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	The aim of this study was to determine whether and to what extent flow disturbance caused by macrophyte (willows) removal influences the macroinvertebrate taxa. This problem was raised when the macrophyte removal was proposed as an instrument of impeding the eutrophication process and barrier deterioration (by willow roots) in the Plitvice Lakes. Macrophyte removal results in reduced introduction and retention of organic matter, however the influence on the macroinvertebrate assemblages was to be addressed.

The research was done on the tufa barriers. Sampling was done monthly on 6 dates before and 7 dates after the removal of macrophytes on the impact site and simultaneously on the control site (upstream barrier free of manipulation). Core samples of barrier bed (separated into three vertical layers) were taken from two rheotopes (fast: >100 cm/s and slow: <100 cm/s). Most abundant taxa, of which two rheophilic (Amphinemura sp. and Hydropsyche sp.) and three indifferent (Oligochaeta, Riolus sp. and Chironomidae) according to Schmedtje (1995), were chosen for the analyses. 
Macrophytes removal caused a significant decrease in flow velocity (Table 1). The rheophilic taxa were found mostly in the top layer and the indifferent taxa were found throughout the vertical profile. The flow retardation generally caused a statistically significant or borderline significant (U-test p<0.05 or <0.09 respectively; borderline significant changes were considered to avoid Type II errors (Zar, 1996)) decrease in taxa density for both groups at both hydraulic habitats (Figure 1).
The retardation of flow caused both groups (rheophilic and indifferent) to find suitable habitats elsewhere. This effect diminished with depth of the substrate. The hypothesis of migration caused by flow velocity change was corroborated by the significant decrease in taxa densities in the deeper layers at fast flow habitats and at slow flow habitats and simultaneous negligible changes in the density of respective taxa in the top layer of the fast flow habitat (where comparably faster flows remained). In comparison with some previous flow disturbance studies (Dole-Olivier et al., 1997; Matthaei et al., 1997; Kaenel & Uehlinger, 1999; Lancaster, 1999) two main differences occurred in our study on tufa barriers: 1) the decrease in taxa densities was caused by flow retardation rather than acceleration and 2) hyporheic zone did not act as a refugium. While significant changes caused by macrophyte removal were observed, in our opinion macrophyte removal should not be dismissed as an instrument of preservation of the integrity of tufa barriers.

Refferences:

Dole-Olivier, M.-J., P. Marmonier & J.-L. Beffy, 1997. Response of invertebrates to lotic disturbance: is the hyporheic zone a patchy refugium? Freshwater Biology 37: 257-276.

Kaenel, B. R. & U. Uehlinger, 1999. Aquatic plant management: ecological effects in two streams of the Swiss Plateau. Hydrobiologia 415: 257-263.

Lancaster, J., 1999. Small-scale movements of lotic macroinvertebrates with variations in flow. Freshwater Biology 41: 605–619.

Matthaei, C. D., U. Uehlinger & A. Frutiger, 1997. Response of benthic invertebrates to natural versus experimental disturbance in a Swiss prealpine river. Freshwater Biology 37: 61-77.
Schmedtje, U. (1995): Ökologische Grundlagen für die Beurteilung von Ausleitungsstre-. cken - Beziehungen zwischen der sohlnahen Strömung, dem Gewässerbett und dem Makrozoobenthos in Fließgewässern. -Bayerisches Landesamt für Wasserwirtschaft (Hrsg.): Schriftenreihe, Heft 25.

Zar, J. H., 1996. Biostatistical Analysis. Prentice Hall, Upper Saddle River, New Jersey.
Table 1. Mean flow velocities at two hydraulic habitats on control and impact site with changes after the macrophyte removal and the results of U-test analyses. Bold are statistically significant changes.
Mean flow velocity (cm/s)

Mean flow velocity change (cm/s)

Before

After

U test p

Fast

Slow

Fast

Slow

Fast

Slow

Fast

Slow

Control

147.13

74.33

121.33

63.52

-25.79

-10.81

0.45

0.16

Impact

112.82

75.75

68.16

25.01

-44.66

-50.74

0.0027

0.0033

[image: image1.png]Total

Layer 1 (0-1 em)

Layer 2 (1-4em)

Layer 3 (4-7 em)

10000
1000
100
10

10000
1000
100
10

1000
100
10

1000
100
10

Fast flow habitat Slow flow habitat
e N oo, * N o
-
- - 100 T x
T
T 10
T
1
lapact | Contol | Inpact | Contol lapact | Contol | Inpact | Contol
Ingifferent Rheophilic Ingifferent Rheophilic
10000 * *
T T T T 1000 T T T
100
T
I H I
1
Impact. | Contml | Inpact | Control apact | Contol | lngact | Conteod
Ingifferent Rheophilic Ingifferent Rheophilic
. - . o0 * N
T T
100 T
10 'T i
1
Impact | Contrl | Inpact | Control Impact | Contrl | Inpact | Control
Ingifferent Rheophilic Ingifferent Rheophilic
L 04 _*
T 10 T
10
L 1
Impact | Contrl | Inpact | Control Impact | Contrl | Inpact | Control
Ingifferent Rheophilic Ingifferent Rheophilic
mBefore Afler





Figure 1. Changes in mean densities (in individuals/dm3) of indifferent and rheophilic taxa after the macrophyte removal. Note that the logarithmic scales have different maxima. Significant and borderline significant changes are marked: ° p<0.09; * p<0.05; ** p<0.01.
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