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Seasonal dynamics and reproductive phenological parameters of four Carabus species (C.
convexus, C. coriaceus, C. germarii and C. hortensis) common in Hungary were studied by
pitfall trapping and dissection. Beetles were collected in an abandoned apple orchard and
in the bordering oak forest near Budapest (Central Hungary), in 1988-1991.

The sex ratio was male-dominated, but this was significant only for C. coriaceus.

The catch of C. germarii adults showed relatively short activity period with unimodal
curve, but activity was longer and bimodal for the other three species. Adults of C. germarii
and C. hortensis reached sexual maturity in July, and C. coriaceus adults were matured by
early August. We did not find newly hatched individuals of C. coriaceus or C. germarii.

The reproductive period was approximately four weeks in C. hortensis, five weeks for
C. coriaceus and six weeks for C. germarii. Reproduction lasted much longer, for about four
months, in C. convexus. The mean number of ripe eggs per female were 4.2 in C. convexus,
5.4 in C. coriaceus, 6.6 in C. germarii, and 7.4 in C. hortensis. The maximum number found
was about three times the average in all studied species. The reproductive allocation (ratio
of egg complement mass/body mass) was lowest in C. germarii (0.133) and highest in C.
hortensis (0.196), and did not depend on body size.

There was minimal overlap of the activity and reproductive periods of the four species.
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INTRODUCTION

Ground beetles (Carabidae) are one of the most species-rich families
of beetles (Crowson 1981). They are frequently studied because are easy to
collect, have high densities, and have important roles as natural enemies of
pests (LovEr & SUNDERLAND 1996) and weeds (Saska et al. 2010). Many of them
have complex age structures, surviving and reproducing over several years
(ScHjoT1Z-CHRISTIENSEN 1965, LOVEI & SUNDERLAND 1996).
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Because of the categorisation uncertainties of the reproduction (Linp-
ROTH 1949, PaarMAN 1979), the high variability in the reproductive rhythms
(Mararin 2007), and the regional differences life history characteristics (But-
TERFIELD 1986, Makarov 1994, Sota 1994, MataLiN 2006), local data are neces-
sary to cross-validate generalisations concerning life history features (Horka
1973, Sota 1994), as well as to develop effective biodiversity management
strategies.

In most European countries, several Carabus species are on the Red List,
legally protected, and often endangered (N1emeLA 2001). Six Carabus species
are protected at the European Community level (Annexes II and IV of the
Habitat Directive 92/43/EEC: EurorEaN CommissioN 1992). In Hungary, 42 of
the total of ca. 540 carabid species are protected, and the maintenance of their
populations is a legal requirement (MErRkL & Vic 2009). Twenty-eight species
of the genus Carabus occur in Hungary (SztL et al. 2007). Their occurrence
and habitat preference are reasonably well documented (SztL et al. 2007), but
only a few papers (Fazekas et al. 1997, 1999, ANDORKO & KADAR 2009) present
data on the life history traits and reproduction of Hungarian carabids. From
Hungary, we have data on reproduction and seasonal activity from only three
Carabus species: C. ullrichi (ANDORKO et al. 2009), C. hungaricus (BERces & ELEx
2013, Sztw et al. 2006), and C. scheidleri (ANDORKS & KADAR 2009). The life his-
tory characteristics of other Carabus species common in Europe, such as C.
convexus, C. coriaceus, C. germarii and C. hortensis can only be surmised from
literature data in other regions of Europe (TurIN et al. 2003).

We studied four species: Carabus convexus F., 1775, C. coriaceus L., 1758,
C. germarii Sturm, 1815 and C. hortensis L., 1758. Earlier, C. germarii was con-
sidered a subspecies of C. violaceus, and it appears as C. violaceus in FAzEkAs
(1997). Today it has a status of an independent species (TurIN et al. 2003, SzEL
et al. 2007). Its reproduction and life cycle is probably similar to that of C. vio-
laceus, thus most of the earlier data can apply to this species (Turin ef al. 2003).

These four Carabus species are common and widespread in Europe. Ac-
cording to literature data (Turin et al. 2003), C. hortensis, a 22-30 mm large
species prefers forest interiors, reproduces mainly in August-September. The
larvae and a large proportion of adults hibernate. C. convexus (14-20 mm) lives
in both forests and their edges, preferring sun-exposed hillsides and lowland
forests. It reproduces in spring, teneral adults appear in August-September.
C. germarii (20-35 mm) prefers forest edges, and is a eurytopic forest species,
with newly emerged adults in summer and reproduction mainly in August.
Some adults hibernate and enter a second breeding in the following summer.
C. coriaceus is the biggest (32—40 mm) species, occurs in many habitats, includ-
ing cultivated ones (SzEL et al. 2007, TuriN et al. 2003). Newly emerged beetles
occur in late summer and reproduce in the autumn. A number of adults hi-
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bernate and become active in following spring, later entering an aestivation
dormancy. At higher altitudes and northern regions the individual develop-
ment may last 2-3 years (LinproTH 1985). All four species are zoophagous,
mostly predatory, feeding on earthworms, slugs and snails, but also carrion
and sometimes even on vegetable matter (LARoCHELLE 1990).

In this paper, we provide data on the seasonal activity, sex ratio, and
comparative reproductive characteristics and dynamics of these four Carabus
species. Our further aim is to place them in the reproductive spectrum of the
Hungarian Carabus species, and determine their reproductive allocation. Car-
abids are not capital breeders — they need resources to develop their eggs.
However, the relationship between instantaneous reproductive allocation (i.e.
the number of eggs found at anyone time in a female) and total reproductive
effort and its dynamics is not known in many species, or only partial data are
available (Fazekas 1997).

Specifically, we sought to examine the following questions/hypotheses:
- Are there any regional differences in reproductive rhythms, seasonal dy-

namics, and egg production?

—  What is the ratio of males vs. females, and does this differ from unity?

- Whatis the age structure of the populations, and how is it related to their
reproduction?

- We assumed species-specific differences in reproductive allocation that
was related to body size: small species should have a higher reproduc-

tive investment, as predicted by life history theory (Kotzk et al. 2011).

- How do they fit into the reproductive seasonal dynamics of the Hungar-
ian Carabus species?

MATERIAL AND METHODS

Study area and trapping

The habitats examined included a small (2.5 ha), abandoned apple orchard, and the
bordering oak forest at Nagykovdcsi, Juliannamajor, in the north-western vicinity of Bu-
dapest, Hungary. The apple orchard has not been sprayed since 1987; even before that, it
was only sprayed with fungicides. In the spring, the soil was disc-tilled between the tree
rows, but not under the trees. This is one of the sites of an earlier agro-biodiversity survey
(MgszARros et al. 1984).

Ten pitfall traps were placed in the orchard (in the corner near the forest) in the
weedy patch under the trees, and 5 in the forest (at least 25 m away from the orchard).
The traps were glass jars with 100 mm diameter, with a galvanised iron cover to protect
the catch from rain and to decrease by-catch. The killing and preservation agent was a 4%
formaldehyde solution. Traps were emptied weekly from April to November in 1988, and
between March and November in 1989-1991. For further details, see Fazexas et al. (1999).
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Seasonal activity

We evaluated the seasonal activity of the species based on the number of specimens
during the four years. Since the number of traps was different, we standardised the catch
as the number of specimens per trap. Seasonal activity in C. germarii was described using
the quartile method (Fazekas et al. 1997). This method divides the whole activity period
into four quartiles, based on the cumulative numbers caught. The peak of the activity is the
date when 50% of the cumulative catch is reached. The main activity period is defined as
the period between the dates when 25% and 75% of the cumulative catch is obtained. The
early activity period is before the start, and the late activity period is after the end of the
main activity period. We could not apply this method to the other three species because
their activity was bimodal.

Ageing and dissection

We estimated the age of the beetles based on the coloration and softness of the cuticle,
mandible wear, and the condition of the bristles (Van Dijk 1972). We created the following
categories:

- teneral: newly hatched specimen, with soft or yellowish, uncoloured or partially hard-
ened, pale brown cuticle

- young: completely hardened cuticle, sharp mandibles, intact, long bristles on the head

- 1y old: inits first year; like a young individual, but started to show signs of wear on the
mandible; bristles mostly intact

- old: past its first year/season, with a hardened cuticle, worn mandibles, shorter, broken
bristles on the head.

Adults were dissected to determine the developmental stage of testes and ovaries
and the number of eggs (VAN Dijk 1972). Three categories of females were distinguished
according to the state of development of their ovaries:

a) virgin female, undeveloped ovaries;

b) gravid female in reproductive condition, with ripening eggs in the ovaries;

¢) spent female, in post-reproductive state, with corpora lutea in the ovaries;

The size of the eggs (width x length, measured to 0.1 mm) was measured with an
ocular micrometer mounted on a stereomicroscope.

Estimation of fecundity

We characterised the minimum theoretical fecundity as the maximum number of
ripe eggs found in one female. If the females of the species lay all their eggs at once, and
they succeed to develop their potential number of eggs, this number constitutes the actual
realised (maximum) reproduction. If the eggs are laid in several batches, the female, after
laying all the ripe eggs in her abdomen (this is the number that dissection reveals), may
develop further batches. In this case, the maximum number found constitutes the mini-
mum realised reproduction. In general, the number of eggs laid is higher than found by
dissection (Kirk 1971), therefore our estimate was conservative. The four studied species
belonged to the second group, because in the dissected females, apart from fully ripe eggs,
eggs in various stages of development were found. These eggs, under appropriate condi-
tions, may develop into fully ripe eggs that could have been laid later.
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Reproductive allocation

We calculated reproductive allocation indexes as: egg complement mass/body mass,
and egg complement volume/body mass. The size of the egg complement was equal to the
mean number of eggs found in a reproductive female. This value is a good indicator for
showing the actual, instantaneous reproductive effort, and can be used for comparing dif-
ferent species (HART & BEcon 1982). We measured the dry mass of the ripe eggs (after dry-
ing them at 60°C for 24 h). The volume of eggs was calculated using the formula of a rotat-
ing ellipsoid (JuLiano 1985). Body mass calculation was based on Jarosix’s (1989) formula:

Body mass = 0.03069 (body length)>¢55%
Sex ratio inequality was tested by Yates’ corrected X test (SoxaL & Ronrr 2012).

RESULTS
C. convexus

C. convexus was the second most numerous species in the forest (Table 1).
The proportion of females to males (106 : 90) was not significantly different
from equality (Yates” corrected x?=0.50, df =1, p = 0.48). Adults were captured
from the very start of the trapping period every year. The activity density was
the highest in early spring and in July (Fig. 1). The start of the reproduction
could not be determined, because gravid females with ripe eggs in their ova-
ries were already present at the start of the trapping period. We found ripe
eggs until the beginning of June (1990) — July (1988). In the three years, we

Table 1. Population characteristics of four Carabus species investigated at Nagykovacsi,
Central Hungary, 1988-1990.

Population parameter C. con- C. coria- C. ger- C. hor-
vexus ceus marii tensis

Total no. of individuals caught* 233 193 198 382

No. of females/no. of males 106/90 57/99 64/95 153/158

No. of females per age class (young/ly/old) 35/56/15  34/18/5  51/10/3  81/59/13
No. of males per age class (young/ly/old)  48/32/10  61/34/4  71/20/4  93/55/10

Number of females with ripe eggs 44 20 25 26
Total number of ripe eggs 183 102 164 193
Maximum number of ripe eggs/female 10 17 18 25
Mean number of ripe eggs (+SD) 4.16+2.09 537+4.70 6.56+4.40 7.42+7.17
Body mass (mg) 74.51 540.48 269.06 223.87
Reproductive allocation (by volume) 0.312 0.339 0.231 0.363
Reproductive allocation (by mass) 0.193 0.176 0.133 0.196

* no. of individuals caught over 1988-1991

Acta Zool. Acad. Sci. Hung. 61, 2015



62 KADAR, F.,, FAZEKAS, J. P., SAROSPATAKI, M. & LOVE], G. L.

1.2

1.0 1

0.8 1

0.4 1

No. of individuals/trap/day
]

0.2 4

0.0 I‘IHH = HH HHI‘IHI‘IHH[ o oo

March April May June July Aug Sep  Oct
Weeks

Fig. 1. Seasonal (weekly) catch data of C. convexus at Nagykovacsi, Hungary in 1988-1991
(N =233).

captured 14, 4, and 26 gravid females, respectively. The mean egg size was
3.92 mm x 1.65 mm; the female mass was 74.51 mg. There was little between-
year variation in the mean egg number/female over the three study years (4.7,
4.5 and 3.8, respectively, see Table 1), but the number of females containing
ripe eggs varied considerably (15, 4, and 26, respectively), and the period of
reproduction was long. Each year, tenerals appeared in July. About 14% of
females and 11% of males caught were older than 1y (Table 1).

C. coriaceus

This species was very numerous, more so in the apple orchard than in
the forest: 150 specimens were collected in the orchard, while only 43 indi-
viduals in the forest (Table 1). The sex ratio (57 females : 99 males) was signifi-
cantly different from equality (Yates’ corrected x> =5.22, df =1, p = 0.022). In
1988-89, the activity period lasted from the end of May/early June to the end
of September, shorter than in 1990-1991, when it lasted from early May until
the end of October (Fig. 2). We collected 21, 17 and 19 females in 1988-1990,
respectively, out of which 8, 10 and 2 were in reproductive condition. Judg-
ing from the development of the testes, males reached reproductive condition
by early August. The ovaries of females were also underdeveloped until this
time. Ripe eggs were found between mid-August and mid-September, with
a peak at the end of August. The average egg size was 7.55 mm x 2.94 mm,
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Fig. 2. Seasonal catch data of C. coriaceus at Nagykovacsi, Hungary in 1988-1991 (N = 193).

a reproductive female had a mass of 540.48 mg (Table 1). There were large
between-year differences in the number of eggs in gravid females: in 1989, the
mean was 6.2 eggs per femalebut in 1990, only 2 gravid females were caught,
with 3 and 1 eggs, respectively. The reproductive period lasted approximately
5 weeks. Teneral specimens were not caught. Older individuals made up 8.8%
of females and 4.0% of males.

C. germarii

During the four years, 173 specimens were captured in the apple orchard
and 25 in the forest (Table 1). Although there were more males (95 vs. 64 fe-
males) , the sex ratio was not significantly different from unity (Yates’ cor-
rected x*>=2.68, df = 1, p = 0.10). The main activity period started on 26 June,
peaked on 29 July and ended on 15 August (Fig. 3). Sixty-four sexually mature
females were captured (22, 24 and 18, respectively), with 10, 14 and 1 of them
containing ripe eggs. In June, males had underdeveloped testes; but they were
mature by July. The reproduction period lasted approximately 6 weeks. Ripe
eggs were found from the beginning of July until the end of August, with a
peak in mid-August; a single gravid female was captured on 12 September.
The average egg size was 4.96 mm x 1.91 mm, and the body mass of a repro-
ductive female was 269.06 mg. The average number of eggs/ female was 6.56
(Table 1; but only 1 gravid female with 2 eggs in 1990). Teneral specimens
were not caught. Old individuals accounted for a small percentage of the pop-
ulation (4.7% of females, 4.2% of males).
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Fig. 3. Seasonal catch data of C. germarii at Nagykovacsi, Hungary in 1988-1991. (The left
and right arrows mark the main activity period, the central one indicates the activity peak
according to Fazekas et al. (1997) (N = 198).

C. hortensis

This species was present practically only in the forest, with a total num-
ber of 382 specimens. The number of females and males (153 : 158) was not
different (Yates” corrected x*=0.01, df =1, p = 0.90). The activity period lasted
from mid-April until the end of October (Fig. 4). The peak of its activity was
influenced by variations in the numbers of different age categories every year.
In 1988, the peak was in July because of the high number of sexually mature
females (but without eggs). In September 1989, as a result of the high propor-
tion of sexually mature males and females containing ripe eggs, the activ-
ity and reproductive peaks coincided. In June 1990, the annual activity peak
was caused by reproductively inactive adults. The proportion of sexes also
changed annually; the proportion of males was the highest in the year when
the reproductive activity was the highest. The total number of females as well
as the number of females containing ripe eggs varied by an order of magni-
tude (Table 1). Immature females reached sexual maturity by July. Ripe eggs
could be found in the females from the middle (1989) or late (1988, 1990) Sep-
tember until mid-October, a reproduction period of about 4 weeks. The num-
ber of reproducing females (or eggs) was the highest during the third week
of September. When the number of captured females was low, the reproduc-
tion rate was higher and vice versa. The number of females containing ripe
eggs changed little: it was 12 in 1989 and 13 the year after. The average egg
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Fig. 4. Seasonal catch data of C. hortensis at Nagykovacsi, Hungary in 1988-1991 (N = 382).

number/female showed significant differences (13.6 vs 1.6 eggs/female, Stu-
dent’s t-test, t =7.28, df =23, p <0.001). The mean egg size was 4.98 mm x 2.05
mm, and the calculated body mass of a reproductive female was 223.87 mg.
The average egg number per female was 7.42 (Table 1), again masking large
between-year variation: in 1989, 12 females had a total of 163 eggs (mean =
13.58 eggs/female), but in 1990, the 13 gravid females had a total of 21 eggs
(mean = 1.6 eggs/female). Many older females participated in the reproduc-
tion process: 33% in 1989, and 69% in 1990. The share of old individuals was
higher (8.5%) for females than males (6.3%).

Overall, the proportion of females containing eggs varied not only by
species but by year as well, with no obvious trends. The reproductive alloca-
tion, calculated from the ratio of egg complement mass and body mass, was
highest in C. hortensis, nearly equalled by C. convexus, followed by C. coriaceus,
and C. germari. When the ratio of egg volume and body mass was considered,
C. coriaceus invested more in reproduction than C. convexus (Table 1).

In 1990, the egg production decreased in the case of the autumn species
compared to the previous years, both in terms of the ratio of females contain-
ing ripe eggs as well as the average number of eggs/female.

DISCUSSION

Our data originated from two different habitats (an abandoned orchard
and a neighbouring forest), but they were very close to each other, and their
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disturbance during the preceding decade was not different. Therefore we
think that there were no spatial differences between these two areas that
could influence the parameters studied. Further, the large between-year vari-
ations would have masked any smaller variation that could exist within such
a small distance.

The sex ratio was male-dominated, but this was significant only in the
case of C. coriaceus. Male surplus was also found in C. granulatus (DRrees &
Huxk 2000), C. auronitens and C. nemoralis (WeBER & HeEmmBacH 2001). The high-
er number of trapped males is frequently attributed to males looking for mat-
ing partners (BAumcarTNER 2000). The females are much less mobile during
the egg laying period than the males. Feeding condition can also play a role:
when hungry, equal numbers of C. hortensis females and males were caught,
but when well-fed, males outnumbered females by 50% (Szyszko et al. 2004).
This would indicate suboptimal feeding conditions in this habitat.

Our results underline that a species does not have the same dynamics in
all of its range (MaTaLiN 2007). The activity peak of C. coriaceus in the north-
western forests of Germany occurs at the end of September (DULGE 1994), a
month later than in central Hungary, but the reproductive period coincides
with what Horka (1973) found in the Czech Republic. In our study, the activ-
ity period of C. germarii (earlier considered a subspecies of C. violaceus ) began
two months earlier than that of C. violaceus in Austria (ParLt 2000) but ended
earlier than in northern Germany (Stusse 1983). In Italian vineyards, C. germa-
rii has two activity peaks (Zanpiciacomo et al. 1987).

In the present study, we did not find newly hatched C. coriaceus nor C.
germarii specimens. This could be a population-specific phenomenon, because
during other studies in Hungary, several tenerals were captured (KADAR et al.
unpubl. data).

The registered start of the activity period for C. convexus was in synchro-
ny with literature data, but its reproduction in Hungary started earlier (in
mid-March), than elsewhere in Europe (Turin et al. 2003).

C. hortensis females can contain ripe eggs from August onwards (HORkA
1973), while in our study site, this occurred a month later, coinciding with the
findings from Norway (RerseTH 1988). This difference can be caused by study
conditions, or indicates suboptimal food conditions in the given year. Car-
abids only start developing eggs once their metabolic needs are met and eggs
are even resorbed under food shortage (LOVEI & SUNDERLAND 1996).

The reproductive allocation of the four studied species did not differ
significantly. A general relationship was not found: while the much smaller
Agonum dorsale and Brachinus explodens have a parameter of 0.09 (Fazexas
1997, Fazekas et al. 1999), the medium-sized Pterostichus melas has 0.6 (Faze-
Kas 1997). The four species studied here are bigger, yet their reproductive
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allocations were between the above two values (Table 1). Using a comparable
method, FiLLirov (2007) measured a ratio of female body length: egg length
for Carabus nitens, which is related (in an inverse way) to reproductive al-
location. According to this, the reproductive allocation in C. nitens (0.21) is
between our calculated data for C. hortensis and C. coriaceus (0.17-0.24), while
the actual instantaneous allocation (considering the mean no. of eggs/female),
it is close to our values for C. convexus (0.99, for the other species, 1.12-1.48).
Further studies are needed to validate these calculations. For now, we can
only conclude that in carabids, this parameter is probably not size-dependent,
unlike body mass or mean egg numbers; it did not seem to depend on the
number reproducing females, either.

The density-dependent differences in reproduction at the population lev-
el seemed to be reached in different ways. In C. hortensis, this may be achieved
by changes in egg numbers/reproducing female (as neither the number of re-
productive females not their mean body mass showed between-year differ-
ences, Table 1). However, in C. convexus the overall reproductive success may
be regulated by the changing number of reproducing females, while the other
two parameters (body mass, mean egg number/female) did not vary.

Our results concerning the three autumn breeding species agree with
those of Grim (1984) and Huk and KinnE (2000), who described a negative
correlation between the mean number of ripe eggs in the ovaries and the body
mass of the species. This did not apply to C. convexus. This spring breeder in
our study area had five times higher mean egg numbers than conspecifics
from a forested area in Eastern Hungary (mean no./female = 0.8, MAGURA et al.
2013). We also found mature eggs a month earlier than Macura et al. (2013).
The two regions may host populations with different reproductive potential,
similar to the case of an eastern Hungarian population of Anisodactilus signa-
tus (Fazexas et al. 1997). It is also possible that the eastern Hungarian habitat
is rather unfavourable.

We conclude that in Hungary, C. convexus probably is the one of the earli-
est, while C. hortensis is one of the latest reproducing Carabus species. Repro-
duction in C. convexus occurs before that of C. nemoralis, which was formerly
thought one of the earliest reproducing species (TurIN et al. 2003). The activity
of C. nemoralis in Central Europe begins in March, and is high in April (WEBER
& HeimvBach 2001).

The time between the first ripe eggs in C. hortensis females and the ap-
pearance of the first tenerals indicate an individual development time of ap-
proximately 9 months, less than the 10 months in Turin et al. (2003). This is
a long period, making the population rather vulnerable to random events.
Reproduction of old females would lessen this vulnerability, and large num-
bers of young individuals can delay their reproduction until the following
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year. This way the risk of reproduction can be spread among the different age
categories. Most C. hortensis specimens can live for up to 3 years (Grtim 1975),
possibly reproducing more than once. We found a higher proportion (50%) of
older, reproducing females than ScujoTz-CrisTENSEN (1968) did in Denmark
(33.5%). The egg production in C. hortensis was the lowest in the year when
its number was the highest. Several species show such a negative correlation
between the number of individuals caught and the number of eggs in the ova-
ries, including P. oblongopunctatus (Heessexn 1980), C. melanocephalus (BAars
& vaN Dyx 1984), and Anisodactylus signatus (Fazexas et al. 1997). Unlike C.
hortensis, C. convexus seems to spread the risk of reproduction within season,
extending it to approximately four months (Fig. 5).

We found spatial (two species were found mostly in the forest, the other
two mostly is the orchard) and temporal (shift in the reproductive period of
species at the two sites: C. convexus vs. C. hortensis and C. coriaceus vs. C. ger-
marii, see Fig. 5) separation between the examined species. Similar relation
exists between tenerals of C. coriaceus and C. nemoralis (MULLER & KasHUBA
1986). In Germany, the activity peak of C. violaceus occurred three weeks ear-
lier when it was sympatric with C. hortensis than in an allopatric situation
(GUNTHER & AssmanN 2000). Competition is often invoked to explain spatial
and/or temporal separation of reproductive periods (Loreau 1989) although
experimental evidence for such competition is not conclusive (L6vEr & Sun-
DERLAND 1996). The reproduction dynamics of the four examined Carabus spe-
cies (Fig. 5) was arranged along the spring-autumn continuum. Considering
the position of other Carabus species such as C. ullrichi (ANDORKO et al. 2009),
C. scheidleri (ANDORKO & KADAR 2009), C. scabriusculus (KADAR & BujAki, un-
publ. data), and C. hungaricus (SzEL et al. 2006) along this continuum supports
and refines this non-overlap. Such temporal separation exists among 68 spe-
cies in the Netherlands (Den Boer & DeN Boer-Daange 1990) and ten coexist-
ing Carabus species in the Bielowieza Forest, Poland (SkLopowski 2005). Most
of such studies involved adults, while the larvae are more sensitive and may

O convelis

C. germarii

O corlaceis

O hortensis

March  April May June July August Sept Oct

Fig. 5. Reproductive activity of four Carabus species collected at Nagykovacsi, Hungary in
1988-1990.
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require synchronisation with their key preys which could lead to such a clear-
cut separation in activity. It is plausible to assume that the difference can be
explained by the bionomics and ecology of the larvae (L6VEI & SUNDERLAND
1996) which should be tested in further experiments.
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REFERENCES

ANDORKO, R. & KADAR, F. (2009) Life-cycle, reproduction and age-composition of the
ground beetle Carabus scheidleri (Coleoptera, Carabidae) in Hungary. Acta Zoologica
Academine Scientiarum Hungaricae 55: 380-391.

ANDORKO, R., ELEK, Z. & KADAR, F. (2009) The habitat selection and the reproductive char-
acteristics of Carabus ullrichi (Coleoptera, Carabidae) in woodland habitats in Hun-
gary. P. 40. In: HENGEVELD, R., NooRrDIJK, J., OPsTEEG, T., TURIN, H. & VERMEULEN, H. .
W. (eds): Abstracts of the XIVth European Carabidologists” Meeting. Westerbork.

Baars, M. A. & Van Dyk, Ta. S. (1984) Population dynamics of two carabid beetles at a
Dutch heathland. II. Egg production and survival in relation to density. Journal of
Animal Ecology 53: 389-400. doi: 10.2307/4523

BAUMGARTNER, R. (2000) Sexual attraction in Carabus auronitens F.: males lured by females.
Pp. 139-145. In: BRANDMAYR, P., LovEl, G. L., ZETTO BRANDMAYR, T., CASALE, A. & VIG-
NA TacrianTi, A. (eds): Natural history and applied ecology of carabid beetles. Proceedings
of IX European Carabidologists” Meeting. Pensoft, Sofia-Moscow.

BErces, S. & ELEK, Z. (2012) Overlapping generations can balance the fluctuations in the
activity patterns of an endangered ground beetle species: long-term monitoring of
Carabus hungaricus in Hungary. Insect Conservation and Diversity 6(3): 290-299. doi:
10.1111/j.1752-4598.201200218.x

ButterrIELD, ]. E. L. (1986) Changes in life-cycle strategies of Carabus problematicus over a
range of altitudes in Northern England. Ecological Entomology 11: 17-26. doi: 10.1111/
j-1365-2311.1986.tb00275.x

CrowsoN, R. A. (1981) The biology of the Coleoptera. Academic Press, London, xii + 802 pp.

DEN BOER, P.J. & DEN BoEr-Daangg, W. (1990) On life history tactics in carabid beetles: are
there only spring and autumn breeders? Pp. 377-381. In: Stork, N. E. (ed.): The role of
ground beetles in ecological and environmental studies. Intercept Ltd., Andower.

Drees, C. & Huk, Th. (2000) Sexual differences in locomotory activity of the ground beetle
Carabus granulatus L. Pp. 133-138. In: BRANDMAYR, P., LovEl, G. L., ZETTO BRAND-
MAYR, T., CasaLg, A. & VieNa TacrianTy, A. (eds): Natural history and applied ecology
of carabid beetles. Proceedings of the IXth European Carabidologists’ Meeting. Pensoft, So-
fia-Moscow.

DtLcE, R. (1994) Seasonal activity of carabid beetles in wooded habitats in northwest Ger-
many. Pp. 125-131. In: DesenpER K., DUFRENE M., Loreau M., Lurr M. L., MAELFAIT
J. P. (eds): Carabid beetles: Ecology and Evolution. Kluwer Academic Publ., Dordrecht.
doi: 10.1007/978-94-017-0968-2

Acta Zool. Acad. Sci. Hung. 61, 2015


http://dx.doi.org/10.2307/4523
http://dx.doi.org/10.1111/j.1752-4598.2012.00218.x
http://dx.doi.org/10.1111/j.1365-2311.1986.tb00275.x
http://dx.doi.org/10.1007/978-94-017-0968-2

70 KADAR, F.,, FAZEKAS, J. P., SAROSPATAKI, M. & LOVE], G. L.

Eurorean CommissioN (1992) Council Directive 92/43/EEC of 21 May 1992 on the Conser-
vation of Natural Habitats and of Wild Fauna and Flora. http://ec.europa.eu/environ-
ment/nature/legislation/habitatsdirective/index_en.htm [Accessed on 11 June 2014.]

Fazexas, J. (1997) Life history characteristics of ground beetles (Carabidae) in two habitats. Un-
published PhD Candidate of Sciences Thesis, Hungarian Academy of Sciences, Bu-
dapest, 112 pp. [In Hungarian]

Fazekas, J., KADAR, F., SARospaTAKI, M. & LovEL G. L. (1997) Seasonal activity, age struc-
ture and egg production of the ground beetle Anisodactylus signatus (Coleoptera:
Carabidae) in Hungary. European Journal of Entomology 94: 473-484.

Fazekas, ]., KADAR, F., SARospPaTAKL M. & LovEl G. L. (1999) Seasonal activity and repro-
duction in the spring breeding groundbeetle species Agonum dorsale and Brachinus
explodens in Hungary (Coleoptera: Carabidae). Entomologia Generalis 23: 259-269.

FiLierov, B. Yu. (2007) Seasonal patterns of life cycle of ground beetle Carabus nitens (Co-
leoptera, Carabidae) in southern tundra. Biology Bulletin 34: 577-582. doi: 10.1134/
51062359007060076

GriMm, L. (1975) Mortality patterns in carabid populations. Ekologia Polska 23: 649-665.

GriMm, L. (1984) Carabid fecundity as affected by extrinsic and intrinsic factors. Oecologia
65: 114-121. doi: 10.1007/BF00384473

GUNTHER, ]. M. & Assmann, T. (2000) Competition in the woodland? Phenology, body mass
and body length of coexisting Carabus species — preliminary results (Coleoptera,
Carabidae). Pp. 185-195. In: BRANDMAYR, P., L6vEl G. L., ZETTo BRANDMAYR, T., Ca-
sALE, A. & ViGNa TacLiaNT, A. (eds): Natural history and applied ecology of carabid bee-
tles. Proceedings of the IXth European Carabidologists’” Meeting. Pensoft, Sofia-Moscow.

Hart, A. & Becon, M. (1982) The status of general reproductive-strategy theories, illus-
trated in winkles. Oecologia 52: 37-42. doi: 10.1007/BF00349009

Heessen, H. J. L. (1980) Egg production of Pterostichus oblongopunctatus (Fabricius) (Col.,
Carabidae) and Philontus decorus (Gravenhorst) (Col., Staphylinidae). Netherland
Journal of Zoology 30: 35-53. doi: 10.1163/002829680X00023

Huk, T. & Kiung, B. (2000) Egg laying strategy and aspects of larval biology of two Carabus
species (Coleoptera, Carabidae). Pp. 161-168. In: BRANDMAYR, P., LovEl, G. L., ZETTO
BrRANDMAYR, T., CasaLE, A. & VieNa TacLiaNTI, A. (eds): Natural history and applied
ecology of carabid beetles. Proceedings of the IXth European Carabidologists’ Meeting. Pen-
soft, Sofia-Moscow.

Hurka, K. (1973) Fortpflanzung und Entwicklung der mitteleuropdischen Carabus und
Procerus-Arten. Studie Ceskoslovensko Akademie Ved 9: 1-78.

JARrosIk, V. (1989) Mass vs. length relationship for carabid beetles (Col., Carabidae). Pedo-
biologia 33: 87-90.

JuLiano, S. A. (1985) The effects of body size on mating and reproduction in Brachinus lat-
eralis (Coleoptera, Carabidae). Ecological Entomology 10: 271-280. doi: 10.1111/j.1365-
2311.1985.tb00724.x

Kirk, V. M. (1971) Biology of a ground beetle, Harpalus pensylvanicus. Annals of the Ento-
mological Society of America 66: 513-518. doi: 10.1093/aesa/66.3.513

Kortzg, J.,, BRanDMAYR, P., CasaLg, A., Daurry-RicHARD, E., DeEkoninck, W., Korvura, M.,
Lover, G. L., Mossakowski, D., Noorpijx, J., PAARMANN, W., P1zzoroTTO, R., SAska, P.,
SCHWERK, A., SERRANO, J., Szyszko, J., TaBoaDA, A., TuriN, H., VENN, S., VERMEULEN, R.
& Zert0, T. (2011) Forty years of carabid beetle research in Europe — from taxonomy,
biology, ecology and population studies to bioindication, habitat assessment and
conservation. ZooKeys 100: 55-148. doi: 10.3897/zookeys.100.1523

Acta Zool. Acad. Sci. Hung. 61, 2015


http://ec.europa.eu/environment/nature/legislation/habitatsdirective/index_en.htm
http://dx.doi.org/10.1134/S1062359007060076
http://dx.doi.org/10.1007/BF00384473
http://dx.doi.org/10.1007/BF00349009
http://dx.doi.org/10.1163/002829680X00023
http://dx.doi.org/10.1111/j.1365-2311.1985.tb00724.x
http://dx.doi.org/10.1093/aesa/66.3.513
http://dx.doi.org/10.3897/zookeys.100.1523

SEASONAL DYNAMICS, AGE STRUCTURE AND REPRODUCTION OF FOUR CARABUS 71

LarocHELLE, A. (1990) The food of carabid beetles. Fabreries Supplementum 5: 1-132.

LinorotH, C. H. (1949) Die fennoskandischen Carabidae. III. Allgemeiner Teil: Zugleich
eine biogeographische Prinzipdiskussion. Géteborgs Kungliga Vetenskaps- och Vitter-
hets-samhallets handlingar (Ser. B4) 1: 1-911.

Linprots, C. H. (1985) The Carabidae (Coleoptera) of Fennoscandia and Denmark. Fauna
Entomologica Scandinavica 15(1): 1-225.

Loreau, M. (1989) On testing temporal niche differentiation in carabid beetles. Oecologia 81:
89-96. doi: 10.1007/BF00377014

Lover, G. L. & Sunpereanp, K. D. (1996) Ecology and behavior of ground beetles (Co-
leoptera: Carabidae). Annual Review of Entomology 41: 231-256. doi: 10.1146/annurev.
en.41.010196.001311

Magura, T., MizsER, S., Nagy, L. & TétamErEsz, B. (2013) Effects of urbanization on the egg
production of Carabus convexus. Pp. 41-42. In: Saska, P., Knapp, M., HonEk, A. &
MARTINKOVA, Z. (eds): Carabids and man — can we live with(out) each other? Abstracts of
XVIth European Carabidologists” Meeting. Crop Research Institute, Prague.

Makarov, K. V. (1994) Annual reproduction rhythms of ground beetles: a new approach
to the old problem. Pp. 177-182. In: DEseENDER, K., DurreNE, M., Loreau, M., Lu¥¥,
M. L. & MAELrArr, ]. P. (eds): Carabid beetles: Ecology and evolution. Kluwer Academic
Publishers, Dordrecht. doi: 10.1007/978-94-017-0968-2

MartaLiN, A. V. (2006) Geographic variability of the life cycle in Pterostichus melana-
rius (Coleoptera, Carabidae). Zoologicheskii Zhurnal 85: 573-585. doi: 10.1134/
50013873806040051

MaraLiN, A. V. (2007) Typology of life cycles of ground beetles (Coleoptera, Carabidae) in
Western Palaearctic. Entomological Review 87:947-972. doi: 10.1134/50013873807080027

MErke, O. & Vig, K. (2009) Bogarak a Pannon régiéban. Vas Megyei Mtzeumok Igazgatosaga,
B. K. L. Kiad6, Magyar Természettudomanyi Mtzeum, Szombathely, Hungary, 494 pp.

MitszAros, Z., Apawm, L., BaLazs, K., BENeDEK, M., Csikal, C., Draskovits, A. D., KozAg, F.,
LovEel, G., MAHUNKA, S., MEszLENY, A., MidALyy, F., MiaAryy, K., Nagy, L., OLAn, B,
Parp, J., Parp, L., POLGAR, L., RADWAN, Z., RAcz, V., Ronkay, L., SoLymosi, P., Soés, A.,
SzaBO, S., SzaBOKY, C., SzaALAY-MARZSO, L., SZARUKAN, 1., SzeLENYI, G., SZENTKIRALYI,
F., SzirAk1, G., SzOkE, L. & TOROK, J. (1984) Results of faunistic and floristic studies
in Hungarian apple orchards. Acta Phytopathologica Academiae Scientiarum Hungaricae
19: 91-176.

MULLER, J. K. & KascHusa, A. (1986) Biological significance of the seasonal distribution of
activity of Pterostichus oblongopunctus (F). (Coleoptera, Carabidae). Pp. 173-181. In:
DEN BoEgR, P. J., Lurr, M. L., Mossakowski, D. & WEBER, F. (eds): Carabid Beetles: Their
adaptations and dynamics. Gustav Fischer Verlag, Stuttgart.

NIEMELS, J. (2001) Carabid beetles (Carabidae) and habitat fragmentation: a review. Euro-
pean Journal of Entomology 98: 127-132. doi: 10.14411/eje.2001.023

PaarMaNN, W. (1979) Ideas about the evolution of the various annual reproduction rhythms
in carabid beetles of the different climatic zones. Miscellaneous Papers of Agricultural
University Wageningen 18: 119-132.

ParLr, W. (2000) Slugs as prey for larvae and imagines of Carabus violaceus (Coleoptera:
Carabidae). Pp. 221-227. In: BRANDMAYR, P., L6vEl G. L., ZETTO BRANDMAYR, T., CaA-
sALE, A. & VioNa TacLiaNT, A. (eds): Natural history and applied ecology of carabid bee-
tles. Proceedings of the IXth European Carabidologists’” Meeting. Pensoft, Sofia-Moscow.

RersetH, D. (1988) Annual patterns of activity, reproduction and development in some
Norwegian Carabidae (Col.). Fauna Norvegica (Series B) 35: 21-30.

Acta Zool. Acad. Sci. Hung. 61, 2015


http://dx.doi.org/10.1007/BF00377014
http://dx.doi.org/10.1146/annurev.en.41.010196.001311
http://dx.doi.org/10.1007/978-94-017-0968-2
http://dx.doi.org/10.1134/S0013873806040051
http://dx.doi.org/10.1134/S0013873807080027
http://dx.doi.org/10.14411/eje.2001.023

72 KADAR, F., FAZEKAS, J. P., SAROSPATAKI, M. & LOVEI, G. L.

Saska, P., MarTINKOVA, Z. & Honek, A. (2010) Temperature and rate of seed consump-
tion by ground beetles (Carabidae). Biological Control 52: 91-95. doi: 10.1016/j.biocon-
trol.2009.07.016

SchyoTz-CRISTENSEN, B. (1965) Biology and population studies of Carabidae of the Coryne-
phoretum. Natura Jutlandica 11: 1-173.

SchyoTz-CRISTENSEN, B. (1968) Some notes on the biology and ecology of Carabus hortensis
L. (Coleoptera, Carabidae). Natura Jutlandica 14: 127-154.

Skropowskr, J. J. W. (2005) Interspecific body size differentiation in Carabus assemblages in
the Bialowieza Primeval Forest, Poland. Danish Institute of Agricultural Sciences Report
Plant Production 114: 291-303.

Sokar, R. R. & Ronrr F. J. (2012) Biometry. 4th ed., W. H. Freeman and Co., New York, 937 pp.

Sorta, T. (1994) Variation of carabid life cycles along climatic gradients: An adaptive per-
spective for life-history evolution under adverse conditions. Pp. 91-112. In: DaNKs,
H. V. (ed.): Insect life-cycle polymorphism. Kluwer Academic Publisher, Dordrecht.
doi:10.1007/978-94-017-1888-2

Stussg, A. (1983) Die Jahresrhythmik ausgewéhlter Carabidenarten (Coleoptera) in Kief-
ernforstender Diibener Heide. Hercynia N. F. 20: 178-203.

Sziv, Gy., BErces, S., Kurasi, Cs. & K6po6Bocz, V. (2006) A magyar futrinka (Carabus hung-
aricus Fabricius, 1792) hazai elterjedése és élShelyei (Coleoptera: Carabidae). (Distri-
bution and habitats of Carabus hungaricus Fabricius, 1792 in Hungary (Coleoptera:
Carabidae.) Praenorica, Folia historico-naturalia 9: 45-80.

Sziv, Gy., RETEZAR, I, BErces, S., FiLop, D., Szasd, K. & Pénzes, Zs. (2007) Magyarorszag
futrinkai. Pp. 81-106. In: Forro, L. (ed.): A Kdrpdt-medence dllatvildginak kialakuldsa.
Magyar Természettudomanyi Muzeum, Budapest.

Szyszko, J., GRYUNTAL, S. & ScHWERK, A. (2004) Differences in locomotory activity between
male and female Carabus hortensis (Coleoptera: Carabidae) in a pine forest and a
beech forest in relation to feeding state. Environmental Entomology 33: 1442-1446. doi:
10.1603/0046-225X-33.5.1442

TuriN, H., PENEv, L. & CasatLk, A. (eds) (2003) The genus Carabus L. in Europe. A synthesis.
Pensoft Publisher, Sofia-Moscow-Leiden, 536 pp.

Van Dyk, Th. S. (1972) The significance of the diversity in age composition of Calathus
melanocephalus L. (Coleoptera, Carabidae) in space and time at Schiermonnikoog.
Oecologia 10: 111-136.

WEBER, F. & HemvmBacH, U. (2001) Behavioural, reproductive and developmental seasonal-
ity in Carabus auronitens and Carabus nemoralis (Col., Carabidae). Mitteilungen aus
der Biologischen Bundesanstalt fiir Land- und Forstwirtschaft 382: 1-194.

Zanpiciacomo, P., BARBATTINI, R. & ParMEGIANT, P. (1987) Indagine sui Coleotteri Carabidi
in vigneti friulani a diversa conduzione agronomica. Bolletino di Zoologia Agraria e di
Bachicoltura (Ser. 1I) 19: 119-144.

Revised version received August 28, 2014, accepted November 30, 2014, published April
30, 2015

Acta Zool. Acad. Sci. Hung. 61, 2015


http://dx.doi.org/10.1016/j.biocontrol.2009.07.016
http://dx.doi.org/10.1007/978-94-017-1888-2
http://dx.doi.org/10.1603/0046-225X-33.5.1442


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1400 1400]
  /PageSize [612.000 792.000]
>> setpagedevice




