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Requirements for representative sampling for fluvial fish
assemblages – literary review
I. POTYÓ and G. GUTI*
Abstract. Fish are good indicators of long-term changes of fluvial ecosystems therefore, assessment of fish assemblages is
frequently used in evaluation of the ecological status of surface waters, especially since the implementation of the EU Water
Framework Directive. Long-term changes of fish fauna and old-time abundance of fish populations in the Danube can be
documented by historical data of fisheries. Direct detection of long-term changes of fish populations in large rivers is a difficult
task due to large-scale temporal and spatial variability of fish distribution. The present study provides a review of river fish
sampling methods, with special attention to approaches based on electrofishing. Our goal is to develop a standard monitoring
method in large rivers to get more reliable and consistent data for description of long-term changes of fish populations.
Keywords. Monitoring, standard sampling, electric fishing, Danube.

INTRODUCTION

F

ish are sensitive indicators of the environmental changes of rivers. The continuously
changing water regime, as well as hydraulical and
hydromorphological characteristics of large rivers
have significant impact on composition and spatial distribution of fish assemblages (Amoros et
al. 1987, Welcomme 1985, Fausch et al. 1990,
Sheehan & Rasmussen 1999, Guti 2002a, Lapointe et al. 2006). Growing needs of human
population have had a major impact on river
ecosystems, leading to the loss of aquatic habitats
and providing several threats to fish populations
and biodiversity since the 18th century. The longterm changes of the Danube fish fauna and abundance are detectable in the differences between
the historical records of fisheries documented in
the Middle Ages (Herman 1887, Khin 1957) and
those of present times, as well as in the decreasing
trends of annual catch of traditional fishing in the
second half of the 20th century (Guti 1993, 2008,
Schiemer et al. 2004, Guti & Gaebele 2009).
In the qualification of surface waters the assessment of biological integrity or ecological status has gained more and more emphasis in the latter decades (Angermeier & Karr 1986, Karr et al.
1987, Schmutz et al. 2007a). Fish-based methods
of the assessment of ecological integrity of water
bodies began to appear in the 1980s, eg. Index of
Biotic Integrity (Karr 1981) and European Fish

Index (Schmutz et al. 2007b). Fish are essential
objects in evaluation of ecological status of freshwater ecosystems, as the organisms on the top of
the aquatic food web, because they integrate the
changes taking place on lower trophic levels.
Their habi-tat needs change continuously on the
course of their ontogenesis, thus occurrence of
self-sustaining populations may indicate the diversity and connectivity of aquatic habitats (Copp
1989, Wel-comme 1995, Jungwirth, Schmutz &
Weiss 1998, Schmutz & Jungwirth 1999). In
Europe, in relation with the Water Framework
Directive (WFD) (EC 2000), the assessment
methods elaborated to qualify surface waters
place great emphasis on biological examinations,
in which fish take an essential role, opposed to
traditional physical and chemical monitoring.
Trends of long-term changes of fish populations indicate alteration of the ecological integrity
of rivers. One of the essential criteria of detection
of long-term changes in fish populations is the
establishment of a dataset, based on the consistent
and representative surveys of the abundance and
composition of fish assemblages (Guti 2002b).
One of the crucial design problems of the fish
monitoring of large rivers is determination of the
appropriate temporal and spatial scale of sampling, which need to fit into extent of expected
impacts. In this case variability of sampling results indicates the actual changes of the fish populations.
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The database of annual catches of the commercial fishermen, who fish more than 200 days
per year in the Danube, are based on a large scale
“observation” in space and time (Jancsó & Tóth
1987, Guti 2008). The robust data of fisheries are
indicative to the interannual changes, because less
dependent on the local environmental (water level, flow velocity, etc.) and biological (diurnal
and seasonal movements, etc.) factors, which can
result sampling distortion in smaller scale longterm studies. If the methods and intensity of fishing is unchanged for many years, data of annual
catches can be treated as a consistent dataset in
case of some fish species. However, the traditionnal commercial fishing is a disappearing occupation along the Danube in Hungary, so catch statistics of fisheries becoming less and less evaluable for the indirect monitoring of the fluvial
fish populations.
In the case of direct monitoring of the longterm changes of fish populations, the consistency
of datasets can be secured on the one hand by
precise definition of sampling methods (equipment and techniques), on the other hand by elaboration and application of an appropriate sampling strategies (spatial and temporal scale of
sampling, timing, etc.), which reduce the “disturbing” environmental and biological factors (Peterson & Rabeni 1995, Noble et al. 2007).
The applicability and effectiveness of fish
sampling methods is influenced by numerous environmental factors, such as water depth, flow velocity, weather conditions, etc. Nevertheless, the
composition and quantitative metrics of the fish
assemblages of large rivers can only be examined
to a limited degree on the basis of a single survey,
because of several biological factors, as the
diurnal and seasonal variation of spatial distribution of fish, which reduce the sampling representtativeness on a given section of the river (Ericksen
& Marshall 1997, Specziár 2001). The diurnal
movements of fish between the feeding area and
shelters usually depends on the ligth conditions
(Hayward et al. 1989, Gaygusuz et al. 2010),
while changes of seasonal activity are often
related to migratory movements between spawning, feeding and wintering areas (Harden Jones
1968, Anras et al. 1999). Differences can be considerable in the lateral extension of floodplain
rivers between droughty and flood-rich years, so
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the reproductive success and the recruitment of
the fish populations are quite different in single
years (Welcomme 1985, Guti & Gaebele 2009).
In this study the topic of fluvial fish sampling
methods is discussed with reviewing of literature
data, paying special attention to the factors affecting the application of electrofishing in large
rivers.

METHODS
When selecting from the literary articles concerning the various sampling methods of fish surveys and the factors influencing their effectiveness, the more important research results of the
past few decades (1979–2012) were taken into
consideration.
We studied the number of publications dealing
with electrofishing in the database of ScienceDirect, with directed search on several key words.
With the evaluation of literary data, the conditions
and problems of fluvial electrofishing were characterized, with special regard to the spatial and
temporal variability of the fish distribution (diurnally and seasonally), and the environmental factors affecting the efficiency of electrofishing (water depth, flow velocity, turbidity, conductivity, etc.).

RESULTS
In the ScienceDirect, 811 publications were
found by the „electrofishing” key word. The annual number of articles shows an increasing trend
from the middle of the 1970s (Fig. 1). At the same
time there are only few literature data about requirement of representative sampling methods with
electric and other fishing tools.
In the literarture analyis, 68 publications were
examined which deal with the assessment of fish
assemblages of rivers, streams, lakes, reservoirs
etc. and the comparative analysis of the effectiveness and applicability of fishing gears.
According to the studies reviewed, most of the
electrofishing surveys were implemented on lakes
and reservoirs (43%), as well as small streams
(42%), but sampling in large rivers (15%) is less
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frequent, presumably due to lower efficiency of
electrofishing under fluvial conditions (Casselman
et al. 1990, Penczak & Jakubowski 1990, Grossman & Ratajczak 1998) (Fig. 2).

1992, Bayley & Dowling 1993, Reynolds 1993,
Lobón-Cerviá et al. 1994, Anderson 1995, Peterson et al. 2004, Beamount 2011), as shown in
Table 1.
Comparisons of the sampling efficiency of different fishing gears (Thurow & Schill 1996, Wildman & Neumann 2003, Goffaux et al. 2005, Lapointe et al. 2006, Benejama 2012 etc.) and the
diurnal sampling variability (Sanders 1992, Thurow & Schill 1996, Gaygusuz et al. 2010, Vasek
et al. 2009, Riha et al. 2011 etc.) are common
subjects in the articles, but issue of representative
sampling of fluvial fish is a neglected area of reearch, according to our literature analysis.

Figure 1. The annual number of publications dealing with
electrofishing.

Figure 2. Proportion of main types of surface waters in
literature of electrofishing.

Electrofishing is one of the most widely used
sampling methods in routine ichtyological surveys
of fluvial fish assemblages all over the world
(Cowx & Lamarque, 1990, Hendricks et al. 1980,
Harvey & Cowx 1996, Reynolds, 1996). The
advantage of electrofishing in large rivers and
streams is its utility for the examination of the
spatial distribution of fish. Its usage is not limited
by the roughness of the riverbed and trees fallen
into the water, and it is simply applicable along
the shoreline, where fish are often accumulated in
larger numbers (Reynolds 1996). Nevertheless, its
application and effectiveness is affected by numerous environmental, biological and technical factors (Bagenal 1979, Bohlin et al. 1989, Cowx
1990, Zalewski & Cowx 1990, Rodgers et al.

For example, in comparison of effectiveness of
four different sampling gear (seine net, ring-framed fish trap, Windermere trap and electrofishing),
seine net seemed to be the most efficient in
abundance and species richness, in an American
survey carried out on the Detroit river (Lapointe
et al. 2006). At the same time, electrofishing is
described as the most effective way of assessing
fluvial fish assemblages in other publications
(Goffaux et al. 2005). In a survey of the Belgian
section of the river Meuse, electrofishing were
compared to gillnetting, and electrofishing proved
to be more efficient, althuogh less selective for
larger individuals of fish. With regard to the different efficiency of the various fishing gears, the
elaboration of combined sampling methods is recommendable (Goffaux et al. 2005). For the more
complete exploration of the fish assemblages of
varied water types combination of different tools
was suggested by several studies: combined application of electrofishing with gillnets (Mehner et
al. 2005), or combination of electrofishing with
trammelnet (Fischer & Eckmann 1997, Paukert
2004).
For sampling of shorline fish assemblages in
the Danube Guti (2009) suggested a combinated
application of two types of electrofishing units.
On the one hand, a conventional design, medium
powered (5 kW) electrofishing unit, with hand
held anode placed in boat, for the shallow (<1,5
m) stretches along the shoreline of the river. On
the other hand, a high powered (13,5 kW) electrofishing boat with fixed anodes is advised getting
farther from the shoreline, in deeper (<2,5 m)
water.
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ENVIRONMENTAL
1. Abiotic
Conductivity
Water quality
Water clarity
2. Habitat
Habitat structure
Habitat dimensions
Substrate
Water velocity
3. Seasonality
Temperature
Weather

BIOLOGICAL
1. Community structure
Species diversity
Species composition
2. Population structure
Density
Size distribution
Age structure
3. Species specific
Behavior
Physiology
Morphology

TECHNICAL
1. Personnel
Size of crew
Experience
Motivation
2. Equipment
Design
Maintenance
3. Organization
Site selection
Standard effort

Table 1. Factors affecting electrofishing (adapted from Zalewski & Cowx 1990).

Night sampling by electrofishing in large rivers is usually more effective than in daytime, because of the diurnal changes of the activity and
spatial distribution of the fluvial fish (Witt &
Cambell 1959, Paragamian 1989, Sanders 1992,
Reynolds 1993). The species richness and abundance of fish in the night samples is usually
significantly higher than in the daytime samples,
according to surveys carried out on the Ohio and
Muskingum rivers, because at night, fish move
from the deeper locations of the riverbed to the
shallower inshore zone to feed, and all fish seem
less apt to avoid capture (Graham 1986, Sanders
1992).

DISCUSSION
For the standardized monitoring of the European fish fauna, the CEN’s regulation for electrofishing (CEN 2003) it has to be taken into consideration. The sampling protocol of national
ichthyologcal monitoring network in Hungary
(NBmR, Natura 2000, etc.) was elaborated taking
into account the instructions of the international
standards. At the same time the problem of taking
representative sampling arose increased on larger
rivers, especially on the Danube, that is why it is
so important the examination of reliability of
information got by the recently accepted monitorring methods, with consideration of further developments.
One direction of the relevant research projects
is the comparative examination of the efficiency
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and selectivity of the electrofishing tools applied
in standardized surveys. Another important direction in research is the revision of the sampling
strategy, with special attention to the issues of
spatial and temporal scaling of sampling. Further
tasks are among others: study of impact of hydrological changes (raising or dwindling water level,
etc.) on spatial distribution of fish, evaluation of
impacts of hydraulic patterns and geomorphology
of river bed, assessment of diurnal and seasonal
changes, etc.

REFERENCES
AMOROS, C., ROUX, A. L., REYGROBELLET, J. L.,
BRAVARD, J. P. & PAUTOU, G. (1987): A method
for applied ecological studies of fluvial hydrosystems. Regulated Rivers, 1: 17–36.
ANDERSON, C. (1995): Measuring and correcting for
size selection in electrofishing mark-recapture experiments. Transactions of the American Fisheries
Society, 124: 663–676.
ANGERMEIER, P. L. and KARR, J. R. (1986): Applying
an index of biotic integrity based on stream fish
communities: consideration in sampling and
interpretation. North American Journal of Fisheries
Management, 6: 418–429.
ANRAS, L., ANRAS, M. L. B., BODALY, R. A., COOLEY,
P. M. & FUDGE R. J. P. (1999): Movement and
habitat use by lake whitefish during spawning in a
boreal lake: integrating acoustic telemetry and geographic information systems. Transactions of the
American Fisheries Society, 128: 939–952.
BAGENAL, T. B. (1979): EIFAC fishing gear intercalibration experiments. European Inland Fisheries Ad-

Potyó & Guti: Requirements for representative sampling for fluvial fish assemblages

visory Council Technical Paper 34, United Nations
Food and Agriculture Organization, Rome, pp. 92.
BAYLEY, P. B. and DOWLING, D. C. (1993): The effects
of habitat in biasing fish abundance and species
richness estimates when using various sampling
methods in streams. Polskie Archiwum Hydrobiologii, 40: 5–14.
BEAUMONT, W.R.C. (2011): Electric Fishing: A Complete Guide to Theory and Practice. Game and
Wildlife Conservation Trust, Hampshire, pp. 98.
BENEJAMA, L., ALCARAZB, C., BENITOA, J., CAIOLAB,
N., CASALSC, F., VEIGAD, A. M., SOSTOAD, A. &
BERTHOUA, E. G. (2012): Fish catchability and
comparison of four electrofishing crews in Mediterranean streams. Fisheries Research, 123–124: 9–15.
BOHLIN, T., HAMRIN, S., HEGGEBERGET, T. G., RASMUSSEN, G. & SALTVEIT, S. J. (1989): Electrofishing – theory and practice with special emphasis
on salmonids. Hydrobiologia, 173: 9–43.
CASSELMAN, J. M., PENCZAK, T., CARL, L., MANN, R.
H. K., HOLCIK, J. & WOITOWICH, W. A. (1990): An
evaluation of fish sampling methodologies for large
rivers. Polish Archives of Hydrobiology,37: 521–
551.
CEN (2003): Water quality – Sampling of fish with
electricity. CEN/TC 230, Ref. No. EN 14011: 2003
E, pp. 16.
COPP, G. H. (1989): The habitat diversity and fish reproductive function of floodplain ecosystems. Environmental Biology of Fishes, 26: 1–27.
COWX, I. G. (Ed) (1990): Developments in Electric
Fishing. Fishing News Books, Oxford, pp. 358.
COWX, I. G. & LAMARQUE, P. (Eds) (1990): Fishing
with Electricity - Applications in Freshwater 431
Fisheries Management. Fishing News Books, Oxford, pp. 248.
EC (2000): Directive 2000/60/EC of the European
Parliament and of the Council Establishment a
Framework of the Community Action in the Field
of Water Policy. Official Journal of the European
Communities, L327, p. 1–72.
ERIKSEN, R. and MARSHALL, R. (1997): Diurnal variation in the catch of salmon in drift gillnets in Lynn
Canal, Alaska. Alaska Fishery Research Bulletin, 4:
1–11.
FAUSCH, K. D., LYONS, J., KARR, J. R. & ANGERMEIER,
P. L. (1990): Fish communities as indicator of
environmental degradation. American Fisheries Society Symposium, 8: 123–144.

FISCHER, P., ECKMANN, R. (1997): Spatial distribution
of littoral fish species in Lake Constance, Germany.
Archiv für Hydrobiologie, 140: 91–116.
GAYGUSUZ, C. G., TARKAN, A. S. and GAYGUSUZ, O.
(2010): The diel changes in feeding activity,
microhabitat preferences and abundance of two
freshwater fish species in small temperate streams
(Omerli, Istanbul). Ekoloji, 19, 76: 15–24.
GOFFAUX, D., GRENOUILLET, G. & KESTEMONT, P.
(2005): Electrofishing versus gillnet sampling for
the assessment of fish assemblages in large rivers.
Archiv für Hydrobiologie, 162(1): 73–90.
GRAHAM, S. P. (1986): Comparison of day versus night
electrofishing efficiency on largemouth bass at
O'Shaughnessy Reservoir. Ohio Department of Natural Resources, Division of Wildlife, Inservice
Note 579, Columbus, OH, pp.6.
GROSSMAN, G. D. and RATAJCZAK, R. E. (1998): Longterm patterns of microhabitat use by fish in a southern Appalachian stream from 1983 to 1992: effects
of hydrologic period, season, and fish length. Ecology of Freshwater Fish, 7: 108–131.
GUTI, G. (1993): Fisheries ecology of the Danube in
the Szigetköz floodplain. Opuscula Zoologica,
Budapest, 26: 67–75.
GUTI, G. (2002 a): Changes in the Szigetköz floodplain
of the Danube and its fish communities after river
diversion by the Gabčikovo Dam. Verhandlungen
des Internationalen Verein Limnologie, 28: 840–
844.
GUTI, G. (2002 b): Vízfolyások halbiológiai monitorozása – a mintavételek standardizálásának problémái, különös tekintettel az elektromos halászatra. Hidrológiai Közlöny, 82: 39–41.
GUTI, G. (2008): Past and present status of sturgeons in
Hungary and problems involving their conservation. Fundamental and Applied Limnolology/
Archiv für Hydrobiologie., Supplement, 162., Large
Rivers, 18: 61–79.
GUTI, G. (2009): A dunai halállomány felmérésének új
eszköze, az elektromos halászhajó. In. TÖRÖK, K.,
KISS, K. & KERTÉSZ, M. (Eds) Válogatás az MTA
Ökológiai és Botanikai Kutatóintézet kutatási eredményeiből, ÖBKI Műhelyfüzetek 2. MTA Ökológi
és Botanikai Kutatóintézet, Vácrátót, p. 51–56.
GUTI, G. & GAEBELE, T. (2009): Long-term changes of
sterlet (Acipenser ruthenus) population in the Hungarian section of the Danube. Opuscula Zoologica
Budapest, 40 (2): 17–25.

207

Potyó & Guti: Requirements for representative sampling for fluvial fish assemblages

HARDEN JONES, F. R. (1968): Fish Migration. Edward
Arnold Ltd. London, pp. 325.
HARVEY, J. and COWX, I. G. (1996): Electric fishing
for the assessment of fish stocks in large rivers. –
In. COWX, I. G. (Ed) Stock assessment in inland
fisheries. Blackwell, Oxford, p. 11–26.
HAYWARD, R. S., MARGRAF, F. J., KNIGHT, C. T. &
GLOMSKI, D. J. (1989): Gear bias in field estimation
of the amount of food consumed by fish. Canadian
Journal of Fisheries and Aquatic Sciences, 46:
874–876.
HENDRICKS, M. L., HOCUTT, C. H. & STANFFER, R. J.
(1980): Monitoring of fish in lotic habitats. In.
HOCUTT. C. H. & STANFFER, J. R. (Ed) Biological
Monitoring of Fish. Lexington Books. Lexington,
Massachusetts, p. 205–231.
HERMAN, O. (1887): A magyar halászat könyve I.-II.
K. M. Magyar Természettudományi Társulat, Budapest, pp. 860.
JANCSÓ, K. & TÓTH, J. (1987): A kisalföldi Dunaszakasz és a kapcsolódó mellékvizek halai és halászata. In. DVIHALLY, ZS. (Ed) A kisalföldi Dunaszakasz ökológiája VEAB, p. 162–192.
JUNGWIRTH, M., SCHMUTZ, S. & WEISS, S. (Eds)
(1998): Fish Migration and Fish Bypasses. Fishing
News Books, University Press, Cambridge, pp.
438.
KARR, J. R., YANT, P. R., FAUSCH, K. D. and
SCHLOSSER, I. J. (1987): Spatial and temporal
variability of the index of biotic integrity in three
midwestern streams. Transactions of the American
Fisheries Society, 116: 1–11.
KARR, J. R. (1981): Assessment of biotic integrity
using fish communities. Fisheries, 6: 21–27.
KHIN, A. (1957): A magyar vizák története. Mezőgazdasági Múzeum Füzetei, 2: 1–24.
LAPOINTE, N. W., CORKUM, L. D. & MANDRAK, N. E.
(2006): A comparison of methods for sampling fish
diversity in shallow offshore waters of large rivers.
North American Journal of Fisheries Management,
26(3): 503–513.
LOBÓN-CERVIÁ, J., UTRILLA, C. G. & QUEROL, E.
(1994): An evaluation of the 3-removal method
with electrofishing techniques to estimate fish numbers in streams of the Brazilian Pampa. Archiv für
Hydrobiologie,, 130: 371–381.
MEHNER, T., DIEKMANN, M., BRÄMICK, U. & LEMCKE,
R. (2005): Composition of fish communities in
German lakes as related to lake morphology, trophic state, shore structure and human-use intensity.
Freshwater Biology, 50: 70–85.

208

NOBLE, R. L., AUSTEN, D. J., and PEGG, M. A. (2007):
Fisheries management study design considerations.
In. Analysis and interpretations of freshwater
fisheries data. GUY, C. S. & BROWN, M. L. (Eds)
American Fisheries Society, Bethesda, MD. p. 31–
49.
PARAGAMIAN, V. L. (1989): A comparison of day and
night electrofishing: size structure and catchperunit-effort for smalimouth bass. North American
Journal of Fisheries Management, 9: 500–503.
PAUKERT, C. P. (2004): Comparison of electrofishing
and trammel netting variability for sampling native
fishes. Journal of Fish Biology, 65: 1643–1652.
PENCZAK, T. and JAKUBOWSKI, H. (1990): Drawbacks
of electric fishing in rivers. In. COWX, I. G. (Ed.)
Developments in electric fishing. Blackwell, Oxford, p. 115–122.
PETERSON, J. T. & RABENI, C. F. (1995): Optimizing
sampling effort for sampling warmwater stream
fish communities. North American Journal of
Fisheries Management, 15 (3): 528–541.
PETERSON, J. T., THUROW, R. F. and GUZEVICH, J. W.
(2004): An evaluation of multipass elec-trofishing
for estimating the abundance of stream-dwelling
salmonids. Transactions of the American Fisheries
Society, 133: 462–475.
REYNOLDS, J. (1996): Electrofishing. In. MURPHY, B.
& WILLIS, D. (Eds) Fisheries Techniques, 517 2nd
ed. American Fisheries Society, Bethesda, MD, p.
221–253.
REYNOLDS, J. B. (1993): Electrofishing. In. NIELSEN,
L. A. & JOHNSON, D. L. (Eds) Fisheries Techniques.
American Fisheries Society, Bethesda, MD, p. 147–
163.
ŘÍHA, M, KUBEČKA, J., PRCHALOVÁ, M., MRKVIČKA,
T., ČECH, M., DRAŠTÍK, V., FROUZOVÁ, J., HOHAUSOVÁ, E., JŮZA, T., KRATOCHVÍL, M., PETERKA, J.,
TUŠER, M. & VAŠEK, M. (2011): The influence of
diel period on fish assemblage in the unstructured
littoral of reservoirs. Fisheries Management and
Ecology, 18(4): 339–347.
RODGERS, J. D., SOLAZZI, M. F., JOHNSON, S. L. and
BUCKMAN, M. A. (1992): Comparison of three
techniques to estimate juvenile coho populations in
small streams. North American Journal of Fisheries
Management, 12: 79–86.
SANDERS, R. E. (1992): Day Versus Night Electrofishing Catches from Near-Shore Waters of the
Ohio and Muskingum Rivers. Ohio Journal of Science, 92(3): 51–59.

Potyó & Guti: Requirements for representative sampling for fluvial fish assemblages

SCHIEMER, F., GUTI, G., KECKEIS, H. & STARAS, M.
(2004): Ecological Status and Problems of the Danube River and its Fish Fauna: A Review. Proceedings of the second International Symposium on
the Management of Large Rivers for Fisheries:
Sustaining Livelihoods and Biodiversity in the New
Millennium, 11-14 February 2003, Phnom Penh,
Kingdom of Cambodia. 1(16): 273–299.
SCHMUTZ, S. and JUNGWIRTH, M. (1999): Fish as
indicators of large river connectivity: the Danube
and its tributaries. Archiv für Hydrobiologie Supplementband, 115: 329–348.
SCHMUTZ, S., COWX, I.G., HAIDVOGL, G. & PONT, D.
(2007a): Fishbased methods for assessing European
running waters: a synthesis. Fisheries Management
and Ecology, 14: 369–380.
SCHMUTZ, S., MELCHER, A., FRANGEZ, C., HAIDVOGL,
G., BEIER, U., BÖHMER, J., BREINE, J., SIMOENS, I.,
CAIOLA, N., DE SOSTOA, A., FERREIRA, M. T.,
OLIVEIRA, J., GRENOUILLET, G., GOFFAUX, D., DE
LEUUW, J. J., NOBLE, R. A. A., ROSET, N. & VERBICKAS, T. (2007b): Spatially based methods to
assess the ecological status of riverine fish assemblages in European ecoregions. Fisheries Management and Ecology, 14, 441–452.
SHEEHAN, R. J. & RASMUSSEN, J. R. (1999): Large
Rivers. In. KOHLER, C. C. & HUBER, W. T. (Eds)
Inland Fisheries Management in North America,
2nd Edition. American Fisheries Society Special
Publication. Bethesda, MD. Chapter 20, p. 529–559.
SPECZIÁR A. (2001): A halak mozgási aktivitásának
hatása a kopoltyúhálós mintavételezések eredményeire: a CPUE napszakos és évszakos változásai a

Balatonban (Impacts of the activity of fish on the
results of gillnet samplings: diurnal and seasonal
changes of the CPUE in Lake Balaton). Hidrológiai
Közlöny, 81 (5–6): 459–461.
THUROW, R. F. & SCHILL, D. J. (1996): Comparison of
day snorkeling, night snorkeling, and electrofishing
to estimate bull trout abundance and size structure
in a second-order Idaho stream. North American
Journal of Fisheries Management, 16: 314–323.
VAŠEKA, M., KUBEČKAA, J., ČECHA, M., DRAŠTIK, V.,
MATĚNAA, J., MRKVIČKAB, T., PETERKAA, J., &
PRCHALOVAA, M. (2009): Diel variation in gillnet
catches and vertical distribution of pelagic fishes in
a stratified European reservoir. Fisheries Research,
96: 64–-69.
WELCOMME R. L. (1985): River fisheries. FAO Fisheries Technical Papers No. 262. UN Food and Agriculture Organization, Rome, Italy, pp. 330.
WELCOMME R.L. (1995): Relationships between fisheries and the integrity of river systems. Regulated
Rivers: Research and Management, 11: 121–136.
WILDMAN, T. L. & NEUMANN, R. M. (2003): Comparison of snorkeling and electrofishing for estimating
abundance and size structure of brook trout and
brown trout in two southern New England streams.
Fisheries Research, 60: 131–139.
WITT, A. J. & CAMBELL, R. S. (1959): Refinements of
equipment and procedures in electrofishing. Transactions of the American Fisheries Society, 88: 33–35.
ZALEWSKI, M., & COWX I. G. (1990): Factors affecting
the efficiency of electric fishing. In. COWX, I.G. &
LAMARQUE, P. (Eds) Fishing with electricity. Fishing News Books, Oxford, UK, p. 89–111.

209

