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Abstract. The study highlights the changes in the food-amsitpn of dippers €inclus cinclu}
based on the method of pellet and faecal analyigescollected reguriated pellets and faeces were
analysed together with the evaluation of the p@éftod supply for dippers. By applying the two
methods simultaneously, | managed to prove thegshamthe feeding tactics of dippers as well as
the efficiency of the two methods.
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Introduction 1906) out of which only three had come from the
present area of Hungary. The second research
The dipper Cinclus cincluy is a rare, involved the analysis of only 39 reguriated pellets
endangered and a highly protected singing bird i(Rékasi 1985), therefore it provided rather podada
Hungary. Individuals nestling on a regular basis caon this subject. Although the third paper focused
only be found in the clear and swift-runningexclusively on the winter diet of this species
mountain streams abounding in water in the BikkHorvath and Andrikovics 1991) it involved the
and Zemplén mountains and the Aggtelek Karst. Dugnalysis of an extraordinary number of dipper pelle
to the natural endowments of the middle-rangetkaching as far as 1362.
mountains of Hungary this species could not spread Reguriated pellet sampling (Jost 1975a) and
all over, in fact it could reach only marginal ssed analysis (Jost 1975b, 1975c, Spitznagel 1985, 1988)
Hungary. Therefore, Hungary has never had largae known to be quite wide-spread abroad with an
populations of dippers. extensive literature. Another method of the analysi
Since our rivers became polluted their watethe faecal analysis has also been applied several
output has decreased to a great extent due to traes (Ormerod, Tyler and Lewis 1985, Ormerod,
catchment and the inaccurate practices of forestBoilstone and Tyler 1985, Ormerod 1985a, 1985b,
management. Thus the invertebrate wildlife ha®rmerod and Tyler 1986, Smith and Ormerod 1986,
become extremely poor and has changed in ma®@rmerod, Efteland and Gabrielsen 1987). There has
aspects furthermore, the nestling sites of ourshircbnly been one attempt involving only a low number
have become treated with concrete leading to & samples, that is 15 pellets and 20 faecal jsettet
decreased number of birds. In the 1950s theompare the two different methods (Spitznagel
estimated number of dipper pairs reached as far 4985). Thus, up to this point there was not one
50, in 1983 only 23 pairs were recorded in Hungarthorough study to compare the two methods.
(14 pairs in the Bukk mountains alone). By 1989 and Almost all of the studies dealing with the diet
then by 1992 this number fell to 9 and 3 pairghin and food-composition of the dippers focused on the
mid 1990s there was only one pair nestling on thiadicative characteristics as well as the protectd
Aggtelek Karst (Horvath 1993, Horvath and Széphis species (Andrikovics and Horvath 1997).
1998, Horvath, Boldogh and Varga 1999) Classical examples of this include the investigetio
So far 3 studies on the diet of dippers have beeahat give account of the fact that the number adsi
published in Hungary. The first one studied thevere decreasing and the diet, food-composition and
stomach content of 482 individuals (Vollnhoferfood supplies of the dippers were also changing in
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parallel with the acidification of our rivers artificial or partially natural streambeds, all Hew
(O'Halloran, Gribbin, Tyler and Ormerod 1990,towards Tengerszem lake. The environment of the
Ormerod and Tyler 1991, Tyler and Ormerod 1994) current leaving behind the storage lake is comlylete
My research was aimed at getting informatiomatural.
about the food-content of the dippers nestlinghan t
area of the Aggtelek Karst. | have observed that iMethods
spring dippers tend to feed on and show a preferenc
for caddisfly larvae. During the study | was to  We collected samples from the above mentioned
support these observations with precise data. régions both during the winter period (November-
wanted to learn whether and how the diet of thBecember) in 1991 and during the following
dippers changes with the breeding seasobreeding season (February-March) in 1992 (Table 1).
Furthermore, | wanted to draw a comparison betweddn the artificially constructed bank where the
the results of the reguriated pellet and the faecdippers foraged for food on a regular basis we
analysis to see whether the two methods could meanaged to collect the characteristic faecal and
successfully applied together. The two appliedeguriated pellets of the adult dippers. The
methods could be a great help in assessing andnspicuous empty shells of the Trichoptera larvae
studying dipper populations as well as protectingJost 1972) that were eaten by the dippers were als
their habitats, which could eventually lead tocollected at this site. We tried to identify the
bringing the decrease in the numbers of dippeento caddisflies consumed by dippers on the basis of

end. these, as well.
The benthic fauna of the riverbed serving as a
The study area potential food resource was collected with theddid

a special net, at the feeding sites of the birdsirig
The study area coincided with the distribution obampling we made an attempt to collect samples the
dippers in Hungary (Horvath 1988, Horvath andsame way each time by focusing on the fact that bot
Szép 1998). We collected samples from the dippetse number and the length of each drawing should be
nestling on the area of the Aggtelek Karst, ardilved the same.
river-head of the Jésva stream and lake Tengerszem. The reguriated pellets and the faeces were
The Jbésva stream forms several branches wittollected simultaneously in the winter of 1991 amd

Table 1. Data obtained from dipper faeces, regedratellets, empty caddisfly shells and potenti@ygtems collected near the
river-head of the J6sva stream and Tengerszeninaledation to the breeding period of dippers.

Data Pellet Faecal Caddisfly shells Breeding of Dipper
Gammarus/Trichoptera Gammarus/Trichoptera
% %
04.09.1991 none hatch
16. 04. 10/day hatch out
20.04.- 01. 05. 203-489
03. 05. 115 nestling fly away
06-0805. 244-344
09. 05. 59
10-13. 05. 10 nestling independent
end of November 89/6,5 69/5,6
first part of 82 /17 78193
December
18-20. 02.1992 761718 72112
12.03. 67 /31 60/18 none
18-20. 03. 38/60 42135 1-6
22.03. 140
24.03. 52 /47 71
25.03. 32
27.03. 37162 103
28.03. 29
30. 03. 24 hatch out
06. 04. 98 nestling destroyed
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1992. The reguriated pellets were preserved in 70 %inter and 120 in the breeding period), 209 piaxfes
alcohol, hand-sorted and then they were examinddeces (80 collected in winter and 129 in the
under a stereobinocular microscope at magnificatiobreeding season) and 2900 empty caddisfly shells.
X40-X100 (Spitznagel 1985, 1988). The dipper

faeces were fixed in M/2 sodium hydroxide solutiorResults

for four hours (Ormerod 1985a). Only after this &ver

the remains of the prey items identified. The bienthThe results of the analyses of the samples
fauna (as a possible food supply) of the riverbed w (i.e. the potential food resources)

preserved in 70% alcohol and was identified using a

microscope. The individuals of Salamandra 2077 individuals (as potential prey items for
salamandra were not collected since they aredippers) belonging to 6 species and one highemtaxo
protected species. These individuals were pooléed amwere identified in the winter sample of 1991 (Table
soon after sampling they were released. Only aft@). Gammarus fossarum, Sadleriana pannondcal
identification did we dry and weigh the prey itedts. Coleoptera larvae were the most abundant in the
the results the dry weights are given and the galusample. Interestingly enough, only 11 individuals o
are percentage contributions by dry weight. Trichoptera larvae were found in it.

The empty caddisfly shells were collected and A total of 2908 individuals (as a potential food
counted in the breeding season of 1991 and 199&source) belonging to one vertebrate and 10
The empty shells collected in 1991 were identifiedhvertebrate taxa were identified in the three dasp
under a microscope whereas those sampled in 198@llected during the breeding season (Table 2).
were not identified. Nevertheless, the proportidn ocGammarus fossaru@nd Sadleriana pannonicavere
empty caddisfly shells of 1991 and 1992 were morpresent here with the largest numbers. The ratio of
or less the same (Table 1). Gammarus fossarunand Sadleriana pannonican

The remains of the prey items were identified tahe four samples did not change significantly.
the lowest taxon possible. During the study wélowever, there was an increase in the proportion of
identified a total of 5 samples of potential foodTrichoptera larvae. Although it increased more than
resources (with 4.985 individuals) including 210tenfold, it still did not reach 10 %.
reguriated pellets (90 out of which were collecited

Table 2. The range of potential prey items for éiigpnear Jésva stream during the winter of 1991th@dpring of 1992 (number and
percentage)
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0l & g 138 TRICHOPTERA o a1 S5 1828
01.12.199 1390 | 20 ind | 32 ind 1 ind| 7 ind| 3ind 624 ind 2.077
ind |10%|15% 05 % 30 %
66,9 % '
21.02.1992| 7ind 437in 1ind 9ind 248ind| 9 | 1 712
61 % 12 % 35% |ind |ind
22.03.1992 553 ind 47ind | 16ind| 576ind| 9 1.201
46 % 48% |ind
52 %
30.03.1992 347 ind 1ind | 56 ind 258 ind lind| 663
52 9% 8,4 % 39 9%
06.04.1992 134 ind 17 ind 177 ind| 2 2 332
40 % 51% 53% |ind ind
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Table 3. The results of reguriated pellet for digpaturing the winter of 1991 and the spring of 1@82mber and dry weight)

5 — o 5 Total weight
2 < g 8
< _
° £ © S = 0
S) © [} > S = Number of
o 5 2 %) =3 © < c
2 g > 5 3 8 o g s pellet
g E 3 %) 2= o I 2= &2 [
Es | § 2 g3 |2 2 8% |&¢ |® o
Eo & £ = T [i4 50 S E © = Average
0e | g 2 TRICHOPTERA 28 |58 | & & weight
10.1991| 2,9499 g 0,1100 g 0,0420 g 0,0636 ¢/ 0,0620 g 5ind | 0,0120 ¢ 0,0642 g 3,3037 g
89,29 % 333% | 1,27% | 1,93% | 1,87 % 0,36% | 1,94% | 30pcs
6,53 % 0,1101 g
12.1991| 5,2056 §0,0119 g 0,4391 ¢ 0,6548 g 3ind | 0,001290,0132¢g| 6,3258g
82,29 %| 0,18 % 6,94 % | 10,35 % 001%| 02% 60 pcs
17,29 % 0,1054 g
18-20. | 6,3846 g 0,0102 g 0,0016 g| 0,3666 gf 0,6896 gf 0,4896 g 0,0820 ¢ 0,2962 | 8,3204 g
02.1992| 76,73 %| 0,12% | 0,02% | 4,41 % | 8,28 % | 5,88 % 7ind | 0,99% | 356% | 65 pcs
18,58 % 0,1280 g
12.03. [ 1,6140 g 0,0011 ¢ 0,3706 ¢| 0,1712 ¢[ 0,2072 g 0,0020 g 0,0104 g| 2,3765 g
1992 | 67,92 % 0,04% | 1559 %| 7,20% | 8,72 % 42ind | 0,08% | 0,44% | 20 pcs
31,52 % 0,1188 g
18-22. [ 1,0190 g 0,0019 ¢ 0,8422 ¢f 0,4211 ¢f 0,3428 g 0,0021 ¢/ 0,0427 | 2,6718 g
03.1992| 38,14 % 0,07 % | 31,52 %| 15,76 %| 12,80 % 12ind | 0,08% | 1,60% | 21 pcs
60,11 % 0,1272 g
24-25. | 0,2105 g 0,0011 ¢ 0,0813 g| 0,0668 gf 0,0406 g 0,4003 g
03.1992| 52,59 % 0,27 % | 20,31 %| 16,69 %| 10,14 % 1 ind 4 pcs
47,14 % 0,1001 g
27.03. [ 0,4314 ¢ 0,0016 ¢ 0,4212 ¢ 0,1032 gf 0,1868 g 1,1442 g
1992 | 37,70 % 0,14 % | 36,81 %| 9,02 % | 16,33 % 10 pcs
62,16 % 0,1144 ¢
The results of the pellet analysis The results of the faecal analysis

The 90 reguriated pellets collected on two At the end of 1991 we did not collect only
occasions in the winter period of 1991 have much ireguriated pellets but faeces, as well. In the evint
common (Table 3). The majority of their dry weighperiod 80 pieces of dipper faeces were gathered on
was provided byGammarus fossarumn both two occasions. The faecal analysis revealed similar
samples (89% and 82 %). The number antesults as the reguriated pellet analysis (Tabldm)
proportion of Trichoptera larvae, however, showed the second sample the proportion of Trichoptera
slight increase: from 6,5% over 17%. larvae also rose from 6 % over 9 % in the faeces.

During the spring of 1992 we collected sample#oreover the increased number of small stonesén th
on six different occasions. In the breeding seasddovember sample is also of high significance.

120 reguriated pellets with individuals belongingbt During the spring of 1992 we collected 129
invertebrate species as well as plant matters apibces of faeces simultaneously with pellets. The
smaller stones were found. Almost all the samplagsults of the faecal analysis are close to thahef
contained large numbers Gammarus fossarurmnd reguriated pellet analysis. The ratio of caddisflie
various Trichoptera species (Table 3). Taking acreased from 12 % to 35 % at the expense of that
closer look at the tables, it becomes obvious thaff the Amphipods. Simultaneously, the portion of
while the proportion (77%) oGammarus fossarum Gammarusiecreased to 42 %.

in the 65 pellets of February is similar to theues

of the November and December samples of 1991 (8%he results of the identification of the
% and 82 %), it keeps decreasing gradually in theaddisfly shells

successive pellets until it reaches 37 %. In the

meantime the ratio of caddisflies seemed to be 98.9 % (i.e. 2868 pieces) of the 2900 empty
increasing in the samples (from 19 % to 62 %). caddisfly shells, which were collected in 1991, ever

62 TISCIA 33



Table 4. The results of faecal analysis for dipplensng the winter of 1991 and the spring of 1988 fveight)

% 8 5 Total weight
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11.1991 | 0,8831¢|0,1124g 0,0340 g| 0,0327 g| 0,0244 g| 0,0138 g 0,0668 g 0,0978 g 1,2650 g
8,89 % 269% | 258% | 1,93% | 1,09 % 528% | 7,73 % 20 pcs
0,
69,81 % 0.0709 g 0,0632 g
5,60 %
12.1991 | 2,3082 g| 0,2606 g 0,0016 g 0,0978 g 0,1772 g 0,0966 g 2,9420 g
8,86 % 0,05 % 3,32% | 6,02% 3,28 % 60 pcs
78,47 % 0,2750 g 0,0490 g
9,35 %
18.02.1992| 2,8681 d 0,4482 g| 0,0012 g 0,2107 d 0,2812 g 0,0826 g 0,0800 g| 3,9720g
11,28 %| 0,03 % 530% | 7,08 % 2,08% | 2,02 % 72 pcs
12,39 %
12.03.1992| 0,8012d 0,1341 g 0,1279 d 0,1218 g 0,1213 ¢/ 0,0188 g 1,3251 ¢
10,12 % 9,65% | 9,19 % 9,16 % | 1,41 % 20 pcs
60,47 % 0,2497 g 2ind 0,0663 g
18,84 %
18.03.1992| 1,0066 ¢ 0,4042 g 0,3640 g| 0,1981 g| 0,2842 g 0,0846 g 0,0329 g 2,3746 g
17,02 % 15,32 %[ 8,34 % | 11,96 % 3,56% | 1,39 % 37 pcs
35,64 %

successfully identified to subgenus or family. 65 %®iscussion

of the identified caddisflies belongs to tAeabolia

and Halesus subgenus. Furthermore, individualsThe results of the pellet and the faecal

belonging to the following two taxa: th&llogamus analysis

subgenus (12 %- 349 pieces) and the Limnephilidae

family (11% - 321 pieces) were present in large The results of the faecal analysis can be used at

numbers. In Table 1 it is evident that there is &ast on the area of the Aggtelek National Park. We

correlation between the feeding period of the imgstl could now compare it with the results of the maatifi

and the mass appearance and disappearance of (Bpitznagel 1985) reguriated pellet analysis (Rigs

empty shells of Trichoptera larvae (larvae eaten kgnd 2.). The results of the faecal and pellet aasly

dippers). which have been carried out simultaneously, seem to
Table 1 well demonstrates that despite the earlye very similar. They show slight differences ifyon

nestling, the mass appearance of the empty shiellsfew cases and these minor differences are far from

the Tricheroptera larvae, which are consumed bshowing any real tendencies. This method thus makes

dippers, also correlated with the nestling periédd at possible to apply the faecal analysis alone when

these birds in 1992. Unfortunately the diurnabssessing the diet of dippers and to compare the

fluctuations in the number of caddisflies could notesults of the reguriated pellet and faecal analysi

have been accurately observed because of the heawithin smaller regions.

tourist industry and the subsequent disturbances.
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Diet of dipper Trichoptera larvae in the reguriated pellets opéifs
reached as far as 30 %.

The reguriated pellet an faecal analyses proved Still, it is noteworthy that on the area of the
the presence of 9 invertebrate animals (taxa),edlk wCarpathian Basin (not on the present territory of
as small stones, plant matters and feathers. Thiungary) a proportion of 10 % dbammarusand
feathers and the various plant tissues (mainlyrtakebout 50 % ofTrichoptera was recorded in 1906
from mosses) are likely to have been mixed with thé/ollnhofer 1906). We should also emphasise the
samples while collecting them. The small stonefact that the data was obtained by analysing the
(perhaps stones present in the gizzard of the )birdstomach-content of shot and dissected individuals
may also have got mingled with the samples the sarfrem more than 1000 metres above sea level.
way.

The data of the reguriated pellet analysis Trichontera Zpelet
supports our earlier observations (Rékasi 1985, P B faccal
Horvath and Andrikovics 1991), namely that ™ Oriverbed
Gammaruss predominant (over 80 %) in the winter |
diet of dippers in Hungary. Such high values have
only been reported from the area of Angara
(Pastuchov 1961). Having examined more than 6000,
items of food, the author reported a proportion of
93,8 %. Although in Germany the ratio was alleged |
to be below 40 % (Jost 1975/B, Spitznagel 1985), |
there were some pellets with a dominance of more |y
than 90 % (Spitznagel 1985). In Wales 5,4 % of the °7 .
number prey and 3,2 % of the mass pgeaymnmarus
made up. Nevertheless, it was not found in theelipp2. Fig. The ratio of caddisflies on the diet épers.
pellets in Spain (Santamarina 1990) and Morocco

50 1

1I. 18-20. . 12. lll. 18-22.

(Tyler and Ormerod 1991). Studying the benthic fauna of the stream it
became evident that the reason for the previously
1007 Gammarus fossarum @ pellet recorded predominance Gammarus(Rékasi 1985,

901 p

& faecal Horvath and Andrikovics 1991) during the winter
Hrvebed - period lies in the composition of available food
resources. In winter mostlyGammarus and
Sadleriana pannonicavere abundant in the stream
as well as smaller numbers of caddisfly larvae
without shells. That is the reason why dippers ¢end
to feed onGammarius

At the end of winter, however, the ratio of
caddisflies (as a potential food resource) rose and
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0l ) 7 Z A ) exceeded 8 % (Table 2). The increase is even more
XI. XIL. II. 18-20. IL12. NL18-22. L2425, . 27. Signiﬁcant if we excludeSadleriana pannonica
towards which dippers do not show much preference
1. Fig. The ratio osammarusn the diet of Dippers. and which they rarely feed on. In this case the

proportion of caddisflies (as potential food
In Hungary the proportion dBammarusin the resources) reaches up to 10 %'"(80arch: 14 %, 6
dippers’ diets sometimes starts dropping even iApril: 11 %). Dippers seem to exploit it since the
February, at the beginning of the nestling perBy. ratio of Trichoptera larvae was gradually incregsin
the time the nestlings have hatched, it does nemh evin its food. These are primarily the so called
reach 50 %. In the meantime, the ratio of Trichapte caddisflies without shells  Hydropsyche
larvae is gradually increasing, sometimes it magnev Rhyacophily, which are abundant here (Négradi —
exceed 60 %. Similar data was observed arndherkovics, 1988). Just before the nestlings hatch,
obtained in Germany (Jost 1975b, Spitznagel 1985he proportion of caddisflies in the dippers’ diet
in Spain (Santamarina 1990) and Scotland (Vickerswells even exceeding that of the Trichoptera
1988). In Wales (Ormerod and Tyler 1986), Irelancivailable in the benthic fauna (Table 1 and 2)sThi
(Tyler and Ormerod 1991) and Norway (Ormerodeven supports the idea that dippers tend to show
Efteland and Gabrielsen 1987) the ratio opreferences for certain foods within the available
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prey, namely they seem to prefer caddisfly lardae. Horvath, R. and Andrikovics, S. (1991): A vizirig€inclus
evident explanation for this is the difference e t cinclusL., 1758) téli taplalekosszetétale(Winter foods of
energy content between the two prey types. While he Dippen. —Aquila, 98, 147-162. )
Gamgn)]/arus rovides the birds WFi)thy3gBO call Iglorvath, R. (1993): A vizirigoCinclus cincluy Magyarorszagon
.p g_ (Occurrence of the Dipper in Hungary). — Aquila 100
energy, Trichoptera larvae mean 6000 cal/g. This 225.240.
might even be supported by the observation thaborvath, R. and Szép, T. (1998): A magyarorszagirigok
when the nestlings hatch, the number of caddisflies allomanycsékkenése (Population decrease of theeDijip

(mainly Halesus start to swell (Table 1). y [*t#”g;fy)éﬁ OL”iSSHU”Q;”\Sa 8., ng_l(f'ggg) pagrelek
: ; ; ; orvath, R., Boldogh, S. and Varga, Zs. : eleki-

It IS. CC:nSplpuct)rl]JS dhotw f“ttrtlle dr0|6adl?|_rlab?a karsztvidék madarvildga (The Birds of the Aggté{ekst). p. 52.
pannonicaplays In the diet o e dippers ( aobles ?il st, O. (1972): Erwerb und Behandlung der Koctegignlarven

and 4), though they are present in great numbeérs al qurch die Wasseramsel Ginclus cinclus — Luscinia 41:
over the year (Table 2). It is the size of the Ished 56, 298-301.
the great percent of indigestible parts (more #h@n Jost, O. (1975/A): Uber die Fundstellen und dassAofmeln von
%) that accounts for the dippers’ lack of prefegenc_~ Wasseramsalinclus cinclus— Luscinia 42 , 199-203.
for these prey (Horvath and Andrikovics 1991). JOSt',\%ﬂﬁ%7%E§ei';°'1‘605t°2"g‘3e’2‘§2 Speiballen Wiasseramsel.
On the b,aSIS Of, the gbove mentioned data (arbgst, O. (1975/C): Zur bkologie der Wasseramggindlus
our observations using binoculars) we could say tha  cinclug mit besonderer Beriicksichtigung ihrer Emahrung.
like in Wales and Norway (Omerod 1985a, Ormerod, — Bonn, Zool. Monogr. 6.
Efteland and Gabrielsen 1987) dippers also feeid theNogradi, S. and Uherkovics, A. (1988): Trichoptegital results
nestlings with caddisflies in Hungary. Owing to som from the Northern Mountains (Hungary). — Fol. Histnat.
failed experiments, however, we did not succeed ig, Mus. Matr.; 13, 71-90.

. . . - . alloran, J., Gribbin, S. D., Tyler, S. J. andnrod, S. J.
proving this directly either by the method of liges (1990): The ecology of dipper§inclus cinclus (L) in

nor by an artificial nestling. My theory can alse b relation to stream acidity in upland Wales: timéieity
supported by the fact th@&ammarusvas not proved budgets and energy expenditure. — Oecologia-1990.
from the faeces of the nestlings. Ormerod, S. J., Boilstone, M. A. and Tyler, S.1B§5): Factors
The changes in the feeding strategies of the iqfluenging the abundance of b.reeding Dip.p@'mclus
dippers have already been mentioned by researchers Icérl‘;“i*;” ;g‘; gjtghme”t of the River Wye, mid-Wales. —
(Om.‘emd’ Efteland and Gab”else.n. 1987)' Still th%rmerod, S. J Boilstone, M. A. and Tyler, S.1R§5): Factors
details of the process and the transition havéaeh influencing the abundance of breeding Dipp@mclus
thoroughly examined. Therefore studies involving cinclus in the catchment of the River Wye, mid-Wales. —
such questions may be relevant for further research IBIS 127, 332-342.
They could help us reveal the correlation betwee@rmerod, S. J., Tyler, S. J. and Lewis, J. M. 388): Is the
water pollution, the transformations and changes in Preeding distribution of Dippers influenced by ame

. . A acidity? — Bird Study 32, 32-39.
the invertebrate ~aquatic wildiife  and theOrmerod, S. J. (1985/A): The diet of breeding Digp@inclus

disappearance of dippers. cinclus and their nestlings in the catchment of the River
Wye, mid-Wales: a preliminary study by faecal arsly—
Acknowledgement IBIS, 127:316-331.
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my previous workplace, the Aggtelek National Park  __ girg study 33, 36-45.
for providing me the opportunity to carry out thiSormerod, S. J., Efteland, S. and Gabrielsen, (1€87): The diet
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