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Abstract. The study of nutrition of the mudminnow in the Eiver was performed by counting,
determining and measuring the organisms found énaffmentary canal of 260 specimen, which
were of different age, sex and were gathered &trdiit date. The results were compared with
literature data. It was found that the mud minnee&ds on tiny animals, mainly on the Diptera
larvae. No signs of predatory behaviour were oleser¥t was found that the nutrition of the
populations living in different territories diffegnificantly, and the qualitative and quantitativ
composition of the food is determined by the disttion of the nutrient organisms in the
environment.
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Introduction (1950) mentioned about mosquito larvae
(Tendipedidae), tiny crustaceans Bogmina
The mudminnow is an endemic fish species il€yclop3, mayfly larvae and tiny bugs. However, he
the basins of the Danube and Nester rivers. Islime also found vegetal fibres in the intestines of the
moors and swamps, and due to the reduction of itlsudminnows.
habitat the population of the mudminnow decreased Libosvarsky and Kux (1958) published detailed
in all its geographic range. Therefore, Maitlandutritional data from Slovakia. They found that the
(1991) considered the mudminnow a severelgnajority of the food of the mudminnow was formed
endangered species. by inferior crustaceans. Mainly Cladocera and
In the literature there are several studies abo@stracoda species have a major role, while
the nutrition of the mudminnow. Geyer (1940)Amphipoda are less important. The insects were
published his results about the nutrition of thdound to be of lower importance. The most frequent
mudminnow of the Balaton region based on th@asect groups were Coleoptera and Diptera, while
examination of the gut of more than 200 fish. Ia thEphemeroptera, Odonata and Notonecta species were
material examined by him the nutrient organismmuch less frequent. Libosvarsky and Kux (1958)
were dominated by tiny crustaceans (Amphipodalso found Rotatoria, Mollusca and Hirudinea, and
Ostracoda, Isopoda, Copepoda), and the rest wieir eggs as well, moreover, the statoblasts of
formed by insects (Coleoptera, Ephemeropter&riozoa. They also found that the younger
Chironomidae, Odonata), snails and spiders. Hedividuals were feeding more diversely compared to
found that smaller individuals were feeding morehe older ones.
diversely. The composition of the food of the More recent data were published by Gettial
individuals gathered at different date differed1991) about the nutrition of the mudminnow
significantly, moreover, this is true for individea population of the Ocsa landscape protection area.
gathered at the same time but at different areas.  Seven specimens of 33 had an empty alimentary
By examining the nutrition of the mudminnowtract. Here insects were dominant in the food i fi
populations from the lakes of the flooding areas ahainly the larvae olelia sp., followed by bugs.
the Danube at the Szentendre island, Jaszfalusinong Diptera the flies (Muscidae) were dominant
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and surprisingly only few mosquito larvaeas possible, than measured and processed after the
(Ceratopogonidae, Chironomidae) were found. Sommeethod of Gyurkdt al (1965, 1967).

mayfly and dragonfly larvae have also been found. Frequency of the nutrient organisms was
Surprisingly the crustaceans were represented ordgtermined by dividing the occurrence of the
by Ostracoda, however, these were relativelyndividual components by the number of fish. The
frequent. Some molluscs and Hydracarina have alspbundance of the components was determined by
been found. Moreover, in 11 specimen remains dfividing the number of the components by the

vegetal origin lemnasp.) were present. number of the fish. This latter was not possibléia
case of vegetal components. Considering the
Material and methods frequency and abundance data, we tried to draw

conclusions regarding the preference to nutrient

Material used in this study was gathered betwearomponents of the fish species.
1973 and 1995 using a scratching net. Standard and Based on the recalculated weight of the food
total length, as well as the weight of the indiatlu components, the quantitative distribution of thedo
were taken. Age of the individuals was determinedomposition was determined. By comparing the total
based on the annual rings of the scales (Wilhelmeight of food found in one specimen to the weight
2003). of the individual fish, the fullness index was

The alimentary tract of the dissected fish wasalculated, that represents the intensity of fegdin
kept in 4% formaldehyde solution (Hyslop 1980). The saturation of the stomach was scored on a
The alimentary tract was opened in its total lengthcale from 1 to 5, using the method suggested by
and the content was put on a watch-glass. Théynes (1950). These data were compared to the
components were selected, determined as preciselymber of fish. These data also represent the

Table 1. The frequency distribution of the differésod items according to sex, season and age

Seasons Age
® .

Food components | w k) ) g £ 5 5 5 g g 8 8 L

S|l e | 5|8 |E |2 s8] e] 8|

() joR >

= S w %) D < = o = S ™ = 10 ©
Oligochaeta 0.054 0.039 0.068 0.036.040|0.083|0.013]|0.214]0.045|0.077|0.000| 0.000| 0.000| 0.009
Hirudinea 0.012| 0.00Q 0.028 0.000.000| 0.008| 0.027| 0.000| 0.000| 0.011] 0.000| 0.059| 0.100| 0.004
Gastropoda 0.004 0.000 0.008 0.03K000| 0.000|0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.143
Phyllopoda 0.027] 0.016 0.030 0.1p@.000| 0.015]|0.013| 0.000| 0.011| 0.033| 0.031| 0.000| 0.000| 0.143
Cladocera 0.04 0.039 0.083 0.107.080]0.023|0.053| 0.000| 0.011]0.044|0.125| 0.118] 0.100| 0.009
Ostracoda 0.07q4 0.07p 0.08§3 0.212.000| 0.053] 0.093| 0.071| 0.067| 0.077| 0.156| 0.059| 0.000| 0.00(¢
Amphipoda 0.065{ 0.031 0.098 0.148.000|0.023]|0.013]0.071]0.045|0.022|0.125|0.118] 0.100| 0.429
Ephemeroptera I. 0.119 0.117 0.1P1 0.107240| 0.114]0.093| 0.071] 0.101] 0.110] 0.188| 0.176| 0.100| 0.143
Odonata I. 0.027, 0.02 0.030 0.1p@.000| 0.030| 0.000| 0.000| 0.022| 0.011| 0.094| 0.059| 0.000| 0.00(]
Heteroptera 0.03] 0.01p 0.045 0.03B000| 0.023]0.053| 0.000| 0.000| 0.033]0.031|0.118| 0.100| 0.143
Coleoptera I. 0.042 0.039 0.045 0.000.080|0.053|0.000| 0.214] 0.034| 0.044| 0.031| 0.000| 0.000| 0.00Q
Coleoptera p. 0.012 0.023 0.000 0.0G00O00| 0.023|0.000| 0.071] 0.011] 0.11 | 0.000 0.000| 0.000| 0.009
Coleoptera ad. 0.03 0.055 0.023 0.035000| 0.068|0.000| 0.214] 0.034| 0.022] 0.031| 0.059| 0.000| 0.009
Trichoptera I. 0.058 0.039 0.0766 0.086.200| 0.045]|0.040| 0.071| 0.045| 0.044| 0.063| 0.059| 0.100| 0.284
Diptera I. 0.808| 0.820 0.795 0.7%0.760|0.856| 0.760] 0.857|0.876| 0.802| 0.844| 0.706| 0.500| 0.429
Diptera p. 0.196] 0.172 0.22D 0.148.000| 0.288|0.120| 0.286| 0.247| 0.143| 0.156| 0.176| 0.100| 0.284
Diptera ad. 0.008 0.00 0.008 0.0p0.000| 0.015| 0.000| 0.000| 0.022| 0.000| 0.000| 0.000| 0.000| 0.009
Hymenoptera ad. 0.012 0.016 0.0p8 0.0P1000| 0.000|0.013| 0.000| 0.000|0.011]0.063| 0.000| 0.000| 0.009
Araneidae 0.004{ 0.00 0.000 0.036.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.059| 0.000| 0.00G
Hydracarina 0.015 0.00 0.023 0.0p0.000| 0.030| 0.000| 0.000| 0.022| 0.022| 0.000| 0.000| 0.000| 0.009
Invertebrate eggs 0.119 0.117 0.1p1 0.28040| 0.121]0.093| 0.143| 0.135] 0.121| 0.063| 0.118| 0.000| 0.143
Scale 0.015{ 0.01¢ 0.015 0.000.040|0.008|0.027| 0.000] 0.011]0.022| 0.031| 0.000| 0.000| 0.000
Algae 0.062| 0.039 0.083 0.00@.000| 0.083]|0.067|0.071|0.067| 0.033] 0.125| 0.000| 0.200| 0.00Q
Plant remain 0.050 0.068 0.038 0.03®.120|0.053|0.027|0.071|0.045|0.044| 0.031] 0.176| 0.000| 0.009
Plant seed 0.050 0.03p 0.061 0.0@N0O80|0.076|0.013]|0.071|0.079|0.033| 0.000| 0.118] 0.000| 0.009
Debris 0.688| 0.719 0.659 0.679.680|0.750|0.587|0.643|0.787|0.681| 0.563| 0.588| 0.500| 0.714
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intensity of feeding. pupae: the most frequent of them &haoborus,
The data were calculated for sex, season and agendipes, Ablabesmyia, CulicoidesThe same

groups as well. frequency is reached only by the debris; a patthisf
is made of undeterminable animal remains. Among
Results the insects mayfly larvaeC{oéon, Ephemereljaare

relatively frequent, however, the Ilarvae of
Regarding the number of the food componentsiragonflies Calopteryx, Agriol, aquatic bugs
altogether 26 components were identified, includin¢Corixa, Sigara and beetle larvae are much rarer.
worms, shails, inferior crustaceans, insects, spijdeThe occurrence of different inferior crustaceans is
algae, vegetal tissues and seeds, and in addgigs esurprisingly low (CopepodaCyclops Cladocera:
of invertebrates, fish scales and undeterminabMoina, Bosmina, DaphnjaOstracoda; Amphipoda:
debris. There is little difference between the tjiggl Gammarus The Oligochaeta Tubifex, Naiy are
of food of the two sexes: there were no leeches aerdten only by the younger age groups, while snails
shails in case of males and no beetle’s pupae afgbung Viviparug are preferred only by the older
spiders in case of females. However, the differencgpecimen. The Hymenoptera are represented by ants
between the seasons is much more important. Whitglen into the water.
the spring and autumn food spectra contain the Regarding the abundance of the different food
whole menu, the nutrition in summer (1lcomponents (Table 2.), a leading role of Diptera
components) and winter (18 components) is mudarvae and pupae was found here as well, showing
less diverse. Regarding the different age groues, tthat these are consumed not only frequently but als
most diverse is the menu of the 1, 2 and 3-year-old a large amount. Mayfly larvae and eggs of
group, while later feeding gets stabilized and thmvertebrates are also consumed abundantly and
number of components decreases. frequently, while from the inferior crustaceansyonl
The frequency distribution of the different foodthe Cladocera, Ostracoda and Copepoda are
components (Table 1.) shows that in all groups th@nsumed abundantly but only occasionally.
most frequent components are the Diptera larvae and

Table 2. The abundance distribution of the foothgeaccording to sex, season and age

Seasons Age

Food items 3 @ c ” ” ” ” 5

— @ G = € 1S 3 @ @ o a a a 2

Sl | 5 |a|S |2 S| s|2]2] &]2]2]x

2 > s 2] (2] < = o — N ™ < 0 ©
Oligochaeta 0.0960.070 0.122 | 0.035 0.040| 0.015| 0.013 0.571| 0.101 0.087| 0.000 | 0.00Q 0.000| 0.000
Hirudinea 0.0120.000 0.022 | 0.00d 0.000( 0.007| 0.026 0.000| 0.00Q 0.010| 0.000 | 0.058 0.100| 0.000
Gastropoda 0.02§.000 0.053 | 0.250 0.000| 0.000./ 0.000] 0.000| 0.0040 0.000| 0.000 | 0.00Q 0.000| 1.000
Phyllopoda 0.1150.039 0.075| 0.250 0.000| 0.015| 0.080 0.000| 0.011 0.076| 0.031 | 0.00Q0 0.000| 0.857
Cladocera 0.24¢0.039 0.446 | 1.785 0.080| 0.037| 1.40Q 0.000| 0.011 0.560| 0.187 | 0.294 0.100| 0.000
Ostracoda 0.2280.226 0.219| 0.857 0.000| 0.090| 0.293 0.142| 0.112 0.168| 0.750 | 0.294 0.000| 0.000
Amphipoda 0.1730.078 0.265| 0.285 0.000| 0.060| 0.386 0.071| 0.123 0.021| 0.250 | 0.352 0.200| 2.142
Ephemeroptera larvag¢ 0.192.187 0.196 | 0.178 0.520| 0.189| 0.093 0.142| 0.202 0.120| 0.281 | 0.47Q 0.100| 0.142
Odonata larvae 0.11D.187 0.037 | 0.857 0.000| 0.037| 0.000 0.000| 0.258 0.021| 0.093 | 0.058 0.000| 0.000
Heteroptera 0.1080.015 0.189| 0.107 0.000| 0.113| 0.120 0.000| 0.007 0.043| 0.031 | 0.235 1.200| 0.857
Coleoptera larvae 0.069.054 0.083 | 0.071 0.120| 0.098| 0.00Q 0.571| 0.033 0.054| 0.062 | 0.00Q 0.000| 0.000
Coleoptera pupae 0.010.023 0.000 | 0.009 0.000( 0.022| 0.000 0.071| 0.011 0.010| 0.000 | 0.000 0.000| 0.000
Coleoptera adults 0.038.054 0.022 | 0.035 0.000| 0.068| 0.00Q 0.218| 0.033 0.021] 0.0312| 0.058| 0.000| 0.000
Trichoptera larvae 0.07®.039 0.113| 0.035 0.200| 0.060| 0.080 0.071| 0.067 0.043| 0.062 | 0.058 0.100| 0.714
Diptera larvae 6.4005.578 7.196 | 4.642 5.520| 6.666| 6.880 5.857| 6.752 6.945| 7.093 | 3.117 6.300| 0.857
Diptera pupae 0.65[0.414 0.893 | 0.25(0 0.000| 1.121| 0.213 0.857| 1.168 0.340| 0.428 | 0.352 0.100| 0.285
Diptera adults 0.0110.007] 0.015| 0.000 0.000| 0.022| 0.00Q 0.000| 0.033 0.000| 0.000 | 0.000 0.000| 0.000
Hymenoptera adults 0.010.015 0.007 | 0.071 0.000| 0.000| 0.013 0.000| 0.00Q0 0.010| 0.062 | 0.00Q0 0.000| 0.000
Araneidae 0.0030.007] 0.000 | 0.035 0.000| 0.000| 0.00Q 0.000| 0.00Q 0.000| 0.000 | 0.058 0.000| 0.000
Hydracarina 0.0260.015 0.037 | 0.000 0.000| 0.053| 0.00Q 0.000| 0.033 0.043| 0.000 | 0.000 0.000| 0.000
Invertebrate eggs 1.146.703 0.606 | 7.96( 0.080| 0.265| 0.506 0.214| 2.46Q 0.626| 0.281 | 0.411 0.000| 1.142
Scales 0.01%0.166 0.015| 0.000 0.000| 0.007| 0.026 0.000| 0.011 0.021| 0.031 | 0.000 0.000| 0.000
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Table 3. Percentage distribution of the recalcdlateight of different food components accordingéa, season and age

Seasons Age

Food items 3 @ c ” 0 0 0 5

— 2 K = 1S 1S 3 @ @ o a a a 2

Sl | 5|25 |2 S| s|2]2] &|2]2]x

e > s 2] (2] < = o — N ™ < 0 ©
Oligochaeta 0.47) 058 0.44 | 0.30| 0.26] 0.8 0.11 181 0.67 0p4 0.p0 (J.0000 0 0.00
Hirudinea 0.28| 0.00 0.46 | 0.00| 0.000 0.09 068 0.00 0.00 0.2 0.p0 2.40951 0.00
Gastropoda 0.8 0.00 1.37 6.29| 0.000 0.00 0.0p 0.00 0.00 0.p0 0.p0 (J.0000 0 15.67
Phyllopoda 1.15] 0.9% 1.27 3.29| 0.000 023 17,0 000 0.13 1B2 0.41 (Q.0000 0 11.19
Cladocera 298 0.74 438 | 15.121 1.28 | 0.46| 183 0.00 0.0y 6.43 2.45 6.p1 1j17 0100
Ostracoda 1.23 15 1.04 | 359 0.000 070 126 080 0.87 1.p2 3.p6 1.7100 0 0.00
Amphipoda 425 158 591 | 4.94| 0.000 1.02 89p 040 227 0.80 580 10.2/67 | 33.58
Ephemeroptera larvag 282 3.472.42 2.10| 11.48 2.74 | 1.26| 241 2671 174 4.08 9.93 17 12
Odonata larvae 0.81 147039 | 4.19| 0.000 056 000 0.00 1.67 0.p4 1.p9 1.0300 0 0.00
Heteroptera 2.34 0.3p 3.59 1.80| 0.00f 269 268 0.00 0.00 0[2 0.82 4.78.68l 13.43
Coleoptera larvae 1.01 0.951.04 | 090| 2.30f 163 00D 885 053 0.84 0.82 (J.0000 0 0.00
Coleoptera pupae 0.14 0.370.00 | 0.00f 0.00f 0.33 0.0p 04p 0.20 0.8 0.p0 (J.0000 0 0.00
Coleoptera adults 0.44 0.680.29 0.45| 0.000 0.8 0.0p 2401 040 0.4 0.7 1.3700 0 0.00
Trichoptera larvae 1.2 0.79153 | 045| 3320 093 148 121 0.93 0.8 0.b4 (0.6817 1 8.58
Diptera larvae 61.9168.84 57.60 | 37.43 69.64| 62.36| 68.95 58.75| 65.71 69.01| 66.44 | 43.49 63.81| 5.22
Diptera pupae 5.74 3.78 6.92 2.25| 0.000 1059 234 1288 994 294 5,03 3.4278 | 1.87
Diptera adults 0.08 0.1fL 0.07 0.00] 0.000 0.19 0.0p 0.00 0.27 0.p0 0.p0 (J.0000 0 0.00
Hymenoptera adults 0.20 0.370.10 1.05| 0.00f 0.00 0.1y 0.00 0.00 0.18 0.p5 (J.0000 0 0.00
Araneidae 0.04 0.11 0.00 | 0.30| 0.00f 0.00 0.0p 0.00 0.00 0.p0 0.p0 (0.6800 0 0.00
Hydracarina 0.16/ 0.11 0.20 | 0.00| 0.00] 0.377 0.0p 0.00 0.20 0.80 0.p0 (J.0000 0 0.00
Invertebrate eggs 2.62 210294 | 883 051 158 200 201 240 3p4 1.p2 4.1100 0 3.36
Scales 0.08] 0.11 0.07 0.00| 0.26) 0.05§ 0.1p 0.00 0.07 0.n2 0.14 (J.0000 0 0.00

The quantitative composition of the food (Tablg11.48%), Trichoptera larvae (3.32%) and beetle
3.) shows that in the Er basin the main food of thiarvae (2.29%). In autumn the food is very diverse,
mud minnow is represented by the larvae (61.91%)e most important components are the Diptera
and pupae of mosquitoes. As secondary food debt&vae and pupae, and debris. Furtehrmore, mayfly
(7.83%), Amphipoda (4.25%), mayfly larvaelarvae (2.74%) and aquatic bugs (2.65%) represent
(2.82%) and eggs (2.62%) are considered. The remfjor components. In winter the nutrition is much
of the animals is only an occasional food sourcéess diverse, debris (5.70%) is the most important
while the vegetal components are probably onlgeside Diptera, completed by Amphipoda (8.90%)
additional nutrients. and bugs (2.65%).

There are no significant differences regarding Composition of the food of the different age
the two sexes. In case of males the dominance gfoups is very interesting. Oligochaeta worms are
Diptera species and debris is even more pronouncemnsumed only by younger age groups, while leeches
while the leeches and snails are missing. In chse are consumed by the older ones. The role of
females the later are present. Moreover, the numb8opepoda and Amphipoda increases with the age
of Cladocera, Amphipoda and aquatic bugs iand the role of Diptera decreases. Snails are
higher. consumed only by the older age groups. The older

There are differences in the food compositiomge groups, however, consume almost no vegetal
among different seasons. Although Diptera specidgod. In short, the food of the younger age grasps
are dominant in every season, in spring thesmuch more diverse.
represent a much lower amount. Snails are only The fullness index (Table 4.) shows a more
present during spring (6.29%) (later they probablintensive feeding of the females compared to that o
grow too big for such a small fish species). Asthimales. In spring and autumn, i.e. during prepamatio
time crustaceans become the most importafdr mating and winter, respectively, the intenty
(Copepoda 3.29%, Cladocera 15.12%, Ostracodi@eding is maximal. In winter the feeding intensgy
3.59%, Amphipoda 4.94%), and also the eggs diie lowest, although the mudminnow is feeding
invertebrates (8.83%). In summer, beside the Dapteduring the whole year.
larvae, the dominant components are mayfly larvae
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Table 4. The fullness index of different groups

Sex Seasons Age
GroupdTotal| , || o| B £ 5
nlin|lun| v
roupsTotall o |51 o\ B\ E | 5|5 5| 5| 5| 8| 8| &
SIeE|S|E|2|E|0|o|o|o|o|o
Slo|lalS|5|IE|> > > > > >
S|u|n|a|I|Z|o|d|la|m|s|b|o
n 26012832 28/25[13475{14(89|91|32|17|10| 7
o |a|slw|sia~|S s~ d|w|m
Fullnesy ~ |©|o|d|o(d|d|Qlo|~x|lo|lo|d|a
) o |e|lcld|a|=|a|Y|alalala|al|a
index o |o|o|oc|o|o|o|g|o|o|o|o|o|o

Both Geyer (1940) and Libosvarsky and Kux
(1958) underline the more diverse feeding of the
younger ages. This is supported by our studies as
well.

According to the studies of Jaszfalusi (1950) and
of Gutiet al (1991) from the Danube region, vegetal
components can also be found in the food of the
mudminnow. Our results are in accordance with
these data, since the mudminnow population of the
Er basin consumes occasionally not only algae, but
the remains of higher plants and the seeds of th&ese

The number of full stomachs of males (Table 5yyell.
is higher than those of females, and regarding the Several studies suggest that it would be worth
seasons the stomach fullness is higher in wintéis T spreading the mudminnow for mosquito destruction
is probably due to the slower digestion. Regardingistead of the mosquitofisrGambusia of Central
the age groups, stomach fullness is surprisingiy hi American origin, since this way we would support
in case of very young and very old individualsisit one of our rare and endemic fish species, andmot a
impressively high at two-year old individuals.

Table 5. The number of full stomachs

Sex Seasons Age
= 4
Groups|Total ﬁ Ble|l | | |olalolels
2|s DlE|E|lo|3|ad|d|c|a|c|L
Lle|cs|e|l2|Ee|lo|o|lo|o|o|lo
S| g|alS|S|E| > =X XXX
SlL|la|h|<|Z|lo|ala|o|d|bld
n 260(128137 28 25(13275(14|89|91|32|17|10| 7
AIMNO(O|d(d|0|O|O(L[(O|X
Full S lorclnlen|N~N|o|oo|o|d
P |eld|alo|nio|oN|NIo|N
stomachs N | o || ||| 6| |d|d]|o|m
Discussion

introdused species. For this reason first we need t
solve the problem of large scale artificial bregdaf
the mudminnow.
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