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Abstract

Ongoing monitoring of streams in the Bavarian Forest National P&KPRis focused on the effects of
climate changes and natural disturbances on the community compesitialiversity of benthic macrein
vertebrates in the Bohemian Forest. This study provides the data orinvexdebrate assemblages of ten
streams draining the area of the BFNP (BF streams), which are included ioriiermg survey, and 48

sites distributed evenly in the GrofRe Ohe stream network (GBroant). The GO catchment serves as a
model stream network to study environmental and dpstiacturing of macroinvertebrate assemblages on

the local scale. We aim to evaluate species richness, alzedad species composition of macroinverte
EUDWHY DORQJ WKH PDLQ HQYLURQP WEW B®R\VVDEQH QRYDFQ®/GRW R H
recorded at all studied sites are compared with available literattadrden the BFNP. Altogether 40,682
individuals of 184 species were recorded in our stli8§,and 168 species in the BF streams and GO-catch
PHQW UHVSHFWLYHO\ ODFURLQYHVUWUHEDPW B W WHPE DDRIBYWRD \W
strate roughness and water quality. Within the GO catchment, streanndizeidity are the main eco
ORJLFDO JUDGLHQWYV IRUPLQJ WK H @AXHEPEH RJ HOR FAOLQV K ICE VW DL
amount of coarse particulate organic matter (CPOM)ceatration of ionic aluminium (Al depth of
ZDWHU DQG ZDWHU FKHPLVWU\ UVSHEUBWHVFKQSRVLRV LB RILHC
QHIJDWLYHO\ WR &320 ZKHUHDV W\KB LY AVEXQ ED @FkiGoivdngly Q G ¢ 5@
limited in Al>53 pg.I'. More species of Ephemeroptera, Coleoptera and Diptera, includiagasacid

sensitive species, were found in the GO catchment in comparison with datéidrom the period of strong
DFLGL{;FDWLRQ ZKLFK LQGLFDWHYRRQURL®L; BB WRRKU \6 RVHUNHD B M
ited by numerous moderately acid sensitive species, which is mirroré@ibyavourable acid status (pre

vailing acid class 2, predominantly neutral to episodically weaklgic conditions) assessed based on
scoring of acid sensitive species. Acid status based on the overall coarposassemblages shows pre

vailing acid class 3 (periodically critically acidic conditionsiiweonsiderable number of streams of acid
classes 4 and 5 indicating strong acid stress. Overall, acid statusaaisisenot aligned with the altitude,

stream size or any habitat property within the model GO catchment sunggestt the stream network is

D PRVDLF RI YDULRXVY ORFDO FRQGLWLKRQW 8 B AHRILRQLYCH. W HZEDWADHA
able conditions or refugia in some parts of the catchment.

Keywords: ELRGLYHUVLW\ PDFURLQYHUWMHEXD\WNV HB VPG QM DWR RIQP IDOF
Ohe

171



| NTRODUCTION

6SULQJY DQG VWUHDPV RI WKH %DYDAHWRDIREBBVYW RI
%RKHPLDQ )RUHVW KDYH NHSW WKHFQDWXRJHDD AKROGLD:H
channels to facilitate timber transportation. Dense stream network isai@diby cold
headwater (crenal and epirhitral) streams with relatively hetasmges catchments, thus
RITHULQJ GLYHUVH HQYLURQPHQW. URRWQ B ARQBWILLWF \ELRQV.IR)
enced by dead wood in different stadium of decomposition. Dead woofferkdt size,
from branches to large logs forming large cascades and pools or, in exaees com
SOHWHO\ FRYHULQJ VWUHDP FKLQQHOWH D F \D AR RIGRIQMQ
forests. Characteristic phenomenon is the interference of tlitsaffeanthropogenic atmos
SKHULF DFLGL¢;FDWLRQ DQG QDW X UD 6 KGEIPLW WWE D&QW H R ¢
SKHULF DFLGL,{FDWLRQ RI KHDGZDWMUNRW U HD PSHHR NFXGL
PLG V DQG ZDV IROORZHG E\ JUDWGAENAL BtHFERYH U\ VI
ScHauMBURG et al.2010, Bupert & GiETL 2015 FDXVHG E\ VLIJQL{FDQW UHC
dioxide, nitrogen oxides and ammonia emissions in central Eukopeg( (.et al. 2002,
K23ey(.& VEseLy 2005). Concurrently, rapid dieback of large forest area due to vandst
DQG RU EDUN EHHWOH RXWEUHDNV WHKBNRQHPLY W U\ RO X
AX[HV PDLQO\ OHDFKLQJ RI QLW UDR& HD @& \DVCRCPY_HRG )RRJ I\D
draining affected areas and also to lakéssp et al.2014, Bubertet al.2015, BUDERT &
GIETL 2015, K23ky (.et al.2017. Consequent water quality deterioration in streams and in
crease of episodic acid runoff temporarily slowed down the recovery of streams from acidi
fication ScHaumsure et al.2010, Fbrrmann et al.2011).Nevertheless, mechanism of epi
VRGLF DFLGL{FDWLRQ RI VWUHDP ZDWHU KDV FKDQJHG
DOC, which has to be considered as a natural proBessgrt & GietL 2015.

5HJXODU PRQLWRULQJ DFWLYLWLHWHQYRRRALB)1:F BWE
toring and hydrological monitoring of the model catchment with nearalfiorest without
PDQDJHPHQW LQWHUYHQWLRQ 7KH KOGURORJILED® PRI
cused on the water cycle in the Grof3e Ohe catchment and runoff changes caused by the
transition from commercial to near-natural forest in thistoaent BEuperT & GieTL 2015)
7KH ORQJ WHUP DFLGL{FDWLRQ PRQLVWERHLER IRFRFPMEBQR
DVVHVVPHQW RI UHFRYHU\ IURP DFV®&/ULL\FPWER Q LEDN\HUGN |
GLDWRPV LQ 6HHEDFK +LQWHUHU 6QEDFKW HWREMR AK2 KH
Rachelseel(FW KiFisgseR et al.2004,ScHaumBure et al.2008, 2010, HFFvann et
al. 2011, SHeeL et al.2014, lrU 2015). These sites are a part of the network of the ICP
Waters, the International Cooperative Programme for assessment and monitoring -of the ef
fects of air pollution on rivers and lakex {eLkvALE & pe Wit 2011). In 2016, a systematic
monitoring aiming to evaluate the effects of natural disturbances and climate changes on bio
diversity of streams (focusing mainly on macroinvertebrates)estatt seven streams dis
tributed throughout the BFNP (GroR3e Deffernik, Kolbersbach, KleiegeR, Grol3e Ohe,
.OHLQH 2KH 6DJZDVVHU DQG 5HVFKEDFK KHAKMRBRR Q/RHJ
analogous to the terrestrial biodiversity survey BIOKLIM (for more treteBAssLER et
DO 6DPSOLQJ VLWHY DUH G IOWREZ L BX W\HCGH LEO WH. Y\HX
every 100 altitudinal meters from 600 to 1100 m a.s.l. This monitoring is ddsagreelong-
term study with proposed regular repetition of sampling in the future.

Information on stream macroinvertebrates are, however, incomplete, amdllyeméss
ing from the pre-acidification period (but s€eem 6HYHUDO VWXGLHV D
grey literature and, thus, inaccessible for a wider scientific aodiée.gEiseNrEICH 1974,
KuHN 1984, $HoLL 1987 6 RPH LQGLYLGXDO UHFRUGVY RI VSHFLHYV
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ies (e.gHesauer 1975, 1980, Stz 1988, 1992, Winziert 1999, $LDAN et al.2019. Prob
ably the first complex faunistic study of stream biodiversitysbyoLL (1987, 198DPwas fo
cused on the southern (old) part of the current BFNP where catchmehRtanditz,
6FKZDU]DFK *UR%H 2KH .OHLQH 2KH DQeD¢MHIZ RWYVWHY
VWXG\ FRQGXFWHG IHLL DQBHSRUWHG VSHFLHV R
SRLQWHG RXW WKH UROH RI S+ LQWIKRKH GPWVWMGLEXWALBEK
emissions of acidifying compounds. Another complex faunistic studywrafiuatic insect
orders (Ephemeroptera, Plecoptera, Coleoptera, and Trichopieeagd entire Niederbay
HUQ DQG UHSRUWHG V S H F Bddivtd KWeMWt KrH198@) Yhe study Q )R L
area, however, included the whole Bavarian Forest, #isis species found at lower altitudes
out of the BFNP were included. The same is truéfarcH ZKR VWXGLHG IRX
invertebrate groups (Trichoptera, Odonata, Amphipoda, Isopopaitieg 121 species in
the Bavarian Forest, and provided the distribution of individual spetig®ilongitudinal
SUR¢{OH RI VL[ VWXGLHG VWUHDP XWWRRY WBWP DB WXIH\F
itoring of streams are unpublished, partially available in the praectts (e.gKiFIER et
al. 2004, ScHaumBura et al. 2010. They document gradual increase of species richness in
recovering streams which was slowed down or interrupted by increased effects of episodic
acid runoffs after the forest diebadchaumsure et al.2010, Fbrrmann et al.201)).
In this study, we provide new data on macroinvertebrates inhabiting stiedine BFNP
based on the two separate surveys conducted in 2015. Both surveys are thibh@aroad
HU WUDQVERXQGDU\ VWXG\ IRFWY L@ RIQHWAKRK AR UBH® B RE
survey explores patterns in diversity and assemblage structuringcofimeertebrates in
two neighbouring montane catchments in the non-interventionalfgag Bohemian Forest
AaXPDYD LQ &JHFK XSSHU *UR%H 2KH RD 9\BGKIMDH RDWLEE RA\F
the Sumava National Park. The second survey, already mentioned abestigaies stream
biota and environmental conditions along the gradient of altitude &r todevaluate the
effects of natural disturbances and climate changes on biodiversitgafst in the BFNP.
Both surveys have started recently and full data are not available yestlithy presents the
SUHOLPLQDU\ UHVXOWYV ZLWK D BHEG LF-DF URRXQW R QW KE/U
of the Bavarian Forest streams. The main aims of the study arsdabgespecies richness
and composition of macroinvertebrate assemblages inhabiting meamst draining the
BFNP and the model GrofRe Ohe catchment, which tohether cowstreslm types in the
studied area. We aim to explore main gradients in species data and factorsngassenies
richness, abundance and composition of macroinvertebramblsgies. We consider the
SRVVLEOH HIIHFW RI DFLGL{FDWLRW QRW DHWR/M) YHHU W Lt
a species list of the macroinvertebrates found at the studied sites and eohgpawith
available literature data.

M ATERIAL AND METHODS
Study sites and data

7ZR VHWV RI VSHFLHY DQG HQYLURQP WQRWDH L&QFW R GZHIG
data from 48 sites distributed in the upper Grof3e Ohe catchment (Fig. 1), whiclugrere s
plemented by detailed environmental data. The second dataset includied siag¢a from

10 main rivers draining the area of the BFNP (Fig. 2).
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Discharge [m3.s-1]

0,00 - 0,02
0,03 - 0,06
0,07-0,12
0,13-0,21
0,22 -0,43

Fig.1. ODS RI WKH *2 FDWFKPHQW ZLWK WKH LQYHVWLJDWHG VLWHV

of symbols indicates discharge of streams.
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GroR3e Ohe catchment (GO catchment)

7KH XSSHU *UR%H 2KH FDWFKPHQW KNB B LaXDU WH WZ UM k
WLWXGLQDO JUDGLHQW IURP W R IR PHY WHO> 7AHHV KD:
spruce @LFHD (D.J and ¥uropean beechD J XV V\Q.Yhemiltkellominant spe
cies BeuberT& GIETL 2015 6LQFH ED SN WNFHRMYERREgHNMspruce
IRUHVWYV RQ RI WKH FDWFKPHQW DUG®D \DXFE HRWQLYRHU
with rapidly growing young spruc@guperT et al.2015. Fortyeight sites (Fig. 1, Table 1)
were selected based on four rules: sites to be distributed as much evenly as possible; the
SURSRUWLRQ RI 6WUDKOHUfV VW SRRV RERRG U W KMR) UMHKA
sites not to be too far from roads or footpath to avoid disturbing protecteddmedsnd
,QDOO\ WKH QXPEHU RI VLWHV QRWZWWR DBI$SSHOHE G L QKW
9\GUD FDWFKPHQW LQ WKH a4aXPDYD 1DMAHRRWMIDG3D QNFRIQ
WKH *UR%H 2KH WKH QHWZRUN RI 9\GKHUW W RH VDRIV

a

58\ GroRe Deffernik
\

o\
@#Sg_Sagwas«r -

"\ (

55_GroRe Ohe 3 (=

£

Fig. 2. Map of the BF streams investigated, with seven altitudinal transects and sites studied within them in
the monitoring of stream biodiversity. Legend of symbols: blue cross — sites on the BF streams studied in
this study (with the name of the sites, see Table 1), red circles — sites on altitudinal transects, green square
— sites with additional sampling of insects by Malaise traps.
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ing on a montane plain covered by spruce forests in different succesgjes atal large
area of raised bogs with dense growth3df Q*X¥V H X G R $WilKk]). Becir

Main streams draining the Bavarian Forest NP (BF streams)

6WUHDP QHWZRUN LQ WKH %)13 LV GRPEZQWW H® EV WD S\
FRDUVH EHG VXEVWUDWXP ARZLQJUPQ K HMKHUGB DK QH R\
draining the area are only between four- and six-meter wide. Ten streargghd\W to
6( ERUGHU RI WKH %)13 ZHUH LQYHVW LWBWHG QYLW KH 7®E!
roinvertebrate variability to help to establish the design of the systemanitoring of

¥ | NP 5
o AR

| e ——
L or e et otm e e S e

£
!

Fig. 3. Photos of different stream habitats investigated. A — 33_brook with impoundment 2, B — 11_Ra
FKHOVFKDFKWHQEDFK & + B7LHIH 6HLJH - B6HHEDFK (=

Table 1 for more information on these sites).



streams along the altitudinal gradient. Altitude and typéreass were similar, i.e. epi- to
metarhitral streams (average stream width 6 m) with coarse, stones anerololchinat

LQJ EHG VXEVWUDWH DQG DOWLWKGH OERKWI W IRHDVW (
ULFK RQ DTXDWLF PRVVHYV :DWHU KDW\ @ZBNMUUWGBROWUDBC
erage velocity 0.67mils ZLWK WXUEXOHQW ARZ LQ DOO VWUHDP\

Literature data

Comparison of our data collected in 2015 with studies covering the entiegi@aorest

(PiTscH DQG 1LH GdhlE & WHiNz@RL LV FRPSOLFDWHG DV
include only the total list of species for the entire area of the Bavarian Haestcluding

low altitude streams outside the National Park and in the lmwaalley. Therefore, only
species recorded by our study and both above-mentioned faunistic studieaakeled in

Table 3. Direct comparison is possible only wsiHoLL DKYr@teR et al. (2004)

that studied the GO catchment (Tables 3SdyoLL VWXGLHG PDFURLQYHU
VWUHDPV LQ WKH *2 FDWFKPHQW LQFOXGHG D@ WKHER
strong acidificationKiFigser HW D O LQFOXGHG GDWD IURP DF
IRXU VWUHDPV LQ WKH *UR%H 2KH FDWFKPHQW 6HHE
6FKDFKWHQEDFK *UR%H 2KH LQ WKH |IRUHWW SHHIEDG |
concerned with all macroinvertebrates except for Chironomidaehwigre not determined.

Later reports of the acidification monitorin§ctiaumsurc et al.2010, FbrrmanN et al.

2011, LrU 2015)did not include the list of recorded species and data on macroinvertebrates
were presented only as acid classes for individual rivers or periods based on species data.

Sampling methods and processing of samples

One-shot sampling of macroinvertebrates was conducted in May 2015ratestligated
VLWHV 6DPSOLQJ ZzDV EDVHG RQ DHAMADQBOG URB UP XD WI.OH
in-stream habitats proportionally according to their share within thelgagnsection
(AQEM ConsorTium 2002). Each sample consisted of 20 plots 0.25x0.25 m (ER2&ken
IURP DOO KDELWDW W\SHV ZLWK D \IXBUWOH. RJ VWWHH BDW ¢
WDNHQ E\ D VWDQGDUG K\GURELRORMH FEODP 80 RGJBHMR X E
based on standard AQEM protocol. The cover of different particks sim the stream bed
was visually estimated and substrate roughness was described @ppboy HW D O
60ORSH ZzDV PHDVXUHG XVLQJ RSWLFDOFIOWMY ADV 6FRHXDAWKK U
JOR ODWH GHYLFH ORGHO ODUVFK86B%L UWHKD YJIHG
FDOFXODWHG IURP ZDWHU YHORFLW\HFW\G DGH §\V K KP Y IDW b
RI PDFURLQYHUWHEUDWHY ZHUH ¢ [HG/ HGWKQ GRHIP WEGHGE
PLFURVFRSH LQ WKH ODERUDWRW\ /6RGJ W\HGESHF G DOILE XD
WHUPLQDWLRQ OHYHO DV SRVVLECHO GARVWY ¥ HWVDRIHW
species) and the remaining taxa are on higher levels, includingaips of species, 33
JHQHUD DQG VXEIDPLOLHYV RU IDPLQGHWWLV;, WE NV R DWIH
OHYHO ZH XVH WKH WHUP 3VSHFLHW][W U &HPNW KHHGW.OY
ZHUH SUHVHUYHG LQ HWKDQRO RUHPR3QWWB HUN RO
DQG =RRORJ\ ODVDU\N 8QLYHUWRDMWHY BKORK Z&OH RO
ZHUH QRW GHWHUPLQHG DQG DUHPQR WD IQOWWLONXIEW GY HQV
supplemented by collecting of Plecoptera and Trichoptera adults lepsweof riparian
vegetation.

6DPSOHV RI ZDWHU IRU K\GURFKHPZEW® WEBOXU RS &ZIHY
URLQYHUWHEUDWHY LQ WKH *UR % HUZX R DR/DFKAPKHPQAV) W Q B §
streams. Only one-shot sampling of water completed within ten digystlze snowmelt-
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Table 2. Environmental characteristics of the 48 sites in the Grof3e Ohe catchment and 10 main rivers dra
ining the Bohemian Forest NP.

. GO catchment %) VWUHDPV
Variables X ;
mean min. max. mean min. max.
Altitude (m a.s.l.) 876 760 785 678 877
Discharge (hs?) 0.05077 | 0.00004| 0.43153 0.31655 0.03806
Average width (m) 1.7 0.3 6.0 5.8 25 10.0
60RSH 8.8 0.4 25.6 2.8 0.8 5.2
Max. velocity (ni.s?) 0.74 0.20 1.53 1.26 0.78 1.67
Average velocity (rhs™?) 0.35 0.02 0.85 0.67 0.31
Max. depth (m) 0.45 0.08 1.50 0.68 0.25 1.50
Average depth (m) 0.18 0.03 0.50 0.30 0.15 0.4
3RROV 32 0 15 5 60
S+ 5.6 45 6.4 6.4 5.7 7.1
&RQGXFWLY)W\ —p FBB 12 36 24 17 35
ANC (umol.I?) 31 i 206 - - -
Al (ug/i™) 40 0 201 - - -
DOC (mg.tY) 0.5 34.2 - - -
TN (mg.F) 0.5 0.2 1.1 - - -
TP (ug/th) 0.8 - - -
Cl (mg.F) 0.4 0.2 2.4 - - -
6 2% (mg.I) 2.1 0.4 4.8 - - -
Na* (mg.) 1.0 0.4 2.1 - - -
K* (mg.r) 0.3 0.1 0.7 - - -
Ca* (mg.H) 1.1 0.4 - - -
Mg? (mg.F) 0.4 0.2 0.8 - - -
0, (mg.F 10.6 11.5 8.3 7 11
2[\JHQ VDWXUDWLRQ 101 86 106 104 103 106
Temperature (°C) 8.5 6.0 12.0 11.2 104 11.4
phi i i i i i i
ODFURSK\WHYV 0 30 5 20
'"HDG ZRRG 5 30 0 0 0
&320 14 5 40 6 5 10
)320 8 5 20 10 10 10

ZDWHU RXWARZ LV DYDLODEOH G XHHDW RKUIF K W M L\FIWWHXD W@l
zone of both national parks. The area, with abundant fallen trees, wawdtland dead

wood, is not safely accessible before the snowmelt in spring and the ensratietly re

stricted due to nesting of capercailliéli WUDR X URQJW D@ XWKH HQG RI -XO
WKH VDPSOLQJ ZDWHU VDPSOHV ZHVH]H QWB VYW G BAUKIU R(
GFb5) for the analyses of dissolved compounds. Dissolved organic carb@) (i3 ana
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O\WHG LQ WKH (¢OWUDWH ZLWK D /LTXVLVR& DH® GRS K)RW
determined by the molybdate method after perchloric acid digestion ahdeatralising
FDSDFLW\ $1& E\ *UDQ WLWUDWLRQ@\VHOG FMDL R Q B/\W URIC
lonic Al (Al ) was obtained as the difference between dissolved and organicallg-Bbun
Concentrations of major ions were analysed by ion chromatography. Aémoations used

in this study were above the detection limits and accuracy of the analysesecked using

ion balance control including ionic Al forms and organic acid anions for eaghlesaocord

ing toK 23&y(.et al. (2000). More details on the analytical methods, their accuracy, and
precision are given iK 23&y (.et al. (2004).

Data evaluation

Differences in the species richness and abundance at sites of GO catchment asanBs- st
ZHUH WHVWHG E\ QRQ SDUDPHWULR QDX Y KVNZMHHN\HE S
evaluate the possible impact of different number of individuals eniap richness in the
GDWDVHWY )RU HDFK VDPSOLQJ VLWBOBKD® WBOV 8 S\HF
unknown affiliation to acid classes basedBmaukmanN & Biss (2004) were excluded from

the analysis. Two approaches of acid class assessment were used: (i)rBasednoum
sensitivity of bioindicators — species are cumulatively added &cithsensitive to acid very
resistant till the threshold is reached. Calculation is based on almendasses of species
(according t)ALr HW DO ZKHQ WKUHVKROG LV LRV EBKWHKC
W K U HV KR BraukuAWN 2001,BRAUKMANN & Biss 2004). (ii) Based on the compesi
WLRQ RI DOO FODVVL¢{HG VSHFLHWBDKHMOWKHHRDBEGGEFBGOL
by all species included in the analysis. The value is weighted average of asidasad on
species abundances.

Multidimensional statistic methods were used to describe the vasahili@pecies data
IURP WKH *2 FDWFKPHQW DQG %) VWUGD® V6 FIDRI)L QB WAL
ZDV XVHG WR SURMHFW VLWHV LQO'& EZPN QADLGRRXOOD® WHGL
Curtis dissimilarity matrix obtained from In(x+1) transformggecies data. We applied
10'6 YLD D ZUDSSHU IXQFWLRQ PHWRMBNE &R bIV2ELA), WiichD Q S|
SHUIRUPV VHYHUDO UDQGRP VWDUWWIKXOQ® WRKMD YA HWL B/C
PLIHG RQ WKH ¢UVW GLPHQVLRQ 2QFHHWKHAH1¥'HDRIVE&H
environmental variables that would enable the interpretation of genexdiegts repre
VHQWHG E\ 10'6 GLPHQVLRQV XVLDQ G EY XMNONNV@PIWYRRRW
onto the ordination via Generalized Additive Models (GAM). We also searohepécies
that best followed these gradients with the same methods, thutxpiected Poisson distrib
uted errors. Environmental variables for constrainednatibns were selected based on
6SHDUPDQ FRUUHODWLRQV 9DULDERPHWEHWK BIO\V H\H L
selection was performed to select variables explaining the highesnpefosariability for
db-RDA (via ordiR2step function of the vegan packa&@esanen et al. 2017).

All statistical analyses were carried out in R Qore Team 2017) using the following
packages: “vegan'Qksanen et al. 2017), “ggplot2”\WickHAM 3 + P HARHELL
2017), “RColorBrewer” NeuwirTH 2014) and “goeveg'GorAL & ScHELLENBERG 2017).

REsuLTs
*2 FDWFKPHQW DQG %) VWUHDPWQGCGIHFEHMY ULFKQHVV I

In total, 40,682 individuals and 184 species were recorded in the BF stred@®aratch
ment (Table 3, 5); 114 species were common, 16 and 54 species were found only in the BF
streams and GO catchment, respectively. Eight endangered (2 —eftatkdgt) or vulner
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able (3 — geféhrdet) species based on the Bavarian/German RegiNist (HW D O
Anonymus 2005) were found$ PHO HW XV BRIRBKLIQMDKAKRI H QB2)KPErlaF\Q L D
marginata(3/3), and/ H X FW U DB3B)OsWU Q PK\ F PIRQMIIY,XVYG U R S W\LFXKIH
venii (3/2), '"UXV XV FKRIJVaRd& KB HW R S W KBQ)\ [The itdIRlmber of spe

cies was higher in the GO catchment (168 species) than in the BF streams (13).specie
+RZHYHU KLJKHU VSHFLHV ULFKQHXNVSHWX®GWH WHKH Db

ODQQ :KLWQH\ 8 WHVW S )LJ KDEK MWW ® B WAHDWVRHA M
7TKH WRWDO DEXQGDQFH SHU D VLW\H DDQ @ OKR/IRVIQLH\K 81 WA
)LJ +LJKHU QXPEHU RI VSHFLHV IRXQG R@ AKH

by higher beta diversity within the catchment than higher number of indilddound, as
the rarefaction curves reach their asymptotes (Fig. 5). The most spebigsoups were
Chironomidae and Trichoptera (Table 5). Less species of ChirdiaemColeoptera, and
Plecoptera were found in the BF streams than in the GO catchment.

$EXQGDQFH RI PDFURLQYHUWHEUDW B VDLINW K HRQ UFHDQY
WKUHH PXWXDOO\ UHODWHG YDULDE® KW J 5 R\LLYSIOYX HZQ W
FHQWUDWLRQ 7DEOH $EXQGDQFHHIQFUMDVHBGEDIHNVBE
sites with different ANC, while it was variable in Atom 0 to 53 ug.l and steeply de
FUHDVHG LQ LWV KLIJKHU FRQFHQWUZDWLRRZHYHU QR6/5
with acidity and was slightly positively related to discharge and negyato coarse particu
late organic matter (CPOM) in the substrate (Table 6). Relations of speciesssicntk
abundance were not evaluated in the BF streams because of low number of sites.

Composition of macroinvertebrate assemblages and its relation taneironmental
variables

GO catchment

6WUHDP QHWZRUN RI WKH *2 FDW FK P HRMWV WQURHDXFG M G] HU\F
small streamlets 0.3 m wide with discharge 4.1°.s' to a 6-m-wide stream with dis

60 2500

501 2000 1

401 1500 1 |

Abundance

304

1000

Species richness

20 1
500 1

GO cat;:hment BF str|eams GO cat;;hment BF stl:eams

Fig. 4. Comparison of species richness and abundance between the GO catchment and BF streams.
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charge 0.4 rhs' (Fig. 3, Table 2). The sites covered wide altitudinal gradient, from 760 to

PDVO DQG YDULRXV VORSMIRU WKHRIDULWU\ -L€) WK
PHQW ZDV LQAXHQFHG E\ DFLGL¢(FDWVRWQGLGE FKND Q DHGV ||
GHYHORSPHQW RI IRUHVW ZLWKLQ WBEBHHDUHWR7KH ¥PRC
ZDV SDUWO\ DVVRFLDWHG ZLWK DOWLWXEBHVOLHRWPD Q
the concentration of ionic A{0-201 pg.l, R = 0.37). The sites were relatively variable in
WKH FRQFHQWUDWLRQ RI WRWDanhdSpdiRadlanyPOX {0.5-83.2 +
mg.li ERWK ZHUH QHJDWLYHO\ FRUUHODWHG ZLWK DOWL

Main gradients in species data were associated with stream size (averagevsitith,

GHSWK DQG ARZ YHORFLW\ DQG D F)ligkedwRRa@tGde\(FigR Q V
7). Water conductivity and substrate (phi and CPOM) were partly indepeod them as

Fig.5. 6SHFLHV ULFKQHVV RI WKH *2 FDWFKPHQW DQG %) VWUHDPYV
UHQW DUHD DURXQG D FXUYH UHSUHVHQWYV FRQ¢GHQFH LQWHL

Fig.6. 5HODWLRQ RI VSHFLHV D RKIRRGDQadimedtQiEfetent 576 G cidkes shows
ANC.



they can differ in streams of similar size and acid conditions (Fig. 7). Cowithurepre
sented mainly the concentrations of cations (Ca, Na, K, and less Mg), Cl, aretaisd it
ZDV VWURQJO\ 5! FRUUHODWHG VAUWK ;\WWEB W 0% YAHHR
51 ZLWK VWUHDP ZLGWK DQG GLVEKDUJIH SBrQ G RAD
FRUUHODWHG ZLWK DOWLWXGH 5 W\ LQHYSEBBLIQWH&GDW I

Fig.7. 7TKH 10'6 RUGLQDWLRQ GLDJUDPV VKRZLQJ YDULDEOHV VLJQL
of the GO catchment. The size and colour of the symbols are proportional to the measured values of the
YDULDEOHV ZKLOH WKH FRQWRXU OLQHV LQGLFDWH WKHLU ¢W L
roughness of bed substrate.



Table 4. List of species reported [§cHoLL DIQr@EER et al. (2004) from the GO catchment not
found in our study.

Group / species SCHOLL KIFINGER et al. 2004 acid clasg
Crustacea
1LSKDgpIXV + 4
Ephemeroptera
(SKHPHUHCPOda, 1L76Q L W D + 1
/HSWRSKOHE L(Dnriaéus, 1Z&63D W D +
/HSWRSKOHE LDnnaeLg,I¥FeB)WLQD  + 3
Odonata
$HVKQD FOPQG®IBU +
B\ UUKRVRPD GBWGSHKNXOD +
Plecoptera
$PSKLQHPXUD YWMDQGIXVVL
&DSQLD .OIDEXOHN
/IHXFWUD D¥WKIRQWOLYV
/HXFWUD GIlRIS@AD W D
/IHXFWUD KDRB®QUVFEFKL
/HXFWUD SVH3GEWUILIHUD
/HXFWUD UDOEHRKM U L
1HPRXUD F B WHWBKH V
1IHPRXUD PBRVWRQL
BURWRQHPXUDPFPR@WDQD
BURWRQHP XBIDF YHWL G D
SURWRQHPXOHRBYRD %LDQFKL+
6LSKRQRSHU @ioteR RBB@IV D Q D +
Heteroptera
*HU BV +
Trichoptera
$FUR SK\OD [BjaiierELIBAI X V +
$ G LFHO O MdlLathian FARED) +
% H U D H D (Suxti©, @434y D +
(FFOLVRSW H WRiftel, XL88%Y X O D W D +
*ORVVRVRPD LQUWDBYIPHGIL X P +
/ILPQHSKLOXUuUEHBMUDOLYV
/\SH SKDIBR/$IBKHQV

1R WL GR E L(Dnifak@ L1361) V
3DUDFKLRQD(PscteE L&3R)U Q L V
3KLORSRWR P XDonBvR©Q Y83 X V
3RO\FHQWURSXV (Ri@eY, REBHF X O D WX V
3VHXGRSVLOR SWdHa¢h[ar, 1B7BH U L
3V LORSW H UKpleBatiRI8EONV D
:RUPDOGLD W MtlBdRIar C8z8H U|D +
Coleoptera
'"HURQHF W H V(GREBrWLBBIR W X V + + 3
(OPLV ULKBWWFIOHO L +
+\GURSRUXYV) AU UEMKY +
2XOLPQLXV WXEHUFXIODWNNV +
30DWDPEXV (Erin&eX) V98X V +
Diptera
$WKHULYDIEELIMV- XV + 3
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Table 5. Number of species found in different macroinvertebrate groups in the GO catchment and BF
VWUHDPYV 5DUH¢{HG QXPEHU RI VSHFLHV IRU WKH *2 FDWFKPHQW

Group GO catchment %) VWUHDPV Total
Ephemeroptera 16 15 16
Plecoptera 22 17 24
Trichoptera 37 38 45
Coleoptera 15 16
Chironomidae 55 31 55
Diptera (except Chironomidae) 16 14 20
Megaloptera 1 1 1
Crustacea 2 1 2
Mollusca 1 2 2
Tricladida 3 2 3
Species 168 (153.2+1.8) 130 184
Individuals 30,354 10,328 40,682

2WKHU VLIJQL¢FDQW IDFWRUYV, dnd-hveade Qepth BxQlasnedr v koY L W

RI YDULDELOLW\ LQ VSHFLHY GDWD 7DEOH

7KH GLDJUDP RI VSHFLHV EHVW (¢ WWH®W.RHI BDR QG (
cies of mid-altitude and near neutral conditions of larger streams. THeageédcmainly
FRPPRQ UKLWKUDO V S$FFIKIMVQ HAPRKHY IV WHRXQFFNAE B @rQiad) P L V
3URWR QH P X U DQMNXY4AYA MbBikgDvater beetlgsO Piiolbidesand /LP QL XV
perrisit 6PDOO EURRNYV KDG XVXDOO\ ORZMWWKKNISHBMAH BEBK
likely a subset of those at more species-rich sites. Only few species werdatigtiador

VPDOO VWUHDPV ZLWK, @GR B):3+H DR R LEBKBIMEI$D J 2t WD W

Fig.8. 2UGLQDWLRQ GLDJUDP RI VSHFLHV LQ WKH *2 FDWFKPHQW 2
displayed and the font size is proportional to the square root of their total abundance.



Table6. 6SHDUPDQ FRUUHODWLRQV RI VSHFLHV ULFKQHVYVY DEXQGDQ
PHQWDO YDULDEOHV 6LJQL{¢FDQW FRUUHODWLRQV DUH LQ EROG

Variables Species Total Acid class —| Acid class — Acid class -
richness abundance | abundance | dominance | weighted average
Altitude i i 0.36 0.23
60RSH i 1 0.27 0.13
S+ 0.34 0.67 i i i
Conductivity 0.05 0.27 i i i
Temperature 0.23 i i i
O 0.14 0.06 i i i
O, saturation 0.11 i 0.08 0.00 0.20
DOC 0.15 0.01 0.14 0.31 0.18
TN i i i i i
TP 0.33 0.42 1 1 i
ANC 0.33 0.61 i i i
Cli i 0.14 i i i
62 0.17 0.12 i i i
Na 0.26 0.42 i i i
K* i 0.20 i i i
ca* 0.21 0.35 i i i
Mg?* 0.06 0.20 i i i
Al i i 0.44 0.49 0.52
Discharge 0.50 0.25 i i 0.02
Pools proportion i i 0.20 0.12
Max. velocity 0.36 0.16 i i 0.08
Average velocity 0.42 0.24 i i 0.00
Max. depth 0.12 i 0.00 0.21
Average depth 0.28 0.12 i 0.06 0.22
Average width 0.41 0.24 i i 0.12
Phi i 0.06 i i i
Macrophytes i i 0.13 0.13
Wood i i 0.11 0.05 0.17
CPOM i i 0.21 0.02 i
FPOM 0.10 i 0.16 0.16 0.02
Species richness - 0.61 i i i
Total abundance 0.61 - i i i

SOHFWURFQHPEZBUH GOBXYDYMDG DV WROHUD QW VAEHEQH V
6PDOO EXW OHVV DFLGLF VWU R BPYSHNMHY 4¢GEE & W

toacidity, *DP P DU XV | Ras\alubddm at slightly acidic sites with high proportion of

CPOM in the bed substrate (cf. Figs. 7, 8).

Based on maximum sensitivity of bioindicators, most of siweriged to acid class 2,

predominantly neutral to episodically weakly acidic streams, haweith almost two

times more streams of acid classes 3 and 4 in assessment based on dominance-than abu

GDQFH FODVVHV )LJ % D V N G ZRIQ JIKOWH 6 ODWHLER HHG VPSR

FODVVL¢{¢HG DV SHULRGLFDOO\ FRZNWHWD OPR OVALGH EFD BG
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Table 7. Results of the db-RDA with forward selection on GO catchment and BF streams. Cumulative value
RI DGMXVWHG 5 VTXDUHG SHUFHQWDJH RI H[SODLQHG YDULDELOL
variable.

Variables R? .u | Explained variability (%) | F-ratio p-value

GO catchment

Average velocity 0.10360 10.36 6.4322 0.002

S+ 6.4886 0.002

60ORSH 0.25170 5.254 0.002

Conductivity 0.27212 2.042 0.004

CPOM 0.002

Al 0.31388 2.225 2.3620 0.004

Average depth 0.008
$00 YDULDEOHYV

%) VWUHDPYV

Phi 0.18121 18.12 0.006

Conductivity 0.27181 0.020
$O00 YDULDEOHV]| 0.50624

sites fell into periodically strongly acidic and permanently very acédiid (classes 4 and 5)

)LJ LQGLFDWLQJ VWURQJ ELRWGE BKDE@MMMRRDXIVBEBLI
water acidity measured at the sites was very weak in the acid class based on@bundan
FODVVHYVY 7DEOH VKRZLQJ YHU\ ZL&G BWH WWH WL R/IHY+RD
2 (Fig. 10). The strongest relation was found in the acid class based onedeightage
ZKLFK VLIQL;FDQWO\ FRUUHODWHG ZD Q/G&(REQO\WH(Talfer D Q (
6, Fig. 10). Acid class of sites were not correlated with stream size or any hedjit@tty,
and, importantly, neither with altitude nor slope (Table 6).

BF streams

Main gradients in species data were associated with altitude, terrairrdappggslope)
FORVHO\ OLQNHG ZLWK VXEVWUDWEVW DQ& ZQBWHUSE+ P
FRPSRVLWLRQ RI PDFURLQYHUWHEKD @} B VI\UHRRPE O\l HHH\S
ERXOGHU VWRQ\ VXEVWUDWH DQGWGRPZQWW LLQUHULVXIEV
HTXDO VKDUH RI ULIAHV DQG SRR®VO N DN § QHW KDHU @ IDEJIH
ORVW LQAXHQWLDO YDULDEOH LQ GEFPRY UD U BKH GVAN WK
PDFURSK\WHV FRYHU &5 i ZKLFKLW\SIODNVGHELHV-GDWID
GXFWLYLW\ VLIJQL{FDQWO\ FRUUHODWEBAd ZLWK SDh Q@&
variability in species data (Table 7).

7KH GLDJUDP ZLWK WKH VSHFLHV EHVWKRZWGE @ WK PMH]
group of species associated with the middle part of the gradient (modelape\sgseams
with stony substrate) including mainly common and abundaitiiral species (O PiL V
oloides (VROXV DQ3INRWREYHKFRXUIDQ B X)WWBWIDEBEPXUD, VXOF
3 R O\ FsplLGetcy and some species with narrower habitat requirements being seasitiv
organic pollution and higher temperatures\GU R S VW HIQEKK WD FR SK L, C6IK IW U L\
WKURJHQD. kow-slépeQ@tadel streams were preferred b JUREDHW,LV P X
$QRPDORSWHKDYXWHORUMNVERFOD G L XGr,{EQP XQ &OWhéH W LL
VHFRQG JUDGLHQW VKRZHG WKH WDIWM/REHOLD WG ZVWRHRL
KLIJKHU DOWLWXGHYV KDG ORZHU S+ DOWKRX6EBHPALY W D!
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Fig.9. $FLG FODVVHV Rl WKH VLWHV L WWUH 2 G- 1DIVWHRKHPGI\VQ W H\B KR & @ C
S+ DQG $1& $FLG FODVVHYV + SUHGRPLQDQWO\ QHXWUDO WR HS
critically acidic streams, 4 — periodically strongly acidic streams, and 5 — permanently very acidic streams.
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sociated with higher altitude included species able to inhabit perilydicadic waters, such
as 5 K\D F R pr&elmorba 5 glareosa $PHOHWYRSLQDWXY +HWHURWULV!
(Table 3). All of them are pollution sensitive, with very low saprobic indéxdc 2002,
GraF et al.2008, 2HrADKOVA et al.2009.

Acid classes of sites calculated by three different methods showeddiffierent results.
The acid classes based on abundance classes showed half and half si@agitgtio acid
FODVV DQG DFLG FODVYV ZKHUHDWWHKH OFVGLE B BVIE
DFLG FODVYV )LJ 7KH VWULFWMMWDRHWRK® BV \EIDMHZS
acid class 3, except for Grol3e Ohe 3 belonging to acid class 4 (Fig. 10).

DiscussioN

The two sets of data included in this study cover the variability in stream tpdebeir
environmental attributes, as well as main patterns inronacertebrate diversity in the

BFNP. The BF streams contain “the largest” streams in the area with sgmsipdis located

near the border of the BFNP, i.e. at the lower altitude of the monitorednshiediversity

(Fig. 2). The main outcome of this study is to provide the data on the array of speeies rel
vant for future systematic monitoring focusing on altitudinal shifts acigs distribution

and variability in the assemblages relevant for planning of the monitorgigndéhe GO
catchment represents a typical example of stream network common ataheeargteep,

richly branching network with diverse forest in the catchment (Figs. 1eR)gla model
VI\VWHP IRU VWUHDP ELRGLYHUVLWYWR Q@R WRQUL@I WLIQNV\K
FDWHG HYHQO\ ZLWKLQ WKH FDWFKPRIQWLBQG OMK HHRMU &
UHDO GLVWULEXWLRQ RI 6WUDKAQOQHJUYYV RUGKNXW BIDWD. R
logical gradients and diversity patterns found in the GO catchment are aimedite@

detailed insight into the structuring of macroinvertebrate assgmblon the local scale.

Fig. 10.Relation of acid classes of the sites in the GO catchment calculated by three different methods with
S+ DQG $1&
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Species richness and abundance of macroinvertebrates and theidaton to
DFLGL¢;¢FDWLRQ

The BF streams provide heterogeneous environment for varielytiafl ispecies resulting
in higher alpha diversity and abundance of macroinvertebrates thhe ®Q catchment

)LJ ZKHUH DOSKD GLYHUVLWW UWISR WILWH Y H G\ -V HD@L
UHODWHV ZLWK ZDWHU GLVFKDUJHKDYHUBHH YBPRDB LG
found in the GO catchment (168 species compared to 130 species in the BF streams) is at
tributable not only to three times more individuals examined, but mainlgbehenviron
PHQWDO YDULDELOLW\ DPRQJ LYWW UW YV XEDWIHQ HGQVEH.
153.2+1.8 species found for 10,328 individuals examined in the GO catchmwrdrang to
130 species in the BF streams (Fig. 5). Within the GO catchment, speciesgi@Emnetotal
abundance) is not related to altitude, but rather to stream type and amount\df{ T
6). Likewise, main gradient in species composition of assemblages isl telateeam type
+ VWUHDP VL]H DQG ARZ YHORRUIWOQHEBVVLWW WMR SKIRC
number of replicates of same stream types in the ali@ditiansects studied in the monitor
LQJ RI VWUHDP ELRGLYHUVLW\ 6RQFEEBVQUREBWHWIRG G HF
(see Fig. 2) differing from a stream type of a main stream in each transect|lesepwve
ported.

6SHFLHYV ULFKQHVYVY RI PDFURLQYHUWREZUDWHY S D/VQG

concentrations in acidic streams (€geroLp et al.2000, Bioico et al.2009, RaisTER et
al. 2013, although the relation cannot be apparent in naturally acidic stré&mrsL€s et
al.2004 ,Q WKH *2 FDWFKPHQW VSHFLHV ULFKQHVV LV
DFLGLW\ S+ $ER&J POWOWXGH ZKLFK LV DOLIJQHGWHKMW K \
UHJLRQ 7KH ) FDWFKPHQW KDV EHHQWXAHNV K RIXGWL HFED WEL
WKH P L GScHoLLY LFW ALEwELL et al.2001, Krigser et al .2004,ScHAum-

Fig. 11. 7KH 10'6 RUGLQDWLRQ GLDJUDPV VKRZLQJ YDULDEOHV VLJ(
streams species data. The size and colour of the symbols are proportional to the measured values of the
YDULDEOHV ZKLOH WKH FRQWRXU OLQHV LQGLFDWH WKHLU ¢W L
roughness of bed substrate.
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Burcet al.2010 $FLG VHQVLWLYH ¢VK DQG PDFURL&¢ HROAVHE U
PDUXV IR Wisd»ut Meally and their absence and/or low abundance and species-rich
ness were documented especially at higher altitudes of the BBN&.(( 1987, 198 The
ORQJ WHUP DFLGL{FDWLRQ PRQLWRULQJ GRFXPHQWHG
ZLWK LQFUHDVLQJ S+ DQG GHFUHDVIGQRDG L PIBIQ@ HD@RHX B E
*UR%H 2KH DQG 9R U G H%&#hlue6Re KtaF 201 HrecBMxr&sK this gradual
UHFRYHU\ OHDGLQJ WR UHODWLYHO\ DGYDQFHG SKDVH
SURQRXQFHG GHWHULRUDWLRQ RI ENWIQUWKKHHFPDWFK P IG(
EDFK DQG +L QW H U H3dHA KBRS EKAN201) Bz &Used temporary decrease of
PDFURLQYHUWHEUDWH VSHFLHYV ULFKQHYV ScHa@eéRE @i ED F K
al. 2010. Nevertheless, last data available to us (after 2005) indicate overall positive trends
(LFU 2015) and we can assume that macroinvertebrates studied by our study refer to much
more developed phase of recovery. Therefore, acidity seems to be recently not so strong en
YLURQPHQWDO (¢OWHU WR VWUXFWXPHD WS DRLNHKHWLHU
stream network of Grof3e Ohe.

7TRWDO DEXQGDQFH RI PDFURLQYHIURAKIQHYNWHY VXQQI &
ODWHG WR $1& )83 DQG KW UHODWLRQ LV QRQ OLQHDU
about 5.5 and then steeply increases being highest at sites with high AN@iskikabun
dance is variable, related to ANC, in Abncentration from 0 to 53 pg,land dramatically
decreases in A53. It clearly demonstrates persisting effect of Al toxicity on macesiev
brates. The highest Atoncentration, extremal within our dataset, is 201" unl“Tiefe
6HLJH ~ 7.,6( QU ZKLFK KDV WKHEX®REZBYWHPDFURLQYV
UDEOH ZLWK VWURQJO\ DFLGL¢HG VWUND®PWV &LN&HDCBIGM
tween 0.2 and 2.0 mg) in the Czech RepublidHprecky et al. 2006, 2013), which are-in
habited only by extremely acid-tolerant specigHX FW U D 1Q PXWISOPW H W L
3OHFWU RRQNB#id/RU \ Q R ppl)XHdHBcky et al. 2006).

Fig. 12. 2UGLQDWLRQ GLDJUDP RI VSHFLHV LQ WKH %) VWUHDPV 2Q!
displayed and the font size is proportional to the square root of their total abundance.
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&RPPXQLW\ FRPSRVLWLRQ RI PDFUR ID@GY.HHOWHED Q @/ HD\F L C
of streams

The main compositional gradient in species data in the BF streams, which iaoa e
tally relatively similar each other, is aligned with substrate roughnassl{f. Composition
RI PDFURLQYHUWHEUDWH DVVHMEQHMIHYHG HIQHYGI 4R B WH
JUDXHQDX GULQNZDWHU UHVHUYRDRUJBQGNGRIJED \G\RHPU Q\L
VXEVWUDWH WR ORZ VORSLQJ *UR%GRPHLH) DWH G ¥IXHEGE W
6XEVWUDWH URXJKQHVY H[SODLG@UWD RIDWHWL BPRDG
VHFRQG VLIQL¢(FDQW IDFWRU H[SQBVQGQWD ®ILKBHOL HE B
ference in water quality among catchments resulting from diffeeshiolck and land cover.
Composition of macroinvertebrate assemblages is, naturally, mongex in the GO cateh
PHQW ORVW LPSRUWDQW IDFWRUV VODENVQDUARDBYRUQY !
ORFLW\ DQG ZDWHU S+ ZKLFK UHSUHVHWQW LMDZRSPHHDIFILE L (
7KH UHPDLQLQJ ¢YH VLIQL¢FDQWWDRFWRU \LaB@@RISGE: ZDV
stream depth) determine local environmental conditions in differans jof the network.
ODFURLQYHUWHEUDWHY DUH LQAXWNDHWGVEKWF R RDAD-O RFADDA
SRIJUDSK\ GHWHUPLQLQJ PRUSKRORI\NQRAIXHWYBHOQP W KIR U
&320 LQ VWUHDPV DQG DOVR ZDWHIHFWHRILYDWHM U7 KRR Q/G X (
EH LQWHUSUHWHG DV SRVVLEOHQIG ARH @ HIF DRI VRIXW K H W |
FDQWO\ FRUUHODWHG ZLWK FRQ@WRFOMLRLWNR F B O/ B IQAKE
ment properties as well as spatial structuring on the macroinvertebramebéesges within
the GO network require further study.

Composition of macroinvertebrate assemblages in theiB@n Forest streams have been
studied mainly to describe and assess the effect of acidific&®ien, {.29& ALEWELL
et al. 2001FricovaA et al. 2007SvosopovA et al. 2012|.FU $FLGL;FDWLRQ PR
ZKLFK JDWKHUHG H[WHQVLYH VSHFLHV GDWD VLQFH WK
ily on evaluation of species richness and acid status of streams, and their temgugakch
(e.g.ScHaumBURG et al. 2010L.FU 2015). Acid status assessment is based on maximum sen
sitivity of bioindicators, i.e. species are cumulatively added from acid sensitive to acid very
resistant till the threshold is reach&®kfukmMaNN & Biss ,Q WKH V DFLG
streams in the Bavarian Forest ranged from permanently very acidic (acid classielséxa
LQOHWY DQG SHULRGLFDOO\ VWKXRQYOUDIFEHGQG L 6 HHELDG
2KH DQG 6DJZDVVHU WR SHULRBYFDGOE AWLIDNLVFD GO
6FKDFKWHQEDFK +LQWHUHU 6FKD®KW HMBEBIKS). Re UV FK
cently (2005-2013), acid status of most streams reached class 2 (predominantly neutral to
episodically weakly acidic) or even class 1 (continuously neutral streantsg icase of
+LUVFKEDFK D QIGU&D1bY DiyRathelsee inlets remained under strong acid
stress (acid class 4).

Evaluation of our data using the same method (i.e. scoring of species with maximal s
sitivity, when threshold based on sum of abundance classes of scor@msdpet) shows
VDPH UHVXOWY LQ WKH DERYH PHQWGRQQHGNVVUWDRVPVL])I
reach even the status of continuously non-acidic streams and mostissbelang to acid
FODVV )LJ LQFOXGLQJ VWUHDPVDRIGYQHLRW YV YIHF & G

DQG SRVLWLYH $1& 7KXV WKH OBPWGE G ODR/ &R Db QW B
XUHG GLUHFWO\ LQ WKH ¢HOG 7DD WKLY DV VAVNMKHDQX\
acid sensitive species. It is caused by quite permissive threshotth edn be reached by
two species of acid class 2 with abundance class 2 (from 2 to 20 individualdiagtoALr
HW DO LW PHDQV LQ IDFW E\ IRMKWMSMWFRPNGHMFLPH
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sample. Thus, we calculated the acid class based on two other methods, Scspaues
with maximal sensitivity with threshold based on species dominanaar(reended method
by BraukmanN & Biss 2004) and by average acid class based on all scoring species in the
VDPSOH ZHLJKWHG DYHUDJH 7TKIE WHRY ZROWQ ® $ HE&P XK ¢
10) and show the relation of the assemblage to the acidity from different gterspe

Acid class assessment based on the dominance emphasizes thmitiontdf moder
ately acid sensitive species scoring many streams to acid class 2, the rest beilaga8id ¢

ZLWK H[FHSWLRQV +RZHYHU ®R IF O DWW/ U HDHPWHF O BR/
RQO\ VSHFLHY L H WKH UHPDLQL®J WHREK QUKWSW R UHH\Y/
The most important species tsD P P D URVY YV Dd¢otiRg in 17 streams), following by
Baetis D O S,L/GIX\Falpldd)Isoperla J R HAUML VX O\RUDX-BVA. FHOL O R S ROWIG R X V
¢, F D.WWh¥ kémaining 12 streams (especially six largest BF streams and Grof3e @ké) sho
diverse array of (medium) acid sensitive species scoring to the acid class 2.afwcsdoft
streams based on weighted average is shifted more to acidic streamsebd®e assem
blages are mostly composed of individuals of acid classes 3 and 4 (cf. Tatiésdassess
ment better recognises assemblages under strong acid stress, i.eothiosgedl by acid-
WROHUDQW RU HXU\WRS L F %USHFK MWW \MEIRUPIRAAY BV RQ & Al L
1IHPXUHOQDBRW\R B WRX U XIFX\EWL Q.G UAD GCGE®HALHRFQHP L
spersa & KD HW R S W Hwhidh are @oDdedbmDpanied by moderately sensitive species.
:HDN SRLQW RI WKLV PHWKRG FDQ EIBHWVFKHVSUR SHRLAKLY
VLPLODUO\ DV WKH GH¢{QLWLRQ RIPDKUMVK RGO Q@ LN WXIHY
indicators. Importantly, acid status of sites (assessed by all methods) itated te alti
tude, stream size or any habitat feature (Table 6). It indicates that macrelmatzt are
LQAXHQFHG E\ D PRVDLF Rl ORFB®HQRY RILWILRMI DIRFB
different parts of the network and different altitude, which is achgedus for biotic recev
ery.

Comparison with literature data
Our data include about a third of species recordedsdyuLte & WEINZIERL

Ephemeroptera, Plecoptera, Trichoptera, ColeopterapPasch 7TULFKRSWHUD
nata, Crustacea) from the entire Bavarian Forest, including the area of tfe ®HN.TE
& WEINZIERL IRXQG VSHFLHV Rl ROKWH /X RBdH DRX®

IRXQG VSHFLHV RI 7JULFKRSW.HURXU RW XW&K\H B X2\M\
obvious differences in the sampling methods and more habitat typescbyetteese two
studies, we can conclude that they recorded almost all species found in gufTstuld 3)
including also Ephemeropterd F G\R Q X U XV 1Y B Q RE/DXN)Vdhdvacig Isdriditive
Trichoptera (e.g$JDSHW XV 1@ R ¥ VRN R P D) foRdn®RiktRd_cdre zone of the
BFNP in the period of strong acidificatioBcfioLL KiFINGeR et al. 2004). This indi
FDWHV WKDW DFLG VHQVLWLYH VSHFLHV KDG VRPH UHI’
in that time, which could later help them to colonise recovering habitats. Orhtdrehand,
many acid sensitive or moderately sensitive species, which are very commdiuaddra
in the Bohemian Forest (including the Czech part of the mountains), ardyetiémiss-

LQJ LQ WKH *2 FDWFKPHQW DQG DOVR LQVRDIQ Fkl) VWB
Perla marginataand ' L Q R FEID YK D OIRQ\VGH WV D \SAKLHHRVIG D) ISAHDQ W U R S W L ¢
O X' W Hrr@yahP D MRWJU D O H S VWRXEKPMHJEHLGM A B SoLbAN SoL-
DAN

Roughly direct comparison is possible in the GO catchment, vwieia L DQG
KiFinGer et al. (2004) studied 14 sites covering the entire catchment in the period of strong
DFLGL{FDWLRQ LQ WKH DQG DIWHU WKH IRVEMNBRLBYF
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recorded by us, 113 species, is comparable with 106 species recorded by thetselive.
We found most of species recorded by them, 51 species of 82 species rdxyosdedL
DQG VSHFLHV RI \KS-igdek a ¥l . (B0 RNMoStH hE $pecies

not recorded by us are not reliably distinguishable in larval stagF RXUD FDREBLFD
WUD KD QIG O DXWHKISIWH X G R V, Wb@raldiaUADU L D Q ) ¥hOsl. tahlbB
included at higher taxonomic levels in our data, or cannot be eaphyrspring sampling

PDLQO\ VWRQHALHV ZLWK HPHUJHQF B X\D X\PXQrigai/ D Q G
3 UR W R QrigiRan@fnitida DQG W K HSR BIVPAH U H Q(Tablel4). ®larsMibDpoer
tant difference is that our data do not include numerous crenophilic andiorrepecies,
suchas3DUD FKLRQ D B8laga SHROBVWO R psbrbsd $[G L F G G Beke\W D
which indicates that we do not cover the whole (relatively Higtg diversity even by 48
VLWHYV ZLWKLQ WKH *2 FDWFKPHQW JEHURRWR/D OEDQKKMDGEH
fauna highly contrasting to the surrounding rhithral streafes{Ey.29@t al. 2016) and,
thus, they, despite their low alpha diversity, can condiecmntribute to biodiversity at the
network scaleNlever et al.2007,CLARKE et al.2008, kN et al.201).

Importantly, we found distinctly higher species richness of Ephemeagi®leoptera
and Diptera (Table 3) which can be interpreted as a a@figrolonisation of recovering
VWUHDPVY ORUHRYHU ZH UHFRUGHWBGHQ\VH WEM AL K- HDAM
ously neutral streams accordingBraukmanN & Biss 2004) not recorded by the two com
SDUHG VWXGLHV ZKLFK KRZHDHEURRDHSWREG EHHOA R B DX X |
HOOD PXFPER@®BVE SHW X VanKANOFRL\E\HR/V R P D, &R the sapBd- V
$VHOOXV DT2QONVIWXR DFLG VHQVLWISKH RIS H H Dadixh@&\ KQHL V&
FDGGBEOARIDP XV, BrX khowrRIOr® thy GO catchment in the period of strong
acidification. Remarkable number of species (12) not record&dHay . DHO-@-
ceret al. (2004) are moderately acid sensitive (preferring predominantly neutral to -episodi
cally weakly acidic conditions), e.g+ D E UR S KCOCHX&IKD. W K Uiidihd/@ DR F,W H W L
5KLWKURJHQD OR\RODHPBK 3X RIFpUIER@GNMEHRtPas OO VLD PDU
ginata The most abundant moderately acid sensitive species, the amphipBdP DU XV IRV
V D U Peferred as absent at the higher altitudeSdnoLe (1987, is frequent and locally
very abundant at our studied sites, but avoiding the highest altitudes. I1'5¢etal,
andKiriggsER et al. (2004) found same number of acid tolerant and resistant species (classes
3-5) as our study (58 and 56 species, respectively), but they found only 13 species of the
classes 1 and 2 comparing to 27 species found by us (see Table &efvéd, moderately
acid sensitive species are recently much more frequent, for &xamipP PDU XV IRV VD
DQG PD\ALHVBH{GBEE®MANRUIRXQG RQO\ LQ RI GdRFED O LW L
1987. Thus, the comparison with literature data suggests that recent macroinvertebrate as
semblages are more diversified and dissimilar to those descrilfgahdwy (1987 andKi-
FINGErR et al. (2004).

Acknowledgements.2 XU WKDQNV DUH GXH WR WKH ORJW I&\W RWHH HR 1&$6G I
%XG MRYLFH IRU DQDO\VHV RI ZDWHGHBKH B QWGW-D\U D\RAED % >OW E B DI
PHQWY RQ WKH PDQXVFULSW :H WK DW NRMMRR2DIEQ M B GGM+HRR ORS D LD\ |
sity, Brno) for the maps of study area. This research and publication warersed by the Cross-border
FRRSHUDWLRQ SURJUDPPH &]HFK 5RRSXEDQF+%DYDULRH U@W H WD
1R 36LOYD *DEUHWD ORQLWRULQRBXQ GEOHERQWDRMWLLRYY RII PALL
Water Regime”.
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