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Abstract
Ongoing monitoring of streams in the Bavarian Forest National Park (BFNP) is focused on the effects of 
climate changes and natural disturbances on the community composition and diversity of benthic macroin-
vertebrates in the Bohemian Forest. This study provides the data on macroinvertebrate assemblages of ten 
streams draining the area of the BFNP (BF streams), which are included in the monitoring survey, and 48 
sites distributed evenly in the Große Ohe stream network (GO catchment). The GO catchment serves as a 
model stream network to study environmental and spatial structuring of macroinvertebrate assemblages on 
the local scale. We aim to evaluate species richness, abundance and species composition of macroinverte-
�E�U�D�W�H�V���D�O�R�Q�J���W�K�H���P�D�L�Q���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���J�U�D�G�L�H�Q�W�V���D�Q�G���W�R���F�R�Q�V�L�G�H�U���W�K�H���S�R�V�V�L�E�O�H���L�P�S�D�F�W���R�I���D�F�L�G�L�¿�F�D�W�L�R�Q�����6�S�H�F�L�H�V��
recorded at all studied sites are compared with available literature data from the BFNP. Altogether 40,682 
individuals of 184 species were recorded in our study, 130 and 168 species in the BF streams and GO catch-
�P�H�Q�W�����U�H�V�S�H�F�W�L�Y�H�O�\�����0�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H���D�V�V�H�P�E�O�D�J�H�V���R�I���W�K�H���%�)���V�W�U�H�D�P�V���D�U�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���L�Q�À�X�H�Q�F�H�G���E�\���V�X�E-
strate roughness and water quality. Within the GO catchment, stream size and acidity are the main eco-
�O�R�J�L�F�D�O���J�U�D�G�L�H�Q�W�V���I�R�U�P�L�Q�J���W�K�H���D�V�V�H�P�E�O�D�J�H�V�����Z�L�W�K���D���V�L�J�Q�L�¿�F�D�Q�W���L�Q�À�X�H�Q�F�H���R�I���O�R�F�D�O���K�D�E�L�W�D�W���S�U�R�S�H�U�W�L�H�V�����V�X�F�K���D�V��
amount of coarse particulate organic matter (CPOM), concentration of ionic aluminium (Ali), depth of 
�Z�D�W�H�U�����D�Q�G���Z�D�W�H�U���F�K�H�P�L�V�W�U�\�������6�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���R�I���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V���L�V���S�R�V�L�W�L�Y�H�O�\���U�H�O�D�W�H�G���W�R���V�W�U�H�D�P���V�L�]�H���D�Q�G��
�Q�H�J�D�W�L�Y�H�O�\���W�R���&�3�2�0�����Z�K�H�U�H�D�V���W�K�H�L�U���D�E�X�Q�G�D�Q�F�H���L�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���D�I�I�H�F�W�H�G���E�\���D�F�L�G�L�W�\���D�Q�G���$�Oi, being strongly 
limited in Ali>53 µg.l�í��. More species of Ephemeroptera, Coleoptera and Diptera, including several acid 
sensitive species, were found in the GO catchment in comparison with earlier data from the period of strong 
�D�F�L�G�L�¿�F�D�W�L�R�Q�����Z�K�L�F�K���L�Q�G�L�F�D�W�H�V���R�Q�J�R�L�Q�J���U�H�F�R�Y�H�U�\���R�I���V�W�U�H�D�P�V���I�U�R�P���D�F�L�G�L�¿�F�D�W�L�R�Q�����6�W�U�H�D�P�V���D�U�H���U�H�F�H�Q�W�O�\���L�Q�K�D�E-
ited by numerous moderately acid sensitive species, which is mirrored by their favourable acid status (pre-
vailing acid class 2, predominantly neutral to episodically weakly acidic conditions) assessed based on 
scoring of acid sensitive species. Acid status based on the overall composition of assemblages shows pre-
vailing acid class 3 (periodically critically acidic conditions) with considerable number of streams of acid 
classes 4 and 5 indicating strong acid stress. Overall, acid status of streams is not aligned with the altitude, 
stream size or any habitat property within the model GO catchment suggesting that the stream network is 
�D���P�R�V�D�L�F���R�I���Y�D�U�L�R�X�V���O�R�F�D�O���F�R�Q�G�L�W�L�R�Q�V���G�H�W�H�U�P�L�Q�L�Q�J���Z�D�W�H�U���F�K�H�P�L�V�W�U�\�����7�K�X�V�����P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V���F�D�Q���¿�Q�G���V�X�L�W-
able conditions or refugia in some parts of the catchment.
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I NTRODUCTION

�6�S�U�L�Q�J�V���D�Q�G���V�W�U�H�D�P�V���R�I�� �W�K�H���%�D�Y�D�U�L�D�Q���)�R�U�H�V�W���1�D�W�L�R�Q�D�O���3�D�U�N�����%�)�1�3�����*�H�U�P�D�Q���S�D�U�W���R�I�� �W�K�H��
�%�R�K�H�P�L�D�Q���)�R�U�H�V�W�����K�D�Y�H���N�H�S�W���W�K�H���Q�D�W�X�U�D�O���F�K�D�U�D�F�W�H�U���G�H�V�S�L�W�H���K�L�V�W�R�U�L�F�D�O���O�R�F�D�O���P�R�G�L�¿�F�D�W�L�R�Q�V���R�I��
channels to facilitate timber transportation. Dense stream network is dominated by cold 
headwater (crenal and epirhitral) streams with relatively heterogeneous catchments, thus 
�R�I�I�H�U�L�Q�J���G�L�Y�H�U�V�H���H�Q�Y�L�U�R�Q�P�H�Q�W���I�R�U���D�T�X�D�W�L�F���E�L�R�W�D�����,�Q���V�W�U�H�D�P���H�Q�Y�L�U�R�Q�P�H�Q�W���L�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���L�Q�À�X-
enced by dead wood in different stadium of decomposition. Dead wood of different size, 
from branches to large logs forming large cascades and pools or, in extreme cases, com-
�S�O�H�W�H�O�\���F�R�Y�H�U�L�Q�J���V�W�U�H�D�P���F�K�D�Q�Q�H�O�V�����L�V���D�E�X�Q�G�D�Q�W���S�D�U�W�L�F�X�O�D�U�O�\���L�Q���V�W�U�H�D�P�V���À�R�Z�L�Q�J���L�Q���X�Q�P�D�Q�D�J�H�G��
forests. Characteristic phenomenon is the interference of the effects of anthropogenic atmos-
�S�K�H�U�L�F���D�F�L�G�L�¿�F�D�W�L�R�Q���D�Q�G���Q�D�W�X�U�D�O���G�L�V�W�X�U�E�D�Q�F�H�V���R�Q���W�K�H���V�W�U�H�D�P���Z�D�W�H�U���F�K�H�P�L�V�W�U�\�����6�W�U�R�Q�J���D�W�P�R�V-
�S�K�H�U�L�F���D�F�L�G�L�¿�F�D�W�L�R�Q���R�I���K�H�D�G�Z�D�W�H�U���V�W�U�H�D�P�V���R�F�F�X�U�U�H�G���I�U�R�P���W�K�H�����������V���W�R�����������V�����S�H�D�N�H�G���L�Q���W�K�H��
�P�L�G�����������V�����D�Q�G���Z�D�V���I�R�O�O�R�Z�H�G���E�\���J�U�D�G�X�D�O���U�H�F�R�Y�H�U�\���V�L�Q�F�H���W�K�H�����������V����ALEWELL et  al . 2001, 
SCHAUMBURG et  al . 2010, BEUDERT & GIETL 2015�����F�D�X�V�H�G���E�\���V�L�J�Q�L�¿�F�D�Q�W���U�H�G�X�F�W�L�R�Q���L�Q���V�X�O�S�K�X�U��
dioxide, nitrogen oxides and ammonia emissions in central Europe (K �2�3�È�ý�(�. et  al . 2002, 
K�2�3�È�ý�(�. & VESELÝ 2005). Concurrently, rapid dieback of large forest area due to wind storms 
�D�Q�G���R�U���E�D�U�N���E�H�H�W�O�H���R�X�W�E�U�H�D�N�V���S�H�D�N�L�Q�J���L�Q�������������F�D�X�V�H�G���F�K�D�Q�J�H�V���L�Q���W�K�H���F�K�H�P�L�V�W�U�\���R�I���D�O�O���Z�D�W�H�U��
�À�X�[�H�V�����P�D�L�Q�O�\���O�H�D�F�K�L�Q�J���R�I���Q�L�W�U�D�W�H�����G�L�V�V�R�O�Y�H�G���R�U�J�D�Q�L�F���F�D�U�E�R�Q�����'�2�&�����D�Q�G���D�O�X�P�L�Q�L�X�P���W�R���V�W�U�H�D�P�V��
draining affected areas and also to lakes (VRBA et  al . 2014, BEUDERT et  al . 2015, BEUDERT & 
GIETL 2015, K�2�3�È�ý�(�. 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 (SCHAUMBURG et  al . 2010, HOFFMANN et  al . 2011). Nevertheless, mechanism of epi-
�V�R�G�L�F���D�F�L�G�L�¿�F�D�W�L�R�Q���R�I���V�W�U�H�D�P���Z�D�W�H�U���K�D�V���F�K�D�Q�J�H�G�����D�V���L�W���L�V���Q�R���O�R�Q�J�H�U���G�U�L�Y�H�Q���E�\���V�X�O�S�K�D�W�H�����E�X�W���E�\��
DOC, which has to be considered as a natural process (BEUDERT & GIETL 2015).

�5�H�J�X�O�D�U���P�R�Q�L�W�R�U�L�Q�J���D�F�W�L�Y�L�W�L�H�V���L�Q���W�K�H���%�)�1�3���H�Q�F�R�P�S�D�V�V���W�K�H���O�R�Q�J���W�H�U�P���D�F�L�G�L�¿�F�D�W�L�R�Q���P�R�Q�L-
toring and hydrological monitoring of the model catchment with near-natural forest without 
�P�D�Q�D�J�H�P�H�Q�W���L�Q�W�H�U�Y�H�Q�W�L�R�Q�����7�K�H���K�\�G�U�R�O�R�J�L�F�D�O���P�R�Q�L�W�R�U�L�Q�J���F�R�P�P�H�Q�F�L�Q�J���L�Q�������������K�D�V���E�H�H�Q���I�R-
cused on the water cycle in the Große Ohe catchment and runoff changes caused by the 
transition from commercial to near-natural forest in this catchment (BEUDERT & GIETL 2015). 
�7�K�H���O�R�Q�J���W�H�U�P���D�F�L�G�L�¿�F�D�W�L�R�Q���P�R�Q�L�W�R�U�L�Q�J���F�R�P�P�H�Q�F�H�G���L�Q�������������D�Q�G���K�D�V���E�H�H�Q���I�R�F�X�V�H�G���R�Q���W�K�H��
�D�V�V�H�V�V�P�H�Q�W���R�I���U�H�F�R�Y�H�U�\���I�U�R�P���D�F�L�G�L�¿�F�D�W�L�R�Q���E�D�V�H�G���R�Q���Z�D�W�H�U���F�K�H�P�L�V�W�U�\�����P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V���D�Q�G��
�G�L�D�W�R�P�V�� �L�Q�� �6�H�H�E�D�F�K���� �+�L�Q�W�H�U�H�U�� �6�F�K�D�F�K�W�H�Q�E�D�F�K���� �9�R�U�G�H�U�H�U�� �6�F�K�D�F�K�W�H�Q�E�D�F�K���� �*�U�R�‰�H�� �2�K�H���� �D�Q�G��
Rachelsee (LFW��������������K IF�ØINGER et  al . 2004, SCHAUMBURG et  al . 2008, 2010, HOFFMANN et  
al. 2011, SCHEEL et  al . 2014, LFU 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 lakes (SKJELKVÅLE & DE 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) started at seven streams dis-
tributed throughout the BFNP (Große Deffernik, Kolbersbach, Kleiner Regen, Große Ohe, 
�.�O�H�L�Q�H���2�K�H�����6�D�J�Z�D�V�V�H�U�����D�Q�G���5�H�V�F�K�E�D�F�K�������7�K�H���F�R�Q�F�H�S�W�X�D�O���I�U�D�P�H�Z�R�U�N���R�I���W�K�H���P�R�Q�L�W�R�U�L�Q�J���L�V��
analogous to the terrestrial biodiversity survey BIOKLIM (for more details see BÄSSLER et 
�D�O�������������������6�D�P�S�O�L�Q�J���V�L�W�H�V���D�U�H���G�L�V�W�U�L�E�X�W�H�G���L�Q���V�H�Y�H�Q���V�W�U�H�D�P�V���I�R�O�O�R�Z�L�Q�J���W�K�H���D�O�W�L�W�X�G�L�Q�D�O���J�U�D�G�L�H�Q�W��
every 100 altitudinal meters from 600 to 1100 m a.s.l. This monitoring is designed as a long-
term study with proposed regular repetition of sampling in the future.

Information on stream macroinvertebrates are, however, incomplete, and generally miss-
ing from the pre-acidification period (but see THIEM�����������������6�H�Y�H�U�D�O���V�W�X�G�L�H�V���D�U�H���S�X�E�O�L�V�K�H�G���L�Q��
grey literature and, thus, inaccessible for a wider scientific audience (e.g. EISENREICH 1974, 
KUHN 1984, SCHÖLL 1987�������6�R�P�H���L�Q�G�L�Y�L�G�X�D�O���U�H�F�R�U�G�V���R�I���V�S�H�F�L�H�V���D�U�H���D�Y�D�L�O�D�E�O�H���L�Q���I�D�X�Q�L�V�W�L�F���V�W�X�G-
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ies (e.g. HEBAUER 1975, 1980, SEITZ 1988, 1992, WEINZIERL 1999, SOLDÁN et  al . 2012). Prob-
ably the first complex faunistic study of stream biodiversity by SCHÖLL (1987, 1989) was fo-
cused on the southern (old) part of the current BFNP where catchments of Flanitz, 
�6�F�K�Z�D�U�]�D�F�K�����*�U�R�‰�H���2�K�H�����.�O�H�L�Q�H���2�K�H�����D�Q�G���6�D�J�Z�D�V�V�H�U���Z�H�U�H���L�Q�Y�H�V�W�L�J�D�W�H�G�����%�D�V�H�G���R�Q���W�K�H���¿�H�O�G��
�V�W�X�G�\���F�R�Q�G�X�F�W�H�G���L�Q�������������D�Q�G��������������SCHÖLL�����������������U�H�S�R�U�W�H�G�����������V�S�H�F�L�H�V�����R�U���K�L�J�K�H�U���W�D�[�D�����D�Q�G��
�S�R�L�Q�W�H�G���R�X�W���W�K�H���U�R�O�H���R�I���S�+���L�Q���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���V�S�H�F�L�H�V���F�D�O�O�L�Q�J���I�R�U���L�P�P�H�G�L�D�W�H���U�H�G�X�F�W�L�R�Q���R�I��
emissions of acidifying compounds. Another complex faunistic study on four aquatic insect 
orders (Ephemeroptera, Plecoptera, Coleoptera, and Trichoptera) covered entire Niederbay-
�H�U�Q���D�Q�G���U�H�S�R�U�W�H�G�����������V�S�H�F�L�H�V���I�R�U���W�K�H���%�D�Y�D�U�L�D�Q���)�R�U�H�V�W����SCHULTE & WEINZIERL 1990). The st udy 
area, however, included the whole Bavarian Forest, thus, also species found at lower altitudes 
out of the BFNP were included. The same is true for PITSCH�����������������Z�K�R���V�W�X�G�L�H�G���I�R�X�U���D�T�X�D�W�L�F��
invertebrate groups (Trichoptera, Odonata, Amphipoda, Isopoda) reporting 121 species in 
the Bavarian Forest, and provided the distribution of individual species in the longitudinal 
�S�U�R�¿�O�H���R�I���V�L�[���V�W�X�G�L�H�G���V�W�U�H�D�P���V�\�V�W�H�P�V�����'�D�W�D���J�D�W�K�H�U�H�G���G�X�U�L�Q�J���W�K�H���O�R�Q�J���W�H�U�P���D�F�L�G�L�¿�F�D�W�L�R�Q���P�R�Q-
itoring of streams are unpublished, partially available in the project reports (e.g. K IF�ØINGER et  
al. 2004, SCHAUMBURG 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 dieback (SCHAUMBURG et  al . 2010, HOFFMANN et  al . 2011).

In this study, we provide new data on macroinvertebrates inhabiting streams in the BFNP 
based on the two separate surveys conducted in 2015. Both surveys are the part of the broad-
�H�U���W�U�D�Q�V�E�R�X�Q�G�D�U�\���V�W�X�G�\���I�R�F�X�V�L�Q�J���R�Q���W�K�H���V�W�U�H�D�P���E�L�R�G�L�Y�H�U�V�L�W�\���L�Q���W�K�H���%�R�K�H�P�L�D�Q���)�R�U�H�V�W�����7�K�H���¿�U�V�W��
survey explores patterns in diversity and assemblage structuring of macroinvertebrates in 
two neighbouring montane catchments in the non-interventional part of the Bohemian Forest 
���â�X�P�D�Y�D���L�Q���&�]�H�F�K�������X�S�S�H�U���*�U�R�‰�H���2�K�H���F�D�W�F�K�P�H�Q�W���L�Q���W�K�H���%�)�1�3���D�Q�G���X�S�S�H�U���9�\�G�U�D���F�D�W�F�K�P�H�Q�W���L�Q��
the Šumava National Park. The second survey, already mentioned above, investigates stream 
biota and environmental conditions along the gradient of altitude in order to evaluate the 
effects of natural disturbances and climate changes on biodiversity of streams in the BFNP. 
Both surveys have started recently and full data are not available yet. This study presents the 
�S�U�H�O�L�P�L�Q�D�U�\���U�H�V�X�O�W�V���Z�L�W�K���D���V�S�H�F�L�D�O���I�R�F�X�V���R�Q���L�Q�V�X�I�¿�F�L�H�Q�W�O�\���N�Q�R�Z�Q���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H���G�L�Y�H�U�V�L�W�\��
of the Bavarian Forest streams. The main aims of the study are to describe species richness 
and composition of macroinvertebrate assemblages inhabiting main streams draining the 
BFNP and the model Große Ohe catchment, which tohether cover all stream types in the 
studied area. We aim to explore main gradients in species data and factors governing species 
richness, abundance and composition of macroinvertebrate assemblages. We consider the 
�S�R�V�V�L�E�O�H���H�I�I�H�F�W���R�I���D�F�L�G�L�¿�F�D�W�L�R�Q���R�Q���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V�����/�D�V�W���E�X�W���Q�R�W���O�H�D�V�W�����Z�H���D�L�P���W�R���S�U�R�Y�L�G�H��
a species list of the macroinvertebrates found at the studied sites and compare them with 
available literature data. 

M ATERIAL  AND METHODS

Study sites and data

�7�Z�R���V�H�W�V���R�I���V�S�H�F�L�H�V���D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���G�D�W�D���Z�H�U�H���H�Y�D�O�X�D�W�H�G�����7�K�H���¿�U�V�W���R�Q�H���L�Q�F�O�X�G�H�G���V�S�H�F�L�H�V��
data from 48 sites distributed in the upper Große Ohe catchment (Fig. 1), which were sup-
plemented by detailed environmental data. The second dataset included species data from 
10 main rivers draining the area of the BFNP (Fig. 2).
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Fig. 1.���0�D�S���R�I���W�K�H���*�2���F�D�W�F�K�P�H�Q�W���Z�L�W�K���W�K�H���L�Q�Y�H�V�W�L�J�D�W�H�G���V�L�W�H�V�����Q�X�P�E�H�U�V���R�I���V�L�W�H�V���D�U�H���D�Y�D�L�O�D�E�O�H���L�Q���7�D�E�O�H�����������6�L�]�H��
of symbols indicates discharge of streams.
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Große Ohe catchment (GO catchment)

�7�K�H���X�S�S�H�U���*�U�R�‰�H���2�K�H���F�D�W�F�K�P�H�Q�W�����K�H�U�H�L�Q�D�I�W�H�U���U�H�I�H�U�U�H�G���D�V���*�2�����L�V�������������N�P�ð���O�D�U�J�H�����Z�L�W�K���W�K�H���D�O-
�W�L�W�X�G�L�Q�D�O���J�U�D�G�L�H�Q�W���I�U�R�P�����������W�R�������������P���D���V���O�����7�K�H���F�D�W�F�K�P�H�Q�W���L�V�����������I�R�U�H�V�W�H�G�����Z�L�W�K���1�R�U�Z�D�\��
spruce (�3�L�F�H�D���D�E�L�H�V (L.)) and European beech (�)�D�J�X�V���V�\�O�Y�D�W�L�F�D L.) being the dominant spe-
cies (BEUDERT & GIETL 2015�������6�L�Q�F�H���������������E�D�U�N���E�H�H�W�O�H�����,�S�V���W�\�S�R�J�U�D�S�K�X�V L.) damaged spruce 
�I�R�U�H�V�W�V���R�Q�����������R�I���W�K�H���F�D�W�F�K�P�H�Q�W���D�U�H�D���D�Q�G���F�R�Q�Y�H�U�W�H�G���W�K�H�P���L�Q�W�R���Y�D�U�\�L�Q�J���V�X�F�F�H�V�V�L�R�Q���V�W�D�J�H�V��
with rapidly growing young spruce (BEUDERT 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 
�S�U�R�S�R�U�W�L�R�Q���R�I���6�W�U�D�K�O�H�U�¶�V���V�W�U�H�D�P���R�U�G�H�U�V���W�R���U�H�À�H�F�W���W�K�H�L�U���U�H�D�O���S�U�R�S�R�U�W�L�R�Q���Z�L�W�K�L�Q���W�K�H���F�D�W�F�K�P�H�Q�W����
sites not to be too far from roads or footpath to avoid disturbing protected landscape; and 
�¿�Q�D�O�O�\�����W�K�H���Q�X�P�E�H�U���R�I���V�L�W�H�V���Q�R�W���W�R���H�[�F�H�H�G�����������7�K�H���V�D�P�H���D�S�S�U�R�D�F�K���Z�D�V���D�S�S�O�L�H�G���L�Q���W�K�H���X�S�S�H�U��
�9�\�G�U�D���F�D�W�F�K�P�H�Q�W���L�Q���W�K�H���â�X�P�D�Y�D���1�D�W�L�R�Q�D�O���3�D�U�N���Z�K�H�U�H���������V�L�W�H�V���Z�H�U�H���V�H�O�H�F�W�H�G�����,�Q���F�R�Q�W�U�D�V�W���W�R��
�W�K�H���*�U�R�‰�H���2�K�H�����W�K�H���Q�H�W�Z�R�U�N���R�I���9�\�G�U�D���L�V���O�H�V�V���G�H�Q�V�H���D�Q�G���V�W�U�H�D�P�V���D�U�H���U�D�W�K�H�U���O�R�Z���V�O�R�S�L�Q�J�����À�R�Z-

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 succession stages and large 
area of raised bogs with dense growth of �3�L�Q�X�V × �S�V�H�X�G�R�S�X�P�L�O�L�R (Willk.) Beck.  

Main streams draining the Bavarian Forest NP (BF streams)

�6�W�U�H�D�P���Q�H�W�Z�R�U�N���L�Q���W�K�H���%�)�1�3���L�V���G�R�P�L�Q�D�W�H�G���E�\���U�D�S�L�G���K�H�D�G�Z�D�W�H�U���V�W�U�H�D�P�V���Z�L�W�K���F�R�D�U�V�H���W�R���Y�H�U�\��
�F�R�D�U�V�H�� �E�H�G�� �V�X�E�V�W�U�D�W�X�P���� �À�R�Z�L�Q�J�� �R�Q�� �K�H�W�H�U�R�J�H�Q�H�R�X�V�� �D�Q�G�� �V�W�H�H�S�� �W�H�U�U�D�L�Q���� �7�K�H�� �O�D�U�J�H�V�W���V�W�U�H�D�P�V��
draining the area are only between four- and six-meter wide. Ten streams along the NW to 
�6�(���E�R�U�G�H�U���R�I���W�K�H���%�)�1�3���Z�H�U�H���L�Q�Y�H�V�W�L�J�D�W�H�G�����)�L�J�����������7�D�E�O�H���������L�Q���R�U�G�H�U���W�R���E�U�L�Q�J���W�K�H���G�D�W�D���R�Q���P�D�F-
roinvertebrate variability to help to establish the design of the systematic monitoring of 

Fig. 3. Photos of different stream habitats investigated. A – 33_brook with impoundment 2, B – 11_Ra-
�F�K�H�O�V�F�K�D�F�K�W�H�Q�E�D�F�K���������&���±�����B�7�L�H�I�H���6�H�L�J�H���������'���±�������B�6�H�H�E�D�F�K���������(���±�������B�*�U�R�‰�H���2�K�H���������)���±�������B�5�H�V�F�K�E�D�F�K�����V�H�H��
Table 1 for more information on these sites).
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streams along the altitudinal gradient. Altitude and type of streams were similar, i.e. epi- to 
metarhitral streams (average stream width 6 m) with coarse, stones and boulders dominat-
�L�Q�J�����E�H�G���V�X�E�V�W�U�D�W�H���D�Q�G���D�O�W�L�W�X�G�H���D�E�R�X�W�����������P���D���V���O�������)�L�J�����������7�D�E�O�H�����������6�R�P�H���R�I���W�K�H���V�W�U�H�D�P�V���Z�H�U�H��
�U�L�F�K���R�Q���D�T�X�D�W�L�F���P�R�V�V�H�V�����:�D�W�H�U���K�D�G���Q�H�D�U���Q�H�X�W�U�D�O���S�+�����F�X�U�U�H�Q�W���Y�H�O�R�F�L�W�\���Z�D�V���U�H�O�D�W�L�Y�H�O�\���K�L�J�K�����D�Y-
erage velocity 0.67 m.s�í���������Z�L�W�K���W�X�U�E�X�O�H�Q�W���À�R�Z���L�Q���D�O�O���V�W�U�H�D�P�V����

Literature data

Comparison of our data collected in 2015 with studies covering the entire Bavarian Forest 
(PITSCH���������������D�Q�G���1�L�H�G�H�U�E�D�\�H�U�Q����SCHULTE & WEINZIERL���������������L�V���F�R�P�S�O�L�F�D�W�H�G���D�V���W�K�H���V�W�X�G�L�H�V��
include only the total list of species for the entire area of the Bavarian Forest, i.e. including 
low altitude streams outside the National Park and in the Danube valley. Therefore, only 
species recorded by our study and both above-mentioned faunistic studies were included in 
Table 3. Direct comparison is possible only with SCHÖLL�����������������D�Q�G��KIF�ØINGER et  al . (2004) 
that studied the GO catchment (Tables 3, 4). SCHÖLL�����������������V�W�X�G�L�H�G���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V���D�W��������
�V�W�U�H�D�P�V���L�Q���W�K�H���*�2���F�D�W�F�K�P�H�Q�W�����L�Q�F�O�X�G�H�G���D�O�V�R���L�Q���R�X�U���V�W�X�G�\�����L�Q�����������±�������������L���H�����L�Q���W�K�H���S�H�U�L�R�G���R�I��
strong acidification. KIF�ØINGER �H�W ���D�O �������������������L�Q�F�O�X�G�H�G���G�D�W�D���I�U�R�P���D�F�L�G�L�¿�F�D�W�L�R�Q���P�R�Q�L�W�R�U�L�Q�J���R�I��
�I�R�X�U�� �V�W�U�H�D�P�V�� �L�Q�� �W�K�H�� �*�U�R�‰�H�� �2�K�H�� �F�D�W�F�K�P�H�Q�W�� ���6�H�H�E�D�F�K���� �9�R�U�G�H�U�H�U�� �6�F�K�D�F�K�W�H�Q�E�D�F�K���� �+�L�Q�W�H�U�H�U��
�6�F�K�D�F�K�W�H�Q�E�D�F�K�����*�U�R�‰�H���2�K�H�����L�Q�����������±�������������L���H�����S�H�U�L�R�G���D�I�W�H�U���W�K�H���I�R�U�H�V�W���G�L�H�E�D�F�N�����%�R�W�K���V�W�X�G�L�H�V��
concerned with all macroinvertebrates except for Chironomidae, which were not determined. 
Later reports of the acidification monitoring (SCHAUMBURG et  al . 2010, HOFFMANN et  al . 
2011, LFU 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 2015 at all investigated 
�V�L�W�H�V�����6�D�P�S�O�L�Q�J���Z�D�V���E�D�V�H�G���R�Q���D���V�W�D�Q�G�D�U�G���P�X�O�W�L���K�D�E�L�W�D�W���V�F�K�H�P�H���G�H�V�L�J�Q�H�G���I�R�U���V�D�P�S�O�L�Q�J���P�D�M�R�U��
in-stream habitats proportionally according to their share within the sampling section 
(AQEM CONSORTIUM 2002). Each sample consisted of 20 plots 0.25×0.25 m (1.25 m2) taken 
�I�U�R�P���D�O�O���K�D�E�L�W�D�W���W�\�S�H�V���Z�L�W�K���D���V�K�D�U�H���R�I���D�W���O�H�D�V�W���������F�R�Y�H�U�D�J�H���D�W���W�K�H���V�D�P�S�O�L�Q�J���V�L�W�H�����6�D�P�S�O�H�V���Z�H�U�H��
�W�D�N�H�Q���E�\���D���V�W�D�Q�G�D�U�G���K�\�G�U�R�E�L�R�O�R�J�L�F�D�O���K�D�Q�G���Q�H�W���Z�L�W�K�����������P�P���P�H�V�K���V�L�]�H�����6�D�P�S�O�L�Q�J���S�U�R�W�R�F�R�O���Z�D�V��
based on standard AQEM protocol. The cover of different particle sizes on the stream bed 
was visually estimated and substrate roughness was described by phi (GORDON���H�W���D�O������������������
�6�O�R�S�H���Z�D�V���P�H�D�V�X�U�H�G���X�V�L�Q�J���R�S�W�L�F�D�O���O�H�Y�H�O�����6�R�X�W�K���1�/���������D�Q�G���Z�D�W�H�U���Y�H�O�R�F�L�W�\���Z�D�V���P�H�D�V�X�U�H�G���E�\��
�)�O�R���0�D�W�H���G�H�Y�L�F�H�����0�R�G�H�O�������������� �0�D�U�V�F�K���0�F�%�L�U�Q�H�\���� �)�U�H�G�H�U�L�F�N���� �0�'���� �8�6�$������ �'�L�V�F�K�D�U�J�H���Z�D�V��
�F�D�O�F�X�O�D�W�H�G���I�U�R�P���Z�D�W�H�U���Y�H�O�R�F�L�W�\���D�Q�G���G�H�S�W�K���P�H�D�V�X�U�H�G���L�Q���D���F�U�R�V�V���W�U�D�Q�V�H�F�W���D�W���H�D�F�K���V�L�W�H�����6�D�P�S�O�H�V��
�R�I���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V���Z�H�U�H���¿�[�H�G���Z�L�W�K���I�R�U�P�D�O�G�H�K�\�G�H���D�Q�G���K�D�Q�G���V�R�U�W�H�G���X�Q�G�H�U���W�K�H���G�L�V�V�H�F�W�L�Q�J��
�P�L�F�U�R�V�F�R�S�H���L�Q���W�K�H���O�D�E�R�U�D�W�R�U�\�����6�R�U�W�H�G���L�Q�G�L�Y�L�G�X�D�O�V���Z�H�U�H���L�G�H�Q�W�L�¿�H�G���E�\���V�S�H�F�L�D�O�L�V�W�V���W�R���D�V���O�R�Z���G�H-
�W�H�U�P�L�Q�D�W�L�R�Q���O�H�Y�H�O���D�V���S�R�V�V�L�E�O�H�����7�Z�R���W�K�L�U�G�V���R�I���W�K�H���W�D�[�D���L�Q���W�K�H���¿�Q�D�O���G�D�W�D�V�H�W�V���D�U�H���V�S�H�F�L�H�V������������
species) and the remaining taxa are on higher levels, including 27 groups of species, 33 
�J�H�Q�H�U�D���D�Q�G�������V�X�E�I�D�P�L�O�L�H�V���R�U���I�D�P�L�O�L�H�V�����$�V���W�K�H���P�D�M�R�U�L�W�\���R�I���W�D�[�D���Z�D�V���L�G�H�Q�W�L�¿�H�G���W�R���W�K�H���V�S�H�F�L�H�V��
�O�H�Y�H�O�����Z�H���X�V�H���W�K�H���W�H�U�P���³�V�S�H�F�L�H�V�´���I�R�U���D�O�O���W�K�H���W�D�[�D���W�K�U�R�X�J�K�R�X�W���W�K�H���W�H�[�W�����,�G�H�Q�W�L�¿�H�G���L�Q�G�L�Y�L�G�X�D�O�V��
�Z�H�U�H���S�U�H�V�H�U�Y�H�G���L�Q�����������H�W�K�D�Q�R�O���R�U���P�R�X�Q�W�H�G���G�U�\���D�Q�G���G�H�S�R�V�L�W�H�G���D�W���W�K�H���'�H�S�D�U�W�P�H�Q�W���R�I���%�R�W�D�Q�\��
�D�Q�G���=�R�R�O�R�J�\�����0�D�V�D�U�\�N���8�Q�L�Y�H�U�V�L�W�\���L�Q���%�U�Q�R�����2�Q�O�\���R�O�L�J�R�F�K�D�H�W�H�V�����Z�K�L�F�K���Z�H�U�H���Q�R�W���D�E�X�Q�G�D�Q�W����
�Z�H�U�H���Q�R�W���G�H�W�H�U�P�L�Q�H�G���D�Q�G���D�U�H���Q�R�W���L�Q�F�O�X�G�H�G���L�Q���W�K�H���G�D�W�D�V�H�W�����6�H�P�L�T�X�D�Q�W�L�W�D�W�L�Y�H���V�D�P�S�O�L�Q�J���Z�D�V��
supplemented by collecting of Plecoptera and Trichoptera adults by sweeping of riparian 
vegetation.

�6�D�P�S�O�H�V���R�I���Z�D�W�H�U���I�R�U���K�\�G�U�R�F�K�H�P�L�F�D�O���D�Q�D�O�\�V�H�V���Z�H�U�H���W�D�N�H�Q���D�O�R�Q�J���Z�L�W�K���W�K�H���V�D�P�S�O�L�Q�J���R�I���P�D�F-
�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V���L�Q���W�K�H���*�U�R�‰�H���2�K�H���F�D�W�F�K�P�H�Q�W�����D�Q�G���D�O�V�R���L�Q���W�K�H���9�\�G�U�D���F�D�W�F�K�P�H�Q�W�������Q�R�W���L�Q���W�K�H���%�)��
streams. Only one-shot sampling of water completed within ten days after the snowmelt-
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�Z�D�W�H�U���R�X�W�À�R�Z���L�V���D�Y�D�L�O�D�E�O�H���G�X�H���W�R���U�H�V�W�U�L�F�W�H�G���H�Q�W�U�D�Q�F�H���W�R���W�K�H���D�U�H�D�����Z�K�L�F�K���L�V���V�L�W�X�D�W�H�G���L�Q���W�K�H���F�R�U�H��
zone of both national parks. The area, with abundant fallen trees, windthrows and dead 
wood, is not safely accessible before the snowmelt in spring and the entrance is strictly re-
stricted due to nesting of capercaillie (�7�H�W�U�D�R���X�U�R�J�D�O�O�X�V�����X�Q�W�L�O���W�K�H���H�Q�G���R�I���-�X�O�\�����6�K�R�U�W�O�\���D�I�W�H�U��
�W�K�H���V�D�P�S�O�L�Q�J�����Z�D�W�H�U���V�D�P�S�O�H�V���Z�H�U�H���¿�O�W�H�U�H�G���W�K�U�R�X�J�K�����������—�P���S�R�U�H���V�L�]�H���J�O�D�V�V���¿�E�U�H���¿�O�W�H�U�V�����0�1��
GF5) for the analyses of dissolved compounds. Dissolved organic carbon (DOC) was ana-

Table 2. Environmental characteristics of the 48 sites in the Große Ohe catchment and 10 main rivers dra-
ining the Bohemian Forest NP.

Variables
GO catchment �%�)���V�W�U�H�D�P�V

mean min. max. mean min. max.

Altitude (m a.s.l.) 876 760 �������� 785 678 877

Discharge (m3.s–1) 0.05077 0.00004 0.43153 0.31655 0.03806��������������

Average width (m) 1.7 0.3 6.0 5.8 2.5 10.0

�6�O�R�S�H�������� 8.8 0.4 25.6 2.8 0.8 5.2

Max. velocity (m3.s–1) 0.74 0.20 1.53 1.26 0.78 1.67

Average velocity (m3.s–1) 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

�3�R�R�O�V�������� 32 0 ���� 15 5 60

�S�+���� 5.6 4.5 6.4 6.4 5.7 7.1

�&�R�Q�G�X�F�W�L�Y�L�W�\�����—�6���F�P–1) 18 12 36 24 17 35

ANC (µmol.l–1) 31 �í���� 206 – – –

Al i (µg/l–1) 40 0 201 – – –

DOC (mg.l–1) ������ 0.5 34.2 – – –

TN (mg.l–1) 0.5 0.2 1.1 – – –

TP (µg/l–1) ������ 0.8 �������� – – –

Cl- (mg.l–1) 0.4 0.2 2.4 – – –

�6�24
2- (mg.l–1) 2.1 0.4 4.8 – – –

Na+ (mg.l–1) 1.0 0.4 2.1 – – –

K+ (mg.l–1) 0.3 0.1 0.7 – – –

Ca2+ (mg.l–1) 1.1 0.4 ������ – – –

Mg2+ (mg.l–1) 0.4 0.2 0.8 – – –

O2 (mg.l–1) 10.6 ������ 11.5 8.3 7 11

�2�[�\�J�H�Q���V�D�W�X�U�D�W�L�R�Q��������101 86 106 104 103 106

Temperature (°C) 8.5 6.0 12.0 11.2 10.4 11.4

phi �í������ �í������ �í������ �í������ �í������ �í������

�0�D�F�U�R�S�K�\�W�H�V�������� 6 0 30 �� 5 20

�'�H�D�G���Z�R�R�G�������� 8 5 30 0 0 0

�&�3�2�0�������� 14 5 40 6 5 10

�)�3�2�0�������� 8 5 20 10 10 10



182

�O�\�V�H�G���L�Q���W�K�H���¿�O�W�U�D�W�H���Z�L�W�K���D���/�L�T�X�L�7�2�&���D�Q�D�O�\�V�H�U�����)�R�V�V���+�H�U�D�H�X�V�������'�L�V�V�R�O�Y�H�G���S�K�R�V�S�K�D�W�H�����3d) was 
determined by the molybdate method after perchloric acid digestion and acid neutralising 
�F�D�S�D�F�L�W�\�� ���$�1�&���� �E�\�� �*�U�D�Q�� �W�L�W�U�D�W�L�R�Q���� �)�U�D�F�W�L�R�Q�D�W�L�R�Q�� �R�I�� �$�O�� �Z�D�V�� �D�Q�D�O�\�V�H�G�� �L�Q�� �¿�O�W�H�U�H�G�� �V�D�P�S�O�H�V����
Ionic Al (Al i) was obtained as the difference between dissolved and organically-bound Al. 
Concentrations of major ions were analysed by ion chromatography. All concentrations used 
in this study were above the detection limits and accuracy of the analyses was checked using 
ion balance control including ionic Al forms and organic acid anions for each sample accord-
ing to K �2�3�È�ý�(�. et  al . (2000). More details on the analytical methods, their accuracy, and 
precision are given in K �2�3�È�ý�(�. et  al . (2004).

Data evaluation

Differences in the species richness and abundance at sites of GO catchment and BF streams 
�Z�H�U�H���W�H�V�W�H�G���E�\���Q�R�Q���S�D�U�D�P�H�W�U�L�F���0�D�Q�Q���:�K�L�W�Q�H�\���8���W�H�V�W�����5�D�U�H�I�D�F�W�L�R�Q���F�X�U�Y�H�V���Z�H�U�H���S�H�U�I�R�U�P�H�G���W�R��
evaluate the possible impact of different number of individuals on species richness in the 
�G�D�W�D�V�H�W�V�����)�R�U���H�D�F�K���V�D�P�S�O�L�Q�J���V�L�W�H�����D�F�L�G���F�O�D�V�V���V�F�R�U�H�G���E�\���V�S�H�F�L�H�V���Z�D�V���F�D�O�F�X�O�D�W�H�G�����6�S�H�F�L�H�V���Z�L�W�K��
unknown affiliation to acid classes based on BRAUKMANN  & BISS (2004) were excluded from 
the analysis. Two approaches of acid class assessment were used: (i) Based on maximum 
sensitivity of bioindicators – species are cumulatively added from acid sensitive to acid very 
resistant till the threshold is reached. Calculation is based on abundance classes of species 
(according to ALF���H�W���D�O�������������������Z�K�H�Q���W�K�U�H�V�K�R�O�G���L�V���������R�U���E�D�V�H�G���R�Q���G�R�P�L�Q�D�Q�F�H���R�I���V�S�H�F�L�H�V�����Z�K�H�Q��
�W�K�U�H�V�K�R�O�G���L�V������������BRAUKMANN  2001, BRAUKMANN  & BISS 2004). (ii) Based on the composi-
�W�L�R�Q���R�I���D�O�O���F�O�D�V�V�L�¿�H�G���V�S�H�F�L�H�V���Z�K�H�Q���W�K�H���D�F�L�G���F�O�D�V�V���H�[�S�U�H�V�V�H�V���P�H�D�Q���Y�D�O�X�H���R�I���D�F�L�G���F�O�D�V�V�H�V���V�F�R�U�H�G��
by all species included in the analysis. The value is weighted average of acid class based on 
species abundances.

Multidimensional statistic methods were used to describe the variability in species data 
�I�U�R�P���W�K�H���*�2���F�D�W�F�K�P�H�Q�W���D�Q�G���%�)���V�W�U�H�D�P�V�����1�R�Q���0�H�W�U�L�F���0�X�O�W�L�G�L�P�H�Q�V�L�R�Q�D�O���6�F�D�O�L�Q�J�����1�0�'�6����
�Z�D�V���X�V�H�G���W�R���S�U�R�M�H�F�W���V�L�W�H�V���L�Q�������G�L�P�H�Q�V�L�R�Q�D�O���R�U�G�L�Q�D�W�L�R�Q���V�S�D�F�H�����1�0�'�6���Z�D�V���F�D�O�F�X�O�D�W�H�G���R�Q���%�U�D�\��
Curtis dissimilarity matrix obtained from ln(x+1) transformed species data. We applied 
�1�0�'�6���Y�L�D���D���Z�U�D�S�S�H�U���I�X�Q�F�W�L�R�Q���P�H�W�D�0�'�6���R�I���W�K�H���Y�H�J�D�Q���S�D�F�N�D�J�H����OKSANEN et  al . 2017), which 
�S�H�U�I�R�U�P�V���V�H�Y�H�U�D�O���U�D�Q�G�R�P���V�W�D�U�W�V���D�Q�G���U�R�W�D�W�H�V���W�K�H���¿�Q�D�O���S�U�R�M�H�F�W�L�R�Q���V�R���W�K�D�W���W�K�H���Y�D�U�L�D�Q�F�H���L�V���P�D�[�L-
�P�L�]�H�G���R�Q���W�K�H���¿�U�V�W���G�L�P�H�Q�V�L�R�Q�����2�Q�F�H���W�K�H���1�0�'�6���R�U�G�L�Q�D�W�L�R�Q���Z�D�V���¿�Q�D�O�L�]�H�G�����Z�H���V�H�D�U�F�K�H�G���I�R�U��
environmental variables that would enable the interpretation of general gradients repre-
�V�H�Q�W�H�G���E�\���1�0�'�6���G�L�P�H�Q�V�L�R�Q�V���X�V�L�Q�J���Y�L�V�X�D�O�L�V�D�W�L�R�Q���W�H�F�K�Q�L�T�X�H�V���D�Q�G���E�\���¿�W�W�L�Q�J���V�P�R�R�W�K���V�X�U�I�D�F�H�V��
onto the ordination via Generalized Additive Models (GAM). We also searched for species 
that best followed these gradients with the same methods, but with expected Poisson distrib-
uted errors. Environmental variables for constrained ordinations were selected based on 
�6�S�H�D�U�P�D�Q���F�R�U�U�H�O�D�W�L�R�Q�V�����9�D�U�L�D�E�O�H�V���Z�L�W�K���5�!�����������Z�H�U�H���H�[�F�O�X�G�H�G���I�U�R�P���W�K�H���D�Q�D�O�\�V�H�V�����)�R�U�Z�D�U�G��
selection was performed to select variables explaining the highest percent of variability for 
db-RDA (via ordiR2step function of the vegan package, OKSANEN et al. 2017).  

All statistical analyses were carried out in R (R CORE TEAM 2017) using the following 
packages: “vegan” (OKSANEN et al. 2017), “ggplot2” (WICKHAM �����������������³�+�P�L�V�F�´����HARRELL 
2017), “RColorBrewer” (NEUWIRTH 2014) and “goeveg” (GORAL & SCHELLENBERG 2017). 

RESULTS

�*�2���F�D�W�F�K�P�H�Q�W���D�Q�G���%�)���V�W�U�H�D�P�V�����V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���D�Q�G���D�E�X�Q�G�D�Q�F�H

In total, 40,682 individuals and 184 species were recorded in the BF streams and GO catch-
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 – stark gefährdet) or vulner-
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able (3 – gefährdet) species based on the Bavarian/German Red list (BINOT� � �H�W� � �D�O� �� � � �� �� �� �� �� �
ANONYMUS 2005) were found: �$�P�H�O�H�W�X�V���L�Q�R�S�L�Q�D�W�X�V (3/2), �5�K�L�W�K�U�R�J�H�Q�D���K�H�U�F�\�Q�L�D (–/2), Perla 
marginata (3/3), and �/�H�X�F�W�U�D���D�O�S�L�Q�D (3/3), �%�U�D�F�K�\�F�H�Q�W�U�X�V �P�R�Q�W�D�Q�X�V (3/–), �+�\�G�U�R�S�V�\�F�K�H �V�L�O�I��
venii (3/2), �'�U�X�V�X�V���F�K�U�\�V�R�W�X�V (3/3), and �&�K�D�H�W�R�S�W�H�U�\�[���P�D�M�R�U (3/3). The total number of spe-
cies was higher in the GO catchment (168 species) than in the BF streams (130 species). 
�+�R�Z�H�Y�H�U�����K�L�J�K�H�U���V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���S�H�U���V�L�W�H�����L���H�����D�O�S�K�D���G�L�Y�H�U�V�L�W�\�����Z�D�V���I�R�X�Q�G���L�Q���W�K�H���%�)���V�W�U�H�D�P�V��
���0�D�Q�Q���:�K�L�W�Q�H�\���8���W�H�V�W�����S�����������������)�L�J�����������Z�K�L�F�K���L�Q�G�L�F�D�W�H�V���K�L�J�K�H�U���K�D�E�L�W�D�W���K�H�W�H�U�R�J�H�Q�H�L�W�\���W�K�H�U�H����
�7�K�H���W�R�W�D�O���D�E�X�Q�G�D�Q�F�H���S�H�U���D���V�L�W�H���Z�D�V���D�O�V�R���K�L�J�K�H�U���L�Q���W�K�H���%�)���V�W�U�H�D�P�V�����0�D�Q�Q���:�K�L�W�Q�H�\���8���W�H�V�W�����S��
� �����������������)�L�J�������������+�L�J�K�H�U���Q�X�P�E�H�U���R�I���V�S�H�F�L�H�V���I�R�X�Q�G���L�Q���W�K�H���*�2���F�D�W�F�K�P�H�Q�W���Z�D�V���L�Q�À�X�H�Q�F�H�G���P�R�U�H��
by higher beta diversity within the catchment than higher number of individuals found, as 
the rarefaction curves reach their asymptotes (Fig. 5). The most species-rich groups were 
Chironomidae and Trichoptera (Table 5). Less species of Chironomidae, Coleoptera, and 
Plecoptera were found in the BF streams than in the GO catchment. 

�$�E�X�Q�G�D�Q�F�H���R�I���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V���L�Q���W�K�H���*�2���F�D�W�F�K�P�H�Q�W���Z�D�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���F�R�U�U�H�O�D�W�H�G���Z�L�W�K��
�W�K�U�H�H���P�X�W�X�D�O�O�\���U�H�O�D�W�H�G���Y�D�U�L�D�E�O�H�V�����S�R�V�L�W�L�Y�H�O�\���Z�L�W�K���S�+���D�Q�G���$�1�&�����D�Q�G���Q�H�J�D�W�L�Y�H�O�\���Z�L�W�K���$�Oi con-
�F�H�Q�W�U�D�W�L�R�Q�����7�D�E�O�H�����������$�E�X�Q�G�D�Q�F�H���L�Q�F�U�H�D�V�H�G���Z�L�W�K���L�Q�F�U�H�D�V�L�Q�J���S�+���E�H�L�Q�J���Y�D�U�L�D�E�O�H���D�E�R�Y�H�����������D�W��
sites with different ANC, while it was variable in Ali from 0 to 53 µg.l�í�� and steeply de-
�F�U�H�D�V�H�G���L�Q���L�W�V���K�L�J�K�H�U���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�����)�L�J�������������6�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���Z�D�V�����K�R�Z�H�Y�H�U�����Q�R�W���F�R�U�U�H�O�D�W�H�G��
with acidity and was slightly positively related to discharge and negatively to coarse particu-
late organic matter (CPOM) in the substrate (Table 6). Relations of species richness and 
abundance were not evaluated in the BF streams because of low number of sites. 

Composition of macroinvertebrate assemblages and its relation to environmental 
variables

GO catchment

�6�W�U�H�D�P���Q�H�W�Z�R�U�N���R�I���W�K�H���*�2���F�D�W�F�K�P�H�Q�W���L�Q�F�O�X�G�H�G���U�H�O�D�W�L�Y�H�O�\���Z�L�G�H���U�D�Q�J�H���R�I���V�W�U�H�D�P���V�L�]�H�V�����I�U�R�P��
small streamlets 0.3 m wide with discharge 4.10�í�� m3.s�í�� to a 6-m-wide stream with dis-

Fig. 4. Comparison of species richness and abundance between the GO catchment and BF streams.
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charge 0.4 m3.s�í�� (Fig. 3, Table 2). The sites covered wide altitudinal gradient, from 760 to 
�����������P���D���V���O�������D�Q�G���Y�D�U�L�R�X�V���V�O�R�S�H���R�I���W�H�U�U�D�L�Q�����������±�����������������:�D�W�H�U���F�K�H�P�L�V�W�U�\���L�Q���W�K�H���*�2���F�D�W�F�K-
�P�H�Q�W���Z�D�V���L�Q�À�X�H�Q�F�H�G���E�\���D�F�L�G�L�¿�F�D�W�L�R�Q���D�Q�G���F�K�D�Q�J�H�V���F�D�X�V�H�G���E�\���W�K�H���I�R�U�H�V�W���G�L�H�E�D�F�N���D�Q�G���I�R�O�O�R�Z�L�Q�J��
�G�H�Y�H�O�R�S�P�H�Q�W���R�I���I�R�U�H�V�W���Z�L�W�K�L�Q���W�K�H���D�U�H�D�����7�K�H���Y�D�U�L�D�E�L�O�L�W�\���L�Q���$�1�&�����U�D�Q�J�H�����í�������W�R�����������—�P�R�O���O–1) 
�Z�D�V���S�D�U�W�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�O�W�L�W�X�G�H�����6�S�H�D�U�P�D�Q���F�R�U�U�H�O�D�W�L�R�Q���5��� ���í�������������D�Q�G���V�O�L�J�K�W�O�\���D�O�V�R���Z�L�W�K��
the concentration of ionic Ali (0–201 µg.l�í��, R = 0.37). The sites were relatively variable in 
�W�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���W�R�W�D�O���S�K�R�V�S�K�R�U�X�V�����7�3�����������±�����������—�J���O�í��) and, particularly, DOC (0.5–34.2 
mg.l�í���������E�R�W�K���Z�H�U�H���Q�H�J�D�W�L�Y�H�O�\���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���D�O�W�L�W�X�G�H�����í�����������L�Q���7�3���D�Q�G���í�����������L�Q���'�2�&����

Main gradients in species data were associated with stream size (average stream width, 
�G�H�S�W�K�����D�Q�G���À�R�Z���Y�H�O�R�F�L�W�\�����D�Q�G���D�F�L�G�L�F���F�R�Q�G�L�W�L�R�Q�V�����$�1�&�����S�+�����D�Q�G���$�Oi) linked with altitude (Fig. 
7). Water conductivity and substrate (phi and CPOM) were partly independent on them as 

Fig. 5.���6�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���R�I���W�K�H���*�2���F�D�W�F�K�P�H�Q�W���D�Q�G���%�)���V�W�U�H�D�P�V���P�R�G�H�O�O�H�G���E�\���U�D�U�H�I�D�F�W�L�R�Q���F�X�U�Y�H�V�����7�K�H���W�U�D�Q�V�S�D-
�U�H�Q�W���D�U�H�D���D�U�R�X�Q�G���D���F�X�U�Y�H���U�H�S�U�H�V�H�Q�W�V�����������F�R�Q�¿�G�H�Q�F�H���L�Q�W�H�U�Y�D�O��

Fig. 6.���5�H�O�D�W�L�R�Q���R�I���V�S�H�F�L�H�V���D�E�X�Q�G�D�Q�F�H�����D�Q�G���S�+���D�Q�G���$�Oi at the GO catchment. Different size of circles shows 
ANC. 
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they can differ in streams of similar size and acid conditions (Fig. 7). Conductivity repre-
sented mainly the concentrations of cations (Ca, Na, K, and less Mg), Cl, and TP, because it 
�Z�D�V�� �V�W�U�R�Q�J�O�\�� ���5�!������������ �F�R�U�U�H�O�D�W�H�G�� �Z�L�W�K�� �W�K�H�P���� �$�Y�H�U�D�J�H�� �Y�H�O�R�F�L�W�\�� ���V�L�J�Q�L�¿�F�D�Q�W�O�\�� �F�R�U�U�H�O�D�W�H�G��
���5�!�������������Z�L�W�K���V�W�U�H�D�P���Z�L�G�W�K���D�Q�G���G�L�V�F�K�D�U�J�H�������S�+�����F�R�U�U�H�O�D�W�H�G���Z�L�W�K���$�1�&�����5��� �����������������D�Q�G���V�O�R�S�H��
���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���D�O�W�L�W�X�G�H�����5��� ���������������H�[�S�O�D�L�Q�H�G���������������R�I���Y�D�U�L�D�E�L�O�L�W�\���L�Q���V�S�H�F�L�H�V���G�D�W�D�����7�D�E�O�H����������

Fig. 7.���7�K�H���1�0�'�6���R�U�G�L�Q�D�W�L�R�Q���G�L�D�J�U�D�P�V���V�K�R�Z�L�Q�J���Y�D�U�L�D�E�O�H�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���¿�W�W�H�G���L�Q�W�R���W�K�H���R�U�G�L�Q�D�W�L�R�Q���R�I���V�D�P�S�O�H�V��
of the GO catchment. The size and colour of the symbols are proportional to the measured values of the 
�Y�D�U�L�D�E�O�H�V���� �Z�K�L�O�H���W�K�H���F�R�Q�W�R�X�U���O�L�Q�H�V���L�Q�G�L�F�D�W�H���W�K�H�L�U���¿�W���L�Q�W�R���W�K�H���R�U�G�L�Q�D�W�L�R�Q���� �3�K�L���Y�D�O�X�H���G�H�F�U�H�D�V�H�V���Z�L�W�K���L�Q�F�U�H�D�V�L�Q�J��
roughness of bed substrate.
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Table 4. List of species reported by SCHÖLL�����������������D�Q�G��KIF�ØINGER et al. (2004) from the GO catchment not 
found in our study. 

Group / species SCHÖLL���������� KIFINGER et al. 2004 acid class
Crustacea
�1�L�S�K�D�U�J�X�V��sp. + 4
Ephemeroptera
�(�S�K�H�P�H�U�H�O�O�D���L�J�Q�L�W�D��Poda, 1761 + 1
�/�H�S�W�R�S�K�O�H�E�L�D���P�D�U�J�L�Q�D�W�D��(Linnaeus, 1767) + 3
�/�H�S�W�R�S�K�O�H�E�L�D���Y�H�V�S�H�U�W�L�Q�D��(Linnaeus, 1758) + 3
Odonata
�$�H�V�K�Q�D���F�\�D�Q�H�D�����0�•�O�O�H�U�������������� +
�3�\�U�U�K�R�V�R�P�D���Q�\�P�S�K�X�O�D�����6�X�O�]�H�U�������������� +
Plecoptera
�$�P�S�K�L�Q�H�P�X�U�D���V�W�D�Q�G�I�X�V�V�L�����5�L�V�������������� + 4
�&�D�S�Q�L�D���Y�L�G�X�D���.�O�D�S�i�O�H�N������������ + + 3
�/�H�X�F�W�U�D���D�X�W�X�P�Q�D�O�L�V���$�X�E�H�U�W������������ + 4
�/�H�X�F�W�U�D���G�L�J�L�W�D�W�D���.�H�P�S�Q�\������������ + 3
�/�H�X�F�W�U�D���K�D�Q�G�O�L�U�V�F�K�L���.�H�P�S�Q�\������������ +
�/�H�X�F�W�U�D���S�V�H�X�G�R�V�L�J�Q�L�I�H�U�D���$�X�E�H�U�W������������ + +
�/�H�X�F�W�U�D���U�D�X�V�F�K�H�U�L���$�X�E�H�U�W������������ + 4
�1�H�P�R�X�U�D���F�D�P�E�U�L�F�D���6�W�H�S�K�H�Q�V������������ + + 5
�1�H�P�R�X�U�D���P�R�U�W�R�Q�L���5�L�V������������ +
�3�U�R�W�R�Q�H�P�X�U�D���P�R�Q�W�D�Q�D���.�L�P�P�L�Q�V������������ + 2
�3�U�R�W�R�Q�H�P�X�U�D���Q�L�W�L�G�D�����3�L�F�W�H�W�������������� + 3
�3�U�R�W�R�Q�H�P�X�U�D���U�L�V�L�����-�D�F�R�E�V�R�Q���	���%�L�D�Q�F�K�L��������������+
�6�L�S�K�R�Q�R�S�H�U�O�D���P�R�Q�W�D�Q�D��(Pictet, 1841) +
Heteroptera
�*�H�U�U�L�V sp. +
Trichoptera
�$�F�U�R�S�K�\�O�D�[���]�H�U�E�H�U�X�V��Brauer, 1867 +
�$�G�L�F�H�O�O�D���U�H�G�X�F�W�D��(McLachlan, 1865) + 3
�%�H�U�D�H�D���S�X�O�O�D�W�D��(Curtis, 1834) + 3
�(�F�F�O�L�V�R�S�W�H�U�\�[���J�X�W�W�X�O�D�W�D��(Pictet, 1834) + 3
�*�O�R�V�V�R�V�R�P�D���L�Q�W�H�U�P�H�G�L�X�P�����.�O�D�S�i�O�H�N�������������� + 2
�/�L�P�Q�H�S�K�L�O�X�V���F�H�Q�W�U�D�O�L�V��Curtis, 1834 +
�/�\�S�H���S�K�D�H�R�S�D�����6�W�H�S�K�H�Q�V�������������� +
�1�R�W�L�G�R�E�L�D���F�L�O�L�D�U�L�V��(Linnaeus, 1761) +
�3�D�U�D�F�K�L�R�Q�D���S�L�F�L�F�R�U�Q�L�V (Pictet, 1834) + 4
�3�K�L�O�R�S�R�W�R�P�X�V���P�R�Q�W�D�Q�X�V��(Donovan, 1813) + 3
�3�R�O�\�F�H�Q�W�U�R�S�X�V���À�D�Y�R�P�D�F�X�O�D�W�X�V��(Pictet, 1834) +
�3�V�H�X�G�R�S�V�L�O�R�S�W�H�U�\�[���]�L�P�P�H�U�L��(McLachlan, 1876) + + 4
�3�V�L�O�R�S�W�H�U�\�[���S�V�R�U�R�V�D��(Kolenati, 1860) + 2
�:�R�U�P�D�O�G�L�D���W�U�L�D�Q�J�X�O�L�I�H�U�D��McLachlan, 1878 +
Coleoptera
�'�H�U�R�Q�H�F�W�H�V���S�O�D�W�\�Q�R�W�X�V��(Germar, 1834) + + 3
�(�O�P�L�V���U�L�H�W�V�F�K�H�O�L���6�W�H�I�I�D�Q������������ +
�+�\�G�U�R�S�R�U�X�V���Q�L�J�U�L�W�D�����)�D�E�U�L�F�L�X�V�������������� +
�2�X�O�L�P�Q�L�X�V���W�X�E�H�U�F�X�O�D�W�X�V�����3�����:�����-�����0�•�O�O�H�U��������������+
�3�O�D�W�D�P�E�X�V���P�D�F�X�O�D�W�X�V (Linnaeus, 1758) +
Diptera
�$�W�K�H�U�L�[���L�E�L�V�����)�D�E�U�L�F�X�V�������������� + 3



������

�2�W�K�H�U���V�L�J�Q�L�¿�F�D�Q�W���I�D�F�W�R�U�V�����L���H�����&�3�2�0�����F�R�Q�G�X�F�W�L�Y�L�W�\�����$�Oi, and average depth explained up to 
�������R�I���Y�D�U�L�D�E�L�O�L�W�\���L�Q���V�S�H�F�L�H�V���G�D�W�D�����7�D�E�O�H��������

�7�K�H���G�L�D�J�U�D�P���R�I���V�S�H�F�L�H�V���E�H�V�W���¿�W�W�H�G���W�R���1�0�'�6���R�U�G�L�Q�D�W�L�R�Q�����)�L�J�����������H�P�S�K�D�V�L�]�H�G���P�D�L�Q�O�\���V�S�H-
cies of mid-altitude and near neutral conditions of larger streams. They included mainly 
�F�R�P�P�R�Q���U�K�L�W�K�U�D�O���V�S�H�F�L�H�V�����W�K�H���V�W�R�Q�H�À�L�H�V���$�P�S�K�L�Q�H�P�X�U�D���V�X�O�F�L�F�R�O�O�L�V, �/�H�X�F�W�U�D���L�Q�H�U�P�L�V��Gr., and 
�3�U�R�W�R�Q�H�P�X�U�D���D�X�V�W�U�L�D�F�D/�L�Q�W�U�L�F�D�W�D, and running water beetles �(�O�P�L�V rioloides and���/�L�P�Q�L�X�V��
perrisi�����6�P�D�O�O���E�U�R�R�N�V���K�D�G���X�V�X�D�O�O�\���O�R�Z�H�U���V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V�����7�D�E�O�H���������D�Q�G���W�K�H�L�U���D�V�V�H�P�E�O�D�J�H�V���D�U�H��
likely a subset of those at more species-rich sites. Only few species were characteristic for 
�V�P�D�O�O���V�W�U�H�D�P�V���Z�L�W�K���O�R�Z���S�+���D�Q�G���K�L�J�K�H�U���$�Oi (Fig. 8): �1�H�P�R�X�U�D���F�L�Q�H�U�H�D,���$�J�D�E�X�V���J�X�W�W�D�W�X�V, and 

Table 5. Number of species found in different macroinvertebrate groups in the GO catchment and BF 
�V�W�U�H�D�P�V�����5�D�U�H�¿�H�G���Q�X�P�E�H�U���R�I���V�S�H�F�L�H�V���I�R�U���W�K�H���*�2���F�D�W�F�K�P�H�Q�W���L�V���L�Q���W�K�H���E�U�D�F�N�H�W�V����

Group GO catchment �%�)���V�W�U�H�D�P�V 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

Fig. 8.���2�U�G�L�Q�D�W�L�R�Q���G�L�D�J�U�D�P���R�I���V�S�H�F�L�H�V���L�Q���W�K�H���*�2���F�D�W�F�K�P�H�Q�W�����2�Q�O�\���V�S�H�F�L�H�V���Z�L�W�K���I�U�H�T�X�H�Q�F�\�����!�����D�Q�G���¿�W���!���������D�U�H��
displayed and the font size is proportional to the square root of their total abundance.
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�3�O�H�F�W�U�R�F�Q�H�P�L�D���J�H�Q�L�F�X�O�D�W�D���Z�H�U�H���F�O�D�V�V�L�¿�H�G���D�V���W�R�O�H�U�D�Q�W���V�S�H�F�L�H�V���D�G�D�S�W�H�G���W�R���V�W�U�R�Q�J���D�F�L�G�L�W�\�����7�D�E�O�H��
���������6�P�D�O�O�����E�X�W���O�H�V�V���D�F�L�G�L�F���V�W�U�H�D�P�V���Z�H�U�H���L�Q�K�D�E�L�W�H�G���E�\���F�U�H�Q�R�E�L�R�Q�W���$�J�D�S�H�W�X�V���I�X�V�F�L�S�H�V sensitive 
to acidity. �*�D�P�P�D�U�X�V���I�R�V�V�D�U�X�P was abundant 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 sites belonged to acid class 2, 
predominantly neutral to episodically weakly acidic streams, however, with almost two 
times more streams of acid classes 3 and 4 in assessment based on dominance than abun-
�G�D�Q�F�H���F�O�D�V�V�H�V�����)�L�J�������������%�D�V�H�G���R�Q���D�O�O���F�O�D�V�V�L�¿�H�G���V�S�H�F�L�H�V�����Z�H�L�J�K�W�H�G���D�Y�H�U�D�J�H�������P�R�V�W���V�W�U�H�D�P�V���Z�H�U�H��
�F�O�D�V�V�L�¿�H�G���D�V���S�H�U�L�R�G�L�F�D�O�O�\���F�U�L�W�L�F�D�O�O�\���D�F�L�G�L�F�����D�F�L�G���F�O�D�V�V�����������+�R�Z�H�Y�H�U�����F�R�Q�V�L�G�H�U�D�E�O�H���Q�X�P�E�H�U���R�I��

Table 6.���6�S�H�D�U�P�D�Q���F�R�U�U�H�O�D�W�L�R�Q�V���R�I���V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V�����D�E�X�Q�G�D�Q�F�H���D�Q�G���D�F�L�G���F�O�D�V�V���R�I���W�K�H���*�2���V�L�W�H�V���Z�L�W�K���H�Q�Y�L�U�R�Q-
�P�H�Q�W�D�O���Y�D�U�L�D�E�O�H�V�����6�L�J�Q�L�¿�F�D�Q�W���F�R�U�U�H�O�D�W�L�R�Q�V���D�U�H���L�Q���E�R�O�G�����S��������������

Variables Species 
richness

Total  
abundance

Acid class –  
abundance

Acid class –  
dominance

Acid class –  
weighted average

Altitude �í�������� �í�������� 0.36 0.23 ��������
�6�O�R�S�H �í�������� �í�������� 0.27 0.13 ��������
�S�+ 0.34 0.67 �í�������� �í�������� �í��������
Conductivity 0.05 0.27 �í�������� �í�������� �í��������
Temperature 0.23 �������� �í�������� �í�������� �í��������
O2 0.14 0.06 �í�������� �í�������� �í��������
O2 saturation 0.11 �í�������� 0.08 0.00 0.20
DOC 0.15 0.01 0.14 0.31 0.18
TN �í�������� �í�������� �í�������� �í�������� �í��������
TP 0.33 0.42 �í�������� �í�������� �í��������
ANC 0.33 0.61 �í�������� �í�������� �í��������
Cl�í �í�������� 0.14 �í�������� �í�������� �í��������
�6�24

���í 0.17 0.12 �í�������� �í�������� �í��������
Na+ 0.26 0.42 �í�������� �í�������� �í��������
K+ �í�������� 0.20 �í�������� �í�������� �í��������
Ca2+ 0.21 0.35 �í�������� �í�������� �í��������
Mg2+ 0.06 0.20 �í�������� �í�������� �í��������
Al i �í�������� �í�������� 0.44 0.49 0.52
Discharge 0.50 0.25 �í�������� �í�������� 0.02
Pools proportion �í�������� �í�������� 0.20 �������� 0.12
Max. velocity 0.36 0.16 �í�������� �í�������� 0.08
Average velocity 0.42 0.24 �í�������� �í�������� 0.00
Max. depth �������� 0.12 �í�������� 0.00 0.21
Average depth 0.28 0.12 �í�������� 0.06 0.22
Average width 0.41 0.24 �í�������� �í�������� 0.12
Phi �í�������� 0.06 �í�������� �í�������� �í��������
Macrophytes �í�������� �í�������� �������� 0.13 0.13
Wood �í�������� �í�������� 0.11 0.05 0.17
CPOM �í�������� �í�������� 0.21 0.02 �í��������
FPOM 0.10 �í�������� 0.16 0.16 0.02

Species richness – 0.61 �í�������� �í�������� �í��������
Total abundance 0.61 – �í�������� �í�������� �í��������
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sites fell into periodically strongly acidic and permanently very acidic (acid classes 4 and 5) 
���)�L�J�����������L�Q�G�L�F�D�W�L�Q�J���V�W�U�R�Q�J���E�L�R�W�L�F���F�K�D�Q�J�H�V���F�D�X�V�H�G���E�\���D�F�L�G�L�¿�F�D�W�L�R�Q�����5�H�O�D�W�L�R�Q���R�I���D�F�L�G���F�O�D�V�V���Z�L�W�K��
water acidity measured at the sites was very weak in the acid class based on abundance 
�F�O�D�V�V�H�V�����7�D�E�O�H�����������V�K�R�Z�L�Q�J���Y�H�U�\���Z�L�G�H���H�[�W�H�Q�W���R�I���S�+���D�Q�G���P�D�L�Q�O�\���$�1�&���D�W���W�K�H���V�L�W�H�V���R�I���D�F�L�G���F�O�D�V�V��
2 (Fig. 10). The strongest relation was found in the acid class based on weighted average 
�Z�K�L�F�K���V�L�J�Q�L�¿�F�D�Q�W�O�\���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���Z�D�W�H�U���S�+���D�Q�G���$�1�&�����5��� ���í���������������D�Q�G���$�Oi (R = 0.52) (Table 
6, Fig. 10). Acid class of sites were not correlated with stream size or any habitat property, 
and, importantly, neither with altitude nor slope (Table 6).  

BF streams

Main gradients in species data were associated with altitude, terrain topography (slope) 
�F�O�R�V�H�O�\���O�L�Q�N�H�G���Z�L�W�K���V�X�E�V�W�U�D�W�H���U�R�X�J�K�Q�H�V�V�����S�K�L�����D�Q�G���V�K�D�U�H���R�I���S�R�R�O�V�����D�Q�G���Z�D�W�H�U���S�+�����)�L�J���������������7�K�H��
�F�R�P�S�R�V�L�W�L�R�Q���R�I���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H���D�V�V�H�P�E�O�D�J�H�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���F�K�D�Q�J�H�G���I�U�R�P���V�W�H�H�S���V�L�W�H�V���Z�L�W�K��
�E�R�X�O�G�H�U���V�W�R�Q�\���V�X�E�V�W�U�D�W�H���D�Q�G���G�R�P�L�Q�D�W�L�Q�J���U�L�I�À�H�V���W�R���O�R�Z���V�O�R�S�H���V�L�W�H�V���Z�L�W�K���¿�Q�H�U���V�X�E�V�W�U�D�W�X�P���D�Q�G��
�H�T�X�D�O���V�K�D�U�H���R�I���U�L�I�À�H�V���D�Q�G���S�R�R�O�V�����V�D�P�S�O�H�V���D�U�U�D�Q�J�H�G���I�U�R�P���U�L�J�K�W���W�R���O�H�I�W���L�Q���W�K�H���G�L�D�J�U�D�P�V�����)�L�J��������������
�0�R�V�W���L�Q�À�X�H�Q�W�L�D�O���Y�D�U�L�D�E�O�H���L�Q���G�E���5�'�$���Z�D�V���S�K�L�����V�W�U�R�Q�J�O�\���Q�H�J�D�W�L�Y�H�O�O�\���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���V�O�R�S�H���D�Q�G��
�P�D�F�U�R�S�K�\�W�H�V���F�R�Y�H�U�����5���í�������������Z�K�L�F�K���H�[�S�O�D�L�Q�H�G���������������Y�D�U�L�D�E�L�O�L�W�\���L�Q���V�S�H�F�L�H�V���G�D�W�D�����:�D�W�H�U���F�R�Q-
�G�X�F�W�L�Y�L�W�\�����V�L�J�Q�L�¿�F�D�Q�W�O�\���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���S�+���D�Q�G���D�O�W�L�W�X�G�H�����5��� �������������D�Q�G���í�������������H�[�S�O�D�L�Q�H�G������������
variability in species data (Table 7). 

�7�K�H���G�L�D�J�U�D�P���Z�L�W�K���W�K�H���V�S�H�F�L�H�V���E�H�V�W���¿�W�W�H�G���W�R���W�K�L�V���R�U�G�L�Q�D�W�L�R�Q�����)�L�J�������������V�K�R�Z�H�G���D���Q�X�P�H�U�R�X�V��
group of species associated with the middle part of the gradient (moderately-slope streams 
with stony substrate) including mainly common and abundant rhithral species (�(�O�P�L�V ri ��
oloides,�� �(�V�R�O�X�V�� �D�Q�J�X�V�W�D�W�X�V,�� �3�U�R�W�R�Q�H�P�X�U�D�� �D�X�V�W�U�L�D�F�D/�L�Q�W�U�L�F�D�W�D, �$�P�S�K�L�Q�H�P�X�U�D�� �V�X�O�F�L�F�R�O�O�L�V, 
�3�R�O�\�F�H�O�L�V��sp., etc.) and some species with narrower habitat requirements being sensitive to 
organic pollution and higher temperatures (�+�\�G�U�R�S�V�\�F�K�H �W�H�Q�X�L�V,���5�K�\�D�F�R�S�K�L�O�D���W�U�L�V�W�L�V,���5�K�L��
�W�K�U�R�J�H�Q�D�� �K�H�U�F�\�Q�L�D). Low-slope gravel streams were preferred by �1�L�J�U�R�E�D�H�W�L�V�� �P�X�W�L�F�X�V, 
�$�Q�R�P�D�O�R�S�W�H�U�\�J�H�O�O�D �F�K�D�X�Y�L�Q�L�D�Q�D, �2�U�W�K�R�F�O�D�G�L�X�V�� �U�X�E�L�F�X�Q�G�X�V Gr., and �(�O�P�L�V�� �P�D�X�J�H�W�L�L. The 
�V�H�F�R�Q�G���J�U�D�G�L�H�Q�W���V�K�R�Z�H�G���W�K�H���Y�D�U�L�D�E�L�O�L�W�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���D�O�W�L�W�X�G�H���D�Q�G���Z�D�W�H�U���S�+�����6�L�W�H�V���D�W��
�K�L�J�K�H�U���D�O�W�L�W�X�G�H�V���K�D�G���O�R�Z�H�U���S�+�����D�O�W�K�R�X�J�K���L�W�V���U�D�Q�J�H���Z�D�V���Q�R�W���Z�L�G�H�����I�U�R�P�����������W�R���������������6�S�H�F�L�H�V���D�V-

Table 7. Results of the db-RDA with forward selection on GO catchment and BF streams. Cumulative value 
�R�I���D�G�M�X�V�W�H�G���5���V�T�X�D�U�H�G�����S�H�U�F�H�Q�W�D�J�H���R�I���H�[�S�O�D�L�Q�H�G���Y�D�U�L�D�E�L�O�L�W�\�����)���U�D�W�L�R�����D�Q�G���S���Y�D�O�X�H���D�U�H���V�K�R�Z�Q���I�R�U���H�D�F�K���V�L�J�Q�L�¿�F�D�Q�W��
variable. 

Variables R2
�D�G�M Explained variability (%) F-ratio p-value

GO catchment
Average velocity 0.10360 10.36 6.4322 0.002
�S�+ �������������� ���������� 6.4886 0.002
�6�O�R�S�H 0.25170 5.254 ������������ 0.002
Conductivity 0.27212 2.042 ������������ 0.004
CPOM �������������� ���������� ������������ 0.002
Al i 0.31388 2.225 2.3620 0.004
Average depth �������������� ���������� ������������ 0.008
���$�O�O���Y�D�U�L�D�E�O�H�V�! ��������������

�%�)���V�W�U�H�D�P�V
Phi 0.18121 18.12 ������������ 0.006
Conductivity 0.27181 �������� ������������ 0.020
���$�O�O���Y�D�U�L�D�E�O�H�V�! 0.50624
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Fig. 9.���$�F�L�G���F�O�D�V�V�H�V���R�I���W�K�H���V�L�W�H�V���L�Q���W�K�H���*�2���F�D�W�F�K�P�H�Q�W���F�D�O�F�X�O�D�W�H�G���E�\���W�K�U�H�H���G�L�I�I�H�U�H�Q�W���P�H�W�K�R�G�V�����6�L�W�H�V���D�U�H���V�R�U�W�H�G���E�\��
�S�+���D�Q�G���$�1�&�����$�F�L�G���F�O�D�V�V�H�V���������±���S�U�H�G�R�P�L�Q�D�Q�W�O�\���Q�H�X�W�U�D�O���W�R���H�S�L�V�R�G�L�F�D�O�O�\���Z�H�D�N�O�\���D�F�L�G�L�F���V�W�U�H�D�P�V���������±���S�H�U�L�R�G�L�F�D�O�O�\��
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 periodically acidic waters, such 
as �5�K�\�D�F�R�S�K�L�O�D praemorsa, �5. glareosa, �$�P�H�O�H�W�X�V �L�Q�R�S�L�Q�D�W�X�V�����+�H�W�H�U�R�W�U�L�V�V�R�F�O�D�G�L�X�V���P�D�U�F�L�G�X�V��
(Table 3). All of them are pollution sensitive, with very low saprobic index (MOOG 2002, 
GRAF et  al . 2008, ZAHRÁDKOVÁ  et  al . 2009).

Acid classes of sites calculated by three different methods showed fairly different results. 
The acid classes based on abundance classes showed half and half streams belonging to acid 
�F�O�D�V�V�������D�Q�G���D�F�L�G���F�O�D�V�V���������Z�K�H�U�H�D�V���W�K�H���D�F�L�G���F�O�D�V�V�H�V���E�D�V�H�G���R�Q���G�R�P�L�Q�D�Q�F�H���F�O�D�V�V�L�¿�H�G���D�O�O���V�L�W�H�V���D�V��
�D�F�L�G���F�O�D�V�V���������)�L�J���������������7�K�H���V�W�U�L�F�W�H�V�W���P�H�W�K�R�G�����E�D�V�H�G���R�Q���Z�H�L�J�K�W�H�G���D�Y�H�U�D�J�H�����F�O�D�V�V�L�¿�H�G���D�O�O���V�L�W�H�V���D�V��
acid class 3, except for Große Ohe 3 belonging to acid class 4 (Fig. 10). 

DISCUSSION

The two sets of data included in this study cover the variability in stream types and their 
environmental attributes, as well as main patterns in macroinvertebrate diversity in the 
BFNP. The BF streams contain “the largest” streams in the area with sampling sites located 
near the border of the BFNP, i.e. at the lower altitude of the monitored stream biodiversity 
(Fig. 2). The main outcome of this study is to provide the data on the array of species rele-
vant for future systematic monitoring focusing on altitudinal shifts in species distribution 
and variability in the assemblages relevant for planning of the monitoring design. The GO 
catchment represents a typical example of stream network common at the area, i.e. steep, 
richly branching network with diverse forest in the catchment (Figs. 1, 2), being a model 
�V�\�V�W�H�P���I�R�U���V�W�U�H�D�P���E�L�R�G�L�Y�H�U�V�L�W�\���P�R�Q�L�W�R�U�L�Q�J���L�Q���W�K�H���%�R�K�H�P�L�D�Q���)�R�U�H�V�W�����6�D�P�S�O�L�Q�J���V�L�W�H�V���Z�H�U�H���O�R-
�F�D�W�H�G���H�Y�H�Q�O�\���Z�L�W�K�L�Q���W�K�H���F�D�W�F�K�P�H�Q�W���D�Q�G���W�K�H�L�U���6�W�U�D�K�O�H�U�¶�V���R�U�G�H�U�V���S�U�R�S�R�U�W�L�R�Q�D�O�O�\���F�R�U�U�H�V�S�R�Q�G���W�R��
�U�H�D�O���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���6�W�U�D�K�O�H�U�¶�V���R�U�G�H�U�V���Z�L�W�K�L�Q���W�K�H���F�D�W�F�K�P�H�Q�W�����F�I�����)�L�J�������������7�K�X�V�����G�D�W�D���R�Q���N�H�\���H�F�R-
logical gradients and diversity patterns found in the GO catchment are aimed to provide a 
detailed insight into the structuring of macroinvertebrate assemblages on the local scale. 

Fig. 10. Relation of acid classes of the sites in the GO catchment calculated by three different methods with 
�S�+���D�Q�G���$�1�&��
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Species richness and abundance of macroinvertebrates and their relation to 
�D�F�L�G�L�¿�F�D�W�L�R�Q

The BF streams provide heterogeneous environment for variety of rhitral species resulting 
in higher alpha diversity and abundance of macroinvertebrates than in the GO catchment 
���)�L�J�������������Z�K�H�U�H���D�O�S�K�D���G�L�Y�H�U�V�L�W�\���L�V���S�R�V�L�W�L�Y�H�O�\���U�H�O�D�W�H�G���W�R���W�K�H���V�W�U�H�D�P���V�L�]�H�����L���H�����V�L�J�Q�L�¿�F�D�Q�W�O�\���F�R�U-
�U�H�O�D�W�H�V���Z�L�W�K���Z�D�W�H�U���G�L�V�F�K�D�U�J�H�����D�Y�H�U�D�J�H���Y�H�O�R�F�L�W�\�����D�Q�G���V�W�U�H�D�P���Z�L�G�W�K�������+�L�J�K�H�U���J�D�P�P�D���G�L�Y�H�U�V�L�W�\��
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 mainly to higher environ-
�P�H�Q�W�D�O���Y�D�U�L�D�E�L�O�L�W�\���D�P�R�Q�J���V�L�W�H�V���U�H�V�X�O�W�L�Q�J���L�Q���K�L�J�K�H�U���E�H�W�D���G�L�Y�H�U�V�L�W�\�����5�D�U�H�¿�H�G���V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���L�V��
153.2±1.8 species found for 10,328 individuals examined in the GO catchment comparing to 
130 species in the BF streams (Fig. 5). Within the GO catchment, species richness (and total 
abundance) is not related to altitude, but rather to stream type and amount of CPOM (Table 
6). Likewise, main gradient in species composition of assemblages is related to stream type 
�±���V�W�U�H�D�P���V�L�]�H���D�Q�G���À�R�Z���Y�H�O�R�F�L�W�\�����)�L�J������������ �,�W���H�P�S�K�D�V�L�]�H�V���W�K�H���Q�H�F�H�V�V�L�W�\���W�R���L�Q�F�O�X�G�H���V�X�I�¿�F�L�H�Q�W��
number of replicates of same stream types in the altitudinal transects studied in the monitor-
�L�Q�J���R�I���V�W�U�H�D�P���E�L�R�G�L�Y�H�U�V�L�W�\�����6�D�P�S�O�L�Q�J���V�L�W�H�V���D�G�G�H�G���R�Q���V�L�G�H���E�U�D�Q�F�K�H�V���I�U�R�P�����������W�R�����������P���D���V���O����
(see Fig. 2) differing from a stream type of a main stream in each transect, are well-sup-
ported.

�6�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���R�I���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V���L�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���U�H�O�D�W�H�G���W�R���Z�D�W�H�U���S�+���D�Q�G���W�R�[�L�F���$�O��
concentrations in acidic streams (e.g. GUEROLD et  al . 2000, BALDIGO et  al . 2009, TRAISTER et  
al. 2013), although the relation cannot be apparent in naturally acidic streams (DANGLES et  
al. 2004�������,�Q���W�K�H���*�2���F�D�W�F�K�P�H�Q�W�����V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���L�V�����V�X�U�S�U�L�V�L�Q�J�O�\�����Q�R�W���L�Q�À�X�H�Q�F�H�G���E�\���V�W�U�H�D�P��
�D�F�L�G�L�W�\�����S�+�����$�1�&���R�U���$�Oi�����R�U���D�O�W�L�W�X�G�H���Z�K�L�F�K���L�V���D�O�L�J�Q�H�G���Z�L�W�K���W�K�H���H�I�I�H�F�W�V���R�I���D�F�L�G�L�¿�F�D�W�L�R�Q���L�Q���W�K�H��
�U�H�J�L�R�Q�����7�K�H���*�2���F�D�W�F�K�P�H�Q�W���K�D�V���E�H�H�Q���Z�L�W�K�R�X�W���D�Q�\���G�R�X�E�W�V���D�I�I�H�F�W�H�G���E�\���W�K�H���D�F�L�G�L�¿�F�D�W�L�R�Q���V�L�Q�F�H��
�W�K�H���P�L�G�����������V����SCHÖLL ������������LFW��������������ALEWELL et  al . 2001, KIF�ØINGER et  al . 2004, SCHAUM-

Fig. 11.�� �7�K�H�� �1�0�'�6�� �R�U�G�L�Q�D�W�L�R�Q�� �G�L�D�J�U�D�P�V�� �V�K�R�Z�L�Q�J�� �Y�D�U�L�D�E�O�H�V�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �¿�W�W�H�G�� �L�Q�W�R�� �W�K�H�� �R�U�G�L�Q�D�W�L�R�Q�� �R�I�� �%�)��
streams species data. The size and colour of the symbols are proportional to the measured values of the 
�Y�D�U�L�D�E�O�H�V���� �Z�K�L�O�H���W�K�H���F�R�Q�W�R�X�U���O�L�Q�H�V���L�Q�G�L�F�D�W�H���W�K�H�L�U���¿�W���L�Q�W�R���W�K�H���R�U�G�L�Q�D�W�L�R�Q���� �3�K�L���Y�D�O�X�H���G�H�F�U�H�D�V�H�V���Z�L�W�K���L�Q�F�U�H�D�V�L�Q�J��
roughness of bed substrate. 
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BURG et  al . 2010�������$�F�L�G���V�H�Q�V�L�W�L�Y�H���¿�V�K���D�Q�G���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V�����S�D�U�W�L�F�X�O�D�U�O�\���P�D�\�À�L�H�V and���*�D�P��
�P�D�U�X�V���I�R�V�V�D�U�X�P) died out locally and their absence and/or low abundance and species-rich-
ness were documented especially at higher altitudes of the BFNP (SCHÖLL 1987, 1989). The 
�O�R�Q�J���W�H�U�P���D�F�L�G�L�¿�F�D�W�L�R�Q���P�R�Q�L�W�R�U�L�Q�J���G�R�F�X�P�H�Q�W�H�G���J�U�D�G�X�D�O���L�Q�F�U�H�D�V�H���R�I���V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���D�O�R�Q�J��
�Z�L�W�K���L�Q�F�U�H�D�V�L�Q�J���S�+���D�Q�G���G�H�F�U�H�D�V�L�Q�J���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���P�L�Q�L�P�D�O���D�Q�G���P�D�[�L�P�D�O���D�Q�Q�X�D�O���S�+���L�Q��
�*�U�R�‰�H���2�K�H���D�Q�G���9�R�U�G�H�U�H�U���6�F�K�D�F�K�W�H�Q�E�D�F�K����SCHAUMBURG et  al . 2010). In contrast, this gradual 
�U�H�F�R�Y�H�U�\���O�H�D�G�L�Q�J���W�R���U�H�O�D�W�L�Y�H�O�\���D�G�Y�D�Q�F�H�G���S�K�D�V�H���R�I���U�H�F�R�Y�H�U�\���L�Q���W�K�H���O�D�W�H�������������Z�D�V���I�R�O�O�R�Z�H�G���E�\��
�S�U�R�Q�R�X�Q�F�H�G���G�H�W�H�U�L�R�U�D�W�L�R�Q���R�I���Z�D�W�H�U���F�K�H�P�L�V�W�U�\���G�X�H���W�R���I�R�U�H�V�W���G�L�H�E�D�F�N���L�Q���W�K�H���F�D�W�F�K�P�H�Q�W�V���R�I���6�H�H-
�E�D�F�K���D�Q�G���+�L�Q�W�H�U�H�U���6�F�K�D�F�K�W�H�Q�E�D�F�K����SCHAUMBURG et  al . 2010). It caused temporary decrease of 
�P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H���V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V���L�Q���6�H�H�E�D�F�K���D�Q�G���+�L�Q�W�H�U�H�U���6�F�K�D�F�K�W�H�Q�E�D�F�K����SCHAUMBURG et  
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-
�Y�L�U�R�Q�P�H�Q�W�D�O�� �¿�O�W�H�U�� �W�R�� �V�W�U�X�F�W�X�U�H�� �V�S�H�F�L�H�V�� �U�L�F�K�Q�H�V�V�� �Z�L�W�K�L�Q�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\�� �K�H�W�H�U�R�J�H�Q�H�R�X�V��
stream network of Große Ohe.

�7�R�W�D�O���D�E�X�Q�G�D�Q�F�H���R�I���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V�����X�Q�O�L�N�H���W�K�H�L�U���V�S�H�F�L�H�V���U�L�F�K�Q�H�V�V�����L�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���U�H-
�O�D�W�H�G���W�R���$�1�&�����S�+���D�Q�G���$�Oi�����)�L�J�������������7�K�H���U�H�O�D�W�L�R�Q���L�V���Q�R�Q���O�L�Q�H�D�U�����D�E�X�Q�G�D�Q�F�H���L�V���O�R�Z���X�S���W�R���S�+��
about 5.5 and then steeply increases being highest at sites with high ANC. Likewise, abun-
dance is variable, related to ANC, in Ali concentration from 0 to 53 µg.l�í��, and dramatically 
decreases in Ali>53. It clearly demonstrates persisting effect of Al toxicity on macroinverte-
brates. The highest Ali concentration, extremal within our dataset, is 201 µg.l�í�� in “Tiefe 
�6�H�L�J�H�����´�����7�,�6�(�������Q�U�����������Z�K�L�F�K���K�D�V���W�K�H���O�R�Z�H�V�W���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H���D�E�X�Q�G�D�Q�F�H���������������,�W���L�V���F�R�P�S�D-
�U�D�E�O�H���Z�L�W�K���V�W�U�R�Q�J�O�\���D�F�L�G�L�¿�H�G���V�W�U�H�D�P�V���Z�L�W�K���H�[�W�U�H�P�H���K�\�G�U�R�F�K�H�P�L�V�W�U�\�����S�+�����±���������D�Q�G���$�Oi be-
tween 0.2 and 2.0 mg.l–1) in the Czech Republic (HORECKÝ et al. 2006, 2013), which are in-
habited only by extremely acid-tolerant species (�/�H�X�F�W�U�D�� �Q�L�J�U�D, �1�H�P�X�U�H�O�O�D �S�L�F�W�H�W�L�L, 
�3�O�H�F�W�U�R�F�Q�H�P�L�D �F�R�Q�V�S�H�U�V�D, and �&�R�U�\�Q�R�Q�H�X�U�D spp.) (HORECKÝ et al. 2006). 

Fig. 12.���2�U�G�L�Q�D�W�L�R�Q���G�L�D�J�U�D�P���R�I���V�S�H�F�L�H�V���L�Q���W�K�H���%�)���V�W�U�H�D�P�V�����2�Q�O�\���V�S�H�F�L�H�V���Z�L�W�K���I�U�H�T�X�H�Q�F�\���!�����D�Q�G���¿�W���!���������D�U�H��
displayed and the font size is proportional to the square root of their total abundance.
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�&�R�P�P�X�Q�L�W�\���F�R�P�S�R�V�L�W�L�R�Q���R�I���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V�����L�P�S�R�U�W�D�Q�W���J�U�D�G�L�H�Q�W�V���D�Q�G���D�F�L�G���V�W�D�W�X�V��
of streams  

The main compositional gradient in species data in the BF streams, which are environmen-
tally relatively similar each other, is aligned with substrate roughness (Fig. 11). Composition 
�R�I���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H���D�V�V�H�P�E�O�D�J�H�V���G�L�I�I�H�U�V���I�U�R�P���V�O�R�S�L�Q�J���.�O�H�L�Q�H�U���5�H�J�H�Q���D�Q�G���+�L�U�V�F�K�E�D�F�K���D�E�R�Y�H��
�)�U�D�X�H�Q�D�X���G�U�L�Q�N�Z�D�W�H�U���U�H�V�H�U�Y�R�L�U���D�Q�G���6�D�J�Z�D�V�V�H�U�����V�W�U�H�D�P�V���Z�L�W�K���O�D�U�J�H���V�W�R�Q�H�V���G�R�P�L�Q�D�W�L�Q�J���L�Q���E�H�G��
�V�X�E�V�W�U�D�W�H�����W�R���O�R�Z���V�O�R�S�L�Q�J���*�U�R�‰�H���2�K�H���Q�H�D�U���5�L�H�G�O�K�•�W�W�H�����¿�Q�H���J�U�D�Y�H�O���G�R�P�L�Q�D�W�H�G���V�X�E�V�W�U�D�W�H�������)�L�J����
���������� �6�X�E�V�W�U�D�W�H���U�R�X�J�K�Q�H�V�V���H�[�S�O�D�L�Q�V���������� �R�I�� �Y�D�U�L�D�E�L�O�L�W�\���L�Q���V�S�H�F�L�H�V���G�D�W�D�����:�D�W�H�U���F�R�Q�G�X�F�W�L�Y�L�W�\����
�V�H�F�R�Q�G���V�L�J�Q�L�¿�F�D�Q�W���I�D�F�W�R�U���H�[�S�O�D�L�Q�L�Q�J���������R�I���Y�D�U�L�D�E�L�O�L�W�\���L�Q���V�S�H�F�L�H�V���G�D�W�D�����O�L�N�H�O�\���H�[�S�U�H�V�V���W�K�H���G�L�I-
ference in water quality among catchments resulting from different bedrock and land cover. 
Composition of macroinvertebrate assemblages is, naturally, more complex in the GO catch-
�P�H�Q�W�����0�R�V�W���L�P�S�R�U�W�D�Q�W���I�D�F�W�R�U�V���V�K�D�S�L�Q�J���P�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H���D�V�V�H�P�E�O�D�J�H�V���D�U�H���D�Y�H�U�D�J�H���À�R�Z���Y�H-
�O�R�F�L�W�\���D�Q�G���Z�D�W�H�U���S�+���Z�K�L�F�K���U�H�S�U�H�V�H�Q�W���W�Z�R���P�D�L�Q���L�Q�G�H�S�H�Q�G�H�Q�W���J�U�D�G�L�H�Q�W�V���L�Q���V�S�H�F�L�H�V���G�D�W�D�����)�L�J����
���������7�K�H���U�H�P�D�L�Q�L�Q�J���¿�Y�H���V�L�J�Q�L�¿�F�D�Q�W���I�D�F�W�R�U�V�����V�O�R�S�H�����Z�D�W�H�U���F�R�Q�G�X�F�W�L�Y�L�W�\�����&�3�2�0�����$�Oi, and average 
stream depth) determine local environmental conditions in different parts of the network. 
�0�D�F�U�R�L�Q�Y�H�U�W�H�E�U�D�W�H�V���D�U�H���L�Q�À�X�H�Q�F�H�G���E�\���O�R�F�D�O���F�D�W�F�K�P�H�Q�W���S�U�R�S�H�U�W�L�H�V�����V�X�F�K���D�V���O�R�F�D�O���W�H�U�U�D�L�Q���W�R-
�S�R�J�U�D�S�K�\���G�H�W�H�U�P�L�Q�L�Q�J���P�R�U�S�K�R�O�R�J�\���R�I���V�W�U�H�D�P�V�����I�R�U�H�V�W���V�W�U�X�F�W�X�U�H���L�Q�À�X�H�Q�F�L�Q�J���W�K�H���D�P�R�X�Q�W���R�I��
�&�3�2�0���L�Q���V�W�U�H�D�P�V�����D�Q�G���D�O�V�R���Z�D�W�H�U���F�K�H�P�L�V�W�U�\�����7�K�H���V�L�J�Q�L�¿�F�D�Q�W���H�I�I�H�F�W���R�I���Z�D�W�H�U���F�R�Q�G�X�F�W�L�Y�L�W�\���F�D�Q��
�E�H���L�Q�W�H�U�S�U�H�W�H�G���D�V���S�R�V�V�L�E�O�H���L�Q�À�X�H�Q�F�H���R�I���Q�X�W�U�L�H�Q�W�V�����F�D�W�L�R�Q�V�����D�Q�G���&�O�����E�H�F�D�X�V�H���W�K�H�V�H���D�U�H���V�L�J�Q�L�¿-
�F�D�Q�W�O�\���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���F�R�Q�G�X�F�W�L�Y�L�W�\�����'�H�W�D�L�O�H�G���L�Q�V�L�J�K�W���W�R���W�K�H���U�R�O�H���R�I���O�R�F�D�O���L�Q�À�X�H�Q�F�H�V�����F�D�W�F�K-
ment properties as well as spatial structuring on the macroinvertebrate assemblages within 
the GO network require further study. 

Composition of macroinvertebrate assemblages in the Bohemian Forest streams have been 
studied mainly to describe and assess the effect of acidification (R�#�ä�,�ý�.�2�9�È��������������ALEWELL 
et al. 2001, FRICOVÁ et al. 2007, SVOBODOVÁ et al. 2012, LFU�����������������$�F�L�G�L�¿�F�D�W�L�R�Q���P�R�Q�L�W�R�U�L�Q�J����
�Z�K�L�F�K���J�D�W�K�H�U�H�G���H�[�W�H�Q�V�L�Y�H���V�S�H�F�L�H�V���G�D�W�D���V�L�Q�F�H���W�K�H���H�D�U�O�\�����������V�����K�D�V���E�H�H�Q���F�R�Q�F�H�Q�W�U�D�W�H�G���S�U�L�P�D�U-
ily on evaluation of species richness and acid status of streams, and their temporal changes 
(e.g. SCHAUMBURG et al. 2010, LFU 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 reached (BRAUKMANN  & BISS�����������������,�Q���W�K�H�����������V�����D�F�L�G���V�W�D�W�X�V���R�I��
streams in the Bavarian Forest ranged from permanently very acidic (acid class 5 – Rachelsee 
�L�Q�O�H�W�V���� �D�Q�G���S�H�U�L�R�G�L�F�D�O�O�\�� �V�W�U�R�Q�J�O�\�� �D�F�L�G�L�F�����D�F�L�G���F�O�D�V�V������ �±�� �0�D�U�N�X�Q�J�V�J�U�D�E�H�Q���� �6�H�H�E�D�F�K���� �*�U�R�‰�H��
�2�K�H���� �D�Q�G�� �6�D�J�Z�D�V�V�H�U���� �W�R�� �S�H�U�L�R�G�L�F�D�O�O�\�� �F�U�L�W�L�F�D�O�O�\�� �D�F�L�G�L�F�� �V�W�U�H�D�P�V�� ���D�F�L�G�� �F�O�D�V�V�� ���� �±�� �9�R�U�G�H�U�H�U��
�6�F�K�D�F�K�W�H�Q�E�D�F�K�����+�L�Q�W�H�U�H�U���6�F�K�D�F�K�W�H�Q�E�D�F�K�����+�L�U�V�F�K�E�D�F�K�����D�Q�G���.�O�H�L�Q�H�U���5�H�J�H�Q������LFU 2015). Re-
cently (2005–2013), acid status of most streams reached class 2 (predominantly neutral to 
episodically weakly acidic) or even class 1 (continuously neutral streams) in the case of 
�+�L�U�V�F�K�E�D�F�K���D�Q�G���6�D�J�Z�D�V�V�H�U����LFU 2015). Only Rachelsee inlets remained under strong acid 
stress (acid class 4).

Evaluation of our data using the same method (i.e. scoring of species with maximal sen-
sitivity, when threshold based on sum of abundance classes of scoring species is 4) shows 
�V�D�P�H���U�H�V�X�O�W�V���L�Q���W�K�H���D�E�R�Y�H���P�H�Q�W�L�R�Q�H�G���V�W�U�H�D�P�V�����)�L�J�������������2�I���D�O�O���*�2���D�Q�G���%�)���V�W�U�H�D�P�V�����V�L�[���V�W�U�H�D�P�V��
reach even the status of continuously non-acidic streams and most streams belong to acid 
�F�O�D�V�V���������)�L�J�������������L�Q�F�O�X�G�L�Q�J���V�W�U�H�D�P�V���R�I���Y�D�U�L�R�X�V���D�F�L�G�L�W�\�����I�U�R�P���S�+�����������D�Q�G���Q�H�J�D�W�L�Y�H���$�1�&���W�R���S�+��
���������D�Q�G���S�R�V�L�W�L�Y�H���$�1�&�������7�K�X�V�����W�K�H���D�F�L�G���F�O�D�V�V���R�I���V�W�U�H�D�P�V���L�V���Q�R�W���U�H�O�D�W�H�G���W�R���S�+���D�Q�G���$�1�&���P�H�D�V-
�X�U�H�G���G�L�U�H�F�W�O�\���L�Q���W�K�H���¿�H�O�G�����7�D�E�O�H���������)�L�J���������������Z�K�L�F�K���V�X�J�J�H�V�W�V���W�K�D�W���W�K�L�V���D�V�V�H�V�V�P�H�Q�W���R�Y�H�U�H�V�W�L�P�D�W�H�V��
acid sensitive species. It is caused by quite permissive threshold, which can be reached by 
two species of acid class 2 with abundance class 2 (from 2 to 20 individuals according to ALF 
�H�W���D�O�������������������L�W���P�H�D�Q�V���L�Q���I�D�F�W���E�\���I�R�X�U���V�S�H�F�L�P�H�Q�V�����L�U�U�H�V�S�H�F�W�L�Y�H���R�I���W�K�H���U�H�V�W���R�I���V�S�H�F�L�P�H�Q�V���L�Q���W�K�H��
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sample. Thus, we calculated the acid class based on two other methods, scoring of species 
with maximal sensitivity with threshold based on species dominance (recommended method 
by BRAUKMANN  & BISS 2004) and by average acid class based on all scoring species in the 
�V�D�P�S�O�H�����Z�H�L�J�K�W�H�G���D�Y�H�U�D�J�H�������7�K�H���U�H�V�X�O�W�V���D�U�H���P�X�F�K���E�H�W�W�H�U���U�H�O�D�W�H�G���W�R���S�+���D�Q�G���$�1�&�����7�D�E�O�H���������)�L�J����
10) and show the relation of the assemblage to the acidity from different perspectives. 

Acid class assessment based on the dominance emphasizes the contribution of moder-
ately acid sensitive species scoring many streams to acid class 2, the rest being acid class 3 
���Z�L�W�K�������H�[�F�H�S�W�L�R�Q�V�������+�R�Z�H�Y�H�U�����������R�I���������V�W�U�H�D�P�V���F�O�D�V�V�L�¿�H�G���D�V���D�F�L�G���F�O�D�V�V�������Z�H�U�H���V�F�R�U�H�G���E�\���W�K�H��
�R�Q�O�\���V�S�H�F�L�H�V�����L���H�����W�K�H���U�H�P�D�L�Q�L�Q�J���V�F�R�U�L�Q�J���V�S�H�F�L�H�V���W�R�J�H�W�K�H�U���G�R���Q�R�W���U�H�D�F�K���W�K�H���W�K�U�H�V�K�R�O�G���R�I������������
The most important species is �*�D�P�P�D�U�X�V �I�R�V�V�D�U�X�P (scoring in 17 streams), following by 
Baetis �D�O�S�L�Q�X�V, �/�H�X�F�W�U�D alpina, Isoperla �J�R�H�U�W�]�L/�U�L�Y�X�O�R�U�X�P/�V�L�O�H�V�L�F�D, and �3�K�L�O�R�S�R�W�D�P�X�V �O�X�G�L��
�¿�F�D�W�X�V. The remaining 12 streams (especially six largest BF streams and Große Ohe) showed 
diverse array of (medium) acid sensitive species scoring to the acid class 2. Acid status of 
streams based on weighted average is shifted more to acidic streams, because the assem-
blages are mostly composed of individuals of acid classes 3 and 4 (cf. Table 4). This assess-
ment better recognises assemblages under strong acid stress, i.e. those dominated by acid-
�W�R�O�H�U�D�Q�W���R�U���H�X�U�\�W�R�S�L�F���V�S�H�F�L�H�V�����V�X�F�K���D�V���V�W�R�Q�H�À�L�H�V���%�U�D�F�K�\�S�W�H�U�D �V�H�W�L�F�R�U�Q�L�V, �1�H�P�R�X�U�D���F�L�Q�H�U�H�D, 
�1�H�P�X�U�H�O�O�D���S�L�F�W�H�W�L�L,���3�U�R�W�R�Q�H�P�X�U�D���D�X�E�H�U�W�L, �/�H�X�F�W�U�D���Q�L�J�U�D�����D�Q�G���F�D�G�G�L�V�À�L�H�V�����3�O�H�F�W�U�R�F�Q�H�P�L�D���F�R�Q��
spersa, �&�K�D�H�W�R�S�W�H�U�\�[���Y�L�O�O�R�V�D, which are not accompanied by moderately sensitive species. 
�:�H�D�N���S�R�L�Q�W���R�I�� �W�K�L�V���P�H�W�K�R�G���F�D�Q���E�H���W�K�H���S�U�R�S�R�U�W�L�R�Q���R�I�� �X�Q�F�O�D�V�V�L�¿�H�G���V�S�H�F�L�H�V���L�Q���H�D�F�K���V�D�P�S�O�H����
�V�L�P�L�O�D�U�O�\���D�V���W�K�H���G�H�¿�Q�L�W�L�R�Q���R�I���W�K�U�H�V�K�R�O�G���L�Q���W�K�H���P�H�W�K�R�G���E�D�V�H�G���R�Q���P�D�[�L�P�X�P���V�H�Q�V�L�W�L�Y�L�W�\���R�I���E�L�R-
indicators. Importantly, acid status of sites (assessed by all methods) is not related to alti-
tude, stream size or any habitat feature (Table 6). It indicates that macroinvertebrates are 
�L�Q�À�X�H�Q�F�H�G���E�\���D���P�R�V�D�L�F���R�I���O�R�F�D�O���F�R�Q�G�L�W�L�R�Q�V���Z�L�W�K�L�Q���W�K�H���F�D�W�F�K�P�H�Q�W���R�I�I�H�U�L�Q�J���O�R�F�D�O���U�H�I�X�J�L�D���L�Q��
different parts of the network and different altitude, which is advantageous for biotic recov-
ery.

Comparison with literature data 

Our data include about a third of species recorded by SCHULTE & WEINZIERL�� ��������������
Ephemeroptera, Plecoptera, Trichoptera, Coleoptera) and PITSCH�����������������7�U�L�F�K�R�S�W�H�U�D�����2�G�R-
nata, Crustacea) from the entire Bavarian Forest, including the area of the BFNP. SCHULTE 
& W EINZIERL�����������������I�R�X�Q�G�����������V�S�H�F�L�H�V�������������R�I���W�K�H�P���Z�H�U�H���I�R�X�Q�G���L�Q���R�X�U���V�W�X�G�\�����D�Q�G��PITSCH 
���������������I�R�X�Q�G�����������V�S�H�F�L�H�V���R�I���7�U�L�F�K�R�S�W�H�U�D�����������R�I���W�K�H�P���Z�H�U�H���I�R�X�Q�G���L�Q���R�X�U���V�W�X�G�\�����3�X�W�W�L�Q�J���D�V�L�G�H��
obvious differences in the sampling methods and more habitat types covered by these two 
studies, we can conclude that they recorded almost all species found in our study (Table 3) 
including also Ephemeroptera (�(�F�G�\�R�Q�X�U�X�V���Y�H�Q�R�V�X�V, �1�L�J�U�R�E�D�H�W�L�V���Q�L�J�H�U) and acid sensitive 
Trichoptera (e.g. �$�J�D�S�H�W�X�V���I�X�V�F�L�S�H�V, �*�O�R�V�V�R�V�R�P�D���F�R�Q�I�R�U�P�L�V) not found in the core zone of the 
BFNP in the period of strong acidification (SCHÖLL��������������KIFINGER et  al . 2004). This indi-
�F�D�W�H�V���W�K�D�W���D�F�L�G���V�H�Q�V�L�W�L�Y�H���V�S�H�F�L�H�V���K�D�G���V�R�P�H���U�H�I�X�J�L�D���R�X�W�V�L�G�H���W�K�H���D�U�H�D���L�P�S�D�F�W�H�G���E�\���D�F�L�G�L�¿�F�D�W�L�R�Q��
in that time, which could later help them to colonise recovering habitats. On the other hand, 
many acid sensitive or moderately sensitive species, which are very common and abundant 
in the Bohemian Forest (including the Czech part of the mountains), are recently still miss-
�L�Q�J���L�Q���W�K�H���*�2���F�D�W�F�K�P�H�Q�W���D�Q�G���D�O�V�R���L�Q���P�D�Q�\���%�)���V�W�U�H�D�P�V�����7�K�H�\���D�U�H�����I�R�U���L�Q�V�W�D�Q�F�H�����V�W�R�Q�H�À�L�H�V��
Perla marginata and �'�L�Q�R�F�U�D�V �F�H�S�K�D�O�R�W�H�V�����D�Q�G���P�D�\�À�L�H�V���(�S�K�H�P�H�U�D �G�D�Q�L�F�D, �&�H�Q�W�U�R�S�W�L�O�X�P 
�O�X�W�H�R�O�X�P, Torleya �P�D�M�R�U, �3�D�U�D�O�H�S�W�R�S�K�O�H�E�L�D �V�X�E�P�D�U�J�L�Q�D�W�D��(e.g. LANDA & SOLDÁN��������������SOL-
DÁN����������������

Roughly direct comparison is possible in the GO catchment, where SCHÖLL�����������������D�Q�G��
K IFINGER et  al . (2004) studied 14 sites covering the entire catchment in the period of strong 
�D�F�L�G�L�¿�F�D�W�L�R�Q���L�Q���W�K�H�������������D�Q�G���D�I�W�H�U���W�K�H���I�R�U�H�V�W���G�L�H�E�D�F�N���L�Q�����������±�������������7�R�W�D�O���Q�X�P�E�H�U���R�I���V�S�H�F�L�H�V��
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recorded by us, 113 species, is comparable with 106 species recorded by these two studies. 
We found most of species recorded by them, 51 species of 82 species recorded by SCHÖLL 
���������������D�Q�G���������V�S�H�F�L�H�V���R�I���������V�S�H�F�L�H�V���U�H�F�R�U�G�H�G���E�\��KIF�ØINGER et  al . (2004). Most  of t he species 
not recorded by us are not reliably distinguishable in larval stage (�1�H�P�R�X�U�D���F�D�P�E�U�L�F�D, �/�H�X�F��
�W�U�D���K�D�Q�G�O�L�U�V�F�K�L, L. �U�D�X�V�F�K�H�U�L, L. �S�V�H�X�G�R�V�L�J�Q�L�I�H�U�D, Wormaldia �W�U�L�D�Q�J�X�O�L�I�H�U�D), thus, can be 
included at higher taxonomic levels in our data, or cannot be captured by spring sampling 
���P�D�L�Q�O�\���V�W�R�Q�H�À�L�H�V���Z�L�W�K���H�P�H�U�J�H�Q�F�H���L�Q���V�X�P�P�H�U���D�Q�G���D�X�W�X�P�Q�����/�H�X�F�W�U�D �D�X�W�X�P�Q�D�O�L�V, L. digitata, 
�3�U�R�W�R�Q�H�P�X�U�D montana, P. nitida�����D�Q�G���W�K�H���P�D�\�À�\���(�S�K�H�P�H�U�H�O�O�D���L�J�Q�L�W�D) (Table 4). More impor-
tant difference is that our data do not include numerous crenophilic and crenobiont species, 
such as �3�D�U�D�F�K�L�R�Q�D���S�L�F�L�F�R�U�Q�L�V, Beraea �S�X�O�O�D�W�D, �3�V�L�O�R�S�W�H�U�\�[ psorosa, �$�G�L�F�H�O�O�D �U�H�G�X�F�W�D, etc., 
which indicates that we do not cover the whole (relatively high) beta diversity even by 48 
�V�L�W�H�V���Z�L�W�K�L�Q���W�K�H���*�2���F�D�W�F�K�P�H�Q�W�����9�H�U�\���V�P�D�O�O���K�H�D�G�Z�D�W�H�U�V���D�Q�G���V�S�U�L�Q�J�E�U�R�R�N�V���F�D�Q���K�D�U�E�R�X�U���X�Q�L�T�X�H��
fauna highly contrasting to the surrounding rhithral streams (H�8�%�È�ý�.�2�9�È et al. 2016) and, 
thus, they, despite their low alpha diversity, can considerably contribute to biodiversity at the 
network scale (MEYER et  al . 2007, CLARKE et  al . 2008, FINN et  al . 2011). 

Importantly, we found distinctly higher species richness of Ephemeroptera, Coleoptera 
and Diptera (Table 3) which can be interpreted as a sign of colonisation of recovering 
�V�W�U�H�D�P�V�����0�R�U�H�R�Y�H�U�����Z�H���U�H�F�R�U�G�H�G���¿�Y�H���V�S�H�F�L�H�V���F�O�D�V�V�L�¿�H�G���D�V���D�F�L�G���V�H�Q�V�L�W�L�Y�H�����S�U�H�I�H�U�U�L�Q�J���F�R�Q�W�L�Q�X-
ously neutral streams according to BRAUKMANN  & BISS 2004) not recorded by the two com-
�S�D�U�H�G���V�W�X�G�L�H�V�����Z�K�L�F�K�����K�R�Z�H�Y�H�U�����R�F�F�X�U���U�D�U�H�O�\�����P�D�\�À�L�H�V���+�D�E�U�R�O�H�S�W�R�L�G�H�V���F�R�Q�I�X�V�D��and �(�S�K�H�P�H�U��
�H�O�O�D���P�X�F�U�R�Q�D�W�D�����F�D�G�G�L�V�À�L�H�V���$�J�D�S�H�W�X�V���I�X�V�F�L�S�H�V��and �*�O�R�V�V�R�V�R�P�D���F�R�Q�I�R�U�P�L�V, and the isopod 
�$�V�H�O�O�X�V���D�T�X�D�W�L�F�X�V�������2�Q�O�\���W�Z�R���D�F�L�G���V�H�Q�V�L�W�L�Y�H���V�S�H�F�L�H�V�����W�K�H���P�D�\�À�\���(�S�K�H�P�H�U�H�O�O�D���L�J�Q�L�W�D and the 
�F�D�G�G�L�V�À�\���$�O�O�R�J�D�P�X�V���D�X�U�L�F�R�O�O�L�V, are known from the GO catchment in the period of strong 
acidification. Remarkable number of species (12) not recorded by SCHÖLL�����������������D�Q�G��KIFIN-
GER et  al . (2004) are moderately acid sensitive (preferring predominantly neutral to episodi-
cally weakly acidic conditions), e.g. �+�D�E�U�R�S�K�O�H�E�L�D �O�D�X�W�D, �5�K�L�W�K�U�R�J�H�Q�D iridina/�S�L�F�W�H�W�L, 
�5�K�L�W�K�U�R�J�H�Q�D���O�R�\�R�O�D�H�D�����$�Q�R�P�D�O�R�S�W�H�U�\�J�H�O�O�D �F�K�D�X�Y�L�Q�L�D�Q�D, Hydraena dentipes, and �,�E�L�V�L�D���P�D�U��
ginata. The most abundant moderately acid sensitive species, the amphipod �*�D�P�P�D�U�X�V���I�R�V��
�V�D�U�X�P, referred as absent at the higher altitudes by SCHÖLL (1987), is frequent and locally 
very abundant at our studied sites, but avoiding the highest altitudes. In total, SCHÖLL����������������
and KIF�ØINGER 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 3, 4). Moreover, moderately 
acid sensitive species are recently much more frequent, for example �*�D�P�P�D�U�X�V���I�R�V�V�D�U�X�P 
�D�Q�G���P�D�\�À�L�H�V�����H�[�F�H�S�W���I�R�U��B. �D�O�S�L�Q�X�V�����Z�H�U�H���I�R�X�Q�G���R�Q�O�\���L�Q�������R�I���������O�R�F�D�O�L�W�L�H�V���L�Q���W�K�H�����������V����SCHÖLL 
1987). Thus, the comparison with literature data suggests that recent macroinvertebrate as-
semblages are more diversified and dissimilar to those described by SCHÖLL (1987) and K I-
FINGER et  al . (2004).  
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