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Abstract. A total of 2176 pellets and pellet fragments waralysed, all of which have been
collected in 15 human settlements along the rivedvB, during 1996. From these 4335 small
mammal specimens were identified. Among the Ingerdi, six shrew species belonging to the
family Soricidae and four insectivorous genera were identified, nehe among the rodents
(Rodentia)12 species were differentiated plus one genus-i@mbdemus sppidentification was
made. With the help of abundance data of the smathmal taxa identified from the pellets, a
significant saturation curve was found to exisileetn sample size and number of species. With the
increase of pellet number, the number of specidsndt change considerably. Shannon-diversity
and evenness were not sensitive to sample siz&/dngfaleff's species richness values significantly
decreased as the number of pellets increased.r@sudt of differences in sample sizes, the small
mammal communities in only 9 of the settlementsewveompared using cluster analysis and
variance analysis. | concluded from the result$ sleseral years of data collection is necessary to
clearly describe the small mammal species composif the studied region.
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Introduction In the framework of the National Biodiversity
Monitoring System introduced recently in Hungary,

Small mammals have an extremely importanspecial attention is focused on small mammal specie
role in forming the structures of communities foundCsorba and Pecsenye 1997), since many of them are
in natural and seminatural habitats. They werprotected, are included in Red Data Books, and thei
significant objects of production biological resgar populations have been thoroughly studied during the
almost thirty years ago. Those studies are especiapast 30 years. The alterations of their densities a
notable from the aspect of trophic structure anslys community structures as a result of changes in the
energetics and biomass (Petrusewicz 1975, Petrudieiiting background variables, indicate any decline
wicz and Hannsson 1975, Golley et al 1975). At thin their environment (degradation, fragmentation,
same time, other types of synbiological case studi@rban effects, pollution, etc.). In order to effeely
were also produced, such as life history strategie®nclude from the changes in small mammal
(Gliwicz et al. 1968, Bujalskaet al. 1968, Bujalska populations and communities, it is necessary to
1975, Flowerdewet al. 1985), questions of density perform synbiological investigation of populations
estimation (Ryszkowski 1971, Smitbt al. 1971, and communities in several habitats or habitat
1975), as well as the problems of temporal popwcomplexes, to describe their spatio-temporal pagter
lation changes, population regulation and cyclicitand analyse the changes in these patterns.
(Petrusewicz 1966, Chitty 1967, Krebs 1964).
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However, because the technical demands dfie abundance data in pellets collected duringaa sp
sampling from small mammal populations and thef a year, and to compare the small mammal faunas
investigation of their life characters (e. g. treewf of the sample areas.
various trapping techniques, radio telemetry) are
pretty expensive, it is common to use indirect dampMaterial and methods
ing, such as pellet analysis, in synphenobiological
and ecological research. This method is ndPellet samples and identification
objectionable from a conservation aspect, and is a
relatively fast way of collecting large amount of  The present study elaborates on the results of
occurrence data. For the study of small mammalnalysis of pellets collected in 15 human settlémen
fauna (status survey, monitoring, diversity estimatalong the river Drava in 1996. Sampling, according-
ion) the most appropriate are the pellets of the baly, covered the lower river section in Somogy cgunt
owl (Tyto albg, because among the owl speciesnd its entire section in Baranya county. The
occurring in Hungary this is the one with the widessettlements of the collection sites were numbered
selection of preys, and also the feeding ecology dfom the east to the west. Thus the first sampdiiey
this species is well studied (Kalivoda 1994, Csorbs Toétokfoldje (Old) in Baranya county, whereas the
and Pecsenye 1997, Métics 1997, Horvath and Jenlegt one is Péterhida in Somogy county. Church
1998). The relationship between small mammabwers as potential barn owl nesting sites were
populations and the feeding of the barn owl hasibeisited monthly from the beginning of the year, and
sought for from various aspects (Bohnsack 1966, deere frequented as long as fresh pellets suggesting
Brujin 1979, Kotleret al. 1988, Palotas 1979), andthe presence of owls were found. There were no
the connection of small mammal abundance and basaoccessful nestings in the belfries of the subject
owl reproduction has also been studied (Bihlerillages in 1996; in most of the cases fresh pellet
1964). There has been collected also consideraliteund during the period between April-June
amount of information on the energetics of the barariginated from owls left without a pair. In thesea
owl — small mammal relationship (Ceska 1980pf Péterhida, Szentborbas (2) and Toétokfoldje,
Goszczynsky 1976, Kirkwood 1979). In Hungarypellets were collected in abandoned farm buildings
the representativity of pellet analysis as an eatir and old, uninhabited houses. The number of
way of population sampling, and the problem otollections and the amount of the collected makteria
sample size have been studied mostly from @ e. the number of pellets) varied among the 15
theoretical approach and based on literature dasdes; these are summarized on a UTM-grid in the
(Kalivoda 1993, 1994). order of collection sites, in Table 1. The collecte

The reason the above issues are important fromaterial included whole pellets as well as pellet
the point of view of indirect monitoring is the fac fragments/debris in many cases. This is important t
that owls can be selective: they can prefer sorag prnote because prey lists were compiled based on
species to others. The question is that given suchwhole pellets only as well as on whole pellets plus
prey preference and a switching of this attitude, tpellet debris.
what extent the species composition appearingen th  Taxonomic identification was done on the basis
owl's food is representative of the small mammabf skull characteristics and dentition (Schmidt 796
fauna of the nearby areas, and samples collectedAas 1985, Ujhelyi 1994). TheNeomys species
which period are best for the monitoring of smal(Neomys fodiensPennant 1771, andNeomys
mammals (Horvath and Jeney 1998). Further, to whahomalus Cabrera 1907) were differentiated by
extent indices calculated from the basic data 4épe measuring the height of the corona-process of the
analysis (such as species richness, diversity, d8sjn mandible; if this was unfeasible, only the genus wa
are applicable in following small mammal abundancelentified (Neomys sp). The wood mouse
data and in determining trends. (Apodemus sylvaticukinnaeus 1758), the yellow-

Several studies have been produced about bamacked wood mouseéApodemus flavicollidelchior
owl pellet collecting and analysis (Fenydsi 19941834) and the pygmy field mouseApodemus
Horvath 1995, Purger 1998, Horvath 1998), whictmicrops Kratochvil and Rosicky 1952) were
are faunistic summaries of various time intervals;ategorized commonly as wood mic&ppdemus
with no attention to parameters derived from basispp) The house mouseM{s musculusLinnaeus
data and the relationships between them. 1758) was differentiated from the gleaner mouse

The aim of the present study is to analyse th@Mus spicilegusPetényi 1882) on the basis of the
relationships between derived community-ecologicdéngth proportions of the upper and lower zygomatic
and feeding ecological characteristics obtainedhfroarches (Demeter 1995, Demetdral. 1995); when
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these were missing from the skull or only a mareliblof pellets, a variable expressing the size of the
was found, only the genus was indicatistli§ sp). sample and affecting its representativity. Thusaas
Remains of both the rare ship r&kaftus rattus first step, regression analysis was applied for the
Linaeus 1758) and the invasive house M&tUS relationship between number of pellets and number
norvegicusBerkenhout 1769) were discovered in thes species. Community indices were then calculated

pellet safrpp_lesi fln f{:r?ses W?%nﬁthe ?_kiz_leta(lt)]&ater%m the abundance data of samples with totalized
was Insutticient Tor the exact difterentiation € pellet numbers, such as Shannon-Wiener diversity
S

two species, only the genus was indicat&at{us
sp) Accordingly, evaluation was performed on the H(S)=->. pin p
basis of a total of 23 small mammal taxa. =
and evenness
Statistical methods J:IHS.
n
dvherepi is the proportion of théth species in the

only the whole pellets were brought into the arialys S2MPIeH is diversity, andSis the number of species

The first important basic information was the numbe(Pi€lou  1975), and species richness based on
Margaleff's index

When the collected material was summed u

Table 1. Pellet collection sites along river Drawith dates of collection, number of pellets andyptaxa

UTM code Yearly Date of Number of | Total number| Number of
Site of sampling number of collection pellets / of pellets prey taxa
collection [1996] collection
1. Tétokfoldje (Old) BR97 4 04. 01. 70 482 18
06. 20. 152
07. 27. 233
08. 31. 27
2. Gordisa BR87 1 06. 20. 31 31 13
3. Matty BR87 1 02. 24. 47 47 13
4. Kovéacshida BR87 5 02. 24. 6 67 10
03. 25. 21
04. 29. 4
06. 20. 36
09. 28. 2
5. Szaporca BR77 5 02. 24. 14 116 15
03. 25. 3
04. 29. 89
05. 25. 8
06. 20. 2
6. Can BR77 5 02. 24. 67 193 19
03. 25. 67
04. 29. 55
05. 25. 4
7. Tésenfa BR77 1 07. 27. 176 176 17
8. Kisszentmarton BR67 4 02. 24. 48 109 17
04. 29. 39
05. 25. 11
06. 30. 11
9. Majlathpuszta BR77 1 03. 25. 42 42 13
10. Veijti YL37 3 02. 24. 26 56 16
03. 25. 15
04. 29. 15
11. Pisko YL27 3 02. 24. 17 47 16
03. 25. 11
04. 29. 19
12. Zalata YL27 1 06. 29. 21 21 13
13. Dravasztara YL17 1 06. 29. 8 8 5
14. Szentborbéas(1.,2.) YLO8 1/1 09. 03. 6 54 13
2/1 09. 03. 48
15. Péterhida XL98 1 07. 31. 79 79 18
> 61 2176 1528 216

TISCIA 32 49



d287—1 individual was a mole Talpa europaealinnaeus

InN 1758), while the remaining were members of the
(Magurran 1988) where S is the number of specieéSoricidae family.
identified from the pellets, and N is the number of Based on data from the whole pellets, a
individuals. Knowing the average body weight of thégaturation curve r(= 0.8) was obtained for the
various species (von Knorre 1973, De Brujin 1979c0rrelation between number of pellets and number of
Gorner-Hackethal 1987, Acs 1985, Marz 1987), tw§rey taxa (Fig. 1). From this it appears that the
feeding-ecological parameters were calculated frofMPer of species shows considerable variatiomup t

the samples with a given number of pellets, thg value O.f around 100 pellets beyond W.hiCh t_he
following way: Increase in the number of prey taxa is quite

- prey number in a pellePN: insignificant.
25 -
. number of prey items found
PN g
(specimens= number of pellets s 204
>
- biomass eaten in a pell@EF: % 154 y =2.958n(x) +2.0704
. . . > | R2 =0.6463
BER(g = totalized body weight of prey items g 10 b <0.001
number of pellets S
2 50
Then the relationships between the number of 0
pellets and the three community characteristics o 100 200 300 400 500

(diversity, evenness, species richness), and batwee Number of pellets
the two feeding-ecological parameters and the
community characteristics were analysed usingig. 1 Correlation between number of pellets anchiver of prey
regression analysis. taxa, based on the entire sample.

Because sample sizes (number of pellets and
number of collections) varied, the abundance values When Shannon-diversity and evenness were
of various species in the different villages werglotted against the number of pellets, no significa

standardized for 100 pellets: correlations were found (Figs 2-3). The value of
diversity can be quite variable up to 100 pellets,

. abundance 100 . . .
relative abundance = which is, of course, influenced not only by lower o

number of pellets< - number of collections  p;qper values of the number of species, but itse a

where samples with fewer than 50 pellets were leffluential whether or not the barn owl preferstagr

out from the calculations. Based on these relatiiereys to others, because the higher relative fretue
abundances, 9 settlements were compared usifia preferred prey animal reduces the diversitigsof
cluster analysis, where Chekanowski-index and tHg@mple. Evenness is less variable in this range of
group average method were applied. Then tHeellet number. A sample of low number of pellets,
sampling sites were compared using the Kruskagollected once in a given period provides little
Wallis test of ANOVA. The program packagesinformation about the prey choice of an area and
NuCoSA 1.05 (Téthmérész 1993, 1996, 1997)about the hunting strategies of the owls. One maso
BioDiversity (Lambsheactt al. 1995), and Toxstat Of the greater evenness values may be that the

(Gulley et al. 1990) were used for these calculations.frequencies of the few specimens identified from a
small sample are quite similar, and another

Results possibility is that in spring when the density bét
common vole Microtus arvalisPallas 1779) is still
From the material collected in 1996 in 15low, barn owls feed on a greater variety of prey
settlements along the river Drava a total of 217@hich fact results in an increased evenness of the
pellets and pellet fragments were processed (Takdample.
1), and 4335 small mammal specimens were In the case of samples with low pellet numbers,
taxonomically identified. Among the Insectivorax si species richness values are generally much higher
shrew species belonging to the family Soricidae arithan at greater pellet numbers. The value of specie
four insectivorous genera were identified, whereaschness shows significant exponential decrease as
among the rodents (Rodentia) 12 species wetbe number of pellets grow € 0.947). Margaleff's
differentiated plus one genus-levélppodemus spp. index of species richness is much more sensitive to
identification was made. 1130 specimens belonged tbhe number of pellets determining sample size, than
the order Insectivora, out of which only onediversity or evenness. Its main reason is thahe t
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species richness formula abundance appears in the Collection sites with samples larger than 50
denominator, and because abundance grows lineapgllets were compared based on their relative
with the number of pellets, species richness valuebundances. The cluster analysis separated two main
calculated from a sample of few pellets containingroups between which there is a relatively great
less specimens will be much lower than with alistance (Fig. 5). The smaller cluster on the right
sample of high number of pellets. more uniform, with the two villages in Somogy
county clearly separated and with the species
composition of only one sampling site in Baranya

2,50 | ; S
_ o_o| county showing similarity to them. In the other
% 200, OF :':' o cluster there are samples from county Baranya only,
> 150. o - but this one is not as uniform as the other. Thallsm
o o mammal composition obtained for Vejti (7) is
[ | . - .
Z 1,000 | especially different from the rest of the collegtin
| . .
| sites in Baranya.
0,501 !
! 9
0,00 | ; ; ; ‘ i
0 100 200 300 400 500
Number of pellets
Fig. 2 Shannon-diversity as a function of numbepelfets.
0,907 O | -
50801 Ogy o, g
§ 0701 g = -
£0607 mp @ o
2 0,50+ | s
% 0,401 !
0,301 ;
0,20 |
01107 : §7 1 4 6 3 2 7 5 8 el
0,00 : : : : ‘ s
0 100 200 300 400 500
Number of pellets Fig. 5 Comparison of the small mammal communitiasnti in
Fig. 3 Evenness as a function of number of pellets. the selected 9 settlements, using cluster analysisd

Chekanowski-index. 1: Tétokfoldje, 2: Kovacshida,SZaporca,

No significant correlation was found when BEF’4: Cun, 5: Tésenfa, 6: Kisszentmarton, 7: VejtiS8entborbas, 9.
Péterhida .

and PN were tested for relatedness with the
community characteristics. The values of the tWo The variance analysis of relative abundance
feeding-ecological indices show moderate variation,g|es did not reveal significant difference betwee
since these are indices that level off differenites any of the sampling sites (H = 12.1289 from

sample sizes, thus in a comparison with th@pich result it seems likely that in order to béesto

community parameters, there is no mathematicalyemonstrate any slighter difference between the
describable significant correlation between thgmall mammal communities of the various areas

analysed variable-pairs. much larger amount of data is necessary, which can

8,00 b be obtained only by means of a long-term monitoring

= |

2 7,00 J = 10.565 02176 program.

g 6,007 R? =0.8982

c - Y. . .

£ 5,001 p <0.001 Discussion

& 4,00

[} . . . . . .

S 3,00 As part of the National Biodiversity Monitoring

& 2,00 System, small mammal monitoring based on country-
1,001 wide owl pellet collection is planned to be intradd
0,00 ; ; ‘ ‘ ‘ in the form of a separate sub-project. Therefore it

0 100 200 300 400 500 would be extremely important to find out how the

Number of pellets samples collected in a given period but with vagyin
Fig. 4 Correlation between number of pellets andrgdieff-  pellet numbers should be standardized, and from the
index. abundance data of the identified prey species what
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sort of derived data are applicable for the congoeri frequent species. If a comparison is made withligsu
of samples collected in different times and abbtained on the Drava lowland between 1985 and
different locations. The present paper elaborates d994 (Horvath 1995), it appears that at present the
one year's data of a region. From the experienamost frequentMicrotus genus is not followed by
gained during the collections in that year it appda Sorex but instead the next most frequent species are
that it was extremely difficult to fulfill the redarity  Crocidura and Apodemus This change may be
requirement of monitoring in the study area whichielated with the fact that pellet collection sites
follows the course of river Drava, and to reachrgve those investigations and the present study onlgypar
nesting site within a pre-set time interval. Theoverlap. Because of the variation of sample sizes,
amount of pellets that could be collected regularlgmall mammal communities of only 9 of the 15
from a given nesting site was strongly influenced bvillages were compared. Relative abundance, a
how the birds used the site, i. e. whether the adhur parameter corrected for differences in sample sizes
tower was used only as a resting site, a pairleds oand abundance, was used as input for the cluster
occupied the building, or a successful nestingnalysis, which proved to be appropriate for
(perhaps a second nesting, too) could be recortledperforming the multivariate statistical procedufs.
that place. For this reason the number and sitleeof a surprising result, the two settlements in Somogy
samples collected at the 15 villages showed greebunty appeared to be in considerable separation,
variation. Based on our results it appeared that tlwith Tésenfa, a village in Baranya being most simil
number of species identified from the pellets did n to them. However, conclusions can only be made
grow further when the number of pellets reached 108ith precaution, because variance analysis did not
in a sample. Kalivoda (1994), when dealing with théndicate any significant difference. Therefore it
problems of sample size and representativityemains a question how notable (if any) statidical
concluded that sample sizes of around 200 weprovable difference can be expected between the
appropriate, and even with samples much greatsmall mammal communities recorded in an indirect
than that only very limited increase could beway of sampling on the spatial scale of areas along
expected in the number of species. Based on hiser Drava. Can the variation in climate, terraimd
results, sample sizes of 50 to 100 quite welegetation occurring along this scale cause
approximate the number of taxa obtained frondifferences in the composition of small mammal
greater samples. faunas? To what degree the demonstrable results are

From among the three community characterisdetermined by food preference and density-
tics, diversity and evenness appeared to be modependent predation in the owls? In order to be abl
applicable derived data, for their values were ndb answer these questions a successful monitoring
affected considerably by sample size. Howevegnd the analysis of data from a number of years are
Margaleff's species richness index proved to bg vemecessary.
sensitive to sample size; it is not advisable to
calculate it in the case of samples with highlwirsg ~ Acknowledgements
number of pellets. PN and especially BEP are
appropriate indices for describing feeding rhythms. | thank Agnes Gruber for her help in processing
The values of BEP are determined by the entire fodtie pellet material. This project was supportedhey
base as a whole, it is not sensitive to the redatiNational Scientific Research Fund (OTKA No. F
frequencies of the various species. It is wellime! 021184).
with the population growth of small mammals in
autumn, and it is affected also by the nesting timBeferences
and nesting rhythm of the owls.

Our regular pellet collecting along river DravaAcs, ﬁ- (13_83)1/; blagolykbpet \gésgélatok alapjai.MME Zalai

i i it Cs. Kladv. Zalaegerszeg. pp.
g;?;lllden?a&rgzrefgﬂnlzgseaagu::je tf]%mggrﬂgﬁr?gOfsi':2§0hnsaCk’ P. (1966): Uber die Ernahrung der So@ele,_Tyto_

. C 8 » alba, insbesondere auBerhalb der Brutzeit, in einen
even after only one year. It is a contribution he t westholsteinischen Massenwehselgebiet der Feldmaus,
knowledge about the fauna of the southern part of Microtus arvalisO Corax1(17) 162-172. '
Baranya county along river Drava with importantBrU'Jrllie(g-e:l’aen(dlS7E?a\égzggegoleclg'gg'e van de KérHu albain
distribution d.ata’ which suppl_ements earlier, 315)6“’§3ujalska, G., Andrzejewski, R. and Petrusewicz, (K968):
data from this county (Schmidt 1969, 1972, 1974, " productuvity investigation of an island populatiast
1975), as well as more detailed surveys having done Cletrionomys glareolug(Schreber 1780). II. Natalityl
here (Horvath 1994, 1995, 1998). The first finding Acta Theriol 13, 415-425.
be noted among the processed data is the listeof th
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