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Abstract

Mosses could be playing important role in the ¢ifderrestrial macro-invertebrates.
They are a microhabitat used by invertebrates whdeng from predators or unfavourable
weather conditions, feeding, hunting or simply teyeggs. The existence of mutual use is
shown on several examples of invertebrates digpgrabss propagules.

In our study we examined how moss features andraeiffecting mosses influence
invertebrates within. Measured parameters were bfpsubstrate, species of bryophyte,
height above ground, tree diameter, moss cushichkrtiss and percentage of shade above
place from which samples was taken. Obtained in $@@sons, 120 samples were heat-
extracted and later on sorted.

Explored were all together 20 species of bryophyaed 13 taxa. Identified to
species level were 7 taxa (Aranea, Chilopoda, Pipdia, Formicidae, Isopoda, Opilionidea
and Pseudoscorpionida), counting 51 species ih #tachum undulatunwas the species
with the highest diversity of invertebrates, maighpwing on ground. The most abundant
taxa were Acarina (2946 individuals in samples, R22ontrol samples) and Collembola
(1341 individuals in samples, 137 in control sarapl®ifference in age of the two distinct
parts of the forest samples were taken from, shaweedhfluence on abundances. On the
other hand, comparison of abundances in samplesaritbl samples showed that samples
were richer in terms of invertebrates. The facttirat turned to be significant, were sample
size and thickness (on taxa), and thickness amddig@meter (on species) in samples. On
control samples, significant influence had seassprirfg/autumn) and substrate (dead
tree/ground).
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Abstrakt

Mechy hraji dleZitou roli v Zivot suchozemskych bezobratlych Ztiahu.
Predstavuji mikro-stanovi§t které vyuzivaji bezobratli jako Ukryt od predétoa
negiznivych podminek, potravu, loviStanebo jen pro kladeni vajec. Na existence
vzajemného pouziti ukazujékolika prikladi roznaSeni propaguli macbezobratlym.

V naSi studie jsme prozkoumali jak rysy mech faktory misobici na mechy
ovliviwuji bezobratlé Zijici uvnit Méteny parametry byly typ substratu (Zivy strom, mrtvy
strom, povrch fpdy), druh mechu, vySka nad zemijmer stromi, tlou¥’ka a velikost
mechového polsté a procento osléni mista, z kterého jsme vzali vzorek. Celkgsme,

v dvou sezonéch ziskali 120 vzork kterych jsme posléze tep&lextrahovali bezobratlé,
a setidily je.

Vyzkoumano bylo dohromady 20 diuimechi z 13 taxoi. Do druhi byl uen 51
druh ze 7 taxoln (Aranea, Chilopoda, Diplopoda, Formicidae, IsopoQailionidea and
Pseudoscorpionidaptrichum undulatumktery gevazre rostl na zemi, byl druh s neéi
diverzitou bezobratlych. Nejhajj$i taxony byly Acarina (2946 exemplaze vzorki, 222
z kontrolnich vzork) a Collembola (1341 exemptaze vzorki, 137 z kontrolnich vzofR.
Vékovy rozdil dvou ¢ésti lesu, z kterého jsme vzaly vzorky, neukazalngarozdil
v abundancich. Na rozdil od toho, porovnani abucidas vzorcich a kontrolnich vzorcich
ukazalo, Ze vzorky byly bohatSi na bezobratlé. tdtgk majici signifikantni vliv byly
velikost vzorki a tlou¥ka mechu (na taxony), tj. tlotka mechu a gmeér stromu (na
druhy). U kontrolnich vzork signifikantni vliv n€lo rocni obdobi (jaro/podzim) a typ

substratu (mrtvy strom/povrctigy).
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Introduction

Bryophytes are widely spread in variety of habitatsl play irreplaceable role in
many ecosystems such as peat bogs, forests, tueldmae ecosystems, spring areas etc.
They are often inhabited by spectrum of invertedgatrom microscopic aquatic ones to
larger predatory beetles. Even though both mossesinvertebrates are being rather
common, their association has been poorly studmeddnat yet completely comprehended.
Most of the available literature about relationsbipinvertebrates and mosses deals with
aguatic environment (e.g. Suren, 1993; Englundll1B@nrikson, 1993; Glime et Clemons
1972; etc.).

Mosses attract invertebrates, primarily by theiygital characteristics of water
absorption and retention, as water is being ortheofmost important conditions for survival
in terrestrial environments. During the unsuitalvkather conditions (drought, temperature
extremes etc.), they can completely desiccate &ydirs that state for quite long period of
time (Kinchin, 1990). The revival of mosses and ¥ithin begins as the missing moisture
is retrieved, upon which mosses restart the phatbsgis and proceed with growth
(During et van Tooren, 1986). Similar to mossesneanvertebrates are capable of
surviving water deficits by entering different star using different mechanisms. For
instance, members of aquatic bryofauna (tardigradematodes and rotifers) are over-
passing inhospitable environmental conditions usinigydrobiosis (Kinchin, 1990). Other
invertebrates, incapable of some sort of quiess&te, are often using mosses as shelters.
The ability of mosses to provide a humid terrektmécroenvironment could have had a
role in the evolution of Dipterans (Gerson, 19689l anay as well explain why bryobionts
prefer moss’ microclimatic factors over the othéyozd et al.,, 2007). Now-a-days
mosses are used as indicators of diverse enviraamgollution, mostly of air and water.
They are used in bio monitoring of environmentallygoon, since unable to avoid
absorption and retention of heavy metals (Basil@.etLl995) leading to their accumulation
in considerable quanta (Basile et al., 2001).

The ecological role of mosses lies also in theilitegs to protect invertebrates from
climate oscillations. They provide insulation agdirrapid temperature and humidity

changes by creating spaces filled with air insideirt tissue structure (Gerson, 1969),



thereby buffering the bryofauna (Kinchin, 1990; Meld et Ingham, 1998). Knowing that
in the milder regions mosses serve as refugia (Er@82), it is no wonder that under
extreme conditions survival and abundance of sameriebrates fully depend on their
presence (Gerson, 1969).

Generally speaking, mosses are one of the piomeearslonization of devastated
and newly formed habitats, making it suitable farttier colonization of almost any
possible substrate, stabilizing it, restrainingseyn, producing litter, and retaining water, as
it was mentioned above. Spectrum of invertebrditdag in mosses is wide, from
microscopic to macroscopic ones, from permanentlldigeand to others, which only
occasionally appear. Kinchin (1990) classifiesafmyna as bryobionts, bryophiluses,
bryoxenuses and occasionals. Subclass of Acarimaei®f the most common taxa living in
mosses. One order of Acarina, Oribatida, is knos/mass-mites (Gerson, 1969).

Whether invertebrates feed on mosses or not, yedires an open question in moss-
invertebrate relations. Invertebrates can feed ath blead and live mosses, but also on
algae, detritus and bacteria situated within grewsh mosses (Hodkinson et al., 1994).
Gerson (1969) finds that some species of beetltispterans, springtails, caterpillars or
aphids feed on mosses. For example, it is provandgtound hoppefretrix ceperai feeds
on Bryum argenteun{Kocarek et al., 2008). In case @fmychiurus arcticudaboratory
examinations showed that it feeds on a whole rafitpeyophytes (Hodkinson et al., 1994).
Several detritophagous species (as millipedes, im@yaarthworms) are also finding food
inside moss growths, especially those using deamtvas substrate.

As it is used as a hideout for some invertebratessses are a perfect hunting
ground for larger predators. Invertebrates do mdy aise it as a hiding place, but often
mime it or cover in moss. Gerson (1969) mentionat tlarvae of Tipulid Trigoma
trisulcata, that lives attached to mos$®ntinalis antipyretica resemble moss. Another
invertebrate, stick insedirychopeplus laciniatutas also ability to mime moss (Kinchin,
1990). Some New Guinean curculionid beetles had beend with bryophytes covering
them (Geressitt et al., 1968).

Examples of invertebrates using mosses for platheg eggs, such as crane fly

Dolichopeza and mite Eustigmaes (Smith, 1982) are well-known. Cricket species



Pteronemobius palustriand Pteronemobius fasciatuame laying their eggs o8phagnum
(Gerson, 1969). Some insect, temporarily using fnytes, might also pupate therein.

This particular relationship between mosses andnhgbitants certainly is two-
sided. One of the most important benefits for messeprobably the distribution of their
propagules by invertebrates. Moss spediesranum flagellare uses forest slugs for
transport of their asexual branches in order tordak disturbance gaps on decaying logs,
as it has been mentioned in Kimmerer and Young$L98nother author, Gerson (1969),
mentions routine of coprophilous species of fllegt itan be enticed by color or secretion of
also coprophilousplachnacegeunintentionally helping the dissemination. Thegportant
factor here is also the morphology of moss spossch are sticky and usually attach to
bodies of flies. Rudolphi (2009) showed anotheamsgle of passive dispersal of
propagules on antsasius platythoravand moss speciésulacomnium androgynum

This paper examines invertebrates extracted framstomosses and next-to-moss
surrounding (control samples). The aims of thigaesh were:

1. To describe the invertebrate communities inhabitingsses in Vraga
NNR.

2. Make a comparison among such communities, andaaititrol samples.

3. To compare them by environmental factors: typeulfsgrate (dead wood,
living tree or ground) and other characteristiass(iation, tree diameter,

thickness of moss growth, decay level of deaddteg



Materials and Methods

Study site

Research was conducted in the Vkapsational Nature Reservel{°02°E,
49°42°N, east of the town Litovel, The Czech Republiclobging to vast complex of
Litovelské Pomoravi Protected Landscape Area. \&ralR has total area of 80.69ha,
with average altitude of 235m above sea level. NbdRsists of complex of flood-plain
forests situated in the alluvial valley of Moravav& (Machar, 2009). Dominant unit is
hard wood Querco-Ulmetumflood-plain forest (Safaet al., 2003) but older robust
specimens ofQuercus robur, Fraxinus excelsi@nd Ulmus laeviscan be also found
Spring flora consists ofGalanthus nivalis Leucojum vernumPulmonaria obscura
Primula elatior, Corydalis cavaand Corydalis solida Allium ursinumand Urtica dioica
represent typical summer flora. In the growths,réheould be found mountain and
submontane plants such a&nthriscus nitida, Geranium phaeurand Isopyrum
thalictroides More precisely, the study area was categorizénl two selected sections,
which were compared, later on. The first sect®nepresented by 110 years old growths,
whereas the second section is consisting of 156 y#d growths of oak and ash treeish

the lower floor consisting of 80 years old growttisnaple and lime tree

Sampling and extraction

Altogether, 180 bryophyte samples were collecte?2D($amples and 60 control
samples), first half of them in spring (Ma¥ &nd June %) and the rest in autumn (October
18" and 27" of the year 2010. The moss samples that werentéken the dead tree or
ground were taken together with a thin layer orstnatbe (bark or layer of soil). Samples,
taken from the living tree were usually scratchédtloe tree into a net. Control samples
were taken from the nearest possible place to thesnsample, meaning that control
samples are bark, dead wood or soil samples. klwates were heat-extracted from the

mosses later on in the laboratory using Tullgrenngéls (Tuf et Tvardik, 2005). The



samples were placed in apparatuses for approxiynageien days. Extracted invertebrates
were eventually sorted, counted, and identifiespaties level.

Measured parameters

Each sample was characterised by evaluation ofrglegrvironmental parameters.
Moss species- taken samples consisted from the one moss spaciesd growths were
ignored;size of sample- size was chosen by the size of the moss pillow Z0ex 20cm, 5
x 20cm or 5 x 15cm , respectivelygybstrate — taken samples of moss were growing on
either decomposing fallen tree, living tree or grduree diameter— if the samples were
taken from decomposing fallen tree or living trdes tree diameter was measured at the
height of 130cm above grounideight above ground(further on HAG)— was measured on
all the samples except for the ones living on theugd; shading of the sampled moss —
was evaluated as a proportion of canopy closurphiotographs taken towards the sky
perpendicularly to the ground at the sampling p@ntl scaled in percents (e.g. 80% means
that biggest part of the view above moss was caolverth tree trunks, branches and leaves,
only 20% was clear sky) using Adobe Photoshop @8iw size - was scaled from 1-4
(1=100%, 2=50%, 3=20-50%, 4=0-10% of the whole mgsswvth); decay level- was
scaled from 1-4 (1=wood is hard, bark everywheraydd is softish, bark on more than
50%, 3=wood is pretty soft, bark on less than 5@%wood is completely soft, without

bark );thicknessof the moss growth — was measured on all the sssmpl

Statistical analysis and data analysis

Quantitative data from the sample collection wenmalgsed in CANOCO4.5©
programme for Windows (Ter Braak et Smilauer 199&) Excel 2007 spreadsheet from
Microsoft Office pack.

We used Excel's Data Analysis modulé:test was used to find out the
equality/inequality of data variances between saspihd control samples, and further on
t-testto see weather abundances differ or not.

First we used DCA detrended correspondence analysisfind out lengths of

gradients in species data. Effects of environméatdors on distribution of invertebrate



taxa in samples were evaluated by linear RB&dundancy analysig-or test of relation
between species of invertebrates from samples,batid taxa and species relation from
control samples with environmental parameters, wsedu unimodal canonical
correspondence analysisCCA.

For testing of relation between species data actoifs of environment we used Monte-
Carlo permutation tests. To see relation (deperejebetween species and environmental
factors from CCA analysis, we used GAMjeneralised additive models.

For graphic representation we used programme Cawolibr Windows 4.0© (part of
CANOCO software).

Visualization of sampling points and the study anes done in ArcGIS/GoogleEarth

environment.



Results

Sampled invertebrates communities

In total 180 samples, we had 120 samples contalngpecies of bryophyte (Table
4), and 60 control samplesdypnum cupressiformavas the most abundant species,
appearing in 18 samples.

All together, 12 groups of invertebrates extracfedm moss samples were
evaluated. Acarina (2946 individuals), Collembol341 individuals) and Isopoda (320
individuals) were the most numerous groups, wheré&astropoda (33 individuals),
Opilionida (22 individuals) and Pseudoscorpionitia individuals) were the rarest groups.
As far as control samples are concerned, smallantsoapply, as predicted. The most
numerous were Acarina (222 individuals), Collemb@&7 individuals) and Formicidae
(135 individuals). Corresponding to moss sampleastl abundant were Gastropoda (10
individuals), Opilionida (8 individuals) and Psesdorpionida (only 2 individuals). Final
count of identified species is 51, consisting of dpecies of Araneae, 11 species of
Isopoda, 9 species of Chilopoda, 8 species of Pguda, 4 species of Formicidae, 3 species
of Opilionida, and only single species of Pseuddpamida. Not all of the groups were
identified to species level for different reasomg. Enchytreidae could be determined only
when alive. Determined species found only in sampte presented in table 3.

Simpson’s diversity indexes were calculated (Taklesd 2), for both samples and
control samples. The highest diversity rate wasifoin sample ofAtrichum undulatum
growing on the ground, with shade of 84% (D=93)xiNeighest diversity (D=0.9) was
within the sample oPlagiomnium undulaturalso growing on ground, with shade of 88%.
In control samples situation is slightly differefitiere were only 5 samples with diversity
higher than 0. The highest diversity was in consarhple 1, 2, 3 from the date of 5.5.2010.

Sample was taken from the living ash tree withghading of 84%.



Table 1 Diversity indexes in samples

5.5. 1.6. 18.10. 27.10.

sample D | sample D | sample D | sample D

1 076 |1 0.0C |1 067 | 1 0.67

2 080 | 2 0.00{ 2 0.00 2 0.67

3 0.00| 3 0.00{ 3 0.00 3 0.87

4 0.0C | 4 0.0C | 4 0.0C | 4 0.0C

5 083 5 0.74| 5 0.00 5 0.00

6 0.00| 6 0.86| 6 0.00 6 0.82

7 0.0C | 7 0.0C | 7 067 | 7 0.0C

8 067 | 8 0.0C | 8 0.0C | 8 0.67

9 0.00| 9 0.00| 9 0.00 9 0.00

10 0.00| 10 0.87 | 10 0.00| 10 0.00

11 0.76 | 11 0.87 | 11 0.0C | 11 0.0C

12 0.00| 12 0.00 12 0.00 12 0.00

13 0.00| 13 0.00 13 0.00 13 0.00

14 0.00| 14 0.00, 14 0.00 14 0.00

15 0.00| 15 0.00 15 0.67 15 0.84

16 0.00| 16 0.90 | 16 0.00| 16 0.00

17 0.0C | 17 0.0C | 17 0.0C | 17 0.67

18 0.00| 18 0.00, 18 0.84 18 0.00

19 0.00| 19 0.00 19 0.00 19 0.00

2C 0.0C | 2C 0.67 | 2C 0.0C | 20 0.80

21 0.67 | 21 0.60 | 21 0.0C | 21 0.0C

22 0.00| 22 0.00 22 0.00 22 0.00

23 0.00| 23 0.00 23 0.67 23 0.00

24 0.0C | 24 0.0C | 24 0.0C | 24 0.0C

25 0.93 | 25 0.00| 25 0.00 25 0.00

26 0.84| 26 0.00| 26 033 26 0.00

27 0.00| 27 0.00| 27 0.84 27 0.87

28 0.0C | 28 0.0C | 28 0.74 | 28 0.0C

29 0.00| 29 0.67| 29 0.00 29 0.00

3C 0.0C | 3G 0.84 | 3C 0.0C | 3¢ 0.0C
Table 2 Diversity indexes in control samples

5.5. 1.6. 18.10. 27.10.

controls D | controls D | controls D | controls D

1,2, 084 | 1,2 075 |1 0.0C | 1,2 0.0C

4 067 | 3 0.0C | 2,34} 0.0C | 34 0.0C

5 0.00| 4 0.00 6 0.00 56,7 0.00

6 0.00| 5,6,7 0.00 7.8 0.00 8,9 0.00

7 0.0C | 8,8 0.0C | 9,1c 0.0C | 10,11 0.0C

8,9,10 0.00 10,11 0.0p 11,12 0.00 12,13 0.00

11 0.00| 12,13,14 0.0 13,14 0.00 14 0.00

12 0.0C | 15 0.0C | 15 0.0C | 15,16,17,1 0.0C

13,14 0.00| 16,17,18 0.00 16,17,18 04J00 19,20 0.00

15,16 0.00| 19,20,21 0.00 19 0.00 21,22,23,24 0.00

17,1¢ 0.0C | 22,23,2 0.0C | 20,21 0.0C | 25,26,2 0.0C

19,2( 0.0C | 25,2¢ 0.0C | 22,22 0.70 | 28,29,3 0.0C

21 0.00| 27,28,29,30 0.00 24,2526 000

22 0.00 27,28 0.0

23 0.0C 29,3( 0.0C ‘f

24 0.0C

25,26 0.70

27 0.0C

28,2¢ 0.0C

30 0.00




Table 3 List of invertebrate species extracted from ne@saples with basic ecological characteristics.

Isopoda: Onisciae
Androniscus roseus
Hyloniscus riparius
Hyloniscus sp|
Lepidoniscus minuti
Ligidium hypnorum
Porcellium collicolle
Porcellium conspersu
Trachelipus rathkei
Trachelipus ratzeburgii
Trachelipus sp|
Trichoniscus pusillus

'+ OJA. serpens

N A, attenuatus

~IA. undulatur

& (B. rutabulun

o |[B. moravicur

~|D. montanur

& E. hian:

o+ 4

+

o|F. taxifolius

. OH. seliger

©|H. trichomanides

[

++t 4+ 4+ F

. u1H. cupressiform

+

T

. O[L. heterophylli

~ M. furcate

v+ 4, uP. cuspidatur

o|P. rostratun

o [P.undulatur

o|P. cavifoliun

u1|P. succulentul

N[P. repens

& R. punctatur

Aranea
Ballus chalybeit
Centromerus sylvaticus
Diplocephalus latifrons
Entelecara acuminata
Linyphiidae spp.
Macrargus rufus
Mangora acalyph:
Neottiura bimaculata
Ozyptila sp.
Pirata sp
Porhomma sj
Tenuiphantes sp.
Walckenaeria acuminata




Table 3.,(continued)

&
[%) — = = _ % % % 5 - é _
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2 § 8 32 2 § 5 5, £ § £ s« £ 5 3 2 & _ %
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Opilionida 1 1 1 0 0 1 2 1 0 2 0 2
Lopophilio palpinalis - - - - - + + + + + - - - + - + R -
Mitostoma chrysomelas + - - - - - - - - - - - - - - - - - - i,
Trogulus tricarinatus - + + - - - + - - + - - - - - - - + - +
Chilopoda 0 3 4 6 0 1 4 1 0 4 0
Geophilus flavus - - + + - - + - - - + - - + - - - + - -
Lithobius agilis - - + - - - - - - - - - - - - - - - - -
Lithobius erythrocephalu: - - - + - - - - - + - - - - - - - - - -
Lithobius forficatus - - - + - - + - - + + - - + - - - + - +
Lithobius mutabilis - - - + - - - - - - + - - + - + - + - -
Lithobius piceu - + - - - - + - - - - - - + - + - - - -
Lithobius spg - + + + - - - + - + + - - - - + - - - -
Schendyla nemorensis - + + + - + + - + + + + - + - + - + - +
Pseudoscorpionida 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 1 0 1
Neobisium carcinoidt - - - - - - - + - + - + - + + +
Formicidae 0 0 2 0 0 0 0 1 0 0 1 2
Lasius brunnet - - - - - - - - - + + - - - - - - + - -
Leptothorax sy - - - - - - - - - - - - - - - - - - + -
Myrmica rubra - - + - - - - - - - + - - - - - - - - -
Myrmica ruginodis - - + - - - - + - + + - - - - + - - + -
Diplopode 2 0 2 2 0 0 4 0 0 1 1 1 0 5 0 2 0 4 0 0
Chordeumatida sp. - - - - - - + - - - - - - - - - - + - -
Glomeris tetrasticha - - + - - - + - - + - + - + - + - + - -
Julida sp. + - + + - - - - - - - - - + - - - + - -
Melogona voigti - - - - - - + - - - - - - + - - - - - -
Nemasoma varicorne - - - + - - - - - - + - - + - + - + - -
Strongylosoma stigmatosum + - - - - - + - - - - - - + - - - - - -
number of species/sample 4 7 13 12 0 3 18 3 1 21 16 1 19 0 20 0 17 4 8

Simpson's index of diversity
1-D

0.17 0.25 0.14 0.33001. 1.00 0.18

083 0.75

086 0.67

0.0C

0.0C

0.82 0.0C

10

0.0C

0.81

0.81

0.0C

1.00 100 0.19 0.19 1.00

0.0C

0.81

0.0C

1.00 0.1901.0.17

0.83

1.00 0.17 0.33 0.25

0.0C 0.83 0.67

0.75



Table 4. Moss species found in samples. Abbreviations:dead tree, G — ground, L — live tree
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Amblystegium serepens 1 4 0.6 D
Anomodon attenuat 3 7 1.0 L
Atrichum undulatui 5 13 19 GD
Brachythecium rutabulu 12 12 17 DG,L
Bryum moravicum 1 0 0.0 L
Dicranum montanum 3 3 04 LD
Eurhynchium hians 13 18 26 G
Fissidens taxifoliu 5 3 04 G
Herzodella seliger 1 1 01 D
Homalia trichomanoide 12 21 3.0 L
Hypnum cupressiforn 18 16 23 LD
Lophocolea heterophylla 5 3 04 D
Metzgeria furcata 1 1 01 L
Plagiomnium cuspidatum 10 19 3.0 G,b,L
Plagiomnium rostratul 2 0 0.0 G
Plagiomnium undulatu 10 20 29 G,DbL
Plagiothecium cavifolium 1 0 0.0 G
Plagiothecium succulentum 9 17 24 LD
Platygyrium repens 5 4 06 D,L
Rhizomnium punctatum 3 8 1.1 D
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Older forest vs. Younger forest samples

Species abundance per samples from mogsesontrol samples outside mosses
was compared Sampling from two parts of forestistirtct age was done in order to see if
there is any difference between them (in termsnaéitebrate communities). For spatial
position of samples inside the area, see map (Appe?). Firstly, total abundances of
older/younger samples were counted. The resultdest (ks=—0.035, p=0.48) had shown
us that there is no particular difference betweseitebrates abundance in two parts of the

forest. Complete results are visible in Table 5.

Table 5.T-Test: Paired Two Sample test for Means

older younger
Mear 231.857142! 234.285714:
Variance 241458.4396 164296.3736
Observations 14 14
Pearson Correlatic 0.85565177.
Hypothesized Mean Difference 0
df 13
t Stat -0.03566758
P(T<=t) one-tail 0.486044644
t Critical onetail 1.77093338
P(T<=() twe-tail 0.97208928
t Critical two-tail 2.160368652

Samples vs. control samples

Species abundance per samples from mogsesontrol samples outside mosses
was compared. The results show that variancesharesame (fg s¢1.41, p=0.07) but
abundances of given samples were significantly drighh mosses contrary control samples
outside mosses; (£=3.52, p=0.0005).

Environmental analysis of taxa — samples

Lengths of gradients were from 1.840 and 2.207|catohg thatf diversity is
probably low (Zuur et al.,, 2007) and that data hklwear distribution. Because of that,
RDA analysis was used (Figure 1, Table 6). Accaydim the RDA analysis, significant

environmental factors were Sample size and Thigknes
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Table 6 Description of RDA model for taxa distributionttviconditional effects of environmental variables

Axes 1 2 3 4 Total variance
Eigenvalues: 0.116 0.071 0.003 0.001 1.000
Species-environment correlations: 0.539 0.36@.467 0.325
Cumulative percentage variance

of species data: 11.6 18.7 19.0 119
of species-environment relation: 60.6 97.7 99.1 99.8
Sum of all eigenvalues 1.000
Sum of all canonical eigenvalues 0.191
Variable Lambda P F
Sample size 0.08 0.002 10.10
Thickness 0.06 0.006 7.99
Pillow size 0.01 0.192 1.80
Diameter 0.02 0.138 1.96
Shading 0.00 0.230 135
HAG 0.01 0.258 0.99

ground 0.01 0.558 0.69
spring 0.00 0.710 0.32
dead 0.00 0.890 0.17
Decay level 0.00 0.886 0.11

**. p< 0.01; * p < 0.05; n.s. — not significant
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Figure 1 Ordination plot of influence of environmental fact@n invertebrate taxa in samples

Figure above depicts correlation of the attributesionical components (red axes)
and specimens’ components (blue axes) of the syrnumgibt. Due to obtuse angles
between the axis (Yelland, 2006) attributes of Daten HAG (Height above ground),
Pillow size, autumn, Decay level, and dead starcbuelated with both, the majority of
remaining attributes (some correlation is achiewectlation to Sample size) and specimen
components (blue axes). High levels of error prdhigs (Table 6, column p) go in favor
of the latter. On contrary, animal specimens areergly correlated and all fall to thé' 1
and the ¥ guadrant of the plot. Further, the taxa which tallthe .4 quadrant are well
correlated with the following attributes: Thicknegsound, Shading, springvhile Sample
size is very well correlated with some taxa. Inhswontext it could be speculated that

Sample size is particularly influencing Chilopodass, as Chilopoda frequency is higher
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than average for the Sample size attribute. Somelasi speculations hold true for
Thickness to Enchytreidae, Araneae and Acaringngpo Lumbicidae and so forth.

In this case we used GAM for further analysis gh#icant parameters, considering
that we could not count on linear response. Sarsigke had significant impact on 8 taxa
(excluding mixed group Other, consisting of othamples not included in these bigger
groups) — Lumbricidae, Araneae, Isopoda and GastimFigure 2, left) and Acarina,
Collembola, Formicidae and Chilopoda (Figure 2htigCollembola and Acarina had the
strongest responses, being abundant in bigger samglound 400cm?2. Formicidae,
Chilopoda and Isopoda were also most abundantggelt samples of 400cmz?, as well as
Gastropoda, but with weaker response. Araneae rpgdfsamples around 200cm? (15cm
x15cm). Lumbricidae were equally abundant in athgke sizes.

20
60

Collembola

Response
Response

Isopoda

Formicidae

Lumbrici

Araneae Gastropoda

Chilopoda

0 Sample size 400 0 Sample size 400

Figure 2.Dependence of taxa distribution on Sample size

Thickness had significant influence on 7 taxa (Feg8). The strongest response had
Acarina, preferring thicker moss samples, congistimostly of Plagiomnium undulatum
andP. cuspidatumThicker moss was also chosen by Isopoda, Enctge Formicidae,
Araneae and Pseudoscorpionida. Chilopoda were rthegroup showing the preference
towards middle depth of the moss (around 2cm).
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Figure 3.Dependence of taxa distribution on moss thickness

Environmental analysis of species — samples

For this analysis we used CCA (Figure 4). Lengthgradients were high, from
3.400 till 6.385, indicating higlf diversity. The whole model was significant (F=1240
p=0.0020). First canonical axis showed 52.8% ofadity, second 32.3% (Table 7).
According to the results, significant factors weiameter, thickness and spring (Table 7,
column p).

Table 7.Description of CCA model for species distributiwith conditional effects of environmental
variables

Axes 1 2 3 4 Total inertia
Eigenvalues : 0.528 0.323 0.309 0.230 24m
Species-environment correlations : 0.846 0.750.696  0.655
Cumulative percentage variance

of species data : 4.2 6.8 9.3 111

of species-environment relation: 26.5 42.6 58.2 69.7
Sum of all eigenvalues 12.471
Sum of all canonical eigenvalues 1.995
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Table 7.(continued)

Variable Lambda P F

Diameter 0.45 0.002 3.32

spring 0.29 0.002 221

Thickness 0.25 0.004 1.86

Pillow size 0.19 0.108 1.42

ground 0.18 0.056 143

Sample size 0.17 0.118 1.31

Decay level 0.13 0.410 1.01

Shading 0.14 0476  1.02

HAG 0.10 0.658 0.80

dead 0.09 0.844 0.71

=
~ C ham"gunmréda sp.
A
N. bimaculata A _-'lgichr}'.mmefas
A. Leptothorax sp.
M mbm& .
G. flavus orhomma sp.
S.gtigmatosium gLEQSTFUAP i
spring

AN, varicorne

Peatasp. Juficé’a sedead
D.iagfpons  Decay level
4 . erythrocephalus
] L. forficatus
groun

J. o L. palpinalis
""""""""""" I :'ﬁj@'ﬁaiﬁ'ﬁfg‘;"@“ e e SOOI S T s T

. FaLz
M mgmoE:.z"z.‘sTmmmamA e %&zH.AG
T, pusillus : L.ming ametern
(@ ghivaticusds PCQrISpersim A
ATrichohiscus sp. L. brummeus
) . M o riparius | Iive B. chalyvbeius
U. ransilvanicus Aur rufiss
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A
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=
-—
1

Figure 4.Ordination plot of influence of environmental fait on invertebrate species in samples

For further analysis, species, whose sum of indizisl was exceeding 10, were

chosen. Diameter of trees, from which samples wadten, had an influence on 6 species.
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The strongest effect (Table 8) was on ant spdciésunneugF=27.51) and woodloude.
collicola (F=17.70).

Woodlice P. collicola and P. conspersunboth preferred robust trees with tree
diameter around 110cm, which was as well the lardesneter we had in our samples
(Figure 5, right).L. brunneuspreferred trees with diameter approximately aro@6dm,
unlike centipedé&s. flavuswhich was mostly found in the samples taken froenground.

Thickness of the moss sample had a significatiente on 6 species. The thickest
moss wasPlagiomnium undulatunwith 50mm. This moss thickness was preferred by
woodliceT. pusillus(with F=14.20 representing highest influence) &hdiparius (Figure
5, left). Ant speciedM. ruginodis was found mainly in moss species with thickness
between 40 and 50mm. Preference of the lowest riegk was found in speciés.

varicorne

Table 8 Influence of diameter and thickness on abundahaevertebrate species

Species Diameter Thickness
G. tetrasticha n.s. n.s.
G. flavus 3.79* n.s.

H. riparius n.s. 9.70**
L. brunneus 27.51* n.s.

L. forficatus n.s. n.s.

L. mutabilis 9.11** 4.71**
L. palpinalis n.s. n.s.
Lithobius sp. n.s. n.s.
M. ruginodis n.s. 3.31*
N. varicorne n.s. 4.74*
P. collicola 17.70* 7.23*
P. conspersum 10.30** n.s.
N. carcinoides n.s. n.s.
S. nemorensis n.s. n.s.
T. pusillus n.s. 14.20**
T. rathkei 4.32* n.s.
Trichoniscus sp. n.s. n.s.

** . p< 0.01; - p < 0.05; n.s- not significan
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Figure 5.Dependence of species distribution on moss thexkgleft), and tree diameter (right)

Environmental analysis of taxa — control samples

Lengths of gradients were from 2.741 to 3.993, datihg low a diversity, but,
unlike in previous analysi$, diversity is probably high (Zuur et al., 2007).this case data
are having unimodal distribution, hence CCA analyspk place (Figure 6). Whole model
was significant (F=2.618, p=0.002), with the fiagis showing 41.1% of variability and the
second one showing 28.5% (Table 9). CCA showeddhbt 3 factors were significant —
autumn, ground and dead. Having in mind that tHfastors were nominal, no further
analysis was done.

In the Figure 6we can see that Enchytreidae reacted on Sample sizeh
corresponds to our previous investigation (Boza2008). Lumbricidae were only found in
control samples taken from ground, as no earthwdivasin trees. Both Chilopoda and
Larvae showed preference to shade percentage. Gooumgisting of Gastropoda,
Diplopoda, Opilionidae and Acarina were more abumhda samples taken in spring time.

On contrarily, Pseudoscorpionida and Collembolaeweore abundant in autumn.

19



Table 9 Description of CCA model for distribution of taikacontrol samples with conditional effects of
environmental variables

Axes 1 2 3 4 Total inertia
Eigenvalues: 0.411 0.285 0.135 0.069 3.385
Species-environment correlations: 0.824 0.731 60®. 0.498
Cumulative percentage variance

of species data: 12.1 20.6 24.6 26.6
of species-environment relation: 41.1 69.7 83.2 90.1
Sum of all eigenvalues 3.385
Sum of all canonical eigenvalues 0.999
Variable Lambda P F
autumn 0.38 0.002 7.27
ground 0.25 0.004 5.04
dead 0.13 0.006 2.60
Sample size 0.06 0.172 145
HAG 0.07 0.188 1.35
Shading 0.06 0.216 1.36
Decay level 0.03 0.746  0.59
Diameter 0.02 0932 042

**. p< 0.01; * p <0.05; n.s. — not significant
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Sample size
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Q |
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Figure 6 Ordination plot of influence of environmental fais on invertebrate taxa in control samples
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Environmental analysis of species — control samples

Lengths of gradients were from 0 to 37.694. Hawaligf the gradients except for
one over 7, we used CCA. Tested significance otaftonical axes, using Monte Carlo
test, turned out significant (F=1.362, p=0.006)sttes showed 80.7% of variability of first
axis and 67.8% of the second (Table 10). Only 3ofacshowed significant influence,

ground, dead and autumn.

Table 10 Description of CCA model for distribution of speg in control samples with conditional effects of
environmental variables

Axes 1 2 3 4 Total inertia
Eigenvalues: 0.807 0.678 0.611 0.456 1.841
Species-environment correlations: 0.962 0.935.870D 0.845
Cumulative percentage variance

of species data: 6.8 125 17.7 521.
of species-environment relation: 21.8 40.1 56.6 68.9
Sum of all eigenvalues 11.861
Sum of all canonical eigenvalues 3.704
Variable Lambda P F
ground 0.75 0.002 2.09
autumn 0.63 0.002 181
HAG 0.52 0.102 153
dead 055 0.020 1.64
Shading 0.46 0.192 1.37
Decay level 0.31 0.482 0.93
Sample size 0.30 0.490 0.92
Diameter 0.18 0.938 0.53

In the ordination plot Figure 7. we can see sorsérdit groups of parameters. One
group is represented by tree diameter, HAG andtiee, and is positively correlated with
the first axis. Also correlated with first axis mggatively, is a parameter ground. Another
smaller group consists of parameters shading args@ he last group is made of sample
size, decay level, dead and autumn. It is intarggtiat parameters of decay level and dead
completely overlap.
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Discussion
Mosses

In samples all together we had 20 moss specie®foudtal 89 species found in
recent years in Vrapga(Hradilek, 2009). The most abundant species Wgpnum
cupressiformelt is a very frequent opportunistic species (Odbal., 2005), common in
ecosystems. Its opportunism is obvious in this waskwell. This species was found on 5
out of 5 tree species present in the samples, auddifferent shading rates. It was
approximately equally represented in both sampbegsons, and also in two of the
substrates, live and dead wood.

Two other moss species, that had highest abundandediversity rates, were
Atrichum undulatumand Plagiomnium undulatumHigh percentages of shade are not
unusual, considering the fact that mosses are adlidptlow light rates in forests (Glime,
2007) and generally have negative correlation e litter cover (Marialigeti et al.,
2009). Vodka et al. (2007) mention that a few edaphvertebrate generalists were
associated with closed canopy.

Two live specimens dAcer pseudoplatanuend one deaQuercus robumvere the biggest
trees (in diameter) samples were taken from.iliteyesting that both Sycamores were
situated in the younger part, forest 110 yearsladina (2009) states that Sycamore is a
regular and sporadically, even sub-dominant spaci¥sapa, but missing in other South
Moravian flood-plains. Considering the age differerwe assumed that abundances of
invertebrates will differ accordingly, but it seethst there is no significant difference
between abundances of two parts of the forest. Baiwths (older and younger) were
developing for a quite a long time next to eacleagtthey even visually look alike.
Simultaneously, fauna was able to develop freethout any barriers. These 40 years of
age difference between them certainly had no infteeon the development of the forest.
The fact that sub-growth of the older forest alsnsists of 80 years old trees may have

influenced the age average and decreased the almeda
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Samples

When comparing abundances of samples and contmgblea, by using t-test, we
came to the conclusion that abundances were nots@h@. Abundances of samples,
consisting mostly of moss (and thin layer of sudisy were generally higher. This may be
explained by invertebrates seeking food (e.g. Cha®83; Smith et al., 2001, etc.), shelter
(e.g. Parker et al., 2007) or humidity (e.g. Dret@l., 2007) inside the moss cushion, or all
of the above.

Taxa found in samples had significant responsevto factors — sample size and
moss cushion thickness. Moss cushion thicknesgasias-specific and it well predicts
temperature regime of substrate under moss matsi¢8ovskaia et al., 2011). Collembola
and Acarina had the strongest response to sang@elsopoda’s appearance in thicker and
bigger samples may be explained by their sengititt humidity, leading to their
aggregation in more humid areas (Waloff, 1941), ingakhe mosses appealing. The thicker
the cushion is, more water it preserves. Enchié@idre also sensitive to water content,
having wide tolerance towards it, but are littl@jpidd to drought (Glime, 2007). Members
of Chilopoda need to live in moist habitats, dudack of waxy cuticle, preferring high
humidity and low sun intensity (Mitiet Tom¢, 2002). We came to the same results, where
Chilopoda were most abundant in the middle rangiiockness, where they have optimal
conditions needed.

In the case of species found in samples, thrabeoparameters were significant —
tree diameter, moss cushion thickness and sprihgckitess was significant for three
species of Isopoda F. pusillus, H. ripariusand P. collicola All three species are
generalists, appearing in variety of habitats (HHoet al., 2008). Overal. riparius and
T. pusillusare known to be hygrophilous (Tajovsky, 2000),sthpwobably appearing in
thicker mosses, that preserve more water. On ther dtandN. varicornewas mostly in
lower moss cushions, probably emerging from thé $ois a species known for being
extremely tolerant to high temperature and desmegHaacker, 1968; Enghoff, 1976), so
it does not really need to use all the conveniermess has to offer. Ant speciés.
ruginodis seemed to prefer samples around 4cm of thickrésge take a look at the

samples, the most of these ants (49 pieces) warelfm a single 4cm thick moss, coming
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from the ground. We assume that underneath the ma#lg, there could have been an ant
nest, which would explain high abundance. Tree diamwas significant on three Isopoda
species R. collicola, P. conspersumand T. rathke) known for being rather common
(Farkas, 2007). Ant speciés brunneusvas abundant in mosses growing on trees that had
diameter from 60 to 110cm. This species is treabithnt which nests in older oak trees,
but also some other trees (Collingwood, 1957). un i@search, all the specimens came
from two trees —Fraxinus excelsiomand Acer pseudoplatanu©n the other hand, some
species ot asiusare known to disperse moss propagules (Rudol@@®9y which may be
case here as well. Unlika. flavus which was found mostly in mosses growing on gcbun
level, L. mutabilis preferred higher positiond.. mutabilis is important wood predator
(Voigtlander, 2006), dominant in flood-plain forestf Litovelské Pomoravi (Tuf et al.,
2006).
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Conclusion

This work aims to analyse invertebrate speciasdiin related moss species, and to
analyse which measured environmental factors havefluence on them. Control samples
were taken so that we could prove that invertebrate in fact seeking shelter inside
mosses. This was proven through comparison of anass, which turned to be higher in
samples than in control samples. Moss species with highest abundances were
Plagiomnium undulaturand Homalia trichomanoidesthe highest diversity was found in
Atrichum undulatumResults of testing, in which we compared abundaraf two forest
parts (younger and older) showed no particulaedsice between them.

Redundancy analysis model showed that on taxadfeursamples influence had
two measured factors, thickness of moss pillowsardple size. Through further testing we
discovered that thickness had specific influence Awarina, Isopoda, Enchytreidae,
Formicidae, Araneae, Pseudoscorpionida and Chikgpstlong influence of sample size
was on all the taxa except for Opiliones and Psscaipionida. Tree diameter and moss
thickness were influential environmental factors distribution of individual species. At
bigger tree specimens were found woodkcecollicola, P. consperurandT. rathkej then
ant specied. brunneusand two centipede§&. flavusand L. mutabilis In the thickest
mosses there were woodlitepusillusandH. riparius and one ant speci&. ruginodis In
medium moss thickness there could have been fBurdllicolaandL. mutabilis whereas
millipedeN. varicornefavoured shoal mosses.

Regarding control samples, we have learned tHaiemtial were season, either
spring or autumn, and substrate. Except for lieegr the substrate had significant number
of taxa and adjacent species.

Similar investigation could be done in future for example, in different types of
forests that endorse mosses to grow. Individuakispeor taxa, of both mosses and

invertebrates could be explored in regard to siggift factors and during all of the seasons.
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