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Introduction

The genesis of historical linguistics is traditionally attributed to the Calcutta based English
orientalist Sir William Jones, who in his lecture to the Asiatic Society on 2 February 1786 said
the following about Sanskrit and the languages of Europe (Allan 2013:143):

“The Sanskrit language, whatever its antiquity, is of a wonderful structure; more perfect than
the Greek, more copious than the Latin, and more exquisitely refined than either; yet bearing
to both of them a strong affinity, both in the roots of verbs and forms of grammar, than could
possibly have been produced by accident; so strong, indeed, that no philologer could examine
the Sanskrit, Greek and Latin, without believing them to have sprung from some common
source, which, perhaps, no longer exists.”

Although similar ideas had been put forward before Jones’ lecture, this was the first time that
the idea of a common ancestor of the languages of Europe and India was embraced by other
linguists who further worked out the idea proposed by Sir William Jones. A revolutionary
contribution to the development of historical linguistics was made by the linguist August
Schleicher who was first to summarise the linguistic history of a language family in a tree model
in 1853 (Allan 2013:154). The tree model is still used extensively in historical linguistics and
has even been adopted into evolutionary biology.

Not much later, in 1872, the German linguist Johannes Schmidt presented a new
model, the wave model, as a better alternative to the tree model (Allan 2013:163). Whereas the
tree model suggests that after splitting events innovations can no longer spread between the
split-off branches, the wave model projects linguistic innovations as circles that spread through
the linguistic area. Innovations can occur in different places and have their own reach. In some
cases these circles will overlap, which denotes that the variety in the overlapping area has
introduced innovations from several different origins. This idea of language evolution seems to
be more in line with what happens in the real world, but it has never replaced or become as
popular as the tree model as has two major disadvantages. First, wave models are much harder
to interpret and second they do not show time scales as clearly as tree models.

Around the same time, a more systematic approach in historical linguistics was
introduced by the Neogrammarians (Allan 2013:160). They are responsible for the idea of
phonological rules, which state that phonological innovations occur in all words that contain
the particular phonological environment that causes the innovation. They considered these
phonological rules to be without exception, a view which has since been abandoned. The
language family histories known at present are still by and large inferred from sound changes
and the same applies to much of our knowledge about proto-languages.

Despite the fact that sound changes and phonology were most commonly used for the
reconstruction of language phylogenies, other parts of language were heeded as well albeit to a
lesser extent. However, whatever part of language was used in the reconstruction, the methods
applied were always qualitative and the final outcome based on judgments by the historical
linguist. In an attempt to introduce a quantitative method into historical linguistics in order to
avoid subjective judgements affecting the outcome, Morris Swadesh (1952) invented what has
generally become known as lexicostatistics. In this method, the linguist compiles a list of 100
or 200 culturally independent meanings for the languages to be investigated and subsequently
calculates the lexical distance between the languages. Later, Swadesh even proposed a fixed
rate of loss of lexemes that would enable the linguist to extend the lexical distance to
chronological distance between languages. This method bears the name glottochronology. No
such rate seems to exist, however, as Bergsland and Vogt (1962) for example pointed out for
Icelandic and Norwegian. They found that Icelandic had a substitution rate of 4% per



millennium, whereas Norwegian had one of 20%. The validity of glottochronology was also
questioned and criticised by other linguists (Fodor 1961, Chretien 1962 & Guy 1980). The
obvious flaws and shortcomings of the method eventually led to its abandonment by the
majority of the linguistic community.

In recent times, a renewed interest for quantitative methods in historical linguistics has
emerged. A number of new methods have been designed, one of which is computational
phylogenetics. Computational phylogenetics is a group of statistical methods that have been
adopted from evolutionary biology (Nichols & Warnow 2008:760). In essence these methods
calculate the similarity between languages and convert this similarity into some type of model,
usually a tree model. The statistics used are methodologically reliable, but the question remains
how the splits in the model relate to events in the real world. In contemporary evolutionary
biology, DNA is most often used as the data on which the phylogeny is calculated. This has
shown to be much more reliable than comparing the physical characteristics of species, as
shared physical features can easily have been produced by chance. In order to extend these
methods to the study of language, one needs to find out how to capture the DNA of language,
if that even exists.

Ancestors pass on their DNA to the next generations and the same usually applies to
their language. In this process of transfer only small changes occur. Even though, the process
of genetic and linguistic evolution are very similar, some differences do exist. In linguistic
evolution, linguistic features from an L2 are commonly adopted into the L1. Such type of
transfer is very unusual in biological evolution. A herd of cows living among a herd of zebras
will never develop stripes because of their contact with the zebra community, but the speakers
of a Celtic language in contact with speakers of Romance languages could easily adopt
Romance features into their Celtic mother tongue. So, linguistic features are not only transferred
vertically, from generation to generation, but also horizontally, between distinct linguistic
entities. In order to uncover the genetic history of a language phylum, one needs to find a
method to filter out the horizontally transferred material from the vertically transferred material,
as horizontally transferred material blurs the genetic signal. Not doing this properly might lead
to incorrect conclusions (e.g. English is a Romance language, because of the high number of
Romance loan words in the language).

In this study databases with different types of linguistic data (lexical, phonological,
morphosyntactic and combined) will be compiled for Scandinavian language varieties, standard
languages and dialects, and trees will be deduced from each of these databases. The outcome
of each analysis will be compared to the tree that has been reconstructed by historical linguists
through qualitative research. The main objective of the comparison of the outcome of these two
reconstructive methods is to enhance the validity and reliability of both. Questions to be asked
then are the following: What type of data gives the best results in computational phylogenetic
analysis and what structures do the other types of data reveal? Does the phylogenetic analysis
uncover events in the history of the language family that traditional methods could not reveal?

The Scandinavian languages are used in this study as a test case because their history is
well documented as well as the history of their peoples. The oldest written sources in
Scandinavian stem from the Proto-Nordic period so the entire history of this branch of
Germanic is attested in written material (Barnes 2012). Research investigating the validity of
computational phylogenetic analysis of language has been conducted before, but mostly on
Indo-European as a whole (Gray & Atkinson 2003, Nakhleh et al. 2005, Nichols & Warnow
2008, Bouckaert et al. 2012, Chang et al. 2015). These studies show that these methods are
capable of recognising the distinct branches of Indo-European, such as Slavic, Romance and
Germanic, but if that is the highest level of accuracy attainable by computational phylogenetics
one could wonder if it really is an asset to the traditional reconstructive methods. Dissecting the
distinct branches of Indo-European from the pool of Indo-European languages is relatively easy



to accomplish considering that the linguistic distances between languages within a clade are
much smaller than those between clades. The focus on the Scandinavian languages will
challenge the phylogenetic methods to detect more recent relations showing less variation in
the modern languages as there has been less time for the languages to diversify. Also constantly
changing internal social relations pose a challenge for uncovering the factual history of the
languages of Scandinavia.

Moreover, some scepticism towards the validity of computational phylogenetics in
general seems to exist within the linguistic community. Pereltsvaig and Lewis (2015) discussed
some fallacies and controversies of this method. One of their main concerns is the effect that
shared retentions could have on the outcome of an analysis. Their observation is indeed correct,
but shared retentions are not expected to pose a problem in most analyses, as disturbing shared
retentions are usually randomly distributed over all the languages in the sample. The role of
shared retentions is discussed more elaborately in the discussion section of this study.

Another shortcoming of computational phylogenetics is the exclusive dependence on
lexical data, according to Pereltsvaig and Lewis. This is not an issue in this study as
phonological and morphosyntactic data are tested as well. Pereltsvaig and Lewis are also
reluctant about the way the lexical data are collected and coded. They mention for example that
some lexemes have acquired new meanings (such as hound in English) or that some lexemes
were lost as independent words, but did survive in compounds (such as were in werewolf). They
are not sure how these should be coded. In order to treat the data for every language equally,
strict rules were taken into account during the collection and coding procedures. These rules
are explained in detail in the methodology section.

If the outcome of this study is such that the computational phylogenetic analysis shows
a pattern which is compatible with reconstructions from historical linguistics, it might not only
enhance the validity and reliability of both methods, but it will also show how phylogenetic
analysis of language can be applied to language families of which the history is poorly
documented or not documented at all. Moreover, it might even reveal social or linguistic events
in the history of Scandinavian that hitherto have been unknown. Lastly, representational tools
and models will also be compared. Both tree and network models (NeighborNet split graphs)
will be produced and compared.

The paper is arranged as follows. First, the history of the Germanic languages as it has
been reconstructed by historical linguists will be presented with a particular focus on the North
Germanic languages. At the end of this section, the history of this branch of Indo-European is
summarised in a tree that will serve as a tool for comparison. The next section deals with the
methodology of the phylogenetic analysis in this study. The first part of the section presents the
language sample that is used. Then, the different databases will be presented and the coding
procedures will be explained. The next part of the section explains how the data are analysed
and converted into a tree. The third section consists of an exploration of the data by means of
wavelike models called NeighborNet split graphs. In the next section the results of the analysis,
i.e. the tree models, are presented and briefly discussed. Finally, the main questions of this study
are discussed in detail in the discussion section at the end.



METHODOLOGY

The first section of this chapter gives a brief overview of the history of the Germanic languages,
as it is reconstructed by historical linguists. Dialects, except for Gutnish, are usually not
included in descriptions of the history of the Germanic languages, so they are not included in
this overview either. In most cases it is safe to consider dialects as later divergences within the
branch of the standard language. The tree presented in this section will serve as a reference tree
for the computational phylogenetic analyses in this study.

In the next section the language sample of the computational phylogenetic analyses in
this study is presented and the selection procedure is explained. Subsequently, the databases
employed are discussed as well as how the data were coded. Then, the procedure of how the
data are converted into a tree structure is explained. In the last part of this chapter, the data are
explored by means of NeighborNet split graphs.

Historical linguistics: The history of the Germanic languages

The languages in this study all belong to the Germanic branch of the Indo-European language
family. How the development from Proto-Indo-European into Proto-Germanic occurred is still
a topic of discussion. Consensus has been reached on the location of the homeland of Germanic,
as well as when it first was spoken. The homeland of Germanic is traditionally believed to be
the southern parts of Scandinavia and northern Germany (Kausen 2012:109; Ramat 1998:381,;
Speyer 2007:16). Here, the Germanic people settled around 1000 CE. During the last half of
the first millennium CE, the Germanic tribes started to expand, initially most south- and
eastwards. At this point the Germanic language area was still a dialect continuum.

The first group of languages to leave the Germanic dialect continuum were the East
Germanic varieties. About 200 CE the speakers of these dialects started to move to the southeast
to the lands of present-day Ukraine, Romania and Bulgaria. The best known member of the
East Germanic branch is Gothic, which we know mostly from Wulfila’s bible translation from
the 4™ century AD. Only little is known of the other members of the East Germanic sub-family.
The East Germanic branch probably went extinct around 1700 AD with the death of Crimean
Gothic.

The other branches of Germanic, traditionally known as North and West Germanic
remained within the dialect continuum and consequently formed a separate Northwest
Germanic branch in opposition to the East Germanic branch. The Northwest Germanic dialect
continuum probably ceased to exist when the Angles colonised Britain from the south of Jutland
in the 5™ century AD. The massive migration of the Angles caused a gap in the Northwest
Germanic dialect continuum (Kuhn 1955). This inhibited linguistic innovations from spreading
through the entire continuum, which eventually led to the split between the West and North
Germanic branches around 500 AD.

The development of the West Germanic languages is quite complex as splits were
mostly gradual instead of abrupt and later migrations blurred the original partitions even more.
As the West Germanic languages are not the focus of this study, their development will not be
discussed in more detail, and it suffices to know that they belong to a different branch of
Germanic than the North Germanic languages.

The common ancestor of all North Germanic languages, Proto-Nordic, was originally
spoken in southern Sweden, southern Norway and Denmark. The first split within the North
Germanic branch occurred in the 7" century between the West and East Scandinavian
languages. West Scandinavian was spoken in the western parts of Norway and East
Scandinavian in Sweden and Denmark. Also here, the split was not abrupt but gradual, so



varieties in the border region of the two branches might exhibit features of both. During the
Viking pillages in the subsequent centuries, West Scandinavian spread to parts of Britain,
Orkney and Shetland, the Faroe Islands, Iceland, Greenland and possibly even North America.
The Vikings from the eastern lands spread their language to the shores of the Baltic Sea, the
inlands of Russia and also parts of Britain.

Besides West and East Scandinavian, some scholars have also considered Gutnish, the
language of the island of Gotland in the Baltic Sea, to be a separate branch of North Germanic,
whereas others treat it as a sub-branch of East Scandinavian. The Old Gutnish language does in
fact lack a number of typical East Scandinavian innovations and has undergone some typically
Gutnish changes as well. The special position of Gutnish is probably a result of the fact that it
is spoken on an island, so the contact between Gutnish and the mainland varieties might have
been limited, which makes it conceivable that it split off from Proto-Nordic as a separate branch.

West Scandinavian split off into western Norwegian varieties, Faroese, Icelandic and
Norn, the language of Orkney and Shetland. As stated before, West Scandinavian spread from
western Norway to the islands of the Atlantic Ocean. This linguistic expansion occurred in the
9" century. Norn is very sparsely documented, so very little is known about its development.
The same also applies to a lesser degree to Faroese, older stages of which have hardly been
written down. When it comes to Icelandic, the situation is completely different. Icelandic has
had a lively literary tradition since about the beginning of the second millennium. Most of the
documents written in Old Norse come from Iceland. Although the Atlantic islands were already
colonised in the 9" century, the distance from the homeland did not lead to an immediate split.
According to Kuhn (1955) a number of innovations occurred in the entire West Scandinavian
language area after the colonisation of the islands in the Atlantic Ocean. From about the 11%"
century, the languages of Norway started to develop more into the direction of the East
Scandinavian languages. At present, Norwegian is part of a dialect continuum running from the
Danish-German border through Sweden to the west coast of Norway. The insular varieties,
Faroese and Icelandic, are not part of this continuum as they are not mutually intelligible with
their neighbouring varieties.

East Scandinavian split up into two languages, Danish and Swedish. In the beginning,
the split was gradual, but nowadays a clear border can be drawn through The Sound, the strait
that separates Denmark from Sweden. It is hard to say when Danish and Swedish started to
develop in separate ways, but most estimates lie in the same period: 11" century (Kausen
2002:111), 1200 (Speyer 2007:22) and 1300 (Harbert 2007:19). Bokmal Norwegian is often
considered to be East Scandinavian as well, but that is only partly correct. Norway was part of
the Danish kingdom until 1814 and the standard written language was standard Danish until
then. The spoken language of the Norwegian elite around that time can be described as written
Danish with East Norwegian pronunciation and a number of Norwegian features. After
Norwegian independence from Denmark, several efforts were made to construct a new
Norwegian written standard. One of these standards, Bokmal, was based on the speech of the
Norwegian elite who spoke a Danish-Norwegian koiné-like language. Bokmal Norwegian can
therefore be considered a descendant of standard Danish, with some Norwegian material and
might rather be classified as a hybrid or patchwork of West and East Scandinavian. Nynorsk,
on the other hand, was not based on the Danish standard but based on the dialects of West
Norway, which were less affected by the Danish standard. Therefore, Nynorsk is classified as
a “genuine” West Scandinavian variety.

As the above description of the history of the Germanic languages makes clear, most
splits started gradually instead of being abrupt, and some older splits were even blurred by later
migrations or developments, for instance. This means that the Germanic linguistic history is not
well illustrated in a tree that assumes abrupt splits, which is also pointed out by several scholars
(Ramat 1998:385; Kausen 2002:109). Nevertheless, trees are still commonly used to give an



overview of the history of the Germanic languages. In Figure 1, the linguistic history of
Germanic is summarised in a tree. As the East and West Germanic branches are of little interest
for this study they are not fully given.

Proto-Germaric
1000 BCE
MNorthwest Germaric East Germanic
0AD 0AD
North Germanic West Germanic
00 AT 00 AT
/ \ — —_— _-—
West Scandinavian East Scandinavian Gutnizh
T00 AD T00 AD 7
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\ -4 114tk
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FIGURE 1: The family tree of the Germanic languages. Disputed splits are indicated by dashed lines.

The tree in Figure 1 will serve as the tree that represents the history of the Scandinavian
languages as it has been reconstructed by historical linguists. Hence, it is the tree to which the
phylogenetic trees will be compared. It should be noted that only standard languages and
Gutnish are mentioned in the tree in Figure 1. As stated before, any other dialects can be
considered to be later divergences in the branch of the standard language.

Computational Phylogenetic Analysis: Language sample

The dataset consists of data for sixteen Germanic languages. Fourteen of the languages belong
to the North Germanic branch. The other two are West Germanic. Three of the North Germanic
languages represent older stages of North Germanic. The contemporary languages are listed in
Table 1, according to their traditional classification.! The ancient languages are listed in Table
2. The map in Figure two shows where the modern North Germanic varieties are spoken.

! The Danish dialect of Fjolde is no longer spoken, but as it only went extinct a few decades ago, it is still listed as
a contemporary language.



TABLE 1. The twelve contemporary languages in the sample. A thick horizontal line denotes
a split on the higher level, whereas a thin line indicates a split on the lower level. A dotted
line represents a disputed split.

TRADITIONAL CLASSIFICATION LANGUAGE ABBREVIATION
Icelandic IC
WEST Faroese FO
SCANDINAVIAN Norwegian Stavanger ~ NO_S
Norwegian Nynorsk NO_N
WEST & EAST Norwegian Bokmal NO_B
NORTH GERMANIC Ovdalian/Elfdalian OEV
EAST Swedish SE
SCANDINAVIAN Danish DK
Danish Bornholm DK_B
Danish Fjolde DK_F
GUTNISH Gutnish Lau GU
WEST GERMANIC ISTVAEONIC Dutch — NL
INGVAEONIC West Frisian FR

TABLE 2. The three ancient North Germanic languages in the sample, accompanied by an
approximation of when they were spoken and a list of their modern descendants in the
language sample. A language in brackets indicates that it might have already split off in a

stage preceding the ancient language.

LANGUAGE ABBREVIATION  ERA MODERN DESCENDANTS

Old (West) Norse  ON 900-1200 A.D.  West Scandinavian

Old Swedish 0S 1225-1375 A.D.  Swedish, (Ovdalian/Elfdalian)
Old Gutnish 0G ?7??-1600 A.D.  Gutnish Lau
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FIGURE 2. A map of the locations of the North Germanic languages in the sample. Standard
languages are put in the capital of the country. For Nynorsk, VVoss is chosen as reference city.
Red dots stand for East Scandinavian languages, blue ones for West Scandinavian and
purple means a combination of West and East Scandinavian.

The languages in the sample are selected in such a way that each sub-branch of North Germanic
- West Scandinavian, East Scandinavian and Gutnish - is represented by an ancient language
and at least one modern language. On the level of individual languages, the standard language
was selected as well as one or two of the linguistically most distant dialects with respect to the
standard variety. The standard languages are chosen, because their history has been extensively
described and the data for these varieties are readily available. The most aberrant dialects are
chosen in order to get a sample as linguistically diverse as possible, but also because their
classification might be problematic in some way. The ancient languages are included to
calibrate the time scale of the tree. Moreover, it will also be interesting to see if the ancient
languages are assigned to the same clade as their modern descendant(s). The West Germanic
languages are in the sample to define the root of the tree. In the subsequent paragraphs the
selection process will be discussed in more detail.

The branch of West Scandinavian languages is represented by the insular Scandinavian
languages, Icelandic and Faroese, as well as western Norwegian varieties and their common
ancestor Old Norse. The insular Scandinavian languages are spoken by relatively small
populations, compared to the other North Germanic languages, so the dialectal variation is
limited and mostly confined to the area of phonology. Therefore, only the standard languages
are included. The case of Norwegian is rather exceptional as the southwestern dialects are
traditionally classified as belonging to the West Scandinavian branch, whereas the other dialects
are considered East Scandinavian or a mixture of the two. The West Scandinavian branch of
Norwegian is represented by the dialect of Stavanger and the regiolect known as Nynorsk. The
classification of Stavanger and Nynorsk Norwegian might be challenging for the method, as
these vernaculars have been under constant influence of the East Scandinavian languages. As a
result, these present-day varieties are much closer to East Scandinavian than to the other West
Scandinavian languages. Therefore, Norwegian is an interesting case for testing the method.



East Scandinavian consists of two standard languages - Swedish and Danish - and
possibly one historical language: Gutnish. The Swedish clade is represented by Swedish,
Ovdalian (also known as Elfdalian) and Old Swedish. Ovdalian is the dialect spoken in the
Alvdalen municipality in the remote northwest of the Dalecarlia region. Ovdalian is a very
peculiar dialect as has been shown by previous research. Dahl (2005) showed that the lexical
distance between standard Swedish and Ovdalian is even larger than between Swedish and the
other East Scandinavian standard languages and comparable to the lexical distance between
Swedish and modern Icelandic. Ovdalian exhibits many archaisms in both lexicon and
morphosyntax and is consequently much closer to the more archaic West Scandinavian
languages in many respects compared to the other contemporary East Scandinavian languages.
Therefore, it will be interesting to see in which sub-family it will be grouped.

Old Swedish is the ancient language in this clade and the ancestor of modern Swedish.
It might also have been the ancestor of Ovdalian, but there is no consensus on when Ovdalian
started to develop as an independent language and split off from Swedish. The off-branching
of Ovdalian is believed by some scholars to have occurred even before the Old Swedish period,
so in that case it would not have been a descendant of Old Swedish (Levander 1925; Ringmar
2005).

The twigs on the Danish branch of the tree are standard Danish and the dialects of Fjolde
and Bornholm. The dialect of Fjolde was until recently spoken in the parish of Vi6l in Schleswig
Holstein, Germany (Bjerrum & Bjerrum 1974). It was the southernmost Danish dialect and
completely surrounded by a German speaking population. Therefore, the dialect developed in
a rather different way than other Danish dialects and is full of German loanwords. The dialect
of Bornholm is spoken on the island of Bornholm which is located in the Baltic Sea
approximately 150 kilometres east from the rest of Denmark. Its proximity to the Swedish
mainland has led to a number of shared features with Swedish which are absent in other Danish
dialects. I included two dialects of Danish, as the grammars of neither of them contained enough
data for all the databases. Usually I included the dialect for which I had the most data, but when
| had enough data for both dialects I included both of them. This did not affect the outcome of
the analysis in any serious way.

Norwegian Bokmal is the written standard of Norwegian that is based on Danish.
Although several adaptions have been made to Bokmal over the years to make it closer to the
spoken language, it is still by and large a continuation of Danish. Therefore, Bokmal contains
both West and East Scandinavian traits, which will make it interesting to see where it will show
up on the tree.

The Gutnish branch comprises Old Gutnish and the Gutnish spoken in the village of
Lau. As already mentioned, no consensus has been reached so far on the position of Gutnish in
the family tree. Some scholars consider it a sub-branch of East Scandinavian, whereas others
treat it as a branch on its own situated alongside Old West and Old East Norse. So, it will be
interesting to see which of these views is supported by the analysis. The present-day dialect of
Lau might be just as interesting as its ancestor in the analysis. As Gotland has been a part of
Sweden since 1645, the vernaculars on the island have been heavily influenced by the Swedish
standard language. Most of the Gutnish vernaculars are even considered to be dialects of
Swedish nowadays. Therefore, it might be challenging for the analysis to recognise the Gutnish
origin of the vernacular of Lau.

Dutch and West Frisian do not belong to the North Germanic languages, but to the
closely related West Germanic languages. As they are in another sub-family of Germanic, the
first split is always between them and all the North Germanic languages. In this way, the tree
can be rooted neatly.



Computational Phylogenetic Analysis: Databases and character coding

In this study, four types of databases are used. The first three databases contain lexical,
phonological and morphosyntactic features and the fourth one combines items from all the
aforementioned databases in a combined database. In this chapter, each of the databases is
discussed. It will provide the reader with information on how the items in the individual
databases were selected, what problems were encountered in the process of data collection and
what sources were used. It will also show how the data in the databases are converted into the
right format for the analysis.

Lexicon

The lexical database consists of two sub-databases. The template for the first lexical sub-
database is the extended Swadesh list which contains 207 meanings. Swadesh (1952)
constructed this list to be able to map linguistic diversification by means of quantitative data.
The list is thought to consist of basic concepts that are culturally independent and hence
applicable to all of the world’s languages. Although the reasoning behind the Swadesh list
seems sound, it has not sufficiently been tested whether a list of this type gives better results
than lists which consist of culturally dependent concepts. So, the template for the second lexical
database is a list of vocabulary concerning domestic animals, which is thought to be culturally
dependent. The list is constructed especially for this study.

The lexical data were retrieved from English-Scandinavian dictionaries. These
translations were double checked in monolingual Scandinavian dictionaries. Occasionally,
native speakers were consulted for doubtful cases. For the dialects, standard language-dialect
or dialect-standard language dictionaries were consulted. In the cases of Old Swedish and Old
Gutnish, ancient language-Swedish dictionaries were used. Unfortunately, there are no
Swedish-Old Swedish/Gutnish dictionaries, so a number of uniquely Old Swedish or Old
Gutnish lexemes might be missing in the database. However, this hardly affects the analysis as
the only information in these lexemes would be that these languages are different from all the
others. For Old Norse, Old Norse-English and Old Norse-Scandinavian dictionaries were used.
Also, a digital Old Norse-English dictionary was consulted, which made it possible to search
through the dictionary using the English entry, so that etyma unique to Old Norse could also be
added to the database.

When all the needed lexical data were collected, the items were coded for cognacy.?
Lexemes are cognates if they derive from the same historical stem. This does not necessarily
mean that the words have to be identical, but only that they need to have developed from the
same word in the proto-language. Each set of cognates belongs to a separate cognate class and
is assigned a certain value. For one meaning, several cognate classes can be available and
languages are allowed to have more than one lexeme for each meaning. A certain cognate class
might occur more than once in the database, when it is used for more than one meaning on the
list. In such cases the cognate classes are treated as different items in the analysis. Table 3
illustrates the cognate classes for the meaning ‘cloud’.

2 Cognacy data were retrieved from De Vries (1961) for Scandinavian and Philippa (ed.) (2003-2009) for Dutch.
The cognacy judgments for the dialects are my own.



TABLE 3. The cognate classes for the meaning ‘cloud’.

*skiwjan *wulkan, *wulkon moln
ON sky
0S sky
0G
IC sky
FO skyggj
NO_S sjy
NO_B sky
OEV muoln
SE sky moln
GU skoi (méuln)
DK sky
DK_F skaj
NL wolk

There are three cognate classes available for the meaning ‘cloud’. Two stem from at least the
Proto-Germanic period. Their Proto-Germanic reconstructions are listed at the top of the table.
The third class goes back to an innovation that has occurred in the Swedish language area.
There, a new lexeme for cloud was formed from the adjective mulen ‘cloudy’.

Then the data are translated into binary character states. Each cognate class is
represented by one character. A character can have one of two states, either 1 or 0. The value 1
is assigned if a language has a lexeme belonging to the cognate class for the meaning in
question, whereas the value 0 is assigned if it does not. This seems pretty straightforward but
there are a few problems to take into account. As is shown in table 3, not a single lexeme for
cloud has been attested in Old Gutnish. As it lacks cognates for every cognate class, it should
get a 0 for each character. This might, however, not be the best way to deal with this. It is
actually very conceivable that Old Gutnish had a lexeme belonging to one of these cognate
classes. Assigning 0 to all these classes would set Old Gutnish apart from all the other
languages, as it does not share a cognate with any of the other languages, although this might
not have been the case. In order to avoid this problem, missing data are assigned the value ‘?’.
When a character is assigned the value ‘?’, it is treated as either present or absent in the analysis.
So, no distance measures will be made between Old Gutnish and the other languages based on
the meaning ‘cloud’.

A second problem is illustrated by Gutnish. One of the Gutnish words for cloud is mduln.
This word is in round brackets in the table as it is a loan from Swedish, as the proper Gutnish
form would have been muln. Loan words most often do not give any information about the
genetic history of a language, but rather about the contact situations it has been in. As the main
purpose of this analysis is to reconstruct the genetic history of North Germanic, loan words are
assigned 0 as well. Nevertheless, a separate analysis is run as well in which loan words are also
taken into account. Table 4 illustrates how the cognate classes are translated into binary states.



TABLE 4. Binary coding of the cognate data for the meaning cloud.

COGNATE CLASS COGNATE CLASS

A B C A B C
ON 1 0 0 OEV 0 0 1
os 1 0 0 SE 1 0 1
oG 2 ? ? GU 1 0 0
IC 1 0 0 DK 1 0 0
FO 1 0 0 DK F 1 0 0
NO S 1 0 0 NL 0 1 0
NO B 1 0 0

A few additional remarks about the selection of words should be made. In order to optimise the
lists, a few conditions were taken into account in the selection procedure. Each meaning on the
list is clarified by a short description. The complete word list with descriptions can be found in
the appendix. Such a description could state that the desired word describes the concept as
neutrally as possible. In those cases, a word was not allowed to have any connotations and
should have the same semantic reach as the English word, or as close as possible. A good
example of this is the concept ‘bone’, which is accompanied by the description ‘general term
for human and animal bones (anatomical)’. Words for joint or specific bones are thus ruled out.

Sometimes semantic shifts have occurred and two cognates might no longer have the
same meaning. In Swedish, for example, the word snok is cognate to English snake and Old
Norse snakr. Originally this word could be used to describe any type of reptile belonging to the
suborder serpents, just like English snake. The Swedish word snok, however, has acquired a
more specific meaning and is now used to describe types of snakes belonging to the family
colubridae. The description for the concept snake reads ‘generic term for snake’. This is exactly
what the Old Norse sndkr meant as well as its English cognate. Its Swedish cognate, however,
has a narrower semantic scope and is therefore excluded from the list, even though it is a
cognate of Old Norse sndkr in the traditional sense.

In other cases, the description stated that the concept had to be applicable to as many
cases as possible. The concept leaf is described as ‘applicable to as many plants as possible’,
for example. North Germanic languages usually have two words for English ‘leaf’, such as ON
lauf and ON blad. They are not synonyms, however. The word /auf can only be used for leaves
from deciduous trees whereas blad is also applicable to petals and cabbage leaves for example.
Consequently, only blad was included in the list as it is applicable to more types of plants.

In some cases, the opposite strategy was used and the description narrowed down the
scope of a concept to a very specific meaning. For ‘rotten’, the description reads ‘of trees’,
which indicates that only words meaning ‘rotten of trees’ are included in the list. Words related
to ON rutinn ‘rotten in general’ are therefore excluded from the list in favour of more specialised
terminology, such as ON morkinn, ON meyrr, OEV fuoskun, SE multen, DK_F mosk and NL
vermolmd all meaning specifically ‘rotten of wood’.

A special remark should be made about the list for NO_S. The source for this dialect is a
short grammar (Berntsen & Larsen 1925). The word list at the end of the grammar contains all
the words that occurred in the grammar. So, it is by no means a complete dictionary of this
dialect. In some cases, the word list in the grammar gives one word for a certain meaning, while
Nynorsk, the written language that is closest to the Norwegian spoken in Stavanger, has other
words for it as well. In such cases a ‘?’ is assigned to the cognate classes that are found in
Nynorsk but are not mentioned in the dictionary, as it is very conceivable that the word might
be used in the dialect as well. The reason to do this is that the distance between NO_S and the
other varieties otherwise might turn out larger than it in fact is. Following this procedure, fifteen



“?’s are added to the list. When no cognate class is attested for a meaning all, ‘?’ is assigned to
all cognate classes, as is the usual procedure. For the list of domestic animals, only Nynorsk
was included as only very few terms could be retrieved from the grammar.

In two cognate classes, a morphological development had occurred in some of the
languages. This has happened in one of the cognate classes for the meaning ‘nose’. An overview
of all cognates in this cognate class is shown in Table 5.

TABLE 5. The lexemes for nose stemming from Proto-Indo-European *nas-, *néhas- with
morphological glossing.

COGNATE CLASS STEMMING FROM PIE  *nds-, *néhys-

ON nos-g Nose-NOM.SG OEV - -

0s nas-a nose-NOM.SG SE nasa nose
0G nas-ar Nnose-NOM.PL GU nas-ar nose-PL
IC - - DK nase nose

FO ngs-g Nose-NOM.SG DK_F  nees nose
NO_S nase nose NL neus nose
NO B nase nose

There are two deviant groups in this cognate class. The first group are Icelandic and Ovdalian
which both have lost this cognate. The second one, and the more interesting one, are Old
Gutnish and Gutnish. Contrary to all the other languages, they have a plurale tantum for this
meaning. According to the methodology, this cognate class is translated into only one character.
This means that the information that is revealed by the shared plural ending in Old Gutnish and
Gutnish would be ignored. Therefore, this cognate class is translated into two characters. One
character for the presence or absence of a cognate stemming from *nas-, *néh,s-, and one for
the presence or absence of the plural ending. The binary coding for this cognate class is
illustrated in Table 6.

TABLE 6. Binary coding for the cognate class *nas-, *néhas-.

ON 0s 0G IC FO NOS NOB OEV SE GuU DK DK F

*nas-, *néhas- 1 1 1 0 0
plural ending 0 0 1 0 0 0 0 0 0 1 0 0

A similar type of innovation has occurred in one of the cognate classes for ‘to breathe’. The
Old Norse cognate in this class is anda. This cognate is found in all of the North Germanic
languages, with the exception of Old Gutnish for which no lexeme for ‘to breathe’ is attested.
In the Swedish language area, however, something peculiar has happened with this lexeme. In
Swedish, anda has been replaced by anda-s breathe-mID, with an ending denoting middle
voice.® The same form is found in Ovdalian and in Gutnish we find andas, which might be a
loan from Swedish. Ironically, the same form with the middle voice ending, is also found in the
West Scandinavian languages (ON anda-sk; IC/FO/NO_N anda-st) meaning quite the opposite —
‘to die’. To account for this innovation, this cognate class is also represented by two characters:
One for the presence or absence of anda and one for the presence or absence of the middle
voice ending.

3 The original anda has disappeared completely in Swedish.



A special note should be made about the meaning ‘at’. The clarification of this meaning
reads ‘generic locative, no spatial specification’. It is, however, hard to tell which locative is
the most generic. In order to make this meaning more applicable, | decided to only include the
translation of ‘at’ in the sequences ‘at a party’ or ‘at a wedding’. In all languages but Old
Gutnish a translation for at least one of the two sequences could be retrieved. Languages for
which translations for both sequences were found, usually use the same preposition in either
sequence. The only exceptions in the sample are NO_N and NO_B which use pa in ‘at a party’,
but i in ‘at a wedding’. Neither of the sequences is attested in NO_S.

Phonology

The phonological database is a separate database which consists of 104 phonological
developments that have occurred since the Proto-Germanic period. As in the lexical databases,
the presence or absence of an innovation was converted into a binary code with 1 for present
and 0 for absent. The presence or absence of these developments are coded for Old Norse, Old
Swedish, Old Gutnish, Icelandic, Faroese, Nynorsk Norwegian, Stavanger Norwegian, Bokmal
Norwegian, Ovdalian, Swedish, Gutnish, Danish, Bornholm Danish, Fjolde Danish, Dutch and
West Frisian. As | am not an expert on West Germanic, only a few uniquely West Germanic
developments are included in the database. This should suffice for rooting the tree, but might
not be enough for dating the first split between West and North Germanic in the tree.

The list of phonological developments was compiled from Bandle (1973) and Groenke
(1998). Both are handbooks on the history of the Scandinavian languages with a special focus
on phonological developments. Unfortunately, these works take mainly developments that
occurred in the standard languages into account, so for the non-standard varieties | deduced
some phonological developments from their grammars and dictionaries.

As phonological innovations are not always without exceptions, one cognate was
selected for each development. The reason for this is that it is more convenient to code for the
presence or absence of a phonological development in one lexeme than in the language as a
whole. The presence or absence of the phonological development in the selected cognate is
coded by 1 or 0. Some phonological developments had different reaches depending on the
phonological environment of the affected sound and sometimes the implementation of a certain
change is even word specific. In Swedish, for example, the sequence /Id/ is maintained in the
word eld ‘fire’, but has assimilated in kvall ‘evening’. In such cases, two to five words are
selected to map the spread of the development as accurately as possible. This is also a way to
make the differences between the languages in the sample as large as possible.

A few further remarks should be made about the coding of the features. In a small
number of cases, an older phonological change is made undone by a new mutation. An example
of this is found in Danish. The Old Nordic word for ‘to sing’ was syngva. Before the sequence
/ngw/, breaking occurred which meant that /y/ was broken into /iu/, hence in Old Danish we
find siunga. A later change in the phonology of Danish affected /iu/ and changed it back to /y/.
As a result, the word for ‘to sing’ is synge in Modern Danish. This form does not reveal that
breaking affected this word in an earlier stage of the language. As one of the aims of this study
is to test whether computational phylogenetics could also be used with languages of which the
history is unknown, breaking in ‘to sing’ is coded absent for Danish.

Another process that reversed an earlier development is morphological analogy. In West
Scandinavian, nasal assimilation led to the assimilation of /nt/ to /t:/ among other things. So,
the original tense conjugation of ‘to bind’, must have been something like bind-bant-bundinn.
Because of the nasal assimilation in West Scandinavian, Old Norse has bind-batt-bundinn, with
batt instead of bant. The past tense without /n/ is still found in most of the West Scandinavian



varieties, but in Faroese and Stavanger Norwegian the original /n/ has been reintroduced in this
position. This /n/ is not the product of a phonological development as it only occurs in this
particular word, but probably the result of morphological analogy. As back mutations like these
are not caused by phonological changes, they are assigned the value ‘?’ instead of coding them
as being absent.

In some cases, the selected word has been replaced by a loan word from another
Scandinavian language. As loan words do not tend to exhibit the phonological changes that
occurred in the variety in question, the original word was retrieved from compounds that were
not affected by the borrowing. In the Stavanger dialect for example, the word for ‘winter’,
vinter, is probably borrowed from Bokmal Norwegian or Danish. The original vetr is still found
in compounds such as vetrong ‘cattle of one winter old’. In such cases, only the original form
is included in the database.

Borrowing can also affect the pronunciation of certain sounds in a word. In Faroese the
sequence /hj/ is usually pronounced /tf/. However, in the selected word hjélpa ‘to help’, the
sequence <hj> is pronounced /j/ as in Danish, as opposed to the same sequence in the genuine
Faroese word hja ‘by’, which is pronounced /tfoa:/. When a selected word turns out to have an
irregular pronunciation, it is replaced by another word with the regular pronunciation.

Morphosyntax

The morphosyntactic database consists of 61 items which are coded as being either present or
absent for Old Norse, Old Swedish, Old Gutnish, Icelandic, Faroese, Nynorsk Norwegian,
Stavanger Norwegian, Bokmal Norwegian, Ovdalian, Swedish, Gutnish, Danish, Bornholm
Danish, Fjolde Danish and Dutch. The items in the list are developments of new morphology
or syntactic constructions and features whose parameters change easily over time. Loss of
morphology or syntactic variation is not taken into account. The full list of features can be found
in the appendix.

An example of new morphology is the development of a new noun declension in
Swedish. In Old Swedish, the plural of neuter words was identical to the singular. Hence, the
word hiarta could mean both ‘heart’ and ‘hearts’. In modern Swedish, a new declension has
been developed which consists of neuter words ending in a vowel (Petterson 2005). The —n of
the definite plural ending (hidrta-na ‘heart-DEF.PL’), was reanalysed as a plural ending, giving
rise to a new declension in which the singular and plural are no longer identical. The plural of
hjarta ‘heart’ is therefore hjartan in modern Swedish.

A feature of which the parameters can change over time is for example the way numbers
over 20 are expressed. In Old Norse 21’ was tuttugu ok einn, literally ‘twenty and one’. In Old
Swedish the order is different, though, and the form en ok tiughu ‘one and twenty’ is attested.
These are the only two possible orders for Scandinavian, so all languages either have the pattern
of Old Norse, that of Old Swedish or both.

Loss of morphology and syntactic variation is not included in the list. The reason for
this decision is that loss of categories is to be expected in Germanic-speaking communities.
Especially the mainland varieties of Germanic have a substantial number of speakers as well as
L2 speakers, two factors which correlate with the loss of inflexions and variation (Trudgill
2011). So, the loss of the case system and most of the verb endings in large parts of the mainland
Scandinavian varieties is probably not the result of common ancestry, but that of the similarity
of the communities in which the languages are spoken. In other words, the loss of features does
not necessarily need to reveal common ancestry and might even cause noise in the analysis.
Therefore, the loss of features is not taken into account in this study.



A common feature of lexicon, phonology and morphosyntax is that parts of these
categories can be borrowed into another language. Although borrowing of morphosyntactic
features is less likely to occur than borrowing of lexical items, it does occur sometimes. In the
majority of cases it is hard to tell whether a certain construction is the result of borrowing.
Hence borrowing was not controlled for in this database.

A difficulty with syntax is that the order in which different parts appear might not be
wholly unrelated. Greenberg (1963) was the first to describe a number of linguistic tendencies
which state that the positions of certain elements are interrelated, but none of his universals or
tendencies seem to affect the features in this database. However, an observation that is relevant
for the data in this study was made by Koeneman & Zeijlstra (2010). They argue that the
richness of verb morphology affects the placement of the verb in sub-clauses. The sample of
Scandinavian languages does in fact show this distinction. The languages which have rich verb
morphology do not exhibit verb movement in the sub-clause, whereas the ones with poor verb
morphology do. Therefore, this feature is excluded from the database.

The data for the morphosyntactic database are retrieved from the grammars of the
respective languages. Also, the Nordic Atlas of Language Structures (NALS) was consulted,
but only little was taken from there, as most of the maps only focused on a subpart of
Scandinavia. As for the lexical and phonological data, the presence or absence of a feature is
translated into a binary matrix with 1 for presence and O for absence. In some cases a certain
feature was not applicable to one or several of the languages. Consider, for example, features
49 and 50, which concern the placement of the article in the construction “such a”. Some of the
languages, such as Icelandic, do not have an indefinite article so there is no way to know if it
would precede or follow “such”. In those cases, the value “?” is assigned.

Combined database

The combined database consists of data from the three earlier mentioned parts of language, viz.
lexicon (domestic animal terminology)*, phonology and morphosyntax. The three databases
contain different numbers of categories, however. The morphosyntactic database contains only
61 items, whereas the phonological and lexical ones have 104 and 222 items respectively. So,
plainly concatenating rows of character state values of the three databases would give an
unequal amount of power to each of them. This would not be a problem, if the data in each
database would give the same result, but as we do not know that the databases are represented
in equal measure. 61 items are randomly selected from the lexical and phonological databases
by a random number generator.

Although the number of items from each database is the same now, it does not
necessarily mean that all databases have the same amount of impact on the outcome of the
analysis. The specifications of the samples are summarised in Table 7.

TABLE 7. The specifications of the three database samples in the combined database.

# items # 1’s (Dutch included) # 1°s (Dutch excluded)
LEX 61 201 186
PHON 61 338 329
MOR-SYN 61 348 327

4 The domesitc animal terminology database was chosen in order to already make a preselection.



Table 7 shows the number of 1’s in each of the samples with and without Dutch. The table
shows that the number of 1’s is much lower for the lexical database. This means that the average
number of languages sharing 1’s in that database is much lower than in the two other ones. To
avoid having too many small or one-language clusters, | decided to gather a similar number of
1’s for every database.

A reason to exclude Dutch from the calculations is that fact that Dutch is represented to
varying degrees in the three samples. A comparison of the third and fourth columns shows that
the number of 1’s in Dutch represent 7% of all 1’s in the lexical sample, 3% of those in the
phonological sample and 5% in the morphosyntactic dataset. As this skewed distribution might
influence the results and considering the fact that the main focus of this study is on the
Scandinavian languages, Dutch was excluded as a precaution.

An additional number of categories are therefore randomly selected from the lexical
database until the number of 1’s similar to the number of 1’s in the phonological and
morphosyntactic samples is reached. At 89 categories, the number of 1’s in the sample is 328
and the specifications of the combined dataset are shown in Table 8.

TABLE 8. The specifications of the three database samples in the combined database.

# items # 1’s (Dutch included) # 1’s (Dutch excluded)
LEX 89 355 328
PHON 61 338 329
MOR-SYN 61 348 327

So, the combined dataset consists of present/absent data for 211 items and of a total of 984 1°s.
The advantage of such a combined database is thought to be that it levels out the imperfections
and problems of the indivual databases and gives a better summary of the history of the phylum
under analysis.

Computational Phylogenetic Analysis: Conversion into a tree
Likelihood methods

The next step in the process is to convert the observed data into tree structures. There are several
likelihood methods that can be applied to build a tree. A likelihood method quantifies the
probability that the observed data is produced by a particular mechanism (Dunn 2014). The
mechanism at play here is an evolutionary process. Hence, the mechanism consists of a set of
mathematical descriptions of evolutionary processes. The outcome of the analysis is
summarised in a set of tree models containing a tree topology and branch lengths that can be
assigned several meanings. It should be noted that the tree model is presupposed and does not
affect the likelihood calculations.

The challenge is to maximise the likelihood of the parameters of the tree and to find the
best tree topology in the space of possible trees. This is more challenging than one might think,
because there is at present no algorithm that can find the best tree within a reasonable amount
of time. This problem cannot be overcome by random sampling in the tree space as only a very
small number of trees in the tree space have a high likelihood score. So, most random tree
samples will contain no high likelihood tree at all. To cope with this problem, Bayesian Monte
Carlo Markov chain (MCMC) sampling is used. This algorithm starts from a random point in
the tree space and searches for the region of highest likelihood from there. It compares the



likelihood of its current position to those of other points in its vicinity. If the likelihood of
another position turns out to be higher, it moves to the new location and the process of finding
a higher likelihood is continued from there. To avoid getting stuck at a local maximum, the
algorithm sometimes also allows slightly lower likelihoods.

The search is continued until the average standard deviation of split frequencies is lower
than 0.01. Every n steps the tree parameters and likelihood scores are saved to the posterior
sample. Thus, after the analysis the posterior sample contains of a large number of trees. Not
all trees in the posterior sample have similar likelihoods, however. Figure 3 illustrates the
typical course of a search.

-850

Model A: Post-burmin harmonic mean = —=1001

—-1000

— Model B: Post-burnin harmonic mean = =1025

-1050

Log Likelihood

-1100

-1150

-1200
|

I T T T T T T
0 200 400 600 800 1000 1200

ltemton (x 10000}
FIGURE 3. Likelihood trace MCMC sampling under two models. (Dunn 2014)

The course of the likelihood in Figure 3 shows that it oscillates wildly at the beginning of the
search, but that it after a certain number of iterations reaches some kind of equilibrium. The
samples from the initial period are therefore discarded, whereas the rest is saved to the posterior
sample as they all represent more or less equally likely trees. The final phylogenetic tree is a
sort of summary of all the trees in the posterior sample.

Evolutionary model

Before the data can be analysed and a phylogeny can be inferred, a number of settings need to
be chosen. One of these settings is the evolutionary model. In order to be able to carry out the
analysis, suitable substitution and rate models need to be set. There are three possible
substitution models to choose from: F81, HKY and GTR. The only models that can work with
binary data are F81 and HKY. F81 assumes that the rates of innovation and loss of
cognates/features are equal, whereas HKY allows them to vary. As it is more realistic to assume
that the rates of innovation and loss are different from each other, the HKY model is used in
this study.

The rate model that is used is the gamma rates model. This model works with the
assumption that the rates of characters evolve according to a gamma distribution. It assumes



that characters belong to a certain number of rate classes. A larger number of classes would
improve the fit of the tree to the data, but as the amount of data in this study is quite small, any
new classes will probably be very similar to those that already exist. Moreover, increasing the
number of classes would have a highly negative effect on the computation time. Therefore, the
default setting of four classes is maintained.

Dating the tree

Swadesh (1952) already put forward a method to calculate the age of the splits in a phylogenetic
tree. He thought he had discovered a constant rate of change of neutral vocabulary, i.e. the
meanings on the Swadesh list. Languages that split 1000 years ago would share 81% (£2%) of
the meanings on the Swadesh list. Unfortunately, the constant rate of change does not occur in
language evolution. Not all the branches of the tree change at a constant rate and even within
the history of one branch, the rate of change can vary over time. Research has pointed out that
the rate of change tends to be accelerated in the period directly after a splitting event or in times
of social insecurity, for example (Trudgill 2011). Also contact situations and population size
play a role in the rate at which a language changes (Trudgil 2011).

The existence of differences in the rates of change between branches can be inferred
quite well from the tree of North Germanic languages. All members of the tree are descendents
from Proto-Nordic. Yet, Icelandic is much closer to the ancestor language than the mainland
varieties (Bergsland & Vogt 1962). In other words, Icelandic has changed at a much slower rate
than Norwegian, Swedish and Danish. This applies to both vocabulary and morphosyntax. This
means that glottochronology is not the right tool to use for calculating the age of the splits in
the tree. Moreover, glottochronology only maintains a constant rate of change for the
vocabulary on the Swadesh list and does not give any constant rate of change for
morphosyntactic or phonological data.

Luckily, some other methods have been developed to estimate the ages of the splits in a
tree. The likelihood method also includes rate of change in its analysis as clock models. The
most basic type of clock model is a strict clock, which just as glottochronology assumes a
constant rate of change over the whole tree. The rate of change does not need to be 81% per
1000 years, but could theoretically take every value between 0% and 100% per 1000 years. As
already mentioned before, the tree of Scandinavian languages offers clear evidence to reject a
constant rate of change along all its branches.

Beside strict clocks, also a number of so-called relaxed clocks have been created. These
clock models fit better to the evolutionary process of languages, as they allow rates to vary
across the tree. The MrBayes software package contains several such relaxed clocks. For every
analysis three types of relaxed clocks (cpp, tk02 and igr) as well as a strict clock are tested. The
clock model resulting in the highest harmonic mean was used for the final analysis of the data.
In order to be able to date the tree, an estimate has to be given of the age of the root of the tree.
In all analyses this date is set to 1400 to 2400 years ago. Also, the ages for the older language
stages are included in the analysis and set to 800 to 1200 years for Old Norse, 800 to 650 years
for Old Swedish and 800 years for Old Gutnish.

Such data are usually not available for languages of which no historical records have
been found. However, some tricks can be applied to acquire some information about the history
of those languages. Archaeological findings might shed light on when an area was first
inhabited by a certain tribe or people, which gives an indication of the point at which the
language of that area might have split off from the other languages. Hence, these methods can
also be employed to languages for which we have no older written records. As we do have



written records of older stages of Scandinavian, dating based on archaeological findings do not
need to be taken into account.

Tree representation

The posterior tree sample can be summarised in different types of trees. In this study the types
of trees are restricted to consensus and maximum clade credibility (MCC) trees.

Consensus trees summarise the data in such a way that conflicting splits are resolved by
putting them one level higher on the tree. In order to exemplify this, consider a posterior sample
in which 35% of the trees show the clade (AB,C|D,E) and 65% show the clade (A,B|C,D,E). The
conflict in this example is that in some samples C belongs to the same clade as A and B, but in
the majority of the samples it is clustered together with D and E. Instead of projecting C together
with D and E as the majority of the samples suggest, a consensus tree gives the clade (A,B|C|D,E).
So, instead of depicting Proto-ABCDE splitting off into two branches, the tree gives a
trifurcating split to avoid the conflict. In all the trees in the sample A and B and D and E belong
to the same clades, but as C might belong to either of them the split of C is situated at the same
point as that of (A,B) and (D,E).

Behind the construction of an MCC tree lies another procedure. To build an MCC tree
one needs the probability of every branch in the tree. The probability of a branch is the
proportion of the posterior sample in which it is found. Then, the probabilities of every branch
in the trees are multiplied. The tree with the highest probability of all its branches combined is
the MCC tree. So, the MCC tree is not strictly a summary of all the trees in the posterior tree
sample, but rather the most representative tree in that sample.

Both types of tree have their advantages and disadvantages. One of the major
disadvantages of consensus trees is that the avoidance of conflicting branches might lead to the
choice of a clade that has a lower likelihood than either of the conflicting clades. To go back to
the aforementioned example, (A,B|C|D,E) might have a lower likelihood than either (A,B,C|D,E)
and (A,B|C,D,E). Besides, the resulting tree might not even be one of the trees in the posterior
sample. The main drawback of MCC trees is that they only allow for bifurcating splits. This is
in particularly problematic with dialect continua that show gradual instead of abrupt
diversification. Considering the above example of languages A, B, C, D and E again, C might
be in the middle of the dialect continuum and share innovations with both (A,B) and (D,E).
Clustering C with either of those branches would suggest either a Proto-ABC or a Proto-CDE
language. Such an ancestor language might in reality have never existed, though. To explore
the pros and cons of both tree types, both are procured and shown in the results section.

Exploring the data: NeighborNet split graphs

Before deducing a phylogenetic tree from the data, the data are explored first. This means
checking how tree-like the data are. This is done by means of a NeighborNet split graph. As
opposed to trees, split graphs do not force the data into a tree-like structure but render a network
representation of it. A NeighborNet split graph is a practical tool for visualising how tree-like
the data are. When the data are completely tree-like, the split graph looks like an ordinary
unrooted tree. The less tree-like the data are, the more boxes emerge in the split graph denoting
conflicting distance relationships in the data.

A NeighborNet split graph is constructed according the following lines (Bryant &
Moulton 2004). At the outset, all taxa in the distance matrix are represented by a single node in
space. Then the two closest taxa are paired up as neighbours. This process is reiterated until a



third neighbour is found. At that point the three nodes are collapsed into two nodes, which
replace the three nodes in the distance matrix. This procedure is illustrated in Figure 4.
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FIGURE 4. (i) each taxon is represented by a node. (ii) the two closest nodes are
paired up, in this case e and f and b and c. (iii) d is also identified as a neigh-
bour of e. (iv) the paired up nodes d,e,f are collapsed into two nodes Xx,y.

(Bryant & Moulton 2004)

Then the search for a third neighbour starts all over and this process is repeated until only three
nodes are left. Then the process is reversed and the nodes are fully expanded. The expanding
gives the splits in the split graph. This process is illustrated in Figure 5.
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FIGURE 5. The nodes y,z are expanded to the original nodes u,w,v.
Then x,v are expanded to s,t,r. (Bryant & Moulton 2004)

The result is a network that shows the amount of conflicting signal in the data by the degree of
reticulation. Conflicting splits can be explained in several ways. The most evident explanation
is borrowing. In the event of the split of two separate groups, the individual languages within
those groups can still borrow linguistic material from the languages from the other group.
However, this should not occur in this study, the lexical part at least, as loan words are excluded.

A second reason for conflicting signal is the loss and retention of ancestral material.
Imagine the languages a, b, c, d, e and f which relate to each other as (a,b,c|d,e,f). Language a,
b, ¢, d, e and f all developed from Proto-a,b,c,d,e,f. Proto-a,b,c,d,e,f contained a lexeme in
cognate class A. This cognate was still present in both Proto-a,b,c and Proto-d,e,f. In the modern
descendents, however, cognate class A has been lost in languages ¢ and e. This will produce
the conflicting signal (a,b,d,f|c,e) as the presence of cognate class A is considered a shared
innovation of languages a, b, d and f, even though that is not the actual case. So, shared
retentions also cause some of the reticulation in the split graph.

Conflicting signals may also be explained by the nature of language change in a family.
In a dialect continuum for example, absolute splits are unlikely to occur. Linguistic changes
under such circumstances are expected to spread in a wave-like fashion. In the language family
(a,b,c|d,e,f) the fundamental split is between languages a, b and ¢ and languages d, e and f. If
there is transboundary communication in the adjacent languages ¢ and d, however, changes in



language ¢ might also spread to language d. A split between two languages at some point in
time does not mean they can no longer share innovations.

Conflicting splits caused by borrowing events or the loss of ancient material usually do
not contain information on the genetic history of a phylum, so their invisibility in tree
representations might rather be seen as an advantage of this type of model. The fact, however,
that tree representations presuppose absolute splits means that developments that spread wave-
like are not shown in the final tree model. Therefore, it is useful to visualise the data in a network
before opting for the construction of a phylogenetic tree.

Perfect tree-like histories are not to be expected as borrowing, loss of ancestral material
and wave-like changes can overrule the initial split in different branches, but some phyla will
have developed in a more tree-like way than others. Unfortunately, there are no formal
procedures to decide whether the data are tree-like yet. Holland et al. (2002) introduced the
delta score as a tool for data exploration. Gray et al. (2010) use both the delta score and Q-
residual score to analyse the shape of the evolution, but mention that these two measures have
not been proven sufficiently powerful and robust yet. When the data are completely tree-like
the delta score will be zero, and one if the data are not tree-like at all. As there is some debate
about the actual significance of delta and Q-residual scores they will not be further discussed
in this paper. They will, however, be given for every split graph.

Neighbor-Net split graphs

In this section the data are explored and analysed in NeighborNet split graphs. The split graph
of the Swadish list lexical data is shown in Figure 6.
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FIGURE 6. The Neighbor-Net split graph for the Swadish list data. The fundamental split seems to be
between the retentive, archaic varieties and the more innovative ones. The lines signalling the
the grouping of the archaic varieties are highlighted in green.
Fit =96.426, &-score = 0.3013 and Q-residual score = 0.01755.

The well-known split between West and East Scandinavian cannot be discerned from the split
graph. The fundamental split here seems to be (NL, DK_FJ, DK, OEV, SE, GUT, NO_B, NO_S | OG,
0S, IC, FA, ON). The driving factor behind this partition is probably the retention of cognate
classes in insular Scandinavian which have been lost in the mainland varieties. So, the first



impression is that this dataset does not give an accurate picture of the history of the
Scandinavian languages.

Nevertheless, the data seem to be quite tree-like and some subgroupings can be
discerned. In the left half of the network, a clear Danish (DK, DK_FJ) and Norwegian (NO_B,
NO_S) branch can be detected. Besides, there is also a weaker Swedish branch (SE, OEV, GUT).
In the right half, there is a clear insular Scandinavian branch (Ic, FA, ON). Old Swedish and
Gutnish do not seem to have very close neighbours beside each other. However, there seems to
be some evidence that connects Old Gutnish to the Swedish branch.

The split graph for the domestic animal terminology data is shown in Figure 7. In this
network, the split between West and East Scandinavian is clearly visible. The edges indicating
the clustering of the West Scandinavian branch are highlighted in blue. There is also some
evidence for an East Scandinavian branch. The edges signalling this clustering are in red. As
the red edges are shorter than the blue ones, there is stronger evidence for the West
Scandinavian branch than for the East Scandinavian one.

Gutnish Ovdalian East Scandinavian

West Scandinavian ,
Old Gutnish

Dutch

Icelandic )
Old Swedish

Swedish
Old Norse

FIGURE 7. The Neighbor-Net split graph for the domestic animal terminology. The fundamental
split seems to be between West and East Scandinavian. The lines setting apart the West Scandi-
navian varieties are highlighted in blue, the ones setting apart the East Scandinavian varieties

in red.
Fit=97.319, &-score = 0.3189 and Q-residual score = 0.01538

Another conspicuous difference between the West and East branch are the average edge lengths.
The edges in the western half are significantly longer than the ones in the eastern half. This
might suggest there have been more innovations in the West Scandinavian languages, but it
might also mean that the western varieties have preserved archaic cognate classes that have
disappeared altogether from the languages in the east or a combination of both. Unfortunately,
one cannot be sure on the basis of a split graph representation.

The picture in figure 7 looks slightly more reticulate than the network in figure 6. This
indicates that the domestic animal terminology data are less tree-like than the data from the
Swadesh list. Nevertheless, some subgroupings can be discerned in the network. Beside the
West/East split, there are also a number of secondary splits. In the West Scandinavian
languages, there is a clear Norwegian as well as an insular Scandinavian branch. In East
Scandinavian, three secondary partitions are discernable. The first one is the Swedish branch
which comprises Swedish and Old Swedish, which according the network does not belong to




either the West or East Scandinavian branch. There is also evidence for a separate Danish
branch, consisting of Danish and the Danish dialect of Fjolde. At the top of the eastern half,
there seems to be some evidence for a cluster of Swedish Randmundarten in which Ovdalian,
Gutnish and Old Gutnish are included.

The split graph for the phonological data is shown in Figure 8. The split between West
and East Scandinavian can also be discerned in this network. The blue lines denoting the
evidence for a separate West Scandinavian group are clearly longer than the red lines indicating
the data suggesting a separate East Scandinavian group. In other words, the West Scandinavian
languages have more shared features than the East Scandinavian languages.
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FIGURE 8: The Neighbor-Net split graph for the phonological data. The fundamental split seems
to lie between the West and East Scandinavian varieties. The lines signalling the grouping of
the West Scandinavian languages are highlighted in blue, the lines signalling the grouping

of the East Scandiavian ones in red.
Fit = 93.392, 8-score = 0.3645 and Q-residual score = 0.05369

A special remark should be made about Ovdalian and Old Gutnish. Both these languages exhibit
phonological developments that are indicative of both West and East. Ovdalian is spoken in the
centre of Scandinavia, so in the frontier zone of the western and eastern subgroups. The
presence of features from both branches implies there was no definite line between West and
East Scandinavian. Varieties spoken in the border zone might therefore exhibit phonological
features of both groups. This explanation does not apply to Old Gutnish, though, as that variety
was spoken on one of the easternmost islands in the North Germanic language area. Its position
in the tree might be the result of the fact that it did not take part in some Pan-East Scandinavian
developments such as monophthongisation, compare Old Norse steinn, Old Swedish sten but
Old Gutnish stain, and the fact that it probably by chance shared some innovations with the
West Scandinavian languages such as nasal assimilation, compare Old Norse vetr, Old Swedish
vinter and Old Gutnish wittr.

In general, the varieties are located in the expected positions. West Scandiavian is
divided into an insular and Norwegian branch and in the East there are two clear
Swedish/Gutnish and Danish branches. One very notable difference between this network and
the one for the domestic animal terminology is the placement of Bokmal Norwegian. In Figure




7 there was no doubt it belonged to the West Scandinavian branch but in the phonological
network it is located in the centre of the East Scandinavian subfamily. The explanations for this
difference are several. Firstly, the heartland of Bokmal Norwegian is just as that of Ovdalian
located in the borderland of the West and East branches. So, it might combine western and
eastern features in one variety. Another aspect that should be taken into account is that Bokmal
Norwegian is based on the older written Danish standard, which accounts for a number of East
Scandinavian traits in the pronunciation of Bokmal Norwegian. When Norway gained
independence from Denmark, Bokmal was introduced as the new national language. In an
endeavour to make it closer to the language actually spoken in Norway some typical Norwegian
vocabulary was introduced into the new standard language. Therefore, the lexical data suggest
Bokmal Norwegian to belong to the West Scandinavian branch, whereas the phonological data
puts it between its geographical neighbour Swedish and its former ruler Danish.

In general, the phonological network looks a little more reticulate than either lexical
one. All expected subgroups can be easily detected, though. The only real problematic subgroup
here might be the Swedish/Gutnish one as it developed in quite conflicting ways. Its members
clearly introduced shared Swedish/Gutnish innovations but at the same time some members
also developed into the direction of languages outside the group. This might be caused by the
older languages, as they were spoken before certain shared innovations had appeared. In Figure
9 the same data are shown, but now the older language stages are omitted.
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FIGURE 9. The Neighbor-Net split graph for the phonological data. The lines signalling the grouping of
the West Scandinavian languages are highlighted in blue, the lines signalling the grouping
of the East Scandiavian ones in red. Ancient languages have been omitted.
Fit = 94.858, &-score = 0.3507 and Q-residual score = 0.03945

Indeed, the sizes of the boxes in the Swedish/Gutnish branch have decreased now, but now
another problem is revealed in the network in Figure 9. There is not only a clear vertical split
between West and East, but also a horizontal one in the extension of the Swedish edge, giving
the split (NO_S, NO_B, DK_B, DK, DK_F | SE | NO_N, IC, FA, OEV, NL, WFR, GUT). This is probably
the corollary of the Danish hegemony of Norway, which caused the varieties spoken in the
larger Norwegian cities to assimilate to the pronunciation of Danish. The reasons for the



clustering of Ovdalian and Gutnish with the West Scandinavian languages are the same as
discussed above.

The phonological variation among the modern Scandinavian varieties is not
unequivocally explained by common ancestry but are also the result of language contact, in
particular contact with Danish. This is problematic for the construction of a phylogenetic tree,
as it only can show one of the developmental paths. Consequently, these data are not
particularly suitable for conversion into a tree-like structure as the result would not be in
agreement with the actual history of the language family. It would spuriously suggest an
unequivocal signal and might sketch an entirely wrong picture of the genetic relations of the
languages of Scandinavia. This should be kept in mind when constructing the phonological tree.

In Figure 10 the network for the morphosyntactic data is shown. Also here, the split
between the West and East Scandinavian branches is expressed by the split graph. The basis for
a separate East Scandinavian branch is very weak though, as is indicated by the red lines that
are so short that they rather appear to be dots. Furthermore, Old Swedish, Old Gutnish and
Ovdalian are not even included in the East Scandinavian cluster according to this figure. As
there is so little evidence for an East Scandinavian branch, it is more sensible to speak of a
Swedish/Gutnish and a Danish branch in this figure.
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FIGURE 10. The Neighbor-Net split graph for the morphosyntactic data. The lines highlighted in
blue signal the clustering of the West Scandinavian varieties, whereas the ones highlighted
in red signal the clustering of East Scandinavian.
Fit =91.822, 8-score = 0.3719 and Q-residual score = 0.08596

Compared to the network for the phonological data, this one looks even more reticulate. This
indicates that conflicting signals are at play. Part of the reticulation might be explained by the
fact that Old Swedish and Old Gutnish are in the transition between Proto-Norse and modern
East Scandinavian varieties and have not yet implemented all the typical innovations. Yet, this
does not explain all the conflicting signals. Again, language contact with Danish has caused
noise in the ancestral signal. As figure 11 shows, all the languages spoken in the former
kingdom of Denmark share a number of innovations that are absent in the other Scandinavian
languages. The edges setting apart the Danish-influenced languages are highlighted in orange
in figure 11.
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FIGURE 11: The Neighbor-Net split graph for the morphosyntactic data. Another fundamental split
seems to exist between the languages spoken in the historical kingdom of Denmark. The lines
signalling this group are highlighted in orange.
Fit =91.822, 8-score = 0.3719 and Q-residual score = 0.08596

The original West-East split is blurred by the changes that spread from Danish to the other
languages spoken in the kingdom of Denmark. A situation like this can easily be shown in a
split graph, but causes problems for trees as it assumes unidirectional developments after the
split of two groups. All this taken into account, as well as the high level of reticulation, makes

these data very bad for a phylogenetic analysis.

Data from the lexical, phonological and morphosyntactic databases were gathered in a

combined database which resulted in the network in Figure 12.
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FIGURE 12. The Neighbor-Net split graph for the combined data. The partition of West Scandinavian is
signalled by the lines highlighted in blue.
Fit=94.333, 3-score = 0.3959 and Q-residual score = 0.04287



The signal for a separate West Scandinavian branch is quite clear again and indicated by the
edges in blue. An East Scandinavian branch cannot be equally well discerned, but there are
clear clusters of Swedish/Gutnish and Danish varieties. Influence from Danish on the languages
on its former colony is hardly sensed in this network. Only Bokmal Norwegian seems to have
been weighed down by the influence from Danish. This is not very surprising, though, as
Bokmal Norwegian is the continuation of the older written Danish standard in Norway.

The reticulation in the network is indicative of a reasonable amount of conflicting signal.
However, a great deal of the conflicting signal can be explained by Bokmal Norwegian. It has
both the highest §-score, 0.44975, and Q-residual score, 0.06376. Bokmal Norwegian is in some
way a smorgasbord of typically West and East Scandinavian as well as Danish features and
consequently shares innovations with every branch in the family. Also the Swedish/Gutnish
cluster exhibits a high number of conflicting signals. The average -score is 0.42186 which is
significantly above average. The conflicting signals are partly confined to the cluster itself, but
some varieties also share features with West Scandinavian languages. The splits shown in the
split graph are listed in (1).

(1)  (WEST, OV |GUT, OG, 0S, SE)
(OV, GUT, 0G| 0S, SE)
(O6Vv | GUT, OG, 0S, SE)
(Ic, ON, OV, GUT, 0OG, OS | SE)

In addition to this, Old Gutnish and Old Swedish have both two closest neighbours, giving the
pairs (OG, GUT), (OG, 0S) and (0sS, SE). So, in conclusion the varieties belonging to the
Swedish/Gutnish cluster are all more closely related to each other than to the other Scandinavian
languages, according to the network, but their internal ordering is quite obscure as a result of
conflicting signals. This is, however, not an uncommon pattern for dialect continua, hence the
Swedish/Gutnish language area might be considered a dialect continuum based on the combined
database.

In conclusion, the lexical data seem to be most tree-like. The superiority of lexical data
in this respect is probably a result of the exclusion of loanwords. The exclusion of loanwords
has as a result that horizontal developments that occurred after splitting events are neglected in
the analysis. So, the influence from Danish that is detected in the phonological and
morphosyntactic data is not a factor in the lexical data. This makes the data less equivocal and
thus more suitable for conversion into a tree. However, it should be noted that the tree in that
case might be an oversimplification of the real history of the Scandinavian languages as
secondary developments, most often emanating from Denmark or northern Germany, are not
represented in the tree. On the other hand, it should do better at retrieving the common ancestor
of two random languages in the family, which is the main goal of computational phylogenetics.



Results

In this section the phylogenetic trees are presented and briefly discussed. Also, some
comparisons are made to the family tree as it is assumed to be by historical linguistics, i.e. the
tree in figure 1 in section 2. More profound comparisons between the two types of tree as well
as interpretations on the differences and resemblances are discussed in the discussion section.

The Swadesh tree

The consensus tree deduced from the Swadesh lists is shown in Figure 13. Edges representing
a taxon or taxa traditionally considered to belong to the West Scandinavian languages are made
purple. Red edges denote that the taxon or taxa connected to those are traditionally classified
as East Scandinavian. If the tree were in agreement with the traditional views on the history of
the Scandinavian languages, the Scandinavian branch would split off in one blue and one red
clade.
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FIGURE 13. The consensus tree for the Swadesh data. Green edges denote West Germanic languages, blue West
Scandinavian and red East Scandinavian. A time scale is added below the tree. The numbers at the nodes are the
posterior probability values.

The tree in Figure 13 is not consistent with the traditional views, however. The East
Scandinavian languages are clustered neatly together in one clade, but with Norwegian as an
“intruder”. The West Scandinavian branch has been torn apart and its members emerge in three
different places. Two branches are considered to be direct splits from Proto-Nordic, one branch
consisting of Old Norse and Icelandic and a separate branch for Faroese. The third branch,
Norwegian, is found in a subgroup among the East Scandinavian varieties.

The older language stages are found in more or less expected places. Old Norse is
clustered together with its descendant Icelandic. Old Gutnish and Old Swedish are believed to
be the ancestors of all East Scandinavian languages. As the variation between the early East
Scandinavian languages was rather small, their position in the tree seems quite sensible.

Even though the splits are not really in accordance with the conventional history of
North Germanic, the dating of the splits does tally much better with traditional estimations. The




first split between West and North Germanic is dated around 300 AD, which lies perfectly
within the range that has been proposed by historical linguists. The first splitting event within
North Germanic is put around 600 AD, which also is in line with traditional reconstructions.
The only real incongruities are found in the Swedish/Danish clade. The splits (SE | GUT) and
(DK | DK_F) as well as (SE, GUT | DK, DK_F) are dated to have occurred much later than is
traditionally assumed. This might be due to influence of the standard language on the dialects
which might have caused the dialects to assimilate to the standard language.
The MCC tree for the same data is shown in Figure 14.
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FIGURE 14. The MCC tree for the Swadesh data. Green edges denote West Germanic languages, blue West
Scandinavian and red East Scandinavian. The numbers at the nodes are the posterior probability values.

The MCC tree shows by and large the same ordering as the consensus tree. The only difference
is the position of Faroese, which is now clustered together with Icelandic and Old Norse,
constituting a distinct West Scandinavian branch, in which Norwegian is still missing. Besides,
Old Norse is only considered the ancestor language of Icelandic and not that of Faroese. The
dating of the splits in the tree are more or less identical to those of the consensus tree.

The domestic animal tree

Figure 15 shows the consensus tree for the domestic animal lexical data. Judging from the
colours of the edges, this dataset shows a phylogeny that is much more in accordance with
conventional trees from historical linguistics.

A more thorough inspection of the tree confirms this first impression. The internal
ordering of the two sub-branches, West and East Scandinavian, shows very much the same
structure as conventional trees. Old Norse is considered to be the ancestor of all West
Scandinavian languages, which is perfectly in line with what is known from historical
linguistics. Then the West Scandinavian clade splits off in three sub-groups, Icelandic, Faroese
and Norwegian, around 1150 which is quite close to general estimations for this split.
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The terminology for domestic animals shows a less unequivocal picture in the East
Scandinavian languages. Old East Norse evolves into five different branches according to the
MCC tree, three of which only consist of one language. The other two clades both contain two
languages and represent the Gutnish and Danish branches. This is in fact the only tree that
clusters Old Gutnish directly together with Gutnish. Old Swedish is not recognised as the
ancestor language of Swedish. The dating for the first split in the East Scandinavian branch is
much earlier than generally accepted. The same goes for the first split in the North Germanic
branch as a whole and the split between North and West Germanic.
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The MCC tree for this dataset shows a quite different picture than the consensus tree. The
division between West and East Scandinavian is preserved, but the internal structure of both
branches is much more detailed. Old Norse is still considered the ancestor language of the West
Scandinavian branch, but the subsequent partition occurs in three steps now. First, Icelandic
splits up from Faro-Norwegian and approximately 150 years later, the Faro-Norwegian branch
splits up into a Faroese and a Norwegian branch.

The East Scandinavian clade consists of a Swedish and a Dano-Gutnish sub-clade. It
should be noted, however, that the posterior probability value for either sub-clade is rather low.
In other words, the evidence for the existence of exactly these two sub-clades is quite weak.
This might explain the surprising clustering of Danish and Gutnish.

In the Swedish sub-clade, Old Swedish is considered to be only the ancestor language
of Swedish and not that of Ovdalian. This implies that Ovdalian split off at very early stage in
time, even before Old Swedish had developed from Proto-East Scandinavian. The Dano-
Gutnish sub-clade splits off into a distinct Danish and Gutnish sub-branch. Old Gutnish is
correctly recognised as the ancestor language of modern Gutnish. The dating for the splits in
this tree are comparable to those in the consensus tree.

The phonological tree
The consensus tree inferred from the phonological data is shown in Figure 7. As becomes

immediately clear from the figure, the fundamental split between West and East Scandinavian
languages is perfectly represented.

Dutch

—
-

West Frisian

Old Norse

!
0,95
I‘

- Icelandic
‘ 089 |
1! Faroese
051

Nynorsk

|
|0,98

Stavanger

Old Swedish

Old Gutnish

Bokmal

068 Danish

066

089 Fjolde
081 099

Bornholm

Swedish

Ovdalian

Gutnish

2000 1500 1000 500

FIGURE 17. The consensus tree for the phonological data. Green edges denote West Germanic languages, blue
West Scandinavian and red East Scandinavian. A time scale is added below the tree. The numbers at the nodes are
the posterior probability values.

The root of the tree is dated to about 200 CE, which is rather early compared to estimations
from historical linguistics. The split between West and East Scandinavian, which is put around
50 CE, occurs over 700 years earlier in this tree than is generally agreed upon. If we then zoom
in on the West Scandinavian clade, we see the first divergence take place around 400 AD
between (Old Norse and Icelandic) and (Faroese and Norwegian). Again, this split is dated very



early compared to conventional estimations and even entirely impossible as the speakers of
West Scandinavian did not leave for Iceland before 800 AD. Moreover, Old Norse is classed
as the ancestor of only Icelandic, despite it being the ancestor language of all West Scandinavian
languages.

The first diversification among the East Scandinavian languages is estimated to have
occurred around 550 AD. Even though this is quite early as well it is more sensible than the
dating of the first split within West Scandinavian. The internal classification of the East
Scandinavian languages turns out to be more complicated and problematic than in its western
counterpart. The first split divides the family into five subgroups of which four only contain
one language. Two of these sub groups are Old Swedish and Old Gutnish, which are not
grouped together with their descendant languages Swedish and Gutnish. This is probably due
to the fact that Swedish and Gutnish share some innovations with the other East Scandinavian
tongues which were not yet present in Old Swedish and Old Gutnish.

The core cluster in the East Scandinavian branch, consisting of Swedish, Bokmal
Norwegian and Danish and its dialects is also very remarkable. The first split within this clade
is estimated to have occurred about 1400 AD, which is quite late as Old Danish and Old
Swedish, spoken prior to 1400, were already showing variation. Another interesting observation
is the position of Swedish in this tree. Intuitively, one would expect Swedish in a branch
together with Ovdalian and Gutnish, as they are generally considered dialects of Swedish or are
at least spoken within the borders of Sweden. The statistics, however, prefer to group Swedish
together with the other standard languages and the dialects of Danish. This suggests there was
a considerable amount contact between the peoples of the most populated parts of Scandinavia
which facilitated the transfer of phonological innovations beyond extant linguistic boundaries.
These innovations never reached the fringes of the East Scandinavian continuum as is indicated
by the positions of Ovdalian and Gutnish in the tree.

A similar history of the East Scandinavian varieties was put forward by Hesselman
(1936). He noticed that varieties from northern Sweden, Finland, the Baltic, Gotland and
southern Denmark exhibited a number of similarities which were not found in the core area. He
argued that it was the result of the existence of a prestigious language, which he initially called
birkasvenska ‘Birka Swedish’, through which innovations spread within an economical core
area. Later, he revised his theory and suggested the innovations spread from Hedeby. Hedeby
was an economical centre, perched on the east coast of Jutland, close to the present day city of
Schleswig in Germany. Widmark (1994) endorses Hesselman’s theory and provided additional
evidence for the existence of what is now called Hedeby Nordic.

The dialects of Danish are also found in the area where Hedeby Nordic would have been
spoken. This probably affected the accuracy of the dating, as the first diversification within
Danish is estimated to have occurred 200 years ago in the tree. Runic inscriptions and early
Danish texts already showed some fundamental differences between insular and mainland
Danish. A-mutation, for example, was much more common in mainland Danish than in insular
Danish, compare Fjolde golor and Danish gulv from Proto-Germanic *gulba ‘floor’. Breaking,
on the other hand, was mostly confined to the eastern varieties, compare Danish jeg and Fjolde
& from Proto-Nordic eka ‘I’. These innovations sprang and spread both before 1000 AD, so the
existence of Hedeby Nordic might have obscured the early split of the dialect of Fjolde from
insular Danish and a similar role might be assigned to standard Danish in the last centuries. As
a result, the diversification within Danish is estimated to be more recent than it in fact is.

Worth noting as well is the classification of Gutnish. Instead of constituting a branch of
its own, Gutnish is considered a member of East Scandinavian. The position of modern Gutnish
within this clade could be explained by transfer of phonological material from standard
Swedish, but that is not relevant for Old Gutnish and does not give an explanation of why Old



Gutnish is classified as East Scandinavian. The phonological data suggest a separate Gutnish
branch has never existed.

In conclusion, the consensus tree built on phonological data presents an internal
classification which very much resembles the conventional representation of the linguistic
history of the Scandinavian languages. The estimations of dates of splitting events are
completely different in most cases, however. A conceivable cause for the inaccuracies in the
dating of the splits are continuous situations of language contact mainly between the mainland
varieties and especially in the core area which comprises Denmark, the coastal areas of the
southern half of Sweden and southeastern Norway. The extensive amount of contact between
people from these areas caused the languages they spoke to become more similar even though
they had already diverged from a common ancestor centuries before. Early splits might
therefore seem older than they are and more recent splits even more recent than they in reality
are.

Figure 18 shows the MCC tree for the phonological data.
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FIGURE 18. The MCC tree for the phonological data. Green edges denote West Germanic languages, blue West
Scandinavian and red East Scandinavian. The numbers at the nodes are the posterior probability values.

The West-East division is still accounted for in this tree and the internal structure of the western
branch is even identical to that in the consensus tree. The East Scandinavian branch shows some
irregularities, though. The first split in that branch is the one between Old Swedish and Old
Gutnish versus the other East Scandinavian varieties. This is probably due to later phonological
innovations in East Scandinavian that were not yet present in Old Swedish and Old Gutnish.
The first language to split off in the modern East Scandinavian sub-clade is Ovdalian, followed
by Gutnish, leaving a core group consisting of Swedish, Danish and eastern Norwegian. Again,
this is compelling evidence for the Hedeby Nordic theory, especially when the high posterior
probability value for the core group of 0.80 is taken into account. The earlier splits of Gutnish
and Ovdalian had much lower posterior probabilities, 0.37 and 0.39 respectively. Again, the
dating in the MCC tree does not deviate remarkably from the dating in the consensus tree. Only
for East Scandinavian, the first split is estimated to a more recent date, 1000 AD, if the split
between Old Swedish, Old Gutnish and the modern varieties is ignored.



The morphosyntactic tree

The consensus tree built on morphosyntactic data is shown in Figure 19. The internal structure
of the Scandinavian branch turned out quite undifferentiated. Again, the languages traditionally
considered to be East Scandinavian are indicated by red edges and the West Scandinavian
varieties are highlighted in blue. Clearly, the traditional division between West and East
Scandinavian is not attested by the morphosyntactic data as the North Germanic branch
branches off in eight branches instead of two.
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FIGURE 19. The consensus tree for the morphosyntactic data. Green edges denote West Germanic languages, blue
West Scandinavian and red East Scandinavian. A time scale is added below the tree. The numbers at the nodes are
the posterior probability values.

Although the tree does not show a picture in accordance with conventional historical
descriptions, the internal structure of sub-branches containing more than one member does
comply with what is expected. The three sub-branches at the lower half of the tree show separate
Norwegian, Swedish and Danish clades. This suggests that the standard language might steer
the morphological and syntactic development of all other varieties spoken within its
“jurisdiction”.

The one-member clades contain all the older languages as well as Icelandic and Faroese.
The older languages might have ended up here as many of the innovations had not occurred yet
at the time they were spoken or because the innovations they do have are common to North
Germanic as a whole. Icelandic and Faroese are probably not clustered as the morphology and
syntax of Faroese has been changed considerably under the influence of Danish. Danish has
had even more impact on the morphology and syntax of Norwegian, so that might explain why
a separate West Scandinavian branch could not be detected.

When it comes to the dating of the splits, the first splits are dated quite early. The split
between West and North Germanic is put at 150 CE, which is more than half a millennium
earlier than is usually thought. The first split within North Germanic is dated to 300 AD, about
four centuries earlier than generally believed. The splits within Norwegian, Swedish and Danish
are all concentrated in the last 500 years. Contrary to the other splits, these splits are dated quite
late. This is probably caused by the influence of the standard language on the dialects.
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The MCC tree for the morphosyntactic data in Figure 20 shows a rather different structure. It
puts the first split within North Germanic at 300 AD. The branches sprouting from this split
consist both of both West and East Scandinavian varieties, which means that genetics are unable
to account for this split. The two branches are, however, not completely produced by chance,
as the higher clade contains all the archaic varieties whereas all the innovative ones are found
in the lower one. The evidence for these splits is very weak though, both have a posterior
probability value below 0.3. The innovative branch still shows three separate clusters for the
varieties of Norway, Denmark and Sweden. In the lower clade, Danish and Norwegian are
classified as more closely related to each other than to the languages of Sweden. This is
probably the result of imposition from Danish onto Norwegian through extensive language
contact.

The overall tree

The consensus tree for the combined data is shown in Figure 21. As the colours of the edges
indicate, the traditional West-East split is well represented in this tree. The internal organisation
of the sub-branches do not surprise much either in comparison to the conventional family tree.
The splits in the tree are dated somewhat earlier than generally accepted. The split between
West and North Germanic is estimated to have occurred in the first century of our era. The first
splits within Scandinavian are estimated to around 400 AD. Both a few centuries earlier than is
generally accepted. The first split within West Scandinavian is put around 650 AD, predating
the settlement of the Norwegian Vikings on the Atlantic Islands, hence earlier than possible.
Also, the first split in East Scandinavian, circa 700 AD, is rather early. Again, the split between
Danish and the dialect of Fjolde is considered to have occurred more recently than historical
documents show.
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The MCC tree for the overall data also shows the West-East split flawlessly. This tree resembles
the consensus tree for the most part. The only really conspicuous difference is the split in the
East Scandinavian branch between Danish and Swedish and the Randmundarten Ovdalian and
Gutnish. The classification in this tree also suggests a language like Hedeby Nordic might have
existed.
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Discussion

The discussion of the results is divided into three sections. In the first section, the best dataset
is presented accompanied with a discussion of why this particular dataset is exceptionally well-
suited for the reconstruction of a language phylogeny. The central question in the second section
is what this best tree actually tells about the history of the Scandinavian languages. In the third
section the question whether trees or networks are better representations of language history is
discussed. The last section is an exposition of the ramifications of this study for phylogenetic
analysis of language in general.

The best dataset

Three of the five datasets used in this study returned a tree that shows the fundamental West-
East split in Scandinavian. The two datasets that did not show this split, the Swadesh and
morphosyntactic ones, do result in interesting trees, however. These trees do not show the
genetic history of the North Germanic language family, but rather the convergence of the
mainland varieties during the second half of the Middle Ages, which blurred the original West-
East distinction and are thus good representations of the mutual intelligibility of the modern
languages of Scandinavia. As they fail to show the fundamental split and are hardly compatible
with conventional trees based on historical linguistics, these datasets are deemed unsuitable for
phylogenetic analysis.

The inconsistencies between the trees has a number of implications. The inconsistencies
might indicate that different parts of language do not evolve according the same evolutionary
process. This means that not every part of language contains information about the genetic
origin of the language. Perhaps phonological innovations are driven by other factors than
morphosyntactic developments. Maybe morphosyntactic innovations are rather the result of
geographical proximity or assimilation to a prestigious variety than common ancestry. The
inconsistencies might also be explained by different rates of change of different parts of
language. The phonological differences between the Nordic languages are much more
significant than the syntactic ones for example. So, perhaps morphosyntactic change happens
at such a slow rate that it is not capable of capturing the genetic signal and is consequently
unsuitable data for reconstructions of such shallow time depths as that of North Germanic.

The disqualification of the Swadesh and morphosyntactic datasets leaves three at least
rather good datasets: the domestic animal terminology, phonological and combined ones.
However, the fact that the combined dataset also contains morphosyntactic characters, which
apparently are no good indicators of the genetic history of the language family, disqualifies this
dataset as well. The remaining domestic animal terminology and phonological datasets yield
very comparable trees. There are some differences in the internal structure of mostly the East
Scandinavian branch, and in the domestic animal terminology tree Bokmal Norwegian is
considered to be West Scandinavian while it is classified as East Scandinavian in the
phonological tree. Since all sources are inconclusive about the resolution of East Scandinavian
after the Common East Scandinavian period and rather show the several East Scandinavian
languages branch off contemporaneously from the common ancestor and as Bokmal Norwegian
is often viewed as a hybrid of West and East Scandinavian, these differences are not very
significant. A merit of the domestic animal terminology tree however, is that it correctly
matches the old languages with their modern descendants.

The question then is what makes domestic animal terminology more suitable for
phylogenetic analyses than phonological data? An advantage of lexical data over other types of
data is that it is relatively easy to detect instances of horizontal transfer, i.e. loanwords, and



exclude them from the study. For identical phonological and morphosyntactic innovations it is
much harder to be certain whether they are the results of common ancestry or horizontal
transfer, especially in adjacent areas. The exclusion of loanwords turned out to be very essential
in the analysis, as a second analysis that was run on the same dataset but with loanwords
included resulted in a tree separating insular Scandinavian from mainland Scandinavian, exactly
like the Swadesh and morphosyntactic data. Another advantage of lexical data is that a certain
meaning or concept can in principle be expressed by an almost infinite number of possible
words, whereas the number of possible phonological and morphosyntactic developments are
much lower. This means that a certain phonological or morphosyntactic innovation is more
likely to occur independently in different parts of the family.

This explains why domestic animal terminology contains fewer instances of horizontal
transfer, but it does not reveal why the lexicon is a good predictor of the genetic language
history. It has been pointed out by critics that phylogenetic analyses on lexical data basically
measure the amount of shared retentions in the lexicon and that these do not tell anything about
language history (Pereltsvag & Lewis 2015). Nonetheless, the method seems to work quite well.
Heggarty (2010) explains the success of the method in the following way. He distinguishes
three scenarios in the history of linguistic evolution. The first scenario is shared retention.
Shared retention means that two or more language preserved for example a cognate which they
inherited from a common ancestor. In this scenario, no change whatsoever occurred in this
cognate class since the development from the common ancestor. Another scenario is parallel
innovation. A parallel innovation is an innovation that happens independently in two or more
languages and is consequently not the result of common ancestry. An example of this is the
indefinite article, which has been developed in many of the Indo-European languages long after
Indo-European was spoken. The last scenario is shared innovation. When an ancestor language
introduced a new word for a given concept, then the presence of this word in the descendant
languages is explained as being a shared innovation.

Heggarty shares the opinion that neither shared retentions nor parallel innovations are
of any help in reconstructing a language phylogeny. He underlines, however, that the
distribution of shared retentions and parallel innovations is random. So, all shared retentions
and parallel innovations ideally balance each other out. The distribution of the shared
innovations, on the contrary, is not random. If a language introduces a new lexeme for a certain
meaning, all its daughter languages will have it as well, as long as they have not replaced it
again. This means that shared retentions show the same patterns over and over again, which
makes these recurrent patterns outweigh the random patterns of the shared retentions and
parallel innovations. This also proves that the exclusion of loanwords is necessary, as they do
not tend to be randomly distributed, because they usually stem from the same or a number of
common sources for all languages.

A remark about shared retentions that Heggarty does not make is that some shared
retentions do form evidence for common ancestry. Consider for example the PGmc word
*hanhistaz or *hangistaz which meant ‘horse’ or ‘stallion’. The meaning ‘horse’ has been lost
in West-Germanic languages, while all of the North Germanic ones, except for the Danish
dialect of Fjolde, have retained this meaning. So, in cases like this the shared retention
strengthens the pattern signalled by the shared innovations.

One could still question if the shared retentions are really balanced out in Scandinavian,
as it is well known that Icelandic is extremely archaic and retentive whereas Danish at the other
end has changed considerably and lost much of its North Germanic character. Considering this,
one might argue that the split between West and East Scandinavian in the tree might have
mainly been caused by the considerably larger number of shared retentions in the western
varieties. In order to check this, the domestic animal terminology data were analysed again, but
now all the cognate classes already found in the older languages, Old Norse, Old Gutnish and



Old Swedish were removed. The resultant tree still exhibited the split between West and East,
though, and the posterior probability values in the West Scandinavian branch were even higher
than those in the East Scandinavian clade. The structure of the tree on the whole dataset has
thus not been significantly affected by the presumptive uneven spread of shared retentions in
both branches.

Therefore, lexical data seem to be capable of signalling genetic ancestry but that does
not explain why the Swadesh data did not yield such good results. | think this has to do with
the nature of the meanings and corresponding lexemes on both the Swadesh and domestic
animal list. Changes over time occurred in both datasets, but in the Swadesh dataset borrowing
was much more common and probably the mechanism behind most of the changes. In the
domestic animal terminology dataset borrowing is quite rare and most changes are the result of
semantic shifts or new derivations. This difference might be explained by the way the lists are
constructed. The domestic animal terminology list consists of meanings for ten species and
some general animal terms. For each species usually distinct words are used for different ages
and genders and sometimes even other characteristics. Within the semantic field of one species,
new distinctions can be made and old distinctions can be lost. This means that new words are
formed or old words alter meaning. It is not uncommon that more specific terms replace the
generic term for a species. Examples of this are Gutnish lamb, originally ‘lamb’, which has
come to mean sheep in general or Ovdalian takka ‘sheep’ which originally meant ‘ewe’. The
reversed process also occurred a few times. Old Nors hross ‘horse” which has become hors in
Norwegian does no longer mean horse in general, but is only used for ‘mare’.

Considering this, another dataset consisting of entities which also can easily acquire an
either more or less specific meaning would give a similar result. Body parts seem to be a good
candidate for such a dataset. A list of names of 67 body parts in ten Germanic languages was
compiled to check this. This list also contained a number of words that originally had a more
specific term, but which now describes a larger part of the body. Examples of this are the words
fotur and hond in Icelandic, which are cognates to English ‘foot’ and ‘hand’ which were the
original meanings. In modern Icelandic, fétur can be used for either just the foot or the whole
limb, so meaning foot plus leg. The same goes for hond which means either just the hand or the
arm and hand as a whole. Another good example of how easily words for body parts can alter
their meaning are the lexemes used for ‘cheek’, which are tabularised in Table 9.

TABLE 9. The words for ‘cheek’ in four Germanic languages and their origin.

Language Lexeme Proto-Germanic form original meaning
Swedish kind *Kkinnuz cheek

Dutch wang *wanga/on cheek, jaw
English cheek *kaukon jaw

Ovdalian annlit ON: andlit face

The Swedish word kind has continued denoting the same part of the face since Proto-Germanic.
The reflexes of this word in West Germanic, English chin for example, have come to denote
the adjacent part of the face, the chin. The Dutch word for cheek, wang, is a reflex of a Proto-
Germanic word that referred to both the cheek and jaw, but which has become more restrictive
in its meaning as it nowadays only means cheek. The English word cheek originally meant jaw
and has through an intermediate stage in which it meant both cheek and jaw come to be used
exclusively for the cheek. It is a cognate of Dutch kaak which still means jaw. In Ovdalian, the
word for cheek annlit used to denote the whole face but has been assigned a more restrictive
meaning.

This would imply that the body part terminology dataset would produce a tree similar
to that for the domestic animal terminology and one that tallies with received trees. The MCC



tree for the body part data is shown in Figure 23. Note that only modern standard Scandinavian
languages and Ovdalian were included so not all of the language in the sample of the domestic
animal terminology dataset are analysed.
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FIGURE 23. The MCC tree for the body part terminology data. Green edges denote West Germanic languages, blue
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The body part tree seems to be compatible with the domestic animal terminology tree. They
mainly only differ in the classification of Bokmal Norwegian. In the domestic animal tree,
Bokmal Norwegian turns up in the West Scandinavian clade, while it is considered to be East
Scandinavian in the tree in Figure 23. However, as Bokmal is more or less a constructed
language combining West Scandinavian and East Scandinavian features, it is not very
surprising that it emerges in different clades in different trees. Another inconsistency with the
domestic animal terminology tree is the internal structure of the West Scandinavian branch.
Instead of Icelandic being the first language to split from the rest, Nynorsk Norwegian is the
first one to branch off in this tree. This reversed order is probably caused by the exclusion of
Old Norse, as the domestic animal terminology shows the same order when Old Norse is left
out.

As some dialects and all of the older languages are missing in the body part tree, it is
not possible to state conclusively that this tree is compatible with the domestic animal one, but
the pattern it shows is promising and corresponds well to the received tree for the North
Germanic language family. It is a good indication that semantic fields such as domestic animals
and body parts are good indicators of genetic ancestry and are to be preferred to other parts of
language as datasets for phylogenetic analysis. Moreover, both semantic groups, domestic
animals and body parts, are also overrepresented in the preservation of irregular noun
morphology in the North Germanic languages, together with kinship terms (Eekman 2013).
This strengthens the assumption that these semantic groups carry a stronger ancestral signal
than other ones. One should be cautious, though, with language families that have a longer
history, as terms for domestic animals and body parts might change at such a fast rate, that they
are not suitable for signalling deeper genetic relationships. However, kinship terms might be
more stable over time, but further research is needed to confirm this.



What does the tree tell us?

It has been made clear now that domestic animal terminology is a suitable type of data to
perform a phylogenetic analysis on. The next question is what the tree actually tells us about
the history of Scandinavian. For practical purposes, the MCC tree for the domestic animal
terminology is presented below again.
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So, what does this tree tell about the dispersal of the North Germanic languages? Firstly, it
confirms that a splitting event occurred in Proto-Nordic circa 500 AD, giving rise to Old West
Norse and Old East Norse. The posterior probability values for both branches, 0.85 for West
Norse and 0.44 for East Norse, show that there is stronger evidence for the clustering of the
West Scandinavian languages. So, the signal for genetic ancestry is more unequivocal in the
clade of West Scandinavian. That means that the eastern varieties have fewer shared
innovations which indicate they began diverging rather quickly after the split between West
and East Scandinavian which is estimated to have occurred by 500 AD. Evidence for this
hypothesis is also found in the tree, as the first divergence within East Scandinavian is dated to
650 AD, whereas the first splitting event in West Scandinavian is put at 1150 AD.

The subsequent splits in the MCC tree have slightly lower posterior probability values
and the consensus tree for these data hardly shows any further resolutions in the tree, apart from
the most obvious ones: Bokmal and Nynorsk, Danish and Fjoldemal, Old Gutnish and Gutnish.
This is indicative of conflicting signals in the data, which suggests a considerable amount of
horizontal transfer, in particular in the East Scandinavian clade. Translated into real world
events, this shows that after the initial split between West and East Scandinavian, innovations
in especially East Scandinavian rather spread wave-like instead of tree-like. In other words, the
East Scandinavian clade is a dialect continuum. Any real splitting events after the Old East
Norse period are therefore not expected in the East Scandinavian clade. The splits in Figure 24
are mostly the result of the bifurcating structure forced on the data and most likely do not
represent real-life splitting events in this part of the tree which is also indicated by the low
posterior probability scores.



In the West Scandinavian languages, the evolution seems to have occurred much more
in a tree-like fashion, which is indicated by the higher posterior probability values for the splits
within this clade. This seems quite logical, as the West Scandinavian languages are not
geographically adjacent as the East Scandinavian varieties are. Instead hundreds of kilometres
of ocean separate the main West Scandinavian languages Icelandic, Faroese, Norwegian and
Norn in former times. This impeded wave-like spread of features as the geographical distance
limited the contact between the speakers of the various West Scandinavian tongues. This limited
contact also paved the way for splitting events in this part of the Scandinavian language family.

In other words, the presence of natural barriers favours splitting events, while their
absence leads to wave-like evolution and dialect continua. Natural barriers might also explain
the first split of Proto-Nordic into Old West and Old East Norse. Maps of Scandinavia show
that the landscape becomes much rougher and more mountainous on the west side of the border
between the present-day Norwegian counties of Vest-Agder and Rogaland, which more or less
coincides with the border between West and East Scandinavian. Although there was a
continuous line of settlements along the coast of Norway, this suddenly much rougher terrain
probably formed an obstacle for the contact between the peoples on either side of it.
Furthermore, more inland the Scandinavian mountain range was even more of an obstacle for
the contact between west and east.

In conclusion, a natural barrier probably caused the split between West and East
Scandinavian. This in itself does not however tell which of the groups actually split off. From
archaeology we know that the first speakers of Germanic lived in the southern parts of
Scandinavia and from there spread to other parts of Europe, amongst which to the fjords of west
Norway. The question is if this can also be inferred from the data or the tree and the answer is
yes. Atkinson et al. (2008) found that languages evolve more quickly directly after a splitting
event. Applied to Scandinavian, this means that the West Scandinavian languages should have
undergone more change than the East Scandinavian ones. The rapid evolutional burst right after
the splitting event would also imply that the West Scandinavian languages have more shared
innovations as they evolved at a higher rate than the East Scandinavian ones. This is suggested
by the higher posterior probability value for the West Scandinavian clade in the MCC tree. The
more rapid evolution of the West Scandinavian branch is also shown in the NeighborNet split
graph, in which the longer edges of the West Scandinavian languages represent a higher degree
of innovation in that part of the language family. It should be noted, however, that part of the
edge length might be the result of shared retentions in West Scandinavian as well.

Evolutionary splitting events often coincide with what biologists call genetic
bottlenecks (Junk & Scherer 2006; Gould 2007). A genetic bottleneck is a sudden reduction in
population size due to environmental catastrophes or human interference. In the case of the split
between West Scandinavian and East Scandinavian, the migration of a small part of the
population over the Scandinavian mountain ridge caused a genetic bottleneck, as the new
population was much smaller than the original population of which they used to be a part. The
assertion that the West Scandinavian community was much smaller is indeed confirmed by
archaeological findings. Hans Andersson (2003) conducted research on the early beginnings of
urbanisation in Scandinavia. The earliest towns were founded in eastern Scandinavia as is
shown in Figure 25. The social organisation in Norway was different at that time. Instead of
one town with all central functions, Norway consisted of central areas in which various central
functions were spread over several places.
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FIGURE 25. Left: Examples of early tendency towards urbanisation. Right: Density of towns 1150-1350 (Andersson
2003: 318 & 324).

An inspection of the map of the oldest towns in Scandinavia, reveals that the Norwegian fjords
were still townless at that time. The first town to be established in the West Scandinavian
language area was Trondheim around 990, much later than the split between West and East
Scandinavian, which is estimated to have occurred by 500 according to the MCC tree. The other
map which shows the density of towns between 1150 and 1350, shows that the number of towns
in western Norway is considerably lower than in the eastern parts of Scandinavia. Both maps
indicate that the population in the fjords of Norway was very small, much smaller than the
population of southeast Scandinavia.

The sudden reduction of speaker population in west Norway also affected the language
spoken by it. It has already been pointed out that the splitting event coincided with a
punctuational burst of evolution, but apart from that, languages spoken by small communities
are also more likely to develop more complex systems (Trudgill 2011). Hence, one would
expect more irregularity in the language of the West Scandinavians compared to that of the East
Scandinavians. As the oldest West and East Norse texts are runic inscriptions, which are few in
number, we perforce have to compare later stages of the languages, such as Old Norse for West
Scandinavian and the little younger Old Swedish for East Scandinavian (Barnes 2012).

In Table 10 the roots of the paradigm for the verb ‘to fly’ are given and counted. In
Proto-Germanic, the paradigm contained four different roots. In Old Norse this number had
increased to six. The two extra forms are the result of two phonological innovations. The first
new root is found in the past participle. Proto-Germanic *fluganaz had turned into floginn
through a-mutation. A-mutation is a lowering of /u/ to /o/ caused by /a/ in the subsequent
syllable. The other new root is found in the past tense of the subjunctive, where Proto-Germanic
*flug- had developed into flyg- as a result of i-mutation. I-mutation caused the rounding of the
back vowels /u/, /o/, /al to lyl, /sl and /e&e/ or /el before /i/ in the next syllable. Icelandic even



created a seventh root in the plural of the past tense subjunctive, which is also the result of a
phonological process.

In Old Swedish, however, the original four roots had been reduced to three. The two
Proto-Germanic roots for the present tense *fliug- and *fleug had merged into flygh- in Old
Swedish. The root for the past participle in Old Swedish, then, is just as in Proto-Germanic
identical to the root for the plural of the past tense indicative. A-mutation apparently did not
affect this root in Old Swedish, which is not very surprising as a-mutation was much less
frequent in East Scandinavian. The subjunctive had mostly disappeared in Old Swedish, so no
new roots are to be found there. Even if we exclude the roots for the subjunctive, the West
Scandinavian varieties still had five roots where Old Swedish had only three. Considering that
Proto-Germanic had only four, it is safe to conclude that the verbal morphology of West
Scandinavian had become more complex in at least this case.

TABLE 10. The paradigm for the verb ’to fly’ in Proto-Germanic, Old Norse, Icelandic
and Old Swedish. The numbers show how many stem changes each language has
in its paradigm.

PGmc # ON # IC # (OF] #
PRS.SG *fliug- 1 flyg- 1 flyg- 1 flygh- 1
PRS.PL *fleug- 2 fljug- 2 fljog- 2 flygh- 1
PST.SG *flaug- 3 flaug- 3 flaug- 3 flogh- 2
PST.PL *flug- 4 flug- 4 flug- 4 flugh- 3
PP *flug- 4 flog- 5 flog- 5 flugh- 3
SJV.PRS.SG *fleug- 2 fljug- 2 fljog- 2 -
SIV.PRS.PL *fleug- 2 fljug- 2 fljog- 2 -
SIV.PST.SG *flug- 4 flyg- 6 flyg- 6 -
SIV.PST.PL *flug- 4 flyg- 6 flygj- 7 -
Total 4 6 7 3
Total - siv 4 5 5 3

The same tendency is found in the declension of nouns. Table 11 shows the declension for the
word ‘day’ in Proto-Nordic, Old Norse, Old Swedish and Ovdalian. The Proto-Nordic
declension only has one root for all cases in both numbers: *dag-. The same applies to Old
Swedish which has dagh- throughout its paradigm. The Old Norse paradigm shows some
variation, however. Although dag- is the most common stem, the dative singular has deg- and
the dative plural dog-. Both stem alternations were caused by phonological processes. I-
mutation had led to the rounding and raising from /a/ to /e/ in the dative singular. The form dog-
is the reflex of u-mutation, the rounding of /a/ to /o/ as a means of assimilation to /u/ in the
following syllable.

Ovdalian, the smallest East Scandinavian language with about 2000 speakers, also
developed irregularity in this declension. Just as Old Norse Ovdalian has three stems throughout
the paradigm: dag-, da- and dag-. These alternations are also the result of phonological
innovations. The deletion of /g/ in dag occurs in front of certain vowels and syllabic /n/. The
stem dag- is the result of vowel balance.



TABLE 11. The declension of the word ’day’ in Proto-Nordic, Old Norse, Old Swedish and Ovdalian in the
nominative, accusative, dative and genitive singular and plural.

Proto-Nordic ON (0N OEV
NOM.SG *dag-az dag-r dagh-er dag-g
ACC.SG *dag-a dag-g dagh-g dag-g
DAT.SG *dag-e deg-i dagh-i da-e
GEN.SG *dag-as dag-s dagh-s -
NOM.PL *dag-6z dag-ar dagh-ar da-er
ACC.PL *dag-an dag-a dagh-a dag-a
DAT.PL *dag-umz dog-um dagh-om dag-um
GEN.PL *dag-o dag-a dagh-a -

The absence of mutated roots in Old Swedish does not mean that mutation processes never
affected East Scandinavian. Mutation did occur in East Scandinavian, but at a much more
moderate level. Reflexes of i-, a- and u-mutations are found, but interparadigmatic irregularities
had already been resolved in Old Swedish, except for some instances of i-mutation in the plural
of some nouns, such as hand-hander ‘hand-hands’. An inspection of the R6k stone, a rune stone
in Ostergétland, Sweden from about 800 AD, shows that u-mutation was no longer used in the
dative plural if it ever was. Instead of spgum, the inscription reads sakum, and we find nabnum
instead of ngfnum and altum instead of oldum.

I-mutation seemed to have been productive a bit longer, as in some Old Swedish texts,
the usual gar ‘go/walk’ and far ‘get’ sometimes appear in rhyme with words ending in -ar
which suggests the original forms were gar and far. This alternation is not found in any verbs
with /u/ or /o/ in their stem. This does, however, not mean that i-mutation only occurred for /a/.
In the Danish dialects of Jutland, the use of i-mutation in the present tense of verbs is currently
declining, but the decline is gradual and mutated forms of /u/ and /o/ tend to disappear before
mutated forms of /a/ in those dialects (Feilberg 1893-1914). Consequently, it is not
inconceivable that i-mutation was originally more widespread in East Scandinavian, but that
interparadigmatic irregularities were already lost at a very early stage.

This implies that additional complexity might have been formed in both the West and
East Scandinavian languages, but more severely in the languages of the west as mutation
operated on a larger scale there. The small West Scandinavian community could easily cope
with this new complexity, while the larger East Scandinavian community could not and got rid
of most of the irregular forms. This process of simplification probably intensified even more in
the late Middle Ages, when the heyday of the Hanseatic league led to the migration of
considerable numbers of Low Germans into Scandinavia. The high number of L2 speakers
caused serious simplifications of the mainland Scandinavian languages, also of west Norwegian
(Harbert 2007). Trading also brought the speakers of various mainland Scandinavian varieties
into contact with each other which probably resulted in the convergence of the languages
spoken in the main towns and cities.

In summary, the tree tells us a splitting event occurred in Proto-Nordic around 500 AD,
which resulted a separate West and East Scandinavian branch. The higher rate of change in the
West Scandinavian clade indicates that the speakers of that branch split off from the other
speakers of Proto-Nordic. This also presupposes that the West Scandinavian population was
small, which is supported by archaeological and linguistic evidence. Further splitting events in
the West Scandinavian clade resulted in separate branches for Icelandic, Faroese and
Norwegian. East Norse developed into a dialect continuum in which no further splits occurred.
Gutnish is also part of this continuum, which means that a distinct Gutnish branch in opposition
to the West and East Scandinavian branches probably never existed.



Trees or networks?

In this study, two types of models were shown for each dataset: trees and NeighborNet split
graphs. Both are visualisations of the development of the North Germanic languages, but they
visualise this history in different ways. As is generally known, languages diverge according to
two discrete patterns. The first pattern, a splitting event, requires a split within a population.
The most common case is that a group within the population migrates over a long distance and
loses all contact with the rest of the population. The other pattern, wave-like development,
occurs when a population expands over a continuous area. The contact situation is maintained
in this pattern, but the increased distances between the groups of speakers makes it harder for
innovations to spread through the entire population. Innovations, therefore, become more local,
and the differences between the languages of the groups within the population become gradual.

Trees presuppose that language only evolves along the first pattern. This is quite a
disadvantage of trees as the second pattern is more common in language evolution (Heggarty
et al. 2010). As trees force a bifurcating structure on the data, the outcome only shows splitting
events even when the languages in reality form a continuum which means that the evolution
proceeded in a wave-like fashion. To some extend this argument is completely legitimate, but
trees do give some indications that the splits it shows have no anchoring in the real world. In
MCC trees, this is mainly shown by low posterior probability scores and in consensus trees also
by unresolved branches in the tree.

Networks such as NeighborNet split graphs are capable of visualising both patterns of
evolution. Splitting events are denoted by long parallel edges that are not intersected while
reticulations are indicative of wave-like innovations. Even though networks are capable of
expressing both patterns, they do have some limitations. Consider the innovations in the dialect
continuum in Figure 26 for example.

"

FIGURE 26. A fictive dialect continuum. The circles symbolise linguistic innovations.
The dots are villages.




Four innovations occurred in this fictive dialect continuum. All of these innovations spread to
village E. This means that village E stands linguistically in the middle of villages A, B, C and
D. In a network, the variety of village E can only stand between two other varieties, while in
reality it is in the middle of four varieties. Hence, a case like this cannot be expressed by either
a network nor by a tree.

Another shortcoming of networks is that they are not capable of dating splits, whereas
trees are. However, dating only makes sense if the splits in the tree also represent a split in the
real world. Dating estimations of forced splits that do not have a real world equivalent, are
completely meaningless, of course. So, in conclusion both models have their merits and
demerits and the best results are probably attained if both visualisation models are analysed.
Networks are good indicators of the tree-likeness of the data and detectors of horizontal transfer
or wave-like evolutionary patterns in the data. The merit of trees is that the methods behind
them are capable of dating the splits and creating a timeline of the history of the language

phylogeny.

What are the ramifications for phylogenetic analysis of language in general?

Although this study focuses exclusively on the Scandinavian languages, its findings can be
extended to phylogenetic analysis of language in general. The most serious finding for
phylogenetic practice is that the Swadesh list, at least for Scandinavian, is a quite poor predictor
of genetic history. This is not very astonishing considering that its validity has never been really
tested. Nevertheless, it is a quite serious observation since the majority of phylogenetic analyses
are based on a Swadesh list of some sort. To establish its validity and maybe find a better
alternative, the Swadesh list and other lists, such as the Leipzig-Jakarta list (Tadmor 2009), the
domestic animal list used in this study or a combinatory list of domestic animal, body part and
kinship terminology should be tested for language families for which the histories are well
documented, such as some the sub-branches of Indo-European. The unreliability of the Swadesh
list has also serious consequences for the phylogenies proposed on the basis of phylogenetic
analysis for language families of which the history is unknown. The results presented in such
studies might be further away from reality than is generally thought.

Another observation that poses a problem for language families without documented
history is the influence of loanwords on the genetic signal. Analyses in which loanwords were
included revealed that a low number of loan words in the data can already blur subtle
distinctions in the history of a language family. Therefore, it is of utmost importance to filter
out loanwords before running an analysis. This might not always be possible for language
families of which we have no historical records. So, when working with such languages one
should bear in mind that certain finesses or sub-groupings might have been caused by the noise
of loanwords and on should be very cautious about drawing conclusions from such analyses. A
good alternative for such language families might be using phonological developments as input
data, as phonological data turned out to be almost as good a predictor of ancestral relationships
as lexical data.

Lastly, one should not simply present a tree as the sole and only correct phylogeny.
Every time one deduces a phylogenetic tree, it is important to check if the language family and
every subdivision of it really evolved in a tree-like fashion. As | pointed out in this study,
unresolved trees and low posterior probability values are indicators of a wave-like evolutionary
pattern instead of a tree-like one. Also, creating and analysing NeighborNet split graphs might
help one to discover what pattern was dominant in every part of the history of a language family.
Holden and Gray (2006) provide a good example on how one can detect dialect continua and



rapid radiation in NeighborNet split graphs with material from Bantu languages and how
phylogenetic analyses are not capable of detecting such events and showing them in a tree.
Syrjénen et al. (2013) also take branch lengths into account in their analysis of the Uralic
languages and question the position of some splits where the branch lengths are very short and
the posterior probability values rather low. Such phenomena should be checked for in order to
capture the genetic history of a phylogeny as good as possible, before one draws too bold
conclusions from a phylogenetic tree.



Appendix

Swadesh

# lexeme description

1 all plural adjective “all”

2 and conjunction

3 animal generic term for animal

4 ashes result of combustion of wood, grass or dry dung

5 at generic locative, no spatial specification

6 back of human

7 bad deleterious, unsuitable

8 bark of a tree; applicable to as many trees as possible

9 because infers causality

10 belly part of the human located directly above the pelvis

11 big of size

12 bird the most neutral term for bird

13 bite of animal or people

14 black the natural colour of coal

15 blood of human blood

16 blow transitive

17 bone general term for human and animal bones (anatomical)

18 breast frontal part of the human body, located between the neck and the
upper belly

19 breathe take air into the lungs and expel it

20 burn both intransitive and transitive

21 child a young human being

22 cloud white cumulous clouds

23 cold the regular antonym of hot

24 come of humans: to reach a destination

25 count enumerate

26 cut as in “to cut one’s finger”

27 day period of 24 hours, reckoned from one midnight to the next

28 die non-violent human death

29 dig as in “to dig a hole”

30 dirty not clean

31 dog domesticated dog

32 drink to take a liquid into the mouth and swallow

33 dry antonym of wet; applicable to as many objects as possible

34 dull of a knife that is not sharp

35 dust dust resulting from dry earth

36 ear the organ of hearing and balance

37 earth earth as soil

38 eat put food into the mouth and chew and swallow it

39 eqg an oval or round object laid by a female bird, reptile, fish or
invertebrate, usually containing a developing embryo

40 eye each of a pair of globular organs of sight in the head of humans

41 fall generic falling, i.e. inadvertent transfer of an object from point A
to point B

42 far antonym of near

43 fat animal fat as general substance or used for eating or various
economic needs

44 father male parent, avoid baby talk

45 fear be afraid

46 feather most general term for feather of a bird

47 few antonym of many

48 fight to be in a physical confrontation




49 fingernail the flattish horny part on the upper surface of the tip of each finger

50 fire a process in which substances combine chemically with oxygen
from the air and typically give out bright, light, heat and smoke;
combustion or burning

51 fish living fish

52 five cardinal number five

53 float rest or move on or near the surface of a liquid without sinking,
non-human

54 flow (of a liquid, gas or electricity) move steadily and continuously in
a current or stream

55 flower generic term for flower

56 fly a neutral movement through the sky, of birds

57 fog a thick cloud of tiny water droplets suspended in the air at or near
the earth’s surface

58 foot the part of the leg below the ankle joint

59 four cardinal number four

60 freeze to turn into ice

61 fruit the sweet and fleshy product of a tree or other plants that contains
seeds and can be eaten as food

62 full full state of a vessel

63 give freely transfer the possession of something to someone

64 good combinable with as many objects as possible

65 grass generic term for grass

66 green the natural colour of fresh, newly sprung grass

67 guts generic term for all the organs in the abdomen

68 hair collective, applicable to hair of humans

69 hand the body part on the arm below the wrist

70 he third person singular masculine pronoun

71 head the upper part of the human separated from the rest of the body by
the neck

72 hear perceive sound with the ear

73 heart the hollow muscular organ that pumps blood through the
circulatory system, of humans

74 heavy of large mass

75 here antonym of there

76 hit bring one’s hand into contact with someone or something, quickly
and forcefully

77 hold as in “hold one’s hand”

78 horn applied to the prevailing/endemic species in the region

79 how interrogative pronoun, in which way

80 hunt pursue and kill a wild animal

81 husband a married man considered in his relationship to his spouse

82 I first person singular pronoun

83 ice frozen water

84 if introducing a conditional clause

85 in located inside

86 kill cause the death of something, by an animate agent

87 knee the knee joint, outside part

88 know expresses previous knowledge of a situation

89 lake a large area of water surrounded by land

90 laugh make the spontaneous sounds and movements of the face and body
that are the instinctive expressions of lively amusement and
sometimes also of derision

91 leaf applicable to as many plants as possible

92 left antonym of right

93 leg each of the limbs on which a human walks and stands

94 lie a verb of continuative/durative action

95 live to inhabit




96 liver body organ

97 long of physical objects

98 louse as a human parasite

99 man male human

100 many applicable to countable objects

101 meat meat as food

102 moon the natural satellite of the earth

103 mother female parent, avoid baby talk

104 mountain a large elevation of the earth’s surface rising abruptly from the
surrounding level

105 mouth as a part of the face

106 name a word or set of words by which a person is known

107 narrow antonym of wide

108 near a short distance away

109 neck body part between the head and the rest of the body

110 new just made, just acquired

111 night the period devoid of sunshine

112 nose the part projecting above the mouth on the face of a person,
containing nostrils

113 not the basic negation of an assertion

114 old antonym of young

115 one cardinal number one

116 other used to refer to a person or a thing that is different or distinct from
one already mentioned or known about

117 person basic term for a human being

118 play engage in activity for enjoyment and recreation

119 pull exert force on someone or something so as to cause movement
towards oneself

120 push exert force on someone or something so as to cause movement
away from oneself

121 rain the condensed moisture of the atmosphere falling visibly in
separate drops

122 red the natural colour of arterial blood

123 right true or correct as a fact

124 | rightside antonym of left

125 river general term for a natural waterway

126 road most typical kind of walkway for the region

127 root generic term referring to the roots of trees

128 rope a length of thick strong cord

129 rotten of trees

130 round two-dimensional round

131 rub apply firm pressure to the surface of something, using a repeated
back and forth motion

132 salt as a natural product

133 sand a loose granular substance as found on beaches

134 say a neutral designation of a single speech act

135 scratch with fingernails to relieve an itch

136 sea the expanse of salt water that covers most of the earth’s surface

137 see durative process of perception with eyes

138 | seed generic term for seeds of any plant

139 sew join, fasten or repair something by making stitches with a needle

140 | sharp antonym of dull

141 short of physical objects

142 | sing make musical sounds with the voice

143 sit static verb

144 skin human skin

145 sky the region of the atmosphere

146 sleep static verb




147 small antonym of hig

148 smell transitive with experiencer object

149 smoke smoke as result of the combustion of wood, grass or dry dung

150 smooth having an even and regular surface

151 snake generic term for snake

152 snow atmospheric water vapour frozen into ice crystals and falling in
white light flakes

153 some a couple of

154 spit eject saliva forcibly from one’s mouth

155 split of wood

156 squeeze firmly press something soft

157 stab thrust a knife or other pointed weapon into someone as to wound
or kill

158 stand static verb

159 star a fixed luminous point in the night sky

160 stick a long, thin piece of wood used for support in walking or as a
weapon

161 stone an average sized stone that can be taken into one’s hand

162 straight not bent

163 suck draw into the mouth by making a partial vacuum

164 sun the star round which the earth orbits

165 swell become larger in size as a result of an accumulation of fluid

166 swim move through water, of humans

167 tail the hindmost part of an animal, prolonged beyond the rest of the
body

168 that demonstrative pronoun with adjectival functions

169 there antonym of here

170 they third person plural masculine pronoun

171 thick with opposite sides or surface that are far or relatively far apart

172 thin of objects

173 think direct one’s mind towards someone or something

174 this antonym of that

175 thou second person singular

176 three cardinal number three

177 throw propel something with force through the air by a movement of the
arm and hand

178 tie fasten something by the means of strings

179 tongue the fleshy muscular organ in the mouth of humans

180 | tooth generic term for human teeth

181 tree generic term, applicable to as many trees as possible

182 turn move in a circular direction

183 two cardinal number two

184 | vomit throw up

185 walk move at a regular pace never having both feet off the ground at
once

186 warm of or at a fairly or comfortably high temperature

187 wash clean with water

188 water sweet water, good for drinking

189 | we first person plural pronoun

190 wet antonym of dry

191 what interrogative pronoun referring to an inanimate object

192 when interrogative pronoun, at what time

193 where interrogative pronoun, at what place

194 | white the natural colour of snow

195 who interrogative pronoun referring to an animate subject

196 wide antonym of narrow

197 wife married woman in relationship to her husband

198 wind generic term for wind as movement of air




199 wing in a bird, a limb used for flying

200 | wipe clean or dry something by rubbing a cloth

201 | with in the sense of accompaniment

202 woman adult human being of the female sex

203 | woods forest

204 worm earthworm

205 | you second person plural pronoun

206 year the time taken by the earth to make one revolution around the sun
207 | yellow the natural colour of egg yolk

Domestic animals

# species specification

1 generic term

2 female

3 goat male

4 generic newly born
5 female newly born
6 generic term

7 female

8 male

9 sheep generic young

10 female young

11 male young

12 generic newly born
13 female newly born
14 generic term

15 female

16 male

17 hornless

18 bovine cattle not producing milk
19 generic young

20 female young

21 male young

22 generic newly born
23 generic term

24 female

25 male

26 pig female young

27 male young

28 generic newly born
29 male newly born
30 generic term

31 female

32 male

33 intractable

34 old

35 horse mount

36 generic newly born
37 female newly born
38 male newly born
39 herd

40 generic term

41 chicken female

42 male

43 generic newly born




44 generic term

45 duck female

46 male

47 generic newly born

48 generic term

49 goose male

50 generic newly born

51 generic term

52 dog female

53 male

54 generic newly born

55 generic term

56 cat female

57 male

58 newly born

59 generic term

60 cattle small

61 one year old

62 castrated animal generic term

63 beast of burden generic term

Phonology

# item example

1 ww > ggw in PGmc *hawwan ON: hoggva

2 a-mutation (u > 0) in PGmc *hurna ON: horn

3 a-mutation (u > o) in PGmc *fulka ON: folk

4 i-mutation (a > e) in PGmc *gastiz ON: gestr

5 z >rin PGmc *maizo ON: meiri

6 consonant gemination before /j/ in PGmc | ON: liggja
*ligjanan

7 loss of initial /j/ before vowels in PGmc *jera ON: ar

8 loss of initial /w/ before velar vowels in PGmc | ON: ord
*wurda

9 assimilation of ht > tt in PGmc *nahts ON: natt/nétt

10 assimilation of Ip > Il in PGmc *gulpa ON: goll/gull

11 assimilation of np > nn in PGmc *anpara ON: annarr

12 assimilation of zd > dd in PGmc *uzdaz ON: oddr

13 assimilation of zn > nn in PGmc *raznaz ON: rannr

14 u-mutation (a > ¢/e/6) in PGmc *arnuz ON: orn

15 u-mutation (a > ¢/@/6) in PGmc *galtuz ON: goltr

16 i-mutation (o > ¢/@/6) in 3.SG present tense of | ON: inf - koma | 3.SG.PRS kemr/kemr
PGmc *kwemanan

17 unrounding of i-mutated /a/ in ON kamr (o/e¢/6 | ON: kemr
> e)

18 R-mutation (a > €) in PGmc *haso ON: heri

19 g/k-mutation (a > e) in PGmc *ganganaz ON: genginn

20 nasal assimilation nt > tt in PGmc *brantaz ON: brattr

21 nasal assimilation nt > tt in PGmc *wintruz ON: vetr

22 nasal assimilation nd > nt > tt in PGmc *band ON: batt

23 i > e in PGmc *wintruz ON: vetr

24 nasal assimilation nk > kk in PGmc *drinkanan | ON: drekka

25 nasal assimilation nk > kk in PGmc | ON: drukkna
*drunknanan

26 nasal assimilation mb > mp > pp in PGmc | ON: svoppr
*swambo




27 hiatus contraction type a (ea > ja) in PN *sea ON: sja

28 hiatus contraction type b (ea > €) in PN *sea SE: se

29 hiatus contraction type c (ea > iggja) in PN *sea | FA: siggja

30 loss of initial /w/ before /r/ in PGmc *wraipaz ON: reidr

31 assimilation of rs > ss in PGmc *fursaz ON: foss

32 assimilation of rs > ss in PGmc *furistaz OEV: fuést

33 assimilation of rs > ss in PGmc *purskaz ON: poskr

34 loss of /&/ after /r/ (rzd > rd > r) in PGmc | NO_S: bor
*purzda

35 dissimilation of /rl/ into /dl/ in PGmc *karlaz IC: karl /kadl/

36 dissimilation of /rn/ into /dn/ in PGmc *barna NO_S: badn

37 /u/ > /ol in final position in a word or syllable, as | OS: boa
in PGmc *buanan

38 breaking of /e/ (e > ja) in PGmc *helpanan ON: hjalpa

39 breaking of /e/ (e > ja) in PGmc *stelanan FA: stjala

40 lowering of e > &/& in PGmc *fehu SE.: fa

41 w-breaking (i > iu) in PGmc *singwanan OS: siunga

42 progressive j-mutation (ja > je/je/j&d) in PGmc | OG: hielpa
*helpanan

43 assimilation of bn > mn in PGmc *ebnaz NO_N: jamn

44 loss of initial h before /I/ in PGmc *hlaupanan | SE: I6pa

45 loss of initial h before /n/ in PGmc *hnuts SE: not

46 loss of initial h before /r/ in PGmc *hringaz SE: ring

47 loss of initial h before /j/ in PGmc *helpanan > | SE: hjalpa /’jel:pa/
ON: hjalpa

48 loss of initial h before /v/ in PGmc *hwitaz SE: vit

49 monophthongisation of ai > ei > e in PGmc | SE: sten
stainaz > ON steinn

50 monophthongisation of au > ey > ¢/6 in PGmc | SE: 6ra
*auzo

51 monophthongisation of au > g/6 in PGmc *augo | SE: 6ga

52 stgd DK: hund /hun?/

53 lenition of /p/ in PGmc *drepanan DK: dreebe

54 lenition of /t/ in PGmc *setjanan DK: sidde

55 lenition of /k/ in PGmc *drinkanan DK: drikke /'drega/

56 assimilation of tan > tn > nn in PGmc | DK: vand /van?’/
*watar/watan

57 opening of spirant g > u in PGmc *skogaz DK: skov

58 a > o/ before /Id/ in PGmc *haldanan DK: holde

59 a > 0/a before /nd/ in PGmc *banda DK: band

60 a > 0/a before /rd/ in PGmc *gardaz DK: gard

61 loss of /j/ between stem final /g/ and unstressed | DK: ligge
/al in PGmc *ligjanan

62 loss of /j/ between stem final /k/ and unstressed | DK: kirke
fal in PGmc *kiriko > ON kirkja

63 /p/ > It/ in PGmc *pinga DK: ting

64 19/ > /j/ before front vowel in PGmc *gebanan | SE: giva / ji:va/

65 Isk/ > [s/ or [fI before front vowel in PGmc | SE: skdra /" fige:ral or /"see:ra/
*skeranan

66 Ikl > Iyl or /¢l before front vowel in PGmc | SE: kyrka /" eyr:ka/
*kiriko

67 [stj/ > Isl or [f] in PGmc *sterno > ON stjarna SE: stjrna /'fae:na/ or /’see:na/

68 /dj/ > Ijl in PGmc *deupaz SE: djup /ju:p/

69 /lj/ > /j/ in PGmc *leuhsaz > ON ljéss SE: ljus /ju:s/

70 /gj/ > /j/ in PGmc *geutanan > ON gjéta SE: gjuta /'ju:ta/

71 19/ > Idz/ before ending in front vowel in PGmc | OEV: warg - wards-in
*wargaz

72 retroflex in PGmc *stertaz (rt > t) SE: stjart /feet:/ or /seet:/




73 tones SE: anden /'an:don/ "the duck’
/"an:don/ ‘the ghost’
74 level stress OEV: stéder /ste:0ar/
75 loss of /h/ in PGmc *hurna OEV: uonn
76 loss of /n/ preceding /s/ in PGmc *gans ON: gas
77 loss of /6/ or /t/ in neutral definiteness ending NO_B: huset /'hu:so/
78 loss of /r/ in the 3.SG.PRS ending of PGmc | ON: kemr > NO_N: kjem
*kwemanan
79 thick | /t/ in PGmc *gardaz NO_B: gard /ga:t/
80 vowel balance OEV: fara (light syllable) > fara
kasta (heavy syllable) > kast
81 vowel harmony OEV: yfir > yvyr
82 skerpning in PGmc *saiwiz FA: sjégvur
83 initial /sl/ > /f1/ in PGmc *slahanan NO_B: sla /flo:/
84 assimilation of Id > Il in PGmc *kwelda SE: kvall
85 assimilation of Id > Il in PGmc *ailidaz > ON | NO_S: ell
eldr
86 assimilation of mb > mm in PGmc *lambaz SE: lamm
87 assimilation of 1j > Il in PGmc *huljanan GUT: hylla
38 /ald/ > /aud/ in PGmc *haldanan NL: houden /"hauds/
89 assimilation of final rn > nn in PGmc *hurna OEV: uonn
90 breaking (e > ja) in PGmc *eka SE: jag
91 a-mutation (u > o) in PGmc *wulfaz NL: wolf
92 /uld/ > [aud/ in PGmc¢ *gulpa NL: goud /gaut/
93 contraction of verb and in ending in PGmc | NL: gaan
*ganganan
94 gemination of /k/ in the sequence /kr/ in PGmc | NL: akker
*akraz
95 gemination of /p/ in the sequence /pl/ in PGmc | NL: appel
*aplaz or apalja > ON epli
96 loss of /m/ in PGmc *fimfe NL: vijf
97 loss of second /f/ in PGmc *fimfe ON: fimm
98 /sl > Ir] in PGmc *fraus NL: vroor
99 initial /s/ > /z/ before vowel in PGmc *sunnon | NL: zon
or *soel
100 initial /f/ > /v/ before vowel in PGmc *fiskaz NL: vis
101 dissimilation of mm > mb in the present tense of | OG: cumbr
PGmc *kwemanan
102 | /il > /¢l in the past tense of PGmc *ganganan ON: gekk
103 /el > [il in PGmc *brestanan SE: brista
104 | /el > /a/ in PGmce *brestanan NL: barsten
Morphosyntax
# item example
1 passive in -sk/-st kalla-sk/st ‘call-PAS’
2 passive in -s kalla-s ‘call-PAS’
3 munna as future tense auxiliary
4 skulu as future tense auxiliary
5 fara as future tense auxiliary
6 vilja as future tense auxiliary
7 koma as future tense auxiliary
8 present perfect with both have and be as | Eg hef kom-id ‘I have come-PRF’
auxiliary for unaccusative verbs Eg er kom-inn ‘I am come-PRF.M.NOM.SG’




9 present perfect with either have and be as | Jeg har tag-et ‘I have take-PRF’
auxiliaries Jeg er komm-et ‘I am come-PRF’
10 different form for the supine and the neuter | tag-it ‘take-PRF’
singular form of the past participle tag-et ‘take-PRF.N.SG’
11 present tense (3 person singular) of koma with | kom ‘come’
i-mutation & komer ‘I come’
12 number system: 20-(&)-1 tjugo-ett ‘twenty-one’
13 number system: 1-(&)-20 en-og-tyve ‘one-and-twenty’
14 number system based ten fem-tio ‘five-ten’ sex-tio ‘six-ten’ sju-ttio ‘seven-
ten’
15 number system based twelve hundrad ‘hundred = 120’
16 number system based twenty halv-treds “half-third = 50° treds ‘third = 60’
17 earthen X een aarden pot ‘an earthen pot’
18 earth-X en ler-kruka ‘an earth-pot’
19 woollen X en ulden trgje ‘a woollen sweater’
20 wool-X ein ull-troyggja ‘a wool-sweater’
21 golden X en gyllene ring ‘a golden ring’
22 gold-X en guld-ring ‘a gold-ring’
23 smar as plural form of litill et litet hus ‘a little house’
sma hus ‘little houses’
24 vesle as definite singular form of litill et litet hus ‘a little house’
det vesle hus-et ‘the little house-the’
25 samre as comparative of bad
26 development of irregular plural for auga ‘eye’
27 development of irregular plural for kré/kr&
‘corner’
28 development of n-plural Old Swedish: hiérta hiérta-@ “heart heart-pL’
Swedish: hjarta hjarta-n ‘heart heart-pL’
29 fingr ‘finger’ has become neuter
30 development of indefinite article
31 development of suffixed definite article hus ‘house’ hus-id ‘house-the’
32 double definiteness den langa vig-en ‘the long road-the’
33 development of indefinite pronoun from madr
‘man’
34 development of indefinite pronoun from einn
‘one’
35 koma ur Englandi ‘come PREP England’
36 koma fra Englandi ‘come PREP England’
37 inversion of verb and sentential adverb in | Eg veit ikkje ‘I know not’
subclause att eg ikkje veit ‘that I not know’
38 no inversion of verb and sentential adverb in | Eg veit ekki ‘I know not’
subclause ad ég veit ekki ‘that I know not’
39 V1 Gingu teir ‘Went they’
40 V1+V2 Jobbar gor jag “Work do I’
41 verb particle before the complement Jag ringer upp honom ‘I call up him’
42 verb particle after the complement Jeg ringer ham op ‘I call him up’
43 begin with infinitive marker Han begynte a synge ‘He started to sing’
44 begin without infinitive marker Han borjade sjunga ‘He started sing’
45 N POSs preference hesten min *horse-the my’
46 POSS N preference min hést *my horse’
47 der and sem as relative pronoun mand-en der/som kommer ‘man-the who/who
comes’
48 ekki not sentence initially *Ikke ved jeg ‘Not know I’
49 a such en sadan bil ‘a such car’
50 such a sadan en bil ‘such a car’
51 Who their Kvem er det sin bil “Who is this their car’
52 indefinite noun after samr samma dag ‘the.same day’
53 definite noun after samr sama slag-e ‘same sort-the’




54 hraeddr without preposition Eg er redd bjgrn-en ‘I am scared bear-the’
55 development of irregular past tense of gnaga
‘gnaw’
56 development of progressive aspect Eg er ad borda ‘| am to eat’
57 infinite-finite verb order in subclause hver genginn veri ‘who gone were’
58 NEG IMP order Ikke gé! ‘Not go!”
59 NEG INF as negated imperative Ikki fara til his! ‘Not go to house!”
60 perfect has prefixed ge- ge-lop-en ‘PRF-walk-PRF’
61 OV order in main clauses
62 VO order in main clauses
63 nose only in plural nas-ar ‘nose-PL = nose’
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