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Introduction

One of the famous sayings of modern entomologyasiged by the evolutionary biologist, B.S.
Haldane. At a debate with his theologist colleadngeywas asked what he had discovered about
the Lord during his lifetime of studying His creati "That He has an inordinate fondness for
beetles" replied Haldane with aplomb (Evans & Beifal996).

The basis of Haldane's statement is that the afdeeetles, Coleoptera is the most spe-
cies-rich on Earth. Within beetles, one can artheeground beetles, Carabidae must be one of
His favourites, because among beetles, this faimibyne of the most speciose ones. It should be
no surprise then, that the study of the family @fumnd beetles is also very popular. A search
made on the Web of Science database resulted 0>2tblications, published between 1996
and 2005, that were dealing with ground beetles.

This field of study therefore cannot be considarsateric, the domain of a few special-
ists. | started my research on carabids in 1978 year after the premature death of the eminent
German carabidologist, Hans-Ulrich Thiele, andghblication of his influential treatise on
ground beetles (Thiele 1977) in which he summarisedn almost encyclopaedic manner, our
knowledge about the ecology of ground beetles. Ating to the then-current ecological para-
digm, this book was mostly descriptive, with an &agis on environmental physiology, culti-
vated by Thiele himself at a high level. The follog/30 years brought new ideas and rapid pro-
gress, especially in ecology, and especially iroger Several researchers (e.g. Piet den Boer and
his co-workers in the Netherlands) started theiaitkl, long-term studies that unearthed several
important, so far unknown aspects of the ecologyrotind beetles: the pattern and causes of
long-term fluctuations of species, dispersal, papoh survival. These were laying the founda-
tion for several new areas, including metapoputetieory, ecological restoration, and conserva-
tion biology. Others extended the methodologicalkit, making it possible to study phenomena,
even quantitatively, that were unavailable due #&thmdological limitations. These included the
use of the harmonic radar in habitat use studiess@nzoni & Wallin 1986), the adoption of
biochemical (isoenzyme activity, Lovei 1986) andriomological (ELISA, Crook & Sunderland
1984) methods to study feeding, the combinatiolalmdratory and field methods in population
biology (Baars & van Dijk 1984).

My overall aim was to study the population anceasdlage patterns of ground beetles
living in human-influenced habitats. In our agenstimes called "homogeocene", this meant
more and more of our globe. Human influence is @waeasing, causing a homogenisation of
the global flora and fauna ("Macdonaldisation”, E6%997), raising the global extinction rate by
at least two orders of magnitude (Lo6vei 2007), apgdropriating an ever-increasing share of
globally available resources. These developmerdsahaifying influence on the study (also, but

not only) of carabids.



This Thesis summarises my studies on ground Isgietliiéeve sub-areas. For any field of
science, it is important to have periodical revigsystheses of known information. The first part
is based on such a review (Lovei & Sunderland 1989&) briefly describes the main features of
the ecology and behaviour of ground beetles. Thergkpart presents a few methodological in-
novations that may offer potential for the furtdevelopment of the field. Among them there are
field as well as data evaluation methods.

The third part concerns life history studies. Kiedge of the biology of the study organ-
isms in ecology is essential. Superficial knowledygthis regard can easily derail ecological
studies (on such example is discussed in Lovei &WMa 2006), Therefore it is not only natural,
but an obligation for an ecologists to contribwteutr still-fragmentary knowledge on life histo-
ries. This may be a near-endless task becauseneacdly declare that we know "everything
there is worth knowing" about a species. The cts#nation is, however, very differernt: a
large part of the known arthropods are represdntedllections by a single specimen (single-
tons), about which we know nothing except the liocabf its single occurrence and species
name (Allison & al. 1997.). With my colleagues,ave been involved in studying life history
traits of ground beetles in Hungary, New Zealan®anmark. Part Ill is based on this work.

Part IV is devoted to studies on ground beetlet}) bt species and assemblage level, in
habitats under anthropogenic influence. First tesaflstudies with hedgerows are presented that
show that forest faunal elements can be maintamed agricultural landscape in Denmark. Sec-
ond, the impact of an urbanisation gradient (feresburban forest — forest fragment in urban
park) on ground beetles is explored. In order &lyse the impact of urbanisation on arthropod
(ground beetle) diversity, species richness tramdsot instructive — in our Danish study site,
the most species rich site was the urban foreghfeat. This, however, maksed several impor-
tant effects of urbanisation on ground beetles.

Included are studies linked to the environmemtgdact of genetically manipulated
plants. The reason is that ground beetles are teapan biological control, nutrient cycling, and
linking above-and belowground ecological systems, the genetically manipulated plants can
influence these (positively or negatively). Consatly, it is important to include beneficial ar-
thropods (including ground beetles) into environtakimpact evaluations. Currently, there are
few studies (of mostly short duration) concerning impact of transgenic plants on biological
control agents (Lévei & Arpaia 2005).

The study of a single, well defined group is iating in itself, but it is also important to
link such results to theoretical knowledge. Reseitterging from the study of ground beetles
have been important to develop ecological thearydkample the long-term studies by den Boer
(1987) that lead to the concept of metapopulatiafi®it not to the extent that their abundance,
wide occurrence and the amount of knowledge waudtlfy. Results related to theoretical as-
pects are summarised in the fifth part, which coisteesults from Europe as well as New Zea-

land.



Part I: The ecology and behaviour of ground beetles

The family Carabidae, the ground beetles, contaimie than 40,000 described species classified
into some 86 tribes (Erwin 1983) is the largest adephagan family and one of thetrapeciose

of beetle families. The suborder Adephaga is dively large group of specialized beetles that is
morphologically defined by the presence of six abuhal ventrites, pygidial defense glands in
the adult, and liquid-feeding mouthparts in thedar (Lawrence & Britton 1991). They are well-
proportioned cursorial beetles with prominent mbledi and palps, long slender legs, striate
elytra, and setsf punctures with tactile setae. Most have an aratarieaning organ and largely
pubescent antennae. The adults are dark colorigyy, shmatte. Some have bright or metallic
colors, and some are pubescent. The larvae areockrifiprm, have well-developed legs, anten-
nae, and mandibles, and bear fixed urogomphi (Crovi®81). Different authors divide the fam-
ily into different subfamilies; except for the tigaeeetles (see Pearson 1988), our ecological
knowledge is scant concerning subfamilies outdideQarabinae [sensu Lawrence & Britton
1991]. The abundance, species richness, and ateractioration of many species have made
carabids popular objects of study for both profasai and amateur entomologists.

Carabids are present worldwide, with species ashrhighest in the tropical regions (Er-
win 1985). However, our knowledge mainly stems fr@search done in the temperate regions
of the Northern Hemisphere. The resulting biasévitable. The examples below are illustrative,
not exhaustive, and are intended to support genatiahs that can serve as guidelines or hy-

potheses for the study of carabids in other regions

CARABID EVOLUTION AND ADAPTATIONS

Carabids emerged in the early Tertiary as wet-p®igeneralists in tropical habitats, where they
are one of the dominant predatory invertebrate gg¢irwin & Adis 1982). Through a series of
taxon pulses, they have radiated to drier envirarisas well as higher latitudes and altitudes
(Erwin 1979a). By the late Permian- early Triass@yeral lineages developed a cosmopolitan
distribution pattern, as demonstrated by the fassibrd (Ponomarenko 1977). Although this
group has retained an easy-to-recognize genebalist plan, their body shape and leg morphol-
ogy are characteristically modified for runningggiing, burrowing, climbing, and swimming
(Evans 1977, 1986Different parts of the morphological apparatus phgsiological mecha-
nisms can evolve at different rates. Thus, a spaxa remain a generalist structurally and still
become a specialist physiologically in order t@,dwample, live at glacier edgésebriaspp.)
(Erwin 1985) Several other structural, physiological, and betwandl adaptations enabled
carabids to invade all major habitats, where atleame lineages have attained dominance; the
only exception is deserts, where carabids areduirtib streams and oases (Erwin 1985). This

distribution pattern suggests that humidity is aegal limiting factor. The main structural pat-
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terns in carabid evolution are flightlessness abdraal, fossorial, and troglobitic adaptations
(Erwin 1985). Flightlessness has repeatedly evoiwedany groups (Darlington 1943). In the
tropics, >30% of species are arboreal, exhibitimecsal morphological and behavioural adapta-
tions (Stork 1987).

CARABID STUDY METHODS

The combination of cryptic lifestyles and polyphagdeeding habits means that many aspects of
carabid natural history and ecology are not easyudy. Techniques used include different trap-
ping and marking methods for collecting beetles @stinating density (Sunderland et al 1995a);
labor-intensive dissections or sophisticated imnhogiioal methods to study feeding (Sy-
mondson & Liddell 1995); the use of video equipntertecord walking (Halsall & Wratten

1988), searching, and feeding (Chiverton 1988) Wielg; and the use of harmonic radar to

study within-habitat movements (Mascanzoni & Wall®B86). The most popular method is pit-
fall trapping.

A pitfall trap or Barber-trap (Barber 1931) is@ntainer -any one of many different de-
signs- sunk into the ground so that its openirgg surface level. Many surface-dwelling arthro-
pods fall in and cannot escape. The trap is aygassitching device; capture results from the ac-
tivity of the target organism. The quantity and pasition of the catch will vary depending on
the size, shape, construction material, and digioh in space and time of the trap, as well as the
preservative used and all the factors governingigcand behaviour.

Pitfall trapping is the most frequently used fiatéthod for studying carabids. Although
this method is surrounded by controversy and seegt&al papers (Sunderland et al 1995a and
references therein) have been published, genaxelipe has changed little because no similarly
convenient method has been recommended. Pitfpjpittg remains suitable for studying several
population parameters and certain community mea®mts such as species presence. Pitfall
traps should probably not be used to study commypaitterns such as relative species composi-
tion or diversity. After detailed methodologicaldabehavioural studies have been completed and
validation techniques developed, pitfall trappinigim be reinstated as an efficient method of
studying carabid adults. However, this method cabea@xpected to fill the profound gap in our

knowledge of larval ecology.

ONTOGENY AND LONGEVITY

Carabids are holometabolous insects that usuallthkir eggs singly. Some species lay eggs in
small or larger batches in crevices or in the aftédr a varying degree of preparatory work by the
female (Luff 1987, Thiele 1977). The female carngfahooses the ovipositing site, sometimes
excavating a chamber for the eggs. Some Pterastigfépare a cocoon for a batch of eggs

(Brandmayr & Zetto-Brandmayr 1979). Parental catéis most developed, consists of no more



than egg guarding or caching seeds in the egg aafmbthe emerging larvae (Brandmayr &
Zetto-Brandmayr 1979, Horne 1990).

The typical carabid larva is free moving and cadgimrm (Crowson 1981) and usually
undergoes three stages before pupating in a slysmiaistructed pupal chamber in the soil.
Some species (for exampléarpalusandAmaraspp.) have only two larval stages. Seven tribes,
plus a hypothesized ten more, have specializeddanith more larval stages that, in at least the
later stages, exhibit reduced mobility. These ggavhich are ant or termite symbionts or spe-
cialized ectoparasites or predators (Erwin 197@id) 24% of all carabid tribes [in Erwin's clas-
sification (Erwin 1979a)]. However, as not all meardof these tribes exhibit these traits, these
specialized larval bionomics characterize only alkminority of all species.

The larvae (second or third stage) of many spesgidgrgo diapause, either hibernation
or aestivation. The weakly sclerotised and whigigpa lays on its back, supported by dorsal se-
tae. Sclerotisation and coloration of the aduletaglace after eclosion; teneral beetles can be
recognized for various lengths of time, usually keee

In general, ground beetles develop from egg tdt @iess than one year, reproduce
once, and perish. However, individual developmanmtlast up to four years under harsh climates
or adverse food condition€arabus glabratusa species with larval hibernation and autumn re-
production in central and western Europe, has mniaélife cycle with spring breeding in upland
areas of northern England (Houston 1981) and imidgi(Refseth 1984). In northern England,
Carabus problematicusas an annual life cycle below 800m and a bieronialabove that alti-
tude (Butterfield 1986). The Europe@arabus auronitenbas a flexible life-history strategy
(opportunistic oviposition, asynchronous developmpartial survival of the old generation, fat
body reserves, and long-term dormancy), which resitice risk of the whole population being
affected by bad weather during the postecdysiahiiy (Weber & Klenner 1987).

Adult longevity can also exceed one season. Iddals from several species have keen
kept in the laboratory for up to four years. Indivals from field populations of several species
from different parts of the world, for example, Bpe (Gergely & Lovei 1987, Houston 1981,
Luff 1982), Japan (Sota 1984), and the sub-AntafEiavies 1987), can live up to four years and
reproduce more than once. Generally, long adelspan is more common in large species and
species with winter larvae [also called autumn teee (den Boer & den Boer-Daanje 1990) |
than in ones with summer larvae (spring breeders).

Several species show plasticity of individual depenent, whereas others seem to have
a stable life cycle. Obligatory univoltism is apgatly rare and occurs mainly in species of short
longevity. Bi- and multiannual cycles are usuabyrid in species living in harsh environments

(sub-Arctic, highland, or xeroterm habitats), agdaimic polyvariance is common.
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HABITATS, HABITAT FINDING, AND MICROHABITATS

Persistence in a habitat should depend mostly elifthstage that is most vulnerable, as deter-
mined by the longest duration, narrowest tolerdimeis, and most limited escape repertoire. All
these factors point to the larval stage as thedkeynderstanding occupation of a habitat by a
given carabid species. The egg is superficiallyntost vulnerable of the life stages, but oviposit-
ing females can deliver eggs into microhabitatsrevltieeir survival can be maximized. More-
over, the egg stage is usually short, and the agg contain the resources necessary for the com-
pletion of this life stage. The pupal stage is Eny sensitive. It lacks mobility and often lasts

for long periods, but it is often better defendeant the egg or larva. The larva has limited mobil-
ity, weak chitinization, and therefore feeble talere of extremes, and it must also find sufficient
food to develop. Larval feeding conditions ofteedeine adult fertility as well (Nelemans et al.
1989). For reasons mentioned above, larvae areioasty difficult to study. However, because
larvae usually cannot migrate long distances, tteae to survive in the environment where the
egg-laying female left them. Therefore, the follog/idiscussion on adult habitat choice is justi-
fied. Habitat choice is so specific that carabigsaten used to characterize habitats (see below).

The directed random walk, followed by a frequettisning walk in the presence of fa-
vourable conditions, would eventually lead carabidheir preferred habitats, but several differ-
ent mechanisms help beetles find or remain in sléitaabitats. These mechanisms include inter-
nal clocks, sun-compass orientation (Colombinil.et294), and orientation either toward or
away from silhouettes (Colombini et al. 1994, Rijoip 1980). Some riparian ground beetles
find their habitat by sensing volatile chemicalstésd by blue algae living in the same habitat
(Evans 1988)Agonum quadripunctatura, forest species in Europe and North America associ
ated with burnt areas, is a good flyer and is pobbattracted to the smell of smoke (Burakowski
1986). Carabids continuously sample their surrawggli For exampleéZarabus nemoralisvalks
around in different habitats before settling in Beatural habitats in preference to set-aside to
arable areas (Kennedy 1994).

Habitat and microhabitat distribution can be ieflaed by several factors:

1. Temperature or humidity extremes (several exasrip Thiele 1977). Favourite win-
tering sites are well aerated, and winter minimamgeratures are relatively high (Desender et
al. 1981, Thomas et al.1991).

2. Food conditions. For example, exclusively spghagouOphonusspp. are present
in open habitats where seeds of Umbelliferae aadable, whereas polyphagodarpalusspp .
aggregate in crops (Zetto-Brandmayr 1990rkedPoecilus cupreuandPterostichus
melanariusmoved from winter wheat to a weed strip within treeat field (where feeding con-
ditions were better) much more frequently than tmeyed in the reverse direction (Lys 1994).

3. Presence and distribution of competitors. karple, forest carabids in Finland were

influenced by the distribution ¢gformicaant species (Niemela 1990).
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4. Life history and seasoAmara plebejafor instance, has different hibernation (wood-
land) and reproduction (grassland) habitats. Tietlé®fly between habitats in spring and au-
tumn. Flight muscles are temporarily autolysed leetwflights, then completely reconstructed
for the return flight. In the autumn, they fly tomavoodland silhouette shapes (van Huizen
1977).

DENSITY AND DISPERSAL

Carabids are often numerically dominant in collesi of soil-active arthropods. However, for
reasons mentioned above, this result cannot egqutitdigh density. Data, especially in the
older literature (including Thiele 1977), are caifig because of the frequent acceptance of pit-
fall trap catches as density data. Data obtaingdugydensity measurement methods indicate
that densities fluctuate in space and time from(in Inany habitats) to > 1000 individual§m

(at suitable overwintering sitesgeTable 1.1).

As a group, carabids originally used fully funct@b wings as the primary dispersal
mode. However, flight is very costly and is subjecintense selection (Roff 1994). Once the
benefits of flight do not match its costs, as @n,.dxample, islands and mountain tops, it is
quickly lost (Darlington 1943). Flightlessness diight dimorphism (some individuals in a given
species possess wings, others do not) has repeataiived in carabids. For example, of the
carabid fauna of Newfoundland (157 species), 12av&aimorphic and 21.0% flight-less, a con-
dition reached through nine or more independeniugienary transitions (Roff 1994).

Environmental conditions may influence expressibthe dimorphism (Aukema 1991)
Flight ability varies little between the sexes (Rt894). The proportion of flightless individuals
in dimorphic species increases with increasingthtipersistency and time since colonization
(den Boer et al. 1980). The proportion of macrapisP. melanariusan be as low as 2% in
stable habitats (e.g. old forest patches) (den B8@0) or as high as 24-45% in less stable ones
(e.g, newly reclaimed polders of The Netherlandigeck 1971).

Flight is greatly influenced by temperature, raingd wind (van Huizen 1979). In some
species (such as the Palaearéticara plebeja)the flight muscles are broken down during egg
production and then resynthesized; in others, ffligipability during reproduction is not im-
paired, and up to 80% of dispersing females camylized eggs (van Huizen 1990). Females of
more species from ephemeral habitats than fromgbens ones carried ripe eggs (van Huizen

1990), which increases the probability of (re)c@torg empty habitat patches.
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Table 1.1 Maximum densities (individuals?nof ground beetle adults and larvae in different
habitats.

Arable field crops

Species category Annual Biennial & Field Forest, heath
perennial boundary
Species size <5 mm 5.96 3.61 66.62 -
(0.2-77; 72) (0.3-2.4;7) (0.6-923; 23)
Species size >5 mm 1.83 4.82 14.32 2.54
(0.02 -33;47) (0.7-22;7) (0.03-87;18) (0.04-22.5; 19)
Adult total 31.73 - 233.27 2
(1.2-96.1; 12) (14.5-1113; 9)
Larvae, individual spe- 5.46 6 14.5 7.8
cies (0.07- 33; 10) (4-42; 6)
Larvae, total 29.4, 49, 77 - 49, 87

Data are given as mean (minimum-maximurn; N). Q@ialia giving true density values (obtained
by soil samples, soil flooding, mark-recapture ckhpitfalls, quadrat sampling, and vaccuum
sampling) were considered and include data on tgdus 13 larval taxa, obtained between
1970- 1994 in 14 countries in Europe and North Apogeror <5 observations; individual val-
ues are given.

Many carabids have been transported interconttigne.g. from Europe to North
America (Lindroth 1969, Spence & Spence 1988). igsith Canada of the effects of invasion by

P. melanariushowed them to be negligible (Niemela & Spence 1991

ACTIVITY: DAILY AND SEASONAL

Daily Activity Cycles

More carabids are nocturnal than diurnal. For examp the United Kingdom, 60% of species
are nocturnal and 20% diurnal (Luff 1978). The dalractivity dendrogram for carabids in UK
woodlands revealed groupings for diurnal, noctyraatl crepuscular species, plus species that
overlapped some of these categories (Dennison &idedn 1984). Overall, nocturnal species
are larger than diurnal ones. Night-active spearesalso dark and dull;, diurnal species display
iridescent colors. Diel periodicity can vary withlitat (forest species tend to be nocturnal
whereas grassland species are diurnal) (Greens888) and time of yedP. melanariuss noc-
turnal until August and is mainly diurnal later,4&@@der et al. 1985). Changes in temperature
(Jones 1979), light intensity, and humidity (Thi@7) also influence activity. In hot countries,
nocturnalism becomes more common; conversely, eapéiaat are nocturnal in central Europe
become diurnal in the arctic (Thiele 1977). Spéstidéeders may synchronize their activity with
that of their prey (Alderweireldt & Desender 199Dgsert carabids exhibit peak activity at tem-
perature minima (Erbeling 1987). Individuals witlinopulation can undergo different activity
cycles; for example, some individuals@érabus auratusre diurnal, some nocturnal, and others
indifferent to diel periods (Thiele 1977). In sospecies, larvae and adults undergo different cy-
cles (Kegel 1990).
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Seasonal Rhythms
Seasonal rhythms involving dormant periods durimgtev and/or summer (aestivation) are an
integral part of the life history of temperate-@yground beetles. The activity of the two most
typical groups peaks in either spring or autumns Peak usually coincides with the reproduc-
tive period, although the connection between agtand reproductive rhythms is flexible in
many species (Makarov 199&uch rhythms are inseparable from individual, eisfigdarval,
development.

Facultative diapause of summer larvae can synctedhe life cycle (Luff 1987). Be-
cause of the variability in activity and reproduetseasons and the growing body of evidence on
adult longevity, some authors have suggested negettie traditional concepts of spring-
reproducing vs. autumn-reproducing species and adaftwinterers vs. larval overwinterers in
favor of categories containing species with sumiaieae vs. winter larvae (den Boer & den
Boer-Daanje 1990) or species with vs. without digirag larvae (Hurka 1986). In extratropical
regions, the cues regulating these cycles invawgperature and photoperiod (Thiele 1977). Sea-
sonal activity and reproductive rhythms in tropispécies are regulated by seasonal changes in

soil moisture and flooding (Paarmann 1986).

FEEDING

Searching Behaviour

Whereas many carabids presumably find their foadandom search, several diurnal species
hunt by sight (Paarmann 1986). Other species usmichl cues from aphids (Chiverton 1988),
springtails (de Ruiter et al.1989), or snails (Wkea989) to find prey. The use of chemical in-
formation is probably more common than the few reggbcases would suggest.

Carabids exhibit the search pattern common toriebeate predators (New 1991). After
the beetle encounters a prey item in a patchedsch behaviour characteristically intensifies for
a specified "giving-up" time period. The generalking pattern often alternates between fre-
guently turning and rarely turning walking phadéels 1979, Wallin 1991), but this pattern is
not necessarily nor always connected to feeding\iebr.

Once prey is located, species typically switch teell-defined prey-catching behaviour.
Many morphological and behavioural adaptationsaaingork in this stage of feeding, mostly in
specialized species. Prey catching, studied indetail for several European species that hunt
springtails, has revealed a fascinating array ap#ations involving sight, behaviour, and mor-
phology in both adults and larvae (Bauer 1979, 182fier & Kredler 1993).

Most carabid adults use their well-developed mialiedito kill and fragment prey into
pieces. Specialist species attacking snails segrartdyze their prey by biting (Pakarinen 1994),
thus preventing the mucus production that is thgssldefence reaction. Many large species eject
a fluid rich in digestive enzymes; subsequentlgytbonsume the liquid portion of their partially

digested prey, sometimes with undigested prey feagm Larvae only consume extra-orally di-
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gested food (Cohen 1995). The alimentary canaigartite. The foregut, including the crop, is

the main site of digestion (Paarmann 1986); enz\syethesized in the midgut are passed for-
ward to the foregut. The enzyme set contains pseteaarboxylases, amylases (Metzenauer
1981), and oligo- and polysaccharidases; this caitipa is thought to be a primitive character
(Jaspar-Versali 1987). Absorption takes place énhindgut. The speed of digestion depends on
temperature and the size of a food item (Sopp &8dand 1989) as well as on subsequent feed-
ing (Lovei et al. 1991). Traces afmeal could be detected for up to 14 days (Léval.€1991,

Sopp & Sunderland 1989).

Food Choice

Early data on several species indicated varyingrestof polyphagy (Davies 1987, Forbes 1883,
Skuhravy 1959a). Carabids are mostly polyphagoededies that consume animal (live prey and
carrion) and plant material; several species aytophagous (Luff 1987, Thiele 1977). A world-
wide survey othe literature (Larochelle 1990) reporting on 1@8pécies of carabids and cicinde-
lids showed that 775 species (73)5&ere exclusively carnivorous, &pecies (8.1%) phyto-
phagous, and 206 species (19.5%) omnivorous. Tdase although they may indicate the gen-
eral feeding habit of the family, are often basedatoratory data and are heavily biased toward
northern hemisphere species. On a smaller scathemsurvey showed that 27%thé 362 spe-
cies in Fennoscandia were predators, 13% omnivares24% herbivores; at the time of study,
the food of 36% of the species was not known (Lotild1949). More detailed analysis of the re-
stricted range of species (see below) also incBdii®t the degree of predatory habit in the family
has generally been overestimated, especially adatpeee of plant and carrion feeding is not well
known. In general, larvae are more carnivorousrastticted in food range while adults exhibit
very catholic feeding habits, with some groups (€, Notiophilini, Loricerini, Nebriini)
demonstrating varying degrees of specializatiore fiflowing paragraphs summarize the feed-
ing of adult beetles.

Catholic feeding habits, frequent nocturnal attivnd extraintestinal digestion, among
other factors, present problems for the study edliiey (New 1991, Sunderland 1987). Methods
applied to investigate feeding in carabids incladsual or regular direct observation, exclusion
techniques, forced feeding in the laboratory, dgmaanipulation of prey and predator, tnse
of radioactive tracers, isotope-labelled prey tégines, gut dissection, various serological tech-
niques, electrophoresis, and DNA techniques. (Stamad 1987, Symondson & Liddell 1995).

Dissection of several thousand individual4fEuropean species (Hengeveld 198@éb)
vealed the remains of aphids, spiders, lepidoptiwrarae and adults, fly larvae, mites, heterop-
terans, opilionids, beetles, and springtails. spikcies in Hengeveld's study (1980b) were poly-
phagous and consumed plant material in additidghaather food items. A multivariate analysis
(Hengeveld 1980a) identified one group with a d@ttaining a high proportion of springtails

and a restricted variety of other arthropods (sblogophilus, LeistusandAgonunspecies).
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Members of another group in the study, which eatvittey can swallow, were species of
Amara, HarpalusandPterostichugHengeveld 1980a). While the results mentioned atstvow
the wide range of prey taken by ground beetlest widkese studies did not consider prey avail-
ability. Where it has been considered, opportunisteding habits are found. For example, ten
abundant grassland species in Belgium fed mainlgpoimgtails, the most abundant prey group
(Pollet & Desender 1987).

Food Consumption

Carabids are voracious feeders, consuming clogetoown body mass of food daily (Thiele
1977). Food is used to build fat reserves, espgdiafore reproduction and hibernation (Thiele
1977). Feeding conditions during larval developntiermine adult size, which is a major de-
terminant of potential fecundity (Nelemans 198R®alized fecundity depends on adult feeding
conditions (see below).

Although potential food consumption can be asskssaightforwardly in the laboratory,
guantification of feeding rates in the field isfitifilt for reasons mentioned earlier. One possible
solution is to monitor egg production and/or bodgss changes by regularly sampling field
populations and compare these data to calibratieesorements taken on beetles kept in the
laboratory under known conditions. Such measuresn@etformed oiCarabus yaconinui
Japan (Sota 1985), indicated that field prey comtiom by females allowed them to realize 59%
of their possible maximum egg production in May d5&6 in June. Field consumption was simi-
larly below the potential maximum in other spedcie¥he Netherlands (Nelemans et al. 1989,
van Dijk 1994) and North America (Weseloh 1993).

Carabids, like other animals, forage for nutrieamtd energy, which are packaged in food
items. Feeding in the context of optimality of foom@mposition has been little studied in
carabids. Nutritional requirements for carabidseéhast been specifically identified nor has the
observation that certain species are more spehbdit others been addressed from a nutritional
point of view. The dietary advantages of mixed fowdr a single food type are well known for
polyphagous invertebrate herbivores (Bernays €t%4, Simpson & Simpson 1990). In
carabids, females often have more prey types trdesnfPollet & Desender 1987). Moreover,
Wallin et al. (1992) found that egg number and sieee influenced by food composition. Signs
of optimal digestion were found in two carabid dpe¢Lovei et al. 1991). These data suggest
that food composition is not irrelevant for foragiiground beetles, and beetles may have the abil-
ity to select a diet that matches their particaleeds.

The feeding studies to date have left us with spotable gaps:

(a) Although the range of methods applied is very witle,degree of distortion obtained
is not possible to asseg¢b) Adult feeding is generally overemphasized, andilgetanformation
on larval feeding is lackindgc) Most studies have a narrow focus; they were domriicultural

fields and/or considered a single prey group (aglstligs, etc)Xd) The degree of true carnivory
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vs. carrion feeding is not adequately determingdT le degree of mixed feeding (plant and ani-
mal material) is probably underestimatef)l The literature has a heavy geographical biasrwa
the Northern Hemisphereg)(Physiological studies are scarce, and consegéntid-choice

criteria are poorly understood in terms of diet position.

REPRODUCTION

Fecundity can range from five to ten eggs per fermakpecies with egg-guarding behaviour to
several hundred per female in species that dousnidgeggs (Zetto-Brandmayr 1983). Eggs can
be laid in one batch, several batches in one seasa@ver several seasons. As many as 30-40%
of individuals in a population can reproduce in entiran one year (Sota 1987, van Dijk 1972,
Vlijm et al. 1968, Cartellieri & Lovei 2003). Theegendence of fecundity on age is not well un-
derstood. For several species, young females hhighar reproductive output than old ones
(e.g. van Dijk 1972), whereas the reverse is tnugther species (Burgess 1911, Davies 1987
Gergely & Lovei 1987, Sota 1984

Increased mortality during reproduction may refuwltin ecological rather than physio-
logical factors (Calow 1979), such as exposurepfaducing individuals to higher levels of ex-
ternal hazards such as predators or disease.

In all carabid species examined, as well as iersdwther predators, the variable egg
production is related to the amountfodd. The first priority of the adults is to meeieegy de-
mands for survival and use the surplus for reprodacUnder conditions of limited food supply,
this survive-but-not-reproduce option enables pi@dao survive until better food conditions
allow reproduction (Mols 1988, Wiedenmann & O'Né&#l90), Data from Europe (van Dijk
1983, van Dijk 1994), Japan (Sota 1984), and NAnterica (Lenski 1984) indicate that
carabids in the field regularly experience foodrige and rarely realize their full reproductive
potential.

In searching for an explanation of carabid fectyndsriim (1984) found that egg num-
bers tended to decrease as body mass increaseunibteeders had higher egg numbers than
spring breeders, and egg-laying rates were inwecsgtelated with female mobility (Grim
1984). These results, along with observations wfdgg numbers in cave-inhabiting species
(Deleurance & Deleurance 1964) and of species dstraiimg parental care in Europe and New
Zealand (Brandmayr & Zetto-Brandmayr 1979), confeorsome predictions of theand K-
strategies theory. Also, ground beetle speciesdiim unstable habitats have higher egg numbers
than relatives living under less variable condiioBimilar differences are observed in adult life
spans and egg numbers among the Polish and Dupthapions of several species (Griim 1984).
However, the-K theory is only one of the hypotheses suggesterlaia life-history features.
The application of alternative theories such asn@éis C-S-R model (Grime 197i8)promising
(Eyre 1994).
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MORTALITY AND POPULATION DYNAMICS
Although abiotic influences on survivorship arevi@ble, constituting the principal mortality
factors for all life-cycle stages of ground beetlgsn Boer 1977), other factors play an important

role in carabid population dynamics.

Mortality of the Different Stages

EGG MORTALITY The traditional assumption that eggmality is not significant (Thiele

1977) is probably not correct. EggsRikrostichus oblongopunctatasffered 83% mortality in
fresh litter but only 7% in sterilized soil (HeessE981). One potential advantage of brood
watching could be protection from pathogens, alghofiemales have not been observed cleaning,
surface sterilizing, or even doing anything witkitreggs in the egg chamber, However, when
abandoned by females, eggs quickly become moultgn{Bnayr & Zetto-Brandmayr 1979).
LARVAL MORTALITY Larval mortality is probably a keyactor in overall mortality of ground
beetles, but because of the lack of appropriatbadelogy to study larvae, evidence for the im-
portance of larval mortality is scant. Becausedarfiave weak chitinization and limited mobil-

ity, they are sensitive to desiccation, starvatfarasites, and diseases. Larvae are also cannibal-
istic. In laboratory and field experiments with fae-active larvaef Nebria brevicollismortal-

ity varied between 25 % and 97#%epending on food conditions; parasitism causetb @5%
mortality (Nelemans 1987b, Nelemans et al. 198Bg fesults of similar experiments with lar-
vae ofP. oblongopunctatugombined with computer simulations, indicated a alative mortal-

ity rate for larvae and pupae of 96% (Brunstinglel986). These authors concluded that events
during larval life are the most important for pogion regulation.

Parasitism is recognized as a very important fantbost population biology, both on
ecological and evolutionary time scales (Freela®®8B1 Price 1980). Although predators, para-
sites, and pathogens affect al 1 ground beetldajewental stages (Luff 1987, Thiele 1977),
guantitative data remain scarce.

ADULT MORTALITY Up to 4 1 % parasitism by nematodasd ectoparasitic fungi was found
an 14 species @dembidionn Norway (Andersen & Skorping 1991). Nematode dtifa in in-
sects may cause sterility (Poinar 1975), resultingbvious fitness effects. The benefit of living
in exposed habitats could be freedom from paraghescost would be higher risks of predation
and/or more frequent catastrophic events, suclvadifig (Andersen & Skorping 1991).

Most observational evidence indicates that predds an important mortality factor for
adults. Hundreds of vertebrate species prey orbitirélarochelle 1975a, 1975b, 1980). The
ecological significance of predation pressure bglsmammals was demonstrated in exclosure
experiments in North America (Parmenter & MacMali®88) and England (Churchfield et al.
1991), where excluding small mammals resulted imarease in both species richness and den-

sity of carabids.
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Population Dynamics

Most of the available field data on carabids comenfresults of pitfall-trap catches. Catches of
the same species in the same habitat from diffgqeants correlate well with changes in density
(den Boer 1977, Luff 1982), and this comparisogeserally accepted as a valid method for es-
timating density fluctuations and effective ratéseproduction.

Population variability in carabids (Luff 1982) se®to be at the lower end of values for
insects (Williamson 1972). Although environmentatfuations in caves are smaller than in
other terrestrial habitats, population fluctuatiofshe cave-inhabitingleophaenops tellkampfi
in Mammoth Caves, Kentucky, were between thoseadhthus melanocephalasndPterosti-
chus versicolortwo common species living on heath in Drenthe, Nbtherlands (Kane & Ryan
1983). Different intrinsic and extrinsic factorgelspan, fecundity, reproductive patterns, and
rate of development- contribute to this relativagodity (Luff 1982).

Population Survival and Metapopulation Dynamics

The study of carabids has contributed significatdlyhe appreciation of landscape-scale dynam-
ics. Particularly important are studies startethinlate 1950s in The Netherlands (den Boer
1977). Den Boer (1987) synthesized the regionaufadipn fluctuation patterns of carabids col-
lected over 23 years in the Dutch province of DientUsing a distribution of population sizes
(den Boer 1977), he distinguished several populdtietuation types. Species with high disper-
sal power (e.gPterostichus nigergxhibit population fluctuation patterns differerri those of
species with limited dispersal ability (eRferostichus lepidusppecies in Drenthe show a con-
tinuum between these two extremes. Based on thisrpathe frequency of extinction and the
mean survival times of populations of the differgpécies were simulated. This technique indi-
cated that local populations of poorly dispersipgces survive, on average, for 40-50 years. If
changes in the locations of suitable habitat pateine faster, the species cannot recolonise new
habitat patches fast enough and become regiondllyce For most of Europe, these changes
occur faster than required by the poorly dispersiperies.

de Vries & den Boer (1990) compared the regioistibution of Agonum ericetia spe-
cies found in moist heath, in 1959-1962 with itstidibution in 1988-1989. This species cannot
travel more than 200 m between habitat fragmerdsshowed an average survival time of 744
years in different-sized, small habitat fragmehtdarger fragments, population fluctuation is
asynchronous and the multipartite population cawigel longer. These authors concluded that
ericetineeds a habitat fragment of 50-70 ha for continyaymulation survival.

With the intensification of agriculture, fragmetida of natural habitats has occurred
worldwide during the twentieth century. Turin & dBoer (1988}nd Turin & Peters (1986)
have examined the effects of these changes in ‘ElleeNands since 1850. Poorly dispersing
species (for examplébax parallelepipedus, Calathus erratasidP. oblongopunctatugener-

ally decreased; well dispersing spedigmara lunicollis, Dicheirotrichus gustavi, Stenplus
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rufus)were stable or increasing; and species toleraingwtural habitat¢C, melanocephalus,
Dyschirius globosus, P. melanariusgreased during this period. Whether these chawges

caused by habitat fragmentation or habitat destnuetas not clear.

ASSEMBLAGES AND COMMUNITIES

Patterns in Carabid Assemblages

Carabid assemblages are moderately species riclalliysno more than 10-40 species are active
in a habitat in the same season; regional asseshtag correspondingly richer (Luff 1987,
Thiele 1977, van Dijk 1987). Generalizations af@alilt as the extension of an assemblage in
space or time is usually not defined; the numbss depends on the method and intensityef
sampling.

The mean body size of carabid assemblages in @ods] moors, and grasslands in north-
eastern England was related to several environiniaatars (Blake et al. 1994). The outstanding
factor was the level of disturbance that elimindsede species from the assemblage. Species
body-size distribution within carabid assemblagas similarly displaced toward smaller values

as disturbance from urbanization increased (SU€8K, Elek & Lovei 2007).

Coexistence and Competition

The occurrence and importance of competition anzamgbid beetles has been long debated.
Generally, the evidence for interspecific competitas a regulatory force in populations is in-
conclusive, because of methodological limitatiangealistic densities, non-comparable habitats,
the methods used (examples in Niemela 1993), gymheral lack of experimental tests (Niemela
1993). Significant interspecific competition exibestween adults of the North American
Carabus limbatusndCarabus sylvanu@_enski 1984). However, another study showed that
most species do not compete in a western Europsschldorest (Loreau 1990). Similar conclu-
sions emerge from evaluations of resource-partiigpdescriptions; competition cannot be
proven except in a few cases.

Such studies focused on the adult stage, butddrase more restricted tolerance limits
because of more restricted food range, mobilitg, @weakerchitinisation, and are less adapted to
evade resource shortages. Consequently, the inmgertef competition among larvae can be
greater than that among adults (Brunsting et &1619

At the assemblage level, resource-partitioningepast have been described in several
studies (reviewed in Niemela 1993), which haveroftezoked competition, present or past, as an
explanation for the observed patterns of sizeitligion, food range, and seasonal or daily activ-
ity. Currently, there is no convincing evidencattbompetition has an important role in causing
the observed patterns in carabid assemblages.eftrstudy on the invasion of a European
carabid beetle into a Canadian forest (Niemela &fsp 1991) also showed a lack of competi-

tive effects on the resident carabids.
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The very concept of carabid communities is faflasi This concept is based on a taxo-
nomic affiliation, and carabids cannot even be whered to constitute an ecological guild. Al-
though many carabid species can be classifiedrargést predators, others that coexist with
them clearly belong to different guilds. Carabitare the generalist, surface-active predator
guild with at least some spiders and ants. For @i@msignificant competition seems to take
place between ants and ground beetles (Wilson 1960)eglecting ants in "carabid community

studies” leads to misleading conclusions.

ECONOMIC IMPORTANCE OF GROUND BEETLES
Occurrence in Agricultural Fields
Carabids are common in agricultural fields in trertNern Hemisphere. Since an early publica-
tion by Forbes (Forbes 1883), they have generalgnitonsidered beneficial natural enemies of
agricultural pests, although a few species arespghsimselves (Luff 1987, Thiele 1977).

The carabid fauna of agricultural fields origirsabe riparian (Thiele 1977) or steppe
(Lovei & Séarospataki 1990) habitats. Data are fensiole those obtained in Europe and North
America. In Canada, many species in cultivated Eneceither introduced European species (Al-
len 1979, Spence & Spence 1988) or North Ameriepnasentatives of genera common in Euro-
pean agricultural fields, such Bterostichus, Harpalugyr Agonumln Japan, the fauna is similar
to that of the European cultivated habitats aigdseeric level (Luff 1987), although species of
ChlaeniusandCarabuscan be abundant (Yano et al.1989). In arid areasefrionidae are more
prevalent than Carabidae (Faragalla & Adam 198bNdw Zealand, carabids can be significant
predators (Barker 1991), but they are not as peewdhere as they are in northern cultivated
fields (LOvei 1991).

Agriculture profoundly influences the compositiabundance, and spatial distribution
of ground beetles through the use of agrochemichémges in habitat structure from cultivation
methods and crop type, etc (Luff 198hiele 1977).

The Effectiveness of Carabids as Natural Enemies

Predator-prey studies have traditionally focuseéhteractions between specialist predators and
their prey (Hassell 1978). Althougbalosoma sycophanthane of the first insects introduced

for biological control (Burgess 1911), is such adalist, most carabids do not fall into this cate-
gory. The exploration of conditions under which giextist predators can limit prey has revealed
that such predators are self-damping and highlygt@gous and that their life cycles are not in
synchrony with their prey (De Angelis et al. 19F&rdoch et al. 1985). The ground beetles
meet these criteria; they are self-damping duttiragy larval stage (Brunsting & Heessen 1984),
are polyphagous feeders (Heliovaara & Vaisanen J129®l having a long life cycle, are not nor-
mally tightly coupled to their prey. They can sugg® pest outbreaks, but in general, their major

beneficial role is to prolong the period betweestmaitbreaks, i.e. when the pest abundance is in
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the so-called natural enemy ravine (Southwood & i@eh976). To increase carabids' effec-
tiveness, biological control practitioners shoutdsider the general habitat favourability that
will keep carabids near their required site of@ttiA successful application of this technique
could use habitat islands to serve as refugesemadanisation foci (Lys 1994, Thomas et
al.1991).

The effectiveness of a natural enemy can be esftall through several sequential steps
(Luck et al. 1988, Sunderland 1987, Wratten 1987&valuating dynamics and correlating
predator and pest density, 2. obtaining directevig of a trophic link between the prey and the
predator, 3. experimentally manipulating predaemgity and its effect on pest numbers, 4. inte-
grating the above information to quantify the effeicpredator on prey.

Most studies of carabids and their prey are ofitieand second type; fewer authors
have considered steps 3 and 4. Well-founded evidérathered by means of all four steps
above) for the significance of carabids as natemaimies comes from studies of polyphagous
predators (carabids, spiders, staphylinids) inailer@ England (Potts & Vickerman 1974)
showing that they can significantly decrease thakmiensity of aphids. Early-season predation,
when aphid density is low, is the most significdrte relative importance of these predators var-
ies among years and sites; often the effect cammattributed to one particular predator group.

In some years, carabids are the most significadaiors.

Carabids as Environmental Indicators

Carabids can and have been used as indicator engaufior assessments of environmental pollu-
tion (Heliovaara & Vaisanen 1993), habitat classifion for nature protection (Luff et al. 1992,
Pizzolotto 1994), or characterization of soil-neitri status in forestry (Szyszko 1983). They
might also serve as biodiversity indicators (Niesmetl al. 2000). However, most of the groups
that are candidates for these purposes have notdobgected to a critical assessment using set
criteria (Pearson & Cassola 1992). Once we deiblege criteria, we can realistically assess the

suitability of ground beetles as indicator organisms.
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Part Il. Methodological innovations

This chapter deals with efforts to further devetlop methodology of studying ground beetles.
Proven, reliable and well-known methods, continlyoused by a large number of practicioners,
are essential for cultivating a branch of sciedtghe same time, the development, adaptation
and testing of new methods provides the possitbfifiurther advance in a field. Aptly put by
Csikszentmihalyi (1997, p.340): "whenever new mdshare discovered, new avenues of knowl-
edge are openedThe results in this part concern such methodsusieeof the harmonic radar, a
new device to study habitat use via tracking irdlral behaviour, two aspects of trapping meth-
odology, and a new mathematical method to evaklzages in ground beetle assemblages (in
this instance changes generated by increasing@ggfairbanisation). This part is based on two
published papers (Lévei & al. 1997, Sapia & al. @0@nd a manuscript (Lovei, unpublished).
Examining the relationship between componentsagifting effort (the relationship be-
tween trap number and the length of the trappimgp@k as well as among different sampling
regimes in time gave interesting possibilitiesnhpiove the design of monitoring programs.
Ground beetles are often nocturnal, which ofteneadkeir study in the field difficult.
Tracking individuals during activity gives importatues about their habitat use — but this is of-
ten complicated for carabid beetles. One of trst fiacking method used in ground beetle re-
search was radioactive isotope labelling (Baar®©)1938ormal radiotracking is complicated be-
cause of the cost and size of radiotransmitterieést as of today). They are active for a limited
time only, still too heavy for ground beetles, amnd easily lost. These factors practically prevent
them from being used in invertebrate studies. Tdrenbnic radar (Mascanzoni & Wallin 1986)
solves several of these difficulties. However, ithisie has been restricted to a few countries —
and mostly for their original purpose, rescuinglamahe victims. Our studies were among the
first ones where the introduction of this devicatcountry (New Zealand) was with the purpose
of using them for ecological research. As the detrcange critically depends on the type of
diodes used and the aerial shape and size, weatalithe transponders for New Zealand condi-
tions (Lovei & al. 1997). Initial testing indicate¢kat the method is useful, especially for studying

invertebrates without destroying their habitat.
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Methodological innovations, 1. The non-equivalencef the two components of trapping

effort: sampling duration and the number of traps

Pitfall trapping (Barber 1931) is a frequently usiett collecting method in the study of organ-
isms active on the soil surface. A pitfall traaisontainer dug into the soil so that its rim ig-us
ally flush with the surface, and captures organigm@tking on this surface, usually soil (but a
trap can be set to catch from the top of, or withiar, soil, grass, etc.). Pitfall trapping iSpas-
sive” sampling method where the activity of they&rorganism is necessary for capture. The
variation of pitfall trap design is vast, usingfdient materials, shapes, and sizes (Southwood &
Henderson 2003). The trap can contain an attraaddliing/preserving liquid, or nothing —

each of these has its own modifying effect on titelt (Southwood & Henderson 2003). The use
of pitfall traps and their biases have been hatlyaded without bringing about many generally
accepted ways of standardisation (Lovei & SunderE906, but see Niemela & al. 1990, Dig-
weed & al. 1995, Koivula & al. 2003). One of thevfaccepted standards is the reporting of the
sampling effort. Sampling effort depends on two ponents: pitfall trap humbers and the time
the traps were open. The widely used ‘samplingirapeffort unit’ is the product of these two
components, and usually takes the form of “tragmsg(or its multiples) and is seen as a univer-
sal currency for comparisons of different pitfaiiping projects.

This characterisation of the trapping effort, hoemg\ontains an important assumption. It
is generally assumed that two catching sessionscuigalent if they result from an effort of the
same number of trap-days (more correctly: trapsiglrrespective whether this is derived as "
traps xz nights" or 'h/2 traps x 2 nights". This assumption remains untested, althaugould
critically influence our sampling of the assemblageler study, as well as the comparisons we
make among different locations, assemblages anitatatiHowever, while different aspects of
this technique, the distance, design, or matefidi@traps, the influence of habitat and the pre-
servative fluid have been studied and discussedi(fecent review see Woodcock 2005), there

is no similar evaluation of the equivalence oftiive components of this trapping effort unit.

Material and Methods

The "trapping currency" project

The study site was an experimental apple orchattiedield station of the Plant Protection Insti-
tute field at Julianna-major, near Budapest, céhtuagary. This area is hilly, with various
broad-acre crops on the valley bottom, orchardherower slopes of hills, and a modified oak-
hornbeam forest at higher elevations. The studydeag in an apple orchard, divided into two
parts. Half of the orchard received pesticide tmests, usually three—four times during the first
half of the season, while the other half had ndgteatments. A more complete description of

the study site, management and the surroundings ¢&ei (1981) and Mészéaros (1984a).
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During a 10-year long biodiversity study of the lpprchard (Mészaros 1984a), one of the
methods used to describe and monitor the faungitfadl trapping. Pitfall traps were 500 ml
glass jars, with 70% ethylene glycol as killing aigand preservative, placed under the south-
eastern corner of an apple tree, about 2 m frontrtimi. All traps were covered with a galva-
nised iron square mounted on pegs, to prevent tly@atd to protect the catch from scavengers.
Traps were checked weekly, when the catch was redy@and kept in 70% ethyl alcohol until
identification. Identification was made by using/&éy Freude & al. (1976) and voucher speci-
mens kept in the PPI Department of Zoology arthdopalection.

The first data set was collected using 20 pitfalps, set up in two groups of 10 in the pes-
ticide-free vs. pesticide-treated parts of the ardhThis trapping was run for several years from
early April until late October. For the comparisomterial collected during the 1981 season was
used. The placement of traps in 1981 was randomigidthe minimum distance between traps
being the between-tree distance, 10 m. This trapp@ssion was run for 28 weeks, i.e. 560 trap-
weeks, and was called the “time sampling”. The sda®t of data was collected during the au-
tumn of 1981 (18 September — 21 October), whendaafrl00 pitfall traps was set up (half of it
in the unsprayed, half in the sprayed block) amdfon 4 weeks (400 trap-weeks), called the
“spatial sampling”. Traps were checked weekly, tiredcatch was handled the same way as in

the time sample.

Results

The “time sampling” series

The catch by the 20 traps over the season wasih8R8duals of 45 identified species (35 indi-
viduals, 1.9% of the catch was not identified teses; 28 of these were individuals belonging to
the genudAmara,and 7 to the genudarpalug. The most common species (Table 2.1) in the
catch werePlatynus dorsalis, Poecilus cupreus, Harpalus resipBrachinus explodeasidH.
tardus The five most common species constituted 75.0%etotal catch. The Berger-Parker
dominance index was d = 0.25. There were 8 singteito this sampleAsaphidion flavipes, Ca-
lathus melanocephalus, Badister meridionalis, Pédofus oblongopunctatus, Trechus
guadristriatus,and 3 unidentified but differettarpalusspp), as well as 4 more species with 2

individuals each. Thus 26.7 % of the species farardbe considered rare.

The “spatial sampling” series

This trapping session, over four weeks in auturofiected 757 individual beetles of 52 species.
The most common species wele:cupreus, Metabletus truncatulus, Bembidion lamspAmara
familiaris, andH. tardus These five species constituted 65.4% of the tadh. The Berger-
Parker dominance index was d=0.29, less diversettiatime series. There were 18 singletons
(Acupalpus muncipalis, Abax ater, Amara intricatapfricaria, A. similata, Badister lacerto-
sus, B. meridionalis, Bradycellus harpalinus, Carathortensis, Dolichus halensis, Harpalus

signaticornis, H. picipennis, Leistus rufomargingtéanageus crux-major, Parophonus com-
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planatus, Pterostichus striat@smd Stomis pumicatysFrom a further 6 species, 2 individuals

each were captured. A higher share (46.2%) ofjtleeigs were rare than in the time sample.
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Figure 2.1. Rank-abundance curves of the carabid assemblage apple orchard near Buda-
pest, central Hungary, sampled by two differenppiiag arrangements: 20 traps for 28 weeks
(Time sample) and 100 traps for 4 weeks (Spataipta).

Comparing the two trapping series

The “time series” trapping had a higher trappirfgref collected more individuals and the as-
semblage showed a higher activity density (Tallg 2yet it yielded fewer species than the
“spatial sampling” series. The rank-abundance aifFggure 2.1) indicate that the time sample
had a less diverse assemblage than the spatialisgregries. There are several differences in
the species lists, too (Table 2.1). Thirty-one sgewere shared, which made up 97.7% of the
total number of individuals captured in the timéess and 81% of the total in the spatial series.
Consequently, the time series can loosely be ceresilda sub-sample of the spatial series, be-
cause an overwhelming majority of the individuadolnged to species that were also captured
by the spatial sampling series — but not the oppolievertheless, the time sample had 14 unique
species, while the spatial sample had 21 sucheg€eEhis latter only included 3 species of
Amaraand thus the difference cannot fully be attributethe unidentifieddmaraspecies in the

time series sample.
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Table 2.1. List of species captured by the two samplingmegi, the time sampling and the spa-
tial sampling in an apple orchard, central Hunga@nly species with >5 individuals in at least
one of the samples were included.

Species Time- Spatial
sample sample
Platynus dorsalis 450 28
Poecilus cupreus 367 216
Harpalus rufipes 239 13
Brachinus explodens 157 5
Harpalus tardus 156 33
Harpalus distinguendus 135 20
Microlestes maurus 53 13
Amara consularis 19 7
Calathus erratus 19 5
Pterostichus melanarius 19 2
Amara anthobia 18 19
Broscus cephalotes 15 3
Amara similata 14 1
Amara ingenua 12 8
Amara aenea 11 6
Amara bifrons 9 15
Amara familiaris 9 53
Acupalpus meridionalis 8 7
Metabletus truncatulus 8 109
Carabus violaceus 7 -
Anisodactylus signatus 6 4
Bembidion properans 6 21
Bembidion sp 1 5 -
Panageus crux-major 5 1
Bembidion lampros 4 84
Calathus fuscipes 3 5
Poecilus versicolor 2 8
Calathus melanocephalus 1 12
Trechus quadristriatus 1 20
Trapping effort, trap-weeks 560 400
Total no. of individuals captured 1823 757
O_veraII activity density, no. of indi- 396 1.89
viduals/trap-week
Total no. of species captured 45 52
Berger-Parker dominance index 0.25 0.29
No. of unique species 14 21
No. of singletons 8 18
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Methodological innovations, 2. Effects of varyingampling regimes on the observed diver-

sity of carabid assemblages

To further examine the relationship between traggifiort and the characterisation of ground
beetle assemblages, we analysed different timelsag@rangements from a seasonal capture
session within the Danglobe Project. Danglobedsraponent of Globenet, an international re-
search project, which aims at assessing chandsediversity caused by anthropogenic modifi-
cation of landscapes in different countries, usimpmmon sampling method (pitfall trapping)
and reference group (carabid beetles, Coleoptenabitiae) (Niemel& & al. 2000). The original
set-up of the Globenet Project calls for seasog;loontinuous sampling (Niemela & al. 2000).
However, in any monitoring scheme, there is a oointis drive (often by the end users) to sim-
plify the methods and evaluation. This is a legitienrequirement, given the frequent lack of lo-
gistical support and trained personnel.

In this respect, the standard literature on grcuewmtles has little to offer. Published studies
have examined the impact of the trap material arel(¥Vork & al. 2002), trap arrangement
(Ward & al. 2001, Hansen & New 2005) and preseveafT hiele 1977) on the catch, but the
standard recommendation is still the use of se&munsampling (Woodcock 2005). A compari-
son between continuous pitfall trapping and comtina of early and late season sampling peri-
ods (Niemela & al. 1990) established that the laté® be an adequate sampling method to ad-
dress several types of ecological problems, espetiase that focus on individual species or
groups of locally abundant species. There is ne@ggrmssessment or recommendation whether
traping can be reduced in time and still yield sabsults, for example, in biodiversity assess-
ments.

To fill this knowledge gap, we have examined tHfecatfof reduced or altered sampling ef-
fort on the diversity relationships among thregesaof the urbanisation process: rural, suburban,

and urban areas.

Material and Methods

To assess the impact of different sampling arramgésnon diversity, we used the material col-
lected in the Danglobe Project, in and around éhentof Sorg, Denmark, in 2004 (more details
on methods see in Part IV and Elek & Lovei 2005).

We compared the diversity extracted from continuoagping material from 2004 with
three other “imaginary sampling regimes” as follo{l9 considering only every second fort-
nightly sample (= pulsating sampling), (2) considgthe catch for three, equally spaced fort-
nightly intervals during the sampling period (a& theginning, middle and end of the growing
season), and (3) evaluating only material trappethd two fortnights, during the peak of the

carabid activity period. These data were thus delidehe data from continuous trapping.
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We analysed the diversity of the ground beetlerableges using the Renyi diversity pro-
files. The Renyi diversity index provides a nonfiaescription of diversity, overcoming the
problems with single index descriptions (Magurr@3. The samples were analysed by using
DivOrd 1.70, a computer program for diversity ordgr(Tothmérész 1993a) which calculates
and displays the Rényi diversity profiles of comiities and several other diversity measures.
DivOrd is based on parametric families of diversiigices, superior to simple diversity indices
[for details, see Téthmérész & Magura (2005)]. &fata analysis, two index families were used,
the Rényi diversity and the Right Tail Sum (RSMedsity (Patil & Taillie 1979).

Results
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Fig 2.2. The Rényi diversity profiles for carabid assembkan rural, suburban and urban areas
at Sorg, Denmark, in 2004.

The diversity relations of whole-season samples

The comparison of the Rényi diversity profiles (FR2gR) of the three carabid assemblages (rural,
suburban and urban) indicated that the rural amess less diverse than either the urban or the
suburban areas. The urban and suburban diversitijygsrintersected, which means that the di-
versity relationship between the suburban and ualpa@a was not unequivocal. The urban area
was more diverse considering the dominant spewsigite the suburban area was more diverse
considering the rare species. Using the RTS-dityepsofiles (Fig.2.3), this change in the diver-
sity ordering between urban and suburban areabecéotated (Tothmérész 1995). The urban
and suburban profiles crossed each other betweefthhand 5th most frequent species. The
RTS diversity curves showed that the suburban am@alsl be considered more diverse than the

urban areas only if the four most abundant spewe#ze included in the evaluation.
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Fig 2.3. Right Tail Sum (RTS) diversity profiles of theatéd assemblages at the suburban and
urban areas at Sorg, Denmark, in 2004.

Diversity relations of reduced sampling methods

The pulsating sampling method, i.e. sampling fare2ks every month, gave the same diversity
ordering results as continuous sampling. The Révgrsity profiles of rural, suburban and ur-
ban areas (Fig. 2.4), when applying the pulsatamging method (weeks 1, 3, 5, 7, 9 and 11),
coincided with the diversity profiles of the contous sampling method. There were only minor
differences between the two procedures, usualiyeabeginning of the profile, indicating that
some rare species were present only in the datadomtinuous trapping. This is a direct conse-
guence of reduced trapping effort, and does naitigrehange the diversity of the assemblage.

A further reduction in the time of sampling, i.erde 2-week periods over the growing sea-
son, had clearer impact on the diversity profifethie three habitat types, compared the above
two methods. In all three urbanisation stagestécted fewer species (Fig. 2.4a-c). In the rural
area, the profile indicated a more diverse assayelaer most of the scale parameter than the
first two sampling regimes (Fig. 2.4a). At the siiiain areas, the difference was less pro-
nounced, and the profile ran very close to thog@etontinuous sampling abowe-1.3 (Fig.
2.4b). A similar course was seen in the urban @fgp2.4c), but here the two curves ran close to
each other at only >1.5.

The three fortnightly periods of sampling indicatedifferent relationship among the three
urbanisation stages, too (Fig. 2.5). The forest aras ordered in-between the urban and subur-
ban at low values of the scale parameter, andutgliversity became apparent onlyuat1.5.

The suburban assemblage seemed to be more dikarséhe urban one at the interval 0.d <
4.0 (Fig. 2.5). Both of these indications wereelidint from the results obtained from the full as

well as the pulsating sampling regimes.
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Fig. 2.4. Rényi diversity profiles of the carabid assembtaggmpled using various sampling
regimes in rural (a), suburban (b) and urban (cgas at Sorg, Denmark, in 2004.

Restricting the trapping further to two fortniglatsring the peak carabid activity substantially
altered the diversity profiles, and all three gesfiran consistently below the other curves, thus
underestimating the diversity of the assemblagaadly throughout the whole range of the scale
parameter alpha (Figs. 2.4a-c).

Comparing the diversity trends among the urbaiisatages, sampling only during the
two peak activity periods also distorts the relaginips: the suburban area seemed to support the
most diverse carabid assemblage for most of thilgo(Eig. 2.6), except whea <0.4, i.e. when
the rare species had high influence on the diwensgtasure. This sampling method correctly in-
dicated the urban area as being the most diveiseboih not betweem values of 0.5 and 2.1
(Fig. 2.6). The relationship between the rural amdurban areas was correctly represented, ex-

cept for very small values of the scale parameter,
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Fig. 2.5. Rényi diversity profiles of carabid assemblagesiddl, suburban and urban areas,
sampled over three fortnightly intervals during tirewing season at Sorg, Denmark in 2004.
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Fig. 2.6. Rényi diversity profiles of carabid assemblagesiddl, suburban and urban areas,
sampled over two fortnightly intervals at peak da@dsactivity during the growing season at
Sorg, Denmark, in 2004.
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Methdological innovations, 3. Harmonic radar - a méhod using inexpensive tags to study

invertebrate movement on land

Spatial behaviour of individuals is a key comporterinderstanding the population dynamics of
organisms (Turchin 1991). Many animals do not gdsitd themselves to such studies and ob-
serving them without disturbing their natural bebav and habitat is difficult. Many organisms
are cryptic, sensitive, or too rare to study disec@apture-recapture methods are suitable for
many organisms (Southwood & Henderson 2003) burt tesolution levels in space and time are
often not fine enough. Tracking and remote sensiathods can overcome this limitation (Riley
1989; Pride & Swift 1992).

These methods usually requires locating an indalidarrying a small radio transmitter, and
for small organisms, this is problematic. Two intpot technical limitations are the size of the
transmitter/battery, and the limited lifetime oéthnergy source. Miniature, lightweight transmit-
ters are now available, and have been used fddtignvertebrates (Riecken & Raths 1996).
Their cost, however, puts them beyond many resdardbets. Moreover, even a miniature
transmitter needs an energy source, and this litsitsseful life. Technical failures can also be
frequent (Riecken & Raths 1996).

An alternative is to use a passive reflector tluatischot depend on an attached energy
source. If a conductor with nonlinear characterssta diode, is illuminated by radar waves, it
can re-radiate an harmonic of the original radamali. This harmonic signal can be detected
and used to locate the reflector together withl@ngtattached to it. The energy to operate the
reflector is delivered by the illuminating radahelharmonic radar is such a device. It is a
hand-held emitter which generates a continuous pdofated wave. Diodes are available that
reflect the signal at double the original waveléngthe harmonic radar unit also detects the
reflected signal and transforms it into an aud#imal. The reflected signal is not specific, so
individual markings have to be applied to the afénifahey are to be identified once they are
found. The harmonic radar was originally develofmibcate avalanche victims and it was first
used for tracking invertebrate movements around IBE&scanzoni & Wallin 1986; Hock-
mann et al1989; Wallin 1991).

Methods

We used a portable transmitter-receiver designe@dmco (Recco Rescue Systems, Lidingo,
Sweden), which weighs about 8 kg. It consists lohitery, a hand-held Yagi aerial which is
both the transmitter and the receiver, and earghdrtee transmitter emits a 1.7 W continuous
microwave frequency of 917 MHz.

The tag on the target organism reflects this enatglouble the frequency (1,834 MHz).
The detection range depends on the type of dioelé tasconstruct the tag, and the shape and

size of the aerial connected to the diode.
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We tested the following Schottkey type diodes: Rec82 (provided by Recco, Lidingd,
Sweden), HI 48, Hewlett-Packard HP 280C 3C1 (508292, HP 2835, Z 3040 (Dick Smith
Electronics, equivalent to 1N 60 specifications§2832 (Dick Smith Electronics), 1N 34 and 1N
60 (which are equivalents), and BAT 85.

Transponders were made by soldering an aerialggderowire (0.5 mm diameter) to a diode
to form a closed loop. Each transponder was tdstetimes with the wire loop in two configura-
tions, a circle and an elongated oval and witHdhg axis either parallel or perpendicular to the

microwave beam. The maximum detection distanceme&asured with the harmonic radar. Fol-

lowing testing with closed-loops, each diode wasnaeted to the rectangular ReGaerial and
the maximum detection range measured with thelgeiallel and perpendicular to the micro-
wave beam.

The three diodes which performed best were tegjaih avith a single length of wire at-
tached to the cathode end of each diode as by Maseba& Wallin (1986). The length of the
copper wire varied between 0 - 20 cm. Parallel@angendicular readings were made.

Tests were conducted in an open field. Each trardgrovas placed on a plastic plate to iso-
late it from damp grass that alter detectable raRgadings were taken with the radar held 1.2 m
above the ground. Care was taken to keep the potdrihe diodes the same in relation to the
direction of the beam. The diode that proved mtistave in the first part of the experiment was
then used to test different aerial shapes on themuosn detection range.

Transponders were attached to five ground beddlesgmosthetus planiusculwghite,
Coleoptera: Carabidae), and 37 snadflargphanta busbyi wat{Powell), Pulmonata: Rhytidi-
dae), to study their spatial behaviour and hapiteference. Tagged organisms were relocated at
periodic intervals by systematic searching. In fastion, only the results concerning ground

beetles will be detailed.

Results
The effects of diode type and aerial design onctiete distances

The maximum detection distances varied from leas thm to 13 m, depending upon diode type,
position, aerial length and shape (Tables 2.2, Zia&nsponders were always detected from fur-
ther away when parallel to the radar beam ratter gerpendicular to it. The aerial length allow-
ing maximum detection distance was 12cm for batbdr or oval aerials, orientations and all
types of diodes tested (Fig. 2.7; data for ovalbésenot shown).

The Recco aerial was superior to the simple wiop laerials (Table 2.2), possibly because of
its larger surface area. Diodes with copper shexédla were always superior to the wire loop
aerials of similar size and were sometimes betten wire loop aerials regardless of loop size
(Devine 1997).
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Maximum detection distance (m)

Aerial length (cm)

Figure 2.7. Maximum detection range of the diodes Z 3040,33and Recco S2 with different
aerial lengths in parallel (solid line) and perpeadlar (broken line) orientation to the radar
beam. The aerial was always attached to the catleodeof the diode.

Table 2.2. Maximum detectable distance for different diodegntations and aerial shapes
tested. The aerial length was 12 cm in all cases.

Maximum detectable distance (m)

Aerial Recco HI4 HP280C Z304 7323 im% HP BA{T
shape/orientation S2 8 3C1 0 2 60 2835 85
Elongated parallel 9.82 400 4.90 12.00 10.120.36 8.00 no test
Ef”gat' perpendicu- , 44 0.65 1.81 400 385 361 190  notest
Circular 2.20 0.60 1.40 2.60 1.90 2.80 2.10 no test
Recco parallel 13.20 7.70 3.80 8.00 8.00 7.000.30 1.20
Recco perpendicular  3.60 3.00 1.40 3.40 3.42.90 6.00 0.00

' The BAT 85 diode responded poorly in initial testswas not tested in all combinations.

Table 2.3. Maximum detectable distance (m) for transpondeasufactured from Z 3040 diode
- copper sheet combinations with different aerfedges.

Orientation/ Rectangular Continuous Circular

location Narrow Wide circular/diode Large Small
across

Parallel 5.50 10.70 1.50 7.60 6.10

Perpendicular 5.50 10.60 1.50 7.40 6.20

Behind tree 1.70 3.80 0.00 3.10 1.90

Under dry litter 5.50 10.90 1.50 7.50 4.60
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Tem

Figure 2.8. A female carabid beetl®locamosthetus planiusculfited with a Schottkey-type
diode and appropriate aerial for harmonic radar gies.
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Figure 2.9. Movements of a male carabid beeBé&gcamostethus planiuscujus Keeble’'s Bush,
Manawatu, North Island, New Zealand, during thehhigf 23-24 February 1997. The beetle was
relocated every 15 min.
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Diode attachment and movements of tagged animals

Each tag, consisting of a diode with an appropgatkeaped aerial, was glued to the elytra of the
ground beetle or to the shell of the snail (Fi§)2We found that quick-drying adhesive (Adosl
or Uhu brand) was suitable for ground beetles.

We were able to relocate ground beetles over skaeeanight sessions. Typically, move-
ment was only a few metres per night. We reloctiteeetles every 15 or 30 min. No long term
directional movement was detected (Fig. 2.9) betibetles showed signs of ‘typical’ inverte-
brate searching behaviour. This included moveméihinva small area with frequent turns, fol-

lowed by longer walks in straight lines.
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Discussion

The non-equivalence of trap number and trappinggokr

The results of comparing two different combinatiofigrap humbers x trapping duration from
the same habitat and the same year indicatednbatften used “common unit” for pitfall trap-
ping, trap-days /trap-nights or trap-weeks, thatress the trapping effort as the product of the
number of traps x length of trapping time may nuivarsally be used for comparisons of pitfall
trapping sessions with different ratios of the comgnt efforts.

The 20 traps may not have been representativeeofatiety of microhabitats in the or-
chard (which the 100 traps covered much betteris, Flowever, is usually not seen as a problem,
and even some current recommendations (e.g. Wok@885) suggest fewer traps, while a
shorter—than-full-season trapping arrangementtenafondemned (e.g. den Boer 2002). From
the results both seem unwarranted recommendatbteast when the aim is to sample the di-
versity of ground beetles present in a habitat.

Another possible limitation could be an inter-tdiptance that does not allow the traps to
be independent of each other. Such interfereneeteffould be larger during a short trapping
session when immigration and the appearance olvageaeration of adults is less probable or
significant. Consequently, a depletion effect riasglfrom too close trap locations could be
stronger during our 100-traps short session, aadlifferences indicated would tend to be less
than in reality. The 10 m inter-trap distance maydo small in a forest (Digweed & al. 1995),
although the assemblage structure was not distortBdyweed & al.’s (1995) study. In our case,
the distance did not have a depletion effect orcétieh. Edge traps of our 100-trap trapping grid,
where the inter-trap distance was 10 m, capturéberanore individuals, nor more species than
the central ones (data not shown).

All of the above biases would favour the time segampling. In spite of this, we found
that the spatial sampling series collected moreispghan the time sampling series.

The two components of the measurement unit, tragben and time, are usually consid-
ered equivalent. From this it would follow thatheger trapping period can be counteracted by
increasing the number of traps. Viceversa, if theber of traps are limited, the length of time
can compensate for this. In fact, Niemela & al9@Rconclude: “shorter sampling periods may
depict the fauna as accurately as a spatiallydinsample”, i.e. the two components are of equal
influence.

Our comparisons showed that this is not strictlymeressarily so, and that trap number
may have more influence on the final result thanlémgth of the trapping period. This is a coun-
terintuitive but important result. Recommendatiofisn emphasise the length of the trapping
period. Short pitfall trapping sessions are oftetictsed due to the lack of covering the whole
period of activity of ground beetles, and thus migspecies that do not appear during the period
of trapping (den Boer 2002, Woodcock 2005, butieenela & al. 1990, Sapia & al. 2006).
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Based on the above (limited) comparisons, this@sehe trapping error may have been over-
emphasised.
In conclusion, if a compromise has to be made uadixed total sampling effort in a bio-
diversity study, it is wise policy to operate theximum possible number of traps, and reduce

the length of the trapping session rather thaogposite.

The effect of sampling regimes on diversity in batassemblages

In comparative diversity studies, the frequent tjaass “which assemblage is more diverse?”
(Téthmérész 1995). The answer often depends ochtbiee of the diversity index, which lead
some ecologists to declare the quest for an arfsitiler and the methods nearly useless (Hurlbert
1971). The use of one-parametric index familiesreaolve this paradox (Téthmérész 1995,
Southwood & Henderson 2003). This method haslfiesin suggested by A. Rényi (1961) and is
more used in physics and information theory. Frione tto time, ecologists announce its “redis-
covery” which is unwarranted (Lévei 2005).

Analysing the diversity along an urbanisation geatiusing Rényi scalable diversity in-
dex, we verified that in Denmark the diversity beém a rural, forested area and urban forest
patches increased along the urbanisation gradibig.trend contrasts with findings in several
other countries, for example Finland (Alaruikka &2002), but is similar to the trends found in
Central Europe (Magura & al. 2004) and merits fertstudy.

Our results also showed that it is not necessatgiltmw the season-long, continuous pitfall
trapping recommended by several authors, at leashé evaluation of diversity. With respect to
diversity, the data resulting from the pulsatingmoe produced the same results as continuous
trapping did, suggesting that the number of thepsiaign occasions can be somewhat reduced.

These results are encouraging for the developofenbre benign and less arduous
monitoring methods for carabids. Reducing the sang@ffort without significantly distorting
the detected diversity relationships may be delmbt only for logistic reasons, but also for
biomonitoring of areas where e.g. endangered specieur. However, compared to the pulsating
method, the other sampling regimes with even shdteation did not give the same results as
the continuous sampling. These regimes shouldfdrerbe used with caution if they would be
considered a basis for comparative diversity studie

Our method of generating sub-samples in time wapls, and assumed that the catch in
fortnightx did not influence the catch in the subsequentiats. This is not necessarily true, and
thus the results obtained should be viewed withi@auThe overlap in diversity between the
continuous and the pulsating sampling regimes, kiewéndicates that our assumption may not
be grossly incorrect.

We note that the use of pitfall trapping may geteeralative abundance patterns that are
biased. Large species can be more mobile and ibdsscaescape once fallen into the trap, so may

be more “catchable”. This is a perennial probleramf trapping method that relies on the activ-
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ity of the study subject to generate samples. Bonparative purposes and for species inventory,
these methods are useful. The above limitationsldhze kept in mind when drawing conclu-
sions on general diversity trends, comparing, kameple, forested vs. other types of habitats.
Finally, we wish to stress that our experiment adgressed the question of sampling pe-
riod, an important element in monitoring, but ntitey, equally important aspects of sampling
such as the number of traps, their distance, nahter way of operating. These questions should
be addressed in a more complex experiment, betheseed for monitoring will gain impor-
tance in conservation biology as well as in momigpthe impact of different agricultural and

forestry operations in an increasingly human-domeidavorld.

The usefulness of the harmonic radar as a tootudysinvertebrate movement

Harmonic radar is suitable for detailed studiespatial behaviour over both short and long in-
tervals in New Zealand providing the animals hagalised ranges. Cryptic invertebrates can be
relocated with minimal disturbance to the habitat.

The normal movement speed of the study organismidhe considered when deciding on
the time intervals between relocations. Groundlesetan move fast and far enough (up to 30m
within 1h, Wallin 1991) to make relocation veryfdi@ilt in dense forest habitats common in
New Zealand. For such organisms, relocation ever¥5Lmin is recommended, at least during
the initial phase of the study.

Mascanzoni & Wallin (1986) found no spurious signdih contrast, we experienced a vari-
able amount of background noise, caused by incdlemtal objects such as fences or rubbish
tins. Operator experience helped to distinguistk@razind noise from the transponder signal at
extreme range. Water (and humidity) attenuateditheal, and other, unexplained interference
sometimes reduced the detection range to a fewhenclarity of the signal improved but
maximum detection distance did not change whetattget was on vegetation.

The orientation of a transponder with respect ¢ortiicrowave beam had a marked effect on
the maximum detectable distance: when the longafxise transponder was perpendicular to the
beam, the detectable distance was much smallecaviasni & Wallin (1986), using an older
version of the apparatus and a different antendagat mention orientation, but probably made
their measurements with the transponder in thdlpbp@sition. The only diode common to both
studies (the HP 2835) gave similar readings taghithis position only.

Some organisms may spontaneously generate fals@sigVhen tracking ground beetles,
we were misled several times by a false signal,setarigin was always a tree wektefnideina
crassidengBlanchard), Orthoptera: Stenopelmatidae). Theeafighis is not known.

While the weight of the aerial was not significkmtthe carabid, the necessary length of
the aerial could hamper normal movement. To minéntiies, a very fine and flexible wire is
preferred that can freely trail behind the beetle.

We believe that the harmonic radar can be usetidoking a wide range of invertebrates
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and vertebrates that are expected to undertakd-soadé movements. Many such animals are in
need of protection and management, but our lagkoivledge of their spatial behaviour and
habitat preferences often limits the effectiversfssur actions. We suggest that harmonic radar
can be fruitfully used to describe habitat useuahsanimals as geckoes, tuatara, weta, as well as
large flightless beetles. The inability to identife target individual is not necessarily an obsta-
cle because we are often interested in microhals&tand/or direct measurements (size, body
mass), so the organism has to be handled anywa lighter tag designs now exist for smaller
organisms that are active above ground level, ss [Riley& al. 1996), caterpillars, butterflies
and parasitic flies (Rolantl al. 1996) can now be tagged and relocated. This extéradappli-

cability of the method to an even wider range gfamisms.

CONCLUSIONS

In summary, work under this part documented that

1) The often used “common currency” for trappinfipefneeds to be re-examined because its
two components, number of traps and length of digerao not contribute to the catch in the
same way. This has an important consequence faltesign of biodiversity monitoring: trapping
effort allocation for monitoring is better when thember of traps is at the possible maximum
and the length of time shortened rather than theravay around.

2) A comparative analysis of different sampling hoets in time showed that, at least for species
inventories and diversity evaluation, a “pulsatedimpling gives similar results to the continuous
one. This may ease the effect of sampling on gotid@ssemblages with threatened species.

3) We introduced the technigue of the harmonicrémlatudy arthropod movement in New Zea-
land. Several diodes were tested and comparedyrangtimal aerial configuration was deter-
mined. The usefulness of the technique was denaiadton a ground beetle. This technique is
suitable to study cryptic animals and importanadztn be collected using a non-invasive
method. This is especially significant where sucidies were only possible by severe habitat

disturbance only (done while searching for the ahsn
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Part Ill. Life history studies

Life history studies of ground beetles accompanigdvhole career. From these studies, how-
ever, only selected, recent examples are inclugleghasising the attempt to standardise the de-
scription of yearly activity in these beetles.

In Hungary, we studied and described the seasatigita of three specieginisodactylus
signatus(Fazekas et al. 199®)atynus dorsalisandBrachinus explodend-azekas et al. 1999).
During this work, we developed a new method to diescin a standardised way, seasonal activ-
ity. This method relies on the combination of cédting sliding averages, and the division of the
total activity period according to the quantile hed. In order to discount the impactaaf hoc
activity variations, first the seasonal activityneelis reconstructed, by calculating a weighted
sliding average of the individual data points. &afing this, the species’ activity is divided into
four parts, based on the cumulative (smoothedyigcturve, and the cardinal points of the ac-
tivity curve (main activity period, activity peakye unambiguously identified. The activity peak
falls where this smoothed curve reaches 50% oinitigiduals captured. This is more unequivo-
cal and less variable than the traditional wayrespnting seasonal activity curves that considers
the time of the highest per-period catch as thigiacpeak. This can (and does) vary from year
to year. Our method similarly identifies the madtivty period, which starts when 25% of the
total numer of individuals is captured, and endemvthe cumulative total catch reached 75%.

New Zealand is rich in carabids, but our knowledbeut their biology and ecology is very
fragmentary (Larochelle & Lariviere 2001). We wéhe first to quantitatively describe the life
history of six common, endemic species of grouretlbe (Cartellieri & Lovei 2003). We have
shown that the activity and reproduction of thgseces shows distinct seasonality (previously,
several arguments have been published that cladneck of seasonality in surface-active ar-
thropods, because of the mild, relatively aseasdimahte in New Zealand, (e.g. Moeed &
Meads 1986), the individuals can live longer thae gear, and —at least some species — are
iteroparous. During these studies, we have also temethod developed during life history

studies done in Hungary.
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Life history studies, 1. Seasonal activity and remrduction of Anisodactylus signatus,

Platynus dorsalis and Brachinus explodens in Hungary

Anisodactylus signatus

The ground beetle species Anisodactylus signataisz@?) is present in most of western and cen-
tral Europe, reaches as far north as Denmark (Tatrah, 1977), and extends eastward through
Russia and China. The species is scarce in WeaterCentral Europe (Freude et al. 1976), but
is frequent in cultivated fields in Eastern Eurdbévei & Sarospataki 1990). A. signatus is one
of the most common carabids in agricultural figldslungary (Horvatovich & Szarukan 1986),
and occurs widely in European Russia (Berim & Novik983; Matalin 1992), Central Asia
(Saipulaeva, 1986), and Heilongjiang Province, @ljdeng & Li 1981).

Species in the genusnisodactyluslemonstrate different degrees of mixed feed-
ing. However, both larvae and adults of this spgciensume plant material, mainly ger-
minating seeds (Ponomarenko 1969; Horvatovich & @k@n 1981; Berim & Novikov
1983), and there are indications thatsignatusmay be a reluctant predator, preferring
plant material to animal prey (Berim & Novikov 1983easonal activity is unevenly docu-
mented within this species' wide distribution rangeg. Kasandrova & Sharova 1971,
Berim & Novikov 1983); other aspects of its popudat biology, such as age structure and

egg production remain little studied.

Platynus dorsalisndBrachinus explodens

Both species are widespread in central EurBpéorsalisis generally common (Lévei & Séaro-
spataki 1990)B. explodenslemonstrates locally high densities. Data onitaenlstory of these
species (Skuhravy 1959b; Wautier & Viala 1969; Vilaut971) indicate that both are spring
breeders with summer larvae. dorsalisis considered an important aphid predator (Skyghrav
1959a; Sunderland 1975; Scheller 1984) and affecestablishment and early population
growth of aphids (Sunderland & Vickerman 1980; fBh& et al 1985). Data are limited &n
explodensut Kromp (1989) found it common in an organicalignaged agricultural field in
Austria while it was rare in conventional fieldlBw we present information on seasonal activ-

ity and age structure, and estimate total repradeiciutput of these two species in central Hun-

gary.
Material and Methods
Material was collected as part of a research prajetovo agroecosystem in Hungary: maize

(Mészaros 1984b) and apple (Mészaros 1984a) -heatescription of collection sites, periods

and methods detailed in those publications. Beetilscted by pitfall traps were identified,



45
separated, aged, sexed and dissected. Ageing wasbdsed on coloration, chitinisation, and the
extent of bristle and mandible wear. Three categosiere distinguished:

(a) 'teneral: newly emerged beetles, recognizem Bclerite coloration and softness

(b) 'young': inA. signatussuch individuals were adults that had not yet ougrred and were
easily distinguished until the end of their firsison. In botl. dorsalis andB. explodenssuch
individuals were overwintered adults entering tliiest reproductive season, recognised from
hardened sclerite but little wear on bristles ondibles.

(c) 'Old": adults past their first reproductivesen/overwintering, recognised by wear on both
mandibula and bristles. We could not distinguistnvieen second-year and older beetles.
Following this, the males and females were disseiteletermine the developmental stage of
their testes and ovaries and the number of egliswiog the method of van Dijk (1972, 1979a)
and Wallin (1989). A total of 788. signatusp74P. dorsalis and 458 oB. explodenndividu-
als were dissected. The length and width of eggsme&asured under microscope, and the vol-

ume was calculated using the formula for a rotagiigsoid (Juliano 1985).

Seasonal activity

Seasonal activity was described using the quamighod. Standardised, smoothed seasonal ac-
tivity curves were constructed, plotting the weeghsliding average (over three catching periods,
with the middle period given double weighting) bétcumulative, total catch against time (ex-
pressed in weeks). Based on this curve, three ffe@rdates” were established, corresponding to
the dates when 25, 50, and 75% of the cumulatiat ¢atch had been captured. The total activ-
ity period was divided into early, main, and latgges. The main activity period was delimited

by the dates on which 25 and 75% of the cumuldttad catch was reached, and the activity
maximum was defined as the date when 50% of tlaé ¢atch was reached. For a more detailed

description, see Fazekas & al. (1997).

Estimating reproductive output
The reproductive output of the population wasnested by Griim's method (Griim

1984). This method requires calculation of the mmamber of ripe eggs in the ovaries, at
weekly intervals, followed by the observed rateg§ deposition:
- (IN N1~ 1IN Ny )

dt

where d&=number of days between the estimatiompf andNy (the last two values d,).

U

Then the mean number of eggs laid by a femaledmptpulation during the entire breeding pe-
riod becomes:

V=N iy
whereT,; is the number of days in tli period, angis the previously estimated rate of egg

deposition.



46

Differences in the mean numbers of eggs per femate tested with the GT2 method for multi-

ple comparisons of means (Sokal & Rohlf 1995).

Results

Anisodactylus signatus

In Central Hungary, Tukrospuszta (Site 1), adulesevcaptured throughout the 8 May to
31 October trapping period. The mean activity peéroeccurred during the last three
weeks of July, with the peak in mid-July (Table)3.The seasonal activity curve was

skewed to the right (Fig.3.1).

Table 3.1. Main activity periods and peak activity datesha# tifferent age classes Ahisodac-
tylus signatust two localities in Hungary.

Age class Tukrospuszta Ujfeherto

Main activity Activity Main activity Activity

period peak period peak

All beetles
old 6 Jun—9Jul 23 Jun 10-29Jun 17 Jun
Teneral 8-18 Jul 13 Jul 20 Jul-18 Aug 1 Aug
Young 7-28 Jul 13 Jul 31 Jul-8 sep 19 Aug
Total 7-29 Jul 14 Jul 11 Jul-22 Aug 1 Aug
Females
old 9 Jun-15 Jul 25 Jun 11-27 Jun 19 Jun
Teneral 6-16 Jul 10 Jul 20 Jul-17 Aug 5 Aug
Young 10 Jul-3 Aug 16 Jul 2 Aug-2 Sep 24 Aug
Total 6-24 Jul 12 Jul 1 Jul-24 Aug 1 Aug
Males

old 9 Jun-10 Jul 25 Jun 1-29 Jun 15 Jun
Teneral 9 Jul-2 Aug 15 Jul 20 Jul-17 Aug 30Jul
Young 8-25 Jul 14 Jul 29 Jul-1 Sep 16 Aug
Total 2-21 Jul 10 Jul 15 Jul-21 Aug 31 Jul

In eastern Hungary, at llonatanya (Site 2), tragpdid not occur throughout the entire activ-
ity period. Beetles were first caught during thesw@receding May 28th, and a steady in-
crease was observed until trapping was discontiatiefte end of July. At the other eastern site,
Ujfeherto (Site 3), beetles were caught and reméiaetive from the first week of trapping
until trapping was discontinued in late Septemibae main activity period took place be-
tween mid-July and late August, and was almostehweeks longer than at Tuk-
rospuszta (Table 3.1). The peak of activity occdrom August 1st (Table 3.1), also
later than in central Hungary. The seasonal dynamuwrve was less skewed than that of

the population at Tukrospuszta.
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Seasonal activity of the age classes
Central Hungary, Tukrospuszta. Old beetles weréuca@ on all sampling occasions (Fig. 3.1).
The main activity period was about one month lostgrting in June (Table 3.1). Tenerals
first appeared on 27 June and peaked on 13 JulwllStambers of tenerals were trapped
almost every week until early October. This regliltean activity curve that was extremely
skewed to the right (Fig. 3.1). Young beetles appdabout two weeks after the first
tenerals; the peak occurred on the same day (Tal)e Activity continued until harvest in
late September (Fig. 3.1).

Eastern Hungary, llonatanya (Site 2). Only oldtleewere captured from the be-
ginning of the trapping on 7 May until early Julli¢. 3.1). Increasing numbers of
tenerals and young beetles were caught from eaully until trapping was discontinued at
the end of July.

Eastern Hungary, Ujfeherto (Site 3). Old beetlesexcaptured from the first week of
trapping, 14-21 April, until late July; one was taed in late August. The mean activity pe-
riod was shorter than at Tukrospuszta, but peakedi@ek earlier (Table 1). Tenerals appeared
during the week of 7-14 July and were captured lateé September (Fig. 2). The main activity
period took place one month later than the maiiviacof the same age class at Tukrospuszta
(Table 3.1). The activity of young beetles peaksdrland lasted longer than that of the tenerals
(Table 3.1). The cardinal dates of activity of teaeerals and young beetles completely over-

lapped at Tukrospuszta but not at Ujfeherto (T&hl$.

Inter-site comparisons

The mean activity period of all females combined Vess than three weeks at Tukrospuszta vs.
almost two months at Ujfeherto. Males showed alamhiut less pronounced trend (5 weeks vs. 8
weeks, Table 3.1). A number of further differeneese also observed when the age classes
were considered separately: (1) a short mean gcperiod for old Ujfeherto females (16 days)
vs. a long one at Tukrospuszta (36 days) but nb sliféerence for old males; (2) a very short
mean activity period for teneral Tukrospuszta faasaP0 days longer for Ujfeherto females (Ta-
ble 3.1); (3) similar mean activity periods for ymufemales at the two sites, but twice as
long for young males at Ujfeherto (34 days) vs.rbgkuszta (17 days). In general, activity
curves were more tightly synchronized at Tukrosfauéghorter mean activity periods) except
for old beetles (Table 3.1). The span of the pealkidy dates indicates the same; they all

occur within three weeks at Tukrospuszta while thegn two months at Ujfeherto (Table 3.1).
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Fig. 3.1. Seasonal dynamics of three age classés signats at three locations in Hungary.
Arrrows denote trapping and the main activity perand the activity peak.

"Old" adults occurred as 32%, 35% and 25% of irttligls collected at the three sites, re-

spectively. At Tukrospuszta , 69% of all beetlestaeed were males. In the apple orchards in
eastern Hungary (sites 2 and 3), females outnurdreages (62% of all beetles at Ujfeherto and
65% at llonatanya were females). The sex ratioyolhg" adults was more even, with
69% females at both Tukrospuszta and Ujfeherto, d6f6natanya (but note the shorter trap-

ping period there).

Egg production

None of the young females had eggs in their ov#ies/id females had a maximum of 6
eggs at Tukrospuszta, 10 eggs at llonatanya, aaqghs at Ujfeherto. At Tukrospuszta, llo-
natanya, and Ujfeherto, respectively, 44%,82% dfd 2f the old females were gravid. At
Tukrospuszta, the earliest collection of gravid &enoccurred on 23 May (with 3 eggs) and the
last one was collected on 18 July (2 eggs); femaldsthe maximum number of eggs were col-
lected in early June. Similar dates cannot bebiliastablished for the two other locations due
to the short trapping period at llonatanya, andltdve number of gravid females (5 only)

captured at Ujfeherto. The mean number of eggggpavid female was 2.6%&(d= 1.68,
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n = 18) at Tukrospuszta and 4.9£.4.= 2.36,n = 28) at llonatanya. This difference is sig-
nificant (Student's two-sample t-test; 2.08, d.f. = 44, p = 0.043). The difference in
the populations' mean egg number was even gre@td&rqspuszta : mean = 1.13.d.=
1.73,n = 41; llonatanya: mean = 3.28d.= 2.63,n = 34, Students=4.19d.f. =73, p =
0.001).

The estimated seasonal egg production at Tukrosppuazcording to Grum's
method, was between 20.9 and 10.3 eggs/female €TaR). The most realistic estimate,

based on the longest period for the estimatiorggfdeposition rate was 15.6 eggs/ female.

Table 3.2. Estimates of mean total seasonal fecundity, adgegrob Grum's method, fakniso-
dactylus signatutemales in the population at Tukrospuszta, Hungh®y8. Three periods were
used to determine egg laying rate.

Period Nk-1 Ny Egg laying rate Total fecundity
3-10 Juhy 2.€ 1.0C 0.14 10.c
11-18 Juhy 1.C 0.14 0.28 20.¢
3-18 Juhy 2.€ 0.14 0.21 15.€

Platynus dorsalis

Seasonal activity

Adult activity started in mid-April to early Maynd lasted until August. The activity peaks were
in May-June (Fig 3.2). Males were caught earliantfemales in two of the three study years.
Males remained active later in the season thanlé&amasually by one-two weeks but this differ-
ence was a full month in 1990 (last female 27 Atigast male 25 September). The sex ratios
were about equal (Tab. 3.3). Tenerals were prasehtly but few were caught (4.1% of the total
catch). Tenerals were recognisable until early AughdultP.dorsalishave a soft chitinisation
which may have contributed to a relatively shorigueduring which the tenerals could be rec-

ognised.
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Fig 3.2 Seasonal activity of male and femBlatynus dorsalibetween 1988-1990 at Julianna-
major, Budapest, Hungary. Arrows under the panelsate the start and finish of the trapping
period. The central arrow on top marks the mediateaf activity, the left and right ones indi-

cate the main activity period.

Reproduction

The reproductive period lasted ten weeks. Ripe ggtige ovaries were found between April and
the end of July. The earliest gravid female waswap during the week preceding 18 April (in
1989); while the latest was 27 August (one specimdr®90). From the end of June some fe-
males had distinatorpora luteain their ovaries, which means that the beetlesgnaduced eggs
("spent"). All the non-teneral females in the saergither contained eggs in the ovaries or were
spent. Peak egg numbers and the highest mean nombggs occurred between the second half
of May and first half of June. The maximum numbkeggs found in one female varied two-fold
over the study period: the maximum was 16 in 19&%inly 8 in 1990. The period between the
median date of presence of gravid females ancbfitanheral beetles was about six weeks. This

could be considered as the average duration ofidhdil development.
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The mean number of eggs in the ovaries over tlee thears was 5.4 eggs/femaalE3.9,
n=277). The mean egg number in 1988 was signifigdmgher than in 1989 or 1990 (GT2
(1988-89) = 5.04, GT2 (1988-90) = 5.34, bp#®.001; GT2 (1989-1990) = 0.975, N.&f. = 3,
274). The estimated seasonal egg production aceptdiGrim’s method, was 49.8 eggs/female
in 1988, and 26.9 eggs/female in 1990 (Tab 3.4).

The egg laying rate could not be calculated fora1@#d in the two other years, the differ-
ence was considerable (Table 3.4). The total fetyrestimated by Grim’s method, varied al-
most two-fold, also causing a similar differencelatch volume (Table 3.4). The total number
of eggs was correlated with the number of maturkesneaught each week (linear regression:
r=0.87 for 1988, r=0.78 for 1989, r=0.80 for 1980p<0.01). All the males except the tenerals

had mature testes.

Brachinus explodens

Seasonal activity

The first adults were caught in late March, andldséin late August. In some years, seasonal
activity was longer. The last male in 1988 was taulgiring the last week of September, and the
last female in 1990 was found in the trap on 1600et. The onset of activity of both sexes was
identical in two of the three years of study. The ef activity period was almost a month apatrt,
longer for males in 1988 while longer for femaled990. They were of equal length in 1989.
The activity peaks were in May-June (Fig 3.3). $bg ratios were about equal in 1988 and
1990, but in 1989 three times more females thaesnakre caught (Tab 3.3). Tenerals were
caught for a short period comparable to thaA.dorsale generally from mid-July to early Au-
gust.B. exploden$as a weak chitinization similar Fadorsale which may have been responsi-

ble for the short period during which tenerals we®ognizable.
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Table 3.3. Sex ratio, age structure, activity and reproduetperiods oPlatynus dorsaliand
Brachinus explodensaught in an abandoned apple orchard, Juliannamaadapest, Hun-
gary, 1988-90.

Platynus dorsalis Brachinus explodens
Characteristics 1988 1989 1990 1988 1989 1990
No. of beetles caught 341 240 98 103 223 132
Sex ratio 44:56 52:48 52:48 53:47 77:23 51:49
% of old beetles 6.9 10.3 104 7.6 3.6 3.0
Activity period Apr-Aug Apr-Sep
Activity peak early June late May - early June
Reproductive period May-July May-July
Reproductive peak early June late May
Tenerals appear July late July-Aug
Females Males
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Fig 3.3. Seasonal activity of male and femBimchinus explodensetween 1988-1990 at Julian-
namajor, Budapest, Hungary. Symbols as on Fig. 3.2.



Tab 3.4. Reproductive characteristics, estimates of meas®®al fecundity, egg and clutch vol-
ume ofPlatynus dorsaliandBrachinus explodenat Juliannamajor, Budapest, Hungary, 1988-
90.
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Platynus dorsalis Brachinus explodens
Characteristics 1988 1989 1990 1988 1989 1990
No. of gravid females 128 115 34 42 117 34
No. of eggs/female 6.2+3.1 45+2.2 4.0£1.9 13.2+7. 13.0+7.6 15.7+11.8
Egg laying rate 0.19 * 0.11 0.03 0.02 0.03
Total fecundity 49.8 * 26.9 21.3 15.5 28.7
Egg length x width (mm) 0.98+0.06 x 0.40+0.02 (n51.8 0.61+0.05 x 0.26+0.0 (n=61)
Egg volume, mrh 0.082 0.022
Mean clutch volume, min  4.08 n.c. 2.21 0.468 0.341 0.631
Female body length, mm 7.02+0.35 6.04+0.42

Reproduction

The reproductive period was eight weeks long. "$gemales occurred from July, and tenerals
were found during the second half of July and irgést (6.3% of the total catch). Ripe eggs in
the ovaries were found from May (mid-April in 1988)July. The last gravid females were col-
lected 10-18 July. Peak egg numbers and the highemh number of eggs occurred during the
second half of May and the first week of June. @hmation of development lasted about 6
weeks. The mean number of eggs was 18d=8.4,n = 193). The yearly means did not differ
significantly from each other (GT2 = 0.132, 1.28@4.649, all N.Sd.f. = 3, 190). The greatest
number of eggs in one female was 51, found on & 1980. The yearly maxima were 32 in
1988, 46 in 1989 and 51 in 1990.

The egg laying rate was low and varied little. Téaundity, according to the Grim
method, varied almost two-fold (Tab 3.4). The egiB. explodensvere only about 1/4 the size
of theP. dorsaliseggs, so the total estimated clutch volume was13Bs of that ofP. dorsalis
(Tab 3.4).

There was no significant correlation between theklyenumber of males caught and the to-

tal number of eggs found. All the males exceptitimerals had matured testes.
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Life hisotry studies, 2. Seasonal dynamics and repductive phenology of ground beetles in

fragments of native forest in the Manawatu, North sland, New Zealand

There are 424 known and an estimated 600 specgowhd beetles in New Zealand (Larochelle
& Lariviere 2001). A high proportion of these amibved to be endemic, as noted for other in-
vertebrate groups in New Zealand (Watt 1982). ihgstnowledge of the population status and
life history of New Zealand ground beetles is vergrce. The few published studies on this
group mostly deal with ground beetles in agricualtdields (Barker 1991; Sunderland et al.
1995Db; but see Butcher & Emberson 1981); until 2680ére was no published life history study
on native ground beetles. Such information wouldddaable to guide conservation efforts, such
as relocations, or to time vertebrate pest poigpajrerations to minimise risk to non-target
carabids.

We studied and described the seasonal activitygmaductive phenology of six native
carabid species present in native forest fragmeeds Palmerston North, Manawatu region,
North Island. Our findings indicated that severfahese species have distinctly seasonal activ-

ity, long lifespans and low reproductive rate.

Study area and Methods

Study area

Beetles were collected in pitfall traps in threéiveaforest fragments near Palmerston North. The
habitat and collections details see in Part IV.cBsewere identified to species using a reference
collection, and keys in Britton (1940Jtenognathus adamBroun andZ. cf. femoraliBroun

were kindly identified by J. I. Townsend. Subsedlyeindividuals were aged and dissected.

Ageing was based on the extent of bristle and niéamdviear, elytral hardness, and colour as
for European species detailed in the previous@ecue to the lack of calibration or any com-
parative studies on New Zealand beetles, only thgeecategories were distinguished in this
study: tenerals, young adults, and old adults. &Fali adults were recently-hatched beetles with
weak chitinisation and brownish elytra. “Young” #dlhad hardened, black elytra, sharp mandi-
bles and long, intact bristles. “Old” adults, beéd to be at least in their second year of lifel ha
hard and black elytra, blunt-tipped mandibles angal broken or worn bristles. No distinction
was made between second-year and older beetles.

Females were dissected to assess reproductive,statlidivided into three groups based on
the developmental state of their ovaries: femaliéis i@sorbed ovaries (not in reproductive state),
females with developed ovaries (reproductivelyvajtiand gravid females (with eggs). The eggs
found in gravid females were counted.

Seasonal activity was described using the quamigithod described earlier. This method
could not be applied 8. cf. femoralisM. capitq andH. mucronatebecause they showed con-

tinuous activity or two maxima. Julian dates, thatber weeks consecutively from Week 1 in
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January to Week 52 in December, are used hereiddid+5, mid year was selected as the start-
ing point so that the activity peak during the seuh summer did not appear cut into two at the

two ends of the-axis.

Results
General carabid activity
Woodville Recreational Reservle ground beetle fauna was much more diverse(hare spe-
cies, Lovei & Cartellieri 2000) and individuals veemore active (416 adults caught in total) than
at the two other study sites (Fig. 3.4A-C). Acivdbmmenced in August, and ceased in May,
following a unimodal curve (Fig. 3.4A). The activievel was, at maximum, about 5 times
higher than at Keeble’s Bush.

Keeble’'s Bustt Keeble’'s BushM. capitoandH. mucronatarepresented the majority of
carabids caught (totals of 74 individuals in 1990-&nd 29 individuals in 1999-2000). In addi-
tion, threePlocamostethus planiusculusales were caught in December 1999. The two common

species showed some activity all year round, keretivere seasonal differences. Activity during

the winter months was low (0.1 individuals t_r%fprtnight_l) but increased to >3 times this level
during spring (October) and late summer (Januaey F3g. 3.4B).

Atawhai RoadHere, only two specied). capitoandH. mucronataand 24 individuals were
caught. The catches in the pitfall traps indicatey low activity (max. 0.25 individuals trélp

N - ,
fortnight , Fig. 3.4C). Some beetle activity was detected-y@and but there were no obvious
maxima. However, due to the low nhumbers captured¢ould not define seasonality with confi-

dence.

Individual species accounts

Zoluscf. femoralis

Zolus cf. femoraligZolini) occurred only at the Woodville Reserveesiind 75% of all speci-
mens were caught near a stream. The sex raticdydmig overall, 3 times more females than
males were collected (Table 3.5).

Both sexes were active during a 6-week perioderatistral spring (August/September) and
for a longer period in the summer/autumn (Fig. 3.9%¥most no activity was recorded between
late September and early October and for a longeogh between early May and mid July.
Spring activity was simultaneous and equal for saled females, whereas in autumn, females
remained active for more than 2 months longer thates. The late summer activity for males
lasted from late December to the end of Januargyeds females were active until May. Teneral

beetles of both genders were found only in Janaadyearly February.
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All but one of the females dissected had fully deped reproductive organs. The single
non-reproducing female was a teneral beetle caongrarly February (Weeks 4/5). Females with
eggs were found in late January, early May, midusigand September. Gravid females had an
average of 8.8 eggs/femdleable 3.5). The greatest number of eggs was fautate April/early
May.
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Fig. 3.4. Seasonal dynamics of ground beetles at the thuely stites in the Manawatu, North
Island, New Zealand. Data are combined from 199082 1999-2000 where appropriate (see
text). The seasonal curves start at Week 37 (&aptember), the start of the pitfall trapping, to
place the main activity period near the middlelef graph. White arrows indicate the start and
end of the main activity period; black arrow dersotke time of the peak activity, as calculated
by the quartile method.
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Holcaspis mucronata
Holcaspis mucronatéPterostichini) was captured at all three sited, slrowed sporadic con-
tinuous activity throughout the year (Fig. 3.5BheTactivity curve seemed to have two maxima,
one in the spring (November) and a more pronoupncedn the autumn (late March—April).
Only part of the total catch was identified to gendo differences in seasonality between the
genders are difficult to detect. However, the naalumn activity period seemed to be shorter
and more restricted to March, whereas females ldader activity period extending to
April/May. Two teneral beetles were caught: onAtatwvhai Road in late December, and one at
Woodville Reserve during January. The sex ratidl@ 8.5) showed a slight predominance of
females.

Reproductive females were found in spring (Octphad again during the maximum ac-
tivity period in autumn (late March—April). Near@}l gravid females were captured at the small,
suburban site at Atawhai Road. The reproductivemseasted from March to May (Weeks
12/13 and 18/19). Too few individuals were caugldistinguish between reproductive periods
of old and young females. Six gravid females hadwarage of 3.9 eggs in their ovaries (range
1-7, Table 3.6).

Megadromus capito

Megadromus capit@Pterostichini) was captured at all three studgssiThe highest numbers
were caught in Keeble’s Bush, and only mature make caught at Atawhai Road. The major-
ity of beetles in the Woodville Reserve were fermasnd included two tenerals. Overall, beetles
were captured in all months but were very rare betwlate autumn and mid winter (from early
April, Weeks 14/15 to late July, Weeks 30/31, Big). Male adults showed two activity
maxima, a smaller one in late August/ early Septrabd a larger one in January/ February
(Fig. 3.6). The female activity curve differed slity from that of the male, and showed a broad
maximum from November to the end of January (Fig).3Ageing suggested that two age co-
horts, young and old adults were present.

Teneral beetles were collected in January— Feyarpars a single teneral female in
March. Reproductive females were found over thgentain activity period from late October
until May with highest numbers in December. Howetee numbers were too small to deter-
mine any differences in reproductive activity betwegoung and old females. Gravid females

were caught between October and March, with aregeeof eight eggs (Table 3.6).



Table 3.5. Sex ratio and seasonal activity characteristicsigfspecies of ground beetles living in forestiinagts of the Manawatu region, North Island, NewZea
land.

Characteristics Zolus Holcaspis Megadromus Megadromus Plocamosthetus Ctenognathus adamsi
cf.femoralis mucronata capito turgidiceps planiusculus
No. individuals caught 43 88 74 24 121 200
Sex ratio, male:female 1:3 1:1.3 1:0.6 1:0.38 1:0.7 1:0.9
Activity period Aug/Dec—Feb  Whole year Whole yea  Jan—Mar Nov—-Apr Dec—Feb
Activity peak Sep/Jan Nov/May Aug-Sep/ Ded~eb—Mar Feb—Mar Jan
Jan
Reproductive period Aug-May Oct/Mar-May  Oct—May Dec—May Aug-May Aug/Dec—-Apr
Tenerals appear Jan Dec Sep—Oct/Jan Mar Jan—Ma Oct/Dec—Apr

Table 3.6. Reproductive parameters of the six ground beeteisp in forest fragments of the Manawatu, Newatehl(s.d.= standard deviation.)

Number of females No. of eggs/ gravid female*

Species Beetle size Dissected With devel- With eggs Mean Min.—

(mean s.d., oped ova- max.

mm) ries
Zolus cf. femoralis 7.6+£0.6 14 4 7 8.8 3-18
Holcaspis mucronata 14.9+0.8 8 1 6 3.9 1-7
Megadromus capito 21.8+£1.2 24 9 9 7.9 2-19
Megadromus turgidiceps 19.7+£1.4 8 1 6 5.0 2-8
Plocamosthetus planiusculus  27.5+2.0 32 15 3 1,5, 12
Ctenognathus adamsi 12.4+£0.6 44 13 12 4.3 1-8

*In samples withn < 5, individual data are given.
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Fig. 3.7. Seasonal dynamics 8f Megadromus turgidicepandB, Ctenognathus adamsn the Ma-
nawatu, North Island, New Zealand. White arrowsdate the start and end of the main activity
period; black arrows denote the time of the pediviy.
Megadromus turgidiceps
Megadromus turgidicep®terostichini) was collected only at Woodville Rege, and not com-
monly (24 individuals caught). They were activenfrtate November (Weeks 48/49) to late April
(Weeks 16/17), with the main activity period in suar and autumn, from late January to the end of
March (Weeks 4/5-12/13, Fig. 3.7A). Over twice asgnmales than females were captured (Table
3.5).
We could not reliably distinguish old from younguitd because of the low sample size. Non-teneral
males were caught only in the first half of the\att period, from December to February (Weeks
48/49— Weeks 6/7). Females were found from lateeBder onwards until the end of the autumn
season in April. Teneral beetles, all males, weumdl over a 6-week period from mid February until
April (Weeks 6/7-14/15).



61

Eight females were dissected. Six of them wergidravith an average of five eggs (Table
2). One female in February contained corpora lute¢ating that it had completed egg laying; an-
other, caught in April, had developed ovaries laueggs nor corpora lutea. The reproductive season

could be long, as the first gravid female was aaggtun mid December, and the last one in early

May.
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Fig. 3.8. Seasonal dynamics Bfocamostethus planiusculusthe Manawatu Gorge, North Island,
New Zealand, during the 1991-92 and 1999-2000 ssag@e classes and genders are separate.
The seasonal curves start at Week 37, the stainegbitfall trapping, to place the main activity-pe
riod near the middle of the graph. Arrows indicébaly in categories with n > 10) the start and end
of the main activity period (white arrows) and timae of the peak activity (black arrows).
Ctenognathus adamsi

This is a soft-cuticlednedium-sized species in the tribe Agonini that easght only at the Wood-
ville Recreational Reserve. This species may bgagieus, because most of the individuals were
caught in one trap group near a stream. The siexwas even (Table 3.4).

The activity patterns of the genders was diffitaljudge because a large proportion of beetles
caught during the spring activity period was idiéedi only to species. Gender was not established,

and this material was later lost. However, forotitier periods where male and female beetles were
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identified, gender activity was synchronised. Aityivasted from August until April (Weeks 32/33—
16/17, Fig. 3.7B). The spring activity maximum wWager than the autumn one, but there was only
a small decrease in activity between the two peridd the material was collected in different years
we cannot exclude the possibility that the actiwgs unimodal. The main activity period, calcu-
lated by the quartile method, fell in spring, betweeptember (Weeks 36/37) and January (Weeks
2/3), with a peak during November (Weeks 46/47nefal beetles of both genders were caught in
October and again, in larger numbers, in Deceméeudry. A few teneral males were also caught in
April.

Females with developed ovaries were found in Aygusl again from December to April.
Gravid females with an average of 4.3 eggs werghtaduring the same periods (Table 3.6). Thus,

reproduction in this species seemed to extend tbeawhole active period.

Plocamostethus planiusculus

The activity of this pterostichine species was lowhe spring, but beetles were caught in high num-
bers during autumn (Fig. 5). The first male anstfiemale were captured in August (Weeks 32/33).
The last male was found in May (Weeks 18/19), &ieddst female a fortnight earlier. Old adults
appeared at the beginning of the activity periad,rio old males were captured after late January
(Weeks 4/5) or old females after mid February (Vée@i).

Teneral beetles showed little overlap with thewtgtiof old individuals, and most appeared during
summer/autumn (December—May, Weeks 52/1-18/ 19 3Fiy.

Females with developed ovaries or eggs were fowedthe whole activity period, i.e., from
August until the start of May (Fig. 3.7). Young aold females appeared to have separate reproduc-
tive periods. Old females reproduced during thetiivity period in February, whereas most repro-
ductively active young females were not found befdarch (Week 9). The latest reproductive
young female was also the latest active femalgyldaduring the second half of April (Weeks

16/17). Three gravid females were caught, and liaely1, 5, and 12 developed eggs in their ovaries.
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DISCUSSION
European species
Anisodactylus signatus
At all sites, the "old" beetles were already activ¢he start of the trapping. These individuals ev
dently overwintered as adults. Adult overwinteria@lso suggested by the appearance of tenerals
during autumn (late September—early October). Thesewintered adults probably represented the
first, smaller peak of the seasonal activity cunvmesid-June, which coincided with the peak of egg
production. The second, larger activity peak siguobihe emergence of "young" individuals; teneral
beetles continued to emerge until early Octobee. firhe period between the start of reproductive
activity in May and the appearance of teneral lesetl June is too short for these to have been the
offspring of adults reproducing within the samessea the emerging teneral adults overwintered in
larval or pupal stage. If the thermal developmetitadshold of pupae were similar to the thermal
threshold of the adult activity in spring, overvéred pupae would moult into teneral adults earlier.
The fact that this did not happen suggests thatat some individuals overwintered as larvae.
The survival pattern of the old beetles variedssregions. The sudden and complete dis-
appearance of old beetles at Ujfeherto and théramd presence of this age class at Tukrospuszta
until October suggests that eastern adults magftie one year, while those in central Hungary may
live longer. The extent of overlap between "oldd dyoung" beetles was also different, with less
overlap in the east. Although our material wasezidd in different years, a similar phenomenon
was noted by Kasandrova & Sharova (1971) in Rubtdar Ohrenburg, Russia, Lapshin (1971)
found old adults from the middle of May to the m&ldf July; young beetles did not occur during
this time.
This long activity period with the presence of mgemerations is similar to the seasonal activity of
autumn-breeding carabid species lkarpalus rufipeqLuff 1980), as opposed to the activity of
other spring breeders, eRjatynus dorsaligFazekas et al. 1997) Gfivina fossor(Desender 1983),

which have no surface-active adults after earlyusig

Platynus dorsalisndBrachinus explodens
Both P. dorsalis(Hokkanen & Holopainen 1986) aiBd explodengKromp 1989) are abundant in
biologically managed fields, but rare in convenéibyymanaged ones in Europe. Both species were
present but few were captured in the insecticidated part of the same apple orchard (Mészéaros
1984a). Our pitfalls contained formalin as killiagent and thus the sex ratio of the catch should be
treated with caution. It should be noted, howetreat sex ratio of the same species studied by live
pitfall traps in earlier years were similar (Lovenpublished data).

P. dorsalisprefers weedy plots in arable land (Powell e1885) especially in spring (Jensen
et al. 1989) and the density of this species wagipely correlated with weed cover in England

(Coombes & Sotherton 1986). The high abundané& dbrsalisin our study area is probably also
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associated with the dense weedy undergrowth whégkldped after the abandonment of the or-
chard. This species in central Hungary demonstsitatiar activity and reproductive patterns simi-
lar to those in cereal fields in Germany (Kreckwli€80).

Skuhravy (1959b) found more eggs (mean = 7.34 &ggale) in the ovaries &t. dorsalisin
arable land in Czechoslovakia than we did in Hupg@kuhravy’s data, however, were collected
over a single year, so they do not necessarilyatdia consistent regional difference. In England,
Chiverton & Sotherton (1991) found an average dfe®gs per female in unsprayed plots, vs. 5.9
eggs in sprayed plots. In laboratory experimeniisleB. Toft (1995) found that females laid a mean
of 5.6 eggs over 5 weeks but this is probably tleaa the reproductive effort under field conditions
Bilde (in litt.) found an average of 11.88 eggs feenale ( = 111) under field conditions in Den-
mark..

These data may indicate tltdorsalisfemales develop one batch of eggs per seasohdut t
size of this batch varies considerably, accordingtal food availability. Grim’s method of calcu-
lating total egg output assumes that eggs arectaitinuously over the reproduction period, and thus
may overestimate the reproductive outputFodorsalis The estimation of total fecundity depends
crucially on the egg laying rate. In our estimatbis is one of the factors (the other one is €gg
difference) that produce the observed large diffeeebetween the total reproductive output of the
two species (Table 2). This difference means thullevthe number of eggs found in individual fe-
males was higher iB. explodensthe total fecundity was similar for the two sgscor possibly even
greater forP. dorsalis

Several authors have used egg numbers in ovaresnasisure of reproductive output. Griim
(1973) estimated the fecundity by assuming a cohstaposition rate throughout the period of fe-
male maturity. This method, however, may not beappiropriate for all carabid species. Females of
Harpalus aeneuandPterostichus madidudid not lay more eggs in the laboratory than thakp
number observed in the ovaries during the reprockiseason. These species lay a single batch of
eggs (Luff 1982). Several species |IReerostichus versicolarCalathus melanocephalisan Dijk
1979 a,b), oPterostichus oblongopunctat(ideessen 1980) lay eggs countinuously so the total
number of eggs laid in a season and the numbedfoutihe ovaries is not equal. Grim’s method is
more suitable for these species, but its applinabespecies that lay a single batch of eggs resnain
problematic.

Reproductive output in ground beetles typicallyiesmamong years. It is influenced by food
supply and perhaps adult density. Baars & van [if84) showed a negative correlation between
the density ofC. melanocephaluand the number of eggs in their ovaries. In yaatts low popula-
tion density, the mean number of eggs laid wadiBds higher than the mean number of ripe eggs
in the ovaries, whereas in high density years théyot differ (van Dijk 1986). A similar phenome-

non was found foAnisodactylus signatus Hungary (Fazekas et al. 1997).
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The apparent codominancefdorsalisandBrachinusspp. has also been found in Sweden
(Lindroth 1985) and Spain (Zaballos 1985). We fonntonly that the occurrence of the two spe-
cies was associated, but some of their life histeayures were also similar. The activity and repro
ductive periods coincided and peak egg numbers alsosfound on the same dates. One difference
between the two species was that nfereorsalisadults entered a second reproductive season than
those ofB. explodensThere seems to be an even larger difference ketiie reproductive output
between the two species. They key to the understaind this difference may lie in the ecology of

the larval stages.

Carabid seasonality in New Zealand

Carabids are generally most active during sprirdgsammer (Butcher & Emberson 1981; Moeed &
Meads 1986). However, little is known about the lifstory patterns of New Zealand carabids, es-
pecially species inhabiting native forests (Lardleh& Lariviere 2001). The work done in New Zea-
land represents the first quantitative life histetydy, giving details of some of the common forest
species of the lower North Island. All species Eddhowed clear seasonaliihe seasonal pat-
terns detected seemed not only to differ betweenisp, but also between the study locations in the
Manawatu Plain (Keeble's Bush and Atawhai Road)iantie Manawatu Gorge (Woodville Rec-
reational Reserve).

The two species commonly found in the ManawatunPki mucronateandM. capitq were
active throughout the yedt. mucronatavas caught evenly throughout the year, Mutapitoap-
peared irregularly during winter. In this speciegroductively active females were found only from
October to March. The sample of dissedteanucronatdemales was small, but none was repro-
ductively active during the winter. Thus, it is ydikely that these two species have a reproductive
season restricted to the warmer part of the yaadjchthe other four species found in the Woodville
Recreational Reserve.

Teneral beetles were caught only occasionally, yvaairing summer. Thus, like reproductive
activity, hatching of tenerals may also be restddib summer in these species.

The species common in the Manawatu GoRyep(aniusculusZ. cf. femoralisandC. adamsji
were active between August and May. Three additigpacies, caught in small numbers at the Ma-
nawatu Gorge area, exhibited a similar activitygrat (Lovei & Cartellieri unpubl. data). The activ-
ity season oM. turgidicepsseemed to be shorter, and was restricted to sumadeautumn. All four
species were most active between January and MEndse species that started their season in
spring had a second, smaller activity period in ésifSeptember. No activity took place between
May and August during the austral winter.

In all species common in the Manawatu Gorge, ramtigely active females, and in some
species, gravid females, were found over the wadieity period from spring to autumn. This sug-

gests a prolonged egg-laying period that is lotigan for species in the Northern Hemisphere, and
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is inconsistent with the classical division of dads into groups of spring and autumn breeders
(Thiele 1977). Perhaps the mild winter climateho$ fpart of New Zealand allows larvae to remain
active and develop with no need to overwinter.

Egg production in all studied New Zealand specias low. The long egg-laying period, dur-
ing which females may develop several small clidch®gay compensate for the low number of eggs
per female recorded in this study. Teneral beefl&s cf. femoraliandC. adamsivere found
throughout their activity period. This result conis a long egg-laying period with continuous de-
velopment of eggs, larvae, and pupae leading tmaynchronised hatching of tenerals during the
summer. IrP. planiusculugndM. turgidiceps however, teneral beetles were not found before
January or March, respectively. This may indicat@e synchronised development of eggs and lar-
vae in these species.

In general, the high percentage of adults in tldeagke class suggested that the larger species
of the tribe PterostichinR. planiusculusM. capito,and probablyH. mucronata could live longer
than 1 year, and that females could have two oemeproductive periods. This has been shown for
several other carabid species (Schjgtz-Christeh868; van Dijk 1972; Gergely & Lovei 1987; Sota
1987; Lovei & McCambridge 2002), and is probablycmmore common in ground beetles than has
been previously thought (Lovei & Sunderland 1996).

All species studied demonstrated seasonality. Egdugetion in most species was low, which
is consistent with the suspected long lifespareségal species. Long-lived species often have low
densities and low reproductive capacity, which danspyear-to-year population fluctuations (Lovei
& Sunderland 1996), but also makes these speclasnable to predation. In New Zealand, intro-
duced mammals have brought several native spectés brink of extinction (Atkinson & Cameron
1993). A similar picture is emerging concerningdat®r effects on invertebrates, and this could ex-
plain the species-poor carabid assemblages inadoeest fragments in the Manawatu (Lovei &
Cartellieri 2000). Active management might be neagg and for this, similar work on other spe-

cies, on the flexibility of seasonal activity, amal food habits would be needed.

CONCLUSION

In conclusion, during our work on life historiesgrbund beetles:

a) a standardised method was developed to deshgtmeasonal activity of ground beetles, based on
the combination of sliding averages and the quartilf the cumulative activity.

b) the seasonal dynamics and reproduction in Hyngas described for three speci@ssignatus,

P. dorsalisandB. explodendn all three species, “old” individuals were foumaljicating a life span
longer than 1 year, and possible iteroparity.

c) the seasonality and reproductive actitvity afesal New Zealand endemic ground beetle species
were described. All of the demonstrated distinesseality, long life span, iteroparity and low egg

numbers in their ovaries.
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Part IV Carabids in human-managed habitats in a hunan-dominated era

This part presents results linked to studies onrggldoeetles either in relation to cultivated lasd a
their habitats, or their role as tools to monitwe tmpacts of agricultural technologies.

Much of Europe has been cultivated for thousamggars, so that by today, very few “pris-
tine” areas remain. For example, 70% of the ardBritdin is classified as agricultural (DEFRA
2001). A significant part of European biodiverdityds necessary resources, in part or in whole, on
cultivated land. However, we still do not know wipart and how significant a part of invertebrate
biodiversity lives in such habitats. The first paiithis section presents results from Denmark that
deal with the question: what level of ground bedilersity occurs in hedgerows of different botani-
cal composition in a cultivated countryside?

Habitats are not stable and human impact is isanrgaeven in Europe where human popula-
tion levels are stable. One of the most obviousatsrto diversity is increasing urbanisation. The
attention of ecologists has only recently turnethtostudy of the impacts of urbanisation on biodi-
versity (Niemela 1999). The reasons are multipkedme important factor is that biodiversity pro-
vides essential ecosystem services to people ewdtids and thus influences the inhabitants’ qual-
ity of life (Niemela 1999). The effects of urbartisa on ground beetles, studied in Denmark as part
of an international project, appear in the secautien of this part. The findings indicate an ietgr
ing parallel with results obtained in Hungary: thegest number of species was found in urban for-
est fragments in both countries — but this wastdubke presence of non-forest species in such frag-
ments.

Agriculture is now recognised as a major factodeétermining environmental quality (Ka-
reivaet al.2007) and any new agricultural innovation will faeincreasingly strict “environmental
audit” (Hails 2002). A significant, controversiaidirecent agricultural innovation is the growing of
genetically modified crop plants. Such plants acuired to undergo a pre-release risk assessment to
avoid negative environmental impacts. The oveesbon to do this is to avoid damaging beneficial
ecological interactions (termed “ecosystem serV)gge®vei 2001a). Our research group was the
first that included ground beetles in such bioga$ttidies, and the final section of this part pnése
results of laboratory experiments on two speciegofind beetles. These indicate that ground bee-
tles can react to food quality through changesiéncomposition of their prey, and they are amena-

ble to be used as pre-release test organisms ihiGdafety studies.
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Carabids in human-managed habitats in a human-domiated era, 1. Ground beetle assem-

blages in narrow hedgerows in a Danish agriculturalandscape

Although the species richness found on cultivasedi Ican be high (see, for example, Mészaros
1984a,b), non-cultivated areas in an agricultaatiscape generally significantly contribute to bio-
diversity (Maudsley 2000). With the increasing hunpaessure on land, an increasing proportion of
non-cultivated habitats will be enclosed in a ealted habitat matrix, and their significance as bio
diversity refuges would increase (Tscharrgkal. 2005). However, the level of biodiversity that
cultivated land can support is not well characestisor understood although an improved under-
standing would help to achieve a more efficient aggament of biodiversity as well as of the ecosys-
tem services they provide (Daily 1999).

Hedgerows can support biodiversity in agricultlaaldscapes in several ways. For species
inhabiting cultivated land, they can provide sheltefuge and possible source (recolonisation)-habi
tats during and after agricultural operations, s&xy overwintering or oversummering sites (Maud-
sley 2000), or provide alternative food sourcedddds support shrub and tree-living species as well
as edge-preferring ones. Hedges also add to tima fhwough supporting grassland or forest species
(Petit & Usher 1998, Sustek 1992, Toft & Lovei 2p@Rd link fragmented habitats, thus enabling

the dispersal and survival of metapopulations.

Material and Methods

Sites & sampling procedure

Our study area was near Bjerringbro, central Jdil@®nmark. Nine old, well established hedges of
the single-row type were selected for study, tle@eh of hawthornGrataegus monogyparowan
(Sorbus intermedia or spruce (two of white spru€dcea glaucaand one of sitka sprucPicea
sitchensiy Although there was some variation regionallyhie composition of hedgerows (Ravn &
Sigsgaard 1999), the selected hedgerows were nrammpspecific, except some presence of elder-
berry Sambucus nigjain the hawthorn hedges. The total width of thedexows was variable. The
range of means at the three locations were asisilbawthorn, 2.4 - 4.0 m; rowan, 2.6 - 5.0 m;
spruce, 3.0 - 3.3 m. The sitka hedge was plantedhakely in two rows, creating a centre with
strong shade, where there was little vegetatioer.ihe sample locations were at a distance of 200m
— 10km from each other, all enclosed within a 4k&km area.

Due to serious constraints on the total samplffaytat was decided that instead of continu-
ous sampling between May and September, which sltgyerating a limited number of traps, the
number of samples was to be doubled while the sagpkriod reduced. Such a sampling regime in
Jutland detected the presence of 85% of the graatide spider species that were found with
whole-year sampling with the same number of tr& s bft, University Arhus, Denmark, pers.

comm. 2003). This was therefore judged an acceptairthpromise.
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Individual hedgerows were sampled twice yearlyjrduthe early (June 1999) and late
(early September 1999) carabid activity peak, ugilgitfalls per habitat patch. Ten of the traps
were set at the edge, and ten in the centre digtdgerow, at a distance of 10 m between individual
traps. Neighbouring traps alternated with respegiosition to have a minimum distance of 20 m
between two traps. Traps (500 ml plastic cups ofrh@iameter, filled with about 200 ml of 70%
ethylene glycol and a drop of detergent ) werdaeatne week at a time. For further details of han-
dling and identification, see Lovet al.(2002).

Vegetation structurel he structure of ground cover was described usioig #ame. The
frame holds 10 pins at a distance of 10cm from edlolr along a horizontal support rail. Individual
pins were 1m long steel pins marked every 1cm batv@e5¢cm from the ground, and every 5cm be-
tween 5-50cm. The number of plants touching amgrial was counted. Touches >50cm were
summarised into one category. Four frames (totdDgbins) were taken from each shelterbelt during
late August 1999.

Evaluation For evaluation, the early and late summer catoh&$ traps in identical posi-
tion (edge or centre) were summarised, giving féssiThese were tested by ANOVA, Tukey's a
posteriori test for differences in species numhel mumber of individuals caught. Edge and centre
traps were not significantly different within orechtion, and the catches from 20 traps per site wer
combined during further evaluation. The numbemdividuals and the species richness of the
trapped carabids were examined by repeated measalysis of variance (ANOVA) after log(x+1)
transformation. The composition of the assemblagesevaluated by ordination, using Non-metric
Multidimensional Scaling (NMDS), using the Rogemsaimoto Index (Legendre & Legendre 1998).

Diversity.Diversity profiles (diversity ordering) were usext Ecale-dependent diversity
characterisation. Diversity profiles were calcuthlty the DivOrd package (Téthmérész 1993a).

Commonness & raritwas evaluated using a semi-quantitative scoringesysWe defined
the commonness/rarity categories as follows: lscale: rare - occurring, on average, in 1-4 pitfall
traps; moderately abundant: in 5-14 traps; comroanght in 15 - 20 pitfalls. Values are the aver-
ages obtained from 3 locations for each habitag.tyyp the regional scale, rare: present in 1 hedge-
row only; moderate: present in 2 hedgerows; widessghr present in all 3 hedgerows.

Habitat affinity.The characteristic species of the habitats wasexglby the IndVal (Indi-
cator Value) procedure (Dufréne & Legendre, 199Tg IndVal method is robust to differences in
the numbers of sites between site groups, to difiees in abundance between sites within a particu-
lar group, and to differences in the absolute abooés of different species or taxa (McGeoch &
Chown, 1998). The IndVal method is a quantitatikaracterisation of the idea of indicator species
of the classical plant sociology, based on a coerBéd randomisation procedure.

Effect of vegetation characteristics on groundtleeassemblaged.he relationship between
species richness and the number of individualsucagtand habitat structure characteristics (total

number of touches by herbs, grasses and all plkantshes of same below 5 cm, and above 50 cm,



70

average vegetation height for the same categadhiekness of litter layer, and the width of shelter
belt) were examined by forward stepwise multipgression analysis. All vegetation characteristics
were calculated as per-pin averages.

Ground beetle species were classified accordifgdad habitat preferences, based on
Freudeet al. (1976) as forest species, species of agriculfigials, grasslands, xerophilous species

and plant debris-preferring species.

Results
Assemblage composition
A total of 71 carabid species were identified amtrey2865 individuals captured: 52 species (1450
individuals) were found in hawthorn hedges, 55 E®(919 individuals) in rowan, and 41 species
(496 individuals) in spruce. Overall, the most camnnspecies werglatynus dorsalisPterostichus
melanarius, Calathus fuscipes, Calathus melanodeglaadCarabus nemorali§Table 4.1). These
species were common in all three hedgerow typebestibut there were variations in rank (Table
4.1). In rowanBembidion tetracolum, Trechus quadristriausdPterostichus versicolowere
third, fourth and fifth in the capture rank. In gpe,Bembidion lamprosvas the fifth most common
species. In hawthoriNebria brevicollis(third most common species) a@dlathus rotundicollis
(fifth most common) were in the first five commaquesies (Table 4.1).
Assemblage differences by habitat type

There were significant differences in the mean Ioemof species caught in individual traps
as well as in the numbers captured. The most speicie habitat, on this basis, was the hawthorn

hedgerow, followed by rowan and spruce (Figures4t2).
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No. of species/ trap

Spruce- Spruce- Rowan- Rowan- Hawthorn- Hawthorn-
edge centre edge centre edge centre

Figure4.1. The average number of carabid species capturgitfall traps in hawthorn, rowan and
spruce hedgerows in Bjerringbro area, central JndaDenmark. The vertical lines indicate one
standard deviation.
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Table4.1. The list of the ground beetle species commorgyucad (>10 individuals) in pitfall traps
in different hedgerows in the Bjerringbro area, wahJutland, Denmark, in 1999. Sequence is by
rank, considering the overall total numbers captlure

Species Spruce Rowan Hawthorn Total
Platynus dorsalis 70 169 351 590
Pterostichus melanarius 57 101 301 459
Calathus fuscipes 51 57 102 210
Calathus melanocephalus 61 72 71 204
Carabus nemoralis 33 58 90 181
Trechus quadristriatus 25 82 34 141
Nebria brevicollis 13 3 118 134
Pterostichus versicolor 18 76 29 123
Bembidion lampros 38 50 27 115
Calathus rotundicollis 2 4 99 105
Bembidion tetracolum 2 93 4 99
Harpalus quadristriatus 0 0 32 32
Harpalus rufipes 6 10 16 32
Amara familiaris 19 4 5 28
Leistus ferrugineus 6 4 15 25
Harpalus tardus 15 8 1 24
Pterostichus cupreus 12 9 3 24
Pterostichus oblongopunctatus 1 16 7 24
Syntomus truncatellus 12 12 0 24
Carabus coriaceus 3 10 8 21
Calathus erratus 1 4 12 17
Notiophilus palustris 4 3 9 16
Bembidion obsutum 1 2 12 15
Harpalus rufibarbis 0 3 12 15
Syntomus foveatus 4 11 0 15
Notiophilus biguttatus 0 1 11 12
Calathus micropterus 4 2 5 11
Carabus violaceus 7 3 1 11
Pterostichus nigrita 2 1 8 11
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No. of individuals/ tra

Spruce-edge  Spruce-Rowan-edge Rowan- Hawthorn- Hawthorn-
centre centre edge centre

Figure4.2. The average number of carabid individuals capturepitfall traps in hawthorn, rowan
and spruce hedgerows in Bjerringbro area, centrglahd, Denmark. The vertical lines indicate
one standard deviation.
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Assemblage ordination & diversity
The three hedge types were clearly separated loyadi@h (Figure 4.3). There was overlap along the
first axis, but the second axis separated the thedgerow types.
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O Hawthorn
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Figure 4.3. Ordering of the carabid assemblages captured ¢ siampling locations in three types
of hedges in the Bjerringbro area, central Jutlabé&nmark. The non-metric multidimensional
scaling, Rogers-Tanimoto Index is used.

—4A— Spruce
—O6— Rowan
—B— Hawthorn

Rényi diversity

Scale parameter

Figure 4.4. Scale-dependent diversity ordering of the carasisemblages caught in three
hedgerow types in Bjerringbro area, central Jutlabénmark, by the Rényi diversity function.
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The diversity of the carabid assemblage in theaphedges was unequivocally less than the other
two hedge types (Fig. 4.4). However, the diversithawthorn and rowan hedges cannot be un-

equivocally ordered. This means that in some reasptde carabid assemblage in hawthorn hedges
was more diverse than that in rowan (the 'hawtraurve run above the ‘rowan’ curve), but in other

respects, the two assemblages did not differ.

Vegetation - ground beetle relationships
Only a few of the measured ground level habitatustire variables indicated a significant regression
between the two response variables and the teatsthhstructure variables (Table 4.2). Litter dept
negatively influenced both the number of individuahd the number of species overall. This can be
influenced by beetles entering the hedges frorm#ighbouring agricultural habitats — they are not
adapted to thick deciduous litter. There is propan added factor of physcial complexity that slows
down movement speed by walking beetles.

Hedge width had a positive influence on both afdege caracteristics — activity density
and species richness. The wider hedge can genesateariable and more favourable humidity and
temperature conditions, more variable micrositemenavailable habitat, or prey. The significant
(p=0.04572) negative relationship between the nurabspecies/trap and total grass density (Table
4.2) may indicate that beetle movement is hamplyatknse vegetation, as generalist species are

not well adapted to move in such habitats.

Table 4.2. The results of the forward stepwise multiple linesgression (all variables were
normally distributed, Kolmogorov-Smirnov test, KSEEBO, p>0.10 in all cases).

Characteristic N/habitat S/habitat N/Trap S/Trap
Overall regression F=7.9164 F=3.8110 F=7.9164 F=6.6916
d.f=3,5 d.f.=5,3 d.f=3,5 d.f=3,5
r=0.9089 r=0.9295 r=0.9089 r=0.8948
p=0.0240 p=0.1500 p=0.0240 p=0.0335
Hedge width, cm +** +* FH* 5
Litter depth, cm —*x n.s. —r* —x*
Grass density, <6cm Not entered Not entered Natredt Not entered
Grass density >5cm Not entered Not entered Notedte Not entered
Grass density, total Not entered Not entered Ntstred —*

Herbs <5cm >
Herbs >5cm <
Herbs Total
Grass+Herbs <5cm
Grass+Herbs >5cm
Grass+Herbs Total

Not entered
Not entered
Not entered
Not entered
Not entered
n.s.

Not entered
Not entered
n.s.
n.s.
n.s.
Not entered

Not entered
Not entered
Not entered
Not entered
Not entered
n.s.

t eNt®ered
t eNtered
Not edtere
Neted
Netexd
Not entered
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Commonness and rarity patterns

Spruce had the largest number of species (29 absent from the regional species pool (Table
4.3). Locally rare species were mostly restrict@ gpecies but only three of these were specific to
this hedge type) but some of them widespread atetlienal scale (Table 4.3). Species moderately
abundant locally were mostly widespread; no speg&slocally common (Table 4.3).

Rowan had the highest number of species not dogum other hedges: 57% of the species
were in the restricted/rare category, and 30% emtlspecific to this hedge type. Three rare species
were widespread, but none of these was specifioan hedges. There were no common species
and moderately common species were all widesprEalol€ 4.3).

Rare species in hawthorn, however, were more widasithan in other hedges: 80.8% of the specie
spool was locally rare, but more than half of thgsecies wer either moderately distributed at a re-
gional scale or were widespread (Table 4.3). Spagith moderate activity density at local scale
were mostly widespread. Of the widespread speb@msthorn had one species that was also com-
mon; none of the other hedges had such a speaéte(#.3).

Among rare and restricted species, rowan hadatigest share (17.8% of species occuring in
that hedge type), followed by hawthorn (9.6%) amaise (6.9%). However, 5.7% of the moderately
widespread species were hedge-specific in hawthdrite the same was only 2.4% and 1.8% for

rowan and spruce, respectively.

Table 4.3. The number of ground beetle species accordingdal land regional commonness/rarity,
based on pitfall trapping at nine localities in Bj@gbro, Jutland, Denmark. Categories: local
scale: rare - occurring, on average, in 1-4 pitfathps; moderately abundant: in 5-14 traps; com-
mon: caught in 15 - 20 pitfalls. Regional scalestrected: present in 1 hedgerow only; moderate:
present in 2 hedgerows; widespread: present i3 dlédgerows. The second number indicates the
number of species that were hedge-specific.

Local scale Regional scale
Absent Restricted Moderate Widespread

Spruce (S=4:

Absen 29

Rare 20,3 12 /1 3/C

Moderatt 0 1/C 6/C

Commor 0 0 0
Rowan (S=5¢

Absen 15

Rare 32/ 1( 12 /1 3/C

Moderatt 0 0 9/C

Commor 0 0 0
Hawthorn (S=52

Absen 19

Rare 20/¢% 13 /¢ 9/C

Moderatt 0 1/C 8/C

Commor 0 0 1/C
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Habitat affinity of individual species

Twenty-nine of the 71 species captured were amertald quantitative analysis of habitat affinity.
According to the IndVal analysis (Table 4.4), 12dps did not show affinity to any of the three
hedge types studied. These species can be corgsigieneralists, at least in the studied landsdape.
oblongopunctatusvas the oly species avoiding spruce hedges budisotiminaating between the

two different deciduous hedge types. Eleven moeeisg were identified as preferring hawthorn or
rowan (Table 4.4). this preference,however, wasalveays accompanied by an avoidance of spruce.
For examplel_eistus ferrugineusyhile identified as linked to hawthorn hedges, wagtured more

in spruce than rowan hedges (Table 4.4). Four epgxieferred spruce — all of these occurred also in
rowan hedges, and only one of them was not capattedl in hawthorn hedges.
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Table 4.4. The IndVal values of selected species and theibeusrcaptured in pitfall traps during

June and September 1999 at nine locations in teaiBfjbro area, Jutland, Denmark.

Species Indval p Number of individuals captured in
June/September

Spruce Rowan Hawthorn
All habitats
Pterostichus melanarius 58.33 ns 571/18 101/ 34 301/53
Platyderus dorsalis 52.78 ns 70/ 22 169/ 32 351/41
Calathus melanocephalus 50.56 ns 61/25 72130 71/ 36
Calathus fuscipes 42.78 ns 51/21 57120 102/ 36
Carabus nemoralis 41.11 ns 33/20 58/ 29 90/ 25
Trechus quadristriatus 39.44 ns 25719 82/32 34120
Bembidion lampros 37.78 ns 38/22 50/ 28 27118
Pterostichus versicolor 23.33 ns 18/11 76 /15 29/16
Harpalus rufipes 14.44 ns 6/6 10/8 16/12
Carabus coriaceus 10.00 ns 3/3 10/9 8/6
Notiophilus palustris 7.78 ns 414 3/3 9/7
Pterostichus cupreus 7.22 ns 12/5 9/6 3/2
Calathus micropterus 5.56 ns 4/3 212 5/5
Deciduous hedge
Pterostichus oblongopunctatus  11.50 * 1/1 16/9 716
Spruce
Amara familiaris 16.17 * 19/12 4/3 5/4
Harpalus tardus 15.38 * 15/12 8/5 1/1
Syntomus truncatellus 10.00 * 12/9 12/7 0/0
Carabus violaceus 6.48 * 715 3/3 1/1
Rowan
Bembidion tetracolum 36.01 * 212 93/23 4/3
Syntomus foveatus 4.89 * 4/3 11/4 0/0
Hawthorn
Calathus rotundicollis 37.71 * 212 4/3 99/24
Nebria brevicollis 29.35 * 13/8 3/3 118720
Harpalus quadripunctatus 20.00 * 0/0 0/0 32/12
Notiophilus biguttatus 16.81 * 0/0 1/1 11/11
Leistus ferrugineus 10.00 * 6/5 4/2 15/10
Harpalus rufibarbis 9.33 * 0/0 3/3 1277
Pterostichus niger 8.48 * 212 1/1 817
Calathus erratus 7.06 * 1/1 4/3 12/6
Bembidion obtusum 6.67 * 1/1 2/2 12/5
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Carabids in human-managed habitats in a human-domiated era, 2. Ground beetle

assemblages along an urbanisation gradient

There are more than 6 billions humans on Earth tlaey have large influence on virtually all other
living beings. The ever- increasing human impact ismpossible consequences are at the forefront
of much research and thought, realising that tha&uof life may be at stake (Wilson 2002). Most
concern is on "wild nature", whether protected arr (Balmford & Bond, 2005), even though sig-
nificant parts of biodiversity are in non-protecet/ironments under varying degree of human ma-
nipulation (Tscharntke et.&2005). One of the most intensively managed andfreddbf human
environments is the urbanised area. Urbanisatieohves the profound modification of the original
habitat (Mcintyre et al2001), with the loss of most of its original plamd animal species (Marzluff
et al. 2001), often accompanied by the replacemwiemative species by non-native ones (Blair
2004). Urbanised areas are on the increase wodd;uéading to the prediction that more than 60%
of humanity will live in cities by 2025 (Anthrop 20). Biodiversity provides important environ-
mental services in cities, including the removatioét, mitigation of microclimatic extremes, modu-
lation of humidity (Bolund & Hunhammar 1999) bubpably the most significant are the psycho-
logical benefits resulting from human biophilia (g¢in 1984).

Recently, Globenet, an international researcheptayas initiated to conduct comparable
studies in different countries to assess the infleeof urbanisation on biodiversity (Niemel&al.
2000). This project applies the forest-suburbaranrradient approach (Pickettal.2001) using a
common methodology (pitfall trapping) and evalugtihe responses of a common invertebrate
taxon (ground beetles, Carabidae) to urbanisaoaund beetles were selected since they are suffi-
ciently varied both taxonomically and ecologicalipundant and sensitive to human disturbance
(Lovei & Sunderland 1996). In the Globenet projéatee kinds of forested habitats (natural forest,
suburban forested area and urban parks) are codpdiieh represent different levels of distur-
bance.

Results from the Globenet Project have so far pedtished from Finland (Alaruikket al.
2002; Venret al.2003), Canada (Niemeti al. 2002), Bulgaria (Niemelét al. 2002), Japan
(Ishitaniet al. 2003), Belgium (Gaublommet al. 2005), and Hungary (Magued al.2004). These
studies mostly found that the highest diversitprissent in the least disturbed habitat, the orlgina
forest, and species richness gradually decreasesde the most disturbed habitat, the urban park
(Niemelaet al. 2002; Ishitanit al.2003). In 2003, we started Danglobe, the Danishpmment of
this international project. After presenting patteof ground beetles assemblages in these urbani-
saiont stages in Denmark, we proceed to test ddwgratheses that claim to explain the conse-
quences of disturbance.

The first and widely known hypothesis concernimg éffect of disturbance is thatermedi-
ate Disturbance HypothesftbH, Connell 1978). This hypothesis predicts tighest level of diver-
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sity at intermediate levels of disturbance. Anralé¢ive, the Increasing Disturbance Hypothesis
(IncDH, Gray 1987 1989) suggests that species eishishould monotonously decrease with increas-
ing levels of disturbance. An increasing disturleiscpredicted to cause the forest specialistheof t
original (forest) habitat to decrease in both alaumoe and species richness along the urbanisation
gradient. Habitat Specialist HypothesisiSH, Maguraet al. 2004). Gray (1989) hypothesized that

in habitats influenced by disturbance, overall dsity should decrease, opportunistic (generalist)
species should gain dominanogortunistic species hypothesBSH). Gray (1989) also suggested
that in habitats affected by (increased) disturbaghe mean size of the species present should de-
creaseecreasing mean body sizgpothesisDBSH).

TheFood-access HypothegiBAH) argues that the availability of food canthe most variable in

the urban park due to its high environmental hgfeneity. This creates the most favourable feeding
conditions for omnivorous species. Consequentlyhywiothesise that the number of omnivorous

species will be highest in the park.

Material and Methods

Our gudy areawas in and around the town of Sorg (ca. 7000 inthats in 2003), a regional centre
about 80 km west of Copenhagen, on the island afadel. Three habitat types were selected, that
represented forest, suburban and urban areasgdaugoo the Globenet protocol (Niemedéal.
2000). The (naturaforestareawas a large, near-continuous forest, ca. 3km frest the town
centre, bordered by Lake Sorg and the outskirteeofown. Thesuburban areavas northeast of the
town centre, bordered by the old cemetery on aihe, sind by an overgrown, old ditch, a dirt road
and a wet forest area under intensive forestry gemant on the other. Theban areawas in the
park complex of the Sorg Akademi. For further dstan habitats, see Elek & Lovei (2005, 2007).

Sampling desigrCarabid beetles were collected at each of thedibess of the three sam-
pling areas using pitfall traps as prescribed ley@obenet procotol (Niemeéd al.2000). Traps
were checked fortnightly between late April and midctober, 2004. The total trapping effort was
2640 trap-weeks (120 traps x 22 weeks); only vewy (<10) trap catches were lost.

Beetles were identified to species, using keykihgroth (1985, 1986) and Hurka (1996).
Voucher specimens are deposited at the ZoologicesleMdm, University of Copenhagen, Denmark.
For analyses, we pooled samples from the wholegeas

Data analysisFor numerical analyses, beetles were classifiedrdow to their habitat
preference, feeding type and body size. Habitdepeace classes were forest specialists, open habi-
tat species and generalists, based on informatitumidroth (1985, 1986). Feeding preferences,
based on literature information (Larochelle 199@juded the classes of predators, omnivores and
herbivores. To classify body size, data from Lindrid 985, 1986) were used to calculate geometric
means, and three classes (small. 3.5-9.5 mm, me@i@nr 15.2 mm and large: >15.2 mm) were

established using a size distribution graph. Toftedifferences in the overall carabid abundance
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and species richness among three sampling areast(feuburban and urban) and among the 12
sites, nested analyses of variance (ANOVA) weréopered using data from the individual traps
(sites nested within the sampling areas). The ade®eland species richness of the three habitat
preference groups were also tested by nested ANOMAMality was tested by the Kolmogorov-
Smirnov tests (Sokal & Rohlf 1995). During the as& of data, we did not find significant differ-
ence from the normal distribution. When ANOVA relesha significant difference among the
means, a least-significant-difference test (LSD)nfmiltiple comparisons was performed.

In order to determine the contribution of differeological groups (habitat preference,
feeding type, body size classes) to the total ggaithness among the three habitats (forest, subur
ban and ubran), the relative frequency of the gsaichness was calculated for each group. The
relative species frequency was defined as speciesass of a certain group divided by the total
number of species per trap. The relative specezpifincies of the three groups were also tested by
nested ANOVA and, where necessary, a subsequesttdigmificant-difference test (LSD).

The calculations were performed using the Statistbftware package (Statsoft 2000). The
multidimensional scaling was applied to displayikinties in the abundance of carabids among the
sites using the Sgrensen index of similarity. Emalysis was performed by the NuCoSa software
package (Tothmérész 1993b).

Results

Overall, 10314 individuals belonging to 43 speciese collected. The most species-rich habitat was
the park, with 4389 individuals of 37 species,doléd by the forest habitat, where the same trapping
effort resulted in 4255 beetles of 25 species. dutimirban area had the fewest beetles (1670 indi-
viduals) and species (24 species). About one-tifite species occurred in all three habitats (16
species, 35 %). A further 18 species (39%) werkicesd to a single habitat, and 11 species (24%)
were captured in two habitats.

The common species were, in the order of decrgadinndance?terostichus melanarius,
Nebria brevicollis, Platynus assimilis, Carabusieoeus, Carabus nemoralis, Carabus hortensis,
Pterostichus niger, C. rotundicollis, Leistus rufmginatus, Pterostichus oblongopunctatus, Badis-
ter bullatus, Pterostichus strenuus, Notiophilugutiatus, Notiophilus rufipes, Harpalus latasd
Synuchus vivalisThe species captured in all three habitats madiep of the fauna of the urban
site, 64% of the suburban site, and 61% of thestasite.

The number of unique species was highest at thenusite (12 species, 34% of the species
captured in that habitat), and includeatrobus atrorufusCalathus rotundicollisAgonum albipes
Agonum muelleriBembidion tetracoluprAgonum piceurBembidion biguttatunClivina fossor
Elaphrus cupreusBadister sodalisHarpalus rufipesandLeistus ferrugineugTable 4.5). The for-
est site contained 4 unique species (19% of theaflaCarabus violaceyCarabus convexus

Pterostichus lepidysandStomis pumicatud he suburban habitat had no unique species.
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The highest number of species (see Table 4.5sha®d by the urban and suburban habi-
tats, including 6 speciefigonum duftschmidi, Anchomenus dorsalis, Pterassictigrita, Loricera
pilicornis, Carabus granulatusndHarpalus affinis Shared species between the urban and forest
site wereTrechus quadristriatus, Pterostichus vernaigdLeistus terminatu€Only two species

were shared between the suburban and forest #kas:parallelepipedusindCychrus caraboides

Table 4.5. The number of species shared among the diffeadtats along the urbanisation gradi-
ent near Sorg, W Zealand, Denmark, during May-Qet@o04.

Urbanisation gradient No. of
stages & their species
combinations shared
Urban-suburban-forest 16
Urban-suburban 6
Urban-forest 3
Urban only 12
Suburban-forest 2
Forest only 4
Total 43

Patterns of activity density and species richness

The total number of individuals was significantigtmer in the park and forest areas than the subur-
ban one (Table 4.6). The number of individuals bgipg to predatory (carnivorous) species was
also significantly higher at the park (urban) aorkét areas than the suburban ones while the abun-
dance of generalists in the urban area was signifi¢ higher than at the other ones.

The number of forest species was high in the faesa, but the suburban and park (urban)
areas did not differ significantly (Table 4.6). Timegmber of open-habitat species in the urban area
was significantly higher than at either the subarbathe forest areas - but the latter two diddibt
fer significantly.

The species richness of predatory (carnivorousjbeads was significantly higher in the for-
est areas than in the other two. In contrast, ti,eber of omnivorous species was significantly
higher in the park (urban) area than at the sulbudbdorest areas, the last two not differing digni
cantly from each other. There were more genergisties in both the urban and forest areas than in

the suburban one, but the first two did not diffigmificantly (Table 4.6).
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Table 4.6. Nested ANOVA indicating differences in carabidwvigt density and species richness of
overall catches, feeding type and habitat affiaityng the forest (F) -suburban (S) -urban (U) gra-
dient in and around the city of Sorg, Denmark,®42 The last column shows the differences based

on the LSD (least significant difference) test (p85).

Characteristics Source of d.f. MS F p LSD
variation test
Number of individuals
All species Gradient 2 58721.43 1466 <0.001 U=F>S
Sites 9 4004.38 0.94 0.48
Error 108 4217.66
Predators Gradient 2 57364.31 15.05 <0.05 U=F>S
Sites 9 3810.76 0.91 0.51
Error 108 4171.93
Omnivores Gradient 2 14.35 2.21 <0.25
Sites 9 6.48 7.15 0.00
Error 108 0.90
Forest species Gradient 2 24411.73 7.72 <0.25
Sites 9 3161.33 2.10 0.03
Error 108 1499.48
Open-habitat species  Gradient 2 677.27 1.51 <0.25
Sites 9 447.69 6.93 0.00
Error 108 64.58
Generalists Gradient 2 20893.96 12.73  <0.005 U>F>S
Sites 9 1640.95 1.59 0.12
Error 108 1029.15
Number of species
Total no. of species Gradient 2 114.43 3.85 ns
Sites 9 29.64 6.10 0.00
Error 108 4.86
Predators Gradient 2 96.63 5.45 <0.025 F>U>S
Sites 9 17.70 5.00 0.00
Error 108 3.53
Omnivores Gradient 2 5.85 4.33 <0.05 U>S=F
Sites 9 1.358 4.06 0.00
Error 108 0.33
Forest species Gradient 2 70.05 11.99 <0.001 F>U=S
Sites 9 5.83 4.26 0.00
Error 108 1.37
Open-habitat species  Gradient 2 3530 3.94 <0.05 U>S=F
Sites 9 8.94 8.77 0.00
Error 108 1.01
Generalist species Gradient 2 23.63 6.79 <0.01 U=F>S
Sites 9 3.47 4.00 0.00
Error 108 0.86
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Size trends along the gradient

The activity density of small species did not diffggnificantly among the areas (Table 4.7) while
that of medium-sized species was significantly bigh the urban than the suburban or forest areas.
The activity density of large beetles was signifityahigher in the suburban and forest than at the
urban areas (Table 4.7).

The species richness of small species was highteiurban area, and showed significant
difference in comparison to both other urbanisatitages, while the suburban and forest areas did
not differ from each other (Fig 4.5). The numben@dium-sized species was highest in urban site,
the forest had an intermediate position, and the$b value was found in the suburban area. The
number of large ground beetles has the oppositerpathe number of these species was highest in
the forest area, the suburban had an intermedisiéign, and the urban areas had the lowest value
(Fig. 4.5).

Table 4.7. Nested ANOVA indicating differences in carabitivity density and species richness of
body size trends along the forest (F) -suburban8)an (U) gradient in and around the city of
Sorg, Denmark, in 2004. The last column showsifferehces based on the LSD (least significant
difference) test (p< 0.05).

Body size classes Source of d.f. MS F p LSD
variation test

Activity density

Small (3.5mm-9.5mm) Gradient 2 1116.52 1.89 n.s.
Sites 9 588.45 8.04 0.00
Error 108 588.45

Medium (9.5mm-5.2mm) Gradient 223215.06 15.72 <0.01 U>S=F
Sites 9 1476.66 1.41 0.19
Error 108 1045.62

Large (>15.2mm) Gradient 2 42133.11 2291 <0.001 U<S=F
Sites 9 1838.76 126 0.26
Error 108 1458.24

Species richness

Small (3.5mm-9.5mm) Gradient 2 69.77 6.00 <0.01 U>S=F
Sites 9 11.61 7.14 0.00
Error 108 1.62

Medium (9.5mm-5.2mm) Gradient 2 26.27 5.26 <0.025 U>F>S
Sites 9 4.98 6.52 0.00
Error 108 0.76

Large (>15.2mm) Gradient 242133.11 2291 <0.001 U<S<F
Sites 9 1838.76 126 0.04

Error 108 1458.28
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Figure 4.5. Species richness of small (body length 3.5-9.% (A medium-sized (9.5-15.2 mm) (B)
and large (>15.2 mm) (C) carabid species alongftirest-suburban-urban gradient in Sorg,
Denmark, in 2004. Data are means, intervals indichbne s.e.

0.4 X O urban
X O suburban
><><>< X X rural
X
0.2_ ><
% o
()]
> X
io.o- X&é g & 08
S O
02| 00° .
. o 0] a
O @)
© 500 ¢
-0.4-
-0.4 -0.2 0.0 0.2 0.4
1st Axis

Figure 4.6. Non-metric multidimensional scale ordination o tiotal seasonal abundance of
carabids captured, along a forest-suburban-urbaadigent in Sorg, Denmark, in 2004, using a
Sgrensen similarity index . The stress of the twredsional configuration was 0.423.
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Table 4.8. Nested ANOVA indicating differences in relatigedes richness of body size classes
along the forest-(F), suburban-(S) and urban-(Udjent in and around the city of Sorg, Denmark,
in 2004. The last column shows the differencesasghe LSD (least significant difference) test
(p< 0.05).

Characteristics Source of d.f. MS F p LSD
variation test
Body size classes
Small Gradient 2 0.92 10.40 >0.01 U>S=F
(3.5mm-9.5mm) Sites 9 0.08 5.54 0.00
Error 107 0.01
Medium Gradient 2 047 6.11 >0.025 U>S=F
(9.5mm-15.2mm) Sites 9 0.07 9.12 0.00
Error 107 0.008
Large (>15.2mm) Gradient 2 273 18.36 <0.001 F=S>U
Sites 9 0.14 9.38 0.00
Error 107 0.015
Habitat affinity
Open-habitat species Gradient 20.35 9.10 <0.01 U>S=F
Sites 9 0.03 452 0.00
Error 107 0.008
Generalist Gradient 2 0.15 15.31 >0.001 U>F>S
Sites 9 0.01 1.50 0.15
Error 107 0.006
Forest species Gradient 2097 15.44 >0.001 S>F>U
Sites 9 0.062 4.99 0.00
Error 107 0.01
Feeding type
Omnivorous Gradient 2 0.006 0.56 >0.1 n.s
Sites 9 0.01 2.47 0.01
Error 107 0.004
Herbivorous Gradient 2 0.003 1.35 >0.1 n.s.
Sites 9 0.002 2.02 0.04
Error 107 0.001
Predators Gradient 2 0.02 1.26 >0.1 n.s.
Sites 9 0.02 3.30 0.001
Error 107 0.006

Relative species frequency analysis

The relative frequency of small-sized species viglsdr in the urban area, and showed significant
difference in comparison to both other urbanisatitages, while the suburban and forest areas did
not differ from each other (Table 4.8). The relathumber of medium-sized species increased from
the forest toward the urban area while the subuapahforest areas did not differ from each other.
The relative number of large species was highesstariorest and suburban areas, with the urban

area having the lowest value (Table 4.8).
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The relative number of open-habitat species iruthan area was significantly higher than
at the suburban or forest areas, which did noedgfgnificantly (Table 4.8). The contribution of
generalist species was higher in both the urbarf@edt areas than in the suburban, but the first t
did not differ significantly. The relative frequgnof forest species was significantly higher in the
suburban areas than at the forest and park (ugvan) The relative frequency of the species based

on feeding type was not significantly differentdmpanisation stage (see Table 4.8).

Comparison of different stages of urbanisation geatl

The results of non-metric multidimensional scalvith Sorensen similarity plot showed a marked
separation of areas along the forest-suburban-ugtsthent. The points representing the forest and
urban traps separated well along the first axideshie points representing the suburban and forest

areas separated along the the second axis (Fjg. 4.6
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Carabids in human-managed habitats in a human-domiated era, 3. The potential effect of
transgenic plants on generalist natural enemies gfests: Tri-trophic interactions between

two carabids and their prey fed on GM-product-contaning diet

Agriculture has long been recognised as an impbféator in environmental management. With the
increasing human population, the environmental rhpéagriculture is expected to increase (Til-
man et al. 2001). In spite of significant advanicesgricultural technology, a substantial amount of
agricultural produce is lost to pests, weeds ardaties (Conway & Toenniessen 1999). During the
breeding of our major crop plants for high yieldladibility, several desirable traits, includingise
tance to pest insects, have been lost (Gateteiledel991). The use of genetic engineering to pro-
duce pest-resistant transgenic plants represertsfanany current approaches aiming to increase
agricultural production.

However, as the experience with pesticides indicaery well, it is short-sighted to look at
the pest damage problem in isolation. Agricultfielts, even if often impoverished with respect to
'natural’ habitats, contain many species partirigah ecological interactions that are vital fbet
productive functioning of these systems (Thomas &age 1996, Gould 1998). Pest control pro-
vided by naturally occurring predatory arthropasisie of those important functions.

Our current knowledge on the impact of GM plamsatural enemies is limited. A recent
review (Lévei & Arpaia 2005) found 26 published pag reporting on 35 experiments on 18 preda-
tory species in three insect orders. Most of ti{@Zestudies) were on Heteroptera (involving 11 spe-
cies), seven on Neuroptera (all Gncarneg, and 11 on beetles (eight on Coccinellidae, toree
Carabidae, involving three species each in twolfag)i Chrysoperla carnegof which only the lar-
vae are predatory) is the most often studied poedgiecies. Apart from this, more than a single
study was done on only a handful of species: twwioellids Adalia bipunctataandColeomegilla
maculata three and four studies, respectively) and a feteropteransRerillus bioculatus three
studiesGeocoris puncticeps, Orius tristicolor, O. insidiss-two each). Typically, a laboratory test
on predators was of short duration, performedarstant temperature, with unlimited access to a
single type of prey, under a no-choice feedingmegiThe majority of studies (18) involved Bt-
toxin, either in the artificial diet, or in GM pltm Six of the Bt-related studies involved plant- o
(mostly) pollen-feeding species.

A total of 126 parameters were quantified in thageratory tests. Most of these were con-
nected to development, general biology, or fitnedgch we classified into nine major groups (Ta-
ble 4.9). Most commonly, survival/mortality (37gwklopment time (22), and body mass/size (20)
were measured. Surprisingly, prey consumption waasured in only 13 cases. Reproduction-
related measurements were taken in 12 cases.

Employing a "bean-counting algorithm" for the dahie data, 135 assessments could be

categorised (Table 4.9), with the majority (47.4%pwing no significant response (neutral). How-
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ever, a positive effect was found in 16 cases (bR%tal tests, half of them significant), whereas
negative impact was registered for 55 (41%) ca3@%(of all tests were significantly, 11% non-
significantly negative). The relative distributiohthe five classes per parameter was typically-hig
est in the 'neutral’ class, and was skewed towthelsegative (Table 4.9). The characters with the
lowest frequency in the "non-responsive" class thatbe considered the most sensitive, were lon-
gevity, reproduction, and egg/progeny viability zime activity, while always sensitive, was an
equivocal character: the activity of certain enzgrdecreased, while that of others increased, both
significantly (Table 4.9).

Table 4.9. The relative distribution of reaction classes nfrsignificantly* negative to significantly
positive, of the different parameters quantifiedainoratory tests of GM plant impacts on predatory
insects.

Parameter Relative no. of cases (%)** Total
Negative Negative Neutral  Positive Positive no. of
significant  non- non- significant  tests

significant significant

Survival/mortality 155 18 56 10 - 39

Development time 28 12 56 - 4 25

Body mass/size 22 17 48 9 4 23

Prey consumption 33 - 58 - 8 12

Reproduction 42 8 42 8 - 12

Enzyme activity 44 - - - 66 9

Longevity 60 - 40 - - 5

Egg viability 80 - - 20 - 5

Behaviour 50 - 50 - - 4

Total 30 11 47.5 6 6 135

*Significance level was set at P<0.05.
**The lines are % of cases of the no. of tests thaintified the given parameter. Overall total refe
to all the parameters in all tests.

The conclusion of the review is that that we atelmin need of a larger body of empirical
data on the impact of GM plants on natural enendikese data should be systematically collected,
including species in taxa not studied so far. Téleyuld be tested under ecologically more realistic
laboratory "worst case" scenarios, choosing semsithd reliably measurable response parameters
over realistic time scales. We should consider itingitiple stresses are the norm under field condi-
tions, not the exception, that organisms oftentrigacon-linear ways to combined stresses (Stamp et
al., 1997), and we should at least attempt to mthese conditions in laboratory tests. These altere
practices, several of which are easily achievabéild hopefully improve our powers of prediction
regarding the potential ecological impacts of grayGM crops.

We contributed to this goal by studying, in thiedeatory, ground beetles and their interac-
tion with prey fed proteinase inhibitor-containifugpd. Proteinase inhibitors reduce or block the
ability of arthropods to digest their food and ased to make crop plants resistant to herbivores
(Schuler et al. 1998).
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The inhibitor may reduce the growth of the pegtkrg it in the “window of vulnerability”
for longer, which could increase the biological trohexerted by the natural enemies. However, ar-
thropod natural enemies are sensitive to both dyaantd quality of their prey. Indirect, tri- or it
trophic effects where plant traits indirectly irdluce higher trophic levels are well documented (re-
viewed in Priceet al. 1980, Van der Putten et al. 2001). Effects throciggnges in prey quality have
been less demonstrated, but it occurs in spideeyfiiz & Toft, 2001), parasitoids (Murugan et al.
2000a) and ladybirds (Murugan et 2000b), for example.

Pls and Pl-expressing transgenic plants can matrephic impacts on natural enemies.
Tomato moth llacanobia oleraceglarvae fed with artificial diet containing cowpggpsin inhibitor
(CpTI) or with transgenic potato plants expres<dpd | were less successfully parasitised by the
waspEulophus pennicornithan control larvae (Be#it al. 2001). When predatory stinkbud3eil-
lus bioculatu¥ were fed solely on Colorado potato beetlesptinotarsa decemlinedténjected with
oryzacystatin (OC-I), they had negligible mortalityt their reproductive success was significantly
impaired (Overney et al. 1998; Ashouri et£098).

In a series of experiments, we sought to examinetiver proteinase-inhibitor-fed prey can
influence feeding and other biological parameterganeralist predators. As model generalists, we
selected two species of ground beetles (ColeopBamabidae), and examined their reactions under
laboratory conditions. As a first step, we examindrbther a specific proteinase inhibitor in thedoo
of a herbivore can affect the consumption of tleigbivore by a polyphagous predatdgrpalus
affinis (Jargensen & Lévei 1999). We also studied if tiiisa lasts longer in the predator than the
actual exposure to the proteinase inhibitor feg pféis was followed by long-term exposure of the
same prey to the same predator (Lovei e2@D0, Loveiet al. manuscript), followed by experiments
with a second, more strictly predatory spedishria brevicollis(Burgess et ak002), and extend-
ing the methodology to use physiological paramdmgyme activity) as a potential response pa-
rameter of the GM impact.

Here only a summary of the methods and findingsgaren. Further details can be found in

the above-mentioned publications.

Materials and Methods

Prey organism

We used larvae of the cosmopolitan, polyphagousuiceothHelicoverpa armigeras preyH.
armigeraeggs were obtained from a culture at the HortRebedlt. Albert Research Centre, Auck-
land, New Zealand (in the short-term experimenhedim New Zealand) or from the NERC Institute
of Virology, Oxford, U.K. (for the long-term feedirexperiment withH.affinis and theN.brevicollis
experiments, done in Denmark). Once hatched, therg weared on a modified Teakle & Jensen
(1985) diet. The treated diet also contained 1%Hrmpancreatic trypsin inhibitor (BPTI) (Sigma,
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St. Louis, U.S.A.) (of total protein content), adépreviously shown to delay larval development
and achieved in several plant species by genegjimeering (Felton & Gatehouse 1996). The total
protein content was equal in all diets.

After about 5-6 days for the control fed and al&®8tdays for the BPTI fed caterpillars, when

the caterpillars were almost ready to moult intd iBistar, they were freeze killed and kept in the
freezer £18° C) until experiments started. BPTI-fed fourth ardd. armigeralarvae had a mean

BPTI content of 22.6Rg/g insect §.e.= 2.32ug, details see in Burgess et2002).

Predators
Adults of the ground beetlés. affinisandNebria brevicolliswere chosen as predators in experi-
mental tri-trophic systemsi.affinisis a highly heliophilous species, and attainshiighest popula-
tion numbers on dry grassy and meadow soil withenaigtly dense and tall vegetation. It is a spring
breeder, hibernates as an adult, and tenerals raipptb@ autumn (Sunderland et al. 199%h)af-
finisis an omnivorous carabid, feeding mostly on seatlatsmaller amount of animal food is also
ingested (Cornic 1973, Sunderland et al. 1995bpréthicing adults are less phytophagous than ten-
erals (Cornic 1973).

N. brevicollisis common in agricultural fields in Europe (L6¥eSarospataki 1990) and is
a voracious predator with a wide prey range (Netesmid87a). Teneral adults emerge in the spring,
feed intensively over a few weeks to accumulatedsg¢rves, and then aestivate. They emerge from
aestivation to reproduce in the autumn and thehalgprogeny overwinter (Lindroth 1985; Nele-
mans 1987b).

Predator rearing conditions

For short-term experimentadultH. affiniswere caught in dry pitfall traps placed in crogids at
Flock House Research Farm near Palmerston North,2¢aland, during the southern spring (29
November - 13 December 1996) and late summer (Bebtuary 1997). Females and males were
kept separately in well-aired plastic containerthimlaboratory at natural daylength and tempera-
tures ranging from 2 to 28C. The beetles were fed dry cat food biscuits aatén(wet cotton
wool) ad libitum Spring-collected and autumn-collected beetlegwéstinguished throughout the
experiments.

Long-term andN.brevicollisexperimentsBeetleswere collected by pitfall trapping in bar-
ley fields at the research farm at Flakkebjerg, ibark, over a two-week period at the start of their
spring activity (early May in 2001). Sexes wereasafely kept in large Petri dishes (19cm in diame-
ter) with a layer of sand until the experimentstseth The beetles were kept at day length 16:8 L:D,
at 2PC: 15°C. The substrate was watered and beetles fed ghephdtein larva per beetle once

(H.affinis) or three timesN.brevicolli§ weekly.
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H. affinis, ort-term feeding experiments

Beetles, previously starved for 72 h, were weigaed placed in individual Petri dishes. They were
randomly assigned to one of the two diet treatmaesitiser arad libitum pre-weighed, food of
BPTI-fed caterpillars or of the control caterpilailhe beetles were allowed to feed for 24h, under
natural photoperiod and laboratory ambient tempeeaisame range as before). Subsequently the
food remains were collected, dried for 72h in awam oven at 40C and weighed.

After the first 24h, the beetles were weighed lagaid transferred to clean Petri dishes. Both
groups were supplied with control prey, and alloweeteed for another 24h. All the food remains
were collected, dried and measured as after d@jd results were analysed as mass specific con-
sumption rate (mg dry mass consumed/mg beetle rtmasount for the size differences of the
beetles. The total sample size as 108 b5 beetles; 43 spring caught, 12 autumn cawgteted
BPTI-fed caterpillars anch = 54 beetles; 42 spring caught, 12 autumn caudtered control-fed

caterpillars).

H. affinis, long-term feeding experiments

Beetles kept individually in Petri dishes (9cmlihwith moist filter paper were starved for 5 days
prior to the start of the experiment. The beetlesendivided into four groups, which were as similar
as possible regarding sex, initial mass and datajfure, and exposed to the following treatments:
1. Control:prey raised on diet without protease inhibitorr#®8PTI-prey) during the entire experi-
ment.n= 38

2. Control/BPTI:During the first 6 weeks of the experiment, thedator was fed non- BPTI-prey,
followed by 6 weeks of feeding on BPTI-prey onhig treatment was designed to reveal if the pos-
sible effect of the protease inhibitor was ageseason- dependemt=38

3. BPTI/Control:6 weeks on BPTI-containing diet (BPTI-prey), folled by non- BPTI prey. This
tested whether the possible effect was reversibietn=38.

4. BPTI, long-termThe predator had access only to BPTI-prey duttiregeintire experimenh=37

Beetles were fed once a week with freshly weiglfreden caterpillars. The prey was
weighed (to £Gmg) to ensure an equal amount of prey (about 5@arghdividual beetles, the prey
remains were weighed to determine food consumplibe.beetles were weighed once a week im-
mediately before each feeding (£0.1mg). The fittapers in the Petri dishes were watered twice a

week, but never before weighing the beetles. Mitytalas observed and noted once a week.
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Experiments witN.brevicollis

Rearing and experimental conditions wer similathiH.affinislong-term experiments, ex-
cept that there were only two treatments: BPTI-gimihg prey and control. After the final weighing,
all surviving beetles were dissected and theirstige tracts excised and freeze-dried for determina
tion of gut proteolytic enzyme activity. Nine fuethN. brevicollisadults were collected from the
field at this time (early July) and their guts weatso excised and freeze-dried. Details of the em@zy
activity measurements see in Burgess et al. (2002).

Analysis Experimental data were evaluated by appropritsd®©XAs with repeated meas-
ures. The independent factor was the diet (BPHt&@ caterpillars or control caterpillars). The sex
of the beetles (female, male) and catching pespdrig, late summer) were treated as independent
variables in the ANOVA, but are looked at as coadales. Proportional data (food consumption as a
proportion of food supplied and food conversioméetle body mass) were log-transformed before
analysis. ANOVA was also used to compare serineepse activity levels (log-transformed) and
percent inhibition due to cysteine protease agtifahgular transformed).

Beetle survival was compared using log-rank tesdifred for censored data (Pyke &
Thompson, 1986) because someof the beetles wiiaist at the end of the experiment. Peto and

Peto’s logrank test are used to compare all faattnents simultaneously.

Results

Short-term feeding experiments wittaffinis

There was a significant difference within treatmi@t 9.8703; I¢ 105= 3.9315; P=0.002) as well as
within catching period (F= 6.1287; kps= 3.9315; P= 0.015). Overall, the beetles eatingIBP
treated caterpillars ate less than those only edfiéine control caterpillars (Fig. 4.7). Youngetgla
summer) beetles always ate less than the oldén@®mnes. There was a significant interaction be-
tween treatment and catching period (F= 5.2373pE 3.9315; P= 0.024).

The within subject analysis takes the time, asaggd factor, into account. There was a sig-
nificant difference in the overall interaction (B8342; K 105= 2.6911; P= 0.012). The effect of
time itself was highly significant (F= 40.5338; fos= 3.9315; P< 0.0001); indicating that the beetles
ate more during day 1 than during day 2. Theremgasignificant interaction between time and
treatment (F= 0.9779;Ros= 3.9315; P= 0.325), but there was a significatgraction between time
and catching period (F= 4.1549; fos= 3.9315; P= 0.044). Overall, the beetles reatttedsame
way to the treatments but the spring and late sunbetles reacted differently over time. A signifi-
cant interaction was found between time, treatraedtcatching period (F= 7.0307; ks 3.9315;
P=0.009). Within the BPTI-treated group, the Eienmer beetles ate less both during day 1 and

day 2 whereas for the control beetles this was taly for day 1.
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Figure 4.7. Consumption by old (spring beetles) and youngufaa beetles) adults of the ground
beetleHarpalus affiniseatingHelicoverpa armigeraaterpillars fed either proteinase inhibitor-
containing (BPTI) or control diet. Data are meansge s.e.

Long-term feeding experiments with affinis
During the first 5 weeks, no beetles were expeitena remarkable change in body mass irrespec-
tive of treatment. After the"Bweek a small decrease and then an increase wiasdhekcept for the
beetles of the BPTI treatment that only lost bodsa After week 8, the beetles of the control
treatment were almost constant. The body massedfdltles in the ControlBPTI treatment was de-
creasing from 51.13 mg to 43.17 mg in week 11 fedd by an increase to 48.30 mg in week 12.
The BPTIControl and BPTI treatments were experigpsimall decrease and increase and the
BPTIControl was decreasing from 45.6 mg to 38.72mgeek 12.

No difference in beetle mass was found at therméigg of the experiment, (GLMI.f. = 3,
P>0.4 —0.71), at week 6 when two groups were chagngiey type nor at the end of the experiment.

Hence, there was no evidence that differencesan guality had an effect on predator body mass.

Survival

In the control treatment, the mortality increasapidly and about 25% of the beetles died during
from week 9 to week 11. The average life span WBte# had died was reached by week 9. Only
10% were alive by the end of the experiment. InGoatrolBPTI treatment the mortality increased
rapidly during the first few weeks, and only 7 %tloé beetles were alive by week10. The average
life span was 7 weeks. In the BPTIControl treatmbatsurvival with almost the same number each
week until week 10 when 14% of the beetles wereand stayed alive for the rest of the experi-
ment. The average life span was also 7 weekselBRIT| treatment the number of surviving beetles

steadily decreased until week 10 when 10 % of tetles were alive and stayed alive for the re-
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maining weeks of the experiment. The average fifmsvas 7 weeks. The four different treatments

had no influence on the beetle mortality (Peto Retbs log rank, log rank= 7.81, d.f. = 3, P >0.05).

The effect of initial body mass on mortality

Among the beetles included in the feeding experistrere was a remarkable difference in body
mass: the smallest weighed 29.5mg and the lar@est).7The possible relationship between size
(initial body mass) and survival was examined lgreesion (fig. 4.8). There was no significant of
initial body mass on survival in the control treati (?=0.0043, p>0.71), but in all other treatments,
where beetles consumed BPTI-containing prey, ldogetles lived longer, i.e. ther was a higher
mortality of smaller beetles (p<0.0001-0.005).

Control BPTI/Control
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Fig. 4.8. Survival in relation to initial body mass in adutisH. affinis under four different feeding
regimes under laboratory conditions. BPTI denotesyiroteinase inhibitor (bovine pancreatic
trypsin inhibitor).

Effects of BPTI-fetH. armigeraonN. brevicollis

Prey type had no effect on beetle survival. Bothugs declined in number over the 24 days of the
experiment, with 78% of control and 72% of BPTI-fe@y-fed (AF prey-fed) beetles remaining
alive on the final day.

The body mass values of control and AF prey-festlbs did not differ significantly from
each other at any weighing occasion. However, thvere significant differences in the changes in
beetle mass observed from one weighing occasitretaext that could be attributed to prey type
(Fig. 4.9). On average, all beetles gained massgleach interval, except for the intervals between

Days 10 and 14 and Days 17 and 21, when both gloapmass. During those two intervals, the AF
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prey-fed beetles lost significantly more mass ttencontrol beetled(< 0.05, ANOVA).

Conversely, between Days 21 and 24 the AF preysésdles gained significantly more mass than
the control beetled(< 0.05, ANOVA). Covariate analysis of the effe€peey type on body mass
change using beetle mass at the beginning of e&etval as a covariate showed that beetle size had

no influence on the magnitude of mass changes wixter

[ 1 Control prey-fed beetles
[ ] AF prey-fed beetles

1.0
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Figure 4.9. Mean changes, from one weighing occasion to tkg imethe body mass bF.
brevicollisadults supplied with prey (larvae bf armigera fed with control diet or diet with 0.5%
(w:w, fresh mass) BPTI added. Error bars denotesth@dard error of the mean. Asterisks indicate
significant differences between control and BP&atments (ANOVA, P<0.05) for each weighing
occasion. N = 97 for both treatments.

The final mass of beetles in the experiment (5m§9s.e.= 0.82 mgn = 76 for controls; 55.48 mg,
s.e= 0.90 mgn = 69 for BPTI prey-fed) did not differ significaptfrom those of beetles collected
from the field at the same time for enzyme anal{&ts66 mgs.e.= 3.31 mgn = 13) P < 0.05,
ANOVA).

Prey consumption and body mass changes

Equal amounts of control and BPTI-fed prey werepdied to beetles on each weighing day, except
for Day 7, when the BPTI prey-fed beetles receisigdificantly more prey than the controls.
Between Days 7 and 10, these beetles also conssigrticantly more prey than their control
counterpartsi < 0.05, ANOVA). BPTI prey-fed beetles also atengfigantly more than the controls
between Days 21 and 2B € 0.05, ANOVA), even though their food suppliesevequal. Beetles in

both groups were given more prey from Day 14 onwéndn they had received earlier in the



95

experiment. This was in response to the body nusses first observed on Day 14 and also because
there were morél. armigeralarvae available by then. Prey type had no effadhe proportions of
food consumed to food supplied (food consumed betvizays x and y/food supplied on Day x).
Prey type had a significant effect on the ab#itié beetles to convert the food they
consumed into body mass change (interval mass effand consumed) between Days 3 and 7 and
Days 17 and 21R < 0.05, ANOVA). During both intervals, beetles gerted control prey into body

mass with greater efficiency than BPTI-fed prey.

Influence of sex oN. brevicollisbody mass change

Female beetles were significantly heavier than rbekdles on every weighing occasién<0.05,
ANOVA). Male and female beetles underwent similaareges in body mass during each interval,
except between Days 14 and 17 when female beetiesdysignificantly more mass than male
beetles P < 0.05). There were no gender—based differencpeeiyn supplied or consumed. However,
between Days 14 and 17, females beetles convém@rdarey into body mass with greater efficiency
than the maled< 0.05). Furthermore, on Days 3 to 7, 14 to 17t0lZ1 and 21 to 24, there were
significant interactions between gender and preg-tyffects on food conversioR € 0.05), but

these showed no consistent trends.

Table 4.10. Mean digestive protease activity levels (pmol/mgninsect) in adulN. brevicollis Val-
ues without a letter in common differ significarftiym others for the same enzyme type, P < 0.05,
ANOVA of all beetles. Asterisks indicate signiftbahigher values in pairwise comparisons of ex-
perimental beetles only (P < 0.05, ANOVA).

Protease Beetles consuming  Beetles consuming Field-collected bee-
control prey BPTI-fed prey tles
Mean s.e. n Mean s.e. n Mean s.e. n
Chymotrypsin 185 199 76 38.% 434 69 1057 265 12
Elastase g6 112 76 218 253 69 302 747 12
Trypsin 176* 204 76 71 87 69 632 145 12
LAP 310 19.7 76 331 246 69 311 50.8 12

Cysteine prote- 18.2 1.65 51 15.8 1.65 40 128 340 12
ases

N. brevicollisdigestive protease activities

Field-collected beetles had significantly highesels of cysteine protease, chymotrypsin and trypsin
activity than the beetles used in the experimeabl@ 4.10) P < 0.05, ANOVA). They also had
higher levels of elastase than the control bedblgsnot the BPTI prey-fed beetles in the experimen
There were no differences in leucine aminopeptidad®) levels among the three groups of
beetles. BPTI prey-fed beetles had significantiyhler levels of chymotrypsin and elastase, and
lower levels of trypsin, than control beetles (Teatl10) P < 0.05, ANOVA). LAP and cysteine

protease activity levels were similar in both grewb experimental beetles.
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Discussion

Biodiversity in narrow hedges in Denmark

This study applied the “space not time” —type coonise recommended in Part Il. A small number
of traps run over a longer time would be an infealocation of resources than extending the spatia
dimension (i.e. increase the number of traps) uciat activity periods. This decision was also sup-
ported by the spider data from the surrouding &#ed in Toft & Lovei 2002). We are aware that
this would not be an acceptable compromise whelodpyoor reproduction is the focus of the stud-
ies. In biodiversity studies, however, we wouldeautg think about these questions in the planning
stage. Exploring the spatial vs. temporal dimersiyuld result in different results (Gruttke & Kor-
nacker 1995, see also Part Il).

Narrow hedgerows did not differ with respect t@tpmsition (edge vs. centre). However,
the narrow hedges supported several forest spégiegntrast to the claim that the minimum width
should be 4m before the habitat is suitable foegbspecies (Spreier 1982). The presence of field-
living species, such d. dorsalis P. melanariusandT. quadristriatugKromp 1999), indicated the
influence of the surrounding matrix. Field-livingrabid species use hedges and field edges as over-
wintering sites (review in Kromp 1999). Overallsgems that narrow hedges provide habitat for
both field-living and forest-living species. Thamwunding matrix influenced hedgerow carabids
more than hedgerow spiders (Toft & Lovei 2002).

Hedge species composition also had a profoundenfie on carabid assemblages, and na-
tive plants harboured more species than non-naties. This was also found in Moravia, central
Europe (Sustek 1992). Overall, hawthorn can beidered the best habitat type. This can be ex-
plained because this species is native, and famgtbeetles, this hadge could provide the best com-
binations of conditions (vegetation structure, métimate, soil, available food, protection from
predators, etc.) within their tolerance limits. Rowalso had high number of individuals and species.
Rowan is not a native species to the study ardawadh present in Europe (Lévei 2001b). The thick
deciduous litter produced by rowan trees seemée dvantageous for ground beetles. Deciduous
litter can provide favourable microclimate, andates a complex spatial structure through generat-
ing stratification that can allow the coexistents@me ground beetle species (Loreau 1987). How-
ever, from the patchiness of occurrences at regsmade, rowan seems to provide a more coarse-
grained habitat, i.e. there are more areas wharéitians are not favourable for ground beetles than
in hawthorn.

Similar factors can explain why spruce hedgesaealatively poor ground beetle assem-
blage. The soil underneath is acidic, due to tleakstown of pine leaves. This could decrease the
density of other arthropods and thus the food sufmwlground beetles.

The causes of individual species habitat prefergeiace not always knowR. oblognopunc-

tatushas a preference for habitats covered with decigllitter (Magura & al. 2000). This species is
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active not on the surface but inside the litteetaf.oreau 1987) and thus in a microhabitat that is
not used by other, larger species.

From the results we obtained it seems that toamersand maintain arthropod (ground bee-
tle) biodiversity, hedges composed of deciduousispere superior to non-native, and especially to

needle-leaved species.

Effect of urbanisation on ground beetles in Denmark

Our results indicate considerable effects of urkation on Danish forest carabids. Most of the spe-
cies we found (40 of the 46 species) are commdeimmark (Bangsholt 1983). Five species are
moderately frequent or rare.

Opposite to the trend in Finland (Niemela et BD2 Alaruikka et al. 2002), Japan (Ishitani
et al. 2003) and Belgium (Gaublomme et al. 200%) urban area had the highest species richness in
Denmark (similar to Hungary: Magura et al. 2004)isTtrend in Denmark was caused mostly by
species attracted to humidity, probably causedbyvicinity of the Sorg Lake. The nature-friendly
management of the park may also have contributéuigothere are numerous patches of wood and
grassland, creating habitat heterogeneity. Theegétation is returned to the understory of the for
ested patches. This may allow natural nutrientiogclsupporting more soil-living arthropods that
may provide food for carabid larvae and adultsthar; lack of disturbance may allow carabid lar-
vae to develop. The rural (forest) site was momadgenous than the park and here we found only
forest species. There were more forest speciesthanan other areas; nevertheless, the overall spe
cies richness was lower, due to the absence ofespitat colonised the more modified suburban
and park habitats.

We suggest that differences in landscape struet@@lso important. The landscape in the
study area of W Zealand is highly patchy, possistyiding “green corridors” for dispersal. A sig-
nificant fraction of the fauna can survive in urlsad areas, but about 20% of the species did not
occur outside the forest. This underlines that eetatively benign forest and park management
cannot create conditions that are suitable forstospecialist species. The special conditionseén th
human-influenced urban areas are also reflectédekihigh share of unique species in the park.
These species did not colonise the suburban ostfbebitats, in spite of their relative closeness,

well as some shared botanical features.

Evaluation of the research hypotheses

Intermediate disturbance and opportunistic spediminance hypotheseadur findings concur with
results by Niemela et al. (2002) and Magura et24l04) in not supporting the IDH: species richness
was not the highest in the moderately disturbedidadn areas. This may be because basal species in
food webs probably conform to this hypothesis bptdonsumers do not (Wootton 1998), and

carabids are considered higher-level consumersgil&\sunderland 1996).
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Our results supported the OSH prediction, asdtie of individuals of the opportunistic
carabid species to the total number of individuads significantly higher in the urban area than in
the other ones. Niemela et al. (2002) reportedlairfindings from urban areas in Canada and
Finland.

Habitat specialist hypothesias predicted, both the number of forest speciestaeid rela-
tive frequency significantly decreased from theuratforest habitats to the urban ones. Also, the
number of open-habitat species was significantihér in the urban area than in the suburban or
rural areas. A possible cause of this is the impétite “habitat matrix”, in our case the preseate
open habitats (lawns) in the urban area. The maprécies influence the species richness patterns in
forest fragments (Lovei et.8006). Other impacts of masking habitat fragméoeand disturbance
effects include microclimatic changes at edgesttdlkon crowding effects, and time lags (Ewers &
Didham, 2006).

Mean body size hypothedis.our study, smaller species were more abundamtian rem-
nants of the original forest. The larger, less n@bpecies were more abundant in the forest area.
However, the smaller forest species were also mboadant in urban forest fragments while the
small and medium-sized species were numerous iarthen habitat. Disturbance caused by urbani-
sation produced smaller average carabid body $8peim Slovakia (Sustek 1987). Carabid body size
changed from small in urban to larger in both sbharand forest areas in Bulgaria and Finland
(Niemelaet al. 2002). This phenomenon, however, could be bettderstood by studying the pos-
sible size trends of species that occur in more thee habitat because conditions experienced dur-
ing larval development period often constraint atobly size. A more detailed analysis of body size
trends (Magura&t al. 2006) could also be instructive.

Thefood-access hypothesiss supported because the species richness of@mus spe-
cies was highest in the urban area. The predapagias were not absent from the park, indicating
that park management was important to retain spéaen the original habitat, but as more preda-
tory species were present in the forest habitatsgitions were obviously better there than in the

park.

Implications for management

Forested urban habitat fragments can retain sespealies from the original forest fauna but
the abundance and species richness of the steacogtialist species will decrease with the in-
creasing level of anthropogenic disturbance. Tagrfrentation of the original forest and increasing
level of human impact can lead to loss of sevenaddt specialists as well as to the successful colo
nization by generalist and open-habitat speciegliftg to increased diverstiy in urban habitats. Ur-
ban green areas, including forest patches impthowgtality of urban life and should be conserved.
Apart from their recreational value, such greeranrbpaces provide seemingly adequate habitat for

numerous species of ground beetles whose origatatdt is in forest areas away from the city. Be-
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nign management of urban parks (gravel paths idsieasphalt, retaining as much plant material as
possible within the habitat, and providing decaywapd in the understory) improve habitat quality
for invertebrates, contributing to their continugdvival. However, increasing human transport over
the globe carries the added impact of homogenisiagvorld's flora and fauna and over a longer
term may decrease overall global diversity (L6V@97). Consequently, species richness as a sole
indicator of the effectiveness of species pres@mah cultivated or urban areas is not an entirely

suitable parameter: species identity should alscobesidered.

The impact of GM-laced prey on polyphagous predator

In the short-term experiments, addlaffinisconsumed less of the BPTI-treated prey than control
prey. It is not clear what had caused this diffeeer©ne obvious possibility is that prey caterpslla
carried some food in their guts and the BPTI presethe diet inhibited the predator’s feeding. Al-
ternatively, prey caterpillars, due to their dmiuld have had a nutritional composition that made
them less suitable for the predators.

The prolonged effect of the BPTI also seems catintaitive. Lévei et al.’s (1991) experi-
ments indicate that in several beetle specieshsesuent feeding opportunity hastens the emptying
of the earlier meal. Similarly, a fast defecatidihe BPTI-treated prey in favour of the later, non
treated one would seem advantageous. This wouldt insncreased feeding of the subsequent,
more favourable prey. However, we did not obsemi®ih our experiments. The cause of this could
be due to behaviour (gustatory effect) or a sytitlgsiological effect.

The BPTI-treated caterpillars affected consumpitiod. affinis negatively compared with
the control caterpillars both in the spring beetled in late summer beetles. The difference was
most pronounced with the late summer (freshly esdrpeetles. These beetles also responded very
different from the spring caught beetles with respe the amount eaten on day 2. Such different
food sensitivities by age or sex are not unknowpredatory beetles. Two generations of beetles that
overlap, may have different food preferences (L& &underland 1996), and can have different
metabolism. This is plausible as the two generatferd for different purposes. Young, autumn-
hatched beetles have to feed to build up fat seosaghey can survive the hibernation (Wallin 1989)
whereas the old generation feed to be able to breed

Our first experiment gave a clear indication gedsonality/age of the predators has to be
taken into account when considering sensitivitprtey quality. In addition, our results indicatettha
genetic manipulation of plants can influence intdoms at higher trophic levels. It would be wise t
consider these aspects when deciding about theydapht of genetically engineered plants in order
to maximize their intended positive effects on agjtural production.

Ourlong-term experimentsere conducted over 12 weeks. It is not likely to@redator
only encounters “transgenic” prey throughout dilifie like the long-term treatment of the current

experiments. However, if transgenic plants get madespread, the possibility that predators meet
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prey exposed to GMPs of different traits would @ese. Under such conditions, the exposure time
increases and long-term experiments such as tihentwget increasingly realistic.

Carabids are sensitive to the quality of theit.di@cundity inCalathus melanocephalute-
creased when the beetles were fed aphids (a loVigteod) vs. fruit flies (Bilde & Toft 1999). Not
many experiments have been conducted on the etiedist quality on the change in body mass in
carabids. Experiments with. brevicollisshow a tendency towards an increasing weightifoskort
periods of time when fed prey fed Pls but genenatlyeffect of Pls on body mass was found (see
earlier). Jgrgensen & Lovei (1999) found a sigaificdifference in changes in body mass when
feedingH. affinisover 48 h. In long-term experiments, no differen@es found in mortality and
body mass changes. The difference could emergeibecalult€an adapt to PIs and would only be
sensitive during the first few days of expostteaffinishas a mixed diet, eating also seeds and
plant material (Sunderland et al. 1995b), and jiiasisible that. affinishas means to overcome an
initial PI effect. An omnivorous insect is expogedhe protease inhibitors just as herbivorous in-
sects and it may be the reason why only insectddhsome extend are herbivorous (omni- and her-
bivorous) are able to develop tolerance toward$the

Many animals are more vulnerable to toxins whay tlire young than when they are older.
It is possible that the beetles are more suscepiiben they are newly emerged from hibernation
(Jargensen & Lovei 1999). In the long-term expernitagthis possibility was tested by feeding
H.affinis on control prey first and BPTI-prey later in thegeriment. No effect of this treatment was
found, soH. affinisdid not seem more susceptible to nutritional stilsen younger. However, size-
dependence of life span in the experiments indscdiféerential sensitivity to nutritional stress.

Some predators prefer mobile prey to non-movingsqiEubanks & Denno 2000). If the
prey weakens because of the effect of the Pls, itiegybecome less mobile. The predators may ig-
nore them, eating prey that is more active. Thisowever, not the case fdr affinis Preference
tests were made in other experiments and no prefer® live over dead prey was shown (Jgrgensen
& Lovei 1999).

Many carabids are semelparous and die after gmiedaective season (Lévei & Sunderland
1996). Towards the end of the experiments, moytafitH. affinisincreased rapidly, probably be-
cause of the approaching autumn when many posbdaptive individuals die. However, life span
in laboratory experiments was a median of >250 dagsei & McCambridge 2002), although on a
different diet. It is possible that the forced mtmty habit caused a different mortality pattern in
H.affinis. Fecundity in omnivorous carabids can decreagasfdnly fed animal food (Jgrgensen &
Toft 1997).

The potential tri-trophic effects of a Pl-plantivdiepend not only on the concentration of PI
to which the predator is exposed but also on itsigigity to the PI in question. In this study, tHee
consuming prey with a mean BPTI content of 0.00Z@84 fresh mass) had digestive protease

profiles that differed significantly from their ctval counterparts, suggesting that, even at this lo
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concentration, the Pl may have had an effect obd¢etie’s digestive ability. Reduced trypsin
activity in theN. brevicollisbeetles that consumed BPTI-fed prey suggestshba| in the prey had

a direct impact on this protease, since BPTI iyasin inhibitor. Interestingly, the levels of two

other serine proteases, chymotrypsin and elastase,raised in these insects suggesting some kind
of compensatory mechanism.

This study has revealed the potential for sligit/ar transient tri-trophic impacts from Pls
on two species of ground beetles. However, besatlewal was not affected by ingestion of BPTI-
fed prey and beetle body mass at the end of therement was similar to that of field beetles or
controls. Mass-related tolerance to nutritionadssrwere found in both species. More research is
required before the implications for field releatéransgenic Pl-plants can be ascertained. In
particular, further studies in which ground bee#es offered realistic mixtures of prey insect

species, including some that have fed on Pl-exprg$sansgenic plants, would be valuable.

CONCLUSION

In summary, work presented in this part documetitad

a) even narrow tree hedges can maintain elemeificsesft (Qround beetle) fauna in a cultivated
countryside in Denmark. The composition of hedgesdn impact on ground beetles, native hedges
being the most effective in keeping such speciemintherwise cultivated landscape.

b) urbanisation substantially influences groundledauna. The overall impact in our studies was
an increase in biodiversity in terms of speciebréss. The overall impacts, however, emerge as an
interplay of detrimental changes in conditionsftest specialist species (larger, mainly predatory
species decrease), and the creation of new hafwtaten-forest ones (small and omnivorous
species increase) as the degree of urbanisatiozaises.

c) generalist predators can react to GM agenttheidood chain, in tri-trophic or indirect
interactions. In the case of the omnivorours groeetlesH. affinis exposure to a proteinase
inhibitor via its prey resulted, in the short randecrease in prey consumption that lasted lomger t
the actual short term exposure of the GM agentth®ronger term, adult ground beetles were able
to compensate for this effect and they did not aoresless or more of the modified food, nor did
they show different body mass change pattern. Titdtional stress, however, was revealed by the
differential mortality pattern: smaller adultstdfaffinis kept on GM-containing prey lived shorter.
Adults of N. brevicollisshowed reduced digestive enzyme activites.

These experiments, beyond the actual results, have

f) proven that genetically modified plants can handirect effects via the food chain on beneficial
organisms

g) draw the generalist natural enemies into thdeciof beneficial organisms inot GM risk
assessment

h) developed and tested methods by which suclags&ssment can be done.
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Part V — Theoretical studies

The study of a well defined taxocoene is intergséinough in itself, but good science seeks gener-
alities. From this it follows that the results dbtd through the study of such a group should Ime co
fronted with, and linked to, more general theorig®e study of ground beetles played an important
role in the development of several ecological tlepi(see, for example, the long-term studies by
den Boer and co-workers (e.g. den Boer 1987) dwat to the concept of metapopulations). How-
ever, this link has perhaps not been so well catiigt as the general amount of knowledge about
ground beetles, and the intensity of studies af ginoup would justify. The last section summarises
some of my own contributions to this area, coneggtnihe theory of island biogeography, and the
impact of isolation on assemblage structure. Reguisented in Part Il about the relationship be-
tween trap number and trapping duration can alsmheidered a theoreticla contribution to the
shape of the time-space-species number relationdbipever, the consequences of those findings
to sampling design were judged potentially moredngnt and these results were therefore put into
the "methodological innovations" section.

Life history cannot be ignored and those who abgrsorganisms as mere examples to illus-
trate an ecological theory will often go wrong. Tdlesing part of this section, based on a published
paper (Lovei & Magura 2006) wants to reinforce weening that biology cannot be ignored in eco-

logical theory.
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Theoretical studies, 1. The influence of matrix anédges on species richness patterns of

ground beetles in habitat islands

One of the most influential of ecological concdaptMacArthur and Wilson's Island Biogeography
Theory (MacArthur & Wilson 1967). The original thgaconsidered real islands, but the concept
was soon applied to habitat islands, and becanmortant study topic with strong links to conser-
vation biology (Harris 1984). The major differertoetween real and habitat islands is the nature of
the surrounding matrix. In real islands, the sunding matrix is usually hostile to organisms occur-
ring on islands (although whether this is a sigaifit barrier depends on the dispersal ability ef th
organisms concerned, see Baldi & Kisbenedek 1989he case of terrestrial habitat islands, the
matrix is usually less hostile (Gascon & Lovejo@89As 1999; Hobbs 2001) and can contain their
set of species (“matrix species”). Such matrix sgggecan also occur in the habitat islands them-
selves. Larger habitat islands or ones closerc@nist source area do not always have more spe-
cies (Holt et al1995) but this could arise because of the indidagdibe inclusion of such “matrix
species” (Coolet al. 2002). Such results lead to a call for tHar refinements of the paradigm ...to
adapt and broaden the theory. For island biogebgrtpeory to be applied to terrestrial habitat 'is-
lands' which are heterogeneous and subject to effiets, methodological allowances need to be
made for the likelihood that species can colortize'islands' from the sea..." (Cook et24102).
Habitat fragments are not uniform, but have wefirdal edges. Edges are transition zones
between adjacent habitats and form ecotones (Hb#a@l. 1991). Forest edges, for example, have
distinct microclimates, abrupt changes in lightimegn, substrate, and water conditions, and are gen-
erally rich in microhabitats (Murcia 1995; DidhamL&wton 1999). This gives rise to "edge-
preferring species”, species that are characiensiédge habitats (Odum 1971). With the fragmen-
tation of habitats, edges are becoming proportenareater relative to interiors (Saunders et al
1991). We hypothesise that the existence of edgieqing species can also have important implica-

tions for the species richness-area relationship.

Material and Methods

Study area and sampling

We used data collected over five years (1995-1898) 19 forest patches (Table 4.1), with their
size ranging from 41ha to 3995 ha, located on @ Plain in NE Hungary and in SW Ukraine.
This is a relatively undisturbed, forested margara@a of the Great Hungarian Plain. The “matrix” is
composed by a mosaic of grasslands and non-intdpsiultivated fields. All the patches sampled
were natural, although their degree of isolatios a@bably changed during the gradual transforma-
tion of the landscape. Beetles were collected usiizpited pitfall traps, consisting of plastic cups

with 70% ethylene glycol as a killing and presegveolution. There were 9-18 traps/patch (depend-
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ing on the area), scattered randomly within indigildpatches, and were checked monthly from
April to October.

Data analyses
The area of the forest islands was measured usegricView GIS program package on a digitized
1:25000 map. The area of the forest edge was eddtlhs the product of the perimeter of the forest
patches and the width of the forest edge, takdnms

Linear regression analysis was used to examineetagonships between the studied vari-
ables (area of the forest fragment, proportiorhnefédge area to the total fragment area, shapg)inde
and the total number of carabid species in thenfieag, the number of forest specialist species, the
number of generalist (matrix) species, and the rarrobedge preferring species.

For further details on methods, see Lovei et 80620

Results

The species richness in all patches combined wap&6ies, dominated by the 41 generalist (matrix)
species (Table 5.1). Seven species were identiegtige-preferring species, comparable to the
number of forest specialists (8 species). The fahlg eight species were identified as mountain for-
est specialistsAbax parallelus, Carabus arcensis, C. intricatugchrus caraboides, Cymindis cin-
gulata, Leistus piceus, Molops piceandPterostichus melas.

There was a significant negative relationship leefwthe species richness and the area of
the forest concerning all captured carabid spg@es— 0.49, [ 1775.22,P=0.04, Fig. 5.1a). Forest
patch size and the number of generalist speciesesha marginally significant negative relationship
(R=—-0.46, [1,1774.45,P=0.05, Fig.5.1b). These species did not responietse forest patches as if
they were islands.

The number of edge preferring species vs. theafréee forest patch showed a negative, but
not significant relationship (R= - 0.33; £=2.09,P=0.17, Fig. 5.1c). The number of edge special-
ist species was unrelated to the shape index (R=6.2,~0.88,P=0.36). However, the number of
edge preferring species is expected to be dependénn the total area of the fragment, but rather
on the ratio of the edge area to the total area.shhaller patches had relatively larger edge anea,
this was reflected by the significant positive tielaship between the number of edge-preferring spe-
cies and the edge/total area ratio (R=0.%1,,£5.84,P=0.03, Fig. 5.2). Furthermore, a significant
negative relationship was found between the edgkeiping species/ forest specialist species ratio
and the patch size (R=-0.5Q; £=5.56,P=0.03). All these results indicated the increasmgor-
tance of edge species with decreasing patch size.

There was a significant positive (R=0.49,:#~=5.44,P=0.03) relationship between the size
of the forest patch and the number of forest sfietipecies (Fig. 5.1d).
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Figure 5.1 The habitat area:species humber relationship irab@ls by habitat affinities. A) The
relationship for all species was negative (R= -0 &, 1775.22, P=0.04), caused mainly by the
generalists (panel B, R= - 0.46, 7=4.45, P=0.05). C) Edge — preferring species did sitow a
significant relationship with area (R=— 0.33;=2.09, P=0.17). D) Forest specialists showed a
significant positive relationship with area (R= 6,3;,17~7.80, P=0.01).
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Figure 5.2 The relationship between the number of edge-piiefgspecies and the area of edge
(outer 5 m of the fragment) in relation to patctenor. Smaller patches have relatively larger edge

areas than large patches, and the importance oéexghgcies correspondingly increases (R= 0.51,
F@,1775.84, P=0.03).
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Table 5.1 The name, area-related characteristics, the nunadbgitfall traps, and the number of ground bespecies by habitat affinity category captured in
the studied forest fragments on the Bereg PlainHuEgary and Ukraine. Fragments are arranged byrdasing number of all carabid species caught.

Site Area  Perimeter  Shape- Number of Number of
(ha) (m) index pitfall All species  Forest spe- Edge pre-  Generalist
traps caught cialist spe- ferring spe- species
cies cies
Peres 249 7077  1.26 12 29 0 3 26
Téglas 41 2588 1.14 12 20 0 3 17
Déda, Hungary 197 7544 151 18 18 1 4 13
Rafajna, 1996 1609 16467 1.16 12 18 6 2 10
Déda, Ukraine 76 3555 1.14 12 17 1 5 11
Lonya 1047 21871 191 18 17 2 5 10
Rafajna, 1998 1609 16467 1.16 9 16 5 3 8
Puskinod, 1998 523 11883  1.47 9 14 2 4 8
Munkacs 180 6145 1.29 9 14 5 3 6
Bockerek 1249 45822  3.66 18 13 1 4 8
Dobrony, 1996 1191 22672 1.85 12 13 2 3 8
Dobrony, 1997 1191 22672 1.85 9 13 2 3 8
Bereguijfalu, 1998 3995 48954 2.18 9 12 4 3 5
Puskino, 1999 523 11883  1.47 9 12 2 3 7
Beregujfalu, 1999 3995 48954  2.18 9 12 2 3 7
Gat 437 12922 1.74 9 12 4 3 5
Alséremete 463 12594  1.65 9 11 3 5 3
Alsbékerepec 1520 21478 1.55 9 11 5 2 4
Gut 871 19233 1.84 9 10 2 3 5
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Theoretical studies, 2. The collapse of animal agablages in isolated forest fragments

Due to its long isolation from the rest of the vdpithe New Zealand archipelago has biota that are
of special value for biodiversity and conservatipaugherty et alLl993). They are characterised
by a very high level of endemism, reaching, forregke, >90% for species of Coleoptera (Watt
1982). Although profound human modification of tiveginal biota started with the arrival of peo-
ple about 1000 y BP, present conditions have beened during the more recent, large-scale set-
tlement since last century (Atkinson & Cameron )988dern agriculture, especially on the
North Island, has modified large tracts of the ioia$jvegetation, eliminated substantial parts ef th
forest cover and fragmented much of the rest. progoundly influenced all habitats via introduc-
tions of plants and animals that had no evolutipeguivalent in New Zealand during the last 70
million years (Daugherty et.a1990).

Problems affecting endemic vertebrate organisme heseived early attention (Daugherty
et al. 1990, 1993). However, many other native wisyas face similar problems, and this has
spawned special invertebrate conservation programedatively recently (Creswell & Weitch
1994; Sherley 1998). A particular difficulty is tr@nservation biology in New Zealand is too of-
ten hampered by lack of knowledge of basic bioldgysome cases even of systematics, of the
species affected.

Ground beetles (Carabidae) are generally good idispe either by flying, or by walking
(Lovei & Sunderland 1996). Thus, it is plausibleassume that they are well adapted to cope with
a fragmenting landscape. The Manawatu region, dopnaantly agricultural landscape, has few
fragments left of its former forest. At the timestéidy, only the largest one of them was protected
and subject to ecological restoration efforts. @ial aim was to study how ground beetles re-
acted to isolation and botanical diversity as \aslto collect data on their biology. Considerable
species richness of native invertebrates can lmeptén a dense network of fragments of native
vegetation and restoration of native vegetatidreigeved to bring about a restoration of native
arthropod fauna (Watts & Gibbs 2000). This gensratiowever, needs further articulation. We
wanted to test the reaction of ground beetlesagnfientation in a landscape where the fragments,
while botanically diverse, were relatively distémm each other. In this paper we report that we
found only collapsed assemblages in isolated mtepted forest fragments. While the causes are
not known precisely, forest ground beetles in Ne&land seem to have low powers of dispersal

and they probably cannot survive in a fragmentaddaape without active management.
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Study area and Methods

To study the effect of fragmentation on forest bada in the preliminary lowland agricultural re-
gion of the Manawatu, southern North Island, NewlZerd, 3 forest areas around the city of Palm-
erston North (4023’ S; 178 38’ E) were selected. None of these were grazezhttie or sheep.
One of them\(Voodville Recreational Reserweas a large forest tract in the region, a possible
source area for ground beetles (and other natixertiebrates). The second oKeeble’'s Bushis

the largest protected remnant of the once- commest type on the lowland. The thiktawhai
Road,is a small, but carefully established and manadiéyse forest patch in the outskirts of
Palmerston North.

Sampling was by pitfall traps (10 cm diameter ptastips, with 250 ml of ethylene glycol
as killing agent and preservative). At Woodvillg,ttaps were emptied fortnightly between Au-
gust 1991 and September 1992. The total trappiiogt@fas 765 trap-weeks. In Keeble’s Bush, 10
traps were operated between August 1990 and SeeteifiB1, giving a total sampling effort of
516 trap-weeks. At Atawhai Road, 5 pitfall trapsevemptied fortnightly between August 1990-
September 1991. The total sampling effort was 2&2-weeks.

Evaluation.The diversity of the assemblages was evaluatedthdtin species number (S)
and the Berger-Parker dominance indi{Southwood & Henderson, 2003). At minimum diver-
sity (all specimens belong to one species), thdexrhas a maximum value of d=1.00. The lower
values indicate a more diverse assemblage.

Further details on the study areas, sampling agwtificaiton are in Lévei & Cartellieri (2000).

Results
Large forest patch, Woodville Reserve, Manawatug&or

A total of 339 individuals of 9 species was caudlable 5.2). The most common species
wereCtenognathus adamd$tlocamosthetus planiusculusndZolus cf. femoralisThe single indi-
vidual of Holcaspis oedicnemaas caught in late Februamjolcaspis mucronatandMegadro-
mus capitovere all caught during the spring - summer se@onember- March). Four individu-
als ofMecodema simplewere caught in August - September and 3 furthdividuals between
February and April. This assemblage had the highastity density of the areas studied, 0.44 bee-
tles/trap-week. The Berger-Parker dominance indeéRi® assemblage was the lowest of the three,
d= 0.46.
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Forest fragment, Keeble's Bush

At Keeble's Bush, 50 individuals of two specis,capitoandH. mucronatavere cap-
tured (Table 5.2). Both of these species had naldfemales, so the presence of reproducing
populations could be assumed. In addition, we cagtteneral individuals dfl. capita The

dominance index was higtls 0.64. The active density was very low, 0.097 lesétap-week.

Table 5.2. Characteristics of the carabid assemblages as ctdtkin pitfall trap catches in three
forests near Palmerston North, Manawatu, NorthridlaNew Zealand, during 1990-1992.

Species Woodville Keeble's Atawhai
Reserve Bush Road
Ctenognathus adamsi 156 - -
Holcaspis mucronata 8 18 18
Holcaspis oedicnema 1 - -
Mecodema simplex 7 - -
Megadromus capito 8 32 5
Megadromus turgidiceps 20 - -
Plocamosthetus planiusculus 102 - 1
Psydrinae sp.1 1 - -
Zolus cf. femoralis 36 - -
Total numbers caught 339 50 24
No. of species 9 2 3
Sampling effort, trap-weeks 765 516 262
Activity density, no./trap-weeks 0.44 0.097 0.092

Suburban forest patch, Atawhai Road, PalmerstortiNor

A total of 24 individuals were caught that belonge@® speciesyl. capito, H. mucronata
andP. planiusculugTable 5.2). The presence of a locally reprodugiogulation was proven for
H. mucronateaonly, as we trapped teneral individuals. Only real&the other two species were
captured. The dominance index of this assemblagalw8.75. Given that the number of traps
was smaller, the overall activity-density was ngadual to that in Keeble’s Bush, 0.092 bee-

tles/trap-week.
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Theoretical studies, 3. The importance of life histry in ecological theory - size trends in a

ground beetle assemblage in relation to life histgrparameters

This last chapter brings together some obvious agessthat bear repeating even if made before:
1. that data presentation methods should be trdatto

2. that data presentation methods are importgmtaaide appropriate data perception and

3. that ecological theory is empty and meaninghgisout a proper consideration of the biological
features of organisms whose ecological roles ks&zprovide.

This cautionary tale unfolds as the analysis efdilze trends in the paper by Braun et al.
(2004) is made.

Size has a significant, substantial impact onagioll interactions (Peters 1983). It modu-
lates resource use, the outcome of species in@madPeters 1983), and more indirectly, the peri-
ods of activity, habitat suitability, and numeraiker parameters. The study of size relationships
and their role in shaping interactions is an actegearch area in ecology (Peters 1983; Brown
1995). Changes in either the size in individuak#g® or the size distribution of the species in a
habitat are also parameters potentially indicatingronmental stress (McGeoch 1998). Recently,
Braun et al. (2004) used this approach to analyseiss size trends in ground beetles (Carabidae)
in the surroundigs of an abandoned fertiliser figcbo Germany. Using the mean size (estimated
biovolume) of beetles present, they found thattherage species size decreased over time (16
years), in parallel with a decrease in habitat @miation caused by the former fertiliser factory.
Based on these results, they speculated aboustidity of two conflicting hypotheses of resource
use distribution within the family of ground bestig&arabidae). In Braun et al.'s study (2004)
ground beetles were used as a taxonomic (and prgylgroup; no consideration was made of the
various feeding strategies that are found witheadhoup. However, neither all ground beetles, nor
even the majority of them can be considered pregalio the European fauna, there are many spe-
cies that are herbivores, or mixed feeders (Lov&uaderland 1996). Therefore, data presented in
Braun et al. (2004) were re-analysed after re+sgittieir species list into three adult feeding cate

gories: predatory species, mixed feeders, and\ads.

Material and Methods
We distinguished carnivores, herbivores and miesdlérs. Feeding categorisation was based on
work by Larochelle (1990), itka (1996) and Lindroth (1985, 1986).
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Size trends were analysed using ANOVA, followedTokey tests if significant differ-

ences were found. Calculations were done usin@R&S statistical software (SPSS 2000).

Further, we chose a different graphical represemaBecause the original analysis reports a time

trend, the use of the histogram in Braatral.(2004) is inappropriate: histogram considers the in

dependent variable as a categorical one, and §metia categorical variable. We replaced this

data presentation method with a dot plot, where isirepresented as a true, measurable variable.

A second reason why we employed the representatethod of dot plots is because they are es-

pecially suitable for presenting trends as theigygmod at interpreting dot patterns (Tufte 2003).
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Results

Size trends of all species

Considering all carabids together (regardless aif fieeding categories), the mean size in the 90s
was significantly smaller than that in the 80sdthithe studied areas (Fig. 5.3. and Table 5.3 Th

picture changed when the species in the differedihg categories were considered separately.

Analysis by feeding categories

Carnivore speciesln the severely polluted area, body size was sstahel991, signifi-
cantly smaller than either in 1980 and 1996 (buti'®90). The other three body size values did
not significantly differ from each other, althou§jp81 was smaller than either 1980 or 1996 (Fig.
5.3. and Table 5.3).

In the moderately polluted area, there is a deangéarend, but this consists only of a drop
from the first year's higher value to a lower lewethe following year. Ten years later, this leigel
somewhat lower, now becoming significantly smatllem the corresponding value for 1980 (but
not the more variable 1981). This level shows wiltiuno difference five years later (Fig. 5.3. and
Table 5.3).

In the lightly polluted area, there are no sigrifit time trends. The mean size in 1980 was
somewhat larger than in the other three years &8j.and Table 5.3).

Herbivore speciesFhere were few herbivorous species. The size firettte severely
polluted area showed a zigzag pattern, with sogmfgiant differences in the middle years. The
initial and final years did not differ. The samepapred in the other two areas, at a somewhat lower
level (Fig. 5.3. and Table 5.3).

Mixed feeder speciesThe largest number of species were classified asdrfeeders,
and, consequently, this group should contributesictemably to the overall trend. In fact, the trends
shown by the mixed feeders were similar to thaalbEpecies’. This group shows no significant
size difference among the differently polluted area1980 or 1981. Severely and moderately pol-
luted areas seem to support assemblages that bgcagnessively smaller, more in the severely
polluted than in the moderately polluted area. €hveas no decreasing trend in the lightly polluted

area, except a smaller assemblage in 1991 (FigabB3Table 5.3).
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Table 5.3. Results of the one-way ANOVA for the ground begtbcies collected in the severely,
moderately, and lightly polluted areas in 1980, 198991, 1996, near a fertiliser factory, Ger-
many. Data from Braun et al. (2004).

Source SS d.f. MS F P Tukey-test

All species, severely polluted area

Year 79.855 3 26.618 93.023 <0.001 1980=1981>199961

Error 1092.223 3817 0.286

Total 11937.437 3821

All species, moderately polluted area

Year 7.279 3 2.426 15.992 <0.001 1980=1981=19916199

Error 71.312 470 0.152

Total 1647.199 474

All species, lightly polluted area

Year 4.588 3 1.529 9.386 <0.001 1980>1991; 19806199

Error 118.786 729 0.163

Total 2311.356 733

Carnivore species, severely polluted area

Year 68.275 3 22.758 56.302 <0.001 1980>1991; 1996%

Error 191.194 473 0.404

Total 794.861 477

Carnivore species, moderately polluted area

Year 4.069 3 1.356 3.976 0.009 1980>1991; 1980>1996

Error 48.440 142 0.341

Total 521.016 146

Carnivore species, lightly polluted area

Year 0.942 3 0.314 1.465 0.224

Error 66.863 312 0.214

Total 956.640 316

Herbivore species, severely polluted area

Year 4.155 3 1.385 24,174 <0.001 1996>1991

Error 50.995 890 0.057

Total 2497.278 894

Herbivore species, moderately polluted area

Year 4.923 3 1.641 30.136 <0.001 1991>1996

Error 4.847 89 0.054

Total 249.327 93

Herbivore species, lightly polluted area

Year 2.430 3 0.810 12.819 <0.001 not performed*

Error 4.423 70 0.063

Total 175.991 74

Mixed feeding species, severely polluted area

Year 51.720 3 17.240 72.583 <0.001 1980>1991; 19896,
1981>1996; 1991>1996

Error 580.979 2446  0.238

Total 8645.298 2450

Mixed feeding species, moderately polluted area

Year 1.447 3 0.482 9.555 <0.001 1980=1981=1991>1996

Error 11.713 232 0.050

Total 876.856 236

Mixed feeding species, lightly polluted area

Year 3.370 3 1.123 9.220 <0.001 1980=1981=1996>1991

Error 41.419 340 0.122

Total 1178.725 344

*too few individuals in 1980 and 1981



115

Discussion

The influence of matrix and edge species on theisparea relationship in forest fragments

The original Island Biogeography Theory (MacArti8uxVilson 1967) took into account size and
isolation, but not the change in habitat qualitgtffior example, occurs near edges. This would
have different consequences, depending on whepleeres avoid or are attracted to the specific
edge type. We evaluated whether considering tipscasvould modify or strengthen the expected
relationship between area and species richnedatitsoin our setting was not relevant, as all
fragments were relatively far from any potentiadysce” area (in our case, the Carpathian Moun-
tains).

The importance of edges has been recognized (BA895) but studies of forest frag-
ments are dominated by human-generated fragmepte(ider 2005) that are often without a natu-
ral edge, and a conceptual basis for edge studebéden lacking until recently (Ries & Sisk
2004). Our study clearly demonstrated the impattotfi generalist and edge species on the shape
and strength of the species-area relationshiprasfdragments.

Comparing our results to those dealing with plathisre were remarkable differences in
species composition by class. Among plants in Elblal's (1995) experiments, the share of gen-
eralist species is 23%, while in our material, 78%the species pool consisted of generalist spe-
cies. In our study, the number of forest specmbstd the number of edge preferring species were
nearly equal, indicating that the latter formedgmigicant component of the fauna.

In spite of these differences, our results corrateat, for an insect group and real habitat
islands, that the presence of generalist speciemeak the species richness- area relationship as
stated by Cook et al. (2002). The distinction betmveatrix and "island" species is warranted but
not entirely new. Several authors studying groueetlles (Bauer 1989; De Vries 1994; Magura et
al. 2001) emphasized that during the study of hakEtands, distinction should be made between
species that truly perceive the habitat fragmesitislands (and are unable to survive in the sur-
rounding matrix), and those that occur in bothftagment and the matrix.

Cook et al(2002) define “matrix” species as any species agugoutside their experi-
mental islands. This is a significant simplificatias the mere occurrence in a habitat, especrally i
mobile organisms, does not indicate ecologicaldittkthat habitat. There can be a significant
presence of "tourists” in arthropod assemblagew Nty & Missa 2000).

The removal of matrix species is expected to irewdhe strength of the relationship between spe-

cies richness and patch size (Cook et al. 2002)d&vigonstrated that after removing not only the
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generalist/matrix species, but also the edge pieéespecies (retaining only the forest species for
which the habitat fragments are islands), the gtreaf the species richness-area relationship in-
creased. Moreover, the negative relationship batwlee total species richness and the forest area
became positive.

Further, we demonstrated that the significanadb@®edge preferring species within the
fauna is related to the proportion of the edge tovehe total fragment area. The relationship be-
tween the proportion of edge-preferring speciesfeaginent size, logically, is a negative one: the
smaller the fragment, the more significant aredtige species in the fauna. Their species richness
or their density (Bender et al. 1998) can incre@be.area of the edge does not necessarily de-
crease with the decreasing fragment size, as @rdégpon the shape of the fragment, its area, and
the structure of the edge (Didham & Lawton 1999).

It is probable that the relationship between pat&fa and edge species is not a simple one.
Edge species require the presence of two habiittisferent structure and environmental condi-
tions that together form the special "edge" condgi(Ries & Sisk 2004). If the fragment is too
small, the presence of one of these habitat typesinner" one can be absent. A forest patch
needs to be of a minimum size to create condititrasacteristic for forest interior, and this is not
possible below a certain size. This minimum reqligize can vary, depending on geographic loca-
tion, habitat structure, or the age of the fragmantual figures for ground beetles can be 0.5 ha
(Mader 1984) to tens of hectares (Niemela 20019uinstudy, the smallest fragment was 41 ha
(Magura et al. 2001), sufficient for forest interi@bitat to exist.

In summary, we verified that not only the genetalfgecies, but also the edge-specialist species

can mask the relationship between species rictofesrabids and the area of habitat islands.

Collapsed assemblages in New Zealand

When compared to data from the Northern Hemisphleeeactivity density values in New Zealand
were very low. Typically, pitfall trap studies iornhern temperate forests result in catches one-two
orders of magnitude larger than ours (Thiele 19W&melé&et al. 1992). Another study near Wel-
lington, about 170 km south of our site, found 0-02195 beetles/trap-week (calculated from data
in Crisp et al. 1998). A similar difference betwddew Zealand and the Northern Hemisphere was
found for spider densities (Topping & Lovei 199&)though pitfall trap catches cannot be directly
related to density (Lovei & Sunderland 1996), wésy probable that ground beetle densities are
genuinely lower in New Zealand forests than in Entiabitats in the Northern Hemisphere.

With respect to the potential source area, botHlenfeagments had a ground beetle as-
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semblage that can only be described as “collap&ath were complete subsets of the supposed
source assemblage: no species was found that wasasent in the source area. The species num-
bers were very low, and the assemblages had losvgdiy. The smallest fragment had males only
of one and a singleton of another species preSentn out of the nine species forming the
‘source’ assemblage were short-winged or wingl€sstéllieri & Lovei, unpublished data), and
thus their power of dispersal was lower than tlidlying species. Based on laboratory observa-
tions, even large endemic ground beetle specieseskt be more sensitive to desiccation than
similar-sized northern temperate species (M. Qaetelpers. obs.

On a smaller scale (30 ha), Crisp et al. (1998) fland habitats with collapsed ground
beetle assemblages. However, these were on didtptbes (grazed, burnt, or invaded by non-
native plants) where drastic changes in environai@unditions could explain the collapse of the
original forest-living ground beetle assemblages|Cet al. (1998) concluded that there was a posi-
tive trend between the representation (percenp@cies) of native beetle species and native plant
species. This trend does not necessarily holdrfmurgl beetles in forest fragments: all our study
sites had predominantly native vegetation, wereeupdotection, suffered no disturbance and were
subject to (botanical) restoration efforts. Thaly kad a ‘collapsed’ ground beetle assemblage, so
botanical composition may not be the only crucetedminant of species richness of ground-active
native invertebrates.

New Zealand forests have been profoundly modifizaison 1988) and it may well be
impossible to reconstruct the 'original’ groundtleeassemblage (or any other animal assamblage).
What remains is possibly only a shadow of the fardieersity, but the main concern today should
be the continued survival of these species.

We believe that forest-living, endemic ground besth New Zealand may have very lim-
ited dispersal power, probably orders of magnitsiialler than their relatives in the Northern
Hemisphere have. Even though Keeble's Bush repeshére largest, botanically species-rich
remnant of the forest characteristic of the Manaveaea, and it was protected from disturbance,
its ground beetle assemblage contained only twoiepén sharp contrast to the potential species
richness, collected in a nearby ‘source’ area.rélasons for this can be manifold, but we suspect
that low dispersal power and, at least in KeelBrish, predation risk could be important. . Night-
active invertebrate species are at risk from manpredation, (Parmenter & MacMahon 1988).
Predator-naive invertebrates can be driven to etktin by rats and possums (Atkinson & Cameron
1993). Kiore Rattus exulandnd possumsTfichosurus vulpeculaare present in Keeble’'s Bush

(G. Lovei,pers. obs.
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The second patch, Atawhai Road, although smallphas carefully assembled to contain
a diverse array of trees characteristic of the,amaa an established stand with tall trees, and has
been kept free of possums and rats. Being in arbahisetting, it was surrounded with less inhos-
pitable habitats than pasture-surrounded KeeblashBFragment size could be responsible for
lack of diversity, but it did not seem to decretgal carabid activity density.

It is very probable that isolated fragments, esglcihose with introduced mammal popu-
lations, will quickly lose their ground- and nighttive invertebrates. Ground beetles are at risk
because they are relatively large, seem to havelispersal power, almost all of them are night-
active and sensitive to predation by introduced mafa. Relying on natural dispersal power does
not seem to be sufficient to keep native groundleégén the fragmented forest landscape . With-
out active intervention, even potentially suitalbéditat fragments will remain devoid of such spe-
cies, thus exacerbating conservation problemsvActianagement should include “dispersal man-
agement”, where beetles are relocated into unitdgbiut suitable fragments. This, paired with
predator control and vegetation restoration, twerafions that are now standard parts of conserva-
tion management in New Zealand, would bring sigaifit invertebrate conservation benefits with
little additional effort. However, the phenomenatdmented here is relevant for other fragmenta-

tion situations in other parts of the world.

The importance of data presentation and target argia biology in ecologial-theoretical interpre-
tations

Most of the support for the role of the increasipgcialisation hypothesis in the organisation of
ground beetle assemblages claimed by Braun 2@04] disappears when the biology (feeding
behaviour) of the species is properly taken intmaat.

Our analysis underlines the notion that taxonamits rarely correspond to ecological
units, and it is rarely justified to consider thamsuch. Considering the mean size of ground bee-
tles in general may give rise to a statisticalfade This is due to the oversimplified classifioat
of the family as predators. Considering naturaidnisis essential for the correct ecological inter-
pretation of patterns in nature. Carabids can coievdly be collected by a single method as most
of the species, at least in the northern tempeegfien (but not in the tropics, see Erwin 1979a),
have surface-active adults. Traditionally, caralbidge been considered predators, but even Thiele
(1977) stressed that this can be a misleading siogtion. Results published since the early 70s
fully support this suggestion (Lovei & Sunderlar@bé; Toft & Bilde 2002).
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Consequently, the approach followed by Braun.gR8l04) is of limited value, and is in
need of further development. The different feedimes of ground beetles should be considered
separately and our re-analysis demonstrated tisaintteed changed the time-carabid body size
relationship. It is ecologically more valid to cafexr the changes in size and the assumed resource
partitioning with at least the different feedingp&g separately. The assumptions of feeding catego-
ries are crucial, and future studies refining thesgegories (for example, the extent of carriomlfee
ing in carabids, which currently is not well undersl, Lovei & Sunderland 1996) might lead to
still different results.

A core figure in Braun et al. (2004) was recortd, to replace the bar graph with a
multi-panel conditioned dot-plot, which is a powegnihethod to identify the different size trends
(Cleveland 1994; Tufte 2003). This also allows préimg the time trends, the relationships of the
four sampling years correctly (they are not equafigrt from each other), and this representation
is preferable to the bar graph which treats thepedident variable as a categorical one while time
is not a categorical variable (Cleveland 1994). ibppate data presentation methods are essential
to provide a true impression of trends displayedheydata.

When seeking explanations for assemblage orgamisaingle-group studies can lead to
spurious results. In the case of carabids, spalisants should be considered, as they have a sig-
nificant impact on ground beetles (Thiele 1977; ¢it& Sunderland 1996).

A further, modulating influence on assemblage oiggtion is the permanence of species
in a habitat. Species presence is often taken aslaration that the species can find all its needs
and survive in the habitat. However, the preseficmo-resident species (termed tourists, transient
or occasional species) in ecological communitidesiguent (Magurran 2003). Such species do not
have sufficiently tight links to the habitat whdéoeind, and even though their ratio can be high
(Novotny & Missa 2000), they are not legitimate nibems of the local ecological community.
Considering all species captured at a locatiomt@gial components of that ecosystem is debat-
able. Species presence is not necessarily permamehtommunity organisation could be better
understood if permanent and transient specieslargified and separated (Magurran & Henderson
2003). The latter may have little explanatory powehe search for assembly and resource distri-
bution patterns (Magurran 2003). Size trends cbeldifferent also in this case if we could sepa-
rate permanent from temporary species in the ptesee - but this was not possible due to the

non-continuous sampling.
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CONCLUSION

In this section, analysis of theoretical aspecexiperiments with ground beetles showed that:

a) the matrix and edge of habitats (and specidenpirey such habitats) should be considered when
examining island-area relationships as they haggelpower in shaping the relationship;

b) animal assemblages in isolated habitat fragnmamettéess resilient than plants and are also more
difficult to manipulate. Unless specific measurestaken, faunas of isolated fragments (native
forest fragments in a pasture "matrix" in New Zadlawith high endemicity) may not recover

even if the plant assemblages (on which they ietlireely) are restored by human intervention;

¢) natural history is singificant and should belexy considered when invoking ecological theo-

ries to explain patterns in arthropod assemblagarosation.
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VI. Final thoughts. Ecology in an age of human donmation

At the start of my scientific career, humankind tiemed less than half of today’s. Even then, two
outstanding features were evident: that an incngasaffic in goods and people has profound con-
sequences on the Earth’s diversity through invasiand that human dominance set in motion a
new extinction wave, perhaps the largest is Eahistory. Here only a personal summary (Lovei
1997, Lovei 2007) of some of the most salient moae presented.

The fossil record indicates that the recent ekitinowvave, starting at around 40,000 years
ago, affecting terrestrial vertebrates was paraligi the arrival of modern humans to areas for-
merly uninhabited by them. Such “first contact egtions” are documented from North America,
Madagascar or New Zealand. On continents, largemaswere affected, while on islands, the
impacts were mainly felt by birds. Hunting, hab#tteration and the introduction of non-native
species have certainly contributed to extinctidmsnolluscs, birds and mammals, that went ex-
tinct since 1600 and have a known cause, 23% wasadiunting, 36% to habitat destruction, and
39% due to the introduction of exotic organismsr khowledge about extinctions is very incom-
plete, due to bias in research by taxonomy (veatelgroups are better studied), geography (north-
ern areas have received more attention), hab&aegtrial habitats are better known than marine
ones), biological reasons (certain groups do regifiae) and methodological problems (methods
of excavation and identification). Consequently,c&a only crudely estimate the current rate of
extinction but it is probably at least 100-1000d8vhigher than background extinction rates. It is
evident that we generated a new mass extinctiéectafg all species in all habitats, and, by the
time it has run its course, it will potentially paiss the previous five mass extinction eventsen th
history of Earth.

Invasions, recognised as one of the drivers ohetidn, are already a significant threat to
global biodiversity. While a 4% share of exoticghe South African flora already creates prob-
lems, many other areas, among them islands (NeVaZead0%) as well as continents (New York
State, North America: 36%) have much higher shdres.massive spread of organisms by humans
to other areas of the globe may increase localsiiye but will result in large losses in globabbi
diversity.In order to understand the danger that pan-mixfrigeEarth's fauna and flora signify,
let us consider a thought experiment in island édagaphy (Fig.6.1). Species richness on an is-
land is largely determined by its area: the latherarea, the more species the island contains. The
same applies for continents. For example, mamneliep richness is related to the size of the in-

dividual continents. The resulting correlation alfoto extrapolate the global species richness. A
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supercontinent, with an area equal to the totalaing on Earth would support about 2,000 mam-
mal species. Currently, there are about 4,200 mdrspezies. Therefore geographical isolation
allowed evolution to generate nearly twice the biersity that could otherwise, on the basis of
habitat area alone, be expected. As today humastesdsnvasion is becoming a more and more
prevalent biogeographic phenomenon, the individoatinents are more and more like one super-
continent. It is not surprising that more extinos are predicted, with possibly catastrophic con-

sequences for biodiversity.

I_@
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Figure6.1. A “species richness vs area” curve for mammalse mhmber of species on a conti-
nent is tightly correlated with the size of the tioent, but extrapolating that relation to the land
area of Earth yields less than half the total numifespecies that actually occur on these conti-
nents. Much of the global diversity of mammaliaecégs is due to the isolation of separate biotic
regions.

An important paradigm shift in ecology occurredamtly: the realisation that human influ-
ence is so pervasive that the most urgent taskfind the conditions of sustained functioning of
ecological systems, especially those under heamahunfluence. The theoretical background to
this is provided by the concept of ecosystem sesv{Daily 1999). To put it simply, | consider the
most important scientific problem in ecology toahtdetailed knowledge about the condition,
functioning, intensity, and vulnerability of ecom services, and what needs to be done to pre-

vent their substantial damage?
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The future activities in entomology and ecologyl b€ played out against these large
trends. In this final chapter | shall briefly comiglate how could the study of ground beetles con-
tribute to these goals?

The late Pal Juhasz-Nagy suggested that the sc@riecology” should be divided to two
important sub-disciplines: one he called “synphéology”, which describes the phenomena and
patterns in nature, and the “ecolansu strictothat seeks the causal explanations creating these
phenomena and patterns (Juhasz-Nagy 1986). Ecobogyot further develop without cultivating
synphenobiology. We need to know how to realisecdee, characterise and interpret patterns and
their changes. This is of prime importance fromracpcal point of view, for example for the al-
ready-ubiquitous monitoring. Carabidologists sharddsider the further cultivation of synpheno-
biology as an important obligation.

Further, it is urgent to realise that the disimttbetween “theoretical” and “applied” ecol-
ogy has no basis whatsoever. This is no great teeslleagues exposed to the thinking behind
the agroecology project initiated at the Plant &tibn Institute in the late 1970ies. The recently
increasing acceptance of this point, alas, is mtrésult of global ecological enlightening, bug th
immeasurable (or rather, measurably large) mutiilbn of the human race, and the resulting
large impact on all ecosystems. There is virtuadiyecosystem left untouched by humans — there
is thus no place where an ecologist could go t dint “the works of nature”, and ecosystem in
“optimal condition”, from which to deduce princigléor managing other ecosystems. The study of
human-influenced habitats has gained acceptangartef “ecology true and proper”.

Further study of ground beetles lend themselvélseainderstanding and clarification of
several important ecological phenomena:

One is the interaction of different ecologicalteyss, for example the interactions of be-
low-- and above-ground organisms and communitiesu@ beetles have soil-dwelling larvae and
soil-surface active adults (in the tropics the tlafe also in the canopy), and thus could be an im
portant link between these two habitats.

With the increasingly sophisticated data colleg®#guipments and computer power en-
ables us to collect, organise, and evaluate largauats of complex data, for example multi-
layered digital maps. This triggered the developragd current flourishing of landscape ecology.
Ground beetles have already played a prominenimdlee maturation of this field (see for exam-
ple Baudry and co-workers’ activity in France) hesmathey form a group that can be handled and

collected easily. Extending such studies to otlaetspof the globe would bring exciting results.
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Another important research area is connecteddsystem services. So far the emphasis
was on pattern description, assuming that thesdédnmurectly represent the importance and in-
tensity of such functions. For example, ground ledetr predator) density was described in differ-
ent fields, and a higher beetle density impliechbigevel of biological control. This is not neces-
sarily so. The development of the ecological mesherhbles us to examine and measure these
functions even under field conditions. It can ahdwd be measured how much do ground beetles
contribute to ecological services such as bioldgioatrol, decomposition, or nutrient cycling.

Important and incompletely answered is the quesiidhe role, possibilities and limita-
tions of ground beetles in ecological indicatiomcArding to the general indication principle (Pal
Juhasz-Nagy 1986), every organism is an indic&ovund beetles have been popular in such ap-
plications for methodological reasons already noerad earlier. The importance of "bioindication”
will not decrease, at least not in the near futcaeabidologists could be in the forefront to dssis
the maturation of the use of arthropods in envirental indication and monitoring.

| have always held the conviction that ecologyHE most important and interesting sci-
ence in our time. | am also convinced that morerante people realise that this is actually true —
against a background that ecological analphabesisntreasingly dangerous for humankind. The
future of ecology as a "necessary science" is theyeecure — our future depends on developing
an ecologically-based world view and act on it. Shience is not lacking in interesting problems —
even though it is lacking the means (among whikhrfcial is not the least) to tackle them - and
this is especially so in Hungary. The future isywbwer, bright. Until the arrival of the bright fu-
ture, writer Istvan Orkeny suggests in his shantystLook into the future with optimism™: "...for
those few hundred years we just have to hang onivéChave to act to shorten that period. | feel

we really have to act — time, especially if sperthwbusiness as usual” - is not on our side.



125

ACKNOWLEDGEMENTS

The studies presented in this Thesis were donh,thé support of many colleagues, who helped
me during my career in many ways: giving me ingjura teaching new methods, collaborating on
different projects, and commenting on my manussyiphave often benefited from their hospital-
ity and enjoyed their friendship. | am gratefulbtbof them, especially to:

David Andow, Salvatore Arpaia, Klara Balazs, ZsuBsrddcz, Zsuzsa Basky, Nick Birch, Steve
Bowra, Pietro Brandmayr, Henrik Broodsgaard, Val@&@town, Libby Burgess, Marc Cartellieri, John Ghri
teller, Hanne-Brigitte Christiansen, Lene Chrissiem, Tibor Csérg Béla Darvas , Piet den Boer, Chris De-
vine, Zoltan Elek, Matthias Engaard, Judit Fazekaszl6 Gallé, Heather Gatehouse, Lawrence Gatehous
Gabor Gergely, Leszek Grum, Jian-ying Guo, Angetildbeck, David Hodgson, Niels Holst, Erzsébet Hor-
nung, Andy Howe, Jagrgen Jakobsen, Gabor Jensew, Jédomy, Jgrgen B. Jespersen, Helene B. Jgrgensen,
Attila Kadar, Ferenc Kadar, Ferenc Kozar, David bam, John H. Lawton, Bao-rong Lu, Yael Lubin, Tibo
Magura, Louise Malone, Barbara Manachini, Mary Mo®adge, Zoltan Mészaros, Laszlé Moczar, Irene
W. Nielsen, Steen L. Nielsen, Laszl6 Papp, Davidr®en, Lorenzo Penna, Valeria Pulieri, Arpad Plszta
Paul H.S. Reynolds, Ferenc Samu, Maria Sapia, Mi@rospataki, Agnes Sisak, Nigel E. Stork, lan
Stringer, Keith D. Sunderland, the late Laszl6 8gdllarzsé, Ferenc Szentkiralyi, GAbot&z, Jan
Szyszko, Sgren Toft, Chris Topping, Béla TéthmérEsmenegildo Tremblay, Evelyn Underwood, Theo
van Dijk, Erika Varga, Gabor Vida, Ferenc Vilisi€&sja Vincze, Fang-hao Wan, Tullia Zetto, Guifen @ipa

| especially thank my former teacher, Dr. Zsigm&itbok, whose humanity and high pro-
fessional standards, and my family, whose patiesrwepuragement and support have been impor-
tant during my career. | started to work with grduneetles at the Department of Zoology of the
Plant Protection Institute, Budapest. | fondly rember my former colleagues, the scientific spirit
and companionship experienced there, and consigeglfrfortunate that we remained in contact
throughout my years abroad.

My projects were supported by a number of orgdiniss: the Plant Protection Institute of
the Hungarian Academy of Sciences (partly throug® grants), Massey University (New Zea-
land), The Prince of Wales Trust, The British Calyfidhe New Zealand Entomological Society,
The New Zealand Lottery Board, The British EcolagiBociety, AgResearch and HortResearch
Institutes of New Zealand, The New Zealand MinistiyResearch, Science and Technology, the
Danish Institute of Agricultural Sciences (currgntUniversity of Aarhus, Faculty of Agricultural
Sciences), the Danish International School of Biediity Sciences, the Danish Science Founda-
tion, the Domus Hungarica Foundation, the Univ;zrtsitArhus, and the Sorg Akademi Stiftelse. |

am thankful for their support.



126

References cited

Alaruikka D, Kotze DJ, Matveinen K, Niemela J 20Q&rabid beetle and spider assemblages
along a forested urban-rural gradient in Southénfaid J Ins Cons, 195-206.

Alderweireldt M, Desender K 1990. Variation of daichdiel activity patterns in pastures and cul-
tivated fields. In: Stork NE, (edTlheRole of Ground Beetles in Ecological and Environ-
mental Studiedntercept,Andover, pp. 335-338.

Allen RT 1979. The occurrence and importance otigdobeetles in agricultural and surrounding
habitats. In: Erwin TL, Ball GE, Whitehead DL, Halp AL, (eds.)Carabid Beetles: Their
Evolution, Natural History and Classificatiodunk,The Hague, pp. 485-507.

Allison A, Samuelson GA, Miller SE 1997. Patterrideetle species diversity {Dastanopsis
acuminatissimdrees studied with canopy fogging in mid-montanevN&uinea rain forest.
In: Stork NE, Adis JA, Didham RK (eds@anopy arthropodsChapman & Hall, London,
pp. 222-234.

Andersen J, Skorping A 1991. Parasites of carabadlés: prevalence depends on habitat selection
of the hostCan J Zool69, 1216-1220.

Anthrop M 2000. Changing patterns in the urbanizeghtryside of Western Eurofdeandscape
Ecol 15, 257-270.

As S 1999. Invasion of matrix species in small tattpatchesConserv. Ecolonline] 3(1), 1.
http://www.consecol.org/vol3/issl/artl (accessadly 2005)

Ashouri A, Overney S, Michaud D, Cloutier C 1998n€&ss and feeding are affected in the two-
spotted stinkbugRerillus bioculatusby the cysteine proteinase inhibitor, Oryzacystht
Arch Ins Biochem Physi@8, 74-83.

Atkinson IAE, Cameron EK 1993. Human influence be terrestrial biota and biotic communities
of New ZealandTrends Ecol Evo8, 447-451.

Aukema B 1991. Fecundity in relation to wing-mougdtthree closely related species of the
melanocephalugroup of the genu€alathus(Coleoptera: Carabidagpecologia87, 118-
126.

Baars MA 1980. Patterns of movement of radioaatamabid beetle®ecologiad4, 125-140.

Baars MA, van Dijk TS 1984. Population dynamicsved carabid beetles at a dutch heathland. 1.
Egg production and survival in relation to densityAnim Ecob3, 389-400

Baldi A, Kisbenedek T. 1999. Species-specific distion of reed-nesting passerine birds across
reed-bed edges: effects of spatial scale and gggeActa Zool Acad Sci Hurgp, 97-114.

Balmford A, Bond W 2005. Trends in the state oinatand their implications for human well-
being.Ecol Lett8, 1218-1234

Bangsholt F 1983Sandspringernes og lgbebillernes udbredelse okdéonst i Danmark ca. 1830-
1981 Dansk Faunistic Bibliotek, vol. 4. Scandinavianiedce Press, Copenhagen, Denmark.

Barber HS 1931. Traps for cave-inhabiting insett. Mitchell Sci Sod6, 259-266.

Barker GM 1991. Biology of slugs (Agrolimacidae akgrionidae: Mollusca) in New Zealand hill
country pasture®ecologia85, 581-595.



127

Bauer LJ 1989. Moorland beetle communities on limas ‘habitat islands'. I. isolation, invasion
and local species diversity in carabids and stapialgl. J Anim Ecob8, 1077-1098.

Bauer T 1979. The behavioural strategy used by anzengl larva oNotiophilus biguttatus-.
{Coleoptera, Carabidae) in hunting Collembola.dan Boer PJ, Thiele H-U, Weber F, (eds.)
On the evolution of behaviour in carabid beetMgsc Pap Agric Univ Wageningelr8, 133-
142.

Bauer T 1986. How to capture spring-tails an thesswface. The method &foricera pilicomisF.
In: den Boer PJ, Grim L, Szyszko J, (e#fe¢ding BehaviouandAccessibility of Food for
Carabid BeetlesWarsaw Agric. Univ. Press,Warsaw, pp. 43-48.

Bauer T, Kredler M 1993. Morphology of she compoeyds as an indicator of life-style in
carabid beetleCan J. Zool.71, 799-810.

Bell H, Fitches EC, Down R, Ford L, Marris G, Eddsid, Gatehouse JA, Gatehouse AMR 2001.
The effect of dietary cowpea trypsin inhibitor (Gp®n the growth and development of the
tomato moth_acanobia oleracedlLepidoptera: Noctuidae) and on the success ofjitbgari-
ous ectoparasitoidtulophus pennicornifHymenoptera: Eulophidadfest Manage Sé&?7,
57-65.

Bender DJ, Contreras TA, Fahrig L 1998. Habitas lasd population decline: A meta-analysis of
the patch size effedEcology79, 517-533.

Berim NG, Novikov NV 1983. Feeding specialisatidrgoound beetleZasch. Rast1983(7), 18
(in Russian).

Bernays EA, Bright KL, Gonzalez N, Angel J 1994efary mixing in a generalist herbivore: tests
of two hypothese$cology75, 1997-2006.

Bilde T, Toft S 1995. Prey preference and egg pcoda of the carabid beetlkgonum dorsale
Entomol Exp Appfr3, 151- 156.

Bilde T, Toft S 1999. Prey consumption and fecunditthe carabid beetl€alathus melancepha-
lus on diets of three cereal aphids: high consumptes of low-quality preyPedobiologia
43, 422-429.

Blair RB 2004. The effects of urban sprawl on biatisnultiple levels of biological organization.
Ecol. Soc9(5),[online] http://www.ecologyandsociety.orgl®tiss5/art2

Blake S, Foster GN, Eyre MD, Luff ML 1994. EffecEhabitat type and grassland management
practices on the body site distribution of cardimétlesPedobiologia38, 502-512.

Bolund P, Hunhammar S 1999. Ecosystem servicedsmnuareasEcol Econ29, 293-301.

Brandmayr PZetto-Brandmayr T 1979. The evolution of parentakgohenomena in Pterostichine
ground beetles with special reference to the geflesxandMolops(Col. Carabidae). In:
den Boer PJ, Thiele H-U, Weber F, (ed3i the evolution of behaviour in carabid beetles
Misc PapAgric Univ Wageninge8, 35-49.

Braun SD, Jones TH, Perner J 2004. Shifting avelbagy size during regeneration after pollution
- a case study using ground beetle assembl&ages Entomol29, 543-554.

Britton, E. B. 1940: The Carabidae (Coleoptera)efv Zealand, Part I: Pterostichifliransac-
tions of the Royal Society of New Zealand4¥3-508.

Brown JH 1995Macroecology University of Chicago Press, Chicago, USA.



128

Brunsting A, Heessen HJL 1984. Density regulatiothie carabid beetlterostichus oblon-
gopunctatus. J. Anim. Ecd&3, 751-760.

Brunsting A, Siepel H, van Schaik Zillesen PG. 19B6e role of larvae in the population ecology
of Carabidae. In: den Boer PJ, Luff ML, MossakowBkWeber F, (edsiCarabid Beetles.
Their Adaptation and DynamicBischer Verlag, Stuttgart/New York, pp. 399-411.

Burakowski B 1986. The life cycle and food prefa®iofAgonum quadripunctatue Geer).
In: den Boer PJ, Grum L, Szyszko J, (eéfe¢ding Behaviour andccessibility of Food for
Carabid Beetleswarsaw Agric Univ Press, Warsaw, pp. 35-39

Burgess AF 1911Calosoma syaphantacits life history, behaviour and successful colotiain
New EnglandUS Dep. Agric. Bur. Entomol. Bull. 101.

Burgess EPJ, Lovei GL, Malone L, Nielsen IW, GatedeHS, Christeller JT 2002. Tri-trophic
effects of the protease inhibitor aprotinin on pinedatory carabid beetidebria brevicollis J
Ins Physiol8, 1093-1101.

Butcher MR, Emberson RM 1981. Aspects of the biploficarabid beetles of Ahuriri Bush
Scenic Reserve, Banks Peninsiiauri Ora 9, 59-70.

Butterfield JEL 1986. Changes in life-cycle stragsgofCarabus problematicusver a range of
altitudes in Northern Englané&col. Entomol11, 17-26.

Calow P 1979. The cost of reproduction - a physjigial approachBiol Revs4, 23-40.

Cartellieri M, Lovei GL 2003. Seasonal dynamics agproductive phenology of ground beetles
(Coleoptera, Carabidae) in fragments of nativedbirethe Manawatu, North Island, New
ZealandN Z J Zool30, 31-42.

Chiverton PA 1988. Searching behaviour and cergalaconsumption bidembidion lamproand
Pterostichus cupreus) relation to temperature and prey dendigtomol Exp App#7, 173-
182.

Chiverton PA, Sotherton NW 1991. The effects orefieral arthropods of the exclusion of herbi-
cides from cereal crop edgdsAppl Ecol28, 1027-1039;

Churchfield JS, Hollier J, Brown VK 1991. The efteof small mammal predators on grassland
invertebrates, investigated by field exclosure expent. Oikos60, 283-296.

Cleveland WC 1994The elements of graphing datdobart Press, USA.

Cohen AC 1995. Extraoral digestion in predaceousséial ArthropodaAnnu. RevEntomol.40,
85-103.

Colombini I, Chelazzi L, Scapini F 1994. Solar daldscape cues as orientation mechanisms in
the beach-dwelling beetteurynebria complanatéColeoptera, Carabidaélar Biol 118,
425-432.

Connell JH 1978. Diversity in tropical rain foresisd coral reefsSciencel 99, 1302-1310.

Conway G, Toenniessen G 1999. Feeding the worldenwenty-first centuryNature402,
(Suppl.) C55-C58.

Cook WM, Lane KT, Foster BL, Holt RD 2002. Islatakbry, matrix effects and species richness
patterns in habitat fragmentscol. Lett.5, 619-623.

Coombes DS, Sotherton NW 1986. The dispersal astdldition of polyphagous predatory Col-
eoptera in cerealé\nn Appl Biol108, 461-474;



129

Cornic JF 1973. Etude du régime alimentaire de &espéces de carabiques at de ses variations en
verger de pomierginn Soc Entomol F9, 69-87.

Cresswell M, Veitch D (Compilers) 1994. Threatetedestrial insects: a workshop to advance
conservationThreatened Species Occasional PIN©.6. Wellington, N.Z.: New Zealand
Department of Conservation.

Crisp PN, Dickinson KJM, Gibbs GW 1998. Does natiweertebrate diversity reflect native plant
diversity? A case study from New Zealand and ingtlans for conservatiofgiol. Cons.83,
209-220.

Crook NE, Sunderland KD 1984. Detection of aphma#s in predatory insects and spiders by
ELISA. Ann. Appl.Biol105, 413-422.

Crowson RA 1981. ThBiology of the Coleopteracademic,London.
Csikszentmihalyi M 1997Creativity. Harper Perennial, New York, USA.

Daily GC 1999 Developing a scientific basis for ragimg Earth's life support systen®ons Ecol
3(2), 14. [online] URL:_http://www.consecol.org/\8dlss2/art14

Darlington PJ 1943. Carabidae of mountains anddsladata on the evolution of isolated faunas,
and atrophy of wing€EcolMonogr13, 37-61.

Daugherty CH, Gibbs GW, Hitchmough RA 1993. Medarid or micro-continent? New Zealand
and its faunalrends Ecol EvoB, 437—442.

Daugherty CH, Towns DR, Atkinson IAE, Gibbs GW 19%@e significance of the biological re-
sources of New Zealand islands for ecological rastm. In: Towns DR, Daugherty CH, At-
kinson IAE (eds)cological Restoration of New Zealand Islan@snservation Sciences
Publications, No.2. Wellington, N.Z.: DepartmentQinservation,

Davies L 1987. Long adult life, low reproductiordacompetition in twesub-Antarctic carabid
beetlesEcol Entomoll2, 149-162.

Dawson J 198&-orest vines to snow tussoskctoria University Press,Wellington, N.Z.

De Angelis DL, Goldstein Ra, O'Neill RV 1975. A meddor trophic interactionEcology56, 881-
892.

de Ruiter PC, van Stralen MR, van Euwijk FA, SlobB¢daux JJM, Ernsting 89. Effects of
hunger and prey traces on the search activityeptledatory beetldotiophilus biguttatus.
Entomol Exp Appbl, 87-95.

de Vries HH 1994. Size of habitat , presence ofigdobeetle species. In: Desender K, Dufréne M,
Loreau M, Luff, ML, Maelfait, J-P (edsl;arabid beetles: ecology and evolutidtuwer
Academic Publishers, Dordrecht. pp. 253-259.

de Vries HH, den Boer PJ 1990. Survival of popalsgiofAgonum criceriPanz. (Col., Carabidae)
in relation to fragmentation of habitatéeth J ZoolK0, 484-498.

DEFRA - Department for Environment, Food and Ré&hirs. 2007. e-digest of statistics. Land
use and land coventtp://www.defra.gov.uk/environment/statistics/I&uidkfO8.htm(ac-
cessed 31 December 2007)

Deleurance S, Deleurance EP 1964. Reproductioyctt evolutif larvaire des\phenops (A. cer-
berusDieck, A. crypticolaLinder) insectes Coleopteres cavernico@sR. Acad Sci. Paris
258, 4369-4370.



130

den Boer PJ. 1970. On the significance of dispgraader for populations of carabid beetles (Col-
eoptera, Carabidaeecologiad, 1-28

den Boer PJ. 197Dispersal power and survival. Carabids in a culédacountryside (with a
mathematical appendix by J. Reddingilisc Pap Landbouwhogesch Wageningdn1-
190.

den Boer PJ 1987. On the turnover of carabid pdipalsiin changing environmentcta Phytho-
pathol Entomol Hun@?2, 71-83.

den Boer PJ 2002. Carabid beetles, a master madebpulation dynamics. In: Szyszko J (ed.)
How to protect or what we know about carabid beetféarsaw Agricultural University
Press, Warsaw, pp. 345- 376.

den Boer PJ, den Boer-Daanje W 1900.life history tactics in carabid beetles: Arerehenly
spring and autumn breeders? In: Stork NE, (ed&,Rdie of Ground Beetles in Ecological
and Environmental Studieitercept, Andover; pp. 247-258.

den Boer PJ, van Huizen THP, den Boer-Daanje WeM#kB, den Bieman CFM 1980. Wing
polymorphism and dimorphism as stages in an ewwoiaty process (Coleoptera, Carabidae).
Entomol Gerb, 107-134.

Deng D-A, Li B-Q 1981. Collecting ground beetlesfabidae) in baited pitfall trapsisect
Knowledgel 8, 205-207. (In Chinese)

Dennison DF, Hodkinson ID 1984. Structure of thedatory beetle community in a woodland soil
ecosystem. V. Summary and conclusidfsdobiologia?6, 171-177.

Desender K 1983. Ecological data@livina fossor(Coleoptera, Carabidae) from a pasture eco-
system. 1. Adult and larval abundance, seasonatamdal activity.Pedobiologia25,
157-167.

Desender K 2005. Theory versus reality: a reviewhenecological and population genetic effects
of forest fragmentation on wild organisms, witheanphasis on ground beetles. In: Lovei
GL, Toft S (edsEuropean Carabidology 2003. DIAS Repbi#, 49-72.

Desender K, Maelfait J-P, D'Hulster M, Vanherck&981. Ecological and faunal studies on Col-
eoptera in agricultural land. I. Seasonal occureafdCarabidae in the grassy edge of a pas-
ture.Pedobiologia22, 379-84.

Desender K, van den Broeck D, Maelfait J-P 198%ufadion biology and reproduction Rteros-
tichus melanariudll. (Coleoptera, Carabidae) from a heavily grapadture ecosysteriled
Foc Landbouwwet Rijksuniv Ges, 567-575.

Devine CD 1997. Some aspects of behaviour and ggahothe land snaiPowelliphanta traversi
traversiPowell (Rhytididae: Rytidinae). Unpublished MSc $ise Massey University, Palm-
erston North, N.Z 142 pp.

Didham RK, Lawton JH 1999. Edge structure detersthe magnitude of changes in microcli-
mate and vegetation structure in tropical foresgifinentsBiotropica 31, 17-30.

Digweed SC, Currie CR, Carcamo HA, Spence JR 1B&fsing out the “digging-in effect” of
pitfall traps: Influences of depletion and disturba on catches of ground beetles (Coleop-
tera: Carabidaeedobiologia39, 561-576.

Dufréne M, Legendre P 1997 Species assemblagesdiodtor species: the need for a flexible
asymmetrical approackcol Monog67, 345-366.



131

Elek Z, Lovei GL 2005Ground beetle (Coleoptera, Carabidae) assembidgeg an urbanisation
gradient near Sorg, Zealand, Denmé&mktomol Medd’3, 115-121.

Elek Z, Lovei GL 2007 Patterns in ground beetleléGptera: Carabidae) assemblages along an
urbanisation gradient in Denmavkcta Oecol32, 104-111.

Erbeling L 1987. Thermal ecology of the desert barheetleThermophilum (Anthia) sexmacula-
tumF. (Coleoptera, Carabidaé)cta Phytopathol Entomol Hurg®, 119-133.

Erwin TL 1979a. Thoughts on the evolutionary higtof ground beetles: hypotheses generated
from comparative faunal analysis of lowland forgtts in temperate and tropical regions, In:
Erwin TL, Ball GE, Whitehead DL, Halpern AL, (ed€arabid Beetles: Their Evolution,
Natural History and Classificatiounk,The Hague, pp. 539-592.

Erwin TL 1979b. A review of the natural history agexblution of ectoparasitoid relationships in
carabid beetles. In: Erwin TL, Ball GE, Whiteheald, Blalpern AL, (eds.Carabid Beetles:
Their Evolution, Natural History and Classificatiailunk, The Hague, pp, 479-484.

Erwin TL 1985. The taxon pulse: a general pattéiimeage radiation and extinction among
carabid beetles. In: Ball GE (edllaxonomy, Phylogeny and Zoogeography of Beetles and
AntsJunk, The Hague, pp. 437-472..

Erwin TL, Adis J 1982. Amazonian inundation foresteir role as short-term refuges and genera-
tors of species richness and taxon pulses. In.cér@n(ed.Biological Diversification in the
Tropics, Columbia Univ. Press, , New York, pp. 358-371.

Eubanks MD, Denno RF 2000. Health food versusftast: The effects of prey quality and mobil-
ity on prey selection by a generalist predator iaddect interactions among prey species.
Ecol EntomoR5, 140-146.

Evans AV, Bellamy CL 1996An inordinate fondness for beetlétenry Holt, New York

Evans MEG 1977. Locomotion in the Coleoptera Adgphaspecially Carabida&Zool181,
189-226.

Evans MEG 1986. Carabid locomotor habits and atiapta In: den Boer PJ, Luff ML,
Mossakowski D, Weber F, (ed€prabid Beetles. Their Adaptation and Dynantcscher
Verlag, Stuttgart/New York, pp. 59-77.

Evans WG 1988. Chemically mediated habitat recagnin shore insects (Coleoptera: Carabidae;
Hemiptera: Saldidae). Chem Ecol4, 1441-1454.

Ewers RM, Didham R 2006. Confounding factors indeéection of species responses to habitat
fragmentationBiol Rev81, 117-142.

Eyre MD 1994. Strategic explanations of carabiccggsedistributions in northern England. In: De-
sender K, Dufrene M, Loreau M, Cuff ML, MaelfaiP]J-edsCarabid Beetles: Ecology and
Evolution. Kluwer Academic, Dordrecht, pp. 267-275.

Faragalla AA, Adam EE 1985. Pitfall trapping ofédnionid and carabid beetles (Coleoptera) in
different habitats of the central region of Saudadia.Z Angew Entomd9, 466-471.

Fazekas JP, Kadar F, Sarospataki M, Lovei GL 188d@sonal activity, age structure and egg pro-
duction of the ground beetfnisodactylus signatuy€oleoptera, Carabidae) in HungaEur
J Entomol94, 485-494.



132

Fazekas JP, Kadar F, Sarospataki M, Lévei GL 1888sonal activity and reproduction in the
spring breeding groundbeetle spede®num dorsalendBrachinus explodens Hungary
(Coleoptera, Carabidadgntomol Ger23, 259—-269.

Felton GW, Gatehouse JA 1996. Antinutritive plasftesthce mechanisms. In: Lehane MJ,
Billingsley PF (eds.)Biology of the Insect Midgu€Chapman & Hall, London, pp. 373-416.

Forbes SA 1883. The food relations of the Carab@habthe Coccinellida®&ull Il State Lab Nat
Hist 1, 33-64.

Freeland WJ 1983. Parasites and the coexisteramgirofl host speciedm Natl21, 223-236

Freude H, Harde KW, Lohse GA 197T8ie Kaefer Mitteleuropas. Band 2, Adephag&sbecke &
Evers, Krefeld.

Gascon C, Lovejoy TE 1998. Ecological impacts oé$b fragmentation in central Amazoriano
Anal Complex Sy%01, 273-280.

Gatehouse JA, Hilder VA, Gatehouse AMR 1991. Geraigineering of plants for insect resis-
tance. In: Grierson D (edPBJant Genetic EngineeringChapman and Hall, New York, pp.
105-135.

Gaublomme E, Dhuywetter H, Verdyck P, Desender 852&ffects of urbanisation on carabid
beetles in old beech foresBIAS Reportl14, 111-123.

Gergely G, Lovei GL 1987. Phenology and reproductibthe ground beetleolichus halensisn
maize fields: a preliminary repocta Phytopathol Entomol Hurp, 357—-361.

Gould F 1998. Sustainability of transgenic insedtitcultivars: integrating pest genetics and
ecology.Annu Rev Entomdl3, 701-726.

Gray JS 1987. Species-abundance patterns. In: @ReGiller PS (eds)Prganization of commu-
nities, past and preserBlackwell Sci Publ, Oxford, UK, pp. 53-67.

Gray JS 1989. Effects of environmental stress eaisp rich assemblagdgiol J Linn So37, 19-
32.

Greenslade PJM 1963. Daily rhythm of locomotoryvatgtin some Carabidae (Coleopter&n-
tomol Exp Appb, 171-180.

Griffiths E, Wratten SD, Vickerman GP 1985. Forapby the carabidagonum dorsalén the
field. Ecol Entomoll0, 181-189;

Grime JP 1977. Evidence for the existence of thrameary strategies in plants and its relevance to
ecological and evolutionary theom Natl11l, 1169-1194.

Grim L 1973. Egg production of some Carabidae sgeBull Acad Pol Sci, Ser Sci Bial,
261-268;

Grum L 1984. Carabid fecundity as affected by esta and intrinsic factor®ecologia65, 114-
121; .

Gruttke H, Kornacker PM 1995 The development ogeju fauna in new hedges - a comparison
of spatial and temporal trendsandsc Urban Plar81, 217-231.

Haeck J 1971. The immigration and settlement ofllida in the new IJsselmeerpolders. In: den
Boer PJ. (ed.) Dispersal and dispersal power amdratbid beetleMisc Pap
Landbouwhogesch Wagening&n33-52.



133

Hails R S 2002. Assessing the risks associatedneithagricultural practicedlature418, 685-
688.

Halsall NB, Wratten SD. 1988. The efficiency offgiit trapping for polyphagous predatory
CarabidaeEcol Entomoll3, 293-299.

Hansen JE, New TR 2005. Use of barrier pitfall srtgmenhance inventory surveys of epigaeic
Coleopterad Ins Con®, 131-136.

Harris, L.D. 1984The fragmented forest: Island Biogeography andatteservation of biotic di-
versity University of Chicago Press, Chicago, IL, U.S.A.

Hassell MP1978.The Dynamics oArthropod Prey-Predator Systeniinceton Univ Press,
Princeton.

Heessen H J L 1980. Egg productiorPtérostichus oblongopunctat@Babricius) (Col.,
Carabidae) anBhilonthus decorugGravenhorst) (Col., Staphylinida&yeth J ZooB0, 35-
53.

Heessen HJL 1981. Egg mortality?n oblongopunctatugColeoptera, Carabidae)ecologiasO,
233-235

Heliovaara K, Vaisanen R 1998sects andPollution. CRC PressBoca Raton.

Hengeveld R. 1980a. Food specialization in growetlbs: an ecological or a phylogenetic proc-
ess? (Coleoptera, Carabidag®th J ZooB0, 585-594

Hengeveld R. 1980b. Polyphagy, oligophagy and &metialisation in ground beetles (Coleop-
tera, CarabidaeNeth J ZooB0, 564-584.

Hobbs RJ 2001. Synergisms among habitat fragmentdivestock grazing, and biotic invasions
in southwestern Australi&onserv Bioll5, 1522-1528.

Hockmann P, Schlomberg P, Wallin H, Weber F 1983v&ungsmuster und Orientierung des
LaufkafersCarabus auronitens einem westfalischen Eichen-Hahnbuchen-Wald @rad
beobachtungen und Riuckfangexperimeribh Westfal Mus Naturkl,1-71.

Hokkanen H, Holopainen JK 1986. Carabid speciesaatidity densities in biologically and con-
ventionally managed cabbage fieldsAppl Ent102,353-363;

Holland MM, Risser PG, Naiman RJ 19%kotones. The Role of Landscape Boundaries in the
Management and Restoration of Changing Environm@hegoman and Hall, London.

Holt RD, Robinson GR, Gaines MS 1995. Vegetatiomagyics in an experimentally fragmented
landscapeEcology76, 1610-1624.

Horne PA 1990. Parental careNlotonomusChaudoir (Coleoptera: Carabidae: Pterostichinae).
Aus Entomol Mad 7, 65-69

Horvatovich S, Szarukan 1 1981. Contribution ail@ldgie et morphologie des especes hon-
groises du genrAnisodactyludejean (Coleoptera: Carabida#nus Pannonius Muz Evk
26, 13-17.

Horvatovich S, Szarukan |1 1986. Faunal investigabbground beetles (Carabidae) in the ar-
able soils of Hungarycta Agron Hun@g5, 107-123.

Houston WWK 1981. The life cycles and ageCafrabus glabratu®aykull and Cproblematicus
Herbst. (Col.: Carabidae) on moorland in northengl&nd.Ecol Entomob, 263-271.



134

Hirka K 1986. The developmental type of Carabidabéntemperate zones as a taxonomic char-
acter. In: den Boer PJ, Luff ML, Mossakowski D, @eF, (eds.Carabid Beetles. Their Ad-
aptation and Dynamicssischer Verlag,Stuttgart/New York, pp. 187-193

Hirka K 1996.Carabidae of the Czech and Slovak RepubKedbourek, Zlin, Czech Republic.

Hurlbert SH 1971. The non-concept of species diyerscritique and alternative parameters.
Ecology52, 577-586.

Ishitani M, Kotze DJ, Niemel& J 2003. Changes ialoia beetle assemblages across an urban-
rural gradient in Japakcography26, 481-489.

Jaspar-Versali MF, Goffinet G, JeuniauXl@87. The digestive system of adult carabid beedlies
ultrastructural and histoenzymological stullgta Phytopathol Entomol Hurfp, 375-382.

Jensen TS, Dyring L, Kristensen B, Nielsen BO, Rassan ER 1989. Spring dispersal and sum-
mer habitat distribution ohgonum dorsal¢Coleoptera, Carabidadedobiologia
33,155-165;

Jones MG 1979. The abundance and reproductivetgativommon carabidae in a winter wheat
crop.Ecol Entomo#, 31-43.

Jargensen HB, Lovei GL 1999. Tri-trophic effectpyadator feeding: consumption by the carabid
Harpalus affinisof Heliothis armigeracaterpillars fed on proteinase inhibitor- contagi
diet. Entomol Exp App93, 113-116.

Jargensen HB, Toft S 1997. Food preference, dgrmtent fecundity and larval development in
Harpalus rufipeqColeoptera: Carabidaéyedobiologiadl, 307-315.

JulianoSA 1985. The effects of body size on mating andagyction inBrachinus lateraligCol-
eoptera, Carabidadicol Entomoll0, 271-280.

Juhasz-Nagy P 198&gy operativ 6kologia szikségessége, hianya, adatel. Akadémiai Kiado,
Budapest.

Kane TC, Ryan T 1983. Population ecology of carahbice beetleDecologia60, 46-55.

Kareiva P, Watts S, McDonald R, Boucher T 2007. Bsticating nature: shaping landscapes and
ecosystems for human welfafcience316, 1866-1869.

Kasandrova LI, Sharova IH 1971. Developmenfaofara ingenua, Anisodactylus signatus,
andHarpalus distinguendugColeoptera, Carabidagjool. Zh 50, 215-221 (in Russian).

Kegel B 1990. Diurnal activity of carabid beetlegrlg on arable land. In: Stork NE, (ed.) The
Role of Ground Beetles in Ecological and Environtak8tudiedntercept, Andover, pp. 65-
76.

Kennedy P 1994. The distribution and movement otigd beetles in relation to set-aside arable
land. In: Desender K, Dufrene M, Loreau M, Cuff MUaelfait J-P, (eds.) 199&arabid
Beetles: Ecology and Evolutiokluwer Academic, Dordrecht, pp. 439-444.

Koivula M, Kotze JD, Hiisivuori L, Rita H 2003. Ratl trap efficiency: do trap size, collecting
fliud and vegetation structure matté&tfitomol Fenrl4, 1-14.

Kreckwitz H 1980. Experiments in the breeding biyl@and the seasonal behaviour of the carabid
beetleAgonum dorsal®ont. in temperature and moisture gradiett®l Jb Sys107,
183-234;



135

Kromp B 1989. Carabid beetle communities (Carabi@adeoptera) in biologically and conven-
tionally farmed agroecosystenfsgric Ecosyst Enviro27, 241-251

Kromp B 1999 Carabid beetles in sustainable agrticed a review on pest control efficacy, culti-
vation impacts and enhancemefgric Ecosyst Enviroff4, 187-228.

Lapshin LV 1971. Seasonal activity of dominant spgof ground beetles (Carabidae) in the
forest-steppe zone near Ohrenbugol Zh50, 825-833 (in Russian).

Larochelle A 1975a. A list of mammals as predatdrSarabidaeCarabologia3, 95-98.

Larochelle A 1975b. A list of amphibians and regstibs predators of Carabid@arabologia3,
99-103.

Larochelle A 1980. A list of birds of Europe andi@as predators of carabid beetles including
Cicindelini (Coleoptera: Carabida€)ordulia6, 1-19.

Larochelle A 1990. The food of carabid beetkabreries,Suppl. 5, 1-132.

Larochelle A, Lariviere M-C 200Xarabidae (Insecta: Coleoptera): catalogi&auna of New
Zealand No. 43. Lincoln, Canterbury, New Zealandnislaki Whenua Press.

Lawrence IF, Britton EB 1991 Coleoptera. In: Theectsof Australia2™ ed. Melbourne Univ.
Press, Melbourne, pp. 543-683.

Legendre P, Legendre L 1998umerical EcologyElsevier, Amsterdam.

Lenski RE 1984. Food limitation and competitioritedd experiment with two Carabus specigs.
Anim Ecol53, 203-216.

Lindroth CH 1949Die Fennoskandischen Carabiddrart 3 Algemeiner TeilStockholm;
Bréderna Lagerstrém Boktrychare..

Lindroth CH 1969. The ground beetles (Carabidae@ixindelidae), of Canada and Alaska, Part
1. Opusc Entomol Supgb, 1-48.

Lindroth CH 1985The Carabidae (Coleoptera) of Fennoscandia and Dehnfrauna Ento-
mologica Scandinavica, Vol. 15, part 1. E.J. Blitjden, The Netherlands.

Lindroth CH 1986The Carabidae (Coleoptera) of Fennoscandia and Dehnfrauna Ento-
mologica Scandinavica, Vol. 15, part 2. E.J. Bli#tjden, The Netherlands.

Loreau M 1987. Vertical distribution of activity oirabid beetles in a beech forest fldtedobi-
ologia 30, 173-178.

Loreau M 1990. Competition in a carabid beetle camity: field experimentOikos58, 25-38.

Lévei GL 1981. Coccinellid community in an applelward bordering a deciduous forestta
Phytopathol Acad Sci Huntg, 143-150.

Lovei GL 1986. The use of biochemical methods sgtudy of carabid feeding: the potential of
isoenzyme analysis and ELISA. In: Den Boer,P.JnGk{i Szyszko, J.,(EdsBeeding behav-
iour and accessibility of food for carabid beetlBsoceedings of the 5th Meeting of Euro-
pean CarabidologistsAgricultural University Press, Warsaw, pp. 21-27.

Lovei GL 1991. The ground-dwelling predatory arghwd fauna in an organic and abandoned ki-
wifruit orchard. In: Popay, | (edBroc. Symp. Sustainable Agriculture and Organicdroo
Production, Trentham, New Zealaridl Inst. Agric. Sci./NZ Hort. Soc.Christchutch, pp.
9-14.



136

Lévei GL 1997. Global change through invasibiature 388, 627-628.
Lovei GL 2001a. Ecological risks and benefits ahsgenic plantN Z Pl Prot54, 93-100.

Lovei GL 2001b. Insect biodiversity in cultivatezhd — the value of non-cultivated fragments. In:
Hels T, Nilsson K, Ngrregaard Frandsen J, Fritzb8g®iis Olesen C (Edslreeenser i
landskabefBorders in the landscape]. Odense UniversitdapiOdense, pp. 99-110. [In
Danish]

Lovei GL 2005. Generalised entropy indices haveng history in ecology — a comme@omm
Ecol 6, 245-247.

Lovei GL 2007. Extinctions, modern examples of.lavin SA (editor) Encyclopedia of biodiver-
sity, 2 edition, Elsevier, Oxford, U.K. 1-13. doi:10.10B6/12-226865-2/00118-8

Lovei GL, Arpaia, S. 2005. The impact of transgguiants on natural enemies: a critical review of
laboratory studiesEEntomol Exp Appl14, 1-14.

Lovei GL, Cartellieri M 2000. Ground beetles (Cqezra, Carabidae) in forest fragments of the
Manawatu, New Zealand: collapsed assemblagés® Const, 239-244.,

Lovei GL, Jgrgensen HB, McCambridge M 2000. Effefch proteinase inhibitor across trophic
levels: short vs. long-term consequences for agtoedhntennaLondon 245, 78.

Lovei GL, Magura T, Sigsgaard L, Ravn, H-P. 200&ttérns in ground beetle (Coleoptera:
Carabidae) assemblages in single-row hedgerow®gmnésh agricultural landscape. In:
Szyszko J, den Boer P, Bauer T (Edioyw to protect or what we know about Carabid Bee-
tles. Proceedings of the l@uropean Meeting of Carabidologis&sgricultural University
Press, Warsaw, Poland, pp. 201-212.

Lovei GL, Magura T, Téthmérész B, Kédébocz V 200B6e influence of matrix and edges on spe-
cies richness patterns of ground beetles (Coleap@arabidae) in habitat islanddobal
Ecol Biodiv15, 283-289.

Lévei GL, Magura T. 2006. Body size changes in gbheetle assemblages - a re-analysis of
Braun et al. (2004)’s dat&col EntomoB1,411-414.

Lévei GL, McCambridge M 2002. Adult mortality andmmum lifespan of the ground beetle
Harpalus affinis(Coleoptera: Carabidae) in New ZealaNRd. J Zool29, 1-4.

Lovei GL, Sarospataki M 1990. Carabid beetles incadtural fields in eastern Europe. In:
Stork, N.E. (ed.)The Role of Ground Beetles in Ecological and Enwinental Studies.
Intercept, Andover, pp. 87-93.

Lévei GL, Sopp PI, Sunderland KD 1991. Optimal diin in relation to starvation in three spe-
cies of predatory beetleScol Entomoll5, 291- 302.

Lovei GL, Stringer IAN, Devine C, Cartellieri M. 89. Harmonic radar — a method using inex-
pensive tags to study invertebrate movement on ldrntlJ Ecol21, 187-193.

Lovei GL, Sunderland KD 1996. The ecology and bérasf ground beetles (Coleoptera:
Carabidae)Ann Rev Entomall, 241-256.

Luck RF, Shepard BM, Kenmore PE 1988. Experimamntethods for evaluating arthropod natural
enemiesAnnu Rev Entomd3, 367-391.

Luff ML 1978. Diel activity patterns of some fie@arabidaeEcol EntomoB, 53-62.



137

Luff ML 1980. The biology of the ground beetharpalus rufipedn a strawberry field in North-
umberland Ann Appl Biol94, 153-164.

Luff ML 1982. Population dynamics of Carabidé&n Appl Biol101,164-170;
Luff ML 1987. Biology of polyphagous ground beetlesagriculture Agric Zool Rev2, 237-278.

Luff ML, Eyre MD, Rushton SP 1992. Classificatiardgrediction of grassland habitats using
ground beetles (Coleoptera, Carabiddefnviron Manag&5, 301-315.

Lys J-A 1994. The positive influence of strip-maeagent on ground beetles in a cereal field: in-
crease, migration and overwintering. In: Desenddd#frene M, Loreau M, Cuff ML, Mael-
fait J-P, edsCarabid Beetles: Ecology and Evolutidfiuwer Academic, Dordrecht, pp. 451-
455.

MacArthur RH, Wilson EO 1967 he theory of island biogeograptrinceton University Press,
Princeton, NJ, USA.

Mader H-J 1984. Animal habitat isolation by roadd agricultural fieldsBiol Cons29, 81-96.

Magura T, Kédobocz V, Téthmérész B 2001. Effecthatfitat fragmentation on carabids in forest
patchesJ Biogeo28, 129-138.

Magura T, Toéthmérész B, Lovei GL 2006. Body sizegality of carabids along an urbanisation
gradient.Basic Appl Ecolr, 472-482.

Magura T, Téthmérész B, Molnar T 2000. Spatialrttistion of carabid species along a grass-
forest transect#\cta Zool Acad Sci Hundg6, 1-17.

Magura T, Tothmérész B, Molnar T. 2004. Changesanabid assemblages along an urbanisation
gradientLandscape Ecdl9, 747-759.

Magurran AE 2003Measuring Biological DiversityOxford University Press, Oxford, U.K.

Magurran AE, Henderson PA 2003. Explaining the ega# rare species in natural species abun-
dance distributiondNature422, 714-716.

Makarov KV 1994. Annual reproduction rhythms of gnd beetles: a new approach to the old
problem. In: Desender K, Dufrene M, Loreau M, Qutf, Maelfait J-P, edsCarabid Bee-
tles: Ecology and Evolutiofluwer Academic, Dordrecht, pp. 177-182.

Marzluff JM, Bowman R, Donnely R 2001. A historigadrspecrive on urban bird reserach: trends,
terms, and approaches. In: Marzluff IM, Bowman Bniiely R (edg Avian Ecology in an
Urbanizing World Kluwer Academic, Norwell, Mass., pp. 1-18.

Mascanzoni D, Wallin H 1986. The harmonic radare& method of tracing insects in the field.
Ecol Entomoll1, 387-390.

Matalin AV 1992. Correlation of the crawling angifig migrations in populations of the
dominant species of carabid beetles (Insecta, Ptdem, Carabidae) in the south-west of the
steppe zoneZool Zh71, 57-68 (in Russian).

Maudsley MJ 2000 A review of the ecology and covason of hedgerow invertebrates in Britain.
J Environ Managé0, 65-76.

Mayntz D, Toft S 2001. Nutrient composition of ghey’s diet affects growth and survivorship of
a generalist predatoDecologial27, 207-213.

McGeoch MA, Chown SL 1998. Scaling up the valubiofndicatorsTrends Ecol Evol 3, 46-
47.



138

McGeoch, M.A. 1998. The selection, testing, andiagtion of terrestrial insects as bioindicators.
Biol Rev 73, 181-201.

Mclintyre NE, Rango J, Fagan WF, Faeth SH 2001. @t@urthropod community structure in a
heterogeneous urban environmérandscape Urb PlaB2, 257-274.

Mészéaros Z (ed.) 1984a. Results of faunisticalforttical studies in Hungarian apple orchards.
Acta Phytopathol Acad Sci Hui®, 91-176.

Mészaros Z. (ed.) 1984b. Results of faunisticalistiin Hungarian maize standsta Phytopa-
thol Acad Sci Hund.9, 65-90.

Metzenauer P. 1981. Pattern of the intestinal eesyaf the carnivorous ground bed®erosti-
chus nigrita(Paykull) (Col. Carabidae¥ool Anz207, 113-119.

Moeed A, Meads MJ 1986. Seasonality of litter-intiaf) invertebrates in two native-forest com-
munities of Orongorongo Valley, New ZealahNZ J Zool13, 45—-63.

Mols PJM 1979. Motivation and walking behaviouttloé carabid beetlterostichus coerulescens
L. at different densities and distributions of firey. In: den Boer PJ, Thiele H-U, Weber F,
(eds.) On the evolution of behavour in carabidlesa¥lisc Pap Agric Univ Wageningel8,
185-198.

Mols PJM 1988. Simulation of hunger, feeding and pgduction in the carabid beeBéerosti-
chus coerulescers Agric Univ Wageningen PagB-3, 1-99.

Murcia C 1995. Edge effects in fragmented forestglications for conservationlrends Ecol
Evol 10, 58-62.

Murdoch WW, Chesson J, Chesson PL 1985. Biologicatrol in theory and practicAm Nat
125, 344-366.

Murugan K, Jeyabalan D, Kumar NS, Nathan SS, Swmakaishnan S 2000b. Influence of host
plant on growth and reproduction Aphis neriiand feeding and prey utilization of its preda-
tor Menochilus sexmaculatusd J Exp Biol38, 598-603.

Murugan K, Kumar NS, Jeyabalan D, Nathan SS, Smakaishnan S, Swamiappan M 2000a. In-
fluence ofHelicoverpa armigergHubner) diet on its parasito@ampoletis chlorideae
Uchida.Ilnsect Sci AppR0, 23-31.

Nelemans MNE 1987a. On the life-history of the baddeetleNebria brevicollis(F.). Neth J Zool
37, 26-42.

Nelemans MNE 1987b. Possibilities for flight in tterabid beetl®&lebria brevicollis(F.). The
importance of food during the larval growtDecologiar2, 502-509.

Nelemans MNE, den Boer PJ, Spee A 1989. Recruitarehsummer diapause in the dynamics of
a population oNebria brevicollis(Coleoptera: Carabidag)ikos56, 157-169.

New TR. 1991Insects as Predator&ensington: NSW Univ. Press. 178 pp..

Niemela J. 1990. Spatial distribution of carabiétles in the Southern Finnish taiga: the question
of scale. In: Stork NE, ed. 1990. TRele of Ground Beetles in Ecological and Environ-
mental Studiedntercept,Andover, pp. 143-155.

Niemela J 1993. Interspecific competition in grodoetle assemblages (Carabidae) - what have
we learnedOikos66, 325-335

Niemela J 1999. Ecology and urban plannBigdiv Cons8, 119-131.



139

Niemela J 2001. Carabid beetles (Coleoptera, Cdmabiand habitat fragmentation: a revi&ur
J Entomol98, 127-132.

Niemeld J, Halme E, Haila Y 1990. Balancing sangpéffort in pitfall trapping of carabid beetles.
Entomol Fenri, 232-238.

Niemela J, Kotze DJ, Venn S, Penev L, Stoyanopérse J, Hartley D, Montes de Oca E 2002.
Carabid beetle assemblages (Coleoptera, Caralsideesgs urban-rural gradients: an interna-
tional comparisonLandscape Ecal7, 387-401.

Niemela J, Kotze J, Ashworth A, Brandmayr P, Desed New T, & al. 2000. The search for
common anthropogenic impacts on biodiversity: AbglnetworkJ Ins Congt, 3-9.

Niemela J, Spence JR 1991. Distribution and abww®lahan exotic ground-beetle (Carabidae) -
test of communitympact.Oikos62, 351-359.

Niemela J, Spence JR, Spence DH 1992. Habitatiatisns and seasonal activity of ground-
beetles (Coleoptera: Carabidae) in central Alb€ta Entomoll24, 521—540.

Novotny V, Missa O 2000. Local versus regional gggdchness in tropical insects: one lowland
site compared with the island of New Guineaol EntomoR5, 445-451.

Odum EP 1971Fundamentals of Ecologpaunders. London.

Overney S, Yelle S, Cloutier C 1998. Occurrenceysteine digestive proteasedHarillus biocu-
latus, a natural predator of the Colorado potato be€tenp Biochem Physiol B20, 191-
196.

Paarmann W. 1986. Seasonality and its control byr@mmental factors in tropical ground beetles
(Col. Carabidae). In: den Boer PJ, Luff ML, Mossak&i D, Weber F, eds. 1986arabid
Beetles. Their Adaptation and DynamiEgscher Verlag, Stuttgart/New York, pp. 157-171.

Pakarinen E 1994. The importance of mucus as adefegainst carabid beetles by the slugs
Asion fasciaitugndDeroceras reticulatum. J Mollusc Sté@, 149-155.

Parmenter RR, MacMahon JA 1988. Factors influenspgries composition and population sizes
in a ground beetle community (Carabidae): predatprodentsOikos52, 350--356.

Patil GP, Taillie C 1979: An overview of diversity: Grassle JF, Patil GP, Smith W, Taillie C
(eds.)Ecological diversity in theory and practicit Cooperative Publ House, Maryland, pp.
3-27.

Pearson DL 1988. The biology of tiger beetksiu Rev Entomd3, 123-147.

Pearson DL, Cassola F 1992. Worldwide species eghpatterns of tiger beetles [Coleoptera:
Cicindelidae): indicator taxon for biodiversity andnservation studie€ons Biol6, 376-
391.

Peters RH 1983The Ecological Implications of Body Siz@ambridge Univesity Press, Cam-
bridge, U.K.

Petit S,Usher MB 1998. Biodiversity in agricultutahdscapoes: the ground beelt communities of
woody uncultivated habitatBiodiv Cons7,1549-1561.

Pickett STA, Cadenasso ML, Grove JM, Nilon CH, PRV, Zipperer WC, Costanza R 2001.
Urban ecological systems: linking terrestrial egdal, physical, and socioeconomic compo-
nents of metropolitan areasnnu Rev Ecol Sy82, 127-157.



140

Pizzolotto R 1994. Ground beetles (Coleoptera, ida®) as a tool for environmental manage-
ment: a geographical information system based mabads and vegetation for the Karst near
Trieste (ltaly). In: Desender K, Dufrene M, LorddyCuff ML, Maelfait J-P (eds.Carabid
Beetles: Ecology and Evolutiokluwer Academic, Dordrechpp. 343-351.

Poinar GO. 197%Entomogenous NematodésManual and Host List of Insect-Nematode Asso-
ciations.Brill, Leiden.

Pollet M, Desender K 1987. Feeding ecology of daamskinhabiting carabid beetles (Carabidae,
Coleoptera) in relation to the availability of soprey groupsActa Phytopathol. Entomol
Hung?22, 223-246.

Ponomarenko AG 197Resozoic Coleopterdrans Paleontol Inst Moscot61, |-204.

Ponomarenko AV 1969. The ground beéttésodactylus signaty€oleoptera, Carabidae) — maize
pest in the Rostov districzool Zh48, 143-146 (in Russian).

Potts GR, Vickerman GP 1974. Studies on the ceamystemAdv Ecol Re8, 107-197.

Powell W, Dean GJ, Dewar A 1985. The influence etds on polyphagous arthropod predators
in winter wheatCrop Prot4, 298-312;

Price PW 1980Evolutionary Biology of Parasite®rinceton Univ Press, Princeton, NJ

Price PW, Bouton CE, Gross P, McPheron BA, Thom@dén/Neis AE 1980. Interactions among
three trophic levels: influence of plants on intti@ns between insect herbivores and natural
enemiesAnnu Rev Ecol Syétl, 41-65.

Pride 1G, Swift SM (eds.) 199%Vildlife telemetry. Remote monitoring and trackafignimals.
Horwood, New York, USA

Pyke DA, Thompson JN, 1986. Statistical analysisurfiival and removal rate experimerisol-
ogy 67, 240-245.

Ravn HP, Sigsgaard L 1999. Arthropod diversityfluience of hedgerow plant species composi-
tion. In: Jacobsen CH, Thenail C, Nilsson K, (Edgtarian landscapes with linear features:
an exchange of interdisciplinary research experémnisetween France and Denmalfko-
ceedings no. 3, Danish Forest & Landscape Instildbersholm, Denmark, pp. 33-41.

Refseth D 1984. The life cycles and growttCafrabus glabratugndC. violaceusin Budelan,
central NorwayEcol Entomol, 449-455.

Rényi A 1961. On measures of entropy and informatin: Neyman J (ed X" Berkeley sympo-
sium on mathematical statistics and probabilBgrkeley, pp. 547-561.

Riecken U, Raths U 1996. Use of radio telemetrysfadying dispersal and habitat useCafrabus
coriaceusL. Ann Zool Fenn 33109-116.

Ries L, Sisk TD 2004. A predictive model of edgkeets.Ecology85, 2917-2926.

Rijnsdorp AD 1980. Pattern of movement in and disglefrom a Dutch forest @arabus prob-
lematicusHbst (Coleoptera, Carabida€ecologiadb, 274-281.

Riley JR 1989. Remote sensing in entomoldgynu Rev Entom@4 247-271.

Riley JR, Smith AD, Reynolds DR, Edwards AS, Oslkeath, Williams IH, Carreck NL, Poppy
GM 1996. Tracking bees with harmonic raddature379, 29-30.

Roff DA. 1994. The evolution of flight-lessnesshistory importantEvol Ecol8, 639-657



141

Roland J, McKinnon G, Backhouse C, Taylor PD 1¥6&n smaller radar tags on insedature
381, 120.

Saipulaeva BN 1986. Characteristics of the hallistribution of geobiont beetles (Coleop-
tera: Carabidae, Scarabaeidae, Elateridae, Temédai) of the Irganaiskaya depression in
the central mountains of Daghest&Entomol Oboz65, 96-106 (in Russian).

Sapia M, Lovei GL, Elek 2006. Effects of varying sampling effort on the ehed diversity of
carabid (Coleoptera: Carabidae) assemblages iDdhglobe Project, Denmarkntomol
Fennl17, 345-350.

Saunders DA, Hobbs RJ, Margules CR 1991. Biologioakequences of ecosystem fragmenta-
tion: a reviewConserv Biob, 18-32.

Scheller HV 1984. The role of ground beetles (Ciaiady) as predators on early populations of ce-
real aphids in spring barle¥. Angew Entomd7,451-463; .

Schjgtz-Christensen B 1965. Biology and populasiomlies of Carabidae of the Corynephoretum.
Nat Jutl11, 5-173.

Schuler TH, Poppy GM, Kerry BR, Denholm | 1998.datsresistant transgenic plantsends Bio-
technol16, 168-175.

Sherley GH 1998. Threatened weta recovery plareatened Species Recovery FNm 25. Wel-
lington, N.Z.: New Zealand Department of Conseorati

Simpson SJ, Simpson CL 1990. The mechanisms ation&l compensation by phytophagous
insects. In: Bernays EA (Ednsect-Plant Interaction$€RC, Boca Raton, Vol. 2, pp.111-
160.

Skuhravy V 1959a. Die Nahrung der Feldcarabideta Soc Entomol Cedit, 1-18.

Skuhravy V 1959b. Prispevek k bionomii polnich glit®vitych (Col ; CarabidaeRozpr Ceskosl
Akad Vedd9, 1-64. (In Czech)

Sokal RR, Rohlf FJ 199Riometry.3“ ed. Freeman & Co, New York.

Sopp PI, Sunderland KD. 1989. Some factors affgdtie detection period of aphid remains in
predators using ELISAEntomol Exp Appbl, 11 -20.

Sota T 1984 Long adult life span and polyphagy océiabid beetld,eptocarabus kumagaii re-
lation to reproduction and survivétes Popul Ecd26, 389-400.

Sota T 1985. Limitation of reproduction by feedoandition in a carabid beetl€arabus yacon-
inus. Res Popul Ec@7, 171-184.

Sota T 1987. Mortality pattern and age structurevim carabid populations with different seasonal
life cycles.Res Popul Ecak9, 237-254.

Southwood TRE, Comins HN 1976. A synoptic populatiaodel.J Anim Ecol5, 949-65.
Southwood TRE, Henderson PA 20@:0logical methods3® ed. Blackwell, Oxford.

Spence JR, Spence DH. 1988. Of ground beetles andintroduced species and the synanthropic
fauna of western Canaddem Entomol Soc Cald4, 151-168

Spreier B 1982. Bedeutung von Hecken in Flurbegeingsgebieten als Reservoir fir tierische
Organismen, untersucht am Beispiel der carabiddrisopoden. Unpublished Ph. D Thesis,
Heidelberg, 188 pp.



142

SPSS Inc. 2006BPSS 10.0.7 for Window3PSS Inc, Chicago, lllinois.

Stamp NE, Yang YL & Osier TL (1997) Response ofresect predator to prey fed multiple al-
lelochemicals under representative thermal regifBeslogy 78: 203-214.

StatSoft 2000. Statistica for Windows I-lll. StafSac, Tulsa, OK.

Stork NE 1987. Adaptations of arboreal carabidife¢dn trees. Acta Phytopathol Entomol Hung
22, 273-291.

SunderlandD 1975. The diet of some predatory arthropodseireal cropsJ Appl Ecoll12,
507-515;

Sunderland KD 1987. A review of methods of quamigyinvertebrate predation occurring in the
field Acta Phythopathol Entomol Hur®, 13-34.

Sunderland KD, de Snoo GR, Dinter A, Hance T, Heked, et al. 1995a. Density estimation for
invertebrate predators in agroecosystehtsa Jutl70, 133-162.

Sunderland KD, Lévei GL, Fenlon J 1995b. Diets esptoductive phenologies of the introduced
ground beetleblarpalus affinisandClivina australasiagColeoptera: Carabidae) in New
Zealand Aus J ZooK3, 39-50.

SunderlandD, Vickerman GP 1980. Aphid feeding by some pobgbus predators in relation to
aphid density in cereal field3.Appl Ecol17, 389-396;

Sustek Z 1987. Changes in body size structurerabié communities (Coleoptera, Carabidae)
along an urbanisation gradieBiolégia (Bratislava) 42, 145-156.

Sustek Z 1992. Windbreaks and line communities igsation corridors for carabids
(Col.Carabidae) in the agricultural landscape aftBd/oravia.Ekologiall, 259-271.

Symondson WOC, Liddell JE, eds. 199Be Ecologyf Agricultural Pests: Biochemical Ap-
proaches. Systematics Assoc. Special Vol.N8er53. Chapman & Hall, London.

Szyszko J 198%tate of Carabidae (Col.) Fauna Fresh Pine Foresand Tentative Valorisation
of This EnvironmentWarsaw Agric Univ Press, Warsaw.

Teakle RE, Jensen JM 198%eliothispunctiger In: P. Singh & R. F. Moore (edshHandbook of
Insect RearingVol. Il. Elsevier, Amsterdam, pp. 313-322.

Thiele H-U 1977 Carabid beetles in their environmeng&pringer, Berlin.

Thomas MB, Waage J 199@itegration of biological control and host-plantsistance breeding
Technical Centre for Agricultural and Rural Co-agtean, Wageningen.

Thomas MB, Wratten SD, Sotherton NW 1991. Creatibisland’ habitats in farmland to manipu-
late populations of beneficial arthropods: predadtmsities and emigratiod.Appl Ecol28,
906-917.

Tilman D, Fargione J, Wolff Bt al. 2001. Forecasting agriculturally driven global ieonmental
changeScience292, 281-284.

Toft S, Bilde T 2002. Carabid diets and food valae Holland JM (Ed.)The Agroecology of
Carabid Beetlesintercept, Andover, U.K. pp. 81-110.

Toft S, Lovei GL 2002 The epigeic spider faunaiofje-row hedges in a Danish agricultural
landscape.. In: Toft S, Scharff N (edsyropean Arachnology 2000. Proceedings of the 19th
European Colloquium of Arachnologiarhus Univ. Press, Aarhus. pp.237-242



143

Topping CJ, Lévei GL 1997. Spider density and diitgrin relation to disturbance in agroecosys-
tems in New Zealand, with a comparison to Engl&hd.J Ecol21, 121-128.

Toéthmérész B 1993a. DivOrd 1.50: A Program for Déity Ordering.Tiscia27, 33-44.

Tothmérész B 1993b. NuCoSa 1.0. Number CruncheEéonmunity Studies and other Ecological
Applications.Abst Botl7, 283—-287

Tothmérész B 1995. Comparison of different methafdsiversity orderingJ Veget Sab, 283-
290.

Tothmérész B, Magura T 2005: Diversity and scaldblersity characterizationBIAS Report
114, 353-368.

Tscharntke T, Klein AM, Kruess A, Steffan-Deweniteéfhies C, 2005. Landscape perspectives on
agricultural intensification and biodiversity - esgstem service manageméitol Lett8,
857-874.

Tufte ER 2003The visual display of quantitative informatid” ed. Graphics Press, Cheshire,
Connecticut, USA.

Turchin P 1991. Translating foraging movementsdtelogeneous environments into the spatial
distribution of foragersEcology 721253-1266.

Turin H, den Boer PJ. 1988. Changes in the didinhwof carabid beetles in the Netherlands since
1880. Il. Isolation of habitats and long-term titrends in the occurrence of carabid species
with different powers of dispersal (Coleoptera, @&adae)Biol Conserv4, 179-200.

Turin H, Haeck J, Hengeveld R 19Atlas of the Carabid Beetles of the Netherlamdtzth-
Holland Publ. Co, Amsterdam.

Turin H, Peters H 1986. Changes in the distributiboarabid beetles in the Netherlands since
about 1880. I, Introduction. In: den Boer PJ, LMif, Mossakowski D, Weber F, (eds.)
Carabid Beetles. Their Adaptation and Dynamkischer Verlag,Stuttgart/New York, pp.
489-495.

Van der Putten WH, Vet LEM, Harvey JA, Wackers F02. Linking above- and below-ground
multitrophic interactions of plants, herbivoresthmmens, and their antagonistsends Ecol
Evol 16, 547-554.

van Dijk TS 1972. The significance of the diversityage composition dfalathus melanocepha-
lusL. (Coleoptera, Carabidae) in space and time lie8oonnikoogOecologialO, 111—
136.

van Dijk TS . 1979a. On the relationship betwegmaduction, age and survival in two carabid
beetleLCalathus melanocephallls andPterostichus coerulescehs (Coleoptera,
Carabidae)Oecologia40, 63—-80.

van Dijk TS 1979b. Reproduction of young and olthdées in two carabid beetles and the rela-
tionship between the number of eggs in the ovamesthe number of eggs laMisc Pap
Landbouw WageningelB, 167-183.

van Dijk TS 1983. The influence of food and temp@mon the amount of reproduction in carabid
beetles. In: Brandmayr P, den Boer PJ, Weber E,)Edology of Carabids: The Synthesis
of Field Study and Laboratory Experime@entre Agric Publ Doc, Wageningen, pp. 105-
123.



144

van Dijk TS 1986. How to estimate the level of faailability in field populations of carabid
beetles. In: Den Boer P J, Luff M L, Mossakowskiideber F (Eds.)Carabid beetles. Their
adaptations and dynamic&. Fischer, Stuttgart, pp. 371-384.

van Dijk TS 1987. The long-term effects en the baldauna of nutrient impoverishment of a pre-
viously arable fieldActa Phytopathol Entomol Hur, 103-118.

van Dijk TS 1994. On the relationship between faegroduction and survival of two carabid bee-
tles: Calathus melanocephalasmdPterostichus versicolor. Ecol Entonmitd, 263-270

van Huizen THP 1977. The significance of flightieity in the life cycle ofAmara plebejaGyllh.
(ColeopteraCarabidae)Oecologia?9, 27-41.

van Huizen THP 1979. Individual and environmendaltérs determining flight in carabid beetles.
In: den Boer PJ, Thiele H-U, Weber F, eds. On tlwugion of behavour in carabid beetles.
Misc Pap Agric Univ Wageningel8, 199-211.

van Huizen THP. 1990. '‘Gone with the wind": fliglativity of carabid beetles in relation to wind
direction and to the reproductive state of femaidtight. In: Stork NE, ed. 1990. THeole
of Ground Beetles in Ecological and Environmentad&s.Intercept, Andover, pp. 289-293.

Venn SJ, Kotze DJ, Niemela J, 2003. Urbanizatiéeces on carabid diversity in boreal forests.
Eur J Entomol100, 73-80.

Vlijm L, van Dijk TS, Wijmans YS 1968. Ecologicaiuslies on carabid beetles. Ill. Winter mortal-
ity in adultCalathus melanocephalkinn.). Egg production and locomotory activitytbe
population which has hibernatedecologial, 304-314.

Wallin H 1989. Tthe influence of different age das on the seasonal activity and reproduction of
four medium-sized carabid species inhabiting ceffelals. Holarct Ecol12, 201-212.

Wallin H 1991. Movement patterns and foraging tactf a caterpillar hunter inhabiting alfalfa
fields. Funct Ecol5, 740-749.

Wallin H, Chiverton PA, Ekbom BS, Borg A. 1992. Ditecundity and egg size in some poly-
phagous predatory carabid beetlestomol Exp Appb5, 129-140.

Ward DF, New TR, Yen AL 2001: Effects of pitfalap spacing on the abundance, richness and
composition of invertebrate catchddns Consb, 47-53.

Ward RD 1979. Metathoracic wing structures as pigtheetic indicators in the Adephaga (Coleo-
prera). In: Erwin TL, Ball GE, Whitehead DL, HalpeAL, eds.Carabid Beetles: Their Evo-
lution, Natural History and Classificatiodunk, The Hague, pp. 181-191.

Watt JC 1982. Presidential address. New Zealantieseld Z Entomol7, 213—246.

Watts CH, Gibbs GW 2000. Species richness of intigs beetles in restored plant communities
on Matiu-Somes Island, Wellington Harbour, New 2aalN Z J Ecol24, 195-200.

Wautier V 1971. Un phenomene social chez les Ctdzep: le gregarisme dBsachinus
(Caraboidea, Brachinidadhsec Sod8, 1-84.

Wautier V, Viala C 1969. La longevite imaginale @¥achinus (Col., Carabidadgintomol Gen
74, 9-13.

Weber F, Klenner M 1987. Life history phenomena askl of extinction in a subpopulation of
Carabus auronitens. Acta Phytopathol Entomol HABg321-328.



145

Weseloh RM 1993. Adult feeding affects fecundityttté predatorCalosoma sycophan(&ol.
Carabidae)Entomophag#@8, 435-439

Wheater CP 1989. Prey detection by some predatolgoptera (Carabidae and Staphylinidde).
Zool218, 171-185

Wiedenmann RN, O'Neill RJ 1990. Effects of low saté predation on selected life-history char-
acteristics oPodisus maculiventri€Say) (Heteroptera: Pentatomida@an Etomoll22, 271-
283.

Williamson M 1972 The Analysis of Insect Populatiodgnold,London.
Wilson EO 1984Biophilia. Harvard University Press, Cambridge, Mass, U.S.A.

Wilson EO 1990Success and Dominance in Ecosystems: The Case $bthal Insectlden-
dorf: Ecology Inst.

Wilson EO 2002The future of lifeLittle, Brown & Co. New York, U.S.A.

Woodcock BA 2005. Pitfall trapping in ecologicalidies. In:. Leather SR (Edrsect sampling in
forest ecosystemBlackwell Publishing, Oxford, pp. 37-57.

Wootton JT 1998. Effects of disturbance on spediesrsity: a multitrophic perspectivdm Nat
152, 803—-825.

Work TT, Buddle CM, Korinus LM, Spence JR 2002f#&ittrap size and capture of three taxa of
litter-dwelling arthropods: implications for biodixsity studiesEnviron EntomoB1, 438-
448.

Wratten SD 1987. The effectiveness of native naemamies, In: Burn AJ, Coaker TH, Jepson PC
(eds.)Integrated Pest Manageme®i;ademic, London, pp. 89-112..

Yano K, Yahira K, Uwada M, Hirashima T 1989. Spsaiemposition and seasonal abundance of
ground beetles (Coleoptera) in a vineyddll Fac Agric Yamaguchi Uni87, 1-14.

Zaballos J M P 1985. Paralelismo fenologicdBeachinus variventrisSchaufuss, 1862 Xn-
chomenus dorsali@ontopiddan, 1963) (Coleoptera CarabidBe)l Soc Port En8 ,85-92.

Zetto-Brandmayr T 1983. Life cycle, control of pagation rhythm and fecundity &fphonus ro-
tundicollisFairm. et Lab. (Coleoptera, Carabidae, Harpaligijia adaptation to the main
feeding planDaucus carotd.. (Umbelliferae). In: Brandmayr P, den Boer PJ, Wdher
(eds.)Ecology of Carabids: The Synthesis of Field Study lzaboratory Experimen€entre
Agric. Publ. Doc., Wageningen, pp. 93-103.

Zetto-Brandmayr T 1990. Spermophagsus (seed-eajinghd beetles: first comparison of the diet
and ecology of the Harpaline genétarpalusandOphonugCol. Carabidae). In: Stork NE,
ed. 1990. Th&ole of Ground Beetles in Ecological and EnvirontakStudiesintercept,
Andover, pp. 307-316.





