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JIJ11 BUSHAUYEHHS PAIIIOHY PYZIOT JIMCUIII

ABSTRACT

Purpose of the work. The aim of the study was to develop a standardized and reproducible method for scat
analysis to obtain comparable results on species’ feeding habits.

Methodology. Fresh red fox scats (less than 24 hours old) were collected, georeferenced by GPS, dried, and
disinfected in alcohol. Sample size was calculated using power analysis. Diet composition was analyzed micro- and
macroscopically after washing and sieving (2 mm and 1 mm). Food remnants were identified under a microscope, and
diet proportions were calculated as percentages of total fragments. The reliability of volumetric estimations was tested
by comparing estimated and measured volumes of nine food categories. Inter- and intraobserver reliability were
assessed by regression analysis. The independence of samples was verified through similarity index analysis based on
distances between sampling points.

Scientific novelty. A standardized and statistically validated methodology for red fox scat analysis was developed.
The improved volumetric method allows the application of two-way multivariate ANOVA, minimizing required sample
size and ensuring reproducible results. The study defined the minimal distance between independent samples, the
optimal number of scats and food remains to be analyzed, and demonstrated high intra- and interobserver reliability.
The method enables accurate, comparable estimation of diet composition and temporal or spatial differences in feeding
habits.

Conclusions. The study provides a reliable method for analyzing red fox scats to estimate diet composition. The
improved volumetric approach allows the use of two-way multivariate ANOVA with fewer samples. Ensuring sample
independence and sufficient numbers is important. Intra- and interobserver consistency was high. Collecting at least
seven independent samples per site, spaced by 40 m and repeated three times, and analyzing enough food remains
provides accurate and comparable results. This method can help monitor feeding habits in mammals for conservation
purposes.
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AHOTAIIA

MeTa po60oTH. MeTol0 A0C/Ii/PKeHHsT OyJI0 pO3pOGHUTH CTaHJAPTU30BAaHUM i BiITBOPIOBAaHUN METOJ, aHAJi3y
€KCKpPEeMEeHTIB /iJI1 OTPMMaHHs NOPIBHAJIBHUX Pe3yJIbTaTIB 1010 XapYOBUX 3BUYO0K BUJY.

MeTopo.0ris. 3i6paHo CBixi eKCKpeMeHTH JIMCHULi 3BUYalHOI (He cTapiui 24 ronH), 3adpikcoBaHO KOOPAHUHATH
GPS, BucymeHo Ta npoje3sindikoBaHo B cnupTi. Po3Mip BUGIpKM BHU3HAYaju MeTOJOM aHaui3y moTyxkHocTi. Ckiaf,
pauioHy AocaiKyBajJu MiKpo- Ta MaKpOCKOMIYHO Mic/is NPOMUBAHHS i npocitoBaHHA (2 MM i 1 MM). Xap4yoBi pelTku
ifeHTUIKyBaMM MMiJi MiKPOCKOIIOM, a YacTKy KOXXHOTO KOMIIOHEHTA pO3paxOByBaJM y BiZicOTKax BiJ 3araJjbHOi
KizbKkocTi ¢pparmeHTiB. HafjifHicTh 06’€MHMX OIiHOK MepeBips/iM LIISXOM MOPIiBHSHHS PO3PaxOBaHUX i BUMIpSAHUX
06’eMiB JIeB’ITH KaTeropili xapuyoBuX pecypciB. CXOXiCTb pe3yJsbTaTiB MiXK pi3HUMH CIOCTepirayaMu, a TaKOX
y3TO/PKeHICTh NMOBTOPHUX BHMIipIOBaHb OJHOTO CIOCTepiraya OLiHIOBaJM 3a [ONOMOIOI0 perpeciiHOro aHasnisy.
HeszanexHicTb npo6 nepeBipsiiu 3a iHeKcoM NoAIGHOCTI 3a/1€2KHO BiJ BicTaHi Mi>k ToukaMu Bifi6opy.

HaykoBa HoBH3HA. P0o3p06/ieHO CTaHZAPTHU30BaHy Ta CTAaTUCTUYHO NepeBipeHy MeTOAUKY aHaJli3dy eKCKpe-
MEHTIB JIUCUIi 3BUYAWHOI. YJJOCKOHaJIeHUHA 06'€EMHUH MeTOoJ, A€ 3MOrYy 3aCTOCOBYBAaTH JBOGAKTOPHUU OGararto-
BUMIpHUN aucnepciiHuil aHaniz (ANOVA), 3MeHIIyrouM HeoOXifHUHA o6cAr BUOiIpKM Ta 3abe3nedyyroyud BiJTBO-
proBaHicTb pe3ysibTaTiB. Bu3HaYeHO MiHIMaIbHY BiZicTaHb MiXK He3a/IeXKHUMU NPO6AMHU, ONITUMAJIbHY KIJIbKICTb 3pa3kKiB
I pelITOK /g aHaJli3y, a TAKOX MiATBEPAXKEHO CX0XKICThb pe3ybTaTiB MXK PI3HUMHU ClIOCTepirayaMy Ta y3TroJ KeHiCTb
NOBTOPHUX BUMipIOBaHb O/IHOTO cllocTepiraya. MeTo 103B0JISIE TOUHO OLiHIOBATH CKJaJ, PallioHy Ta HOro NpoCcTOPOBO-
4acoBi BiAMiHHOCTI.
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BucHOBKHM. /loc/ikeHH NPOINOHYE HAZliMHY MEeTOJUKY aHaJli3y eKCKpPeMEeHTIB JIMCUL 3BUYaWHOI AJI1 OLiHKU
CKJIaZy palioHy. Y/JOCKOHaJleHUH O06’'€MHUN MiJxXiA J03BOJISE 3aCTOCOBYBAaTH [ABOGAKTOPHUN OGaraTOBUMipHUM
aucnepciiHui aHanis (ANOVA) 3 MeHILO0 KiJIbKICTIO 3pa3kiB. BaxkyinBo 3a6e3neyn Ty He3aleKHICTb Npo6 Ta JOCTATHIO
IX KiJIbKiCcTb. CXO0XKICTb pe3yJbTaTiB MK pPI3HHMH CIIOCTepirayaMy Ta IIOBTOPHI BUMIPIOBaHHS OJHOIO CIOCTepirada
6yJia BUCOKOI0. 36ip LjoHalIMeHIIe ceMH He3asleXKHUX 3pa3KiB Ha AiAHLI 3 BiscTaHHI0 40 M i TpbOMa NOBTOPEHHAMH, a
TAaKOX aHaJli3 JO0CTAaTHbHOI KiJIBKOCTI PeIlTOK J03BOJISIE OTPUMATU TOYHI Ta NOPIBHAHHI pe3ysbTaTh. MeToAUKa MOXe
6yTH KOPHUCHOIO /IJ1s1 MOHITOPUHTY XapuOBUX 3BUYOK CCaBIiB y TporpaMax 0XOPOHU NMPUPO/IH.

Kiro4oBi ci1oBa: ck/aj paijioHy, aHajli3 eKCKpeMeHTiB, po3Mip BUGIPKH, 06'eMHUM MeTO/, JTMCUIS 3BUYAHA

Introduction

Trophic relations can influence activity,
social and spatial organization of animals;
additionally, predators have a central role in
structuring of ecosystems (Dell'Arte & Leonardi,
2005; Zabala & Zuberogoitia, 2003). Our
subject, the red fox (Vulpes vulpes Linnaeus,
1758), is a widespread predator living on all the
continents except South America.

Detailed knowledge of feeding habits is
important in order to understand the ecology of
the species’. Historically, a wide range of
methods was used. The diet of herbivores was
studied mostly by volumetric methods, while
that of carnivores by frequency of occurrence.
Scat analysis may have difficulties that
complicate their interpretation (Ciucci et al,,
2004; Reynolds & Aebisher, 1991), besides, it
was commonly used in the literature because
scat collection is non-invasive and cost-effective.
The number of collected faeces, the number of
identified fragments and all the sampling proce-
dures are different in the surveyed studies.

A few studies found it necessary to define
the minimal sample size and analyse the spatial
distribution that will guarantee the indepen-
dence of scats (Katona & Altbacker, 2002; Trites
& Joy, 2005). Marucco et al. (2008) suggested
using an additive method for collecting fecal
samples of wolves living in groups. Indepen-
dence is important because it can give informa-
tion about the actual food choice of individuals.

For frequency of occurrence 94 scats will
ensure that existing differences will be statistically
detected, whereas 59 scats will ensure that at
least one scat contains a species that has a 5%
probability of occurring in a scat (Trites & Joy,
2005). Martin et al. (1995) collected scats from
badgers latrines; the number of samples in each
season was different. Hovens & Tungalaktuja
(2005) collected samples of wolves in each
month and made a conclusion that 5-7 are
insufficient for their method. Homolka (1982)
used 10-20 samples for the different studies.
Katona & Altbacker (2002) (volumetric method)
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suggested collecting 10 independent samples
from one site in a season, which is many times
lower than suggested by Trites & Joy (2005) for
frequency of occurrence.

The aim of the present work was to
improve the various existing scat analysing
methodologies by establishing a standardized
methodology which gives comparable and
reproducible results on the feeding habits of
species. For this, it is necessary to determine the
number of required faecal samples; the minimal
distance between sampling points, which would
guarantee the independence of samples; a
suitable statistical data processing procedure;
and the number of analysed food remnants
within a faecal sample for a correct estimation.

Materials and methods

Scats (n=383) were collected in Bdcsa,
Bugac and Orgovany at Kiskunsagi National
Park and in Nagykovacsi at Duna-Ipoly National
Park. Our suggested volumetric methodology
consists of the following steps:

Sampling - Only fresh (not older than
24 hours) faecal samples of red foxes were
collected. The time and location of samples were
recorded on the collecting boxes. The exact co-
ordinates of the sampling points were deter-
mined by GPS and were recorded on a data
sheet and on a map (1:10000) in order to
calculate the distance between them. The
samples were dried for 2 days. After that the
samples were separately soaked in alcohol over
24 hours for disinfection.

Sample size determination - Minimum
sample size was determined with the “Statistica”
programme from StatSoft with power analysis
sample size calculation.

Microhistological analysis - The diet com-
position of foxes was determined by micro-
scopic and macroscopic analysis of remnants in
faeces. The scats were considered as sample
units and treated separately. We loosened each
sample by pincers and thoroughly washed them
for 20 minutes in flowing warm water through
two sieves with mesh sizes of 2 mm and 1 mm.
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The 2mm sieve captured large amorphous
items such as plants and insects, while the finer
sieve captured mostly hairs. After drying of
washed samples, the contents of sieves were put
in separate bags with identification codes on
them. We sampled the food remnants from both
sieves with pincers and with plotting paper
under the Petri dish. From the 2 mm sieve
50 pieces of remnants were chosen for
identification from 50 fixed points, while from
the 1 mm sieve 100. The remains were exami-
ned by microscope using magnification of
4x-200x. The cuticular and medullar prepara-
tions of hairs were made by the method of
Teerink (1991). Proportion of diet components
was estimated in each scat separately by:

Ni / Nt x 100, where Ni - the number of
fragments of item i; Nt - the total number of
fragments. These percentages were used for
statistical calculations.

The reliability of estimation - First we
estimated the volume of 10 scats by our sug-
gested volumetric method without separation
of components and they were analysed as
mentioned in the microhistological analysis
section. Then we separated the components into
9 categories. After this, the exact volume of each
item category was measured by a plastic hypo-
dermic syringe (20 ml). The air was pressed out
of the syringe. After, we compared the exact
volume of each item category with the volumes
estimated by our suggested volumetric method.

Interobserver tests - Tests were perfor-
med by two authors using the same methodo-
logy. The observers made all the consecutive
steps of the microhistological analysis separa-
tely. The relationship between results was
estimated by regression analysis.

Intraobserver tests — All the consecutive
steps of the microhistological analysis were
performed two times by one of the authors with
the same methodology. The relationship between
the results was estimated by regression analysis.

Independency of scats - Fresh scats of red
foxes were collected (n=15) in Nagykovacsi. On
the first day the scats were marked and on the
next day we collected all the unmarked ones. By
similarity index we investigated the diet overlap
of each sample. The distances between sampling
points were determined. The relationship bet-
ween the distance and similarities of samples
was tested by regression analysis. The similarity
of scats was calculated by Renkonen’s propor-
tional similarity index:
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Sis=Ymin(P1,i; P2,i), where P1,i is the
proportion of prey category in one individual,
P2,i in the other individual.

Comparison of the estimated volumes
obtained by our suggested volumetric methodo-
logy with the exact volumes and with the
following frequency of occurrence results:

Frequency of occurrence 1: frequency of
occurrence expressed as a percentage of the
total number of scats.

Frequency of occurrence 2: frequency of
occurrence expressed as a percentage of the
total number of occurrences of all food items.

Results

The power analysis for sample size
calculation indicates that different statistical
procedures need different sample sizes
(Table 1; Fig 1). The group sample size for one-
way ANOVA depends on the number of groups,
while the Chi square test — on the differences in
population variance. A minimum of seven faecal
samples is sufficient from the same sampling
site within the same sampling period (within a
grouping variable) for the two-way multivariate
ANOVA. The number of rows depends on the
number of independent variables (e.g. number
of sites and seasons) and the number of samples
within groups (within independent variables);
the number of columns depends on the number
of item categories (according to unpublished
data, in the case of long-term research this
number will be more than eight).

The proportions of main food types in
two sieves (n=336) were highly correlated
rs=0.63-0.82, p=0.00.

Intra- (n=7) and interobserver (n=7)
reliabilities were measured to be high
(Regression analysis: r=0.91-1.00, b=0.73-1.11,
p<0.05), except for fox hair (r=0.37, b=0.22,
p=0.41). The proposed microhistological faeces
analysis does not depend on the observer.

The results of contents analysis made by
the proposed method are similar to the percen-
tage of volume (rs=0.83-1, p<0.05) (Fig. 2).

There was no negative correlation
between the distance of sampling places of scats
and their diet similarity (n(distances)=105,
rs=0.18, p=0.23). The similarity between two
samples at a distance of 41 m was Sis=0.25.
Larger distance alone cannot guarantee the
independence because in some cases samples
were found to be similar within a distance of
several hundred meteres.

The independent samples had individual
patterns with high variability.
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Table 1
Required group sample size for different statistics
Statistics Required sample size
2-tailed 265
One mean, t-Test il N
5 t-Test. ind 1 2-tailed 527
mean, t-Test, ind. samples el 50
5 t-Test d ! 2-tailed 32
mean, t-Test, dep. samples S e
2 groups 170
3 groups 103
4 groups 77
5 groups 63
1-way ANOVA 6 groups 54
7 groups 48
8 groups 43
9 groups 40
10 groups 37
Chi square test, when varl 2-tailed 417
is 1.25 times higher than var0 1-tailed 342
Chi square test, when varl 2-tailed 126
is 1.5 times higher than var0 1-tailed 104
Chi square test, 2-tailed 43
when varl is 2 times higher than var0 1-tailed 36
2-tailed 90
Sl 1-tailed 74
30
02 seasons M3 seasons 04 seasons
25 ]

20 ]
s {1 |

1T

oc=0,01‘a=0,05a=0,01‘a=0,05a=0,01‘a=0,05a=0,01‘a=0,05a=0,01‘a=0,05a=0,01‘a=0,05a=0,01‘a=0,05(x=0,01‘a=0,05a=0,01‘a=0,05

Necessary samplesize

2 sites 3 sites 4 sites 2 sites 3 sites 4 sites 2 sites 3 sites 4 sites
3 item categories (variables) 8 item categories (variables) 15 item categories (variables)

Fig. 1. Required sample size for 2-way ANOVA. The number of rows depends
on the number of independent variables (like number of sites and seasons) and the number of
samples within groups (within independent variables); the number of columns depends
on the number of item categories (according to unpublished data,
in the case of long-term research this number will be more than eight)
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Fig. 2. Similarity between percentages. Comparison of the exact volume of categories
of 10 samples with their estimated volume made by the proposed volumetric method
and by two types of frequency of occurrence methods

Discussion

We analysed the variance components of
the consecutive steps of the non-invasive scat
analysis of the red fox diet estimates. We
improved a volumetric method in a way what
would allow the usage of two-way multivariate
ANOVA, which requires the lowest sample size
(Fig. 1). According to Zabala and Zuberogoitia
(2003) the volumetric method shows the
relative importance of ingested food items. First
we investigated how many faecal samples need
to be collected on a site in a season, then the
number of hairs and other remains that need to
be identified. We determined the minimal
distance between independent scat samples.
Our results suggest that it is necessary to
analyse the samples separately in order to
accurately estimate diet components and their
variance. Some techniques are susceptible to
interobserver sources of error (Ciucci et al,
2004). The intra- and interobserver reliabilities
of the suggested methodology were measured
to be high. The exact volume of faecal compo-
nents is very close to the estimated volume
(Fig. 2). So, this is a reliable method, which is
able to investigate the percentage of volume of
scats contents, and it is able to estimate site-
dependent differences in the feeding habits of
foxes and their change in time.
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In the literature there are problems with
samples size, which can be related to the
methods used (Hovens & Tungalaktuja, 2005;
Martin et al., 1995). Trites & Joy (2005) conclu-
ded that for the Chi square test it is necessary to
use 94 samples. Scat analysis with the volu-
metric method, which we propose allows using
ANOVA, which will prevent the problem of
sample size. We suggest using a minimum of 63
samples for comparison, because for the two-
way multivariate ANOVA three times three
series minimum of seven independent samples
are necessary at a=0.05 when the power goal is
0.90.

Marucco et al. (2008) suggested perfor-
ming scat contents analysis for diet estimation
of wolves and combining these results with data
on kills, which would allow a better represen-
tation of the missed Kkills not documented by
other techniques. They concluded that small
carnivores produce fewer scats per individual
prey item; therefore the independence of
samples will not be problematic. Our results
suggest that the diet overlap estimated by
Renkonen’s proportional similarity index can be
used as an additive method. Besides, it can only
be used as a verification of the independence
after the microhistological faeces analysis. The
studied sites need to be large enough for seven
fox individuals and the samples should be
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collected along permanent tracks. The minimum
distance between sampling points needs to be
40 m. The minimum distance was 100 m in the
case of the European hare (Katona & Altbacker,
2002) having the same home range size as the
fox. The highest variance observed was between
the individual compositions of samples; this
possibly originated from the actual food choices
of the individuals (Katona & Altbacker, 2002). In
the literature, there are cases when during the
analysis the researchers made a mixture of
samples (Matrai et al, 2004; Ramirez et al,
1997; Szemethy et al.,, 2003) and subsamples
were taken out from this mixture. Individuality
of diet composition makes the validity of diet
analysis from a faecal sample mixture doubtful.

We propose the described methodology
because it gives reliable and reproducible
results, which do not depend on the observers.
This way the researchers can more precisely
investigate the feeding habits of mammals,
which is important in monitoring and managing
restoration of threatened species. Without the
correct knowledge of a particular species’ diet
and of the food availability in the restoration
sites positive results will not be guaranteed. So,
we propose collecting seven independent
samples at least 40 m from each other at a time
from each site, then repeating this process two
more times with a set period of time between
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repetitions, thus collecting 3x7x3=63 samples
altogether. Ciucci et al. (2004) used 50 remains
with point-frame method but suggested 100.
Our results suggest using 150 remains, choosing
one remnant from 50 different points of 2 mm
sieve, one from 100 different points of 1 mm
sieve and use their summarised results when
calculating the percentages of volume.

Conclusions

The study provides a standardized and
reliable methodology for analyzing red fox scats
to estimate diet composition.

The improved volumetric method allows
the use of two-way multivariate ANOVA with a
smaller sample size, while ensuring repro-
ducible results.

Individual variability in diet was identified
as the main source of variation, emphasizing the
need to analyze samples separately.

High intra- and interobserver consistency
confirms the method'’s reliability.

Collecting at least seven independent
samples per site, spaced by 40 m and repeated
in three series, and analyzing 150 food remains
per sample, ensures accurate and comparable
dietary assessments.

This approach can be applied to monitor
feeding habits and support conservation and
management programs for mammals.
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