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ABSTRACT: Species ranges within the Eurasian North Polar Basin are investigated on the
base of Russian collections and reliable literature data. It was shown that the real pattern of
species distribution cannot be explained by the direct influence of abiotic factors. Species
can be very abundant up to the boundary of their species range and totally absent in
neighboring regions with very similar or the same conditions. Biogeographic boundaries
can be situated in places without any sharp changes in abiotic conditions. Boundaries of
biogeographic regions and species ranges can be stable for a century despite climatic
changes. It is proposed to explain these phenomena by existence of large-scale ecosystems
(bioms sensu Clements). It is proposed to split the Eurasian North Polar Basin into several
biogeographic regions (= area of bioms).
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Introduction

Some species have wide ranges, some
narrow. Areas of “crowing” of boundaries of
species ranges are the biogeographic boundaries
as there the distinct change in species
composition occurs. There are two main
hypotheses on the nature of boundaries of species
ranges.

1. Limits of species ranges are determined
primarily by the ability of species to survive in
different abiotic conditions (Hengeveld, 1992;
Brown, Lomolino, 1998). This idea has several
circumstances which help to verify it: (1) spe-
cies become more sparsely distributed and less
common near the boundary of its range; (2)
sharpness of biogeoraphic boundaries depends
upon gradients of abiotic conditions, i.e. bound-
aries of species ranges are more dense in areas
with sharp gradients and sparse or absent in
areas without sharp gradients.

Upon first glance, biogeographic data con-
firm suchapoint of view: biogeographic bound-
aries usually coincide with climatic barriers
(Brown, Lomolino, 1998). Briggs (1995) did
notdraw a biogeographic boundary between the
North and Norwegian Seas, and included an
area between the English Channel and the Ru-
bachij Peninsula in the Eastern Atlantic Boreal
Region. According to him there are no sharp
biotic changes within the region, which is in
agreement with data on temperature and salinity
(Brattegard, Holthe, 1995).

2. Limits of species ranges are determined
by the biomes of which they are part. Biomes are
large scale ecosystems like prairies (Clements,
1916; Clements; Shelford, 1939; Razumovsky,
1999), they include as parts biocenoses sensu
Mobius or ecosystems sensu Tensly. Longhurst
(1998) used this term for biogeographic re-
gions. Thisidea has several circumstances which
help to verify it: (1) a species does not necessar-
ily become more sparsely distributed and less
common near the boundary of its range; (2)
biogeographic boundaries should be very sharp
and do not necessarily coincide with places of
sharp gradients of abiotic factors.

This study has to aims (1) to investigate
large-scale patterns in species distribution, and
their correspondence between regions of sharp
abiotic and biotic changes; (2) to propose sub-
division of the North Polar Basin on the basis of
species ranges.

Material

The present study is based on large Russian
collections deposited in:

Department of Hydrobiology, Moscow State
University, Russia;

Shirshov Oceanological Institute, Moscow,
Russia;

Zoological Institute in St-Petersburg, Rus-
sia;

Zoological Museum of Moscow State Uni-
versity, Russia.

All the species distribution data from the
above collections has been entered into a data-
base. At the present time the database contains
16723 findings of 388 species. Ordinary species
contain up to 964 points (Nothria hyperborea),
whilst scarce species have only one or a few.
Literature records, which include many incor-
rect identifications, were not used with the ex-
ceptions of Holthe (1986) and Kucheruk (1985).
Further details of material examined and maps
of ranges for all species can be found in Jirkov
(2001).

For Decapoda unpublished data from the
Ph.D. dissertation of V.I. Sokolov have been
used. These data include all Decapoda species
from the above mentioned collections.

The information on polychaetous distribu-
tion in British waters comes from the database
of Marine Ecological Surveys Ltd., UK, I have
had the chance to verify the identification of
these records.

We limit our paper Eurasian North Polar
Basin only, despite biogeography of the Amer-
ican part of the North Polar Basin should be very
similar. However published data on Polychaeta
distribution within this area almost completely
absent. Collections investigated almost have no
material from this region as well.
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Methods

Atthe present time there are a lot of methods
for analyzing electronic datasets (cluster analy-
sis, parsimony, analysis of endemicity, multidi-
mensional and others). These methods group
already selected and delimited regions, and these
limitations of regions always should be done
before applying them. In the simplest cases data
is stored by stations used, but investigated data
in museums are stored by species, and there are
no lists of species by stations. Such a list cannot
be prepared from our database as we cannot be
sure that the whole sample has been stored,
sometimes it is obvious that it is not the case.
Further samples have been collected by very
different sampling methods and such data can-
not be compared. And above no one program is
powerful enough to manage several thousands
of samples. The usual way to make data avail-
able to program is to prepare a species list for
selected localities or for areas limited by grid, or
by any other artificial (to biological data) way,
but it is not possible as for the first step we
should be sure that area within such grid is
uniform. In trying to do this we will meet the
problems mentioned above plus the usual lack
of data. For example for more than a century in
the most sampled area, the Barents Sea, less
than 1 sample per each 100 sq. km has been
collected (in collections available).

Also all methods group regions by their
similarity. In large scales the more similar com-
munities of certain sediment will be (parallel
communities in Petersen sense). Biome includes
different communities (muddy, sandy and so
on) connected in succession so parts of different
biomes can be grouped instead of the whole
unity. So appears a problem of biogeographical
interpretation of the obtained results, as the
method does not permit us to distinguish bio-
geographical borders and those of communities
(stages of successions).

It was possible to use such methods for the
regions we got, but their numbers were so small
that there was no real necessity to do it.

Investigation of species ranges was made in
several iterations:

(1) preparation of maps of species range of
each species using PanMap (Diepenbroek et al.,
2000);

(2) traditional typification of species ranges:
“Typification is replacing an area of occupancy
by an area of occurrence, using our knowledge
about distribution of species with the most sim-
ilar species ranges” (Nesis, 1985: 53). As differ-
ent species can be members of different commu-
nities within the same biome, their species rang-
es can be slightly different and instead of a
single boundary give zone of “crowding” bound-
aries of species ranges. A boundary common to
all of them (= boundary of biome or biogeo-
graphic boundary) was drawn along outer edge
ofthe crowding zone. Areas of different biomes
should be complementary.

Results and Discussion

Distribution of single species

Nothria hyperborea (Fig. 1) is widely dis-
tributed along Pacific coasts, from Japan and
Californianorthwards, at shelfand slope depths.
It is very common in the North Polar Basin,
including the Norwegian shelfand slope, where
sometimes it is the most abundant species of all
Polychaeta and even of all macrobenthic taxa.
At the southern extremity of its range in the
North Atlantic, N. iyperborea is common, butis
totally absent from the North Sea. Many poly-
chaete species in families studied to date have
similar distributions even though the same pat-
tern is displayed by different families with dif-
ferent feeding and reproductive cycles and dif-
ferent substrate preferences so such distribution
patterns cannot be explained by similarity in
biology.

An even more striking example is the spe-
cies range of Pectinaria granulata (Fig. 2). The
species was described by Linnaeus in 1767 from
Northern Europe. This is a shallow water spe-
cies inhabiting depths usually less then 50 m.
Pectinaria granulata is very common in the
North Pacific to the north of Washington State
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Figure 1. Nothria hyperborea species range.

Closed circles — specimen records from this study; open circles — data from Kucheruk (1985) and his pers.
comm. On this and the following maps not all of the mapped samples can be found on the map because one
sign may match several samples as they have been collected close together (or even at the same place) and
can not be shown as separate signs.

Puc. 1. Apean Nothria hyperborea.

3anuThle KPYKKH — N3y4eHHBII MaTepra, He3aauTbie — aanHble Kydepyka (1985, m HeonyOImKoBaHHBIE).
Ha 3T0i1 1 cieayromux Kaprax He BCe HaXOJKH MOT'YT OBbITb Ha#/ICHBI, IIOCKOJIBKY OJHH 3HAYOK MOXKET
COOTBETCTBOBATH HECKOJIBLKUM IpobaM, eciii OHU ObUTH COOpaHbl BOJIU3M APYT OT jApyra (WIn Jaxe B TOM
K€ MECTE) ¥ OHH HE MOT'YT OBbITh [I0TOMY I10Ka3aHbI OT/CIbHBIMU 3HAUYKAMH.

s

Figure 2. Species range of Pectinaria granulata.

Filled circles— samples with worms, outlined circles — subfossil tubes

Puc. 2. Apean Pectinaria granulata.

3anuTeie Kpy>KKA — MPOOBI C YepBIMH, He3aIUThIe — cyO(OCCHITbHBIE TPYOKH

and Japan. At some locations it is even a dom-  except the Chuckchi Sea and is also absent in
inantmember of the macrobenthos. In European  European waters from Norwegian waters and
waters it is very common and abundant in the further to the south (Holthe 1986). Among pec-
Barents Sea along Russian coasts of Scandina-  tinariids Pectinaria granulata is easily recog-
via. It is completely absent from Siberian seas nized, even by untrained workers, therefore,
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since no marine scientist for more than two
centuries has collected the species outside this
small area, we can have confidence that this
distribution is correct. We are not aware of any
abiotic factor or combination of factors which
can explain such a distribution. Though there is
no special investigation of the biology of Pecti-
naria granulata, all pectinariids have long lived
planctonic larvae, however it does not help this
species to disperse.

The examples provided show that species do
not become more sparsely distributed and less
common near the boundary of its range and
boundaries of their ranges do not coincide with
regions of sharp gradients of abiotic factors.

Sharpness of boundaries

This supposition was tested using material
from the Barents Sea. Biogeographic subdivi-
sion of the Sea has been debated in the literature
(Derjugin, 1915; Shorygin, 1928; Ekman, 1935,
1953; Gurjanova, 1951, 1957; Filatova, 1957,
Zenkevitch, 1963; Golikov, 1963, 1980; Briggs,
1974; Nesis, 1982; Herman, 1989; Jirkov, in
prep.). According to the most popular view on
biogeography of the Barents Sea, the border
between arctic and boreal regions is soft, its
position changes according to climatic changes,
with the distribution of arctic and boreal species
overlapping.

Figure 3, incorporating all polychaete data,
shows that this is not the case. According to
Clements-Razumovskyi theory if we add other
species nothing should change. Figure 4, show-
ing all previous finds of Polychaeta species plus
Decapoda, additional data verify the previous
pattern.

Maps show that the real data on the distribu-
tion of arctic and boreal species support the
concept of biomes. Arctic and boreal species
belong to different biomes and have a common
boundary and their ranges are complementary.
The data used were obtained for the whole 20™
century.. For this period the intensity of the
North Atlantic current inflow in the Barents Sea
fluctuated considerably following climatic
changes. If the boundary reflected these fluctu-
ations of abiotic factors instead of a sharp bor-

der we would have amore or less wide band. But
it is not the case. Therefore, the location of
biomes boundaries are more stable than the
climate, at least within a century interval.

Subdivision of the North Polar Basin

The North Polar Basin has been a permanent
subject of biogeographical interest since the
first bigeographic schemes. One of the first
schemes was published by Milne Edwards in
1837. He separated two regions in the Ocean:
Celtic and Scandinavian. However real biogeo-
graphic subdivision of the Ocean begin in 1853.
In this year two schemes were published by
Dana (1853) and Schmarda (1853). All of them
independently add to Milne Edwards scheme of
the Arctic region. The most important maps
have since been published mainly by Russian
scientists Deryugin (1915), Shorigin (1928),
Gurjanova (1951), Filatova (1957), Zenkevitch
(1947), Golikov (1963, 1980), Nesis (1982),
subdivision of the North Polar Basin also was
givenby Ekman (1953) and Briggs (1974, 1995).
Three published papers have been based exclu-
sively on Polychaeta distribution (Jirkov, Miro-
nov, 1985; Jirkov, 2001, 2010).

Authors of earlier schemes have only spo-
radic data on species distribution, so they drew
biogeographic boundaries using mainly abiotic
conditions, especially temperature and ice re-
gimes. For example, the previously mentioned
James D. Dana (1853) drew Arctic-Boreal boun-
dary using an isocrime (line of mean tempe-
rature of the coldest month) equal to 44°F
(6,3°C). Only in last half of XX century did
schemes become based on species distributions.

Using the method described above we iden-
tified several types of species ranges.

Endemics of the North Polar Basin

Deep high arctic (Fig. 5). There very few
species with this type of distribution. However
it is quite real and well delimited, as species
within its species ranges are very abundant.
Melinnopsis arctica, Hyalopomatus clapare-
dii, Protis arctica, Paradiopatrapauli and Chau-
vinelia arctica have this type of distribution.
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Species with this type of distribution inhabit
deep parts of the Arctic Ocean, with one very
important exception: they are absent for the
most part of the Nowegian Sea. Also they are
absent west to Greenland. Species can be found
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Figure 3. Boundary between arctic
(circle) and boreal (triangle)
biomes based upon Polychaeta.
1000-m and 300-m isobathes are
shown

Arctic (including arctic-pacific)
polychaetous species: Ampharete
borealis, Amphicteis sundevalli,
Axionice flexuosa, Branchiomma
arctica, Clymenura polaris, La-
nassa nordenkioeldi, Leaena
ebranchiata, Lysippe labiata.
Oweniapolaris. Boreal polychae-
tous species: Amphitrite grayi,
Aphrodita aculeata, Eunice pen-
nata, Filograna implexa, Gonia-
damaculata, G. norvegica, Hyali-
noecia tubicola, Laetmonice fili-
formis, L. uschakovi, Neoleanira
tetragona, Nephtys hystricis,
Owenia borealis, Paradiopatraa
fjordica, P. quadricuspis, Pecti-
naria auricoma.

Puc. 3. I'pannna Mexy apkTH-
YeCKUM (KPYKKH) U O0peaTbHBIM
(TpeyTroNbHUKH ) IEHOTHYECKUMHU
CHCTeMaMH, OCHOBaHHas Ha pac-
npoctpanenun Polychaeta. Ilo-
kazaubsl m300aTe1 1000 M1 300 M.

Figure 4. Data for Figure 4 plus
Decapoda.

Arctic Decapoda species: Sabinea
septemcarinata, Spirontocaris
phippsii, Scletrocrangon ferox, S.
boreas.Boreal Decapoda species:
Hyas coarctatus, Lithodes maja,
Pandalus montagui, Sabinea
sarsi, Spirontocaris lilljeborgi.
Puc. 4. To e, HO JaHHBIE TOITOJI-
Henbl Decapoda.

on the shelf up to very shallow depth, but only
near deep water. This is another good example
of a distribution which can not be explained by
abiotic conditions as they are the same in the
deep Polar Basin, the Greenland Sea and in the
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Figure 5. Species range of deep high
arctic species. 500-m isobath is shown.
Puc. 5. Apean riry00KOBOTHBIX BBICOKO-
apkTuyeckux BunoB. [lokazana 500-m
n3obara.

Figure 6. Species range of deep panarctic
species.

Puc. 6. Pactipoctpanenue riry0oKoBoI-
HBIX AHAPKTHYECKUX BUJIOB.

Figure 7. Species range of eurybathic
panarctic species.

Puc. 7. PacmpocTpaHeHnue 3BpuOATHBIX
MMaHAPKTUYECKUX BHUIO0B.

Figure 8. Species range of shelf panarctic
species.

Puc. 8. Pacnpoctpanenue menboBbIx
MaHAPKTHYCCKUX BUJIOB.

(

Norwegian Sea. Some Macellicephalinae s.lato Deep panarctic (Fig. 6). This type differs
probably have this type of distribution,however  from the previous range by occurring in the
their species ranges too poorly known. whole Norwegian sea and west to Greenland,
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some species were found near Labrador and
Newfoundland in the cold water. Examples:
Nereis gracilis, Laonice blakei, Brada tzetlini,
Polyphysia baffinensis, Grubianella klugei, Jas-
mineira schaudinni, Potamethus malmgreni,
Phyllochaetopterus bhaudi, probably some Ma-
cellicephalinae s.lato.

Eurybathic panarctic (Fig. 7). This type
differs from previous ranges by penetrating deep
into shelf regions. However this does not mean
that these species are shallow water. The shelfin
the North Polar Basin is rather deep, deeper then
inmost ofthe Ocean. For example in the Barents
Sea the shelf has up to 600 m depth. Some (very
few) species penetrate into the deep part of the
North Sea. Examples: Amage auricla, Amphict-
eis ninonae, Anobothrus laubieri, Maldane arc-
tica, Nicomache quadrispinata, Polycirrus arcti-
cus, Protula globifera, Pseudoscalibregma par-
vum, probably some Macellicephalinae s.lato.

Shelf panarctic (Fig. 8). Species with this
type of distribution inhabit all shelves of the
North Polar Basin, except Scandinavian and
shelf of the east Greenland Sea which are influ-

enced by the warm North Atlantic Current.
Outside the North Polar Basin these species can
be found along coast of Greenland and North
America approximately south to Newfound-
land. On the slope these species can be found in
the Norwegian Sea only. Examples: Ampharete
borealis, A. vega, Amphicteis sundevalli, Bispi-
ra crassicornis, Brada incrustata, B. rugosa, B.
strelzovi, Branchiomma arctica, Bushiella ko-
fiadii, Clymenura polaris, Euchone papillosa,
Marenzelleria arctia, M. wireni, Micronephthys
minuta, Owenia polaris, Paranaitis wahlbergi,
Pterocirrus slastnikovi, Scalibregma robusta,
Scolelepis burkovskii, Spio theeli.

The following types of distribution are usu-
ally called boreal species. However their distri-
bution within the North Polar Basin differs so
significantly that they should be separated at
least in three types.

Species penetraiting into the North Polar
Basin from the Atlantic

Some of these species are found in Pacific as
well, but not in the Chuckchee Sea. To slightly
simplify this group can be split into four groups.

Figure 9. Species range of shelf atlantic
boreal species.

Puc. 9. Pacnpoctpanenue arinanTuydec-
KX OOpeanbHBIX BUIOB.

Figure 10. Species range of shelfatlantic
wide boreal species.

Puc. 10. Pacnpoctpanenue artiaH-
TUYECKUX MIUPOKO 60peaanblx BHI0B.
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Low boreal. All species with this type of
distribution only slightly penetrate into the North
Polar Basin, the main part of their species rang-
es lies outside it. As is the case with boreal
species this type should be split into shallow
water and shelf species, however the material at
hand does not allow us to do it. Examples:
Nothria africana, Laonice bahusiensis, Petta
pusilla, Lysippides fragilis, Eclysippe vanelli,
Lanice conchilega.

Shelf Atlantic boreal (Fig. 9). Species with
this type of distribution inhabit the shelf and
upper slope ofthe east Norwegian and Greenland
Seas and the south-west corner of the Barents
Sea. Examples: Amphitrite grayi, Aphrodita
aculeata, Filograna implexa, Goniada macu-
lata, G. norvegica, Hyalinoecia tubicola, Hyd-
roides norvegica, Laetmonice filicornis, L.
uschakovi, Neoleanira tetragona, Nephtys hys-
tricis, Owenia borealis, Paradiopatra fjordica,
P. quadricuspis, Pectinaria auricoma.

1
v

Shelf Atlantic wide boreal (Fig. 10).
Penetrate in the North Polar Basin distinctly
further to the East, up to the Kara Sea, than the
previous group. Mapped: Amphitrite groen-
landica, Asychis biceps, Hydroides noregica,
Nephtys longosetosa, Nereis pelagica, Sosane
wireni, Pista bansei, Polyphysia crassa.

There is a high probability that these two
groups include pure shelf, slope and eurybath
species. However within the North Polar Basin
their species ranges are very similar, and differ
almost exclusively to Atlantic parts. As we have
no material from the North Atlantic we can not
split them. However for the purposes of biogeo-
graphic subdivision of the North Polar Basin it
does not matter how theirs ranges differ in the
North Atlantic.

Shallow water boreal. Species with this
type of distribution within the Atlantic sector
can be found almost exclusively between the
shore and tidal front (Longhurst, 1998) along

;
y
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Figure 11. Biogeographic subdivision of the Eurasian North Polar Basin based upon polychaetous species
ranges.

Provinces: 1 — Low boreal; 2 — Scandinavian shallow-water; 3 — Norwegian shelf; 4 — Barentz Sea transitional west;
5 — Barentz Sea transitional east; 6 — North Polar shelf;7 — North Polar lower sublittoral-upper-bathyal; 8 —
Norwegian deep; 9 — Deep North Polar; 10 — Chuckchi shelf, 11 — Lusitanian.

Puc. 11. Buoreorpapuueckoe paiionupoBanne Epasuiickoii wactu CeeprHoro JleqoBuTtoro okeasa,
OCHOBAaHHOE€ Ha BUJIOBBIX ap€ajiaX MMOJIUXET.

Iposunnuu: 1 — HuskobopeanpHas; 2 — CkaHauHAaBCKas MenkoBoaHas; 3 — Hopsexckas menbdopas,
IputuxookeaHckas; 4 — bapeHeBOMOpCKasi IIEpeXo/Hast 3aaaHas; 5 — bapHerieBoMopcKast epexoaHast BOCTOUHas;
6 — Ceseponomspras menbhosas; 7 — CeBepononsipHas HIDKHecyOnuTopanbHas-OaTnambHas; 8 — Hopsexckas
riy6okxoBonHast; 9 — CeepomnomsipHas riryookoBoaHast; 10 — Uykorckoro menbda, 11 — Jly3uranckas.
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the Scandinavian coasts, some also in the White
Sea. Shallow Scandinavian region subdivides
into at least three subregions: Norwegian, Mur-
man and the White Sea. Species range of Pecti-
naria granulata (Fig. 2) is indicator of Murman
Subregion. Examples: many Phyllodocidae and
Spirorbidae, Alitta virens, Amphitrite figulus,
Baffinia hesslei, Branchiomaldane labradoren-
sis, Fabricia and other small Fabriciinae (Fab-
ricia, Manayunkia), Micronephthys neotena,
Pectinaria granulata, P. koreni, Pomatoceros
triquiter.

Species penetraiting into the North Polar
Basin from the Pacific

Shelf Pacific. Within the North Polar Basin
species with this type of distribution inhabit the
Chuckchi Sea. Examples: Glycinde wireni,
Nephtys rickettsi, Ampharete sibirica.

Boundaries of these types of distribution are
biogeographic boundaries, splitting the North
Polar Basin into biomes (Figure 11). We consider
these biomes as biogeographic provinces by
analogy to data obtained by investigation of
plantbiogeography: “Province is the basic bota-
nic-geographic unit, its floristic monolithic
nature extremely high. While smaller subdivisi-
ons differ by several tens of species, provinces
differ by hundreds” (Razumovsky, 1999: 63).
The real picture is more complicated and cannot
be shown by such a small map. A detailed map
of biogeographic provinces of the Barents Sea
will be published soon (Jirkov, in preparation).

As individual species usually are members
of several biomes, an individual species range
usually is the combination of these areas. Even
some of the types of distribution described above
are a combination of biome areas. For example,
the species ranges of deep high arctic species
are equal to area of the deep North Polar Pro-
vince. The species ranges of deep panarctic
species are equal to the area of the deep North
Polar Province plus the area of the deep Norwe-
gian Province. And finally, the species ranges of
the eurybathic panarctic species are equal to the
area of the deep North Polar, deep Norwegian
and bathyal North Polar Provinces.

Sothereal number of the types of distribution
are more numerous, but all of them are combi-
nations of neighboring biogeographic regions.
The only exception is the so called amphi-
boreal type of distribution, which includes the
shelf Pacific and boreal Atlantic region(s). In
any case boundaries of species ranges are the
boundaries between Provinces.

Additionally, some species can be found
along the biogeographic boundaries, while not
being a member of any biomes separated by this
boundary. For example, some shelf panarctic
species can be found at the boundary separating
Norwegian deep and Norwegian shelf Provinces
and are not found within any of these Provinces.
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