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Abstract: Background/Objectives: The colonization history of house mice reflects the
maritime history of humans that passively transported them worldwide. We investigated
western house mouse colonization in the Atlantic region through studies of mitochondrial
D-loop DNA sequences from modern specimens. Methods: We assembled a dataset of 758
haplotypes derived from 2765 mice from 47 countries/oceanic archipelagos (a
combination of new and published data). Our maximum likelihood phylogeny recovered
five previously identified clades, and we used the haplotype affinities within the
phylogeny to infer house mouse colonization history, employing statistical tests and
indices. From human history, we predefined four European source areas for mice in the
Atlantic region (Northern Europe excluding Scandinavia, Southern Europe, Scandinavia,
and Macaronesia) and we investigated the colonization from these source areas to
different geographic areas in the Atlantic region. Results: Our inferences suggest mouse
colonization of Scandinavia itself from Northern Europe, and Macaronesia from both
Southern Europe and Scandinavia/Germany (the latter likely representing the transport
of mice by Vikings). Mice on North Atlantic islands apparently derive primarily from
Scandinavia, while for South Atlantic islands, North America, and Sub-Saharan Africa,
the clearest source is Northern Europe, although mice on South Atlantic islands also had
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genetic inputs from Macaronesia and Southern Europe (for Tristan da Cunha).
Macaronesia was a stopover for Atlantic voyages, creating an opportunity for mouse
infestation. Mice in Latin America also apparently had multiple colonization sources, with
a strong Southern European signal but also input from Northern Europe and/or
Macaronesia. Conclusions: D-loop sequences help discern the broad-scale colonization
history of house mice and new perspectives on human history.

Keywords: Age of Discovery; colonization history; D-loop; Mus musculus domesticus;
phylogeography; Vikings

1. Introduction

&ee the mice in their million hordes from Ibiza to the Norfolk Broadse—David
Bowie, Life on Mars, Hunky Dory, 1971

Wherever humans go, they transport (actively or passively) other organisms with
them. This includes anthrodependents, i.e. free-living organisms generally dependent on
a human environment [1-5]. Alongside written history, material artifacts, and human
genetics, archeological and genetic studies on such anthrodependents can inform on the
movement history of both the anthrodependents and the humans that transported them
[6-12].

Here, we report on an anthrodependent taxon studied in this way, the western house
mouse Mus musculus domesticus, whose broad distribution worldwide largely reflects past
passive transport by humans [13-17]. Archeology indicates that western house mice were
native to the Near East and first associated with humans in the Fertile Crescent about
15,000 years ago [14,18-21], later expanding into Europe/North Africa, reaching Western
Europe via the Mediterranean about 3000 years ago [22,23].

From Western Europe, the western house mouse spread with humans over the whole
Atlantic region (our focus here), both to the oceanic islands and continental landmasses
neighboring the Atlantic Ocean [15,24-26]. This transport around the Atlantic Ocean
reflects the movement history of Western European people, with mice as stowaways on
maritime vessels. Genetics has already informed us about the Viking and eAge of
Discoverye transport of mice to Atlantic islands [27-30]. For source areas of the
colonization of the Atlantic region, here, we focus on genetically typed mice from all
European countries on the Atlantic seaboard and Italy. For the colonized areas of the
Atlantic region, we incorporate data from all continents surrounding the Atlantic Ocean
and the islands within it. As a genetic marker, we use the mitochondrial D-loop sequence,
already selected in 1993 for studying the colonization history of house mice, because of its
variability and ease of typing [31-33], spawning numerous studies thereafter, including
eround-truthinge with ancient DNA [29,34,35]. Particularly for islands, D-loop, as a
maternally inherited marker, appears to record first colonization, presumably reflecting a
difficulty for incoming female mice to displace residents, thereby enhancing the house
mouse as a bioproxy for human history [27,36]. For the Atlantic region, as we delimit it,
there are published D-loop data on 2297 western house mice amounting to 693 haplotypes
from 33 countries and oceanic island systems (archipelagos and systems with only a single
main island). We here add data on 468 individuals and 65 new haplotypes from 27
countries/island systems (14 new), permitting an unusually detailed study of mouse
colonization of the Atlantic region. Even though the western house mouse is a well-
studied evolutionary system [37—43], there are no other genetic markers that can match
this geographic coverage. Here, we conduct a phylogenetic analysis of all western house
mouse haplotypes from the Atlantic region and relate that phylogeny to geography. The
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data cannot provide the sort of sophisticated analysis possible with genomic data [44-47],
but they generate a compelling broad-brush picture of the human-mediated colonization
history of the house mouse in the Atlantic region over the last millennium. In terms of
numbers of individuals and geographic spread, this is the largest phylogeographic study
carried out on the house mouse and one of the largest such studies of human-mediated
transport of an invasive vertebrate.

2. Materials and Methods
2.1. New Samples

The 468 new western house mouse samplesoobtained were tissue samples, DNA
samples, or unpublished D-loop sequences from our laboratory collections or provided
by colleagues and museums (see Acknowledgements). For tissue samples (pieces of liver,
tail, or feet), genomic DNA was extracted using the DNeasy Blood & Tissue Extraction Kit
(Qiagen, Hilden, Germany), following the manufactureres guidelines. Dried skin samples
obtained from museum collections were soaked in water overnight at 37 °C and extracted
with the same kit. New D-loop sequences were obtained by PCR amplification,
purification, and sequencing (Text S1). The resulting sequences were shortened to
nucleotide positions 15,424-16,276 of the reference mitogenome sequence [48] (i.e., an
840-865 base pair fragment, varying according to indels) to allow alignment with
previously published house mouse haplotype sequences. Location data for the new
sequences are provided in Table S1.

2.2. Sequence Analysis

All DNA sequence traces were checked in Sequencher v. 4.5 (Gene Codes Corp., Ann
Arbor, MI, USA) and aligned by eye on Bioedit v7.1.3.0 [49] along with sequences from
the literature (Text S2). D-loop haplotypes were obtained with DnaSP ver. 5.10.01 [50],
with each distinct haplotype numbered domi—domn.

A rooted maximum likelihood phylogeny [51] based on 758 D-loop haplotypes was
generated with IQ-TREE 2 v2.2.0 [52], deploying default search parameters and
previously used outgroups [30]. ModelFinder [53] was used to determine the best-fit
substitution model (HKY+F+I+R3). For branch support, we applied 1000 replicates of the
ultrafast bootstrap approximation [54]. All new and previously published sequences (2765
in total) were assigned to a country or island system, and this information was used for
summarizing data for haplotypes and clades that emerged from the phylogenetic analysis.
As our study relates to human history, we consider ecountryean appropriate geographic
identifier. Table S2 lists the countries/island systems included in this study and their
classification into areas, given in bold in the justification below.

We classified Europe into geographically coherent source areas reflecting their roles
in European maritime exploration and settlement of the Atlantic region [55-57]. Southern
Europe (Italy, Portugal, Spain) was the first area involved in the Age of Discovery
exploration, followed later by Northern Europe (excluding Scandinavia and here
represented by France, Germany, Ireland, the Isle of Man, Luxembourg, Netherlands, and
the UK). Even earlier than the Age of Discovery, Scandinavia (Denmark, Norway,
Sweden) was involved in Viking exploration and settlement of the North Atlantic.
Scandinavia was also colonized by house mice from further south, so is both a source area
and a colonized area. The same applies to Macaronesia, a group of archipelagos (Azores,
Cabo Verde, Canary Islands, Madeira Islands) discovered and settled from Western
Europe but themselves potentially jumping off points for mice colonizing other parts of
the Atlantic region. In terms of areas colonized, the continental areas we identified were
North America (Canada, USA), Latin America (elsewhere in mainland areas of the
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Americas—Central and South America), and Sub-Saharan Africa. Considering human
history in broad terms, North America had a Northern European history of colonization
different from the Southern European colonization of Latin America. North Africa was
not included in this study because its colonization by house mice has already been well
described [58], and it was not as important as Western Europe for maritime movements
around the Atlantic Ocean. The other colonized areas that we designated were islands in
the North Atlantic (Faroe, Greenland, Iceland), the Caribbean (Guadeloupe, Martinique),
and the South Atlantic (Falkland [Malvinas] Islands, Gough Island, South Georgia,
Tristan da Cunha). We also included sub-Antarctic Marion Island (southwest Indian
Ocean) in the latter because it is not far outside the South Atlantic (at the scale that we are
working) and is reasonably considered in the same domain in historical terms.

To determine the colonization history of the house mouse, we adopted several
approaches. First, because our phylogenetic analysis revealed a number of distinct clades
(see Results and Discussion), it allowed us to make a comparison of the prevalence of
those clades in the potential source areas (Northern Europe, Southern Europe,
Scandinavia, Macaronesia) and all the different colonized areas (Scandinavia,
Macaronesia, North Atlantic, North America, Latin America, Caribbean, South Atlantic,
Sub-Saharan Africa). The similarity in the clade constitution can help identify which area
was the source of house mice in any particular colonized area. We measured the
prevalence both in terms of the number of distinct haplotypes and the number of
individuals within different clades and used chi-squared tests of association [59] to
determine where the data for each potential colonization source best match the data for a
particular colonized area. In this way, we examined different aspects of similarity between
the colonized area and its potential sources. To satisfy the requirements of the chi-squared
test, clades sometimes needed to be merged, reducing degrees of freedom. In some cases,
there was a choice as to which clades were combined —the merging that was chosen was
always that which generated the highest chi-squared value. Clade merging could mask
the differences between the two areas being compared, and so this rule minimized that
bias.

Second, we identified all those haplotypes that are found in more than one
country/island system, including those found in multiple geographical areas (out of
Northern Europe, Southern Europe, Scandinavia, Macaronesia, North Atlantic, North
America, Latin America, Caribbean, South Atlantic, Sub-Saharan Africa). These emulti-
location haplotypese can provide valuable supporting evidence that house mice in a
particular colonized area derive from a certain source area. Data on individual multi-
location haplotypes were inspected for such associations. We also collated all the multi-
location haplotypes that are found in each of the four potential source areas (Northern
Europe, Southern Europe, Scandinavia, Macaronesia) and determined what proportion of
those haplotypes are found in each of the colonized areas (Scandinavia, Macaronesia,
North Atlantic, North America, Latin America, Caribbean, South Atlantic, Sub-Saharan
Africa). This provides another index for the association of particular source areas with
particular colonized areas, a further line of evidence in inferring colonization history.

3. Results and Discussion

As in previous phylogenetic analyses of western house mouse D-loop sequences
[e.g., [30]], there is structure to our phylogeny (Figure 1) but low support for individual
branches (Figure S1). We have retrieved the same clades as in our previous analyses of D-
loop variation [30,60] and retain their designations e-eFe Clade @A¢ which was found in
some previous analyses, and associated with the Near East and Eastern Mediterranean,
was not evident in our study.
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? CLADE C
— Northern Europe,

f Southern Europe,
— Macaronesia
CLADE E

Northern Europe, Scandinavia

CLADE F
Northern Europe, Macaronesia,
Scandinavia

CLADE B
Southern Europe, Macaronesia

CLADE D
Northern Europe, Southern Europe,
Macaronesia, Scandinavia

Figure 1. Summary phylogenetic tree for all house mouse haplotypes under consideration,
highlighting the particular source areas for Atlantic colonization associated with each of the five
previously named clades (B-F) found in the region. The outgroups and the haplotypes that could
not be attributed with confidence to a previously named clade had their branches colored black. The
naming of the geographic areas follows the convention in this paper. See Figures S1 and S2 for the
full tree (including branch support) and further explanation. The phylogeny is based on our new
sequences (Table S1) and previously published sequences (Text S2). Particular sequences of
importance for interpretation (see Section 3.2 below) are presented in Table S3 (with subsidiary

information in Table S2).

3.1. Clade Occurrence over Broad Geographic Areas

The four predefined source areas differ from each other in clade characteristics (Table
1; Figure 1). Northern Europe and Scandinavia lack clade B, while Southern Europe and
Macaronesia are depleted for clade E. Southern Europe also has little representation of
clade F, and Scandinavia has little representation of clade C. Both Scandinavia and
Macaronesia have a particularly high representation of clade D. Based on p-values from
chi-squared tests, the source areas differ significantly (Table 2), but the following pairwise
combinations are the least divergent: Northern Europe and Scandinavia, Southern Europe
and Macaronesia, and Scandinavia and Macaronesia. This is not surprising given the
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previously published D-loop evidence of mouse colonization of Scandinavia from
Northern Europe [31,61-63] and Macaronesia from Southern Europe [30] and D-loop and
archeological evidence that Vikings from Scandinavia/Germany transported mice to
Macaronesia [27,30,64,65].

Table 1. Characterization of house mice according to clades B-F (Figure 1), showing the number of
haplotypes (a) and the number of individuals (b) per clade in potential source areas and areas

colonized within the Atlantic region. The naming of the geographic areas follows the convention in

this paper.
(a)
Number of haplotypes per clade
B C D E F
Source areas
Northern Europe 0 76 49 62 36
Southern Europe 31 40 23 1 2
Source/colonized areas
Scandinavia 0 2 29 7
Macaronesia 10 18 62 1 9
Colonized areas
North Atlantic 0 0 6 5 4
North America 1 4 1 14 2
Latin America 11 4 4 2 6
Caribbean 0 2 0 1 1
South Atlantic 0 3 7 6 7
Sub-Saharan Africa 0 14 1 14 3
(b)
Number of individuals per clade
B C D E F
Source areas
Northern Europe 0 274 288 334 185
Southern Europe 84 135 39 1 7
Source/colonized areas
Scandinavia 0 2 135 23 47
Macaronesia 47 135 272 1 56
Colonized areas
North Atlantic 0 0 60 20 54
North America 1 32 5 100 3
Latin America 38 7 7 11 17
Caribbean 0 15 0 5 4
South Atlantic 0 33 22 86 9

Sub-Saharan Africa 0 28 2 57 4
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Table 2. The results for chi-squared tests for independence comparing among potential source areas
and between colonized areas and potential source areas, with the naming of the areas following the
convention of this paper. Comparisons are based on (a) the number of haplotypes per clade and (b)
the number of individuals per clade (see Table 1). For chi-squared values and degrees of freedom,
see Table S4.

(a)

Comparisons Among Potential Source Areas (p-Values)

Southern Europe Scandinavia Macaronesia

Northern Europe 1.75 x 102 1.17x10%  2.64 x 1018
Southern Europe 753 x1013 612 x 107
Scandinavia 0.000816

Comparisons of Colonized Areas and Potential Source Areas (p-Values)

Northern Europe

Southern Europe Scandinavia Macaronesia

Scandinavia 1.17 x 108 7.53 x 1013 - 0.000816
Macaronesia 2.64 x 10718 6.12 x 10 0.000816 -
North Atlantic 0.0288 1.00 x 10-10 0.0260 0.106
North America 0.000418 6.59 x 10-15 1.96 x 107 8.91 x 1016
Latin America 5.19 x 1021 6.01 x 105 6.53 x 107 1.52 x 106
South Atlantic 0.112 3.62 x 1011 0.0150 1.12 x 106
Sub-Saharan Africa 0.0288 8.38 x 1012 9.44 x 107 6.19 x 1014
(b)

Comparisons Among Potential Source Areas (p-Values)

Southern Europe Scandinavia Macaronesia
3.19 x 1071 2.87x10  6.67 x 107!
1.40 x10%  6.86 x 10
3.66 x 102
Comparisons of Colonized Areas and Potential Source Areas (p-Values)

Northern Europe

Southern Europe

Scandinavia

Northern Europe Southern Europe Scandinavia Macaronesia

Scandinavia 2.87 x 10-3 1.40 x 1066 - 3.66 x 10»
Macaronesia 6.67 x 107 6.86 x 10-% 3.66 x 10® -
North Atlantic 1.57 x 1019 1.86 x 10> 0.000354 1.83 x 1036
North America 1.72 x 1022 5.02 x 10754 8.91 x 1050  2.34 x 10
Latin America 1.97 x 10115 1.18 x 1010 8.72 x 1031 3.21 x 1037
Caribbean 0.000209 6.53 x 105 3.59 x 1028 1.29 x 107
South Atlantic 7.62 x 1010 3.72 x 1046 8.75x1073%  3.48 x 1073
Sub-Saharan Africa 6.90 x 1012 1.66 x 1043 6.40 x 1040 1.36 x 1078

Considering wider colonization (Figure 2), Northern Europe shows similar clade
characteristics to North America, the South Atlantic, and Sub-Saharan Africa, with clade
E well represented and clade B poorly represented (Table 1). Both for the number of
haplotypes per clade and the number of individuals per clade, the chi-squared test results
show that Northern Europe is less significantly different from North America, the South
Atlantic, and Sub-Saharan Africa compared with the other possible source areas (Table 2).
The D-loop characteristics of mice from Canada and the USA reflect well the human
history of the involvement of the UK and France in the European settlement of North
America [66]. Likewise, the South Atlantic islands are British dependencies or are
historically associated with the UK, although Tristan da Cunha differs from the other
islands in this region by being initially discovered by the Portuguese [67,68]. Sub-Saharan
Africa is interesting because initial coastal exploration and some settlements were from
Southern Europe (primarily Portugal), but most colonial settlements were from Northern
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Europe (UK, France, Germany, the Netherlands, Belgium) [69,70]. All these D-loop results
match previous mouse genetic studies with various markers [30,36,71-74].

‘ Scandinavia
Northern Europe
Southern Europe
Macaronesia
North Atlantic

. North America
Latin America

«) sub-Saharan Africa

Caribbean

South Atlantic

Figure 2. Inferred colonization history of house mice in the Atlantic region from the four defined
source areas (Northern Europe, Southern Europe, Scandinavia, Macaronesia) to the five defined
colonized areas (North Atlantic, North America, Latin America, South Atlantic, Sub-Saharan
Africa). Solid arrows indicate the main routes of colonization. For Latin America, there is a major
signal of mouse colonization from Southern Europe but also data suggesting at least partial
derivation from Macaronesia and/or Northern Europe (shown with dashed arrows). For the South
Atlantic islands, the clade analysis indicates the pre-eminence of Northern Europe in mouse
colonization, but multi-location haplotypes support the involvement of Macaronesia and Southern
Europe as well (dotted arrows). The most indicative clades present in the source and colonized areas
for each of these linkages are shown within circles. There are insufficient data to infer the
colonization history of the Caribbean by house mice. The coloring used here does not relate to the
coloring in the phylogenetic trees. AP: Azores, CV: Cabo Verde, FK: Falkland (Malvinas) Islands,
FO: Faroe, GL: Greenland, GP: Guadeloupe, GS: South Georgia, IC: Canary Islands, IS: Iceland, MQ:
Martinique, TA: Tristan da Cunha, XG: Gough Island, XM: Madeira, XP: Marion Island.

The North Atlantic islands show the closest clade characteristics with Scandinavia
with poor representation of clades B and C, and D is the best represented, followed by F,
based on the number of individuals per clade (Table 1). Scandinavia as the source area for
the North Atlantic islands (Figure 2) is consistent with the chi-squared tests (Table 2) and
is expected from the Viking settlement of Faroe, Iceland, and Greenland and previous
mouse D-loop analyses [28,29,63].

As expected, from the human history of Spanish, Portuguese, and Italian pre-
eminence in Latin America [75,76], Latin American mice resemble Southern European
mice more than Northern European—in particular, clade B is common (Table 1).
However, clade F is well represented in Latin American mice but is rare in those from
Southern Europe. Clade F is reasonably common in Macaronesian and Scandinavian mice,
helping to explain the relatively low chi-squared values in their comparisons with Latin
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American mice (Table 2) (clade B is also present in Macaronesian mice). Thus, there is the
intriguing possibility that the D-loop characteristics of Latin American mice at least
partially reflect stowaways picked up in Macaronesia en route between Southern Europe
and Latin America (Figure 2). Of the Macaronesian archipelagos, in particular Madeira
and the Azores were important as staging posts for the explorers and early settlers of Latin
America [77]. These islands may have had high densities of mice due to the absence of
competing species and predators, reflecting the dsland syndromee[78,79]. Other scenarios
could explain the clade F occurrence in Latin American mice, such as primary Southern
European and partial Northern European colonization (Figure 2), which aligns also with
the presence of clade E in Latin American mice.

Unfortunately, due to low sampling, only four D-loop haplotypes are available for
the Caribbean, so little can be said about mouse colonization there.

3.2. Geographic Occurrence of Specific Haplotypes

Individual haplotypes shared between source and colonized areas can provide
further insights. A previously reported example is three haplotypes (dom650-652) shared
between the Azores and Falkland (Malvinas) Islands [30] within a group of ten sequences,
including other Azores and Falkland (Malvinas) Islands sequences and two sequences
from Ireland (clade F; Figure S1). This tight association indicates the Azores as a
colonizing source for the Falkland (Malvinas) Islands (Figure 2). Using the full data of
multi-location haplotypes—those found in more than one country/island system (Table
53)—allows generalization from this result. This complete set of multi-location haplotype
data adds more support to Macaronesiaes involvement in the colonization of the South
Atlantic, contrasting with the clade analysis that emphasized Northern Europe as the
colonization source (compare Tables 2 and 3). Multi-location haplotype data also further
the case that Macaronesia and Northern Europe were involved in the colonization of Latin
America and are consistent with the clade analysis with regards to Northern Europe as a
source area for North America and Sub-Saharan Africa, and Scandinavia as a source area
for the North Atlantic (Table 3).

Table 3. Details of occurrence of mouse D-loop haplotypes that have been found in more than one
country/island system (emulti-location haplotypesg see also Table S3). For all multi-location
haplotypes found in each of the four geographic source areas (Northern Europe, Southern Europe,
Scandinavia, Macaronesia), we give the proportion of those haplotypes found in a different location
(country/island system) in the same area and the proportion found in each of the other geographic
areas (out of Northern Europe, Southern Europe, Scandinavia, Macaronesia, North Atlantic, North
America, Latin America, Caribbean, South Atlantic, Sub-Saharan Africa). The naming of the
geographic areas follows the convention in this paper. Particular multi-location haplotypes can be

found in multiple geographic areas, so the proportions in each column can add up to more than 1.

Proportion of all multi-location haplotypes found in at least one
country/island system in one of the four geographic source areas
that are also found in each of the areas named in the rows of the

table
Northern Europe Southern Europe Scandinavia Macaronesia
(N=37) (N =25) (N =18) (N =25)

Northern Europe 0.49 0.56 0.78 0.52
Southern Europe 0.38 0.28 0.33 0.48
Scandinavia 0.35 0.24 0.22 0.36
Macaronesia 0.35 0.48 0.50 0.20
North Atlantic 0.14 0.08 0.28 0.20

North America 0.19 0.08 0.17 0.04
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Latin America 0.19 0.12 0.22 0.28
Caribbean 0.11 0.12 0.11 0.08
South Atlantic 0.11 0.08 0.06 0.24
Sub-Saharan 0.22 0.16 0.17 0.16
Africa

Further consideration of individual multi-location haplotypes (Tables 4 and S3)
informs these connections. Haplotype dom?2 (clade E) is particularly frequent on the
Falkland (Malvinas) Islands—but it is also well represented in the UK. Taken together
with the above-mentioned data (dom650-652: clade F), this pattern indicates that the mice
on the Falkland (Malvinas) Islands may have come from both the UK and the Azores (as
a stopover between the UK and the Falklands [Malvinas]), which is consistent with the
British colonization of the islands (Table 4). That dom2 might be a mouse marker for
British colonial history is indicated by its high frequency on Gough Island (another British
dependency in the South Atlantic), the USA, Canada, Cameroon (once a British colony in
Sub-Saharan Africa), and also New Zealand and Australia (where dom?2 is known as
domNZ.4 and AUSTRALIA.01, see [35,80-86]). Some care is needed in interpretation
though because dom2 mice could also have been introduced onto the Falklands
(Malvinas) and Gough from France and the USA, respectively. Haplotype dom2 has been
found frequently in both countries, and the Falklands (Malvinas) were settled early by the
French as well as the British [87] (and Spanish [88]), and there were US sealers visiting
Gough [89]. The colonial history of Cameroon also involves Germany [70], and two multi-
location haplotypes indicate that linkage (dom162, 180: clade E; Table 4).

Table 4. Selected details of emulti-location haplotypese—those that have been found in more than
one country/island system (see Table S3 for full listing). The number of sequences per location are
listed, and the locations are assigned to a geographic area (out of Northern Europe, Southern
Europe, Scandinavia, Macaronesia, North Atlantic, North America, Latin America, Caribbean,
South Atlantic, Sub-Saharan Africa, as defined in this paper). The haplotype numbering follows that
on the phylogenetic tree (Figure S1), and the two-letter codes for each country/island/archipelago
follow Table S2. (a) Selected haplotypes that illustrate aspects of colonial history, particularly related
to the Western European colonization of the South Atlantic islands and Sub-Saharan Africa (see
text). (b) Selected haplotypes that illustrate the association of Northern Europe, Scandinavia,
Macaronesia, and North Atlantic islands (see text). AP, Azores; AR, Argentina; BO, Bolivia; BR,
Brazil; CA, Canada; CM, Cameroon; DE, Germany; DK, Denmark; ES, Spain; FK, Falkland
(Malvinas) Islands; FO, Faroe Islands; FR, France; GB, UK; GL, Greenland; GP, Guadeloupe; HN,
Honduras; IE, Ireland; IS, Iceland; NL, Netherlands; NO, Norway; PT, Portugal; SE, Sweden; SN,
Senegal; TA, Tristan da Cunha; US, USA; XG, Gough Island; XM, Madeira; ZA, South Africa.

(@)
Haplotype dom2 dom650 domé651 dom652 dom162 dom180 dom802
Clade E F F F E E C
DE(7), FR(11),
Northern Europe GB(18), NL(1) DE(1) DE(1)
Southern Europe PT(1)
Scandinavia DK(1), NO(6)
Macaronesia AP(1) AP(13) AP(21) AP(8)
. CA(18),
North America US(44)
Latin America AR(1), BO(9) BR(1)

South Atlantic

FK(29),XG(50)  FK(1) FK(3) FK(1) TA(30)
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Sub-Saharan Africa SN??;[,(;?Z 3) CM(2) CM(1)
(b)
Haplotype dom25 dom26 dom?27 dom32 dom33 dom42 dom163 dom6
Clade D D D D D D D F
DE(38), FR(14),
Northern Europe FR](DZ?(Z])S, 1) DE(11), FR(2) ];Ilig;’ DE(1) DE(2) FR(1), ili((zl)), GB(12),
’ GB(2), IE(1) IE(17)
Southern Europe ES(2) ES(6)
DK(14), NOG)
Scandinavia NO(24), ’ NO(1) SE(2) NO(5) SE(4) NO(20)
SE(15)
SE(16)
Macaronesia XM(25) APE), XM(8) XM(5) XM(2) XM(2)
XM(17)
) FO®43),
North Atlantic GLQ) FO(1) FO(7) 1S(40)
Latin America  BR(3), HN(1) AR(4)
Caribbean GP(4)
Sub-Saharan Africa SN(2)

Another South Atlantic British dependency is Tristan da Cunha, for which we here
report the first D-loop sequences (Table S1). The most frequent Tristan haplotype
(dom802) was also recovered from Brazil, and together with other Tristan, Brazilian, and
Portuguese haplotypes is in a 10-haplotype group of related sequences (within clade C)
lacking UK and Macaronesian haplotypes (most easily seen in Figure S2). Tristan da
Cunha was first sighted by Portuguese mariners in 1506, and most likely there was
landfall by the Portuguese long before the first colonization by Britain in the early 1800s
[67,68]. Pollen evidence indicates an anthropogenic influence beginning in the early 1700s
[90]. Given the closely related sequences from Tristan, Portugal, and Brazil (a former
Portuguese colony), the mouse mitochondrial DNA signal likely reflects early Portuguese
visitation to Tristan rather than the later British colonization, with the mice living feral
after arrival. Thus, comparing the Falkland (Malvinas) Islands, Gough Island, and Tristan
da Cunha, the mice on British South Atlantic dependencies show signals of British
colonization (Falklands [Malvinas] and Gough: dom?2 in clade E, with proviso above),
Portuguese colonization (Tristan: clade C), and Macaronesian colonization (Falklands
[Malvinas]: clade F) (Figure 2, Table 4). This adds to other examples of mouse data
providing a novel perspective on human history [27], and it is useful because knowledge
of human visitations to the South Atlantic islands is fragmentary (e.g., [68]).

The multi-location haplotypes in clade D (Tables 4 and S3) are of particular interest.
It has already been suggested that the sharing of mouse haplotypes between northern
continental Europe and Madeira Island (dom25, 26, 32, 33, 163) reflects Viking visitation
of Madeira [27,30] (Table 4). This would have been Danish Vikings coming from Northern
Germany/Denmark [91], an area from which mice also colonized Sweden and Norway
[31,61,63] —as supported by dom25-27, 32, 42, and 163 (Table 4). Haplotype dom25 is
particularly interesting because it is very common in Germany, Denmark, Norway,
Sweden, and Madeira Island, indicating that it was taken both north to Fennoscandia and
also to Madeira (Table 4). This haplotype is also numerous on the Faroe Islands and likely
came there with people from Norway, presumably the Norwegian Vikings (the Norse)
[28,92] (Figure 2). A haplotype in clade F, dom6, also shows a signal of transport of mice
by the Norse, and it is well represented in the British Isles (UK, Ireland), Norway, and
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Iceland (Figure 2, Table 4), mirroring the origin of Icelandic people from the British Isles
and Norway [29,93-95].

4. Conclusions

This paper presents a broad-brush analysis of the colonization history of the house
mouse in the Atlantic region based on D-loop haplotypes of mice collected using different
experimental designs by different workers over 30+ years with simplified categorization
based on predefined geographical areas. Despite the limitations to this study, our results
both fit with expectations from human history and provide new insights. As expected
historically, mice from Northern Europe were the main colonists of Scandinavia, North
America, and Sub-Saharan Africa, and Scandinavian mice appear to have been the main
colonists of North Atlantic islands. Other results are more intriguing. Macaronesian mice
are clearly similar to those from Southern Europe, as expected, but also display a signal
of Viking transport from Germany/Scandinavia [27,30]. Macaronesia as a stop-over for
Atlantic maritime movements [77] appears to have impacted mouse colonization. Thus,
different island systems of the South Atlantic show a signal of colonization from Northern
Europe, Southern Europe, Macaronesia, or some combination. Latin America clearly has
pre-eminent historical linkages with Southern Europe [75,76], and the mice duly show
strong indications of that with the clade analysis—but there are also data implicating
involvement of Macaronesia and/or Northern Europe. More sequence data are going to
allow us to further explore such findings and fill geographic gaps over the Atlantic region
(e.g., in the Caribbean). Moreover, in forthcoming work, we intend to expand the
geographical coverage of our analyses of house mouse D-loop sequences to include other
parts of the global distribution of the species. The analysis that we have conducted so far,
and future analyses, are not only of interest in terms of house mouse colonization history
and linkages with human history but they may also have applied significance. In
particular, house mice and other anthrodependent rodents may harbor zoonotic
pathogens and spread them over large geographic areas (e.g., [96]); knowing the source
areas of such invasive pathogen-carrying rodents provides an understanding that may
help in controlling zoonoses (e.g., [97]).

Supplementary Materials: The following supporting information can be downloaded at
www.mdpi.com/xxx/s1, Figure S1: Maximum likelihood phylogenetic tree of all western house
mouse D-loop haplotypes for the Atlantic region newly found in this study plus those from the
literature (references [30,60] are cited); Figure S2: Rectangular cladogram, produced by the same
analysis as Figure S1, presented to help see some of the haplotype relationships; Table S1: Newly
sequenced individuals catalogued according to D-loop haplotype and geographic location, with
details of number of individuals for each haplotype and location; Table S2: List of all countries and
island systems considered in this study because of their presence in the Atlantic region and the
occurrence of new or published D-loop sequences of western house mice that could be attributed to
them; Table S3: Details of enulti-location haplotypese—those that have been found in more than one
country/island system; Table S4: Chi-squared values and degrees of freedom for the test results
given in Table 2; Text S1: PCR and sequencing protocol (references [80,98,99] are cited); Text S2: The
literature sources of sequences used in this study (references [27-32,36,58,60,63,71,72,80,98,100-111]

are cited).

Author Contributions: Conceptualization, S.I.G. and ].B.S.; methodology, S.I1.G., ].J.H., and J.B.S.;
validation, S.I.G., J.J.H., and ].B.S; formal analysis, S.I.G., ].J.H., and ].B.S.; investigation, S.I.G., ].].H.,
and J.B.S.; resources, S.I1.G., ].E.B.,, M.D.G, MM.G., EEAH.,B.AP,P.GR, AS.-C,RGU, M.dLM.,,
and ].B.S; data curation, S1.G., ].5.H., and ].B.S.; writing — original draft preparation, S.1.G. and ].B.S,;
writing —review and editing, S.I1.G., J.J.H,, ].S.H., ].FE.B, M.D.G, MM.G,, E.A.H,,B. AP, P.GR, AS.--



Genes 2024, 15, 1645 13 of 18

C, R.G.U, M.d.L.M,, and ].B.S; supervision, M.d.L.M. and ].B.S.; project administration, M.d.L.M.
and ].B.S.; funding acquisition, M.d.L.M. All authors have read and agreed to the published version

of the manuscript.

Funding: S.I.G. received scholarship SFRH/BD/21437/2005 from Fundacdo para a Ciéncia e a
Tecnologia (Portugal). A.S.Ch. received grant 2009PAS00027 from AGAUR (Generalitat de
Catalunya, Spain). B.A.P. was supported by U.S. National Institutes of Health grant R35GM139412.
This research was partly supported by CESAM via FCT/MCTES (doi.org/10.54499/UIDP/50017/2020
(accessed on 17 December 2024), doi.org/10.54499/UIDB/50017/2020 (accessed on 17 December 2024),
doi.org/10.54499/LA/P/0094/2020 (accessed on 17 December 2024)) through national funds.

Institutional Review Board Statement: Ethical review and approval were waived for this study
because none of the samples that we used were collected specifically for this study. They were
collected by the co-authors or others (see Acknowledgements) for other purposes according to local

ethical requirements.

Data Availability Statement: All new DNA sequences have been added to GenBank, accession
numbers PP751342 —PP751400.

Acknowledgments: We thank the reviewers for their helpful comments. We are grateful to the
following people for samples and their provision: Kristin Ardlie, Paulo Asfora, Nico Avenant,
Antoni Arrizabalaga, Olaf Behlert, Rodrigo Costa, Richard Cuthbert, René Driechciarz, Luis
Fernando Moraes, Richard Francke, Alain Frantz, Thales de Freitas, Alvaro Garitano-Zavala, Jiri
Gaisler, Raul Gonzalez, Ommo Hiippop, Jens Jacob, Carlos Landaeta Aqueveque, Milo$s Macholan,
Rita Monarca, Inge Miiller, Michael Nachman, Violaine Nicolas, Michel Pascal, Joana Paupério,
Hans-Joachim Pelz, Jaroslav Pialék, Michael Potter, Alex Ribas, Richard Sage, Tovah Salcedo, Victor
Sanchez-Cordero, Pavel Stopka, Priscilla Tucker, Raquel Vasconcelos, Rodrigo Vega, Biologische
Bundesanstalt (BBA) in Miinster, Fundacion de Historia Natural Félix de Azara Buenos Aires,
Museu de Ciéncies Naturals de Granollers, Muséum national deHistoire naturelle Paris, Museum of
Vertebrate Zoology Berkeley, National Museum Bloemfontein, Natural History Museum London,
and Zoological Museum Amsterdam. We thank Michael Nachman and Richard Sage for their
comments. Our work was inspired by the insights and enthusiasm of the late Frida J6hannesdéttir,

and we mourn her loss.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Hulme-Beaman, A.; Dobney, K.; Cucchi, T.; Searle, ].B. An ecological and evolutionary framework for commensalism in
anthropogenic environments. Trends Ecol. Evol. 2016, 31, 633—-645.

2. Ravinet, M,; Elgvin, T.O.; Trier, C.; Aliabadian, M.; Gavrilov, A.; Seetre, G.P. Signatures of human-commensalism in the house
sparrow genome. Proc. R. Soc. B 2018, 285, 20181246.

3. Kiristensen, B.R. Rethinking domestication pathways in the context of anthrodependency. In More-than-One Health: Human,
Animals and the Environment Post-COVID; Braverman, 1., Ed.; Routledge: London, UK, 2022; pp. 193-208.

4. Fawthrop, R.; Cerca, J.; Pacheco, G.; Seetre, G.P.; Scordato, E.S.; Ravinet, M.; Rowe, M. Understanding human-commensalism
through an ecological and evolutionary framework. Trends Ecol. Evol. 2024. https://doi.org/10.1016/j.tree.2024.10.006.

5. Munshi-South, J.; Garcia, J.A.; Orton, D.; Phifer-Rixey, M. The evolutionary history of wild and domestic brown rats (Rattus
norvegicus). Science 2024, 385, 1292-1297.

6.  Puckett, E.E.; Park, J.; Combs, M.; Blum, M.]; Bryant, ].E.; Caccone, A.; Costa, F.; Deinum, E.E.; Esther, A.; Himsworth, C.G,; et
al. Global population divergence and admixture of the brown rat (Rattus norvegicus). Proc. R. Soc. B 2016, 283, 20161762.

7. Puckett, E.E; Orton, D.; Munshi-South, ]J. Commensal rats and humans: Integrating rodent phylogeography and
zooarchaeology to highlight connections between human societies. Bioessays 2020, 42, 1900160.

8. Knapp, M,; Collins, C.J.; Matisoo-Smith, E. Ancient invaders: How paleogenetic tools help to identify and understand biological

invasions of the past. Ann. Rev. Ecol. Evol. Syst. 2021, 52, 111-129.



Genes 2024, 15, 1645 14 of 18

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Li, Y.; Fujiwara, K.; Osada, N.; Kawai, Y.; Takada, T.; Kryukov, A.P.; Abe, K.; Yonekawa, H.; Shiroishi, T.; Moriwaki, K.; et al.
House mouse Mus musculus dispersal in East Eurasia inferred from 98 newly determined complete mitochondrial genome
sequences. Heredity 2021, 126, 132-147.

Allen, M.S.; Kahn, J.G. Advances in East Polynesian zooarchaeology: Special Issue introduction, review (2016-2024), and
assessment. Arch. Oceania 2024, 59, 157-175.

Greig, K.; Walter, R. Reflections on the commensal model and future directions in Polynesian interaction studies. Arch. Oceania
2024, 59, 298-307.

Osada, N.; Suzuki, H. Human impacts on the evolution of rats and mice in East Asia. In Phylogeographic History of Plants and
Animals Coexisting with Humans in Asia; Osada, N., Kumugai, M., Suzuki, H., Endo, M. Eds.; Springer Nature Singapore:
Singapore, 2024; pp. 7-25.

Sage, R.D. Wild mice. In The Mouse in Biomedical Research; Foster, H.L., Small, ].D., Fox, ].G., Eds.; Academic Press: New York,
NY, USA, 1981; Volume 1, pp. 39-90.

Boursot, P.; Auffray, J.-C.; Britton-Davidian, J.; Bonhomme, F. The evolution of house mice. Ann. Rev. Ecol. Syst. 1993, 24, 119-
152.

Silver, L.M. Mouse Genetics: Concepts and Applications; Oxford University Press: New York, NY, USA, 1995.

Boursot, P.; Din, W.; Anand, R.; Darviche, D.; Dod, B.V.; von Deimling, F.; Talwar, G.P.; Bonhomme, F. Origin and radiation of
the house mouse: Mitochondrial DNA phylogeny. . Evol. Biol. 1996, 9, 391-415.

Singleton, G.R.; Krebs, C.J. The secret world of wild mice. In The Mouse in Biomedical Research, 2nd ed.; Fox, ].G., Davisson, M.T.,
Quimby, F.W., Barthold, S.W., Newcomer, C.E., Smith, A.L., Eds.; Academic Press: Burlington, MA, USA, 2007; pp. 25-51.
Tchernov, E. Of mice and men. Biological markers for long-term sedentism: A reply. Paléorient 1991, 17, 153-160.

Weissbrod, L.; Marshall, F.B.; Valla, F.R.; Khalaily, H.; Bar-Oz, G.; Auffray, ].-C.; Vigne, J.-D.; Cucchi, T. Origins of house mice
in ecological niches created by settled hunter-gatherers in the Levant 15,000 y ago. Proc. Natl Acad. Sci. USA 2017, 114, 4099-
4104.

Gross, M. Of mice and men, cats and grains. Curr. Biol. 2020, 30, R783-786.

Hussain, S.T.; Baumann, C. The human side of biodiversity: Coevolution of the human niche, palaeo-synanthropy and
ecosystem complexity in the deep human past. Phil. Trans. R. Soc. B. 2024, 379, 20230021.

Cucchi, T.; Auffray, ].-C.; Vigne, ]J.-D. First occurrence of the house mouse (Mus musculus domesticus Schwarz & Schwarz, 1943)
in the Western Mediterranean: A zooarchaeological revision of subfossil occurrences. Biol. ]. Linn. Soc. 2005, 84, 429-445.
Cucchi, T.; Vigne, J.-D.; Auffray, J.-C. Synanthropy and dispersal in the Near East and Europe: Zooarchaeological review and
perspectives. In Evolution of the House Mouse; Macholan, M., Baird, S.J.E., Munclinger, P., Pidlek, J., Eds.; Cambridge University
Press: Cambridge, UK, 2012; pp. 65-93.

Berry, R.].; Jakobson, M.E,; Peters, J. The house mice of the Faroe Islands: A study in microdifferentiation. J. Zool. 1978, 185, 73—
92.

Bonner, W.N. Introduced mammals. In Antarctic Ecology; Laws, R M., Ed.; Academic Press: London, UK, 1984; Volume 1, pp.
235-278.

Tichy, H.; Zaleska-Rutczynska, Z.; OeHuigin, C.; Figueroa, F.; Klein, J. Origin of the North American house mouse. Folia Biol.
1994, 40, 483-496.

Forster, D.W.; Giindiiz, I.; Nunes, A.C.; Gabriel, S.; Ramalhinho, M.G.; Mathias, M.L.; Britton-Davidian, J.; Searle, ].B. Molecular
insights into the colonization and chromosomal diversification of Madeiran house mice. Mol. Ecol. 2009, 18, 4477-4494.

Jones, E.P; Jensen, ].-K.; Magnussen, E.; Gregersen, N.; Hansen, H.S.; Searle, ].B. A molecular characterization of the charismatic
Faroe house mouse. Biol. ]. Linn. Soc. 2011, 102, 471-482.

Jones, E.P.; Skirnisson, K.; McGovern, T.H.; Gilbert, M.T.P.; Willerslev, E.; Searle, J.B. Fellow travellers: A concordance of
colonization patterns between mice and men in the North Atlantic region. BMC Evol. Biol. 2012, 12, 35.

Gabriel, S.I.; Mathias, M.L.; Searle, ].B. Of mice and the eAge of Discoverye The complex history of colonization of the Azorean
archipelago by the house mouse (Mus musculus) as revealed by mitochondrial DNA variation. J. Evol. Biol. 2015, 28, 130-145.
Prager, EM.; Sage, R.D.; Gyllensten, U.; Thomas, W.K,; Hiibner, R.; Jones, C.S.; Noble, L.; Searle, J.B.; Wilson, A.C.
Mitochondrial DNA sequence diversity and the colonization of Scandinavia by house mice from East Holstein. Biol. ]. Linn. Soc.
1993, 50, 85-122.

Prager, EIM.; Tichy, H.; Sage, R.D. Mitochondrial DNA sequence variation in the eastern house mouse, Mus musculus:
Comparison with other house mice and report of a 75-bp tandem repeat. Genetics 1996, 143, 427-446.



Genes 2024, 15, 1645 15 of 18

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

Prager, E.M.; Orrego, C.; Sage, R.D. Genetic variation and phylogeography of central Asian and other house mice, including a
major new mitochondrial lineage in Yemen. Genetics 1998, 150, 835-861.

Garcia-Rodriguez, O.; Hardouin, E.A.; Hambleton, E.; Monteith, J.; Randall, C.; Richards, M.B.; Edwards, C.J.; Stewart, J.R.
Ancient mitochondrial DNA connects house mice in the British Isles to trade across Europe over three millennia. BMC Ecol.
Evol. 2021, 21, 9.

Veale, A].; King, CM.; Johnson, W.; Shepherd, L. The introduction and diversity of commensal rodents in 19th century
Australasia. Biol. Invasions 2022, 24, 1299-1310.

Hardouin, E.A.; Chapuis, ].L.; Stevens, M.I; Van Vuuren, J.B.; Quillfeldt, P.; Scavetta, R.J.; Teschke, M.; Tautz, D. House mouse
colonization patterns on the sub-Antarctic Kerguelen Archipelago suggest singular primary invasions and resilience against re-
invasion. BMC Ewvol. Biol. 2010, 10, 325.

Guénet, ].L.; Bonhomme, F. Wild mice: An ever-increasing contribution to a popular mammalian model. Trends Genet. 2003, 19,
24-31.

Berry, R.].; Scriven, P.N. The house mouse: A model and motor for evolutionary understanding. Biol. ]. Linn. Soc. 2005, 84, 335
347.

Boell, L.; Tautz, D. Micro-evolutionary divergence patterns of mandible shapes in wild house mouse (Mus musculus)
populations. BMC Ewvol. Biol. 2011, 11, 306.

Phifer-Rixey, M.; Bonhomme, F.; Boursot, P.; Churchill, G.A.; Pialek, J.; Tucker, P.K.; Nachman, M.W. Adaptive evolution and
effective population size in wild house mice. Mol. Biol. Evol. 2012, 29, 2949-2955.

Phifer-Rixey, M.; Nachman, M.W. The natural history of model organisms: Insights into mammalian biology from the wild
house mouse Mus musculus. eLife 2015, 4, €05959.

Ferris, K.G.; Chavez, A.S.; Suzuki, T.A.; Beckman, E.J.; Phifer-Rixey, M.; Bi, K.; Nachman, M.W. The genomics of rapid climatic
adaptation and parallel evolution in North American house mice. PLoS Genet. 2021, 17, €1009495.

Wilches, R.; Beluch, W.H.; McConnell, E.; Tautz, D.; Chan, Y.F. Independent evolution toward larger body size in the distinctive
Faroe Island mice. G3 2021, 11, jkaa051.

Harr, B.; Karakoc, E.; Neme, R.; Teschke, M.; Pfeifle, C.; Pezer, Z.; Babiker, H.; Linnenbrink, M.; Montero, L; Scavetta, R.; et al.
Genomic resources for wild populations of the house mouse, Mus musculus and its close relative Mus spretus. Sci. Data 2016, 3,
160075.

Fujiwara, K.; Kawai, Y.; Takada, T.; Shiroishi, T.; Saitou, N.; Suzuki, H.; Osada, N. Insights into Mus musculus population
structure across Eurasia revealed by whole-genome analysis. Genome Biol. Evol. 2022, 14, evac068.

Agwamba, K.D.; Nachman, M.W. The demographic history of house mice (Mus musculus domesticus) in eastern North America.
G3 2023, 13, jkac332.

Fujiwara, K.; Kubo, S.; Endo, T.; Takada, T.; Shiroishi, T.; Suzuki, H.; Osada, N. Inference of selective forces on house mouse
genomes during secondary contact in East Asia. Genome Res. 2024, 34, 366-375.

Bibb, M.].; Van Etten, R.A.; Wright, C.T.; Walberg, M.W.; Clayton, D.A. Sequence and gene organization of mouse mitochondrial
DNA. Cell 1981, 26, 167-180.

Hall, T.A. BioEdit: A user-friendly biological sequence alignment editor and analysis program for Windows 97/98/NT. Nucleic
Acids Symp. Ser. 1999, 41, 95-98.

Librado, P.; Rozas, J. DnaSP v5: A software for comprehensive analysis of DNA polymorphism data. Bioinformatics 2009, 25,
1451-1452.

Huelsenbeck, J.P.; Crandall, K.A. Phylogeny estimation and hypothesis testing using maximum likelihood. Ann. Rev. Ecol. Syst.
1997, 28, 437-466.

Minh, B.Q.; Schmidt, H.A.; Chernomor, O.; Schrempf, D.; Woodhams, M.D.; Von Haeseler, A.; Lanfear, R. IQ-TREE 2: New
models and efficient methods for phylogenetic inference in the genomic era. Mol. Biol. Evol. 2020, 37, 1530-1534.
Kalyaanamoorthy, S.; Minh, B.Q.; Wong, T.K.; Von Haeseler, A.; Jermiin, L.S. ModelFinder: Fast model selection for accurate
phylogenetic estimates. Nat. Meth. 2017, 14, 587-589.

Hoang, D.T.; Chernomor, O.; Von Haeseler, A; Minh, B.Q.; Vinh, L.S. UFBoot2: Improving the ultrafast bootstrap
approximation. Mol. Biol. Evol. 2018, 35, 518-522.

Butel, P. The Atlantic; Routledge: New York, NY, USA, 1999.

Buisseret, D. (Ed.) The Oxford Companion to World Exploration; Oxford University Press: New York, NY, USA, 2007.
Kupperman, K.O. The Atlantic in World History; Oxford University Press: New York, NY, USA, 2012.



Genes 2024, 15, 1645 16 of 18

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Bonhomme, F.; Orth, A.; Cucchi, T.; Rajabi-Maham, H.; Catalan, J.; Boursot, P.; Auffray, J.-C.; Britton-Davidian, J. Genetic
differentiation of the house mouse around the Mediterranean basin: Matrilineal footprints of early and late colonization. Proc.
R. Soc. B 2011, 278, 1034-1043.

Dytham, C. Choosing and Using Statistics: A Biologist’s Guide; Blackwell: Oxford, UK, 1999.

Jones, E.P.; Jéhannesdoéttir, F.; Giindiiz, 1.; Richards, M.B.; Searle, J.B. The expansion of the house mouse into north-western
Europe. J. Zool. 2011, 283, 257-268.

Gyllensten, U.; Wilson, A.C. Interspecific mitochondrial DNA transfer and the colonization of Scandinavia by mice. Genet. Res.
1987, 49, 25-29.

Jaarola, M.; Tegelstrom, H.; Fredga, K. Colonization history in Fennoscandian rodents. Biol. ]. Linn. Soc. 1999, 68, 113-127.
Jones, E.P.; van der Kooji, J.; Solheim, R.; Searle, J.B. Norwegian house mice (Mus musculus musculus/domesticus): Distributions,
routes of colonization and patterns of hybridization. Mol. Ecol. 2010, 19, 5252-5264.

Rando, ].C.; Pieper, H.; Alcover, J.A. Radiocarbon evidence for the presence of mice on Madeira Island (North Atlantic) one
millennium ago. Proc. R. Soc. B 2014, 281, 20133126.

Raposeiro, P.M.; Hernandez, A.; Pla-Rabes, S.; Gongalves, V.; Bao, R.; Sdez, A.; Shanahan, T.; Benavente, M.; de Boer, E.J;
Richter, N.; et al. Climate change facilitated the early colonization of the Azores Archipelago during medieval times. Proc. Natl.
Acad. Sci. USA 2021, 118, €2108236118.

Taylor, A. Colonial America: A Very Short Introduction; Oxford University Press: Oxford, UK, 2013.

Roberts, D.F. The demography of Tristan da Cunha. Pop. Stud. 1971, 25, 465-479.

Beintema, A.]. The Remotest Island: Solving the Riddle of the Flightless Moorhen of Tristan da Cunha; New Generation Publishing:
London, UK, 2022.

Christopher, A.J. Colonial Africa; Routledge: London, UK, 1984.

van der Linden, M. The Acquisition of Africa (1870-1914): The Nature of International Law; Brill: Boston, MA, USA, 2016.
Linnenbrink, M.; Wang, J.; Hardouin, E.A.; Kiinzel, S.; Metzler, D.; Baines, ].F. The role of biogeography in shaping diversity of
the intestinal microbiota in house mice. Mol. Ecol. 2013, 22, 1904-1916.

Gray, M.M.; Wegmann, D.; Haasl, R.J.; White, M.A.; Gabriel, S.I; Searle, ].B.; Cuthbert, R.J.; Ryan, P.G.; Payseur, B.A.
Demographic history of a recent invasion of house mice on the isolated Island of Gough. Mol. Ecol. 2014, 23, 1923-1939.
Lippens, C.; Estoup, A.; Himal, M.K; Loiseau, A.; Tatard, C.; Dalecky, A.; B4, K.; Kane, M.; Diallo, M.; Sow, A.; et al. Genetic
structure and invasion history of the house mouse (Mus musculus domesticus) in Senegal, West Africa: A legacy of colonial and
contemporary times. Heredity 2017, 119, 64-75.

Morgan, A.P.; Hughes, ].J.; Didion, J.P.; Jolley, W.].; Campbell, K.J.; Threadgill, D.W.; Bonhomme, F.; Searle, ].B.; de Villena,
F.P.M. Population structure and inbreeding in wild house mice (Mus musculus) at different geographic scales. Heredity 2022,
129, 183-194.

Lockhart, J.; Schwartz, S.B. Early Latin America: A History of Colonial Spanish America and Brazil; Cambridge University Press:
Cambridge, UK, 1983.

Burkholder, M.A.; Johnson, L.L. Colonial Latin America, 10th ed.; Oxford University Press: New York, NY, USA, 2018.

Garcia, A.C. New ports of the New World: Angra, Funchal, Port Royal and Bridgetown. Int. |. Marit. Hist. 2017, 29, 155-174.
Adler, G.H,; Levins, R. The island syndrome in rodent populations. Quart. Rev. Biol. 1994, 69, 473-490.

Russell, J.C; Ringler, D.; Trombini, A.; Le Corre, M. The island syndrome and population dynamics of introduced rats. Oecologia
2011, 167, 667-676.

Gabriel, S.I; Stevens, M.I.; Mathias, M.D.; Searle, ].B. Of mice and aonvictse Origin of the Australian house mouse, Mus
musculus. PLoS ONE 2011, 6, €28622.

MacKay, J.W.; Alexander, A.; Hauber, M.E.; Murphy, E.C.; Clout, M.N. Does genetic variation among invasive house mice in
New Zealand affect eradication success? N. Z. J. Ecol. 2013, 37, 18-25.

King, C.M. How genetics, history and geography limit potential explanations of invasions by house mice Mus musculus in New
Zealand. Biol. Invasions 2016, 18, 1533-1550.

King, C.; Alexander, A.; Chubb, T.; Cursons, R.; MacKay, ]J.; McCormick, H.; Murphy, E.; Veale, A.; Zhang, H. What can the
geographic distribution of mtDNA haplotypes tell us about the invasion of New Zealand by house mice Mus musculus? Biol.
Invasions 2016, 18, 1551-1565.

Veale, A.].; Russell, ].C.; King, C.M. The genomic ancestry, landscape genetics and invasion history of introduced mice in New
Zealand. R. Soc. Open Sci. 2018, 5, 170879.



Genes 2024, 15, 1645 17 of 18

85.

86.

87.

88.

89.

90.

91.
92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Duncan, B.].; Koenders, A.; Burnham, Q.; Lohr, M.T. Mus musculus populations in Western Australia lack VKORC1 mutations
conferring resistance to first generation anticoagulant rodenticides: Implications for conservation and biosecurity. PLoS ONE
2020, 15, e0236234.

King, C.; Veale, A. New light on the introduction of ship-borne commensal rats and mice in Aotearoa New Zealand, 1790s-
1830s. Int. Rev. Envir. Hist. 2022, 8, 75-102.

Clifford, M. The Falkland Islands and their dependencies. Geog. J. 1955, 121, 405-415.

Gustafson, L.S. The Sovereignty Dispute over the Falkland (Malvinas) Islands; Oxford University Press: New York, NY, USA, 1988.
Wace, N.M.; Holdgate, M.W. Man and Nature in the Tristan da Cunha Islands; IUCN monograph no. 6; International Union for
Conservation of Nature and Natural Resources: Morges, Switzerland, 1976.

Ljung, K; Bjorck, S.; Hammarlund, D.; Barnekow, L. Late Holocene multi-proxy records of environmental change on the South
Atlantic island Tristan da Cunha. Palaeogeog. Palaeoclimat. Palaeoecol. 2006, 241, 539-560.

Logan, F.D. The Vikings in History, 3rd ed.; Routledge: New York, NY, USA.

Macgregor, L. The Norse Settlement of Shetland and Faroe, c. 800—c. 1500: A Comparative Study. Ph.D. Thesis, University of St
Andrews, St Andrews, UK, 1987.

Ebenesersdéttir, S.S.; Sandoval-Velasco, M.; Gunnarsdéttir, E.D.; Jagadeesan, A.; Gudmundsdéttir, V.B.; Thordardéttir, E.L.;
Einarsdéttir, M.S.; Moore, K.H.S.; Sigurdsson, A.; Magnusdéttir, D.N.; et al. Ancient genomes from Iceland reveal the making
of a human population. Science 2018, 360, 1028-1032.

Plomp, K.A.; Gestsdottir, H.; Dobney, K.; Price, N.; Collard, M. The composition of the founding population of Iceland: A new
perspective from 3D analyses of basicranial shape. PLoS ONE 2021, 16, e0246059.

Joéhannesson, G.T. The History of Iceland; Greenwood: Santa Barbara, CA, USA, 2013.

Jahan, N.A.; Lindsey, L.L.; Larsen, P.A. The role of peridomestic rodents as reservoirs for zoonotic foodborne pathogens. Vector-
Borne Zoonotic Dis. 2021, 21, 133-148.

Li, J; Huang, E.; Wu, Y.; Zhu, C.; Li, W.; Ai, L.; Xie, Q,; Tian, Z.; Zhong, W.; Sun, G.; et al. Population structure, dispersion
patterns and genetic diversity of two major invasive and commensal zoonotic disease hosts (Raftus norvegicus and Rattus
tanezumi) from the southeastern coast of China. Front. Genet. 2024, 14, 1174584.

Searle, J.B.; Jones, C.S.; Giindiiz, I.; Scascitelli, M.; Jones, E.P.; Herman, J.S.; Rambau, R.V.; Noble, L.R.; Berry, R.J.; Giménez,
M.D.; Jéhannesdéttir, F. Of mice and (Viking?) men: phylogeography of British and Irish house mice. Proc. R. Soc. B 2009, 276,
201-207.

Martinkova, N.; Searle, ].B. Amplification success rate of DNA from museum skin collections: a case study of stoats from 18
museums. Mol. Ecol. Notes 2006, 6, 1014-1017.

Belheouane, M.; Vallier, M.; (Vlepic', A.; Chung, CJ.; Ibrahim, S.; Baines, ].F. Assessing similarities and disparities in the skin
microbiota between wild and laboratory populations of house mice. ISME . 2020, 14, 2367-2380.

Giindiiz, 1; Auffray, J.-C.; Britton-Davidian, J.; Catalan, J.; Ganem, G.; Ramalhinho, M.G.; Mathias, M.L.; Searle, J.B. Molecular
studies on the colonization of the Madeiran archipelago by house mice. Mol. Ecol. 2001, 10, 2023-2029.

Giindiiz, 1.; Tez, C.; Malikov, V.; Vaziri, A.; Polyakov, A.V.; Searle, ].B. Mitochondrial DNA and chromosomal studies of wild
mice (Mus) from Turkey and Iran. Heredity 2000, 84, 458—467.

Hauffe, H.C.; Panithanarak, T.; Dallas, J.F.; Pidlek, J.; Guindiiz, I.; Searle, J.B. The tobacco mouse and its relatives: a “tail” of coat
colors, chromosomes, hybridization and speciation. Cytogenet. Genome Res. 2004, 105, 395-405.

Ihle, S.; Ravaoarimanana, I.; Thomas, M.; Tautz, D. An analysis of signatures of selective sweeps in natural populations of the
house mouse. Mol. Biol. Evol. 2006, 23, 790-797.

Jones, E.P.; Searle, ].B. Differing Y chromosome versus mitochondrial DNA ancestry, phylogeography, and introgression in the
house mouse. Biol. . Linn. Soc. 2015, 115, 348-361.

Nachman, M.W.; Boyer, S.N.; Searle, ].B.; Aquadro, C.F. Mitochondrial DNA variation and the evolution of Robertsonian
chromosomal races of house mice, Mus domesticus. Genetics 1994, 136, 1105-1120.

Rajabi-Maham, H.A.; Orth, A.; Bonhomme, F. Phylogeography and postglacial expansion of Mus musculus domesticus inferred
from mitochondrial DNA coalescent, from Iran to Europe. Mol. Ecol. 2008, 17, 627-641.

Renaud, S.; Ledevin, R.; Pisanu, B.; Chapuis, J.L.; Quillfeldt, P.; Hardouin, E.A. Divergent in shape and convergent in function:
adaptive evolution of the mandible in Sub-Antarctic mice. Evolution 2018, 72, 878-892.

Sage, R.D.; Prager, E.M.; Tichy, H.; Wilson, A.C. Mitochondrial DNA variation in house mice, Mus domesticus (Rutty). Biol. ].
Linn. Soc. 1990, 41, 105-123.



Genes 2024, 15, 1645 18 of 18

110. Storz, J.F.; Baze, M.; Waite, ].L.; Hoffmann, F.G.; Opazo, ].C.; Hayes, ].P. Complex signatures of selection and gene conversion
in the duplicated globin genes of house mice. Genetics 2007, 177, 481-500.

111. Suzuki, H.; Nunome, M.; Kinoshita, G.; Aplin, K.P.; Vogel, P.; Kryukov, A.P.; Jin, M.L.; Han, S.H.; Maryanto, I; Tsuchiya, K,;
Ikeda, H. Evolutionary and dispersal history of Eurasian house mice Mus musculus clarified by more extensive geographic
sampling of mitochondrial DNA. Heredity 2013, 111, 375-390.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



