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Abstract: The paper contains a zoogeographical analysis of the ranges of 177 moss mite
species from the Poznan region. The following groups of species have been distinguished:
European, Palaearctic, temperate-Holarctic, Holarctic, subbipolar, Holaretic-subtropical,
temperate-Holarctic-tropical and semi-cosmopolitan. The paper is concerned with the per-
centage share of particular range groups in the composition of the moss mite fauna of the
Poznaii region, the interrelations between the ecological and geographical elements, the effect
of humidity of the macroclimate on the distribution of the species under study, the dependence
of the size of ranges of particular species upon their humidity requirements, and some problems
of the historical zoogeography. On the basis of palaeontological materials and, above all, the
structure of the present-day ranges an attempt was made to determine the period in which
a given range was formed and, consequently, to establish the minimum absolute age of the
species. Palaeogene, Neogene, and Quaternary species were distinguished. The postglacial
history of the formation of the moss mite fauna in the Poznan region was also analysed. The
species were classified in groups according to the time of their arrival in the study area. Pro-
bable changes that took place in the fauna in the Older and Younger Dryas and in the Sub-
boreal and Subatlantic periods were also discussed.
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I. INTRODUCTION

present publication contains a zoogeographical analysis of 177 species
mites based on factual material specified in the preceding parts (RAJSKI,

1967, 1968). Only three recent papers of essential importance (HAMMER, 1966;

KzrivoL

UTSKI , 1966a, b) and, in a few cases, certain unpublished data on
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the occurrence of some species in North Vietnam have been included addi-
tionally.

I wish to express my sincere thanks to Prof. J. RAFALSKI and Dr. A. S. Ko-
STROWICKI for continued help which they lavished on me during my work
at this paper. I am also grateful do Dr. Andrzej Szepryckr for his critical
reading of the typescript.

The fauna of moss mites is poorly known as yet and there are still vast
areas in Asia, Australia, Africa and both Americas from which we have no
material at our disposal. Nevertheless, the number of publications on the
distribution of moss mites throughout the world has recently increased, mainly
thanks to the initiative of J. BALogHm and M. HAMMER as well as other investi-
gators. Central Europe has always been one of the best-known regions in this
respect, and in the latest period of some dozen years much valuable informa-
tion about the distribution of moss mites in European Russia and Spain has
been obtained, which altogether provides a fairly satisfactory, though still
incomplete, picture of the moss mite fauna in Europe.

This state of matter induced me to undertake a zoogeographical analysis
of the moss mite fauna of the Poznan region. STRENZKE (1952) was the first
to. recapitulate the faunistic data on moss mites inhabiting Central Europe.
However, he did not pay enough attention to the territory of the U.S.S.R.
and, having in mind the fragmentary state of the faunistic material of that
time, he did not even try to treat the informative material that he had col-
lected in a synthetic manner. None-the-less, his work has proved very helpful
in the present considerations.

The procedure based on the assignation of particular species to faunal
provinces (or other units), i.e., defining them as the so-called faunal elements,
has been given up and replaced by the adoption of contemporary ranges of
moss mites as the basis of geographical division. In the course of investigation,
various present-day systems of zoogeographical regionalization appeared to be
ill fitted for use in detailed studies of moss mites. On the other hand, the
present state of knowledge of the distribution of moss mites still leaves much
to be desired, even in Europe, and consequently one should not carry their
zoogeographlcal division too far.

Having taken the foregoing into account, I defined the ranges 1nd1v1dually
according to the method of MEUSEL et al. (1965) (full technical details will
be found in the work by MEUSEL et al. 1965) by establishing their relation
to the horizontal and vertical zonations and to the humidity of climate. The
second part of the definition of a range offers the abbreviations of the geo-
graphical units in which the given species occurs. Such definitions were used
a8 a basis for the combination of particular species of similar ranges into groups.
A purely geographical sense is ascribed to these groups, and in their notion
they approximate most closely to the ,,Geoelement” of WALTER (1954). Some
features of the ranges (disjunctions, Tertiary flora and fauna refuges) are given
in separate columns to bring them out in full relief.

1*
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Distinction of genetic elements has been given up for lack of adequate
data, but care has been taken in each case to determine very accurately what
ecological element is represented by a given species. The relation to the plant
cover and humidity have mainly been taken into consideration.

All these data (including the reports on fossil moss mites) were used to dis-
tinguish historical elements and chronoelements in the material examined.
The historical element is formed by a group of species which joined a fauna
(in the present case the fauna of the Poznar region) at the same time (VUL'F,
1943). The chronoelement is a group of species which came into being at more
or less the same time (WALTER, 1954).

It is obvious that in moss mites the distinction of historical elements and
chronoelements is, for lack of fossil material, hypothetic in nature. However,
since there is little hope for the obtainment of more abundant palaeontological
material in the future, this is the only, though merely partial, way to reconstruct
the history of the moss mite fauna.

This type of study has been initiated by Marie HAMMER (1965) in her in-
teresting work in which she tries to determine the approximate age of Mucro-
nothrus masalis (WILLMANN) on the basis of its present range. The minimum
age of this species lies within limits of 58 milion and 140 milion years and, thus,
it supports the generally accepted opinion that moss mites are a very old group.
Inference concerning the history and age of a species or a higher taxonomic
unit from its present range is nothing new, to be sure (BARTENEF, 1934; DAN-
SEREAU, 1957; HORMUZAKI, 1930; KRYZHANOVSKII, 1965; Pop, 1964; SZAFER,
1964; WALTER, 1954; WARNECKD, 1958; VUL'F, 1944), and it has often been
used to good effect. The inference from indirect premises is, besides, well
established in the history of the development of human thought, and the
historical geography of moss mites does not seem to be an exception as regards
the possibilities of application of this method.

The wide ranges of numerous moss mite species are, in all probability,

associated with the antiquity of this group. (Apart from this, I am not an
adherent of the theory of direct correlation between the age and the range
of a species.J. €. WiLLis, Age and Area, London, 1922). Old age and extensive
range are, besides, distinctive characters of the whole soil fauna (KUHNELT,
1961). :
The adoption of the proposition about the invariability of ecological de-
mands of a species during the whole period of its existence seems to be essential
for further considerations, for it allows the supposition that in the geological
past the species dwelt for the most part in the same environments as they
inhabit today. The conelusion based on this reasoning may, however, be charged
with an error, because we do not know to what degree the present range is
in accord with the ecological value of the species.

The problem whether the passive expansion of moss mites is possible is
also important to the final conclusions, as it might explain: both the large
size of their ranges and the huge disjunctions, often existing in these ranges.
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There are practically no moss mites in aerial plankton, as has been shown

by its examination (for literature see SEYD, 1962); now only KRIVOLUTSKII

(1966a) supports the theory about easy passive movements of these species

over vast areas, but he has not carried out any studies in this respect.
The above-mentioned inaccuracies certainly lower the value of the results

to some extent, but they are in no relation to the actual achievements.
The following symbols and abbreviations will be used in this paper:

Afr
afr
Al
Alg
alp
Am
am
and

ant
arct

Arm
As
as
ast
atl

b
bst
(8]
Cap
cap
cf
Col
Cors
df

E
EAm
Eg
eu
euh
Eur
eur

Flor
Gr

Haw
heur
hhol
Him
hol

— soutliern temperate zone

— Africa

— African

— Alaska

— Algeria

— Alpine

— North America

— North American

— Andine

— antarctic, Antarctic Province
(south frigid zone)

-— aretic, Arctic Province (north
frigid zone)

— Armenia

— Asia

— Asiatic

— southern subtropical zone

— Atlantie

— boreal, boreal zone

— northern subtropical zone

— central (in geographical sense)

— Capensis

— Cape (used as adjective)

— coniferous forests

— Colchis

— Corsica

— deciduous forest of temperate
zone

— East

— eastern North America

— Egypt

— eury-

— euryhygr

— Europe

— European

— forest, silvan

— Florida

— Greenland

— Hawaiian Is.

— holo-European

— holo-Holarctic

— Himalaya Mts.

— Holarctic

hs

II

k,
Kur
Len
m
Mad
mad
man
MAs
mas
meso
Mex
mh
mo
moh
Mong
Mor
mpeuh
mph
msth
N

n
NAm

nel
niv
NZeal
()

0¢;
00,
0Cy
oh
omh
op
D

pac
pal
peuh

ph

— habitat of mosses and lichens
on hard substratum

— Tonian Is.

— continental climate zone

— Kuril Is.

— Lenkoran Lowlands

— meridional

— Madeira

— Madeiran

— Manchurian

— Middle Asia

— Middle Asiatic

— middle portion of scale range

— Mexico

— mesohygr

— montane level

— mesooligohygr

— Mongolia

— Morocco

— mesopolyeuryhygr

— mesopolyhygr

— mesostenohygr

— North

— neutral

— northern part of North Ame-
rica :

— non-classified

— nival tier

— New Zealand

— oligo (lower portion of scale
range)

— oceanic climate zone

— suboceanic climate zone ,

— subcontinental climate zone

— oligohygr

— oligomesohygr

— open (non-forest) areas

— poly (upper portion of scale
range)

— Pacific

— Palaearctic

— polyeuryhygr

— polyhygr
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pmeuh  — polymesoeuryhygr sm — submeridional (also submeri-
pmh — polymesohygr dional zone)

Pol — Polynesia Smo — submontane level

pst — polystenohygr Sph — Sphagnum

S — South iy — remnants of Tertiary (Turgay)
salp — subalpine zone forests in Tashkent region
SAm — South America temp — temperate (also temperate
sbip — subbipolar zZone)

sbt — subtropical trop — tropical (also tropical zone)
semi-cosm — semi-cosmopolitan W — West

Sib — Siberia WAm — western North America

sib — Siberian :

II. ZOOGEOGRAPHICAL ANALISIS

A. Detailed Analysis

The following groups of species with similar ranges have been distinguished
in the material under study: European species (34:949%), Palaearctic species
(18:089%,), Holarctic species (35:599%,), and those widely distributed (11-57%).

1. European Species

The species confined in occurrence to the European territory may, in turn,
be divided, as follows: holo-European (7-819%), West Ruropean (7:35%),
Central European (7:35%,), South European (6-229%,), Bast. European (2-82%),
South-East FEuropean (2:269,) and North European species (1-139%,).

a. Holo-European Species

This group consists of 14 species (Table I), which occur throughout Europe
and represent the oceanic-suboceanic-subcontinental bioclimatic type.

Four of them are meridional-submeridional-temperate-boreal species and
the remaining ones present the submeridional-temperate-boreal type. The
ranges of most of these species are continuous. (Continuity or discontinuity of
ranges is naturally a relative matter. In this paper a range is regarded as
continuous, if between its particular localities there are no geographical
barriers which might prevent contact between the populations living on
both their sides).

Two of them show a South European-North African disjunction and one
a Buropean-Madeiran disjunction. Five species of this group oceur in Colchis
and the Lenkoran Lowlands. Some of them (underlined in Table I) are reliet
species. (For details see Section B. 5.). Six holo-European species occur in
the mountains of the temperate bioclimatic zone, but only two of them reach
as high as the alpine tier. Out of the remaining species, three were found in
the subalpine zone and one in the montane.

Eecologically, they are mostly (9) species with medium and high humidity
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requirements and inhabit the European deciduous forest zone. A. pilosus
(C. L. KocH) (73) deviates considerably from this group in its ecological re-
quirements; it occurs exclusively in very wet open areas (except for peat bogs).
L. licnophorus (MICHAEL) (114), though present in forests, has distinctly lower
humidity requirements than other species and therefore it may be a more
southern form. Two species live in mosses and lichens on a hard substratum
and they, too, reveal a remarkably greater tolerance to low humidity than
the forest species.

b. West European Species

This group embraces 13 species (Table II) which occur in Europe and
represent the oceanic-suboceanic bioclimatic type or only slightly encroach
on the subcontinental bioclimatic zone (mainly in the Bulgarian mountains).

The submeridional-temperate (5 species) and temperate (4 species) types
predominate among the West European species. Besides, there are 2 meridional-
submeridional-temperate-boreal species and 2 submeridional-temperate-boreal
ones. They all have continuous ranges except for X. permiztus (ANDRE) (72).
The eastern boundary of distribution of nine species of this group runs in
Poland (Table IT, indicated by ,,+”), two of these species having their eastern-
most localities in the territory of Poland (Table II, indicated by ,,0”). In ad-
dition, nine species have their northern boundaries of distribution running
across Poland and three of them occur here also in their northernmost localities.
So far, only two West European species have been observed in the mountaings
of the temperate bioclimatic zone, and what is more, in the alpine tier. X. per-
mixtus (ANDRE) (72) holds an exceptional position in this group, for it occurs
in detached localities in the relict Tertiary (Turgay) forests near Tashkent
(KRIVOLUTSKII, 1966b), in the subcontinental climate and, probably also as
a relict on Madeira.

This group is fairly well differentiated in ecological respect. Four species
are forms of the Europen deciduous forest zone with medium or great humidity
requirements. Two others, being mesohygric, also show some association with
forests. As many as four species live in mosses and lichens on a hard substratum.
They are probably at least mesohygric, as indicated by their dependence on
macroclimate. The humidity requirements of only two of them have been
determined hitherto. Three non-silvan species, of which one usually dwells
in. Sphagnum, show great humidity requirements. No oligohygric species oceur
in this group.

¢. Central European Species

This group is composed of 13 species (Table III), which in Europe appear
only in the subceanic climate zone or have a centre of occurrence in this zone
and only slightly encroach on the oceanic or subcontinental climate zones.

The temperate bioclimatic type prevails among the Central European
species (7 species). The other types represented are the temperate-boreal
(2 species), the submeridional-temperate (3 species) and the submeridional-
temperate-boreal (3 species). All these species have continuous ranges. Five
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of the Central European species have their western boundaries of range running
across Poland (one of them also the westernmost locality of its range), nine
of the species have the eastern boundaries (five of them also the easternmost
localities), five the southern boundary (one the southernmost locality), and
six the northern boundaries (one the northernmost portion of the range) in
the Polish territory. One species occurs in the mountains, but only in the
subalpine zone. :

The dominant species of the Central European group are those of deciduous
forests (b species), with medium and great humidity requirements. Besides,
this group includes three polyhygric species found in peat, 2 species inhabiting
mosses and lichens on a hard substratum, and a mesohygric species independent
of plant cover. There are no xerophilous species.

No fewer than 3 species of this group are represented exclusively by single
subspecies. The Central European species might be regarded as endemic in
the fauna examined. Their small number gives evidence of the young age of
the fauna of this region.

d. South European Species

This group is made up of 11 species (Table IV), which live in Europe and
do not go beyond the northern boundary of the temperate bioclimatic zone
(MEUSEL et al.,, 1965); they are all species of the oceanic-suboceanic-sub-
continental type.

Nearly half of them (5 species) occur in the meridional, submeridional
and temperate zones. The ranges of 4 species are discontinuous (South Euro-
pean-North African and Huropean-Madeiran disjunctions). Some localities of
these species in the meridional zone, situated in the oceanic climate region,
are probably relict in character (Table IV, in black type). The other species,
6 in number, are of the submeridional-temperate type. The ranges of all these
species are continuous and their northern boundaries extend through Poland,
six of them having their northernmost localities in this country. Four species
inhabit the mountains of the temperate zone: two the alpine tier, one the
subalpine, and one the montane.

The South European species are chiefly characteristic of deciduous forests
and have medium and, rarely, great humidity 1equirements. Only one species
lives in mosses and lichens on a hard substratum, and the ecological requi-
rements of two other forms are not clear.

e. Bast Furopean Species :

Five species (Table V), occurring or finding the best conditions for de-
velopment in the suboceanic and subcontinental climate zones of Europe,
belong to this group. Three of them have single localities in the oceanic cli-
mate zone.

Climatically the East European species are well differentiated. One of them
represents the meridional-submeridional-temperate-boreal type. Its only lo-
cality in the meridional zone (Lenkoran Lowlands) is relict in character. Two
species are of the submeridional-temperate-boreal type, one represents the
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temperate-boreal type, and one the meridional-temperate. The range of this
last species must be regarded as discontinuous, because the probably relict
locality in the Lenkoran Lowlands is separated from the remaining localities
by the whole submeridional zone. The other species have continuous ranges.
Only one East European species has its westernmost locality and the northern
and southern boundaries in Poland. Most of the ranges of the remaining species
reach farther to the west, entering into the German territory. Two species
inhabit the mountains of the temperate zone, one the subalpine tier and the
other the alpine.

Only one East European species is definitely associated with open areas
(meadows and fescue-wormwood steppes). One species is independent of plant
cover and the other ones are forest forms with medium humidity requirements.

f. South-East European Species

This group consists of four species (Table V), whose centres of occurrence
lie in south-eastern Hurope.

The meridional-submeridional-temperate type is represented here by two
species, and the submeridional-temperate and submeridional-temperate-boreal
types by one species each. With respect to macroclimate they are differentiated
into the oceanic-continental (1 species) and suboceanic-subcontinental types.
Three species of this group have the northern boundary of their ranges in
Poland. None of them has been found in the mountains.

As regards ecology, they are eury- and oligomesohygric species which occur
most abundantly in the steppes of south-eastern Europe or even in semi-deserts,
whereas in Central Europe they appear rarely and in small numbers. A. polo-
nicus KULCZYNSKI (66) is an exeeption in this group, since, being associated
with deciduous forests, it has only relict localities amidst exuberant subtropical
vegetation in the meridional and submeridional zones. Its range is disconti-
nuous. On the one hand, it has been recorded from Poland, on the other hand,
it has been found on the coast of the Black Sea, in Colchis and the Lenkoran
Lowlands.

g. North European Species

This group is made up of only 2 species (Table V), which reach the greatest
abundance in the boreal zone of northern or northern and eastern Europe.

One of them is a suboceanic and temperate-boreal species and the other
is a suboceanic-subcontinental and submeridional-temperate-boreal-arctic one.
The ranges of these species may be regarded as continuous. P. tardus FORSSLUND
(14) has its southernmost locality in the territory of Poland and C. subarcticus
TRAGARDH (84) lives mainly in cold environments (mountains and peats) in
Central and South Europe.

They both belong to the fauna of coniferous forests and have a high eco-
logical value' in relation to humidity.
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2. Palaearctic Species

The species that live both in Europe and in Asia may be divided into the
following groups: the European-West Siberian species (12:43%,), the European-
Manchurian species (3:969,), the European-Siberian species (1-139,), and the
European-Middle Asiatic ones (0:569%,).

a. Buropean-West Siberian Species

This relatively numerous group (22 species — Table VI) includes forms
dwelling in Burope and Western Siberia and reaching as far as Central Mongolia.

Two bioclimatic types predominate among them, the meridional-sub-
meridional-temperate-boreal (7 species) and the submeridional-temperate-
boreal (8 species). The other types represented in the material are the sub-
meridional-temperate (3 species), temperate-boreal (2 species), temperate and
submeridional-temperate-boreal-arctic (1 species either). The oceanic-sub-
oceanic-subcontinental forms prevail in all these categories, but there are
some deviations towards a greater tolerance to the continental climate and
a smaller tolerance to the oceanic. D. (H.) riparius (NicoLET) (49), O. neer-
landica (OUDEMANS) (94) and K. tardus (C. L. KocH) (120) make up a southern
element and A. tragardhi FORSSLUND (104) a northern element of the European-
West Siberian group of species.

A disjunction which extends approximately from the Kuznetsk Ala-Tau
to Europe o1, in a smaller number of cases, from Central Mongolia to Europe,
is a distinctive feature of this group. In addition, three species have a South
European-North African disjunction. Four species seem to have relict lo-
calities in the Lenkoran Lowlands, Colchis and Tashkent region.

Precisely half the European-West Siberian species live in the mountains
of the temperate zone, two of them in the nival tier, six in the alpine tier,
two in the subalpine and one in the montane. 7. trimaculatus (C. L. KocH)
(138), dwelling in the nival tier in the mountains, is at the same time the only
member of this group occurring also in the Arctic Region.

Ecologically, the European-West Siberian species are fairly well differen-
tiated, but most of them are meso- or mesopolyhygric. Only three species
have small humidity requirements. The relation of the species to the plant
cover is as follows: nine of them are forest form, three independent of plant
cover and five are meadow forms, out of which four have also been found
in steppes. They tolerate salinity and tillage. Three species occur in mosses
and lichens on a hard substratum. Of these, T. trimaculatus (C. L. KocH) (138)
is also fairly numerous in steppes.

b. European-Manchurian Species

These species (Table VII), seven in number, live in Europe and eastern
Asia especially in Japan. Two of them occur, besides, in northern Africa and
two in western Siberia.

They represent the following bioclimatic types: meridional-submeridional-
temperate-boreal (3 species), submeridional-temperate-boreal (2 species), sub-
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meridional-temperate (1 species) and temperate (1 species). All of them are
oceanic-suboceanic-subcontinental species. C. pusillus (BERLESE) (148) is
a southern form in this area.

A typical disjunction of this group is the European-Manchurian one. Only
two species have intermediate localities in western Siberia. Three species show
also a South European-North African disjunction or a European-Madeiran one.
X. clypeator ROBINEAU-DESVOIDY (71) occurs in a presumably relict locality
in the remains of the Tertiary (Turgay) forests in the Tashkent region.

Only C. falcata EVANS (74), representing the temperate type, has not been
found in mountains hitherto. The other species appear in the alpine (3 species),
subalpine (2 species), and at least montane (1 species) tiers in the temperate zone.

The European-Manchurian species are for the most part forest forms, and
three of them show a clear association with deciduous forests. Only one species,
which has low humidity requirements, occurs in mosses and lichens on a hard
substratum and is also fairly abundant in the steppes of south-eastern Europe.

The number of the European-Manchurian species in the fauna under study
is small and forms somewhat less than 49, whereas KOSTROWICKI (1965b)
writes that their number fluctuates from 10 to 159, in particular European
and East Asiatic faunas. In fact, this figure for the fauna of moss mites of the
Poznan region seems to be larger, but as the knowledge of Asiatic moss mites *
is still poor, not all of them have been detected so far.

¢. Buropean-Siberian Species

Only two species (Table VII) of the European-Siberian group have been
found in the Poznan region. They are hoth submeridional-temperate-boreal
and oceanic-continental species. Their ranges are probably continuous. In the
mountains of the temperate bioclimatic zone these species reach the alpine
tier. One of them is a forest form and has small humidity requirements, the
other inhabits meadows as well as steppes and is a polymesohygr.

d. European-Middle Asiatic Species

In this group I include one species (Table VII) living in Europe and Middle
Asia. It represents the meridional-submeridional-temperate-boreal and oceanic-
continental types. In Asia it is fairly abundant in the area of semi-deserts
to the east of the Aral Sea. In Europe, single specimens were encountered in
peat-bogs and in dry places exposed to the sun’s rays. It tolerates salinity.

3. Temperate-Holarctic Species

These species inhabit Eurasia and North America with the exception of
the Arctic Province and they may be divided, in general, into the temperate-
holo-Holarctic species (8:469,), the western temperate-Holarctic species
(10:689,), and the alpine temperate-Holarctic species (0-56 s

a. Temperate-Holo-Holarctic Species

This group is composed of 15 species (Table VIIT) living in Europe, Asia
and, in most cases, in eastern North America. In addition, some of them occur
in northern North America, in its western part or in northern Africa.
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More than half the species are of the meridional-submeridional-temperate-
boreal bioclimatic type (9 species). The submeridional-temperate-boreal species
are less numerous, 5 in number, there being one submeridional-temperate
species. With the exception of four species of the first group which are of the
oceanic-continental type, all the members of this group represent the oceanic-
suboceanic-subcontinental type. M. minime (BERLESE) (18) is a southern
form of this: group. i ;

A distinctive character of the ranges of these species is their North Atlantic
disjunction and, in some cases, European-Manchurian, North Pacific, North
American, and South European-North African disjunctions. All the species
of this group inhabit territories in which the Tertiary flora and fauna may
have lasted out, but only the localities of two species (Table VIII — in black
type) in Colchis and Lenkoran Lowlands are probably relict ones.

Most of the holo-Holarctic species (except two) appear in the mountains
of the temperate bioclimatic zone: five in the alpine tier, four in the subalpine,
and two in the montane.

The ecological differentiation is not great as for species with so extensive
ranges, but they have a relatively high ecological value. Forest species with
medium or great humidity requirements predominate in Central Europe. Some
of them are, however, fairly numerous in meadows and even in steppes (5 species)
and semi-deserts of the Middle Asiatic zone of continental climate (Table VIII).
Tt is interesting that O. subpectinate (OUDEMANS) (99) occurs both in peats
and in steppes. Two species are true peat-inhabitants: N. coronate BERLESE
(41) and P. tenwiclava (BERLESE) (159). ;

b. Western Temperate-Holarctic Species '

This is a comparatively numerous group (Table IX — 19 species) composed
of forms that live in Europe and eastern North America. Some of them are
also known from North Africa, Madeira, and western North America. However,
they have not, as yet, been recorded from Asia.

The bulk of the western Holarectic species represents two bioclimatic types,
the meridional-submeridional-temperate-boreal (7 species) and the submeri-
dional-temperate-boreal (9 species). The oceanic-suboceanic-subcontinental type
predominates, but there are some instances of reduced tolerance to the oceanic
(2 species) or the cubsontinental (1 species) climate. N. elegantula (BERLESE)
(42) and (. mediocre BERLESE (133) are southern forms and S. areolaius
BERLESE (77) is a northern species of the group under discussion
(Table IX).

The ranges of the western Holarctic species are marked by a North Atlantic
disjunction and, in some species, South European-North African, Furopean-
Madeiran, and, in two species, North American disjunctions. All the species
of this group occur in refuges of the Tertiary forest fauna and flora, six species
having, besides, their probable relict localities in this territory (Table IX —
in black type). i

Somewhat more than half the western temperate-Holarctic species live in
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the mountains of the temperate bioclimatic zone: ten in the alpine tier, three
in the subalpine, and one in the montane.

Ecologically, the forest species with medium and great humidity requirements
prevail also in this group, but there are, in addition, a few forest mesooligo-
hygric species and even one with decidedly small humidity requirements.
A. ovatus (C. L. KocH) (70), being a forest form, occurs also in the South-East
European steppes. Out of the remaining species, three show a great indepen-
dence on plant cover, as they dwell both in forests and in meadows. Further
three species reveal clear preference for open areas, 7. movus (SELLNICK) (140)
oceurring also in steppes.

c. Alpine Temperate-Holarctic Species

In the material under study I found only one species inhabiting all ever
the temperate (s. 1.) part of the Holarctic and reaching its peak of abundance
at great altitudes, whereas in lowlands it occurs almost exclusively in cold
environments of high humidity (peat-bogs) and even then in small numbers
(Table VIII).

It is an alpine submeridional-temperate and oceanic-suboceanic-subcon-
tinental species, also very numerous in the nival tier. Its range shows a Euro-
Asiatic disjunction, which stretches throughout south-western Siberia, and
a North Atlantic disjunction.

4. Holarctic Species

These species are more or less widely distributed all over the Holarctic
Province including the Arectic. They can be classified in 3 groups: holo-Hol-
arctic species (10-179%), western Holarctic species (5:099,) and alpine Hol-
arctic species (0:569,). .

a. Holo-Holarctic Species

This is a group of 18 species (Table X) occurring in Europe, Asia, and North
America in the temperate zone (s.1.) as well as in the Arctic Province. They
generally cross the Aretic Circle in Greenland, North Canada, and, in soue
cases, also on the islands of the Arctic Ocean.

They include two bioclimatic types: the meridional- submemdlonal -temperate-
boreal-arctic (10 species) and the submeridional-temperate-boreal-arctic (7
species). The oceanic-suboceanic-subcontinental forms predominate in both
these types. Only four species tolerate also the continental climate. H. paolianus
longisetosus WILLMANN (30) and O. translamellata (WILLMANN) (100) are northern
forms in this area.

All these species have their ranges disrupted, often repeatedly, but there
is not a disjunction characteristic of all the forms. The disjunction between
Europe, Greenland and North Canada is the commonest. Besides, there are
North “Aflantic, North Pacific (between Japan and Alaska), South European-
North African, -and European-Manchurian disjunctions. In the case of this
last disjunction there is often an intermediate locality in the Kuznetsk Ala-Tau
region. All the species of this group occur in the refuges of the Tertiary flora
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and fauna, but only several such localities (Table X — in black type) may be
relict in character.

Most of the holo-Holarctic species inhabit the mountains of the temperate
bioclimatic zone, 11 in the alpine tier and 2 in the subalpine. There is also
a species living in the mountains of the meridional zone, probably in the alpine
tier (Sikkim, Himalayas).

Most of the species discussed have a high ecological value and they generally
constitute mixed types, namely, six species may be regarded as forest ones
(these are both mesooligohygrs and mesopolyhygrs), five species show no
dependence on the plant cover (two with low humidity requirements and as
many as 3 polyhygric forms), two species have clear preference for open ha-
bitats (they are meso- and polyhygric), one is a peat-inhabitant, and three
species with low humidity requirements are more or less distinctly associated
with an extreme environment of mosses and lichens on a hard substratum.
Except for the only peat-inhabitant each category contains species occurring
also in steppes. These are nine altogether.

b. Western Holarctic Species

This is a group of 9 species (Table XI) living in Europe and North America
and encroaching on the Arctic Province in Greenland and northern Canada.
Some of them occur also in Africa or on Madeira, but they have not been re-
corded from Asia.

This group much resembles the holo-Holarctic species in bioclimatic respects.
T. foveolatus WILLMANN (38) and A. latitecta (BERLESE) (126) are northern
species. All the species of this group have discontinuous ranges, the com-
monest disjunction being that between Europe, Greenland and northern Canada,
In addition, there are North Atlantic, South European-North African, and
European-Madeiran disjunctions. Nearly all these species were observed in
the refuges of the Tertiary flora and fauna, but probably only P. punctata
(N1coLET) (123) has relict localities in Transcaucasia and on Madeira. Four
species of this group occur in the alpine tier and one in the subalpine in the
mountains of the temperate zone.

Unlike the holo-Holarctic species this group is fairly uniform ecologically:
four species are associated with forests and four with open areas, two of the
forest species occurring also in steppes. One species is a typical peat-inhabitant.
There are no oligohygric species, and those with great humidity requirements
are generally prevalent.

c. Alpine Holarctic Species

In the study material such a range is represented only by C. horrida (HER-
MANN) (26). It is a meridional-submeridional-temperate-boreal-arctic and
oceanic-continental species. It occurs in fairly large numbers only in mountains
up to the nival tier inclusive, where it multiplies intensely. In lowlands it
dwells in mosses and lichens on a hard substratum. Its range shows North
Atlantic, North Pacific (between Siberia and Alaska), and South European-
North African disjunctions.
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5. Subbipolar Species

The species of this group (Table XII) occur in the northern and southern
hemispheres with a disjunction in the tropical and subtropical regions.

In the southern hemisphere they were observed only in the temperate zone.
In the northern hemisphere their ranges are meridional-submeridional-tem-
perate-boreal (2 species) and submeridional-temperate-boreal (1 species). Like
most forms of the Poznan region they occur in the oceanic, suboceanic and
subcontinental (2 species) zones and 1 species tolerates, in addition, the con-
tinental climate.

In addition to the typical disjunctions in the subtropical and tropical areas
(Europe-Cape Province, North Africa-Cape Province, North America-South
America), their ranges have a North Atlantic disjunction. All these species
occur in the refuges of the Tertiary flora and fauna. In the mountains of the
temperate bioclimatic zone one of them reaches the alpine tier and one the
subalpine.

All the species have medium and high humidity requirements, are largely
independent of plant cover (forests, open areas), and all occur in steppes. Only
G. elimata (C. L. Kocn) (156) evidently avoids forests, instead it occurs even
in semi-deserts.

6. Holarctic-Subtropical Species

This group embraces 7 species (Table XII) which outside the Holarctic
(Arctic Province inclusive) occur in the northern (2 species) and southern
(4 species) subtropical areas or in both of them (1 species).

Besides the disjunction in the tropical zone (except 2 species), their ranges
are also discontinuous within the Holarctic and they have North Atlantic
{all species), European-Manchurian (4 species), South European-North African
(3 species), and North American-South American (2 species) disjunctions.
All these species occur in typical refuges of the Tertiary flora and fauna, but
only one locality in the Lenkoran Lowlands may be regarded as a relict lo-
cality (Table XII). In the mountains of the temperate zone 3 species were
noted in the alpine tier and 2 in the subalpine. The southern subtropical zone
has also one species, 8. pallidulus (C. L. Kocm) (173), living in mountains
(3800 m a.s.. at 17° S and 1200 m a.sl. at 25° S).

As far as ecology is concerned, the species which are independent of plant
cover but associated with rather high humidity predominate (mesopolyeury-
hygric species, 4 in number). The others are mesohygric species, one of which
shows clear preference for open areas and the remaining two are forest forms.
Five species, of which one is a forest species, occur also in steppes.
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7. Temperate-Holarctic-Tropical Species

This small group consists of species widely distributed in the Holarctic
(Arctic Province exclusive) and occurring in the tropical area and, in one case,
also in the southern subtropical zone (Table XILI).

By the nature of things their ranges are disjoined in several places. The
commonest is the North Atlantic disjunction, followed by the South European-
North African and the North American-South American. T. sarekensis TRA-
GArDHE (87), which occurs in Europe, Greenland, and Hawaiian Ts., holds
a particular position. Presumably its true range will be established only in
the future. All the temperate-Holarctic-tropical species can be found in refuges
of the Tertiary flora and fauna.

Three of them were noted in the mountains of the temperate zone up to
the subalpine (2 species) and alpine (1 species) tiers inclusive, two species were
observed in the alpine tier in the tropical zone.

All the species present a high ecological value. As t0 their humidity demands,
two of them are euryhygric and two are mesohygric. Three species are in-
dependent of plant cover (forest, meadow), one showing a distinet tendency
towards open areas. Finally, one species is characteristic of mosses and lichens
on a hard substratum. All of them were encountered in steppes.

8. Semi-cosmopolitan Species

These species of the fauna under study are distributed most extensively
(Table XIII). They occur in the Holarctic (half of them, i.e., 3 species, with
the exception of the Arctic Province). Besides, they can be found in the tro-
pical and subtropical zones, in the southern temperate zone, and one of them
even in the Antarctic Province. Their ranges vary in details so remarkably
that it is impossible to give a general definition of the range for the whole
group. ]

The ranges of these species are discontinuous, but there are no disjunctions
characteristic of the whole group. The discontinuities found in them are Kuro-
pean-Manchurian (in one case with an intermediate locality in Western Siberia),
North Atlantic, South Pacific, North American-South American, North Pa-
cific, and South European-North African disjunctions. All the species but
one occur in typical refuges of the Tertiary flora in the northern hemigphere.

Tlalf the species-appear in the alpine tier of the mountains in the temperate
zone and one, H, initialis (BERLESE) (168), at altitudes from 3000 to 3900 m
a.8.1. in the tropical zone. b

The species with medium humidity requirements and independent of plant
cover predominate (3 species). Two species are peat-inhabitants and one dwells
in large numbers in forests, being less numerous in different non-forest ha-

bitats including steppes.



177
B. General
1. Percentage Share of Species with Different Types of Ranges

Although practically each species has its own individual range, different
from that of the other species, yet irrespective of details they may be combined
in groups so as to facilitate the formation of a general opinion on the com-
position of the fauna. Such an analysis is presented in Table XIV.

The moss mite fauna of the Poznan region may be, in general, divided into
- five groups, in which, at a firet sight, the European species predominate de-
cidedly (nearly 35%). So far as abundance is concerned, the temperate-Hol-
arctic species come in second (nearly 209%) and are followed by the Palaearctic
species (about 189%,), the Holarctic species (nearly 169%,) and those widely
distributed (11:69,). The dominance of the European species is, however,
factitious to a great extent, since on account of the fact that the Arctic
Provinee belongs to the Holarctic (KosTrowICKI, 1965b, and others) the
temperate-Holarctic and Holarctic species should rightly be treated together
and then they form more than 359%, of the moss mite fauna of the Poznan
region. The separate treatment of these species has been inspired not by the
author’s opinions on the problem of regionalization, but only by his desire
to. emphasize the principal difference between the range sizes of these groups.
Thus, an essential character of the fauna under study seems to be the remarkable
share of the widely distributed forms.

If the whole mogs mite fauna of the Poznan 1eg10n is taken into account,
special emphasis is due to the relatively low share of the Central European
species (Table XIV), which might possibly be regarded as endemic forms.

The clear advantage of the combined temperate-Holarctic and Holarctic
species (about 359%,) over Lhe Palaearctic species (about 189%,) is an interesting
fact.

Out of the European group, the species distributed throughout Furope
as well as the West European, Central European, and South European ones
are represented in more or less equal proportions (6-229,—7-819, in particular
groups). The share of the East and North FEuropean species is several times
smaller (1-139%—2-829, in particular groups).

The European West Siberian species predominate among the Palaearctlc
ones, which seems to be ecologically conditioned. Poor exploration of Asia
in this respect accounts for the supposition that the proportional share of
the particular range groups among the Palaearctic species will undergo a change.
However, the generally small number of the Palaearctic species as well as
that of their particular groups gives indirect evidence of the dominance of
southern and western elements, which dominance is distinct among the Euro-
pean species. HORMUZAKT (1930) described a similar situation for the butterfly
fauna of Romania. In the fauna under study this phenomenon is less obvious
among - the temperate-Holarctic species (though: even here the western tem-
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perate-Holarctic element — 10-739, — preponderates over the temperate-
holo-Holarctic — 8:489,) to disappear completely in the group of Holarctic
species (Table XIV).

The alpine species form quite a small proportion of the fauna, which is
only natural under lowland conditions specific of the Poznan region.

The above-mentioned dominance of the western and southern species in
the fauna of this region can be observed also when we isolate the southern,
northern or any other geographical element not only from the other European
species, but also from all the range groups distinguished (Table XV). For about
299, of the species of the fauna examined the Wielkopolsko-Kujawska Low-
lands lie in a sense on the border of their ranges and therefore one can speak
of their eastern, western, or the like nature in relation to the study area. In
the material arranged in this manner the southern species (10-169%,) predo-
minate and are followed by the western (7-:359,), northern (4:529%,), south-
western and eastern (2:829%, each) and alpine (1-129,) species. Though the
contribution of particular groups has changed (increase in the proportions
of southern and northern species), the general tendency is the same as in the
European species, i.e., the southern and western species predominate.

Poor knowledge of the moss mite fauna in Asia may cause a change in these
proportions in the future in so far as the Palaearctic and Holarctic species
are concerned. On the other hand, Europe seems to have been examined well
enough and so the regularity of this dominance of southern and western species
over the remaining European species in the area of the Wielkopolsko-Kujawska
Lowlands is certainly objective in character.

An analysis of the percentage composition of the moss mite fauna in the
environs of Poznan allows the following generalizations:

The fauna under study is little specific, which is expressed by the dominance
of widely distributed species and the small share of Central-European species.
These facts are connected with the short period of formation of the fauna
in the region of Poznan and with the nature of the European Lowlands, making
the free passage of species along the east-west axis possible.

Among the species whose ranges are oriented in relation to the environs
of Poznan the southern and western species prevail over the northern and
eastern ones. This may indicate the origin of the fauna examined after the
retreat of the glacier.

The small contribution of south-eastern species admits the supposition
that the progressing process of changing of Wielkopolska into a more steppe-like
region, has not as yet added in an essential way to the enrichment of the moss
mite fauna of this area in steppe species.

2. Relations between Eecological and Geographical Elements

To begin with, I should like to emphasize, $0 as to avoid a misunderstanding,
that I use the term ,,ecological element” exclusively to designate the re-
quirements of species in relation to environment, expressed by their occurrence
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in habitats characteristic of particular forms. Detailed characteristics of this
kind are provided for all the species in appropriate columns of Tables I—XIIT.
It is not the purpose of this section to deal with the relation of an ecological
element to the morphological-ecological types of moss mites (KRIVOLUTSKII,
1965), life-forms (KrimaA, 1956), ecological types (BULANOVA-ZAKHVATKINA,
1952) and other similar notions which in contradistinction to the ecological
element comprise also some morphological contents.

In the fauna examined I managed to distinguish 14 ecological elements
(Table XVI), of which 6 were mixed (columns 2, 4, 7, 8, 10, 11, 13). Ten species
(column 15) could not be classified in any of these elements, since their ecology
was not sufficiently well known.

It may be stated, in general, that about 539, (the total in this case exceeds
1009, because the mixed elements can occur in both the basic groups) of the
fauna examined Table XVI, columns 1—7) shows association with forests
and, as a result, belongs more or less clearly to the forest element. The second
largest group (25-989;) is the meadow or meadow-steppe element (Table XVI,
columns 2, 4, 7, 10, 13 and 14). The three other main elements, one independent
of plant cover (12-999%,), one xerophilous (9:049,) and one associated with
peat-bogs (7-349%,), are evidently less abundant.

The forest element is not uniform. The non-gpecific forest species, which
form more than a quarter of the whole fauna (Table X VI, columns 1 and 2),
prevail in it. Most of these species have large Holarctic (s.1.) ranges (28 in 48).
A fairly large proportion of the species (10 in 48) show Palaearctic ranges,
whereas considerably smaller numbers of them have European ranges and
those larger than Holarctic (5 of each). Therefore, it may be generalized that
the non-specific forest species of the moss mite fauna of the Poznan region
belong, for the most part, to the Holarctic and Palaearctic elements and,
consequently, have relatively large ranges.

The species of deciduous forests (Table XVI, columns 3 and 4), which form
above 189, of the fauna examined, have generally smaller ranges. Only one
species has a western temperate-Holarctic range, one a Europen-West Si-
berian range, and three of them have European-Manchurian ranges. The
remaining species (28 in 33) have European ranges. Thus, the Huropean range
may be assumed to be typical of the species of deciduous forests in the moss
mite fauna of the Poznan region.

The species of coniferous forests (Table XVI, columns 5 and 6) play a miner
part in this region. Neither do they belong, as clearly as the groups discussed
above, to a single geographical element. The species with Holarctic ranges
predominate in this group (6 in 11), the remaining ones being distributed
nearly equally between the European and Palaearctic elements (3 and 2 species,
respectively). :

The xerophilous element (Table XVI, column 7—10) consists of species
living in mosses and lichens on a hard substratum. They are 16 in number,
of which 7 have European ranges, Holarctic and Palaearctic ranges fall to

9%
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3 species each, and 1 species has a temperate-Holarctic-tropical range. The
xerophilous moss mite species of the Poznan region therefore exhibit some
advantage of the European element: It is striking that these species bear no
relation (with two or three exceptions) to the Pontic transition zone (KoSTRO-
WICKI, 1965Db).

The bog-inhabiting species (Table XVI, column 11) have mostly Holarctic
ranges (5 in 10). In the European element and among the widely -distributed
forms they are represented by fewer species (3 and 2, respectively). No bog-
inhabiting species with a Palaearctic range have been found in the fauna under
study. Thus, the species with wide (Holarctic and larger) ranges predominate
among the bog-inhabitants. Three species that occur in peat-bogs as well as
in open areas, not excepting steppes (Table X VI, column 10), need a separate
discussion: South-east European P. sellnicki (WILLMANN) (143) and European-
Middle Asiatic P. hewagonus (BERLESE) (142) were regarded as typical bog-
inhabitants until quite lately. It has only recently turned out that they occur
in considerably larger numbers in steppes (in the first case) or even: in semi-
deserts in Middle Asia (in the second case). They probably belong to the steppe-
meadow element. On the other hand, Holarctic O. subpectinata (OUDEMANS)
(99), though present also in Kazakhstan and Middle Asia, is more abundant
in Buropean peat-bogs. Thus, it still more augments the typical range group
of bog-inhabitants in the fauna of the Poznan region, the Holarctic element
Another problem is the detection of the factor limiting the occurrence of these
species, which seems impossible at present

The species associated with open areas (Table X VI, columns 14, 2, 4, 7, 10,
13), or the ones which might be regardes as steppe-meadow species, should
be analysed separately in two groups. In respect of their ranges some of the
mixed forest-meadow elements (columns 2 and 4) are evidently inclined towards
the forest one, prevailing applopllately in the groups of Holarctic and Euro-
pean species.

The typical steppe-meadow element (Table XVI, column 13) shows quite
a uniform distribution in all the four basic geographical elements distinguished.
Perhaps its remaining mixed elements, especially the xerophilous meadow-steppe
one (Table XVI, col. 9), should not be placed in the same category as the
typical xerophilous element which represents above all the Buropean range.

A distinctive character of the species independent of plant cover (Table
X VI, col. 14) are their wide ranges. The widely distributed geographical element
predominates evidently (out of the 23 species, 9 have ranges larger than Hol-
arctic and 7 have Holarctic ranges).

To sum up the foregoing, it may be stated that the typical ecological element
of the BEuropean geographical element in the fauna under study are the species
of deciduous forests and the Xerophllous species inhabiting mosses and lichens
on a hard substratum.

A typical ecological element of the Holarctic element are the non-gpecific
forest species, the species of coniferous forests and the bog-inhabitants.
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A typical ecological element among the widely distributed species are the
forms independent of plant cover.

The Holarctic element is the richest in ecological elements peculiar to it,
the Palaearctic element is the poorest.

3. Relation of ‘Moss Mite Fauna to Humidity of Macroclimate

The relation of particular forms to the humidity of macroclimate has been
included in the definitions of the ranges, worked out after the formula given
by MEUSEL et al. (1965). However, it seems that in order to explain some
general regularities of this relation, the particular data mentioned above should
be generalized. Table X VII isintended to serve this purpose. In it all the species
occurring in the fauna examined are listed and arranged according to their
ranges and the zones of humidity of the macroclimate. By a climatic type I
still mean the relation of a particular species to the zones of humidity of the
macroclimate marked out by MrUSEL et al. (1965). Thus, the species that
occurs in all the four zones distinguished by this author (Table X VII, column 1)
will be of the oceanic-suboceanic-subcontinental-continental type (abbreviated
to oc;_y 3 —Kk;), ete. ‘

In the fauna examined I managed to distinguish 5 fundamental climatic
types: oceanic-suboceanic-subcontinental-continental (12-439%,), oceanic-sub-
oceanic-subcontinental (69-499%,), oceanic-suboceanic (6-789%,), suboceanic-sub-
continental (6-79%,), and suboceanic (4:529%,).

Dominant in the moss mite fauna of the Poznan region is the oceanic-
suboceanic-subcontinental type and it predominates to such an extent that
practically the whole fauna under study is oceanic-suboceanic-subcontinental
in character. This is only natural because the boundary between the suboceanic
and ‘subcontinental zones runs in Byelorussia, just near the Polish frontier
and the boundary between the oceanic and suboceanic zones extends across
Mecklenburg, hardly getting clear of the north-western strip of Poland. The
oceanic-suboceanic-subcontinental species are represented in all the geogra-
phical elements distinguished and predominate in the holo-European, South-
Buropean, European-West Siberian, European-Manchurian, temperate-holo-
Holaretic, western temperate-Holarctic, holo-Holarctic and, less distinetly, in
other elements. They are lacking in the ragne groups that were distinguished
on the basis of occurrence of their species in one or two climatic zones only.

In respect of abundance the oceanic-suboceanic-subcontinental-continental
types comes in second, though it is represented far less numerously. The con-
tinental climate zone is at a great distance from Poland and for this reason
there are few of these gpecies in our fauna. Except for the European element,
in which this type practically does not occur, it is found in more or less uniform
proportions in all the remaining elements: Palaearctic, Holarctic s.l., and
relatively most abundantly among the widely distributed species. It pre-
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dominates merely in the European-Siberian and European-Middle Asiatic
elements, which, however, are composed of single species only.

The remaining types, oceanie-suboceanic, suboceanic-subcontinental, and
suboceanic, form a slight proportion of the fauna examined (Table XVII,
cols. 6—9), though they contain the very species that might provide evidence
of the specific nature of the fauna of the Poznan region. This is especially true
of the suboceanic type, represented worst, because Poland lies whole in the
suboceanic bioclimatic zone.

In addition to the West-European element the oceanic-suboceanic species
(Table XVII, cols. 3 and 6) occur alse in the Holarctic s.l. They are missing
among the Palaearctic forms and practically also among those widely dis-
tributed.

The suboceanic-subcontinental type is, above all, represented by the Euro-
pean species and, besides, it occurs in the European-West Siberian and western
temperate-Holarctic elements.

Finally, the suboceanic type can be found exclusively among the European
species.

A general conclusion made on the basis of the examination of the relation
of climatic types to the ranges supports the generalizations set forth previously
on the dominance of the widely distributed forms, in the case in point, those
of the oceanic-suboceanie-subcontinental type, in the moss mite fauna of the
Poznan region, and on the small share of forms specific of the study area or
those of the suboceanic type.

4. Range Size and Humidity Requirements of Moss Mites

~ In 1962 in her paper on the Chilean moss mite fauna M. HAMMER stated
that the moss mite fauna of damp biotopes is more cosmopolitan in character
than the xerophilous one. This phenomenon is due to the greater stability of
ecological circumstances in the proximity of fresh-water reservoirs than in
dry areas, which are dependent on periodical climatic changes to a markedly
greater extent.

In the moss mite fauna of the Poznan region I have distinguished 4 groups
of species with different humidity requirements: hydrophilous (Tables I—XIIT,
. column: ecological element — pst, ph, pmh, pmeuh, peuh), those with mo-
derate humidity requirements (msth, mh, mph, mpeuh, moh), xerophilous
(oh, omh) and independent of humidity (euh). These groups have been divided
according to particular geographical elements to which their species belong
and characterized with absolute and relative figures in Table X VIII. The last
group consists of species with so far undefined humidity requirements.

The data arranged in this manner make it possible to check the moss mite
fauna of the Poznan region for the above-mentioned regularity observed by
M. HAMMER. It appears that the group of oligohygric species (xerophilous)
occurring in the Poznan region actually lacks widely distributed species com-
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pletely (the ones M. HAMMER had in mind). On the other hand, the relative
numbers of hydrophilous species and those with moderate humidity requi-
rements stand close to each other and form, respectively, 13-7 and 12:09%
of the total of species in their category. Thus.the probability of meeting with
widely distributed species is not confined to the polyhygrs only, but also exists,
more or less equally great, among the mesohygrs. The relative number of
species independent of humidity is approximately twice as large among the
widely distributed forms, which is quite natural. These very species have
evidently the best chances to develop extensive ranges.

M. HaMMER’S tegularity finds no support among the Holarctic species of
the moss mite fauna of the Poznan region, since, as will be seen from Table
XVIII, poly- and oligohygric species occur in nearly equal proportions (25:0%
and 23:09,) in this group. The comparatively large share of oligohygrs in the
group of Holaretic species is natural on account of the dryness of the arctic
climate. Contrariwise, the relative numbers of meso- and euryhygrs are ap-
proximately by half smaller, being 11-0 and 12-59%,, respectively.

The poly- and mesohygric species, however, predominate over the xero-
philoug ones in the temperate-Holarctic element only that here the centre
of gravity evidently shifts on the species with moderate humidity requirements
(26:09,), whereas the hydrophilous forms come in second (18:1%,). The pro-
portion of oligohygrs is far smaller indeed.

A decided predominance of xerophilous forms (38:59%,) is observed among
the Palaearctic species even if the pelyhygrs (9-19) and mesohygrs (20:0%)
are treated jointly. Among the species with European ranges all these three
groups occur in absolutely equal proportions.

M. HAMMER’S (1962) regularity proves true in the material from the Poznan
region for widely distributed species (for which it has been set up) and for
the temperate-Holarctic ones, as well as for the Holarctic species but only
in the case when the species with moderate and high humidity requirements
taken together are opposed to the oligohygrs. As for the Palaearctic forms,
this rule does not come true, even in this last case.

In connection with the foregoing the regularity under discussion should
be interpreted so that among the oligohygrs there are fewer species relatively
widely distributed than among the meso- and polyhygrs together.

5. A Historical Approach to Some Characters of the Ranges

a. Introductory

The purpose of historical biogeography is, among other things, to reconstruct
the process of formation of ranges in time and space (ToLMACHEYV, 1962; Ko-
STROWICKI, 1965a). To carry out this task, biogeographers base themselves
mainly on the analysis of the present-day ranges and in the palaeontological
data try to find a confirmation of the results obtained in this way. Lack of
such data most not stop the progress of investigations concerning the history
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of formation of the ranges of living organisms, the more so since in many cases
we are unlikely to find any of them at all. Moreover, the palaeontological
data, even if available, often provide poor information on old geographical
ranges. I venture the opinion that the contemporary historical geography of
plants has become an extensive and autonomic branch of science only because
in addition to the palaeontological methods it uses analyses of recent ranges
of plants, carried out from the historical point of view (SzAFER, 1964). It
should be added that many a time the present development of palaeogeography
has allowed fairly true reconstructions, which are next corroborated by suitable
palaeontological finds (TOLMACHEV, 1962).

The recent ranges of moss mites are so poorly known that an attempt to
reconstruct their development seems abortive at present. However, the general
outlines of the ranges of certain species which are already available for us
permit the determination of some of their characters, such as are typical of
many animals and plants and can be localized more or less exactly in the
geological past. The time of formation of a range and thus, indirectly, the
age of the species may be inferred from them, but it must be kept in mind
that this method, for the first time applied for moss mites by M. HAMMER
(1965), makes it possible to establish only the fact when a particular charac-
teristic of the range arose; the species itself must have come into existence
earlier, perhaps much earlier, but I will not hazard any conjectures in this
Tespect.

The objective that I have been concerned with in this section is to determine
the approximate minimum age (i.e., the age of the oldest range character
that can be established in time) of some species, using the available palaeo-
geographic data (MARKOV et al., 1965; SINITSYN, 1962) as well as those provided
by the historical geography of plants (KENDEIGH, 1961; NEISHTADT, 1957;
SZAFER, 1964; WALTER, 1954; VUL’F, 1944) and animals (BARTENEF, 1934;
HoRMUZAKI, 1930; KRYZHANOVSKII, 1965).

I have adopted, after the majority of contemporary biologists, the view
that the polytopic origin of species is a rarity, which plays only a minor part
in the world of living organisms (ToLMACHEV, 1962). It also seems indispensable
to lay strong stress on the fact of adoption of WEGENER’S theory as the basis
for all these palaeogeographic considerations. The use of modern data con-
cerning the ecology of particular species for historical deduction demands,
in addition, the recognition of the uniformity of ecological requirements of
species throughout the time of their existence. As such initial qualifications
are almost generally accepted in modern biogeographical-historical studies,
they will be adopted here without detailed argumentation.
~ The problem of parallelism in the distribution of plants and animals is
somewhat more disputable. When in the course of researches of the recent
fauna we are in a position to study the relation of animal species to a definite
phytosociological association, we often find lack of close relations of this kind,
even in the soil fauna. However; the authors who have studied this:problem
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in its wider aspect (THIELE, 1956; RAJskr, 1961) claim that animals generally
reveal connections with a definite type of vegetation, which usually represents
a higher phytosociological unit (order, ete.). Hence I take it that there are
no grounds to call into question the similar dependence in the past. Besides,
with respect to the past we are concerned not with phytosociological units
but with landscape-building formations. The probability of occurence of such
species in them as show similar biocenotic relations at the present time is
therefore still greater. This method has also been used by other authors (VUL'F,
1943; WARNECKE, 1958, and others).

Much attention has lately been excited by the problem whether it is
possible for the microfauna to be transported in a passive manner for great
distances. As regards moss mites, this problem has been decided unambiguously
(for literature see SEYD, 1962). According to the results obtained so far, the
dispersal of moss mites on an intercontinental scale is hardly probable.

b. Species from the Palaeogene and Range Characters Generated in This Period

An analysis of the recent ranges provides no grounds to make conclusions
on the history of their formation reaching back further than the Palaeogene
(BARTENEF, 1934; SZAFER, 1964).

The Palaeogene covers the period from 70 to 26 million years ago. In this
period the climate of the northern hemisphere was far milder and more homo-
geneous than it is now. It was not before the Oligocene that the period of
cooling and differentiation of the climate began. Thele were four climatic
zones in the early Palaeogene.

The temperate zone (with subtropical elements) included the present-day
North-American continent with Greenland, from the northernmost point to
about 49° N in the west and 37° N in the east, and eastern Siberia. There was
a land bridge between Asia and North America in the region of Bering Strait,
north of it and perhaps also farther to the south. This area was occupied by
arctic Tertiary forests, originally indistinctly differentiated into two parts,
boreal and temperate with subtropical elements. They were made up of both
deciduous and coniferous trees.

The subtropical zone embraced a relatively narrow ecotone along the
southern boundary of the arctic Tertiary vegetation in North America, without
reaching the present Atlantic coast. In Burasia it extended as a broad zoné
from Korea, Japan, and Sakhalin through Asia and Europe up to the Scandi-
navian Peninsula and the British Isles. It was covered by thermophilous
mixed coniferous-deciduous forests with subtropical elements.

As early as that time, the tropical zone was evidently tripartite. In North
America it included the southern part of the U.S. and Mexico, in Eurasia
the Indo-Malay area and nearly whole Central and North Europe, and in
Africa its northern part.

Lastly, a warm and dry climate with savanna-like vegetation prevailed
in a large part of Middle Asia, Central Asia, Arabia, probably also in a con-
siderable part of Africa and in the central portion of Mexico.
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The following changes had taken place in the arrangement of the zones
by the end of the Oligocene.

In North America the boundaries of the zones shifted farther to the south
and the arctic Tertiary flora differentiated clearly into a boreal part, void
of thermophilous elements, and a temperate part, better developed in the
east of the continent. The shift of the tropical zone towards the south occurred
also in Europe and, as a result, the temperate zone covered both eastern and
western Siberia and, as previously, northern Europe. The southern boundary
of the temperate zone in Europe was moved somewhat southwards. The so-
called Turgay flora developed in the temperate zone. It comprised deciduous
and coniferous trees, of which the latter became predominant in eastern Siberia.

The temperate-subtropical transition area in Eurasia split into an Rast-
Asiatie part (southern Kamchatka, Sakhalin, Japan, Korea, and the so-called
Far East) and a European part. These territories were separated by a warm
and dry climatic zone including Central and Middle Asia and Arabia. Loose
scrubs amidst grassland formed the dominant type of vegetation of this region.

In south-eastern Asia the boundary of the subtropical zone was shifted
rather markedly to the north. The so-called Poltava flora prevailed here.
The boundary between the zone of dominance of the Poltava and Turgay
floras ran from the north of England through Central Germany, the northern
Ukraine, the southern Ural, central Kazakhstan, the region of Zaysan Lake
and that of Pekin (KENDEIGH, 1961; SINITSYN, 1962; VUL’F, 1944). The arctic
zone and those of tundra and taiga did not yet exist in the Palaeogene.

Against the background of these facts I should like to consider all the
data that permit the inference on the Palaeogene age of some moss mite species
or admit the possibility of formation of at least a part of a given range in the
Palaeogene.

There is, above all, a direct evidence for the existence of 15 moss mite
species of those living in the Poznan region now at the end of the Hocene and
the beginning of the Oligocene. They were found in Baltic amber and examined
by SELLNICK (1919, 1931). According to the data given by many authors
(HAMMER, 1965; HoRMUZAKT, 1930; KRYZHANOVSKIL, 1965; PAPP, 1959; SZAFER,
1964), in the Eocene and Oligocene there were suitable conditions for the
formation of amber in the forests situated on the border between the sub-
tropical and tropical zones in Sambia in the Mazury Lake District. As
amber was formed in the humid subtropical-tropical climate, the occurrence
of the species found in it in the recent tropical or subtropical zone or at least
in refuges in which tropical species may have preserved provides additional
evidence of their old age (SZAFER, 1964). These are the species mentioned
by SELLNICK (1919, 1931) among other moss mites from Baltic amber: C. horrida
(HERMANN) (26) — Table XI, T. tectorum (BERLESE) (32) —T. X, C. latus
C. L. Kocu (57) — T. VIIL, E. oblongus (C. L. Kocn) (64) — T. II, C. bipilis
(HERMANN) (68) — T. XII, X. clypeator RoBINEAU-DESVOIDY (71) — T. VII,
C. coriaceus C. L. KocH (76) — T. IX, C. labyrinthicus (MICHAEL) (80) — T. XI,

-
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0. minus (PAoLr) (93) — T. VIII, A. longilamellata (MicHAEL) (103) — T. VIII,
H. acromios (HERMANN) (115) — T. VI, O. meridionalis BERLESE (128) —
T. IV, C. cuspidatus (MicHAEL) (146) — T. XI, E. rauschenensis (SELLNICK)
(164) — T. IIL, L. similis (MICHAEL) (169) — T. X.

Out of these species, only C. bipilis (HERMANN) (68) has been noted in
the subtropical zone and even this only recently (Table XII). However, as
the moss mites of the countries situated in the subtropical and tropical zones
are very poorly known, it may be supposed that most of the remaining species
from amber also occur in them. Four of the species mentioned, C. bipilis
(HERMANN) (68), X. clypeator ROBINEAU-DESVOIDY (71), O. minus (PAOLI)
(93), and C. cuspidatus (MICHAEL) (146), live in refuges in which some Palaeo-
gene elements may have been preserved (VUL’F, 1944), namely on Madeira,
in Oolchis and in the Lenkoran ILowlands. The species recorded from amber
have very various ranges, from small West- and Central-European ranges
to Holarctic-subtropical ones. No regularity can be detected here. The fact
of finding recent moss mite species in amber is not only significant as direct
evidence of their Early-Tertiary age. Its basic import consists in proving that
this group of animals was able to survive such a long space of time keeping
its specific characters. An intense speciation took place in most of the other
animal groups, especially among insects, during that time (HorMuzAk1, 1930;
KRYZHANOVSKIT, 1965).

The periods of formation of the ranges of the remaining species may be
referred to the Palaeogene only indirectly, by comparing the distinctive charac-
ters of their ranges with the palaeogeographic and palaeobotanic data.

(1) In SzAFER’S opinion (1964, p. 256), the main refuge of the Early-
Tertiary flora are tropical and subtropical areas, in connection with which
there is some probability that the moss mites inhabiting these territories derive
from the Palaeogene. In particular, their disjunctive occurrence in the Oriental
Provinece and Europe may indicate their Farly-Tertiary age. The Oriental
tropical vegetation had been separated from Europe by savanna-type vege-
tation in Central and Middle Asia since the upper Jurassic period (SINITSYN,
1962, Fig. 27). The migration of tropical elements was, however, possible in
all probability through the uniform zone of subtropical vegetation in the belt
“of islands at the southern border of the then existing continent, from eastern
Asia to England. Towards the end of the Palaeogene this zone underwent
a division — as has already been mentioned — into the Rast-Asiatic part
and the Buropean part (SINITSYN, 1962). It was then that the ranges of moss
mites living in a humid tropical climate and having a low ecological value
in relation to humidity as well as representing the eury type in relation to
temperature must have become disjoined.

(2) According to VUL’F (1944), nowadays the Early-Tertiary relicts may
occur also on Madeira, in Colehis, and in the Lencoran Lowlands. However,
as a number of later relicts are also found in these areas, only those may be
regarded as the Palaeogene ones which, in addition, live in the subtropical
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and tropical areas at the present time. Besides, the Early-Tertiary relicts
should not oceur in the Mediterranean today; otherwise they would be species
with a high tolerance not only regarding temperature but also with respect
to humidity and their localities in Colchis or in the Lenkoran Lowlands might
be of quite recent date. .

On the basis of the foregoing (1 and 2) I think that N. anauniensis CA-
NESTRINI et FANzAGo (21) and Q. quadricarinate (MICHAEL) (102) existed
perhaps as early as the Palaeogene. Now they both have Holarctic-subtropical
ranges (Table XII).

(3) HAMMER (1965) was the first to give attention to the South-Pacific
disjunction (South America — Australia and New Zealand) in moss mites
and, basing herself on the WEGENER’s theory, referred its origin to the early
Palaecogene. By this she established also the minimum age of Mucronothrus
nasalis (WILLMANN). The later results of her researches (HAMMER, 1966) suggest
that the South-Pacific disjunction in three other species, K. minutissimus
(BERLESE) (2), T. excavatus (WILLMANN) (34), and 7. novus (SELLNICK) (36),
also originated in the early Palaeogene. The first of these species has a Hol-
arctic-subtropical range now (Table XII) and is a forest mesopolyhygric form,
whereas the other two have semicosmopolitan ranges and are stenotopes,
associated with Sphagnum sp. (Table XIII). T. excavatus (WILLMANN) (34)
occurs in Europe, South America, and New Zealand, but is absent from North
America, which may indicate its Antarctic and therefore Palaeogene origin
in South America.

On the whole, 20 species, i.e., 11:30 9, of the moss mite fauna of the Pozn(m
region are, in all probability, of Lhe Palaeogene age. In addition, several species
(Tables XII and XIIT), to be sure, do not show the typical South-Pacific
disjunction, but occur also out of the Holarctic, in New Zealand. They may
also be found in South America one day. For the present, the time of formation
of their ranges has been determined on the basis of other characters, easier
to establish in time, but it cannot be ruled out that in the future it will be
necessary to acknowledge them as old Tertiary forms.

c. Range Characters Formed in the Neogene

By absolute standards the beginning of the Neogene took place about
25 million years ago and it ended about 600,000 years B. C. (SINITSYN, 1962).
The second part of the Neogene is in particular characterized by strong tectonic
activity and a cooling of climate and, consequently, the bioclimatic zonation
became markedly complicated.

At the end of the Miocene and the beginning of the Pliocene coniferous
forests with an admixture of deciduous trees dominated in western Siberia
(west of the Yenisey) and in northern Europe (Baltic coast and Scandinavia).
In eastern Siberia the spruce-fir taiga with a proportion of pine and hemlock-
spruce, descending from the mountains, occupied more and more extensive
areas and ousted the more thermophilous deciduous and coniferous species.
In the Middle and Late Tertiary the Asiatic taiga had no constant connections
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with the Canadian taiga (disappearance of the land bridge across Bering
Strait), which extended in the west and in the east of North America, being
united only in northern Canada. In the middle zone of the North-American
mainland steppes penetrated deep into the taiga area. Since the Miocene the
western portion of North-American coniferous forests had been developing
to a great extent autonomically, owing to the intense action of mountain-
building forces and sporadic occurrences of connections with Asia.

In Eurasia the deciduous-coniferous forest zone was bipartite, its range
being more. or less like that in the Late Oligocene. Its southern portion, how-
ever, did not contain tropical but only subtropical evergreen elements. In
North America the deciduous forests of the temperate zone shifted as a rule
to the south-west and only slightly to the south, along the Pacific coast and
damp mountain valleys in the Miocene and Phocene

Steppes, deserts, and tropical forests of Eurasia had practically preserved
their ranges since the Late Palaeogene. The process of continentalization
continued in the area of dry climate (KENDEIGH, 1961; SINITSYN, 1962).

The following climatic-vegetative zones swept across Poland, from north
to south, beginning at the early Miocene: the tropical-subtropical zone (Lower
Miocene), the Mediterranean (subtropical and Mediterranean vegetation), the
zone of warm-temperate deciduous and mixed forests, floristically classified
as Bast Asiatic-North American (Upper Miocene and, partly, Pliocene), and
the zone of deciduous forests of temperate climate (floristically Holarctic or
Eurasian) in the Pliocene (SzZAFER, 1964). '

The following facts are of basic significance in so far as the determination
of the Neogene origin of the ranges of some moss mite species is concerned:

1. The existence and disappearance of land bridges between Asia and
North America as well as between Europe and North America and the possi-
bility of migration of the definite bioclimatic types by them.

2. The formation of the so-called European-Manchurian disjunction in the
range of deciduous forests and animal species associated with them.

3. Relict localities of definite species in typical refuges of the Tertiary
fauna: on Madeira, Sardinia and Corsica, in Colchis, Lenkoran Lowlands and
some portions of deciduous forests in Asia, regarded as remnants of temperate
Tertiary forests (KRIVOLUTSKII, 1966h: Turgay forests).

The lasting land bridge between Asia and North America in the Bering
region and as far to the south as the Aleutian Is. persisted throughout the
Palaeogene. Arctic Tertiary coniferous-deciduous forests dominated then in
this area (KENDEIGH, 1961; SINITSYN, 1962; VUL'F, 1944). During the whole
Neogene and later, throughout the Pleistocene, the land bridge existed only
periodically (VUL’F, L c.). The spruce and fir became more and more distinctly
dominant in the forests of the Bering region (SINITSYN, 1962), but up to the
end of the Miocene (ToLMAcHEV, 1954) the forests composed of deciduous
trees and members of the family Taxodiaceae had a continuous range in Si-
beria and in corresponding latitudes of North America. In the Pliocene the



190

climate of the remote northern areas beeame cooler and cooler and, con-
sequently, this flora retreated more southwards to eastern Asia and the Atlan-
tic portion of North Ameriea (SZAFER, 1964: 197—198).

In the case of the moss mites that did not spread northwards beyond the
zone of temperate coniferous-deciduous forests and living now, among other
places, in Japan and in the Atlantic part of North America, the East Asiatic-
North American disjunction seems to have been developing also in the Pliocene,
simultaneously with the formation of the Arctic Tertiary disjunction in the
vegetation of the area under discussion. This refers to the following species:
N. coronata BERLESE (41) — Table VIII, @. bicostatus (C. L. KocH) (46) —
T. VIII, C. latus C. L. KocH (57) — T. VIII, C. cepheiformis (NICOLET) (58) —
T. VIIL, F. quadripertitus GRANDIJEAN (67) — T. XIII, O. subpectinata (OUDE-
MANS) (99) — T. VIII, (. gracilis (MicHAEL) (132) — T. XII, P. punetum
(C. L. Kocn) (141) — T. VIII, 8. latipes (C. L. XocH) (171) — T. VIII, S. lae-
vigatus (C. L. Koon) (172) — T. XIII.

The period when the land bridge between Europe and North America
was broken may be an indication of the age of the North-Atlantic disjunction.
It is known that the North-American shield had separated from the Baltic
shield long before the period in question. However, since the species in which
this disjunction occurs do not inhabit the subtropical and tropical zones at
the present time, its formation can by no means be associated with the se-
paration of the Baltic and North-American shields. Moreover, according to
BUBNOFF (1956), the existence of the Atlantic between Canada, Greenland,
and Scotland has not been proved for the Palaeogene, because the corresponding
sea sediments are missing. Both the continents were probably linked by Green-
land up to the beginning (VUL’F, 1944) or even the middle (A. S. KOSTROWICKI,
oral information, 1967) or the Quaternary. The fossil flora which indicates
a mean annual temperature of --8°C is known from the Eocene of northern
Greenland and the first signs of frost in the present-day Arctic Province date
back to the Upper Miocene (WALTER, 1954). As we are, above all, concerned
here with the species reaching the boreal zone in the north (Table IX), the
very beginning of the Miocene may roughly, be assumed as the time of the
origin of their North-Atlantic disjunction, but it may be that it came to be
as early as the end of the Palaeogene. Taking into consideration the floral
material alone (Central-European and Scandinavian species in the North-
American flora), VUL'F (1944) points out the necessity of admission of the
occurrence of a direct junction between North America and Europe (out of
the Arctic zone) as late as the beginning of the Quaternary. In SZAFER’S (1964)
opinion, the northern transatlantic disjunction dates from the Pliocene. The
formation of the North-Atlantic disjunction may be referred to the moment
of interruption of the connection of the temperate and boreal zones between
Europe and North America in the Neogene in the following species: K. minu-
tissimus (BERLESE) (2) — Table XIII, S§. magnus (NicorLer) (6) — T. IX,
P. globosus (C. L. Kocn) (9) — T. IX, P. dtalicus (OUDEMANS) (10) — T. VIII,
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. piger (Scoporr) (13) — T. VIII, E. cribrarius (BERLESE) (15) — T. VIII,
. segnis (HERMANN) (24) — T. XTIII, M. gracilis VAN der HAMMEN (35) —
. IX, T. glaber (MicHAEL) (37) — T. IX, N. nanus (N1cOLET) (39) — T. IX,
. elegantula BERLESE (42) — T. IX, M. papillipes (N1coLeT) (54) — T. IX,
. ovatus (C. L. KocH) (70) — T. IX, 0. coriaceus (C. L. KocH) (76) — T. IX
. areolatus BERLESE (77) — T. IX, (. minusculus BERLESE (82) — T. IX,
. bella (SELLNICK) (125) — T. IX, O. calcarata (C. L. KocH) (127) — T. IX,
. gracilis (MicHAEL) (132) — T. XII, C. mediocris BERLESE (133) — T. XTI,
fuscipes (C. L. Kocu) (136) — T. VIII, F. setosus (C. L. KocH) (137) —

VIIL, 7. novus (SELLNICK) (140) — T. IX, G. elimata (C. L. KocH) (156) —
. XII, P. nervosa (BERLESE) (158) — T. X1I, A. longipluma (BERLESE) (160) —
. IX, L. humerata SELLNICK (170) — T. IX, X. capucinus (BERLESE) (176) —
¢ XA

In addition to the species that in the north reach the boreal bioclimatic
zone, the fauna under study contains a number of species which occur also
in the Aretic. The arctic flora began to develop from the arctic Tertiary elements
as early as the Miocene (KENDEIGH, 1961; VUL’F, 1944). Though the species
of moss mites with which we are conecerned here extend to the Arctic, their
basic ranges stretch in the temperate, boreal, and even submeridional zones.
They are therefore species which probably existed before the formation of the
arctic zone. When the temperate and boreal zones had retreated southwards,
they may have remained in the place owing to their great tolerance of low
temperatures and, thus, went to the making of the arctic fauna (KENDEIGH,
1961). Exchange between North America and Europe was possible for them
far longer than for more thermophilous species; it proceeded along two ways
(Vur’r, 1944): for more arctic elements through northern Greenland and
Spitsbergen and for moderately arctic specimens via Greenland and Iceland.
The ranges of the species that reach the Arctic and now live in Europe and
northern part of North America but are absent in Asia and Alaska seem to
have been developing up to the very end cf the Neogene. An additional cri-
terion of this hypothesis may be the occurrence in Greenland and Iceland.
The following species can be mentioned in this group: N. silvesiris NICOLET
(23) — Table XII, H. thori (BERLESE) (29) — T. XI, P. peltifer (C. L. KoCH)
(31) — T. XIII, T velatus (MICHAEL) (86) — T. XI, O. nova (OUDEMANS)
(95) — T. XIII, O. ornata (OUDEMANS) (96) — T. X, O. unicarinata (PAOLI)
(
(
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Tl 0 Xe A coleoptrata (L.) (122) — T. X, P. willmanni VAN der HAMMEN
124) — T. XI P. pilosus HAMMER (174) — T XAl

In all probablhty, the North-Atlantic disjunction (Table XI) in T. foveo-
latus WILLMANN (38) and A. latitecta (BERLESE) (126), also got into shape
towards the end of the Neogene, but their distribution does not reflect this
fact to the full. Surely, they are both northern elements in the fauna under
study, but the first of them occurs only in Greenland (though in both its eastern
and the western part) and the other only in North America exclusive of Green-
land. It is hardly probable that they have been brought along by man, because
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T. foveolatus WILLMANN (38) is a typical dweller of moist and wet mosses and
A. latitecta (BERLESE) (126) lives in- both south-eastern and northern parts
of North America. : :

The origin of species showing the European-Manchurian disjunction should
be associated with the history of the development of the Turgay flora. This
flora had differentiated from the mesophilous vegetation in the north of Asia
as a result of the progressive cooling of climate and consisted of deciduous
trees and thermophilous conifers (Taxodiaceae). In the opinion of most of
the authors (VuL'wr, 1944; TOLMACHEV, 1954; KRYZHANOVSKII, 1965; MARKOV
et al., 1965), the Turgay forests reached the peak of development in the Miocene
and then had a continuous range north of the line running across northern
Kazakhstan, northern Mongolia, and the Amur region. As has already been
mentioned, these forests swept over Central Europe in the Upper Miocene
and Pliocene (SzZAFER, 1964). According to the above-mentioned authors, the
disjunction between the Furopean and East-Asiatic portions of the Turgay
flora began to develop as late as the Pliocene. Only SINITSYN (1962) refers
the maximum development of the Turgay forests to the Oligocene and the
formation of the disjunction in question in the territory of southern Siberia
and.in Mongolia to the Miocene. The deciduous forests re-developed in Eurasia
during the Eemian interglacial. However, there was most probably a gap in
Transbaykalia, occupied by steppes and the so-called open taiga, between
the Siberian and Far-East areas of deciduous forests or those with a great
admixture of deciduous trees (BOYARSKAYA, 1965, p. 427). Thus, the disjunction
in the species inhabiting the deciduous (mesophilous) forests of the temperate
zone between Europe and eastern Asia should be considered to be Neogene age.
In the material under study this disjunction has been found in the following
species: H. targionii (BERLESE) (28) — Table VII, N. coronata BERLESE (41) —
T. VIL, C. latus C. L. KocH (57) — T. VIIIL, C. cepheiformis (NICOLET) (58) —
T. VIII, G. fusifer (C. L. Kocn) (60) — T. VII, F. quadripertitus GRANDIEAN
(67) — T. XIII, X. clypeator ROBINEAU-DESVOIDY (@) — T, VLI, €. faloata
Evans (74) — T. VII, 0. pusillus (BERLESE) (148) — T. VII, H. initialis
(BERLESE) (168) — T. XIII. Numerous European-Manchurian species of pre-
Quaternary age are also mentioned by HORMUZAKI (1930).

A disjunction analogous to the BEuropean-Manchurian one seems to exist
in the species inhabiting the temperate and boreal bioclimatic zones and
reaching the Arctic but absent from the region of continental climate today.
I mean the species which in the Arctic occur, above all, in the coastal tract
of Greenland, in the climate influenced by the Atlantic, or in a similar situation
in Canada or Alaska. Since throughout the Tertiary the climate of Asia under-
went a more and more intense continentalization and in the Quaternary re-
sembled the recent climate in this respect, these species cannot have lived
in Siberia during the glaciations. Hence also in their ranges the above-men-
tioned disjunction originated in the Neogene, perhaps in the late Pliocene.
It presumably arese then in the following species: H. rufulus C. L. Kocn (1) —
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Table X, E. minutissimus (BERLESE) (2) — T. XIII, R. ardua (C. L. KoCH)
(16) — T. XIII, N. anauniensis CANESTRINI et FANzZEco (21) — T. XIII,
N. pratensis SELLNICK (22) — T. X, C. biurus (C. L. Kocn) (25) — T. X, C. spi-
nifer (C. L. Kocn) (27) — T. X, H. paolianus longisetosus WILLMANN (30) —
T. X, T. tectorum (BERLESE) (32) — T. X, Q. quadricarinate (MICHAEL) (102) —
1% XAl

Detached localities of several species in the pistachio and nut forests of
the Tashkent region are related to the European-Manchurian disjunction
(KRIVOLUTSKII, 1966b). They are regarded as remains of the Turgay forests,
subsisting on the slopes of mountains owing to a more favourable local total
of rainfall. Their isolation goes back to the period of formation of the European-
Manchurian disjunction. A number of insect species (KRYZHANOVSKII, 1965)
whose ranges were originally continuous throughout Asia and are amphi-
palaearctic nowadays (with a disjunction in Middle and Central Asia) have
subsisted in these forests since the Neogene. The there encountered moss mites,
which occur nowhere else in the region of continental climate at the present
time, have probably also been isolated in the forests in question since the
Lower or Upper Neogene, according to their tolerance of temperatures. The
following species are included in this group: R. ardue (C. L. KocH) (16) —
Table XIIL, T'. tectorum (BERLESE) (32) — T. X, F. quadripertitus GRANDJEAN
(67) — T. XIII, X. clypeator ROBINEAU-DEsvoipy (71) — T. VII, X. per-
mixztus (ANDRE) (72) — T. IL, C. femoralis rugosior BERLESE (79) — T. VI,
0. sellwicki RAISKI (135) — T. VI, L. similis (MICHAEL) (169) — T. X, X. ca-
pucinus (BERLESE) (176) — T. XIII.

Owing to the lack of fossil material the characteristics of the range or,
to be more exact, the latest probable time of their formation can be the only
reliable indication of age, but it is obvious that the species whose range under-
went a disjunction at a definite time must have existed before. TOLMACHEV
(1954), for instance, determined the maximum age of the species with the
European-Manchurian disjunction at the beginning of the Palaeogene and
their minimum age at the end of the Miocene.

The age of species can also be indicated, in addition to disjunctions, by
their relict localities. In our case, they are areas which owing to the topical
circumstances have preserved their climate and vegetation hardly changed
since the Neogene, while in the adjacent territories both the climatic con-
ditions and the plant cover went many a time through a complex evolution.
The members of the fauna under study have such relict localities on Madeira,
Sardinia and Corsica, in Colchis and in the Lenkoran Lowlands. Naturally,
in these regions only the localities of the species that in the surrounding areas
have died out in consequence of the changes of climate and, what foll_ows,
those of the flora, may be regarded as the relict ones.

In WALTER’S (1954) opinion, the vegetation on Madeira is similar to that
in the warm and humid climate of Central Europe in the Miocene. A number
of evidences for the Tertiary age of the Madeiran flora are given by VUL’F
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(1944). According to this author, the Canary Is. are the extension of the Atlas
Mts. and were directly connected with Morocco. Their flora and, consequently,
probably also the moss mite fauna, are, to a great extent, of Tertiary European-
North African origin. Liater, when the land connection of the Canary Is. with
Africa had been broken and the climatic conditions in the Mediterranean
favoured the development of xerophytes, the mesophilous flora and fauna
perished in the nearly whole Mediterranean, being preserved only in a few
places, among them also on Madeira. Thus, the moss mite species which oceur
in the temperate zone of Europe and, being absent in the Mediterranean, have
their localities on Madeira, probably had a continuous range in North Africa
and Europe in the Upper Miocene.

It may also well be that the relictual species on Madeira are of Pliocene
or even Quaternary age, in which periods they lived in Europe in a climate
resembling the recent one. During the glaciations they migrated southwards
and occupied the Mediterranean area in the phases of pluvial climate. In the
interglacials they returned to the north, in the Mediterranean remaining only
in places where the humid climate had subsisted (Madeira). This hypothesis
is, however, less probable, since it implies the necessity of long migrations,
rather impossible as regards Madeira and the Azores in the Quaternary, as
there was no land connection between them and the mainland. Moreover,
some other characteristics of the ranges of the species in question also took
origin in the Neogene.

In the light of the available data the following species of the fauna examined
have their relict Upper-Miocene localities on Madeira: S. applicatus (SELLNICK)
(4) — Table I, P. lentulus (C. L. Kocr) (11) — T. IV, 0. subpectinata (OUDE-
MANS) (99) — T. VIII, P. punctata (NICOLET) (123) — T. XI, C. mediocris
BERLESE (133) — T. IX, C. borealis (TRAGARDH) (147) — T. IX.

Another region of the Mediterranean in the wide sense (or the so-called
0Old Mediterranean) with which we are concerned here and in which the Neogene
elements of climate, flora and fauna have been preserved to a great extent
is Transcaucasia (SZAFER, 1964): Colchis, Talish, and the Lenkoran Lowlands.
Since the paper in which the moss mites of the Talish Mts. are described
(KuLivev) is not available for me, I shall confine my considerations to Colchis
and the Lankoran Lowlands. KRIVOLUTSKII (1966a) has recently published
a list of moss mites of these regions. They have not been included in the faunistic
survey (RAJSKI, 1967, 1968).

To the middle of the Pliocene the flora of Colchis and the Lenkoran Lowlands
developed quite independently of the vegetation of the Russian Lowlands,
from which it was separated not only by the Caucasus but also by the sea.
BEarlier than with Europe, the Caucasus had a land connection with western
Asia (towards the end of the Miocene) and so was joined with the remaining
part of the Old Mediterranean. Besides many other relicts, the Transcaucasian
localities (VUL’F, 1944) have also those of the Turgay (Neogene) flora. These
are mesophilous forest species that may occur also in other typical refuges
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of the Neogene flora and fauna in south-eastern Asia and in the east of North
America. However, they do not live in the areas of the typical Mediterranean
climate now. In the Quaternary the boreal elements did not reach the Lenkoran
Lowlands and only to a low degree Colchis (VUL’F, 1944). Therefore, the meso-
philous forest species of the fauna under study, whose origin should be referred
to the development of the Turgay forests (KRYZHANOVSKII, 1965) have very
likely their relict sites in this region and these sites date back, in all probability,
to the end of the Miocene and the beginning of the Pliocene. Naturally, only
the localities of the species that owing to their ecological characters could
not reach this region under modern climatic conditions may be regarded as
relicts. The following species seem to satisfy this condition: S. magnus (Ni-
COLET) (6) — Table IX, 8. striculus (C. L. KocH) (8) — T. X, P. italicus
(OUDEMANS) (10) — T. VIIIL, P. ligneus WILLMANN (12) — T. IX, N. nanus
(N1corET) (39) — T. IX, H. punctulate BERLESE (44) — T. IV, Z. micronychus
(BERLESE) (61) — T. IV, A. polonicus KULCZYNSKI (66) — T. V, A. ovatus
(C. L. Kocm) (70) — T. IX, C. femoralis (NIcOLET) (78) — T. I, C. femoralis
rugosior BERLESE (79) — T. VI, 0. bicarinata (PAoLI) (89) — T. VI, Q. quadri-
carinata (MICHAEL) (102) — T. XIII, E. occultus (C. L. KocH) (119) — T. VI,
P. punctata (N1coLET) (123) — T. XTI, M. pseudofusiger (SCHWEIZER) (145) —
T. I, C. voigtsi (OUDEMANS) (151) — T. V, P. tenuiclava (BERLESE) (159) —
T. VIII, X. variabilis (RAJSKI) (177) — T. V.

The occurrence of any species on Corsica and Sardinia as well as in Europe,
out of the Mediterranean, may indicate the relictual charactér of the localities
on these islands. Their flora is composed mainly of Miocene elements (VUL'F,
1944). Sardinia and Corsica most likely maintained a direct land connection
with each other and with the Iberian and Italian Peninsulas as late as the
end of the Miocene and the beginning of the Pliocene.

Probably only R. duplicata (GRANDJEAN) (17) — Table IT — has subsisted
on Corsica since the time of its being directly connected with the Iberian and
Italian Peninsulas. The other two species of the moss mite fauna of the Poznan
region occurring on Corsica, H. silvesiris (FORSSLUND) (65) and S. laevigatus
(C. L. KocH) (172), are also well represented in the Mediterranean. As a result,
it cannot be established for how long they have been going into the making
of the fauna of this island.

An analysis of the ranges shows that in 77 species, i.e., 43:509%, of the fauna
under study (Table XIX), they have characters which may have developed
in different periods of the Neogene, from the early Miocene (North-Atlantic
disjunction in the species of the temperate and boreal zones) to the late Pliocene
(the same disjunction in the species reaching the Arctic zone). As it has appeared,
the ranges of some species were formed both in the Palaeogene and in the
Neogene. In a number of species not one but several characteristics indicate
the formation of their ranges in the Neogene (Table XIX).

d. Range Characters Formed in the Quaternary

The Quaternary covers the last 600,000 years of geological history. From

3*
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the viewpoint of formation of the ranges of moss mites the most important
events of the Quaternary were strong climatic oscillations, which most likely
caused the fourfold glaciation in the Northern Hemisphere. Uniform icecaps
covered North America and Europe, probably including western Siberia,
whereas the eastern part of Siberia had only local mountain and valley glaciers
owing to the advanced continentalization of its climate (MARKOV et al., 1965).

Towards the end of the Neogene and at the beginning of the Quaternary
tundra appears for the first time in the history of the Harth. It originated
in north-eastern Asia and in the northern part of North America. Before the
first glaciation Siberia was still covered by taiga, spruce-fir taiga in the west
and north-west and larch taiga on the Central Siberian Plateau. Deciduous
forests had persisted till the glaciations only in some regions of the Altai,
Kuznetsk Ala-Tau and Transbaykalia. On the other hand, in the region of
the middle course of the Amur, in northern and north-eastern China, Korea
and Middle Japan they existed throughout the Quaternary (SINITSYN, 1962).

Tundra and taiga occupied the whole northern part of North America
at the beginning of the Pleistocene and next, as the icesheet expanded, they
underwent destruction. Both these formations were preserved in Alaska
throughout the glaciations and, in addition, in the Quaternary this refuge
had a periodical connection with north-eastern Asia and was isolated by the
icesheet from the other North-American refuges. There was a possibility of
exchange of species fit for life in the Arctic tundra and, perhaps, in the taiga,
owing to this periodical connection between Asia and North America in the
Quaternary. Tundra may have subsisted on the Arctic Archipelago during
the glaciations, whereas the coniferous forests were also preserved in the
northern portion of the Rocky Mts. and on the Pacific coast of North America,
as well as farther to the south, in the mountains but at lower altitudes.

In the eastern part of North America coniferous forests encroached upon
the region of the northern Appalachian Mts. and there they mingled with
deciduous forests. Tundra covered also a narrow tract in the foreland of the
icesheet, where it had an admixture of steppe, mountain and even forest
elements.

Deciduous forests persisted in the eastern part of North America in the
territories which they had occupied as early as the Neogene. Their structure
also remained unchanged. Only in the northern regions they had been enriched
in taiga elements (KENDEIGH, 1961). ~

The ice-cap attained the relatively greatest extent in Europe and, since
it leaned more or less against the mountains which have a parallel course,
the flora and fauna, resembling those of eastern Asia and North America at
the beginning of the Pleistocene, became more and more impoverished during
the consecutive glaciations. In the Mediterranean, where the thermal con-
ditions did not change essentially, the successive glaciations were marked
by periods of pluvial climate and the interglacials by a climate favouring the
development of xerophytes.
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As will be seen from the previous considerations on the formation of ranges
of the moss mites, a large number of species that occur in the Poznan region
today originated in the pre-Quaternary periods. As the Wielkopolsko-Ku-
jawska Lowlands were overcome by all the.four glaciations, these species
must have lasted out the unfavourable climatic periods somewhere in the
European territory, because their European populations had already no con-
nections with the Bast-Asiatic or North-American populations. Although it is
impossible to point to the refuge from which these species came back to Central
and North Europe in the interglacials and Holocene, the existence of such
refugial areas must be assumed to obtain a full picture of bioclimatic conditions
of the Quaternary in Hurope. ”

A map showing the boundaries of the maximum ranges of the icesheet
and vegetation zones in Europe is given, among other workers, by FrinT (1957)
and WALTER (1954), and I shall not discuss it here in detail. However, it must
be kept in mind that some species, which now reach the boreal and Arctic
bioclimatic zones, were able to survive both in small refuges with relatively
mild Iocal climatic conditions within the area of glaciation and at a short
distance from the glacier margin, as well as in areas covered with forests at
the time of the glaciations.

The present conditions in Greenland and, partly, in Alaska are an indirect
evidence of the possibility of survival of species not only from the Arctic zone
but also those from the temperate zone in the region of glaciation. Greenland
is at a glacial stage now, and only its narrow coastal tract is free of ice. Its
flora consists of about 416 species of higher plants (VUr’w, 1944), out of which
679, constitute a temperate element, 24 %, form the flora of deciduous forests,
and 189, reach southwards to Labrador. Birches and alders form exuberant
shrub thickets here. At places, the Malaspina Glacier in Alaska covers quite
a vigorous spruce forest and that of Alnus viridis (OmAIX) LAM. et D. C. In the
European parts of the U.S.S.R. the taiga neighboured almost directly on
the glacier margin (MINVAEV, 1965) and, according to some authors (MARKOV
et al., 1965), the elements of deciduous and spruce forests could survive not
far from it. These facts suggest that in the European territory there may have
existed detached places in which the influence of the icecap was very small
during the glacial periods. An analysis of the contemporary flora (VUL'F, 1944)
allows the supposition that there were local refuges in northern Iceland and .
in north-eastern Europe (MINYAEV, 1965). Moreover, there are data which
indicate the local survival of the late Tertiary flora, among other places, in
the Carpathians. More extensive refuges are situated in southern France,
in the Balkans (locally even in Croatia and Slovenia), as well as in the area
which stretches from the Podolian Plateau up to the southern ridges of the
Ural Mts. There are also many refuges which had preserved the Tertiary flora
but did not constitute centres of expansion for all the extant species in the
Holocene (e.g., Strandzha Mts. in the Balkans).

Contrary to the earlier opinions (HorMuUzAKI, 1930), the latest studies
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carried out in Romania have shown that in the glacial periods the climate
was subarctic there and for this reason only some species of the genus Pinus L.
had a good chance to last out the glaciation, the same being true of Lariz Mill.
and Juniperus communis L. in the Pannonian Lowlands. Different species
of Saliz L. and Betule L. and, perhaps, Populus tremula L. and Alnus incana (L.)
Mnech. subsisted on the inner slopes of the Carpathian range, whereas the
possibility of existence of local refuges containing elements of mixed oak forest
(Quercus L. and Corylus L.) in Romania lies in the sphere of conjecture only
(Pop, 1964).

A typical Holocene cycle of forest development has also been found in
France, Austria and Hungdry Bohemia and Moravia, as well as at the foot
of the southern slopes of the Alps. The forest-building species of broad-leaved
trees were preserved only in southern Europe. The modern discontinuous
mountainous ranges of the beech in Spain provide evidence of its continuous
range in this region in the glacial periods, and the only place in Europe where
the oak dominated as early as the turn of the Preboreal was Mljet Island in
southern Dalmatia (FIrBAS, 1964).

Thus, in spite of the obvious impoverishment of the European flora and
fauna, some of the species managed to survive this indubitable disaster at
a fairly short distance from Poland or, perhaps, even within the area of this
country. In the territories affected by glaciation their ranges, though showing
some Tertiary characters, were certainly being formed up to the recent epoch.
There is also a group of species whose ranges can be explained exclusively
in connection with the Quaternary.

As has already been mentioned above, the land connection of North America
with Asia in the Bering region existed periodically during the glaciation and,
consequently, the species that tolerate climatic conditions of the Arctic and,
perhaps, the boreal zone could at that time at latest move in the east-west
direction (KENDEIGH, 1961). A trace of the migrations may be the present-day
occurrence of these species in Alaska and north-eastern Asia and in many
cases only in Alaska or northern Canada because of our better knowledge
of these areas. The following species may be mentioned here: H. rufulus
C. L. Koca (1) — Table X, P. ligneus WILLMANN (12) — T. IX, B. ardua
(C. L. KocH) (16) — T. XII, E. ribagai BERLESE (19) — T. X, N. anauniensis
CANESTRINI et FANzZAGO (21) — T. XII, N. pratensis SELLNICK (22) — T. XII,
C. segnis (HERMANN) (24) — T. XIII, C. biurus (C. L. Kocm) (25) — T. X,
C. horride (HERMANN) (26) — T. XI, C. spinifer (C. L. Kocm) (27) — T. X,
H. paolianus longisetosus WILLMANN (30) — T. X, P. peltifer (C. L. KocH)
(81) — T. XIII, T. novus (SELLNICK) (36) — T. XIII, C. bipilis (HERMANN)
(68) — T. XII, C. labyrinthicus (MicHAEL) (80) — T. XI, O. translamellaia
(WILLMANN) (100) — T. X, Q. quadricarinate (MIcHAEL) (102) — T. XII,
A. longilamellata (MICHAEL) (108) — T. VIIIL, B. lanceolata (MICHAEL) (106) —
T. X, T. latirostris (C. L. KocH) (131) — T. X, C. gracilis (MICHAEL) (132) —
T. XII, C. borealis (TRAGARDH) (147) — T. IX, N. aurantiacus (OUDEMANS)
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(154) — T. X, O. tibialis (N1COLET) (161) — T. X, Z. ewilis (NICOLET) (162) —
T. X, L. stmilis (MicHAEL) (169) — T. X, 8. pallidulus (C. L. KocH) (173) —
W XAl

Until quite lately the age of the European-Manchurian disjunction was
referred exclusively to the Neogen. Since the map of the vegetation of Asia
in the Eemian interglacial was published (BoYARSKAYA, 1965), it has been
known that at any rate the forest species that can occur also in steppes or
at least in coniferous forests could have a continuous range from Europe up
to eastern. Asia for the last time in the Eemian interglacial. In these species
the European-Manchurian disjunction must be considered to be Quaternary
in age. I found five such species in the material under study: D. (P.) clavipes
(HERMANN) (48) — T. VII, X. badensis (SELLNICK) (175) — T. VII, G. bi-
costatus (C. L. Kocn) (46) — T. VIII, 8. latipes (C. L. KocH) (171) — T. VIII,
and C. gracilis (MICHAEL) (132) — T. XII. Since the other characters of the
ranges of the last three species were formed in the Neogene, only the minimum
age of the first two species may be estimated as Quaternary.

The so-called interpolar Holarctic-Andine disjunction was also finally
formed in the Quaternary. Elements of the temperate zone penetrated into
South America in the Hocene and later, at more or less marked intervals, up
to the end of the Pleistocene. They migrated, above all, from north to south
along the ranges of mountains, in the west of North and South America. So
far, it is impossible to conceive of how they covered the 600-kilometre distance
in the Panama Isthmus, where there are no elevations even approaching to
1000 m. in altitude, though this part of the route may well have been higher
once. Absolute evidences for the migration from the north are the intermediate
localities of higher plants and lack of some species in Patagonia and Terra
del Fuego, where they would have to be present-if they were derived from
the south. Such migrations were possible owing to the oscillations of the equator
by about 50° on the axis of both American continents. Now the timberline
in the Andes runs at an altitude ranging from 3000 to 3800 m. (SZAFER, 1964;
Vur’r, 1944) and at places even at 4500 m. (A. S. KoSTROWICKI, 1967, oral
information). The Holarctic-Andine disjunction may have been formed in
moss mites at the same time ag in higher plants. Until recently it could indicate
only a Quaternary age of the moss mites. It is however known. at present that
part of the species which have this disjunction show also the South-Pacific
disjunction and, consequently, they lived in South America as early as the
Palaeogene. Thus, the number of the species whose origin in the Quaternary
is evidenced by their Holarctic-Andine disjunction may decrease with the
progress of investigations of the moss mite fauna in Australia and, especially,
in New Zealand.

In the meantime the Quaternary age of the Holarctic-Andine disjunction
can be established in the following species: C. segnis (HERMANN) (24) — Table
XIIL, O. nova (OUDEMANS) (95) — T. XIII, C. gracilis (MICHAEL) (132) —
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T. XII, 8. pallidulus (C. L. Kocu) (173) — T. XII, X. capucinus (BERLESE)
(176) — T. XIII.

Some species of the fauna under study have their ranges confined ex-
clusively to the areas covered by the ice during the glacial epoch or affected
directly by the Arctic climate. These ranges must have developed thoroughly
in the Quaternary times and, in the case of some of them, even in the Holocene.
According to the present state of our knowledge of the distribution of moss
mites, these species are as follows: P. tardus FORSSLUND (14) — Table V,
T. nigricans WILLMANN (33) — T. III, D. (8.) boreus BOGLANOVA-ZAKHVATKINA
(50) — T. IIL, O. falcata marginedentata STRENTZKE (91) — T. IIL, O. sigma
conjuncta STRENTZKE (98) — T. III, L. ciliatus foveolatus WILLMANN (110) —
T. III, L. rugosus (SELLNICK) (111) — T. II, E. hygrophilus (KNULLF) (118) —
T. I11, E. gessneri WILLMANN (165) — T. ITL. Some of them belong to abundant
genera whose species not only stand close to each other morphologically but,
in addition, are differentiated into subspecies and show great variation, which
may be regarded as characters pointing to their young phylogenetic age
(HormuzAKt, 1930, and others).

It is worth while to emphasize that three of these forms oceur in bog
mosses only, and therefore in cold environments, two are evidently afsociated
with deciduous forests, and one with coniferous forests.

To sum up, in 47 cases the ranges examined were partly formed in the
Quaternary. However, the ranges of most of the species in question originated
in earlier periods, above all, in the Neogene. Only 20 species, or 11-:309%, of
the fauna examined have such ranges that their whole development may,
according to our present knowledge, be referred with a great probability to
the Quaternary (Tables II, III, V, VII, X, XII, XIII, and XX).

e. General remarks

The historical-geographical analysis of the ranges of species belonging to
the moss mite fauna of the Poznan region failed to demonstrate any distinetive
range characters that could be referred to a definite historical moment, in
about 60 species, which form 33:909%, of the fauna examined. As can be seen
from Table XXI, they are for the most part European and Palaearctic species.
Nowadays they inhabit both the territories that were affected by the Quaternary
glaciation or the influence of the arctic climate and the areas in which they
were possibly able to survive one or more glacial periods. They may be both
pre-Quaternary and Quaternary species. It may well be that further faunistic,
studies will allow the discovery of unknown localities of these species, having
a decisive effect on the determination of their age.

Although in some cases certain fragments of ranges have been assigned
successfully to definite historical moments, other portions of these ranges
indicate that, in all likelihood, on the one hand, our present knowledge of the
range is incomplete and, on the other hand, a better knowledge in this respect
may cancel the present estimate of the age of the given species. There are
at least over a dozen such species. Here I shall mention only the most typical
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ones. Two species, P. ligneus WILLMANN (12) and C. borealis (TRAGARDH)
(147), occur in Europe and Alaska (Table IX) furthest to the north in the
boreal zone. These species have probably a North-Pacific disjunction, i.e.,
they ought to be found also in Asia. It will not be possible to determine the
age of this disjunction exactly till they have been found there. However, it
is most likely of pre-Quaternary origin. Four species, N. anauniensis CA-
NESTRINT et FANZAGO (21), N. silvestris NIcoLET (23), P. peltifer (C. L. KocH)
(31), and F. quadripertitus GRANDJEAN (67) (Tables XII and XIII), live in
the Holarctic and New Zealand. Presumably, they will also be found in South
America, and then we shall be in a position to determine their age on the basis
of the South-Pacific disjunction, namely, as Palaeogene. So far, the age of
one of them has been established in this way on the basis of its occurrence
in Baltic amber. It is a noteworthy fact that 3 of these species have a relatively
low position in the phylogenetic system. Two species, T'. excavatus (WILLMANN)
(34) and H. initialis (BERLESE) (168), have not been found in North America
hitherto, though, besides Europe, they occur in South America (Table XIII).
Finally, two species have scattered ranges, which probably cannot be ex-
plained by a historical-geographical analysis. These are R. ardua (C. L. KoCH)
(16), which occurs in the Holarctic and Polynesia (Table XII), and 7. sarekensis
TRAGARDH (87), known from Europe, Greenland and the Hawaiian Islands
(Table XIII). The first of them also occupies a distinetly low position in the
phylogenetic system.

In general, one should expect that with the progress of study particular
species will pass from one age group to another, but I hope that the general
proportions of particular age groups (Table XXI) have been determined
correctly.

The generalized results from the analysis carried out are given in Table XXT.
According to them, the bulk of the moss mite fauna of the Poznan region
(43:509,) consists of the species whose ranges were formed in the Neogene
and thus before the Ice Ages. It is interesting, because the Poznan region
went through all the glacial periods and its fauna was destroyed at least three
times. At the same time, the authors of most biogeographical-historical pu-
blications lay stress on the young age not only of the flora and fauna but also
of the greater part of their components in areas once covered by the icesheet.
The Palaeogene and Quaternary species occur in equal proportions in the
fauna under study (11-309, either group). Thus, the total of species- of sup-
posedly Tertiary age forms nearly 559%,. {

The explanation of this situation should be sought for in the ecology of
the species examined. Tables I—XIII show that most of the moss mites living
in the Poznan region occur in several bioclimatic zones. Another remarkable
detail are the wide ranges of moss mites, in most of the cases examined ex-
tending beyond the area covered by ice during the heaviest glacial period.
The occurrence in different bioclimatic zones and the extensive ranges in a very
large number of moss mite species result probably, among other things, from
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the fact that soil temperature is liable to far smaller zonal fluctuations than
air temperature (NAumov, 1961). Hence, soil-inhabiting animals find more
homogeneous ecological conditions over far larger areas than the atmobios,
and the same is true for humidity. Attention should also be given to the fact
that moss mites are small animals and their habitat may be any, in the full
sense of the word, microbiotope, provided it has a sufficiently high temperature
and humidity and can supply them with food in the form of organic remnants.
The above-mentioned local refuges within the region of glaciation presented
a great many such microbiotopes.

The remarkable predominance of the western and southern elements over
the eastern element among the European species and that of the European-
West Siberian element over the remaining ones among the Palaearctic species
(Table XIV) support the view that it was possible for a large number of moss
mite species to survive the Ice Age in Europe.

In the light of the foregoing remarks it seems probable that the moss mite
fauna of the Poznan region is composed chiefly of the species that survived
the glacial epoch in Hurope and in the Holocene recolonized the areas from
which they had been ousted several times in the Quaternary. HORMUZAKI
(1930) expresses an analogous opinion in his publication on the historical
development of the butterfly fauna of Hurope. According to him, the modern
European fauna of butterflies consists of elements that lived out the Quaternary
without moving away and, orly to a very small extent, of immigrants from
Asia. It is the more striking, because butterflies, being more directly associated
with higher plants, were in a much worse situation in the Quaternary than
moss mites. KUANELT (1961) emphasizes that the whole soil fauna is marked
by its very high phylogenetic age, reflected, among other things, by the re-
latively wide ranges of its species. WARNECKE (1958) claims that in Burope
only the species which now occur nowhere but within the area that was glaciated
in the past may be of Asiatic origin. The rest of the Furopean fauna, impover-
ished in the Pleistocene, redeveloped autonomously in the Holocene. As we
already know that moss mites with ranges confined merely to the area affected
by glaciation are very few in the fauna under study (Table XX), the views
of WARNECKE (1958) must also be regarded as supporting the results obtained
from the present work.

However, a number of authors hold the opinion that the fauna of the region
in question is of relatively young age. Among other workers, BARTENEF (1934),
whose so-called ,,northern part of the Palaearctic” includes also the Poznan
region, thinks that the fauna of this region consists chiefly of species of glacial
and interglacial origin. These species are said to have isolated systematic
positions, because either they evolved rapidly or the forms most closely related
to them became extinct. At any rate, such species are very few in the moss
mite fauna of the Poznan region. In his paper on the origin and composition
of the Middle Asiatic fauna KRYZHANOVSKII (1965) emphasizes that the dis-
continuity of ranges in the Neogene (he means the Huropean-Manchurian
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disjunction) induced speciation in most of the cases and that now we mainly
meet with genera having discontinuous ranges, whereas species of this type
are very rare. Botanists, too, assert in general that a disjunction developed
in the Neogene usually adds to ‘the formation of vicarious species (TOLMACHEY,
1962, and others). KRYZHANOVSKII (1965) however based himself, above all,
on insects, especially, on those not belonging to the soil fauna, which is, in
his opinion, poorly known in Middle Asia. On the other hand, as I have em-
phasized above, the soil fauna and, consequently, moss mites are a conservative
group, and in the light of the present state of knowledge of their ecology they
live in a more stable biotope than the epigeic insects.

In connection with the foregoing it seems that the results obtained from
the historical-geographical analysis of moss mite ranges in this work may
be acknowledged to be no less probable than the results of considerations
of this kind in general, provided the specificity of this group has been allowed for.

6. The Postglacial History of the Moss Mite Fauna of the Poznan Region

On account of the poverty of fossil material (SeGAARD, 1938) an attempt
to reconstruet the postglacial history of the moss mite fauna can be based
only on the knowledge of the development of the given habitat, on the one
hand, and the ecological requirements of particular species, on the other hand.
The development of the geographical environment of the Poznan region,
especially during the Holocene, is fairly well known. The ecological requi-
rements of individual species, at any rate those forming the bulk of the fauna
examined, have also been studied in outline. It would thus seem that the
harmonious juxtaposition of these two known elements, and this is the main
purpose of this section, will solve the problem. Unluckily, in this manner we
merely approximate somewhat to the solution, because it is only to some
extent probable that the species appeared in the study area in accordance
with their ecological requirements as well as with the development of the
environment, for it is well-known that particular tree species were usually
locally present in an area long before they had attained their dominant po-
sition in it (WALTER, 1954). Besides, the typical Holocene succession of forest
vegetation differs from both the vertical and the horizontal zonation of the
modern flora (FIrBAS, 1964). Therefore one must make allowance for some
deviations in the appearance of particular species in the region examined in
both directions on the time scale. None the less, I hope that the essential
moments in the development of the moss mite fauna of the Poznan region
may be brought out appropriately by the use of the method which has been
described above and is the only available one under present conditions.

The environs of Poznan were covered by ice for the last time during the
second (i.e., Poznan-Dobrzyn or Frankfuhrt) phase of the main stadial of
the Baltic Glaciation (Wiirm = Waldei = Wisconsin). The edge of the ice-sheet
ran at a distance of several to some dozen kilometres north of Poznan. This
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therefore seems to be the right moment to begin the history of the development
of the fauna in the Poznan region. According to KsiAzkrewicz and his col-
laborators (1965) all the three phases of the main stadial of the Baltic Glaciation,
including the Oldest Dryas, covered a period from 29,000 to 12,500 years ago
by the absolute time scale. (I give all dates according to the absolute time
scale, counting backwards from the year 1965).

The whole postglacial history of the Poznan region is divided into the
Late Glacial and the Holocene. The following periods can be distinguished
in the Late Glacial epoch: Oldest Dryas, Bolling interstadial, Older Dryas,
Allerod interstadial, and Younger Dryas.

The Oldest Dryas lasted from the withdrawal of the ice-sheet to the ap-
pearance .of the first birch trees. During this period the climate developed
from arctic to subarctic; it was cold and continental, and the highest July
mean temperatures fluctuated about +10°C. Up to 16000 years ago the area
under study was covered by tundra, in which frozen glacial debris dominated
over vegetation. Tundra with continuous coverage of mosses and licliens
developed in the later period. The best-developed plant formation of the Oldest
Dryas was sedge tundra with shrubs of dwarf willow and birch. This period
ended about 12100 years ago in the area stretched between the minimum
range of the Middle-Polish (Riss) Glaciation and the minimum range of the
Baltic Glaciation (Witéw near Leczyca), and about 12500 years for the whole
area of Poland (KSTAZKIEWICZ et al., 1965; WASYLIKOWA, 1964; WOLDSIEDT,
1958). !

Only the species of moss mites that at the present time occur in the arctie
region, tolerate continental climate, and can live in treeless areas could exist
under the conditions of the Oldest Dryas. The species inhabiting mosses and
lichens on a hard substratum should also be numbered in this category. Out
of the forms that cccur in the Poznan region today, the following species
fulfill these conditions:

holo-Holarctic (Table X): O. tibialis (N1cOLET) (161), Z. exilis (NICOLET)
(162), E. ribagai BERLESE (19),

Holarctic-Alpine (Table XI): €. horride (HERMANN) (26),

West Holarctic (Table XI): C. labyrinthicus (MICHAEL) (80), P. willmanni
VAN der HAMMEN (124),

Holarctic-subtropical (Table XII): N. silvestris NICOLET (23), C. bipilis
(HERMANN) (68), T. sarckensis TRAGARDH (87),

semi-cosmopolitan (Table XIIT): O. nova (OUDEMANS) (95), P. peltifer
(C. L. Koca) (31).

All the moss mite species that were able to live in the Poznan region as
early as the Oldest Dryas have wide ranges (Holarctic or wider). Some of them,
showing a distinet association with forest environment in the area under study
(e.g., B. ribagai BERLESE), may have appeared as late as the Bolling inter-
stadial. The moss mite fauna of the Oldest Dryas in the Poznan ragion probably
included about 11 (6:29%,) of the species living here now.



o
=]
(S]4

The Bolling interstadial dated back to the years 12500—12100 for the
whole area of Poland and to the years 12275—11915 at Witéw near Leczyca
(WASYLIKOWA, 1964). This was therefore a short period, lasting 350—400 years.
The climate of the Bolling interstadial was far milder than that in the Oldest
Dryas. The mean July temperature rose to about -15°C. The ice-sheet re-
treated to southern Sweden (to Skane), the central portion of the Baltic Basin
and Kurland, and a fresh-water reservoir was formed at its front edge. This
must undoubtedly have moderated the continentality of the climate. Moreover, -
the Vistula had not its own estuary yet and flowed down along the ,,pradolina’
of the Noteé¢ and lower Warta. The presence of such a huge watercourse in
the neighbourhocod probably added to the decrease of continentality of the
climate in the Poznan region. The general rule (GrICHUK, 1961) that climate
always become most continental towards the end of the glaciation and at the
beginning of the interglacial was probably locally deranged in Wielkopolska.

The improvement of climate had an essential effect on the development
of vegetation. We do not know so deep layers of deposits from the area under
study as yet, but in Central Poland Bélling deposits containing remains of
trees (birch and pine) have been uncovered. Betula pubescens BHRH. and Pinus
silvestris 1. require a mean July temperature of about --12°C, but the birch
spreads more rapidly. On account of the shortness of this period, the tree-form
of birch probably dominated over the pine. Together with such shrubs as
Hippophae rhammnoides L., Betula sp. and Saliz sp., they formed open serubs
of the nature of park-tundra. Large areas were still treeless, which is evidenced
by pollen analyses showing a high share of Artemisia L., Chenopodiaceae,
Ephedra distachya L. and others in the samples from the profiles examined
(Ksiazxiewicz et al.,, 1965; ToBOLSKI, 1966, WASYLIKOWA, 1964).

The evident moderation of climate in the Bolling interstadial as compared
with the Oldest Dryas and the appearance of trees enabled another group
of species, unadapted to extreme continental climate but present in the arctic
“bioclimatic zone today to colonize the area examined. Ecologically we are
probably concerned here with forms of open areas or those independent of
plant cover and with different humidity requirements. These species. may
have been as follows:

North-European (Table V): O. subarcticus TRAGARDH (84),

European-West Siberian (Table VI): 7. trimaculatus (C. L. KocH) (138),

holo-Holarctic (Table X): S. striculus (C. L. Kocu) (8), T. tectorum (BER-
LESE) (32), C. spinifer (C. L. KocH) (27), A. coleoptrata (1..) (122), O. unicarinate
(PAowr) (101), O. ornata (OUDEMANS) (96), L. similis (MICHARL) (169); H. rufulus
C. L. KocH (1), C. biurus (C. L. Kocn) (25), H. paolianus longisetosus WILLMANN
(30), B. lanceolata (MICHAEL) (106), T. latirostris (C. L. KocH) (131), N. auran-
tiacus (OUDEMANS) (154), O. translamellate (WILLMANN) (100),

West-Holarctic (Table XI): P. punctata (NicorLmr) (123), C. cuspidatus
(MicHAEL) (146), T. velatus (MICHAEL) (86), H. thori (BERLESE) (29), T'. foveo-
latus WILLMANN (38), P. pilosus HAMMER (174), A. latitecta (BERLESE) (126),
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Holarctic-subtropical (Table XII): €. quadricarinate (MICHAEL) (102),
R. ardua (C. L. KocH) (16), N. anauniensis CANESTRINI et FANzAGo (21),
8. pallidulus (C. L. KocH) (173).

In the Bolling interstadial the area under study may have been inhabited
by about 28 species or 15-82%, of the fauna examined (Table XXII); they
are mostly the same geographical elements that began to appear in the Oldest
Dryas. Towards the end of the Bolling interstadial in this area there probably
lived all the West-Holarctic species present in the Poznan region now, all
but one holo-Holarctic species, as well as most of the Holaretic-subtropical
ones, and thus the species with the widest ranges still continued to appear
in this area. It is naturally difficult to determine from which direction the
migration proceeded in this case.

The Older Dryas was also a relatively short period (12100—11800). It is
marked by an obvious deterioration of climate, which may be defined as arctic,
cool and continental. The mean July temperature ranged from 10 to 12°C,
and so its maximum values reached the minimum requirements of the birch
and pine (KSTAZKTEWICZ et al., 1965; ToBOLSKI, 1966). At that time, according
to FIRBAS (1949), in Central Europe, north of the Alps, there were solely
different grass and shrub associations, the shrubs being represented by the
dwarf birch and Hippophae rhamnoides L. The data obtained from the close
environs of Poznan (OLTUSZEWSKI, 1957) support this general picture entirely.
H. rhammnoides L. and the dwarf willow and birch played the most important
part in the area of the Wielkopolski National Park. A similar situation was
also found in Central Poland (WASYLIKOWA, 1964; ToBOLSKI, 1966).

The deterioration of climate in respect of both temperature and humidity
brought about the wane of trees in the study area and, as far as moss mites
are concerned, the restoration of conditions that had occurred in the Oldest
Dryas. In connection with this fact the extinction of the species that perhaps
had occupied the environs of Poznaii in the Bolling interstadial must be re-
garded as probable. If they survived this relatively short period of deterioration
of the climate together with small clumps of B. pubescens EHRH. and B. tortuosa
LoDpD. (= B. carpatica W.K.) subsisting at places (ToBOLSKI, 1966), this
happened only quite locally.

The next period of the Late Glacial epoch was the Allerdd interstadial,
which is relatively well known in any respect in the Polish territory. The obvious
warming of climate caused the retreat of the icecap to the area of Central
Swedish and Finnish moraines. The Allerod, covering a small span of time
(11800—11000), is noted for its fairly high climatic optimum. KSIAZKIEWICZ
et al. (1965) characterize the climate of this period as cool-temperate, with
the mean June temperature above -+16°C. MARKOV et al. (1965) write that
the mean annual temperature at a given place was 4°C higher in the Allerod
interstadial than in the Younger Dryas and the mean for July only 2° lower
than nowadays.
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Under these conditions most of Europe, both in the west (FIRBAS, 1949)
and in the east (MARKOV et al., 1965), became covered by forests. In eastern
Europe the northern boundary of the forest coincided with the present one,
whereas the southern limits were shifted remarkably to the south (MARKoOV
et al., 1965). Most of the recently published papers concerning Poland em-
phasize the woody character of the Allerod (ToBOLSKI, 1966 — see also for
literature), but part of the authors claim that central and northern Poland
was covered by sparse pine-birch forests, hardly better than park-tundra
(DABROWSKI, 1959; OLTUSZEWSKI, 1957; KSIAZKIEWICZ et al., 1965; SZATER,
1952). However, an extremely mterestmor find of whole pine and birch trunks
with crowns in the Mazurian Lake District (STASIAK, 1963), dated by the
C** method, proves that in the Alleréd interstadial the existence of closed
forests was possible even in the north of Poland, at least at places. So far,
no evidence (except for some pollen, probably brought by the wind) has been
found for the existence of trees with higher thermic demands in Poland in
the period discussed. Mammals were still represented by an arctic-tundra
fauna with the species living in Arctic also at present.

It seems that not only the species that occurred in the Poznan region in
the Bolling interstadial for the first time were able to recolonize this area in
the Allerdd, but also a number of forest forms which now reach the boreal
zone were present. The then quite evident presence of organogenic peat de-
posws indicates favourable living conditions also for typical peat-inhabitants.
The sparse forests, at least locally, provided favourable conditions for species
of open areas. In a relatively rich mosaic of environments the Species living
in mosses and lichens on a hard substratum found a suitable niche, as well.
The following forms, in all probability, arrived in the area under discussion
in the Allerod mterstadlal

holo-European (Table I): A. pilosus (C. L. KocH) (73), C. cymba (NICOLET)
(112), L. licnophorus (MICHAEL) (114), M. pseudofusiger (SCHWEIZER) (145),

West-European (Table II): C. dentatus (MICHAEL) (59), P. lucorum
(C. L. KocH) (166), H. silvestris (FORSSLUND) (65),

Central European (Table III): L. ciliatus foveolatus WILLMANN (110), 7. ni-
gricans WILLMANN (33), M. italicus (EYNDHOVEN) (62), H. rauschenensis
(SELLNICK) (164), C. tenwis FORSSLUND (85),

East-Buropean (Table V): O. voigtsi (OUDEMANS) (151), C. spinosus (SELL-
NICK) (150), K. bituberculatus (KULCZYRSKT) (52), C. minimus SELLNICK (134),

South-East European (Table V): P. sellnicki (WILLMANN) (143),

North-European (Table V): P. tardus FoRSSLUND (14),

European-West Siberian (Table VI): T. incisellus (KRAMER) (139), P. phae-
notus (C. L. KocH) (121), B. occultus (C. L. Kocn) (119), T. carinatus (C. L. KocH)
(3), L. coracinus (C. L. KocH) (69), E. acromios (HERMANN) (115), C. femoralis
rugosior (BERLESE) (79), M. brevipes (MIcHAEL) (113), H. gilvipes (C. L. KocH)

(76), O. bicarinata (PAoLI) (89), O. fallaw obsoleta (PAOLI) (90), O. pectinata
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(MICHAEL) (107), O. paolii (OUDEMANS) (108), E. duplex BERLESE) (116),
C. sellnicki RAJSKI (135), E. kamaensis (SELLNICK) (53), A. tragardhi FORSSLUND
(104),

European-Middle Asiatic (Table VII): P. hexagonus BERLESE (142),

Buropean-Siberian (Table VII): N. palustris C. L. Kocu (20), P. spinosa
(SELLNICK) (56),

European-Manchurian (Table VII): D. (P.) clavipes (HERMANN) (48),
G. fusifer (C. L. KocH) (60), X. badensis (SELLNICK) (175),

temperate-holo-Holarctic (Table VIII): A. longilamellata (MICHAEL) (103),
G. bicostatus (C. L. KocH) (46), P. piger (ScoroLl) (13), S. latipes (C. L. Kocn)
(171), P. punctum (C. L. KocH) (141), O. subpectinata (OUDEMANS) (99), O. minus
(PAorI) (93), P. tenuiclava (BERLESE) (159), C. cepheiformis (NICOLET) (58),
N. coronata BERLESE (41), C. latus C. L. Kocu (57), H. cribrarius (BERLESE)
(15), F. fuscipes (C. L. KocH) (136), P. italicus (OUDEMANS) (10),

western temperate-Holarctic (Table IX): A. ovatus (C. L. Kocm) (70),
C. coriaceus (C. L. KocH) (76), O. calcarata (C. L. Kocn) (127), A. longipluma
(BERLESE) (160), P. globosus (C. L. KocH) (9), C. borealis (TRAGARDH) (147),
P. ligneus WILLMANN (12), N. nanus (NIcoLET) (39), T. glaber (MICHAEL) (37),
C. minusculus BERLESE (82), 7. novus (SELLNICK) (140), L. humerata SELLNICK
(170), P. bella (SELLNICK) (125), C. areolatus BERLESE (77), M. gracilis VAN
der HAMMEN (35), :

holo-Holarctic (Table X): N. pratensis SELLNICK (22),

subbipolar (Table XII): C. gracilis (MICHAEL) (132), G. elimata (C. L. KocH)
(156), P. nervosa (BERLESE) (158),

Holarctic-subtropical (Table XII): E. minutissimus (BERLESE) (2),

temperate-Holarctic-tropical (Table XIII): 8. laevigetus (C. L. KocH) (172),
C. segnis (HERMANN) (24), X. capucinus (BERLESE) (176),

semi-cosmopolitan (Table XTIIT): T. excavatus (WILLMAN) (34), T. movus
(SELLNICK) (36), H. initialis (BERLESE) (168), F. quadripertitus GRANDJEAN)
7)ot :

It may well be that the moss mite fauna of the Poznan region was still
richer in the Allerod interstadial and contained also a number of forms now
rather associated with deciduous forests or not going beyond the temperate
bioclimatic zone in the north, of the range, which is indicated by the finding
of three species, S. applicatus (SELLNICK) (4), T. novus (SELLNICK) (36) and
L. rugosus (SELLNICK) (111), in a gyttja dated back to the Alleréd in Denmark
(SocAARD, 1938). I have referred only the appearance of the second of them
in the area examined to the Allerod interstadial on the basis of the data in
my possession. To be sure, S. applicatus (SELLNICK) occurs in the boreal bio-
climatic zone today, but it is as a rule associated with deciduous forests
(Table I), whereas L. rugosus (SELLNICK) has been recorded exclusively from
the temperate bioclimatic zone today (Table II). In accordance with the
method adopted here one would expect the appearance of these two species
in the Poznan region as late as the Holocene.



209

The relatively mild climate of the Allerdd interstadial contributed not
only to the considerable increase in the number of species in the study area,
but also to the enrichment of the fauna in new geographical elements (Table
XXII). Including the forms which had come and settled down here in the
previous periods, the moss mite fauna numbered, probably as early as then,
about 120 species, i.e., 68939, of the present-day fauna. Nearly all the geo-
graphical elements living here today were already represented, the appearance
of temperate-Holarctic and Palaearctic species for the first time in the late
glacial period, and, what is more, in large numbers, being characteristic of
the Allerod interstadial. This is especially true — out of these last species —
of the European-Manchurian and European-West Siberian groups. A certain
number of the European species, except for the South European, also appeared
then for the first time. The kind of the geographical elements that appeared
may be an indication as to the direction of their migrations, especially in the
case of the West- or East-European species.

The last period of the Neopleistocene, the Younger Dryas, fell in the years
11000 to 10100, i.e., the time when the ice-sheet stopped in the area of the
Fennoscandian moraines. It was a period of definite deterioration of the cli-
mate, which was again continental in character, and the mean July temperature
dropped to about -+12°C in the region examined, that is to say, it maintained
at the lowest value allowing the vegetation of the birch and pine. However,
these species were remarkably restricted, more in the west of Poland than
in its central and eastern parts, it seems. In the Wielkopolski National Park
OLTUSZEWSKI (1957) found an exclusive occurrence of woodless tundra with
Hippophae rhamnoides L. and willow in the Younger Dryas. ToBoLSKI (1966)
holds the opinion that in spite of the dominance of steppe speties, Pinus
silvestris L. and Betula verrucosa EHRH. were able to persist as species. On the
other hand, WASYLIKOWA (1964) and DABROWSKI (1959) have proved the
existence of pine forests, however sparse they were, in the Younger Dryas
of central and eastern Poland. FIRBAS (1949), KSIiAZKIEWICZ et al. (1965)
and SzAFER (1952) write about the wane of forests in nearly whole Poland.

It is obvious that under such conditions no new species could have arrived
in this region. The only change that might be expected was probably a marked
restriction of the occurrence of the forms which had appeared in the Poznan
region during the Allerod interstadial. It may well be that some of them dis-
appeared completely and others managed to subsist locally together with the
stands of pine forests, varying in area. Since in the Poznan region there are
no peat deposits containing the Younger Dryas horizon (SzArERr, 1952), the
possibility of extinction of peat-inhabitants in this area cannot be excluded.
In all probability, the confinement of wooded areas caused also the extinction
of the species which now reach only the boreal bioclimatic zone in the north
and occur, above all, in forests. These were most likely the following forms:

holo-European (Table I): S. applicatus (SELLNICK) (4), L. licnophorus
(MIicHAEL) (114),
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West-European (Table II): C. dentatus (MICHAEL) (59), K. silvestris
(ForSSLUND) (65), L. rugosus (SELLNICK) (111),

Central European (Table III): L. ciliatus foveolatus WILLMANN (110), 7T. ni-
gricans WILLMANN (33), M. italicus (EYNDHOVEN) (62),

East-European (Table V): C. voigisi (OUDEMANS) (151), C. minimus SELL-
NICK (134), P. tardus FORSSLUND (14),

European-West Siberian (Table VI): C. femoralis rugosior BERLESE (79),
H. gilvipes (C. L. KocH) (75), 0. bicarinata (PAoLI) (89), E. duplex (BERLESE)
(116), A. tragardhi FORSSLUND (104),

European-Siberian (Table VII): P. spinosa (SELLNICK) (56),

European-Manchurian (Table VII): D. (P.) clavipes (HERMANN) (48),

temperate-Holarctic (Table VIII): A. longilamellata (MICHAEL) (103),
P. piger (Scopoll) (13), 0. minus (PAoLI) (93), P. tenuiclava (BERLESE) (159),
C. cepheiformis (NICOLET) (58), N. coronata BERLESE (41), C. latus C. L. Kocn
(67), H. cribrarius (BERLESE) (15), P. italicus (OUDEMANS) (10),

western temperate-Holarctic (Table IX): A. ovatus (C. L. Kocu) (70),
C. coriaceus (C. L. KocH) (76), O. calcarata (C. L. Kocu) (127), A. longipluma
(BERLESE) (160), P. globosus (C. L. KocH) (9), C. borealis (TRAGARDH) (147),
P. ligneus WILLMANN (12), C. areolatus BERLESE (77),

semi-cosmopolitan (Table XIII): 7. excavatus (WILLMANN) (34), T. novus
(SELLNICK) (36).

To sum up, the moss mite fauna of the Poznan region impoverished probably
by 37 species in the Younger Dryas (Table XXII), the Huropean and temperate-
Holarctic species and to a smaller extent the Palaearctic ones being chiefly
those on the wane. The holo-Holarctic species and the widely distributed forms
underwent“hardly any changes.

Towards the end of the Pleistocene about 85 species (for matter-of-course
reasons I leave out the species which are boreal or arctic now and probably
occurred in the study area in different periods of the late glaciation) lived
in the region examined and formed 48-03 9, of the present-day fauna. Particularly
well represented species were the North-European (100 %, of the modern species),
European-West Siberian (somewhat above 509%), temperate-holo-Holarctic
(about 339,), holo-Holarctic (100 9%,) and most of the widely distributed species.
The European and Palaearctic species and a considerable portion of the tem-
perate-Holarctic ones did not occupy the study area permanently yet.

The Holocene, like the late Neopleistocene, may be divided into five periods:
Preboreal, Boreal, Atlantic, Subboreal and Subatlantic.

In the Preboreal period (10100—9500) the climate improved evidently
as compared with that of the Younger Dryas, but it was not as mild as in the
Allerod interstadial. KstAZKIEWIOZ and his collaborators (1965) define it as
fairly warm, though the mean July temperature fluctuated between 14 and
15°0. According to WALTER (1954), the climate of the Preboreal was relatively
dry, like that in the Upper Neopleistocene, and in this it differed from the
next phases of the Holocene.
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The northern boundary of the Preboreal forests of Central Europe ran
most likely at the same geographical latitude as it does today, and the forests
were already closed ones, though, presumably, steppe formations (Artemisia L.)
dominated in areas which now have the rainfall lower than 500 mm per year.
The forests were composed of the birch and pine in varying proportions (FIRBAS,
1949). In Wielkopolska the proportion of the pine increased in the Preboreal
from the value reached in the Younger Dryas (259,) to the absolutely highest
values (759,), characteristic of the Allerod interstadial and the Boreal period
(WALTER, 1954). Species with higher thermal requirements, such as the horn-
beam, elm, linden and hazel, appeared in the Biatowieza National Park towards
the end of the Preboreal (DABROWSKI, 1959). In spite of the great continentality
of climate, peat-bogs began to form in the Preboreal period (KSIAZKIEWICZ
et al., 1965). At that time pine-birch forests with a small admixture of willow
dominated in the close environs of Poznan (OrTUSZEWSKI, 1957). A glight
dominance of the pine was observed only exceptionally. In general, both
forest-building species were in perfect equilibrium. OrTUszEWSKI (1. ¢.) found
no thermophilous forms. According to ToBOLSKI (1966), a general regularity
of this period was the dominance of the pine over the birch (B. verrucosa EHRH.)
in dune areas.

Under such conditions the study area could be recolonized merely by the
species that had existed in it in the Allerdd interstadial and had undergone
extinction or at least heavy restriction in the Younger Dryas (Table XXII).
The foregoing concerns both peat-inhabitants and forest species. The arrival
of more thermophilous species in the Poznan region in the Preboreal seems
improbable.

Unlike the series of the relatively short preceding periods, the Boreal lasted
for about 3000 years (9500—6500), during which the climate became gradually
milder and more humid. Thus, the period of continental climate, which do-
minated more or less markedly from the retreat of the ice to the end of the
Preboreal, was ended. DABROWSKI (1959) established on the basis of the presence
of Hedera helixz 1. in the Biatowieza National Park that the minimum mean
temperature of the coldest month was —2°C and that of the warmest month
at least +13°C. In the opinion of KsrpAzkrewicz and his collaborators (1965),
the mean temperatures of the Boreal period were higher than at present and
the climate approximated to the Holocene optimum.

All the authors emphagsize in concert the dominance of the pine over the
birch in the Boreal of Central Europe. The pine attained also its Holocene
maximum in Wielkopolska (WALTER, 1954). Thermophilous species began to
appear beside the pine in the territory of Poland, e.g., the elm, linden, oak,
hornbeam and hazel in the Bialowieza National Park (DABROWSKI, 1959),
the first two species being dominant even in mixed forests. In the catchment
basin of the Prosna, and so at a far shorter distance from the study area, there
occur birches, elms and hazels in small numbers in the pine-dominated forests
(ToBoLSKI, 1966). In the area of the Wielkopolski National Park (OLTUSZEWSKI,

4*
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1957) the pine reached its Holocene maximum and the hazel the postglacial
maximum, whereas the following genera appeared as forest components:
Ulmus L. (4%,), Quercus L. (5%), Tilia L. (29%) and Alnus MILL. (159%,), without
however forming deciduous or even mixed forests.

Not only the species of coniferous forests, but also mesohygrs, typical of
deciduous forests, could occur in such environments in Wielkopolska. As,
according to CzUBINSKI (1950), the forests of that period were open to the
extent that they did not inhibit the migrations of heliophilous forms, the
thermophilous species, living also in the south-eastern FEuropean steppes,
most likely reached the Poznan region in the Boreal perlod as well. These
forms were as follows:

holo-European (Table I): C. marginatus (MicHAEL) (81), C. subglobulus
(OUDEMANS) (152), C. femoralis (NIcOLET) (78), O. quadrimaculata BEVANS (97),
4. lanceata (OUDEMANS) (157),

West-European (Table II): R. duplicata (GRANDJEAN) (17), X. permiztus
(ANDRE) (72),

Central European (Table III): A. willmanni (DYRDOWSKA) (105), O. tecta
(MIcHAEL) (130),

South-European (Table IV): H. dolosa GRANDJEAN (43), H. punctulate
BERLESE (44), H. punctulata septentrionalis BERLESE (45), M. pulverosa
STRENZKE (55), O. meridionalis BERLESE (128), O. reticulata BERLESE (129),
E. hirtus (BERLESE) (117), D. plantivaga (BERLESE) (167),

South-East European (Table V): Z. propinquus (OUDEMANS) (163), A. polo-
nicus KULCZYNSKI (66), O. furcato (WILLMANN) (92),

European- West Siberian (Table VI): H. tardus (C. L. KocH) (120) D. (H.)
riparius NICOLET (49), D. (8.) subverticillipes BULANOVA-ZAKHVATKINA (51),

Huropean-Manchurian (Table VII): X. clypeator ROBINEAU-DESVOIDY (71),
H. targionii (BERLESE) (28), (. pusillus (BERLESE) (148), C. falcata EVANS (74),

temperate-holo-Holarctic (Table VIII): M. minima (BERLESE) (18),

western temperate-Holarctic (Table IX): M. papillipes (N1coLET) (54),
N. elegantula BERLESE (42).

An evident increase in the number of species with less extensive ranges,
especially the European species with the exception of the West-European
ones, can be observed in the Boreal period (Table XXII). The settlement of
a large number of South-European and South-East Buropean species (in re-
lation to those living in this area at present) is a particularly striking pheno-
menon. A noteworthy fact is also the appearance of more than the half of all
the European-Manchurian species. Altogether, 30 species or 179, of the fauna
examined settled down in the Poznan region in the Boreal period. The total
of species living in this area at the end of the Boreal was approximately 152,
which is nearly 869, of the modern fauna.

The last major wave of migrations reached the Poznai region in the Atlantic
period (6500—4000), which lasted for 2500 years, only somewhat shorter than
the Boreal. The climate was still changing to the effect that the means of both
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temperature and humidity rose. As a result, the Atlantic period is also defined
as the climatic optimum of the Holocene (KSIAZKIEWICZ et al., 1965) and its
climate as having characters of the Atlantic (oceanic) climate. A fairly clear-cuy
boundary between the western area of deciduous forests and the eastern area
of coniferous forests developed in Central Europe in the Atlantic, the belt
of the Middle Polish Lowlands being included in the latter. In the Poznath
region the pine pollen forms 50—709%, of the total tree pollen, whereas the
oak and linden pollen does not exceed 109%,. The deciduous trees probably
won a dominant position on clayey soilds and the original steppes vanished
completely (FIRBAS, 1949; WALTER, 1954). In the area of the Bialowieza
National Park the deciduous forests, in which the hornbeam was of fundamental
importance and the oak came in second, attained the Holocene maximum.
The proportions of the elm and linden had not changed significantly since the
Boreal. A growth of mesophilous deciduous forests, composed of the oak,
maple, ash, and hazel, was found also in the Prosna valley (TOBOLSKI, 1966).
The maximum development of oak-dominated mixed forests in the Holocene
took place in the area of the Wielkopolski National Park (OLTUSZEWSKI, 1957).
The elm and linden, as components of these forests, reached their postglacial
maxima, and the pine its minimum. In the second half of the Atlantic period
the proportions of the elm and linden decreased in the oak forests, whereas
the values for the alder were very high. The hornbeam and beech appeared
in small proportions (1—29%,). Thus, in the close environs of Poznan the meso-
philous and even hygrophilous deciduous forests rose somewhat in importance
in spite of the still subsisting high proportion of the pine.

The development of the moss mite fauna probably tended towards the
permanent settlement of the forest mesohygrs and the expansion of their
ranges. Their first representatives appeared in the Poznan region during the
Boreal. On the other hand, the Atlantic period very likely provided favourable
conditions also for the influx of hygrophilous forest species and those associated
with the suboceanic climate. The following species of the present-day fauna
should be mentioned here:

holo-European (Table I): M. semirufus (C. L. KocH) (144), E. globulus
(N1coLET) (153), D. (D.) onustus C. L. KocH (47),

West-European (Table IT): N. comitalis BERLESE (40), H. hepaticus C. L. KocH
(63), T. cuspidentatus KNULLE (88), G. alata (HERMANN) (155), H. oblongus
(C. L. KocH) (64), H. thienemanni STRENZKE (109), C. schutzi (OUDEMANS) (149),

Central European (Table III): D. (8.) boreus BULANOVA-ZAKHVATKINA (50),
0. falcata marginedentata STRENZKE (91), O. sigma conjuncta STRENZKE (98),
EB. hygrophilus (KNULLE) (118), 8. spinosus (SELLNICK) (7), E. gessneri WILL-
MANN (165),

South-European (Table IV): P. lentulus (C. L. KocH) (11), Z. micronychus
(BERLESE) (61), 8. laevigatus (C. L. KocH) (5),

East-European (Table V): X. variabilis (RAJSKI) (177),

European-West Siberian (Table VI): 0. neerlandica (OUDEMANS) (94),
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western temperate-Holarctic (Table IX): S. magnus (N1coLET) (6), C. medio-
¢ris BERLESE (135).

A tendency for the European species, mostly West- and Central European
ones, to colonize the study area persisted in the Atlantic period (Table XXII).
Out of the 23 species that, in all probability, appeared in the Atlantic period,
13 were West- and Central European. Presumably, all the species inhabiting
the Poznan region today were already there towards the end of the Atlantic
period (Table XXII).

A general survey of Table XXII shows that an essential turnin the develop-
ment of the moss mite fauna of the Poznan region took place in the Allerdd inter-
stadial, when in the area examined there were already representatives of all
the geographical elements that occur in it today and nearly 699, of the species
except for the South-European species. True enough, in the Younger Dryas
a great part (37) of the species, unable to stand the severe climate of this period,
perished or became remarkably limited, but some representatives of most
of the geographical elements probably succeeded in persisting. A characteristic
of the development of this fauna in the Holocene is the continuation of the
developmental tendency originating in the Allerdod, only that the species
which settled down in particular periods had different ecological requirements;
nevertheless they were always, above all, European and Palaearctic species.
As for the Holarctic forms, there is a great probability that they also persisted
locally in the study area in the Younger Dryas.

A cooling of climate combined with a further increase in humidity occurred
in the terminal periods of the Holocene, i.e., in the Subboreal (4000—2500)
and Subatlantic (from 2500 up to the Present) (KSIAZKIEWICZ et al., 1965).
In the Subboreal period these changes were accompanied by the expansion
of the beech and, to a smaller extent, that of the fir and hornbeam in whole
Central Europe, north of the Alps. This led to a relatively stabilized situation
in the Subatlantic period, marked by the dominance of the beech and fir over
large areas. Successive .immigrations of different floral elements, preceding
that period, brought about a remarkable differentiation of plant associations
according to the edaphic and climatic local conditions.

The results obtained from a pollen analysis, which in this case somewhat
distorts the actual situation, show that the pine was still the dominant forest-
building species in Wielkopolska, accompanied by the oak, occurring however
in small proportions, under any edaphic conditions. The beech was also present,
but largely scattered, all over the area (FIRBAS, 1949). In the area of the
Wielkopolski National Park the Subboreal period is weakly signalized by a rise
in the pollen curves for the pine, hazel, and hornbeam, and the Subatlantic
period by an increase in the proportions of the hornbeam, beech (about 39,
of the stand) and alder. The pine however still remained the dominant forest-
building species (OETUSZEWSKI, 1957).

The influence of human settlement appeared in the Subboreal and Sub-
atlantic periods and was combined with a reduction in the wooded area,
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especially on fertile soils in the valleys of small rivers (ToBOLSKI, 1966). This
was connected with the limitation of areas covered by deciduous forests in
favour of meadow and steppe associations (cultivated areas). In the last
thousand years the area of forests decreased considerably (to about 259%,)
and the proportion of the pine, as the source of the timber most in demand
increased in them (WALTER, 1954).

It is quite probable that some West-European species of moss mites and
some other hygrophilous forms, whose arrival in the study area I have referred
to the Aflantic period, reached the Poznan region as late as the Subboreal.
The essential changes that took place in the moss mite fauna of this area in
the period discussed were however most likely chiefly quantitative in nature.
Along with the reduction of the wooded areas, the general area accessible
for these animals decreased, and it may well be that part of them perished
completely. On the other hand the mesophilous and hygrophilous species
independent of plant cover (RAJski, 1961, Table X) have more and more
increased both in their ranges and in abundance in connection with the de-
velopment of meadows and pastures.

As I have already emphasized at the beginning of this section, each re-
construction contains some hypothetical elements and therefore is expected
to be modified in the course of further study. The present state of knowledge
of the ecology of moss mites and the development of their habitats in the
postglacial period, as well as the lack of adequate fossil materials suggest that
the reconstruction presented in this paper also describes the actual situation
only with approximation.

Department of Zoology,
Zootechnical Faculty,
College of Agriculture,
Szczecin 5, ul. Janosika 8
Poland
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STRESZCZENIE

Niniejsza praca jest trzecig czeicia cyklu, poswieconego autekologii i zoo-
geografii fauny mechowcedw okolic Poznania i zawiera analize zoogeograficzng.

1. Wyrézniono 21 grup gatunkéw, o réznych zasiegach geograficznych
(tab. XIV). Dla kazdego gatunku podano definicje arealu oraz charaktery-
styczne jego cechy: przebieg granic zasiegdw przez Polske, dysjunkeje i typowe
obszary ostojowe. Poszezegélne gatunki okre§lono réwniez pod wzgledem
ekologicznym. Definicje zasiegéw sporzadzono metods MEUSELA et al. (1965),
ktéra pozwala okreslié indywidualnie stosunek zasiegu kazdego gatunku do
stref temperatury makroklimatu, stref klimatyczno-ro§linnych w gérach, wil-
gotnodei makroklimatu, oraz opisaé¢ rozmieszezenie gatunku na poszezegdlnych
kontynentach (tab. I—XIII).

Okazalo si¢, ze badana fauna jest malo specyficzna. Gatunkow o zasiegach
europejskich jest tylko 359,. Dominuja za$§ gatunki o zasiegach wiekszych
niz europejskie (659%,). Na uwage zastuguje réwniez maly udzial (7,359,) ga-
tunkow Srodkowoeuropejskich, ktére mozna by uznaé za endemiczne. Wéréd
gatunkéw, ktérych zasiegi sg ukierunkowane w stosunku do okolic Poznania
(tab. XV), przewazaja gatunki poludniowe (10,16%) i zachodnie (7,359%,),
nad pélnoenymi (4,529,), wschodnimi i poludniowo-wschodnimi (po 2,82 9,).

2. Zbadanie stosunku ekoelementéw do geoelementéow (tab. XVI) pozwolilo
ustali¢ dla badanej fauny nastepujace prawidtowosci: Typowym elementem
ekologicznym geoelementu europejskiego s3 gatunki lasow lidciastych i ga-
tunki kserofilne, zyjace w $rodowisku roflin zarodnikowych na twardym
podiczu. Typowym elementem ekologicznym geoelementu holarktycznego sg
niespecyficzne gatunki lesne, gatunki laséw iglastych i tyrfobionty. Typowym
elementem ekologicznym wsrdd gatunkéw szeroko rozsiedlonych sa formy
niezalezne od szaty roslinnej. '

3. Przedmiotem analizy stala sie réowniez zalezno§é fauny mechowedw
okolic Poznania od wilgotno$ei makroklimatu (tab. XVII). Okazalo gie, ze
wiekszos¢ gatunkéw (69,49%,) jest stosunkowo niezalezna od wilgotnoSei
makroklimatu i wystepuje w strefach oceanicznej, suboceanicznej i subkon-
tynentalnej. 12,439, gatunkéw stwierdzono ponadto takze na obszarach o kli-
macie kontynentalnym. Na gatunki ograniczone tylko do dwu stref: oceanicznej
i suboceanicznej albo suboceanicznej i subkontynentalnej przypada po 6,78 9.
Wreszeie tylko 4,529, stanowia gatunki wystepujace wylgeznie w typowej dla
badanego obszaru strefie suboceaniczne].

4. Na przykladzie fauny mechowcow okolic Poznania zbadano prawidtowogé
M. HAMMER (1962), méwigcg, ze fauna mechowcéw wilgotnych biotopéw ma
bardziej kosmopolityczny charakter niz fauna kserofilna (tab. X VIII). Okazato
sie, ze wspomniang prawidlowo$é nalezy rozumieé w ten sposob, ze wsrod
oligohygréw (gatunki o niskich wymaganiach w stosunku do wilgotno§ei)
istnieje mniej gatunkéw, stosunkowo szeroko rozsiedlonych, niz wéréd mezo-
i polihygréw lacznie.
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5. Na podstawie struktury wspolezesnych zasiegéw (dysjunkeje i obszary
ostojowe) i w pewnej mierze na podstawie materialéw paleontologicznych
(mechowce z bursztynu), starano sie ustalié najstarsze fragmenty zasiegéw
i w ten sposob okredli¢ minimalny, bezwzgledny wiek badanych gatunkéw.
Podstawa tych rozwazan staly sie nastepujace twierdzenia i fakty: mechowce
(a takze niektdore inne zwierzeta) wystepuja na ogét w zwiazku z okreslonym
typem roslinnosei, reprezentujacym zwykle wyzszg jednostke fitosocjologiczng
(rzad etc.) lub bedgcym wprost okreflong formacja roslinna; zgodnie z o0sig-
gnietymi dotgd wynikami, bierne przenoszenie si¢ mechowedéw w skali miedzy-
kontynentalnej jest mato prawdopodobne; gatunki zwierzece, a w szczegdlnosei
mechowece, odznaczaja si¢ staloseig wymagan ekologicznych w ciagu catego
okresu istnienia; politopowe powstawanie gatunkow jest (szezegdlnie w §wiecie
zwierzecym) rzadkoseig, nie odgrywajacg powazniejszej roli wiréd organizméw
zywyech; analiza wspolezesnych zasiegéw ro$lin czy zwierzat nie upowaznia
do wnioskowania o historii ich ksztaltowania sie, siegajacego w przesziosé
starszg od paleogenu; powierzchnia kontynentéow i oceandéw ksztattowata sie
zgodnie z teoria WEGENERA. Opierajac si¢ na rekonstrukejach paleogeograficz-
nyech i przedstawionych wyzej twierdzeniach i faktach, przedndhzow ano zasiegi
wszystkich badanych gatunkdw.

Wystepowanie w bursztynie baltyckim, dysjunkecja miedzy Europa i Kraing
Orientalng u niezaleznych od temperatury polihygréw, reliktowe wystepowanie
na Maderze, w Kolchidzie i na Nizinie Lenkoranskiej, wreszcie dysjunkeja
poludniowopacyficzna $§wiadeza o paleogenskim pochodzeniu fragmentéw za-
siegéw 20 gatunkow, tj. 11,309, badanej fauny.

Istnienie i zanik polaczen ladowych miedzy Azja i Ameryksg Pélnocng
oraz Huropa i Amerykg Poélnocna oraz mozliwoéé migracji przez te polgczenia
gatunkéw, o okre§lonych wymaganiach ekologicznych; powstanie tzw. dys-
junkeji europejsko-mandzurskiej w zasiegu laséw liSciastych i zwiazanych
z nimi gatunkéw zwierzat; wreszcie reliktowe stanowiska okreslonych gatunkéw
w typowych ostojach fauny trzeciorzedowej: na Maderze, Sardynii i Korsyce,
w Kolchidzie, na Nizinie Lenkoranskiej i w niektorych partiach laséw lisciastych
w Azji, uwazanych za resztki laséw turgajskich, pozwolﬁo stwierdzi¢, ze naj-
starsze partie zasiegéw 77 gatunkow (tab. XIX), tj. 43,509, badanej fauny,
ksztaltowaty sie w mneogenie.

Mozliwo$¢ migracji przez obszar beryngijski w glacjatach, przez obszar
dysjunkeji europejsko-mandzurskiej w interglacjale eemskim, istnienie dys-
junkeji holarktyczno-andyjskiej i niektore inne cechy zasiegéw Swiadeza, ze
w 47 przypadkach badane arealy powstaty czeSciowo w czwartorzedzie. Jednakze
tylko u 20 gatunkéw, tj. u 11,309, badanej fauny, zasiegi maja wylacznie
cechy czwartorzedowe (tab. XX).

W przypadku 60 gatun.kow (33 90% ) nie udato sie ustali¢ charakterystycz-
nych, dajacych si¢ powiaza¢ z okre§lonym momentem historycznym, cech
zasiegdow (tab. XXI).

6. Stosunkowo dobra znajomo$é rozwoju Srodowiska geograficznego i ro-
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§linno§ci okolic Poznania w postglacjale oraz wymagan ekologicznych me-
chowedéw, zaréwno w stosunku do mikro-, jak i makroklimatu, pozwolila sfor-
mutowaé hipoteze o rozwoju fauny mechoweéw okolic Poznania w ciggu ostat-
nich kilkunastu tysiecy lat (tab. XXII i XXIII). Dotyezy ona tylko gatunkéw
wystepujacych wspoélezesnie na badanym terenie i w znacznym skrdcie przed-
stawia sie nastepujaco:

W warunkach najstarszego dryasu mogly wystepowaé w okolicach Poznania
jedynie te gatunki mechoweow, ktore sg wspolezesnie reprezentowane w obszarze
arktycznym, znosza klimat kontynentalny i mogg zyé w terenie nie pokrytym
ro§linnogeig drzewiasta, w szczegolnofei lasami, oraz gatunki, wystepujace
wsréd roflin zarodnikowyeh na twardym podlozu. 11 gatunkéw (6,2 %) spodrod
wspoétezesnej fauny spemia te warunki. Wszystkie maja zasiegi holarktyczne
lub wieksze.

W interstadiale Bolling osiedlity sie na badanym terenie prawdopodobnie
gatunki, nie przystosowane do klimatu skrajnie kontynentalnego, ale wyste-
pujace wspolczesnie w bioklimatycznej strefie arktycznej. Pod wzgledem eko-
logicznym sg to formy terenéw otwartych lub niezalezne od roflinnosci, o réz-
nych wymaganiach wilgotnosei. Takich gatunkéow jest w badanej faunie 28
czyli 15,829%,. Wszystkie majg bardzo duze zasiegi. Gatunki te zaniknely
w Wielkopolsce lub przynajmniej zostaly powaznie ograniczone w starszym
dryasie, kiedy klimat ulegl znacznemu pogorszeniu.

Prawdziwy przetom w rozwoju fauny mechowcoéw okolic Poznania nastgpit
prawdopodobnie w interstadiale Allerdd, kiedy zaistnialy warunki osiedlenia
sie form le§nych, tyrfobiontéw, form $wiatlolubnych i zwigzanych ze $rodo-
wiskiem roflin nizszych na twardym podlozu, siegajacych wspoéleze§nie na
poéinocy tylko do bioklimatycznej strefy borealnej. Razem z formami, ktore
dotarly i osiedlity sie tu w poprzednich okresach, fauna mechowcow liczyla
prawdopodobnie juz woéwezas okoto 120 gatunkow, tj. 68,939, fauny wspol-
czesnej. Cechg charakterystyczng tego okresu jest pojawienie sie duzej liczby
- gatunkéw umiarkowanoholarktycznych i palearktycznych oraz pewnej hczby
gatunkow europejskich z wyjatkiem poludniowoeuropejskich.

Drugi regres w rozwoju badanej fauny nastapil w mlodszym dryasie, w zwia-
zku z ponownym pogorszeniem sie klimatu. Zanikowi uleglo prawdopodobnie
37 gatunkéw, gléwnie lesnych, o zasiegach europejskich i umiarkowanohol-
arktycznych. Powrécity one na badany teren byé moze juz w okresie pre-
borealnym.

W okresie borealnym mogly juz wystepowaé w Wielkopolsce europejskie
(z wyjatkiem zachodnioeuropejskich) i europejsko-mandzurskie mezohygry,
typowe dla laséw lisciastych oraz gatunki cieptolubne, pochodzenia potudniowo-
wschodnio-europejskiego. Badana fauna wzbogacila si¢ wéwezas prawdo-
podobnie o 30 gatunkéw, tj. 179, fauny wspoélczesnej i liczyla juz, byé moze,
152 gatunki, tj. 869, znanych tu obecnie.

Pozostate 149, gatunkéw, gldwnie zachodnio- i §rodkowoeuropejskich, po-
jawito si¢ prawdopodobnie w okolicach Poznania w okresie atlantyckim, przy

v



221

czym byly to przewaznie leSne mezo- i polihygry oraz inne formy, zwigzane
wspolezesnie z klimatem suboceanicznym.

W okresie subborealnym i subatlantyckim zachodzily w badanej faunie
przypuszezalnie tylko zmiany ilodciowe, w zwigzku ze zmniejszaniem sie po-
wierzehni laséw pod wplywem osadnictwa.

Stwierdzone fakty i przedstawione hipotezy w miare moznosei zinterpreto-
wano i przedyskutowano krytyeznie.

PE3SIOME

Hacrostiiast pabora sIBJISIETCST TPEThEH UACTHIO IUKJIA, IOCBSIIEHHOTO ayTIKOJIOLHH
n 3sooreorpacdun GayHbl MAHIUPHBIX Kilemielf okxpectHocreit ITo3HAHEM M COOEPIKUT
3ooreorpaduuecKuil aHanus.

1. Beigeneno 21 rpymmy BHAOB 00 PasiHuHbIX reorpaduuecKux 00J1acTsAX pacipo-
crpapenyst (ta6u. XIV). It KayKOoro BEIA JAHO OIPEesICHUE apeasa M XapaKTepHBIC
€ro MPUSHAKU : MIPOXOYKIECHUE Ipanull o0yacTeil pacnpocrpanenust yepes Ilompury, qu3b-
IOHKI[UHM ¥ THIIMYHBIC IPHIOTHBIC Tepputopun. OTAeNbHbIe BUIbI OIPEIEICHO B 9KOJIO-
ruyeckom otomenuu. Onpeenenust 00J1acTell pacipOCTPAHEHUS COCTABIIEHO II0 METOLY
MEUSEL 1 ap. (1965), KOTOPBIA I103BOJSET ONPENEIUTs WHAMBUAYAIPHO OTHOLICHUE
001aCTH PACIIPOCTPAHEHMST KAXKIOr0 BUIA K 30HAM TEMIIEpPaTyphbl MaKPOKJIMMATA, KIIMMa-
TUUYECKO-PACTUTEIIGHLIM 30HAM B TOpax, BJIAMM MAKPOKJIMMATA, a TAK)KE OIMCATH pas-
MeleHne BUA HA OTAEIBHBIX KOHTHHEeHTax (tats. [—XIII).

Oxazanoch, 4To HcciaemosBanHasg (ayHa majiao creruduyeckas. Bumos, KoTopble
UMEIOT EeBPOIEHCKHUE OOJIACTH DPacIpoCTpaHeHust TOJMbKO 35%,. IloOMHHMPYIOT BH[IBI,
KOTOPBLIX 00JIACTH PAaCIpOCTpaHeHHUss Gosblue ueM eBpomeickue (65%). 3aciyr)KiuBaer
BHAMAHUST HesnauuTenabHoe yuactue (7,35%,) cpenHeeBpONEHCKUX BHIOB, KOTOPbIE
MOYKHO OBLIO OBI MPU3HATH 3a 9HAeMuuecKkue. Cpeau BUMOB, KOTOPBIX 00JIACTH PacIpoc-
TPAaHEHMsT HAIPABJIEHLI K OxpectHOCTAM Ilosdnanu (radm. XV), npeBaJupyioT I0YKHBIE
Bujpt (10,16%) u samanuste (7,359,), Hax ceBepHbIMU (4,529,), BOCTOUHBIMU U IOrO-
BocrounbmMu (o 2,829).

2. Vsyuenue COOTHOMISHUS 9KOIJIEMEHTOB K reodsementam (Tadn. XVI) mossosmio
YCTAaHOBMTH IJIS MCCIICAYEeMOH (hayHBI CIICyIOn[ue 3aKOHOMEPHOCTH : TUIHYHBIM 9KOJIO-
IUYECKUM 3JIEMEHTOM EBPOIEHCKOIO I'e0dJIeMeHTa SIBJISIOTCS BUOBI JINCTBEHHBIX JIECOB
1 KcepomIbHbIC BHIBI, OOHTAIOIIHE B Cpele CIOPOBBIX PACTECHUII HA TBEpIOM Cy6-
crpare. THUIIMYHBIM 9KOJIOTMUECKUM JJIEMEHTOM TIOJIAPKTHUECKOIO I'€O3JIEMEHTA SIBIIS-
IOTCSI HecreIupnUecKre JIeCHbIE BUBI, BUIBI XBOMHBIX JIECOB M ThIPhOOHOHTRI. Turmuy-
HBIM 9KOJIOIMUECKHUM 3JIEMCHTOM CPEIH IIIMPOKO PACCENEHHBIX BUIOB SIBIISAIOTCS (hOPMBI
HE3aBUCUMBIE OT DPACTHTEJIBHOTO IOKPOBA.

3. Ilpenmerom aHamu3a ObLIA TAaKKE 3aBUCHUMOCTh (DayHbI MAHIUPHBIX KIIEUIEH
oxpecrrocreit Ilosnanu or BiaykHocTn Mmakporsmmara (tadn. XVII). Oxasanock, 4To
GosbtuHCTEO BUIOB (69,49%,) sIBIISETCA OTHOCUTEIFHO HE3aBUCUMBIMU OT BJIATH MHKDPO-
KJIIMaTa U II0ABJIACTCA B OKEAHCKOU, CyOOKEaHCKOH M CyOKOHTHHEHTAJIGHOH 30HAaX.
12,43%, BHIOOB, KPOME 9TOT0, HAWMEHO TAKYKE TaM, IJE IPeodiafacT KOHTUHEHTAIbHBIN
xumaT. Ha BuIBI orpaHMUEHHBIE JMIOb K ABYM 30HAM: OKEAHCKOW M CyOOKEaHCKOH
MM CyOOKEaHCKOH M CyOKOHTUHEHTAJILHOW IIpuXomurcs 1o 6,789,. HaxoHern, JIMIIb
4,52%, COCTaBJISIIOT BU/bI, PACIIOPCTPAHEHHBIE B THIIMYHON IS UCCIIELOBAHHON MECT-
HOCTH CyOOKEaHCKOU 30He.
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4. Ha npumepe dayHbl HMaHIMPHBIX KJilelnel oxpecraocredl [losHanu mccienoBaHo
sakoromepHocte HAMMER (1962), yTBep)KaaroIIyi0, uTo (ayHa MAHIUPHBIX KJIEIei
BIOKHBIX OHOTOIIOB HMeeT 0ojiee KOCMOIIOJIMTHUECKHII XapaKTep 4em KCepoduiIbHAsT
ayna (tabs1. XVIII). OxaspIBaeTcst, yIIOMSIHYTYIO 32aKOHOMEPHOCTD CJIEIyET IIOHUMATh TaK
YTO CPENX OJIMCOTMIPOB (BHUIBI, TPEOYIOIIKE HE3HAUYUTEIIPHOE KOJIMUECTBO BJIATH) CYIIe-
CTBYEeT MEHbIIle BHIOB OTHOCHUTEJIPHO IIHMPOKO DACCEIEHHBIX, YeM CPEOHM ME30 M IIOJIH-
TUTPOB BMECTE B3ATBIX.

5. Ha ocHOBaHMY CTPYKTYPBI COBPEMEHHBIX 00JIaCTel PaCIPOCTPAHEHIST (U3 BIOHKIN
M IIPHUIOTHBIE IPOCTPAHCTBA), @ TaKXKe B HEKOTOPOH CTENEHH HA OCHOBAHMU IIAJIEOHTO-
JIOTHYECKUX MATepuasioB (HAHIUPHBIE KJICIIM W3 SHTAPSI) MbI IBITAJIUCh YCTAHOBUTH
crapedimune GparmeHTBl 00IacTell pPAcIpOCTPAHEHHS W TaKUM O0pasoM  OIPENEIUTH
MUHHMAJIBHBIH, 0e3yCIIOBHBIA BO3pAcT HCCIEAYEMbIX BHIOB. OCHOBAHHEM ITHX PaCCy»K-
JEHW CTau CIIEAYIOU[He pacCy)KAaeHust ¥ (haxThl: MAHIMPHBIE KIEHIH (4 TAKIKE HEKO-
TOpBIE APYTUE JKUBOTHBIE) B OOIIEM OOMTAIOT B CBSI3U C ONPENENIEHHBIM THUIIOM DAaCTH-
TEJILHOCTH OOBIUHO IIPECTABJIAIONIMM BBICHIYIO (DUTOCOIMOIOTHYECKYIO eHeHuIy (0TS
MU.T.J.) Win OyOydd IpsiMO ONPENeSIEHHOH PAaCTUTENIHHOM hopmariueil; COrjiacHo IOJIy-
UYEHHBIM JI0 CHX IIOp PE3yJIbTaTaM ITACCUBHOE IEPEMEIICHUE MAHITUPHDBIX KIICIIEH B MEXK-
KOHTHHEHTAJILHOM MaciiTabe SBIIAETCS Majl0 BEPOSATHBIM ; BUABI YKUBOTHBIX, 4 B 0COOCH-
HOCTH TAHIUPHBIE KJIIEIIM, OTJIMUAIOTCS IIOCTOSHCTBOM 3KOJIOTHUECKUX TPeOOBaHuit
B TEUEHHH BCEr0 IEPHOHa CYILUeCTBOBAHUA. 110JMTOIIOBOE BOSHUKHOBECHUE BU/IOB SIBJIS-
ercst (0OCOOEHHO B MHpE YKHBOTHBIX) PEIKOCTHIO, HE MMEIOIEH BayKHOIO 3HAUEHHUSI CPEH
JKUBBIX OPraHH3MOB; QHAJM3 COBPEMEHHBIX 00JIaCTell PAacIpPOCTPaHEHUs PACTECHHMU HJIN
YKUBOTHBIX HE JaET OCHOBAHHS K 3aKJIIOUEHHUIO 00 MX MCTOPHM BO3HHKHOBEHUS, B IIPOLI-
JIOM, CTapIIeM IIaJIEONCeHOBOI'O IEPHO/a; ITOBEPXHOCTh KOHTHMHEHTOB M OKEaHOB 00paso-
BaJIaCh COIJIACHO Teopuu BErenepA. Ommpasice Ha masieoreorpaduyecKue peKOHCTPYKIH,
a TAKXKE IIPEICTABJIEHHBIE ITOJIOKEHUS ¥ (haKThI, IPOAHATIMSHPOBAHO OOJIACTU PACIIPO-
CTPAHEHUSI BCEX HCCIIEHOBAHHBIX BHUIOB.

Hamuune B Banruifckom sHTape, OUSBIOHKIUS Mexay EBpomoit u OpbeHTalibHON
00JIaCTBIO Y HE3aBHUCHMBIX OT TEMIIEPATYPbI IIOJHMIHUIPOB, PEIUKTOBOE IIPHUCYTCTBUE
Ha Mageiipe, Konxune u JIeHKOpaHCKOH HHU3MEHHOCTH, HAKOHEI OU3BIOHKIMS I0YKHOM
yactd THXOro oxeaHa CBHIETEIHCTBYIOT O IIAJIEOTEHHOM IIPOMCXOMKAEHHM (DParMEHTOB
obnacreit pacmpocrpanenust 20 BugoB, To ects 11,309, mccnemoannoit dayusl.

CyliectBoBanre ¥ MCUE3HOBEHHE MATEPUKOBBIX CBsisell merkny Asueit u Ce. Ame-
PUKOii, a Takyke mexkay Empormoit u CeB. AMEPHKONM M BO3MOXKHOCTH MULDAIMM BUIOB
C OIpPENEIEHHBIMA SKOJIOTHUECKAMN TPEOOBAHUAMM ; BOSHUKHOBEHHE T.H. EBpomneticko-
MaHPWKYPCKOH TU3BIOHKIMI B O0JIACTH PACIPOCTPAHEHUs JIMCTBEHHBIX JICCOB U CBS-
3aHHBIX C HUMH BOJMB >KUBOTHBLIX; HAKOHEI[ PEJIMKTOBBIE MECTOHAXOMKIEHUS OIpefie-
JIEHHBIX BUAOB B THUNHWYHBIX (GAyHUCTHUECKUX NPHIOTAX TPETHUHOIO mepmoja: xa Ma-
neiipe, Capmunnu u Kopenke, Kosnxune n JIeHKOPaHCKON HU3MEHHOCTH, 4 TAK)YKE B HEKO-
TOPBIX NAPTUSX JIMCTBEHHBIX JIECOB AS3HHM, INPHHUMACMBIX 3a OCTATKU 1ypraiicKux
JIECOB ITO3BOJIAJIO KOHCTATUPOBATh, YTO CTApeHIlIne MapTUM 00JacTedl paclpOCTPaHEHMsT
77 uros (tabn. XIX), To ects 43,50%, uccienoBanHoi hayHbl, 00pa3oBauch B HEOrEHE.

BosmoxxHOCTs Murpamu dYepe3 IPOCTPAHCTBO bDepuHra B 9I0XaX OJIEIEHEHUSI,
yepe3 IpOCTPaHCTBO EBporeficko-MaHpWKypCKOM IU3BIOHKIIUE B 99MCKOH MEXKJIETHHI-
KOBOH amoxe, cymlecrsoBanrne I['0IapKTHKO-AHIMACKOH [OU3BIOHKLIUM U HEKOTOpPLIE
Ipyrue IpU3HAaKKM 00JacTeli PACIPOCTPAHEHHs CBHIETEILCTBYIOT, UTo B 47 Ciydasx
UCCIIelyeMble apeanbl YaCTUYHO 00pasoBaJIiCh B UETBEPTHUHOM mepuonae. OnpHaxo
Tossko y 20 BUIOB, TO ecTh y 11,309, uccienoBanHoi (GayHsI, 067aCTH PACIIPOCTPAHECHHUST
UMEIOT IIPM3HAKU MCKJIIOUUTENFHO UYEeTBEPTUYHOrO Iepmopa (Tabi. XX).

B ciyuae 60 Bumos (33,90%,) He yganoch YCTAHOBUTh XapaKTEPHBIX (BO3MOYKHBIX
CBSI3aTh C OIPEHEIEHHBIM HCTOPMUYECKMM IIEPHOIOM) IPH3HAKOB 06JACTEll PacIpocTpa-
HeHus (tabn. XXI).

6. COOTBETCTBEHHO XOPOIIEE 3HAKOMCTBO PasBUTHUS IeOrpaduyecKoil cpembl U pac-
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TUTEJILHOCTH OKpecTHOCTEH IIo3HaHM B IIOCIIEJIETHUKOBBIA TIEPHOM, 4 TAKXKE 9KOJIOTH-
YeCKUX TPeOOBAHUMI MIAHIUPHBIX KJIelIel, KaK B OTHOIIEHUH MUKPO TaK ¥ MaKPOKJIAMATA,
HO3BOJIMIIO C(HOPMYIIMPOBATH THIIOTE3Y O PA3BUTHM (ayHbI NAHIUPHBIX KIeledl oKpec-
THOCTel IT0SHAHM B T€UEHMHM NOCIIEMHUX HECKOJIBKUX TBICAY et (Tabi. XXIT u XXIII).
Omna Kacaercst TOJIBKO BH/IOB, OOMTAaIOUIMX B HACTOSAINlee BPeMsi HA HCCIIEAYEMOM IIPOC-
TPAHCTBE M KPAaTKO IIPEJCTABJIAETCS CIIEAYIOIUM 00pa3oM:

B ycnoBusx crapeiiiiero mpmaca B OKPECTHOCTAX II03HAHM MOIVIM OOWTATH JIVIID
T€ BUIbI MAHIUPHBIX KIIEIIeH, KOTOPhIE B HACTOSIIIEE BPEMSI HAXOMATC B APKTHUECKOMH
0071aCTH, CHOCAT KOHTHHEHTQJIPHBIM KJIMMAT M MOLYT CYIIECTBOBATH HA MECTHOCTH He
TIOKPBITON IPEBOBU/IHOM DACTHTEJIFHOCTBIO, & OCOOEHHO Jjiecamu. Taxyke BUOBI, 00uUTa-
IOIMe Cpe/TH CIIOPOBBIX pacTeHuit Ha TBEpHoM cybcrpare. 11 Bunos (6,29,) cpenu cospe-
MEHHOH (DayHbI COOTBETCTBYET STHM YCIOBUsIM. Bee onu umeror IomapKTuueckue o61acTu
PacIpOCTPAHEHUS WM OOJIBIIIE.

B unrepcranmane BosumMHr IOCENHIIMCH HA UCCIIENYEMOM MECTHOCTH BEPOSTHO BHIBI
HE IPUCIOCOOMBINMECH K KIUMATy KpallHe KOHTHHEHTAIBHOMY HO OOHMTAIOLIME B HACTO-
sAlee BpeMs B OHOKIMMATHUYECKOM ADKTHUECKOH 30He. B 5KOJOTHUECKOM OTHOIIEHHUA
970 (HOPMBI OTKPBITBHIX NPOCTPAHCTB MM HE3aBHCHMBIE OT DACTUTEIBHOrO IOKPOBA
00 pasIMuHBIX TPeGOBAHMAX BIAKHOCTA. TaKUX BUAOB B Hcclemyemoit (ayme 28,
T0 €cTb 15,82%,. Bee onn mmeror oueHs Gosplme 06JIaCTH PACIPOC TPAHEHUST. OTH BUJBI
ucuesu B Benmuwoit ITossle mmi ocTayich B HEGOJIBIIOM KOJMUYECTBE B CTAPIIEM JpHace,
KOI/Ia KJIMMaT 3HAYUTENIBHO YXYIUIMJICS. /

MelicTBuTeIbHbIN TIepesoM B pasBuTHy (DayHbl MAHIMPHBIX KJEUIed OKpECTHOCTEH
Ilosnann HACTYyIHMII BEpPOATHO B HMHTepCTaguaie AJUIEpof, KOLJA TOSBHIKCH YCIOBHS
NIOCEJICHUST JIECHBIX (DOPM, THIP(HOGHOHTOR, CBETONIOGHBIX (HOPM, CBSI3aHHBIX CO CPEIOit
HUCHIMX PACTEHMI Ha TBEPAOM CyOCTpaTe, MOXOMSINX B HACTOSIEE BPeMsi, HA CEBEpeE,
K OopeanbHON OHOKIMMATIUECKOH 301e. BmecTe ¢ hopmamu, KOTOPBIE JOILIH U ITOCEIIUIINC
3[eCh B IPEABIIYIINE IePUObI, (ayHa IAHIUPHBLIX KIICIIed HACUMTHIBAJA, BEPOSTHO,
yaKe Toraa ok. 120 Bupgos To ecrs 68,939, Hacrosmeit dayubl. XapaKTepHO, YTO B 9TOT
NEPHUOJ MOABHUIIOCH OOJIBIIOE KOJIMYECTBO BHIOB YMEPEHHO ['0JIADKTHUYECKHUX M Majeo-
APKTHUYECKUX, 4 TAKXKE HEKOTOPOE KOJIHMUYECTBO EBPOIEHCKUX BHIOB, 32 HCKJIIOUEHHUEM
IOYKHOEBPOIICHCKUX .

Bropoi#t perpecc B pasBuTHE HCCIeLyeMON (hayHbI MPOM30IIENT B MIIAJIIEM JPHACCE
B CBfA3M C MOBTOPHBIM YXyAIIEHHWEM KjmmMara. Bepositno umcuesno 37 BUIOB IJIAaBHBI
00pasoM JIECHBIX, KOTOPBIC MMEJIM €BPOIEHCKHe U yMepeHHO [omapKTiueckue 06j1acTi
pacnpocrpanenus. BosBpaTHIMCh OHM Ha MCCIIEyEMOE IPOCTPAHCTBO, BO3MOYKHO, YHKE
B IpeadopeabHBIA TEPUOL.

B Besmkoii ITosbure, B 6opeasbHbli II€pUOJT, MOIJIM 00UTATh EBPOIEHCKHUE (C HCKITIO-
YCHMEM 3ala/IHOEBPONEHCKIX) M €BPOIEHCKO-MAaHPUWKYDPCKIE ME3OIUIPLI THIIHUHBIE IS
JIMCTBEHHBIX JIECOB M TEIUIONIOOUMbIE BHIBI, I0ON0-BOCTOYHO-EBPOIIEHCKOTO IIPOHCKOMK-
nenusi. Mccnenyemast dpayHa Torma, BeposiTHO, 060raTuimMch Ha 30 BHIOB TO €CTh HA
17%, coBpemeHHOM (bayHBI M HACUMTHIBAJIA YyKe OKOJIO 152 BHIOB, TO €CTh 869, B Hac-
TOSIIIlEE BPEMsI 37eCh HU3BECTHLIX.

Ocranpupix 14%, BuIOB, rJ1aBHBIM 00PA3OM 3alafiHO U CPETHEEBPONEHCKIX, TOSIBH-
JIOCh, BEPOATHO, B OKPEeCTHOCTAX Ilo3HaHm B ATJIAHTUUECKOM IEPHOJE, NPUUYEM 9TO
ObLIM TPEUMYIIECTBEHHO JIECHBIE ME30 M IOJHMIUIPHI, a TAKXKe JApyrue (opMbI COBpE-
MEHHO CBfI3aHHBIE C CyOOKEaHCKHM KJIAMATOM.

B cy66opeanmpHoM u Cy0aTJIAHTHYECKOM MEPHONAX IPOUCKOTMIA B HCCIIELyeMOIl
dbayne, BepoATHO, JHIIb KOJMYECTBEHHBIE U3MEHEHNST, B CBA3K C YMEHBIICHHEM JIECHBIX
IUIOLIAAECH IO BIIMAHHEM ITOCETICHM.

Ycranopnennple GaKThl U MPEJCTABJIEHHbIE THIIOTESHI MHTEPIPETHPOBAHO U KPUTU-
YECKU INPOAUCKYTUPOBAHO Ha (hOHE COBPEMEHHOIO YPOBHS 3HAHMIMA.
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Subbipolar and Holarctic-

; Range Diagnosis after MEUSEL et al.
Ser. No. Species (1965)
132 Ceratozetes gracilis (MICHAEL) 2+ m — sm — tempsaip— b, 0¢;_3,
Eur4+EAs+EAm-+NAm-+|+SAm
156 Galumna elimata (C. L. KoCH) a-+ (m)— sm— tempap— b, oc,—k;,
SWAs+Eur+ NAfr-+Mad -+
+EAm+ Cap
158 Pergalumna nervosa (BERLESE) a-+sm—temp—Db, oc,_5, Eur—As +
+EAm+ Cap
23 Nothrus silvestris NICOLET ast -+ bst — m — sm — tempsap — b —
—aret, oc;—k;, Eur—As+
4+ NAfr+EAm-}NZeal
102 Quadroppia quadricarinata bst *-++ m — sm — tempap — b — arct.
(MICHAEL) 0¢;_3, Eur+WSib4SEAs+
+EAm+NAm+ Gr
68 Ceratoppia bipilis (HERMANN) bst *+4 m — sm — tempap — b — arct,
oc; —k,, Eur—As+NAfr+
+Mad+EAm- Gr
16 Rhysotritia ardua (C. L. KocH) ast -+ m, — sm — tempsap — b — aret,
0¢;—3, Eur-+WSib++MAs-
+EAs+Nafr+-EAm+NAm-
+Pol
21 Nothrus anauniensis CANESTRINT ast+ m — sm — temp — b — arct,
et FANzZAGO 0C,_3, Bur+-WSib--EAs+
+EAm-+NAm+} Gr+NZeal
2 Eniochthonius minutissimus (BER- ast+ sm — temp — b — (arct), oc, (3,
LESE) Eur4WSib+EAs+EAm -
+ (NAm)-SAm+ NZeal
173 Scheloribates pallidulus (C. L. KocH) ast-+ sm — tempap — b +aret,
0¢_g, Eur4+-WSib+EAm-
+NAm-+ Gr-+SAm
¢ Author’s unpublished -materials from North Vietnam.
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Table XII
Subtropical Species
Ecological 08, ; : Historical
Isl(:a 31%3: Disjunctions Refuges El em;ﬁt Chronoelement

f, op, pmh | Natl, eur-manch, N-SAm, | EAs, EAm, Al, II | Allerod Neogene
Npac? 3

op, mph Natl, Seur —Nafr, afr EAm, Mad, Col, Allersd Neogene

NAfr
n, pmh Natl, eur — cap EAm Alleréd Neogene
f, mh Natl, Seur — Nafr ESib, EAm, Col, Oldest Dryas | Neogene
Mex, NAfr
£, mph Natl, eur-manch, Npac? EAs, EAm, Len, Bolling Palaeogene
Al

n, mph Natl, Seur —Nafr, EAs, EAm, Mad, Oldest Dryas | Palaeogene
Npac? II, Sib, Al

n, mpeuh | Natl, eur-manch, Npac?, | EAs, EAm, Al, II, | Bélling Neogene
Seur —Nafr Pol, T

op, msth Natl, eur-manch, Npac EAs, EAm, Col, Bolling Palaeogene

Len, Al

n, mpeuh | Natl, eur-manch, Spac EAs, EAm, Col Allerod Palaeogene
N — Sam,

n, pmh Natl, eur — as, Npac, EAs, EAm, Al Bolling Quaternary
N-Sam

Acta Zoologica Cracoviensia nr 3 6
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Temperate-Holarctic-Tropical and

Ser. : Range Diagnosis after MEUSEL et al.
No: Species Geoelement (1965)
172 | Scheloribates laevigatus temp-hol-trop | ast-+ tropap -+ m—sm — tempaip — b,
(C. L. Kocn) 0¢;—k;, Eur—As4+EAm
24 | Camisia segnis (HERMANN) temp-hol-trop | tropaip+ m —sm — tempsap — b,
= 0¢;_3, Eur+NAfr+EAm-
+NAm-} SAm
176 | Xylobates capucinus (BER- | temp-hol-trop | tropmo-sap 4 m —sm — temp — b,
LESE) 0¢y_y, Eur-+WSib+MAs-+
=+ EAm + SAm
87 | Tectocepheus serakensis TrA- | temp-hol-trop | trop - sm — tempsaip — b — (arct),
GARDH oc,—k;, Eur+4 Gr+Haw

95 | Oppia nova (OUDEMANS) semi- cosm, ant- a-+ trop + bst *4 m —sm —

: — tempap — b —arct, oc, —ky,
Eur+MAs+WSib+4 EAs+Mad -+
+EAm-+NAm- Gr-+ SAm

31 | Platynothrus peltifer semi- cosm. a-+ ast+ m —sm — tempap — b —

(C. L. Kocn) —arct, oc,—k;, Eur—As+
+EAm--NAm- Gr-NZeal

34 | Trhypochthoniellus excavatus | semi-cosm a-- ast - trop 4 sm — temp — b,

(WILLMANN) 0Cy—9_3, Eur+ SAm -+ NZeal
36 | Trimalaconothrus movus semi- cosm, a — ast-+ sm— temp — b — arct, oc;_3,
(SELLNICK) Eur-+NAm-+ Gr-+ SAm -+ NZeal
168 | Hemileius initialis (BERLESE) | semi- cosm, a4 trop -+ sm — tempap — b, 063,
Eur+4EAs-+ SAm
67 | Fosseremus quadripertitus semi- cosm. a— ast-+ m—sm—temp—b, oc,_3,
GRANDJEAN Eur+MAs-+NAfr-+WAm+4
NZeal FEAs

* Author’s unpublished materials from North Vietnam.
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Table XIII

Semi-Cosmopolitan Species

Ecological Disiuncti Ref : Historical Chrono-
Element b Gy Element element

op, mpeuh | Natl, Npac, EAS, EAm, Col, Allersd Neogene
Seur-Nafr Len, II, Cors

hs, euh Natl, Npac?, EAm, NAfr, Al Allerod Neogene
N-Sam,
Seur- Nafr

n, euh Natl, N-Sam, EAm, Col, Len, T Allerod Neogene
eur- as

n, mh Oldest Dryas

f, mph Natl, N-Sam, EAs, EAm, Mad, Oldest Dryas Neogene
eur- as Col, Len, T

n, mph Natl, Npac EAs, EAm, Col, Oldest Dryas Quaternary

Len, Al, Sib

Sph, ph Spac Allerod Palaeogene

Sph, pst Npac? Spac, Al Allerdd. : Palaeogene
N-Sam

op, f, mh eur-manch EAs Allerod Neogene

n, pmh eur-manch, Npac, EAs, Len, NAfr, Allerod Neogene
Seur-Nafr WAm, T

6%
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Table XIV

Percentage Share of Species with Various Types of Ranges in Moss Mite Fauna of Poznan Region

Species o %
holo-European 7-81
‘West European 7-35
Central European 7-35
South European 6-22
East European - 2:82
South-East European 2:26
North European 1-13
European s.1. 34-94
European-West Siberian 12-43
European-Manchurian 3:96
European-Siberian 1-13
European-Middle Asiatic 0-56
Palaearctic (total) 18-08
temperate-holo-Holarctic 8:46
western temperate-Holarctic 10-73
alpine temperate-Holarctic 0-56
temperate-Holarctic s. 1. 19:70
holo-Holarctic 10-17
western Holarctic 5:09
alpine Holarctic 0-56
Holaretic s. 1. 15-82
subbipolar 2-09
Holarctic-subtropical 396
temperate-Holaretic-tropical 2:26
semi-cosmopolitan 3-27
widely distributed (all together) 11-58
total 100-00 100-00
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Table XV

Percentage Share of N, 8, E, and W Species (in Relation to Poznan in the Fauna under Study,

Irrespective of the Kind of Range

species
N S E W SE alp
range
eur 7-35
eur 6-22
eur 2:82
eur 2:26
eur 1-13
eur-W-sib 0-57 1:69
eur-man 0-56
eur-mas 0-56
temp-hhol 0-56
temp-hol. W 0-56 1-13
temp-hol 0-56
hhol 1-13 0:56
‘W-hol 1:13
total 4:52 10-16 2:82 7-35 2-82 1-12
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Range Fragments Formed in the Quaternary

Table XX

Geographical
Element

Disjunctions

Bering |hol — and|eur — manch

Postglacial
Range

Number
of Species
Dated

Total
Number
of Species

W-eur

C-eur

N-eur

eur- manch
temp- hhol
temp-hol, W
hhol

‘W-hol
hol-alp

sbip

hol-sbt
temp-hol- trop
semi- cosm.

DO = QU k= = = DD

— DD

DO = o =

13
13
2
7
15
19
18
9

S B 0 W

[
(o]
(%3
(%3

20

Table XXI

Probable Minimum Age of Species in the Moss Mite Fauna Examined

Geographical
Element

Palaeogene Neogene

Quaternary

Non-Dated Total

heur

W-eur -
C-eur

S-eur

E-eur
ES-eur
N-eur
eur-W-sib
eur- mas
eur-sib

eur- manch
temp- hhol.
temp- hol- alp
temp-hol-W
hhol

hol-alp
‘W-hol

sbip

hol-sbt
temp- hol- trop
semi-cosm

Total
%

DO = DO = W
—
no

'S
W W W

20 71
11-3 43-5

20
11-3

—

e ,
RO = ~J = W W ~J Ot ©

60

33-9

S o e
— D W

- —
R B T W © = 00 = =T~ NN B

177 |
100 |




Table XXII

Chronology of APbearance of Particular Geographical Elements in the Poznan Region in the Late Glacial and Holocene

\\‘\ ; ?ogpalzhical | [ l I Total of
Llement ) .
. | b e eur-W- eur- ; temp- temp- temp- ; temp- semi- Percent- Percentages
S8 he 4 9 Ik . S-eur | E-eur gl N o ; T e i % 9 S Apye =]
. ur W-eur C-eur | eur | SEeur eur 0 Siapch oL sib | eur- mas Lol hol, W | hol-alp hhol W-hol | hol-alp ship hol-sbt bolteo e Total o S
L l | | P g P
E{wdﬁ = } | J_ | o Periods
Oldest Dryas 1 ‘ : ‘ 3 e 2 1 2 11 622 622
Bolling [ 1 1 ‘ 15 7 4 28 15-82 22-04
Older Dryas 3 =l -1 —15 —1 ; —4 —~98 [ —15:82 6-22
Allerod 5 4 5 4 1 2 18 3 2 1 14 15 15 7 ‘ 3 5 3 4 111 62-71 68-93
Younger Dryas —2 —3 -3 \ 03 L ] o ) -8 1 _9 _37 _.90-89 48-03
Total 3 Il 2 ‘ 1 1 2 13 2 1 1 5 i 18 9 1 3 7 4 4 85 48-03
Preboreal 2 3 3 | 3 5 1 1 9 8 ; 2 Sl 20-89 68-93
Boreal 5 2 2 8 : 3 3 4 1 2 ‘ 30 16-95 85-88
Atlantic 3 7 6 36 1 1 2 , % 23 12-99 98-87
Total 5 3 13 11 5 4 2 22 7 2 1 15 19 18 9 5 e 7 4 6 175 98-87
nel 4 i - _ | 1 1 2 1-13
A.. Rajski
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