2002. Unravelling
host and symbiont phylogenies of halichondrid sponges (Demospongiae, Porifera)
using a mitochondrial marker. Marine Biology, 141(2), 377–386.

Erpenbeck, D., Breeuwer, J.A.J., Parra-Velandia, F.J., & Soest, R.W.M. van. 2006.
Speculation with spiculation? - Three independent gene fragments and
biochemical characters versus morphology in demosponge higher classification.
Molecular Phylogenetics and Evolution, 38(2), 293–305.

Eschscholtz, F. 1829. System der Acalephen. Eine ausführliche Beschreibung aller
medusenartigen Strahltiere.

Evans, Karen L. 2017. Recognising Freshwater Sponge Biodiversity Across a
Diverse Landscape.

Evans, Karen L., & Montagnes, David J. S. 2019. Freshwater sponge (Porifera:
Spongillidae) distribution across a landscape: Environmental tolerances, habitats,
and morphological variation. Invertebrate Biology, 138(3).

Fabreti, Luiza Guimarães, & Höhna, Sebastian. 2022. Bayesian inference of
phylogeny is robust to substitution model over-parameterization. bioRxiv,
2022.02.17.480861.

Feuda, Roberto, Dohrmann, Martin, Pett, Walker, Philippe, Hervé, Rota-Stabelli,
Omar, Lartillot, Nicolas, Wörheide, Gert, & Pisani, Davide. 2017. Improved
Modeling of Compositional Heterogeneity Supports Sponges as Sister to All Other
Animals. Current Biology, 27(24), 3864–3870.e4.

Filipsson, Helena L., & Nordberg, Kjell. 2004. Climate variations, an overlooked
factor influencing the recent marine environment. An example from Gullmar
Fjord, Sweden, illustrated by benthic foraminifera and hydrographic data.
Estuaries, 27(5), 867–881.

Fleming, John. 1828. A History of British Animals, Exhibiting the Descriptive
Characters and Systematical Arrangement of the Genera and Species of
Quadrupeds, Birds, Reptiles, Fishes, Mollusca, and Radiata of the United
Kingdom; including the Indigenous, Extirpated, and Extinct Kinds, together with
Periodical and Occasional Visitants. Bell and Bradfute. Bell and Bradfute.

Folmer, O, Black, M, Hoeh, W, Lutz, R, & Vrijenhoek, R. 1994. DNA primers for
amplification of mitochondrial cytochrome c oxidase subunit I from diverse
metazoan invertebrates. Molecular Marine Biology And Biotechnology, 3(5), 294
– 299.

Fonbressin, P Duchassaing De, & Michelotti, G. 1864. Spongiaires de la mer
Caraïbe. Natuurkundige verhandelingen van de Hollandsche maatschappij der
wetenschappen te Haarlem, 21(2), 1 – 124, pls I–XXV.

Fristedt, Konrad. 1885. Bidrag till Kännedomen om de vid Sveriges vestra Kust
lefvande Spongiae. Kungliga Svenska vetenskapsakademiens handlingar, 21(1), 1
– 56, pls I–IV.

50



Goeij, Jasper M De, Duyl, Fleur C. van, Moodley, Leon, & Houtekamer, Marco.
2008. Tracing 13 C-enriched dissolved and particulate organic carbon in the
bacteria- containing coral reef sponge Halisarca caerulea : Evidence for DOM
feeding. 53(4), 1376 – 1386.

Goeij, Jasper M. de, Oevelen, Dick van, Vermeij, Mark J. A., Osinga, Ronald,
Middelburg, Jack J., Goeij, Anton F. P. M. de, & Admiraal, Wim. 2013. Surviving
in a Marine Desert: The Sponge Loop Retains Resources Within Coral Reefs.
Science, 342(6154), 108–110.

Golosov, Sergey, Terzhevik, Arkady, Zverev, Ilia, Kirillin, Georgiy, & Engelhardt,
Cristof. 2012. Climate change impact on thermal and oxygen regime of shallow
lakes. Tellus A, 64(0), 17264.

Goodwin, Claire E, & Picton, Bernad E. 2009. Demosponges of the genus
Hymedesmia (Poecilosclerida: Hymedesmidae) from Rathlin Island, Northern
Ireland, with a description of six new species. Zoological Journal of the Linnean
Society, 156(4), 896–912.

Grant, Robert Edmond. 1826. Notice of two new species of British Sponges.
Edinburgh New Philosophical Journal, 2, 203 – 204.

Grant, Robert Edmond. 1836. Animal Kingdom. Pages 107–118 of: The
Cyclopaedia of Anatomy and Physiology, vol. 1. London: Sherwood,Gilbert, and
Piper.

Gray, John Edward. 1867. Notes on the Arrangement of Sponges, with the
Descriptions of some New Genera. Proceedings of the Zoological Society of
London, 186(2), 492 – 558, pls XXVII–XXVIII.

Gruber, Andreas R., Lorenz, Ronny, Bernhart, Stephan H., NeubÃ¶ck, Richard, &
Hofacker, Ivo L. 2008. The Vienna RNA Websuite. Nucleic Acids Research,
36(suppl_2), W70–W74.

Håkanson, Lars. 1994. How Many Lakes are there in Sweden? Geografiska Annaler:
Series A, Physical Geography, 76(3), 203–205.

Hebert, Paul D. N., Cywinska, Alina, Ball, Shelley L., & deWaard, Jeremy R. 2003.
Biological identifications through DNA barcodes. Proceedings of the Royal
Society of London. Series B: Biological Sciences, 270(1512), 313–321.

Hermann, Bruce P. 1984. Unsuccessful Self-Treatment of a Case of ”Writer’s
Block”: A Partial Failure to Replicate. Perceptual and Motor Skills, 58(2),
350–350.

Hestetun, Jon Thomassen, Vacelet, Jean, Boury-Esnault, Nicole, Borchiellini, Carole,
Kelly, Michelle, Ríos, Pilar, Cristobo, Javier, & Rapp, Hans Tore. 2015. The
systematics of carnivorous sponges. Molecular Phylogenetics and Evolution,
94(Pt A), 327–345.

Hestetun, Jon Thomassen, Rapp, Hans Tore, & Pomponi, Shirley. 2019. Deep-Sea
Carnivorous Sponges From the Mariana Islands. Frontiers in Marine Science, 6,
371.

Hetherington, Amy Lee, Schneider, Rebecca L., Rudstam, Lars G., Gal, Gideon,
DeGaetano, Arthur T., & Walter, M. Todd. 2015. Modeling climate change
impacts on the thermal dynamics of polymictic Oneida Lake, New York, United
States. Ecological Modelling, 300, 1–11.

Höhna, Sebastian, Landis, Michael J., Heath, Tracy A., Boussau, Bastien, Lartillot,
Nicolas, Moore, Brian R., Huelsenbeck, John P., & Ronquist, Fredrik. 2016.

51



RevBayes: Bayesian Phylogenetic Inference Using Graphical Models and an
Interactive Model-Specification Language. Systematic Biology, 65(4), 726–736.

Hooper, John N. A., Soest, Rob W. M. Van, & Debrenne, Françoise. 2002. Systema
Porifera, A Guide to the Classification of Sponges. 9–13.

Huelsenbeck, John P., & Rannala, Bruce. 2004. Frequentist Properties of Bayesian
Posterior Probabilities of Phylogenetic Trees Under Simple and Complex
Substitution Models. Systematic Biology, 53(6), 904–913.

Hultgren, KM, & Duffy, JE. 2010. Sponge host characteristics shape the community
structure of their shrimp associates. Marine Ecology Progress Series, 407, 1–12.

Jarman, Simon N., Ward, Robert D., & Elliott, Nicholas G. 2002. Oligonucleotide
Primers for PCR Amplification of Coelomate Introns. Marine Biotechnology, 4(4),
347–355.

Johnson, Philip Z., Kasprzak, Wojciech K., Shapiro, Bruce A., & Simon, Anne E.
2019. RNA2Drawer: geometrically strict drawing of nucleic acid structures with
graphical structure editing and highlighting of complementary subsequences. RNA
Biology, 16(12), 1667–1671.

Johnston, George. 1842. A History of British Sponges and Lithophytes. W.H. Lizars.
W.H. Lizars.

Jones, J. B. 1992. Environmental impact of trawling on the seabed: A review. New
Zealand Journal of Marine and Freshwater Research, 26(1), 59–67.

Keller, C. 1880. Neue Coelenteraten aus dem Golf von Neapel. Archiv für
mikroskopische Anatomie und Entwicklungsmechanik, 18:271–280.

Kenny, Nathan J., & Itskovich, Valeria B. 2020. Phylogenomic inference of the
interrelationships of Lake Baikal sponges. Systematics and Biodiversity, 19(2),
1–9.

Kersten, M., Dicke, M., Kriews, M., Naumann, K., Schmidt, D., Schulz, M.,
Schwikowski, M., & Steiger, M. 1993. Pollution of the North Sea, An Assessment.
300–347.

Klitgaard, A.B., & Tendal, O.S. 2004. Distribution and species composition of mass
occurrences of large-sized sponges in the northeast Atlantic. Progress in
Oceanography, 61(1), 57–98.

Kritzberg, Emma S., Hasselquist, Eliza Maher, Škerlep, Martin, Löfgren, Stefan,
Olsson, Olle, Stadmark, Johanna, Valinia, Salar, Hansson, Lars-Anders, & Laudon,
Hjalmar. 2020. Browning of freshwaters: Consequences to ecosystem services,
underlying drivers, and potential mitigation measures. Ambio, 49(2), 375–390.

Laubenfels, Max Walker de. 1936. A comparison of the shallow-water sponges near
the Pacific end of the Panama Canal with those at the Caribbean end. Proceedings
of the United States National Museum, 83(2993), 441 – 466.

Laubenfels, Max Walker de. 1954. The sponges of the west-central pacific. Oregon
State Monographs. Studies in Zoology, 7, i – x;1 – 306;pls I–XII.

Lavrov, Dennis V., Wang, Xiujuan, & Kelly, Michelle. 2008. Reconstructing ordinal
relationships in the Demospongiae using mitochondrial genomic data. Molecular
Phylogenetics and Evolution, 49(1), 111–124.

Leidy, J. 1851. On Spongilla. 278.
Leiva, Carlos, Taboada, Sergi, Kenny, Nathan J., Combosch, David, Giribet,

Gonzalo, Jombart, Thibaut, & Riesgo, Ana. 2019. Population substructure and
signals of divergent adaptive selection despite admixture in the sponge Dendrilla

52



antarctica from shallow waters surrounding the Antarctic Peninsula. Molecular
Ecology, 28(13), 3151–3170.

Lemmon, Alan R., & Moriarty, Emily C. 2004. The Importance of Proper Model
Assumption in Bayesian Phylogenetics. Systematic Biology, 53(2), 265–277.

Lendenfeld, Robert von. 1898. Die Clavulina der Adria. Abhandlungen der
kasierlichen Leopoldinisch-Carolinischen Deutchen Akademie der Naturforscher,
69(1), 1 – 251– pls I–XII.

Leys, Sally P. 2003. Comparative study of spiculogenesis in demosponge and
hexactinellid larvae. Microscopy Research and Technique, 62(4), 300–311.

Leys, Sally P., & Anderson, Peter A. V. 2015. Elements of a ’nervous system’ in
sponges. Journal of Experimental Biology, 218(4), 581–591.

Leys, Sally P., & Riesgo, Ana. 2011. Epithelia, an Evolutionary Novelty of
Metazoans. Journal of Experimental Zoology Part B: Molecular and
Developmental Evolution, 318(6), 438–447.

Linnaeus, Carl. 1759. Systema naturae per regna tria naturae, secundum classes,
ordines, genera, species, cum characteribus, differentiis, synonymis, locis. Vol.
v.2. Holmiae: Impensis Direct. Laurentii Salvii.

Love, G. D., Stalvies, C., Grosjean, E., Meredith, W., & Snape, C. E. 2008. Analysis
of Molecular Biomarkers Covalently Bound Within Neoproterozoic Sedimentary
Kerogen. The Paleontological Society Papers, 14, 67–83.

Ludeman, Danielle A, Farrar, Nathan, Riesgo, Ana, Paps, Jordi, & Leys, Sally P.
2014. Evolutionary origins of sensation in metazoans: functional evidence for a
new sensory organ in sponges. BMC Evolutionary Biology, 14(1), 3.

Lundbeck, William. 1905. Porifera. (Part II.) Desmacidonidae (pars.). Bianco Luno,
vol. VI. Bianco Luno.

Maas, Diede, Prost, Stefan, Leeuw, Christiaan de, Bi, Ke, Smith, Lydia, Purwanto,
Purwanto, Aji, Ludi, Tapilatu, Ricardo, Gillespie, Rosemary, & Becking, Leontine.
2020. Previously unidentified genetic structure revealed for the sponge Suberites
diversicolor: implications for sponge phylogeography and population genetics.

Maikova, O. O., Itskovich, V. B., Semiturkina, N. A., Kaluzhnaya, O. V., & Belikov,
S. I. 2010. Phylogenetic position of sponges from Chagatai and Tore-Khol lakes.
Russian Journal of Genetics, 46(12), 1471–1478.

Maldonado, Manuel. 2015. Sponge waste that fuels marine oligotrophic food webs:
a re-assessment of its origin and nature. Marine Ecology, 37(3), 477–491.

Maldonado, Manuel, & Riesgo, Ana. 2009. Reproduction in the phylum Porifera: a
synoptic overview. Treballs de la Societat Catalana de Biologia, 29–49.

Mariani, Stefano, Baillie, Charles, Colosimo, Giuliano, & Riesgo, Ana. 2019.
Sponges as natural environmental DNA samplers. Current Biology, 29(11),
R401–R402.

McCormack, Grace P., & Kelly, Michelle. 2010. New indications of the phylogenetic
affinity of Spongosorites suberitoides Diaz et al., 1993 (Porifera, Demospongiae)
as revealed by 28S ribosomal DNA. Journal of Natural History, 36(9), 1009–1021.

McIntyre, F. D., Drewery, J., Eerkes-Medrano, D., & Neat, F. C. 2016. Distribution
and diversity of deep-sea sponge grounds on the Rosemary Bank Seamount, NE
Atlantic. Marine Biology, 163(6), 143.

McLean, Derrick C., & Thomas, Benjamin R. 2014. Unsuccessful Treatments of
”Writer’s Block”: A Meta-Analysis. Psychological Reports, 115(1), 276–278.

53



Mendel, Gregor. 1866. Versuche über Pflanzen-Hybriden . Brünn: Im Verlage des
Vereines. Caption title. – Written in pencil on recto of front free endpaper: RC
Punnett. – Dibner Library. Heralds of science (1980 ed.), | 35.

Merejkowsky, Konstantin Sergeyevich. 1878. [Preliminary account on sponges of the
White Sea]. Trudÿ Imperatorskago Sankt-Peterburgskago obschestva
estestvoispÿtatelej, IX, 249 – 270. Suberites glasenappii.

Meusnier, Isabelle, Singer, Gregory AC, Landry, Jean-Fran{ccois, Hickey, Donal A,
Hebert, Paul DN, & Hajibabaei, Mehrdad. 2008. A universal DNA mini-barcode
for biodiversity analysis. BMC Genomics, 9(1), 214.

Meyer, Christopher P., Geller, Jonathan B., & Paulay, Gustav. 2005. Fine scale
endemism on coral reef: Archipelagic differentiation in turbinid gastropods.
Evolution, 59(1), 113–125.

Montagu, George. 1814. An Essay on Sponges, with Descriptions of all the Species
that have been discovered on the Coast of Great Britain. Memoirs of the Wernerian
Natural History Society, 2(1), 67 – 122, pls III–XVI.

Morganti, Teresa M., Purser, Autun, Rapp, Hans Tore, German, Christopher R.,
Jakuba, Michael V., Hehemann, Laura, Blendl, Jonas, Slaby, Beate M., & Boetius,
Antje. 2021. In situ observation of sponge trails suggests common sponge
locomotion in the deep central Arctic. Current Biology, 31(8), R368–R370.

Morrow, Christine, & Cárdenas, Paco. 2015. Proposal for a revised classification of
the Demospongiae (Porifera). Frontiers in Zoology, 12(1), 7.

Morrow, Christine C, Picton, B. E., Erpenbeck, D, Boury-Esnault, N, Maggs, C A, &
Allcock, A L. 2011. Congruence between nuclear and mitochondrial genes in
Demospongiae: A new hypothesis for relationships within the G4 clade (Porifera:
Demospongiae). Molecular Phylogenetics and Evolution, 10.

Morrow, Christine C., Redmond, Niamh E., Picton, Bernard E., Thacker, Robert W.,
Collins, Allen G., Maggs, Christine A., Sigwart, Julia D., & Allcock, A. Louise.
2013. Molecular Phylogenies Support Homoplasy of Multiple Morphological
Characters Used in the Taxonomy of Heteroscleromorpha (Porifera:
Demospongiae). Integrative and Comparative Biology, 53(3), 428–446.

Müller, Werner E.G., Kaluzhnaya, Oxana V., Belikov, Sergey I., Rothenberger,
Matthias, Schröder, Heinz C., Reiber, Andreas, Kaandorp, Jaap A., Manz,
Bertram, Mietchen, Daniel, & Volke, Frank. 2006. Magnetic resonance imaging of
the siliceous skeleton of the demosponge Lubomirskia baicalensis. Journal of
Structural Biology, 153(1), 31–41.

Murillo, Francisco Javier, Muñoz, Pablo Durán, Cristobo, Javier, Ríos, Pilar,
González, Concepción, Kenchington, Ellen, & Serrano, Alberto. 2012. Deep-sea
sponge grounds of the Flemish Cap, Flemish Pass and the Grand Banks of
Newfoundland (Northwest Atlantic Ocean): Distribution and species composition.
Marine Biology Research, 8(9), 842–854.

Nardo, Giovanni Domenico. 1833. Auszug aus einem neuen System der Spongiarien,
wonach bereits die Aufstellung in der Universitäts-Sammlung zu Padua gemacht
ist. Isis, oder Encyclopädische Zeitung Coll, 519 – 523.

Nardo, Giovanni Domenico. 1847. Prospetto della fauna marina volgare del Veneto
Estuario con cenni sulle principali specie commestibili dell’Adriatico, sulle venete
pesche, sulle valli, ecc. Venezia e le sue lagune. G. Antonelli.

54



Ngwakum, Benedicta B., Payne, Robyn P., Teske, Peter R., Janson, Liesl, Kerwath,
Sven E., & Samaai, Toufiek. 2021. Hundreds of new DNA barcodes for South
African sponges. Systematics and Biodiversity, 19(7), 1–41.

Niner, Holly J., Ardron, Jeff A., Escobar, Elva G., Gianni, Matthew, Jaeckel, Aline,
Jones, Daniel O. B., Levin, Lisa A., Smith, Craig R., Thiele, Torsten, Turner,
Phillip J., Dover, Cindy L. Van, Watling, Les, & Gjerde, Kristina M. 2018.
Deep-Sea Mining With No Net Loss of BiodiversityâAn Impossible Aim.
Frontiers in Marine Science, 5, 53.

Nosenko, Tetyana, Schreiber, Fabian, Adamska, Maja, Adamski, Marcin, Eitel,
Michael, Hammel, Jörg, Maldonado, Manuel, Müller, Werner E.G., Nickel,
Michael, Schierwater, Bernd, Vacelet, Jean, Wiens, Matthias, & Wörheide, Gert.
2013. Deep metazoan phylogeny: When different genes tell different stories.
Molecular Phylogenetics and Evolution, 67(1), 223–233.

Obst, Matthias, Vicario, Saverio, Lundin, Kennet, Berggren, Matz, Karlsson, Anna,
Haines, Robert, Williams, Alan, Goble, Carole, Mathew, Cherian, & Güntsch,
Anton. 2018. Marine long-term biodiversity assessment suggests loss of rare
species in the Skagerrak and Kattegat region. Marine Biodiversity, 48(4),
2165–2176.

Odén, Svante. 1976. The acidity problem – An outline of concepts. Water, Air, and
Soil Pollution, 6(2-4), 137–166.

Olivi, G. 1792. Zoologia Adriatica ossia Catalogo ragionata degli Animali del Golfo
e delle Laguna di Venezia; preceduto da una Dissertazione sulla Storia fiscia e
naturale del Golfo; e accompagnato da Memorie, ed Osservazioni di Fiscia Storia
naturale ed Economia.

Oug, E, & Rapp, H T. 2015. Svamper (Porifera). Norsk rødliste for arter
2015.Artsdatabanken.

Pallas, Peter Simon. 1766. Elenchus zoophytorum sistens generum adumbrationes
generaliores et specierum cognitarum succintas descriptiones, cum selectis
auctorum synonymis. 498. https://www.biodiversitylibrary.org/bibliography/6595.

Palumbi, Stephen R. 1996. What can molecular genetics contribute to marine
biogeography? An urchin’s tale. Journal of Experimental Marine Biology and
Ecology, 203(1), 75–92.

Pandey, Akanksha, & Braun, Edward L. 2020. Phylogenetic Analyses of Sites in
Different Protein Structural Environments Result in Distinct Placements of the
Metazoan Root. Biology, 9(4), 64.

Philip, Cantino, Kevin, de Queiroz, William, Alverson, David, Baum, Christopher,
Brochu, Harold, Bryant, David, Cannatella, Peter, Crane, Michael, Donoghue,
Torsten, Eriksson, Jacques, Gauthier, Ken, Halanych, David, Hibbett, Kathleen,
Kron, Michel, Laurin, Michael, Lee, Alessandro, Minelli, Brent, Mishler, Gerry,
Moore, & Andrë, Wyss. 2010. PhyloCode: A Phylogenetic Code of Biological
Nomenclature Version 4c.

Philippe, Hervé, Derelle, Romain, Lopez, Philippe, Pick, Kerstin, Borchiellini,
Carole, Boury-Esnault, Nicole, Vacelet, Jean, Renard, Emmanuelle, Houliston,
Evelyn, Quéinnec, Eric, Silva, Corinne Da, Wincker, Patrick, Guyader, Hervé Le,
Leys, Sally, Jackson, Daniel J., Schreiber, Fabian, Erpenbeck, Dirk, Morgenstern,
Burkhard, Wörheide, Gert, & Manuel, Michaël. 2009. Phylogenomics Revives
Traditional Views on Deep Animal Relationships. Current Biology, 19(8),

55



706–712.
Pick, K.S., Philippe, H., Schreiber, F., Erpenbeck, D., Jackson, D.J., Wrede, P.,

Wiens, M., Alié, A., Morgenstern, B., Manuel, M., & Wörheide, G. 2010.
Improved Phylogenomic Taxon Sampling Noticeably Affects Nonbilaterian
Relationships. Molecular Biology and Evolution, 27(9), 1983–1987.

Picton, B E, & Goodwin, Claire E. 2007. Sponge biodiversity of Rathlin Island,
Northern Ireland. Journal Of The Marine Biological Association Of The United
Kingdom, 87(6), 1441 – 1458.

Plotkin, Alexander, Voigt, Oliver, Willassen, Endre, & Rapp, Hans Tore. 2017.
Molecular phylogenies challenge the classification of Polymastiidae (Porifera,
Demospongiae) based on morphology. Organisms Diversity & Evolution, 17(1),
45–66.

Pons, Laura Núñez, Calcinai, Barbara, & Gates, Ruth D. 2017. Who’s there? – First
morphological and DNA barcoding catalogue of the shallow Hawai’ian sponge
fauna. PLOS ONE, 12(12), e0189357.

Ratnasinghan, Sujeevan, & Herbert, Paul D N. 2007. bold: The Barcode of Life Data
System (http://www.barcodinglife.org). Molecular Ecology Notes, 7(3), 355–364.

Redmond, Anthony K., & McLysaght, Aoife. 2021. Evidence for sponges as sister to
all other animals from partitioned phylogenomics with mixture models and
recoding. Nature Communications, 12(1), 1783.

Redmond, N. E., Morrow, C. C., Thacker, R. W., Diaz, M. C., Boury-Esnault, N.,
CÃ¡rdenas, P., Hajdu, E., LÃ´bo-Hajdu, G., Picton, B. E., Pomponi, S. A., Kayal,
E., & Collins, A. G. 2013. Phylogeny and Systematics of Demospongiae in Light
of New Small-Subunit Ribosomal DNA (18S) Sequences. Integrative and
Comparative Biology, 53(3), 388–415.

Redmond, N.E., Soest, R.W.M. van, Kelly, M., Raleigh, J., Travers, S.A.A., &
McCormack, G.P. 2007. Reassessment of the classification of the Order
Haplosclerida (Class Demospongiae, Phylum Porifera) using 18S rRNA gene
sequence data. Molecular Phylogenetics and Evolution, 43(1), 344–352.

Rekestraw, Norris W. 1943. The Oceans: Their Physics, Chemistry, and General
Biology (Sverdrup, H. U.; Johnson, Martin W.; Fleming, Richard H.). Journal of
Chemical Education, 20(10), 517. doi: 10.1021/ed020p517.1.

Renberg, Ingemar, Bindler, Richard, Bradshaw, Emily, Emteryd, Ove, & McGowan,
Suzanne. 2001. Sediment Evidence of Early Eutrophication and Heavy Metal
Pollution of Lake Mlaren, Central Sweden. AMBIO: A Journal of the Human
Environment, 30(8), 496–502.

Richelle-Maurer, E, Degoudenne, Y, Vyver, G van de, & L., Dejonghe. 1994. Some
aspects of the ecology of belgian freshwater sponges. Pages 341–350 of: Sponges
in Time and Space. Biology, Chemistry, Paleontology. Balkema, Rotterdam,: A.A.
Proceedings of the 4th International Sponge Conference.

Ridley, Stuart O, & Dendy, Arthur. 1886. Preliminary Report on the Monaxonida
collected by HMS ’Challenger’. Annals and Magazine of Natural History, Series
5, 18(107), 325 – 493.

Ridley, Stuart O, & Dendy, Arthur. 1887. Report on the Monaxonida collected by
H.M.S. âChallengerâ during the years 1873-1876. Report on the Scientific Results
of the Voyage of H.M.S. Challenger, 1873-1876. Zoology, 20(59), i – lxviii–
1–275– pls I–LI– 1 map.

56



Riesgo, Ana, Andrade, Sónia C S, Sharma, Prashant P, Novo, Marta, Pérez-Porro,
Alicia R, Vahtera, Varpu, González, Vanessa L, Kawauchi, Gisele Y, & Giribet,
Gonzalo. 2012. Comparative description of ten transcriptomes of newly sequenced
invertebrates and efficiency estimation of genomic sampling in non-model taxa.
Frontiers in Zoology, 9(1), 33.

Ronquist, Fredrik. 2010. Systema Naturae 250 - The Linnaean Ark. 241–252.
Ronquist, Fredrik, & Huelsenbeck, John P. 2003. MrBayes 3: Bayesian phylogenetic

inference under mixed models. Bioinformatics, 19(12), 1572–1574.
Roovere, T., Lopp, Annika, Reintamm, T., Kuusksalu, A., Richelle-Maurer, E., &

Kelve, M. 2006. Freshwater sponges in Estonia: genetic and morphological
identification. Proceedings of the Estonian Academy of Sciences, Biology and
Ecology, 55(3), 216 – 227.

Rua, Cintia P.J., Zilberberg, Carla, & Solé-Cava, Antonio M. 2011. Journal of the
Marine Biological Association of the United Kingdom, 91(5), 1015â1022.

Schmidt, Oscar. GrundzuÌge einer Spongien-Fauna des atlantischen Gebietes.
Wilhelm Engelmann. Wilhelm Engelmann.

Schmidt, Oscar. 1868. Die Spongien der Küste von Algier. Mit Nachträgen zu den
Spongien des Adriatischen Meeres (Drittes Supplement). Wilhelm Engelmann.
Wilhelm Engelmann.

Simpson, Tracy L. 1984. The cell biology of sponges. Springer-Verlag New York.
Springer-Verlag New York.

Skinner, Nicholas F., & Perlini, Arthur H. 1995. The Unsuccessful Group Treatment
of ”Writer’s Block”: A Ten-Year Follow-up. Perceptual and Motor Skills, 82(1),
138–138.

Snaddon, Jake L., Turner, Edgar C., & Foster, William A. 2008. Children’s
Perceptions of Rainforest Biodiversity: Which Animals Have the Lion’s Share of
Environmental Awareness? PLoS ONE, 3(7), e2579.

Soest, Rob W M van, Picton, Bernard E, & Morrow, Christine C. 2000. Sponges of
the NE Atlantic [CD-ROM]. World Biodiversity Database CD-ROM Series.

Soest, Rob W. M. Van, Boury-Esnault, Nicole, Vacelet, Jean, Dohrmann, Martin,
Erpenbeck, Dirk, Voogd, Nicole J. De, Santodomingo, Nadiezhda, Vanhoorne,
Bart, Kelly, Michelle, & Hooper, John N. A. 2012. Global Diversity of Sponges
(Porifera). PLoS ONE, 7(4), e35105.

Soest, Rob W M van, Hopper, John N A, & Butled, Peter J. 2020. Every sponge its
own name: removing Porifera homonyms. Zootaxa, 4745(1), 1–93.

Solé-Cava, A M, & Thorpe, J P. 1987. Taxonomy of Porifera. 243–258.
Solé-Cava, Antonio, & Thorpe, J. 1986. Genetic differentiation between

morphotypes of the marine sponge Suberites ficus (Demospongiae: Hadromerida).
Marine Biology, 24(16), 1517 – 1521.

Spalding, Mark D., Fox, Helen E., Allen, Gerald R., Davison, Nick, Ferda, Zack A,
Finlayson, Max, & Halpern, Benjanmin S. 2007. Marine Ecoregions of the World:
A Bioregionalization of Coastal and Shelf Areas. BioScience, 57(7), 573–583.

Sperling, Erik A., Peterson, Kevin J., & Pisani, Davide. 2009. Phylogenetic-Signal
Dissection of Nuclear Housekeeping Genes Supports the Paraphyly of Sponges
and the Monophyly of Eumetazoa. Molecular Biology and Evolution, 26(10),
2261–2274.

57



Steffen, Karin. 2022 (1). Genomics and metabolomics in the North Atlantic deep-sea
sponge Geodia barretti. Ph.D. thesis. 2022-01-19T13:35:23.508+01:00.

Stephens, Jane. 1916. XX. – Preliminary notice of some Irish sponges. – The
monaxonellida (suborder Sigmatomonaxonellida) obtained by the fisheries branch
of the Department of Agriculture and technical instruction, Ireland. Journal of
Natural History Series 8, 17(99), 232–242.

Svedäng, Henrik. 2010. Long-term impact of different fishing methods on the
ecosystem in the Kattegat and Öresund. Directorate General for Internal Policies.
Policy Department B, Structural and Cohesion Policies. European Parliament:
Brussels.

Swierts, Thomas, Peijnenburg, Katja T. C. A., Leeuw, Christiaan de, Cleary, Daniel
F. R., Hörnlein, Christine, Setiawan, Edwin, Wörheide, Gert, Erpenbeck, Dirk, &
Voogd, Nicole J. de. 2013. Lock, Stock and Two Different Barrels: Comparing the
Genetic Composition of Morphotypes of the Indo-Pacific Sponge Xestospongia
testudinaria. PLoS ONE, 8(9), e74396.

Swierts, Thomas, Peijnenburg, Katja T. C. A., Leeuw, Christiaan A. de, Breeuwer,
Johannes A. J., Cleary, Daniel F. R., & Voogd, Nicole J. de. 2017. Globally
intertwined evolutionary history of giant barrel sponges. Coral Reefs, 36(3),
933–945.

Tang, Qing, Wan, Bin, Yuan, Xunlai, Muscente, A. D., & Xiao, Shuhai. 2019.
Spiculogenesis and biomineralization in early sponge animals. Nature
Communications, 10(1), 3348.

Tendal, Ole. 1967. Ferskvandssvampe (Spongillidae) i Thy. Flora og Fauna,
73(263-67), (2):63–67.

Thacker, Robert W., Hill, April L., Hill, Malcolm S., Redmond, Niamh E., Collins,
Allen G., Morrow, Christine C., Spicer, Lori, Carmack, Cheryl A., Zappe,
Megan E., Pohlmann, Deborah, Hall, Chelsea, Diaz, Maria C., & Bangalore,
Purushotham V. 2013. Nearly Complete 28S rRNA Gene Sequences Confirm New
Hypotheses of Sponge Evolution. Integrative and Comparative Biology, 53(3),
373–387.

Thollesson, Mikael. 2017 (06). Gossip – tapping the taxonomic grapevine.
Thomson, C W. 1873. The Depth of the Sea. An Account of the General Results of

the Dredging Cruises of the H.M.SS. ’Porcupine’ and ’Lightning During the
Summers of 1868, 1869, and 1870, Under the Scientific Direction of Dr.
Carpenter, F.R.S., J. Gwyn Jeffreys, F.R.S. and Dr. Wyville Thomson, F.R.S.
Macmillan and Co.: London, xxi + 527 pp., pls. I-VIII.

Titley, Mark A., Snaddon, Jake L., & Turner, Edgar C. 2017. Scientific research on
animal biodiversity is systematically biased towards vertebrates and temperate
regions. PLOS ONE, 12(12), e0189577.

Topsent, Emile. 1891. Essai sur la faune des spongiaires de Roscoff. Archives de
Zoologie expérimentale et générale, 9(4), 523 – 554, pl XXII.

Topsent, Emile. 1892. Exposé des principes actuels de la classification des
spongiaires. Revue biologique du nord de la France, IV(8), 3 – 32; pls: XI–XII.

Topsent, Emile. 1900. Etude monographique des spongiaires de France.
III.Monaxonida (Hadromerina). Archives de Zoologie expérimentale et générale,
8, 1 – 331– pls I–VIII.

58



Upper, Dennis. 1974. The Unsuccessful Group Treatment of ”Writer’s Block”.
Journal of Applied Behavior Analysis, 7(3), 497–497.

Uriz, Mara-J. 2006. Mineral skeletogenesis in sponges. Canadian Journal of
Zoology, 84(2), 322–356.

Uriz, Maria J., Garate, Leire, & Agell, Gemma. 2017. Molecular phylogenies
confirm the presence of two cryptic Hemimycale species in the Mediterranean and
reveal the polyphyly of the genera Crella and Hemimycale (Demospongiae:
Poecilosclerida). PeerJ, 5(23), e2958.

Vacelet, Jean. 2006. New carnivorous sponges (Porifera, Poecilosclerida) collected
from manned submersibles in the deep Pacific. Zoological Journal of the Linnean
Society, 148(11), 553 – 584.

Vargas, Sergio, Schuster, Astrid, Sacher, Katharina, Büttner, Gabrielle, Schätzle,
Simone, Läuchli, Benjamin, Hall, Kathryn, Hooper, John N. A., Erpenbeck, Dirk,
& Wörheide, Gert. 2012. Barcoding Sponges: An Overview Based on
Comprehensive Sampling. PLoS ONE, 7(7), e39345.

Voigt, Oliver, Erpenbeck, Dirk, & Wörheide, Gert. 2008. Molecular evolution of
rDNA in early diverging Metazoa: First comparative analysis and phylogenetic
application of complete SSU rRNA secondary structures in Porifera. BMC
Evolutionary Biology, 8(1), 69.

Voogd, de J, Alvarez, N, Boury-Esnault, B, Carballo, N, Cárdenas, J L, Díaz, P,
Dohrmann, M-C, Downey, M, Hajdu, R, Hooper, E, Kelly, J N A, Klautau, M,
Manconi, M, Morrow, R, Pisera, C C, Ríos, A B, Rützler, P, Sch"́onberg, K,
Vacelet, C, Soest, J van, & M, R W. The World Porifera database.

Vosmaer, Gualtherus Carel Jacob. 1887. The relationships of the porifera. Annals
and Magazine of Natural History, Series 5, 19, 250 – 260.

Vosmaer, Gualtherus Carel Jacob. 1933. The sponges of the Bay of Naples: Porifera
Incalcaria. With analyses of genera and studies in the variations of species.

Wedding, L. M., Reiter, S. M., Smith, C. R., Gjerde, K. M., Kittinger, J. N.,
Friedlander, A. M., Gaines, S. D., Clark, M. R., Thurnherr, A. M., Hardy, S. M., &
Crowder, L. B. 2015. Managing mining of the deep seabed. Science, 349(6244),
144–145.

Weltner, W. 1894. I. Spongien. Wissenschaftliche Meeresuntersuchungen, n.F. 1, 325
– 328.

Westman, Y, Olsson, H, O, Pettersson, Wingqvist, E M, & ’Björkert. 2017. Arbete
med SVAR version 2016, Svenskt Vattenarkiv, en databas vid SMHI. Tech. rept.
SMHI.

Weyhenmeyer, Gesa A., Müller, Roger A., Norman, Maria, & Tranvik, Lars J. 2016.
Sensitivity of freshwaters to browning in response to future climate change.
Climatic Change, 134(1-2), 225–239.

Whelan, Nathan V., Kocot, Kevin M., & Halanych, Kenneth M. 2015. Employing
Phylogenomics to Resolve the Relationships among Cnidarians, Ctenophores,
Sponges, Placozoans, and Bilaterians. Integrative and Comparative Biology,
55(6), 1084–1095.

Winther, N. G., & Johannessen, J. A. 2006. North Sea circulation: Atlantic inflow
and its destination. Journal of Geophysical Research: Oceans (1978â2012),
111(C12).

59



Wörheide, Gert, & Erpenbeck, Dirk. 2007. DNA taxonomy of sponges–progress and
perspectives. Journal of the Marine Biological Association of the United Kingdom,
87(6), 1629–1633.

Wörheide, Gert, Nichols, Scott A., & Goldberg, Julia. 2004-12. Intragenomic
variation of the rDNA internal transcribed spacers in sponges (Phylum Porifera):
implications for phylogenetic studies. Molecular Phylogenetics and Evolution,
33(3), 816–830.

Xavier, Joana R., Rees, David J., Pereira, Raquel, Cola{cco, Ana, Pham,
Christopher K., & Carvalho, Francisca C. 2021. Diversity, Distribution and
Phylogenetic Relationships of Deep-Sea Lithistids (Porifera, Heteroscleromorpha)
of the Azores Archipelago. Frontiers in Marine Science, 8, 600087.

Xavier, J.R., Rachello-Dolmen, P.G., Parra-Velandia, F., Schönberg, C.H.L.,
Breeuwer, J.A.J., & Soest, R.W.M. van. 2010. Molecular evidence of cryptic
speciation in the ”cosmopolitan” excavating sponge Cliona celata (Porifera,
Clionaidae). Molecular Phylogenetics and Evolution, 56(1), 13–20.

Zumberge, J. Alex, Love, Gordon D., Cárdenas, Paco, Sperling, Erik A., Gunasekera,
Sunithi, Rohrssen, Megan, Grosjean, Emmanuelle, Grotzinger, John P., &
Summons, Roger E. 2018. Demosponge steroid biomarker 26-methylstigmastane
provides evidence for Neoproterozoic animals. Nature Ecology & Evolution,
2(11), 1709–1714.

60





Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Science and Technology 2189

Editor: The Dean of the Faculty of Science and Technology

A doctoral dissertation from the Faculty of Science and
Technology, Uppsala University, is usually a summary of a
number of papers. A few copies of the complete dissertation
are kept at major Swedish research libraries, while the
summary alone is distributed internationally through
the series Digital Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Science and Technology.
(Prior to January, 2005, the series was published under the
title “Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Science and Technology”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-484379

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2022


	Abstract
	List of papers
	Additional Papers
	Contents
	Abbreviations
	List of Tables
	List of Figures
	Introduction
	The Atlantic Ocean
	Swedish waterscape
	Freshwater environment
	Marine Environment
	Threats

	What are sponges?
	Human bias
	Sponges
	Demospogiae systematics
	Suberitidae-Halichondriidae
	Suberites
	Molecular markers
	Sponge Barcoding Project
	Recent sponge diversity surveys
	Why study sponge diversity in Sweden?

	Aims

	Material and Methods
	Collection
	Data management
	Morphological identification
	Molecular markers and Phylogenetics

	Results
	Successful markers
	Demosponge Fauna in Sweden: an update
	Freshwater environment
	Marine environment
	Suberitida Systematic insight
	How many Suberites species and what are their names


	Concluding Remarks
	Plausible or near future perspectives
	Shenanigans or far future perspectives

	Svensk sammanfattning
	Acknowledgements
	References



