W Durham
University

AR

Durham E-Theses

A study of ground beetles (Carabidae, coleoptera) at
adjacent woodland and grassland habitats in Durham,
north-east England

Hatada, Yohko

How to cite:

Hatada, Yohko (1989) A study of ground beetles (Carabidae, coleoptera) at adjacent woodland and grassland
habitats in Durham, north-east England, Durham theses, Durham University. Available at Durham
E-Theses Online: http://etheses.dur.ac.uk/6493/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.


http://www.dur.ac.uk
http://etheses.dur.ac.uk/6493/
 http://etheses.dur.ac.uk/6493/ 
htt://etheses.dur.ac.uk/policies/

Academic Support Office, Durham University, University Office, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://etheses.dur.ac.uk

The copyright of this thesis rests with the author.
No quortation from it should be published without
his prior written consent and information derived

from it should be acknowledged.

A Study of Ground Beetles (Carabidae, Coleoptera)
at Adjacent Woodland and Grassland Habitats
in Durham, North-East England

by

Yohko Hatada

A Thesis submitted for the degree of

Master of Science (by Research)

Biological Sciences

The University of Durham

1989

1 MAY 1990



Abstract

Communities of Carabid beetles have been studied at adjacent woodland and
grassland habitats in Durham, north-east England during the period 1988 May
12 to December 23.

From a total of 25 Carabid species identified, the data obtained on a subset
of some 17 species were sufficient to permit a discussion of the biological seasons
of adult individuals. Many measurements have been taken of the frequency of
capture, the distance of movement, the length of the mandible tip, the ratio of
the length of the abdomen to that of the elytra, the numbers and volumes of
eggs, and the maturity of the reproductive organs of both sexes.

It is suggested that the results of the present work are compatible with those
of previous studies of ground beetles at various habitats in north-west Europe,
which have revealed a shift of the time of occurrence of the breeding and emer-
gence seasons depending upon the harshness of the local environmental condi-
tions.

The composition of the communities of Carabid species at the Durham wood-
land and grassland sites has also been investigated. The dominant species in the
two habitats were found to be Pterostichus madidus and Nebria brevicollis.
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1 Introduction

Chapter I

Introduction

Species of Carabid beetles (family Carabidae within the order Coleoptera)
may be grouped by differences in life cycle. A scheme for the sub-division of
carabid beetles into several groups according to both breeding season and hiber-
nation stage has evolved through the work of Larsson (1939), Lindroth (1945,
1949) and Thiele (1977).

Larsson (1939) employed museum samples from various parts of Scandinavia

to classify Carabid species into three categories:
1. autumn breeders
2. spring breeders with autumn activity
3. spring breeders without autumn activity.

However, some species could not be classified uniquely into any one of these

three groups.

Lindroth (1949) therefore suggested the use of the criteria of hibernation

stages:
1. larval hibernators
2. adult hibernators.

However, the facts that females of several species reproduce more than twice




1 Introduction
in one year and that several species of autumn breeders survive after oviposi-
tion to reproduce during the following spring, have led to more detailed studies,
including laboratory experiments on life cycles, with particular reference to de-

pendence upon photoperiod and environmental temperature.

Thiele (1977) has proposed the following classification (see Table 1.1):

[

spring breeders which have summer larvae and hibernate as adults

2. species which have winter larvae and reproduce from summer to autumn

but exhibit no adult dormancy

3. species with winter larvae, the adults of which emerge in spring and un-

dergo aestivation dormancy prior to reproduction
4. species with flexible reproductive periods
5. species which require more than one year to develop.

Recent studies have revealed that several carabid species display variations in
life cycle with geographical location. Paarman (1979) suggested an evolutionary
expansion by making a comparison of the life cycles observed from tropical to
arctic zones. He divided species into 5 groups for the tropical and sub-tropical
zones and 7 groups for the temperate zone. (See Table 1.2, Fig. 1.1.) In the
climates of higher latitudes and altitudes, carabid beetles have a shorter period
of summer activity. As a consequence they have a longer duration of develop-
ment, including maturation. They are observed to have a two-year (semivoltine)
life cycle in contrast to the one-year (univoltine) life cycle found at lower lat-
itudes and/or lower altitudes. They also become more opportunist, e.g. they
have a better low temperature survival rate than the lower latitude species and

3



1 Introduction
develop faster in optimum temperatures. On the other hand, the climates at
lower latitudes and altitudes allow life cycles to be more flexible and more evenly
distributed throughout the year. Further detailed studies on a larger number
of species and on a wider geographical scale are important for the classification
of the different types of life cycles of carabid beetles. These will assist the un-
derstanding of how Carabid beetles have spread so widely to many geographical

areas .

The present study provides the results of an investigation of the life cycles
of Carabidae at two adjacent habitats in Durham, northern England. The data

are considered within the context of
1. life cycles of the species
2. morphological differences within a species
3. behavioural differences within a species
4. species composition.

Finally, a comparison is made with the previous studies of the life cycles of

Carabidae species.



1 Introduction

<Table 1.1> Types of dormancy and dormancy control in carabids. From
Thiele (1977).

Adults i i . Larvae . i
Season of dormancy; Type of | Terminated Season of dormancy  Type of Terminated | Examples
1if any) ) dormancy i by L tif any) dormancy by !
Hibernation Photoperiodic i shont day — Nodormancy \ Pterostichus nigrita ¢
Parapause | long day i Prerostichus angustatuss
: + Pterastichus cupreus ¢
| Prerostichus coerulescens @
| : ‘ i Abax ovalis ¢
! T
{ Photoperiodic short day (with | Nodormancy i Prerostichus oblongopunciarus &
Parapause temperalure optimum | ,
at 1520 — I '
long day ! :
L i i j
Photoperiodic short day (at low | Nodormancy Pterostichus cupreus d
Parap! - H Pterostichus covrulescens ¢
long day ]
T
Photoperiodic short day ! Nodormancy Prerostichus nigrita ¢
Quiescence ; Pterastichus angustarus 4
H ' Prerostichus oblongopunciatus &
|
i
Photoperiadic long day { Nodormancy Agonum assimile
Quiescence i '
- g
No dormancy , Hibernation i Thermic Cold Pterastichus vulgaris
' Parapause Pterastichus niger
H Pterostichus madidus
g 7
Aestivation Photoperiodic long day — ' - Thermic Cold " Potrobus atrorufus
Parapause shost day : ' Parapause’ Nebria brevicollis
No obligatory dormancy | No obligatory dormancy Abax ater
{thermic quicscence possiblel {temporary cold lowers i Abax ovalis &

mortality however) )
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<Table 1.2> Types of annual reproduction rhythms, known from the trop-
ics, subtropics and temperate zones (SD = short day: LD = long day). From
Paarman (1979).

spring hreeders spring breeders type |

(LARSsSOXN, 1939) gonad dormancy during hibernation - complete gonad matu-
ration: 535 in SD. 2% after achange of day length from SD to
LD.

spring breceders type 2
gonad dormancy during hibernation - complete gonad matu-
ration in LD, SD retards maturation.

auiumn breeders autumn breeders type 3

{(LARssoN, 1939) no gonad dormancy (ability to produce a temperature con-
trolled gonad dormancy during hibernation) - temperature
controlled larval dormancy during winter.

L 2ones

autumn breeders typed

gonad dormancy during aestivation - complete maturation
after changing of day length from LD to SD

temperature controlled larval dormancy during winter

species willt istuble “iibernating species with a development potentially free of dor-

conditions mancies type 5

(LixDROTH, 1949) ability to produce temperature controlled gonad and larval
dormancies during hibernation.

femperate

species with a two-year development type 6

2<: gonad dormancy during hibernation - ihey reach their
gonad maturity after a change of day length from SD to LD.
33 no gonad dormancy, but ability to produce a temperature
controlled dormancy during hibernation.

temperature controlled larval dormancy during winter.

species with a two-ycar development type 7
temperature controlled larval and gonad dormancies during
hibernation.

1. summer breeders
temperature controlled gonad dormancy (continucusiy humid habitats with and without periedi-
cal inundations).

2. winter breeders

gonad Jormancy during aestivation, controiled by temperature and day length - complete senad
maturation under low temperatures and SD - (irst indication of a temperature contrailed larval
Jormancy during winter (pericdically dry habitats).

subtropics-
Naovth Africa

3. species without an annual reproduction rhytim
(continuously humid habitats without periodical inundations)

4. species with an annual reproduction rhythin from continnously hamid hapitaes (with periodical
inundations)
temperature controlled gonad dormancy.

5. rainy season breeders
temperature controlled gonad dormancy during dry seison (periodically dry habitats).

Central Africa

1ropicy-
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> Evolutionary hypothesis of the expansion of Carabid beetles.

From Paarman (1979).
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2 Study Area
Chapter IT

Study Area

The work was carried out from 1988 May 12 to December 23 at two adjacent

habitats:

o A field station of the Department of Biological Sciencesat Hollinside -
Wood, Durham <Fig.2.1, Fig.2.2>.

o An adjoining grassland pasture, within which an electric fence was de-

ployed to prevent the entrance of farm animals.
The geographical coordinates of the site are latitude 54.5°N, longitude 1.4°W
and the altitude is 70-75m a.s.l.
2.1 For Population and Activity Study
The woodland study area was 27m x 30m whilst the grassland area was 24m
square <F'ig.2.2>. The wood is about 20 years old.
2.2 For Anatomical Study

Samples for dissection were collected at both habitats outsides, but close to

the study areas. <Fig.2.2>
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<Fig.2.1> The location of the study area at Durham
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<Fig.2.2> Field map
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3.1.1

3 Method
Chapter III

Methods

Pitfall Trapping

The pitfall trapping method was used to catch carabid béetles. Beetles were
passively collected in glass jars (mouth diameter 6.2cm, depth 11.4cm) set with
the mouth at soil level in woodland and in polystyrene cups (mouth diameter
6.7cm, depth 7.9cm) in grassland; the latter were used in order to avoid injury
to farm animals. A small piece of soft tissue paper was put into each container,
to prevent beetles from drowning in the standing water. Traps were checked and

emptied after.each observation.

For Population and Activity Study

Some 64 woodland pitfalls were established on 11th May, with a further 21

from 22nd August. In grassland, a total of 64 pitfalls were established on 29th

~ July. All pitfalls were monitored until 23rd December, with the exception of the

3.1.2

period 18th September to 21st October. <Fig. 3.1, Fig.3.2>.

For Anatomical Study

Separate pitfalls were established in both areas for the trapping of dissection
samples; they numbered 20 in woodland and 16 in grassland and were employed

from 1988 July 1st to December 23rd <Fig.2.2>.

11



3 Method
3.2 Mark-Recapture Method

Marks were made on individuals to enable unique identification. Most of
the captured beetles were returned within 1m of the appropriate pitfalls after

marking on the date of observation. Some individuals were kept for dissection.

3.2.1 Marking Method ’
Ey cmefu.”y ?osiﬁioning, dot -merks.

LD wubers were made on the elytra and thorax of beetles, Various marking

methods were tested as folloWs:

1. 12th May — 14th June; by painting with enamel: easily rubbed off. As a
control, the painting marks were checked in an insectarium. The shortest
duration for obvious fading was two weeks. Some of the painting marks,

however, were not rubbed off for three months.
2. 10th June; by burning with a gas igniter: too harmful for specimens.
3. 16th June; by nicking with a stone tip: technically difficult to control.

4. 19th June — 23rd December; by nicking with a metal tip: the most

successful of the methods tried, although it could not be used for callows.
5. ‘Ma.king a hole with a needle: for callows only.
The marking of small species by these methods was not possible.

3.3 Capture of specimens for Dissection

3.3.1 Preparation of Samples

The same capture methods were used for the activity study of dissection
samples in each area. A small piece of tissue paper was put into each container

12



3 Method
in order to prevent beetles from drowning. Formalin was put into each capture
container betwen 18th September and 20th October. After capture, specimens
were suffocated by COg2 in the field and retained in 70% alcohol. The majority
of specimens were dissected from November to December 1988. However, some
of the early specimens were dissected on the day of capture.

3.3.2 Mesurement and Observation
The following were recorded:
1. ID. number
2. Elytra length
3. Capture site
4. Capture position within trapping grid

5. Mandible tip length: the measurements were made with x80 binocular

microscope
6. Maturity: the criteria are discussed in the next section (3.3.3, 3.3.4)
7. Previous capture position and date. Some of the dissection samples dis-
played capture I.D. ma.rk_s.
3.3.3 Maturity of Male
The maturity was classified (1-4) by the criteria of Table 3-1.
Testes: The size and maturity were examined.

© Size: a check was made to determine whether the testes occupied less
than half the length of the abdomen or more than half the length of
13



3 Method
the abdomen. ( Howsten /957 )

o Maturity: the quality of mature sperm was observed at three points

(top, middle,bottom) of the testes. (/Metfic.! ‘:;7 ED aesthir)
The maturity criterion was considered only when the size of the testis
was greater than half of the abdomen length. A check for the existence
of mature sperm was made with a standard microscope and a phase-
contrast microscope (up to x1000 for both).
3.3.4 Maturity of Female
Maturity was classified (1-7) by the criteria of Table 3.2. ( Meustwn /587 )
1. Egg:

o number of eggs in one female: were counted only those eggs coloured

from light yellow to brown

e length and width of the largest egg in one female: measured with a

dissection microscope (x 20)
@ characteristics: colour, hardness, shape, texture
In addition, checks were made for the presence of
2. Corpora lutea

3. Sperm in the spermatheca

14



<Fig.3.1> The Durham woodland site (94 pitfalls)
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<Fig.3.2> The Durham grassland site (64 pitfalls)
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<Table 3.1> Maturity criteria for males (#rustere 138/ .ol
. p’lﬂé(’//f clo:_“lf/'% )

Stage of 1 2 3 4

maturity Callow | Undeveloped | Developing Mature

Mandible tip | Shasp

Not sharp
Elytra Soft Hard
Size | Thin | Less than More than
half half

Testes | Sperm Mature sperm

Only present at|. Present

the bottom thrughout

of the testes testes

<Table 3.2> Maturity criteria for females (/Aso7er 2P/ )

Stage of 1 2 3 4 5 6 7
maturity Callow | Undevel- Re- Devel- | Redevel- Mature Spent
Check point oped gressed oping oping
Mandible tip Sharp Not sharp
Elytra Soft Hard
Very Undeveloped Maturing fully
Ovary small not yet developed Small
thin pointed ovary
Opaque Transiucent Opaque
Not Glossy
Qocyte visible Soft Elastic eggs Hard Crumbly
Thin egg Small but complete Fully Sometimes
egg shape developed developed
White Light yellow . Yellow-brown Dark brown
Oviduct Tight Loose Thight | Loose In which
eggs are sometimes observed
1st Not Not Exist at the end of Exist
repro- present present reproduction period
ductive Yellow-brown Dark colour
Corpora| period Thin
lutea 2nd Present Present
repro- Thin Distinctive and large
duction Dark coulour Dark colour
period

17



4 Results for Each Species
Chapﬁ;er v

Results for Each Species

Results are given for 17 main species: for 14 species in. the woodland from
May to December, and for 10 main species in the grassland from August to De-
cember. Other species, for which only one individual was caught, é,re listed in
Appendiic A <Table A.1>. Two dominant species are presented at the begin-
ning ( Pterostichus madidus, Nebria brevicollis) and later species are presented in
alphabetical order by genera and then species. The scheme for the classification

of life cycles is taken mainly from Larsson (1939) and Thiele (1977).
Each subsection is composed of
o Previous Information
o Results
o Discussion
o Additibﬁa{lf Information
Previous studies are considered after discussion of the present results.

Geographical and meteorological data are:listed for the previous studies of

carabid beetles in western and northern Europe:

o Table 4.0.1: authors of previous studies and their study areas, with habitat

characteristics

o Figure 4.0.1: geographical locations
18



4 Results for Each Species
o Table 4.0.2: Annual average temperatures of the study areas, with minimum
and maximum monthly average temperatures'; vegetation growth periods are

also shown.

The vegetation growth period is defined by Bruum (1967) as the period when
the daily mean temperature exceeds 6°C. However, the duration of the vegetation
growth period is taken here to be the number of months in which the average

monthly temperature exceeds 6°C.

o Figure 4.0.2: Average monthly temperature at study areas

! Data from reference A verages of temperature for the United Kingdom 1941-1970
(for U. K.); Climatological normals for climat and climat ship stations for the
period 1931-1961 (for European countries except U. K.).

19



<Table 4.0.1> List of references and study areas for the investigation of life cycle

Author | Year Country Main study area Habitac
den Boer | 1958 | Netherlands Meijendel {De Bilt) Sea dunes
Briggs | 1965| S. England Kent Weedy cuitivated land. strawberry field
van Dijk | 1972| Netherlands Wijster (De Bilt) High grass dune
1973| Netherlands Wijster (De Bilt) ‘Heathland~
van Drift |1951| Netherlands {De Bilt) ‘Beech forest
Gilbert | 1956 N. Wales {Colwvn Bay) Gray-dune. marram grass
Greenslade | 1965 |- S. England Berksnire Beech wood, bracken grass heach. arable land
van Heerdt | 1976 Netherlands (De Bilt) Qak. birch wood
Houscon |1970| N. Englaﬂd Northern Pennine High (465 549m) moorland. cowgreen (4T2m}
1981 | N. England Northern Pennine High i550m) blanket bog
Jorum | 1980 Denmark (Kdbenhavn) Beech wood
Krehan |1970| W. Germany Ksln (Essen) Open country
Larsson | 1939| Demnack {Kobenhavn) Museum sampies.
Loreau | 1985 Belgium Lembeek {Uccle) Beech forest. pine-wood councry
Loser {1970 W. Germany Koln (Essen) Oak woodlands (56, 186. 219, 340m)
1972 | W. Germany Koln (Essen) Oak woodlands {56. 186. 219; 340mn)
Lauterbach { 1964 | W. Germany Koin {Essen) Young spruce plantation, spruce stand.
’ Oak-hornbeam. oak-birch, beech forests
Lindroth | 1945| Scandinavia Museuin samples
Luff  |1973) N. Engidnd Newcastle Walled garden. cultivated land
Murdoch |1963| S. Engiand Oxdord Marsh screamside
1967| S. England VOx'for.d M;u"sh streawside
Penny 19691 S. Scodland Luéa {Oban) Marsh streamside
Refseth 11980| C. Norway lbm Methus Alder (10m]. spruce { 120m). subalpine birch {830m) forescs
- © |1084| C Norway T " 120m Tiller { Trondheim) o 7 rvSuba‘xlbine‘ birch '[830m)‘fores"t ' '
1986 C. Norway |160m Rognes. 330m Budalen | (20m}. {120m). {160m). {830m1. Alpine heather lands{980-1120m)
1988 -C.. S. Norway |. 980-1120m Sjodalen {20m), {830m). Alpine heather landsi980-1120m)
Szyszko | 1977 Poland v Pine forest
Thiele |1969| W. Germany K5ln {Essen) Moist forest [65u)
Viijm 1968 | Netherlands | Schiermornikoog {De Bilt) Taller vegetation
Walker |1985| N. England Durham Pine-spruce-hemlock. oak. beech forests. stream side. pasture
de Zordo | 1979 Austria Mountain




4 Results for Each Species

<Table 4.0.2> List of average temperatures of the study areas with minimum adn maxi-

mum monthly average temperatures, and number of months of vegetation growth periods with
the durations.

Country Study area or nearest Average teniperature Number of vegetation
meteorological station | (min.. max. temperature) | growth periods and the
duration
Belgium Uccle 9.9(2.2.17.5)°C 9 (Mar.—Nov.)
Denmark Kébenhavn 8.3(=0.1.17.8)°C 7 (Apr.—Oct.)
Netherlands De Bilt 9.3(1.7.17.0)°C 7 (Apr.—Oct.)
Norway Budalen 830m 1.1°C .
Melhus 10-20m 5.3(2.7,14.9)°C
Rognes 160m 3.5°C
Sjodalen 980m -0.1°C
Tiler (Tronthetm) 120m 1.9(-3.4.14.4)°C 5 (May.—Sep)
Sjodalen 980m -0.1°C
United Berkshire 9.9(3.4,16.5)°C 9 (Mar.—Nov.)
Kingdom Colwyn Bay 10.1(4.9. 15.7)5C 10 (Mar.—Dec.)
Durham 8.53(2.7.14.9)°C 7 (Apr.—Oct.)
Kent 9.7(3.3.16.5)°C 8 (Apr.—Nov.)
Newcastle upon Tyne 9.1(3.9, 14.7)6C 8 {Apr.—Nov.)
Nothern Pennine 568m 5.3(0.0.11.3)°C 4 (Jun.—Seb.)
_.Oban. _ . . 8.3(2.7.14.3)°C 7 (Apr.—Oct.)
Oxford 10.1(3.5.16.9)°C 9 (Mar.—Nov.}
West Germany Essen 9.6(1.5.17.5)°C 7 (Apr.—Oct.)
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4 Results for Each Species

4,1 Pterostichus madidus

PREVIOUS INFORMATION

Pterostichus madidus is most frequently found in grassland but may be found

in woodland also (Greenslade 1965).

This species has been studied in northern England at low altitudes by Luff
(1973) and at high altitudes (472m-893m) by Houston (1970). It has also been
studied in southern England by Briggs (1965) and Greenslade (1965) < F:3_,4,1.H>_

Pterostichus madidus was classified as a member of the group ” autumn breed-
ers with a thermic hibernation parapause at the larval stage and no dormancy
in the course of adult development” (Thiele 1977) . After autumn breeding, the
larvae overwinter. The imagines emerge during the next spring. (Luff (1973) has
suggested that the emergence might be stimulated by a photoperiodic signal).
During maturation, the proportion of females to males amongst animals captured
is higher than that observed at other biological seasons (Greenslade 1965, Luff
1973). Most females oviposit in autumn but some individuals overwinter and re-
produce during the following spring (Luff 1973). At higher altitudes in England,
a biennial life cycle is observed (Houston 1970): breeding occurs in May and
June; larvae hibernate, adults emerge in the following summer-autumn (mid-
August to mid-October) and maturation occurs durihg the following spring after
hibernation. In southern England, mature females are observed in woodland

from July to October (Briggs 1965).

RESULTS
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4 Results for Each Species

4.1.1 Numbers Captured

The data displaying the frequency of capture of Pterostichus madidus in
woodland <Fig.4.1.1a> show two peaks of abundance and/or activity in periods
no.3 and 8 for the female and in periods no.4 and 8 for the male. This result
becomes clearer by plofcting the di‘zita,ron,proba;bi’lity paper <Fig.4.1.2a, b>. It is
seen that peaks occur-in early June and in late August (periods no.3, 8) for the
female and in late June and late August (periods no.4, 8) for the ‘male.

.

Table 4.1.1 shows the proportion of females captured in each period of abun-
dance (periods no.1-6 and 7-10) in the two habitats. In woodland, fernales
formed a higher proportion of all-captures in the first main period of abundance
than in the second period (x3 = 4.17, 0.025 < p < 0.05). In grassland, the same
comparison cannot be made, because sampling began only in July. During the
second period of abundance, fe’rﬂa.les formed a significantly higher propbrtioﬁ of

all captures in woodland than in grassland (x% = 22.00, p < 0.005).

Some of these captures were-of callows <T5,ble 4.1.2>. The proportions of
callows amongst the ma.les; and females captured in woodland were not sfgnif-
-icantly- differént(;X%}: 1.29,-0.20 < p < 0.30). However, -females formed. a
significantly lower proportion of all ca.pture{s amongst non-callows jchan amoﬁgst
callows (xi% = "4.'20, 0.025 < p < 0.05). The ratio of females to mé,les amongét

the callows was close to 50% in both woodland and graésland.

The data summarised in Fig.4.1.3 show the average ﬁﬁmber of captures per
pitfall in the two habitats in the second peak of abundance. In August, both
males and females were significantly more abundant and/or active in grassland
than woodland (x2 = 12.06, p < 0.005).
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4.1.2

4 Résu]ts for Each Species

The total numbers of P. madidus and other species captured (including re-
capture) are given in Table A.1. A comparison of the numbers captured in both
habitats in periods no.7-17 shows that this species was observed more abun-
dantly in grassland than in woodland. This result is in agreement with the

previous studies (Williams 1959, Greenslade 1963, 1965).

Distance of Movement

The data summarized in Fig.4.1.4 and Table 4.1.3 suggest that in the second

period of abundance, males moved significantly further than females in both

habitats (in woodland t45 = 2.91, p.= 0.006; in grassland tj35 = 4.95, p <
0.001). In the first period of abundance, woodland males moved perhaps a little
further, on average, than females, (t29 = 1.62, p = 0.117). However, although--féw
recaptures were made in the third I;eriod (periods no.13-17) , woodland fgma.les

moved significantly further than males (t5 = 2.69, p = 0.043).

The comparisons amongst three sets of periods (periods no.1-6, 7-10, 13-17)
in woodland for each sex show that females moved significantly further in the

third périod than others. (Between_ first and third period t16 = 3.54, p = 0.003;

:between-.second_;a.nd.;f.hird period;tg‘zr_: 3.81, p = 0.001). However males.did..

not show significant differences. (Between first and second period t43 = 0.99,
p = 0.326; betweern second and third period ta; = 0.97, p = 0.340; and between
first and third period t;3 = 0.64, p = 0.502). In woodland the distances of
movement by females in the ﬁrsﬁ'and second periods of abundance were identical

(tsq = 0.00, p = 0.999).

The distances moved by females during the second main period of abundance
were similar in both woodland and grassland; (t5s = 0.0004, p > 0.9); they may
26



4 Results for Each Species

have differed for males, but the significance is low (t37 = 0.42, p = 0.680).

It is possible that the average distances moved, as recorded by recaptures,
mightv increase with the time between mark and récapture. In Table 4.14, a
comparison is made between distances moved in woodland by two groups of
animals recaptured within periods no.7-10: némely, those that had been marked
within periods no.1-6, and those that had been marked within periods ﬁd.7;—1d.
These data suggest that each sex had a similar activity range in both habitats,
rega;rd‘less‘ of seééon, in that animals recaptured soon after capture moved as far

as 11:hc'xs'e"'i:ec‘;aptu_re:d miich later.
Fig.4.1.5a, b, c, d, e, f show the frequency of movement distances.

Table 4.1.5 shows the number of recaptures'in each habitat. Females dis-
played a strong tendency to remain-in their habitats (in gra,sélgl_l_d 30/ 30=100~,O%;
in’ qu&l&nfag42/44=.95.5%). The grassland malés showed a similar tendency
(94/98=95.9%). However, a lower proportion of the males marked in woodland
remained in the woodland habifat (43/60=71.7%). All movements between the
two habitats were observed in thé second period of abiindance (periods no.7—i()).
Nqné*Were found in the third period of abundance (periods no.13-17). A greater
’miifibﬁéi' 6f ‘movements were observed from woodland to gfé§s_laﬁd théin'fi’xi:, the
opposite di;gétion: 2 females out of 2 and 17 males out of 21. This tende';xcy
supports the result of Table 4.1.1 in which the male ratio Wés'seen to be signifi-
cantly higher in grassland during the second period of rabﬁridance. Although the
movements of the majority were small, a few males moved very large distances
and departed the woodland, which might indicate competition in woodland for

the preferred microhabitats.
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4 Results for Each Species

4.1.3 Stage of Maturity

Fig.4.1.6a, b, ¢, d show the stages of maturity of animals grouped in 2-week

periods.

In woodland, callows were observed from late July to early September (pe-
riods no.6-10) and a peak emergence occurred in late August (period no.8). In
grassland, a peak emergence occurred from il.ate July to late August (periods no.
6-8). The full period of eniérgeﬁée in grassland wé.s not observed because, for
this habitat, the coﬂeéti‘on of animals did not start until early july. However, the
peak ofﬁ'ovi-pos'iti()n seéms to ha\('é occurred in early August. The start of ‘emer-
gence appears to have been eé,rlier still, because an undeveloped female (maturity
stage 2)> was observed in period no.6. This individual must have eme‘rge’d. as a
cal_loﬁ befoi‘e period no.5 <AFig.4.’1/.6c>. It is concluded that the emeggénce in

grassland may have occ‘uri‘éii from mid-July to late August (periods no.5-8).

With the exception of males in woodland, mature or developing individuals
(stage of maturity of male 3,4; of female 3-7) were observed both before and

simﬁlta.neous‘ly with the main emergence season (period no.6). The individuals

may t‘hérefdre have been aduli;"s which had survived for two years or more.

Theié‘gﬁlmar}_"taji):h—e A{Ta:ble- 416> indica;tes that the. rr.;ifi(_) of ‘second-year
females to newly emerged females was higher ili.: grassland than in Woodl@nd’.
This is:»’a‘.lso implied by the results of the field observation <F1g411> '

The corpora lutea is often indistinct; this caused difficulty in distinguishing
between maturity stages 4 and 5. The data of maturity stage 4 may therefore

occasionally include stage 5 also.

One woodland female was observed to be parasitized by Nematoda.
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4.1.4

4.1.5

4 Results for Each Species

Elytra Length

The data summarised in Table 4.1.7 suggest that the elytra length of the fe-
male was significantly larger than that of the male in both habitats (in woodland
t420 = 5.59, p < 0.001; in grassland t4;6 = 6.85, p < 0.001). Also, the difference
between sexes was larger in grassland than in woodland. The elytra length of
grassland individuals was significantly larger than that of woodland individuals
of both sexes (female t353 = 6.07, p < 0.001; male t4g3 = 6.17, p < 0.001).

The Ratio of Abdomen to Elytra Length

During field work, some individuals with swollen abdomens were observed.
The reasons for this were found during dissection to be the presence of developing
or mature reproductive organs and/or a large fat body. The ratio of abdomen
length to elytra length was measured in all individuals caught in order to pro-
vide information on the seasonal changes in maturity and to obtain fat body

information.

The ratios of abdomen to elytra length of woodland individuals are sum-

ma.nsed in Flg 4 1.7a. The ratlos in females were large from early June to late

July (in penods no. 3—6) In penod no. 4 a mature female was found to hold 32 |
eggs <Table 4.1.10a> and a copulation was observed in the field. In period no.6
a spent female was collected <Fig.4.1.6a, b> which contained an egg whose size
was the largest measured during the whole observation term in woodland <Table
4.1.9a>. The oviposition season in woodland therefore seems to have occurred
in late June (period no.4). Also, a mature female was found with 14 eggs in late
August (period no.8) <Table 4.1.10a> whereas only few females were observed
in July (periods no.5,6). From these results, it is concluded that the oviposition
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4 Resiilts for Each Species
season seems to have occurred at the Durham woodland site twice, :m’ai:nly in
J‘une: and secondly in August. In addition to larger egg volume and number,
t‘ﬁe greater ratios of abdomen/elytra length of females in the earlier oviposition
season seem to indicate that most of the ovip_ositib_n occurred during‘tbat season
(periods 1n0.5,6). Though the sample was small in late October and. November
(periods no.13-15), large ratios of abdomen /elytra length-of both sexes were
again observed and were p,ossibl_y due to the étbrage of fat for no_\.rerwinteri_ng.
This may cdrrelate with large distance movements of the few individuals in the

third period <Fig.4.1.3a>.

‘The results of the shorter-term grassland study, illustrated by Fig.4.1.7b,
show a pattern of change similar to that observed in woodland. The large ratio
of abdomen/elytra length in July occurred at the time when the maximum egg
size (of.f spent fenié;les) was observed <Table 4.1.9b>. The largest number of
mature females was observed in early August <Fig.4.1.6¢, d>. The largest mean
number of eggs per mature female was also recorded in early August and after this
time the number decreased <Table 4.1.10b>. Three copulations were 'v_v_iitnessed
in the field during August (periods no.7, 8). From these results, the oviposition
-season in grassland is ta;l;en to be continuous during July and August. (periods
nq.5—8). 'Aifhough the study in grassland startéd after J-uly, earlier oviposition

cannot be ruled out.

A comparison of the ratio of abdomen/elytra length for females in both habi-
tats in periods no.7-10 reveals larger values in grassland than woodland for both
sexes <Table 4.1.8>. The emergence season was probably earlier in grassland
than in woodland so that the grassland individuals had more time to develop and
to store nutrients. Living conditions in grassland may be more favorable than
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4.1.8

4 Results for Each Species
those found in woodland habitats in summer. For example, higher g‘rou’ndesugfé;ce
temperatures were recorded in grassland than in woodland during summer and
fewer natural enemies were observed in grassland. Fewer species of Carabidae
and a higher proportion of P. madidus were observed in grassland, so competi-
tion may be less within the genus in gra.ssland than woodland. (In grassland, 17

species, 72.5%; in woodland, 20 species, 53.6%: periods no.7-17) <Table 4.1.14>,

Mandible tip length
;

The maﬁdiﬁle tip length of each individual in relation to its maturity stagé

is shown ini Fig.4.1.8a, b, c, d.

Table 4.1.11 provides a comparison of mandible tip length of all individuals
in each habitat for both sexes. It shows that the woodland individuals have a
significantly lafger mandible tip length for each sex than the grassland individuals
(female ts53 = 2.40, p = O:QQO; niémlé tsg = 2.15, p = 0.038). However, the
difference between sexes in each habitat are not significant (woodland t47 = 1.44,
p = 0.158; grassland t4 = 0.32, p = 0.751). The mandible tip lengths; are

independent of the elytra lengths observed in each habitat.

4.1.6.1 The Mandible Tip Length of Females

For newly emerged individuals (stages of maturity 1, 2), woodland females
showed a relatively dense groﬁping of the maximum mandible tip lengths com-
pared with those of grassland fema.les> <Fig.4.1.8a, b>. The ma,ndiblé tip 'léngths
of newly emerged females did not differ between the two habitats <Table 4.1.12>
(tag = 0.65, p = 0.520). The mandible tip lengths thereforé appear to be indepen-
dent of the elytra lengths observed in each habitat. In other words, the woodland
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4 Results for Each Species
female has a larger ratio of mandible tip to elytra length than the grassland fe-
male. The gra,sslan'd females whose stages of maturity are 3-7 may be divided
into two groups (by the differences of the mandible tip length) by plotting on
probability paper <Fig.4.1.8b, Fig.4.1.9¢c, d>. It is therefore concluded that the
grassland female group whose stages of maturity are 3-7 is probably composed
of two generations, one of which is the second-year survivors whilst the other
comprises the third year survivors. For the woodland females of the same matu-
rity stage group, the same plot <Fig.4.1.9a, b> does not show clear subgroups.
Therefore it might indicate that the woodland female group of maturity stages

3-7 is composed of one generation only.

4.1.6.2 The Mandible Tip Length of Males

Data plotted on probability paper show one group for woodland individuals
<Fig.4.1.8¢c, Fig.4.1.9¢> and two groups for grassland individuals <Fig.4.1.8d,
Fig.4.1.9f>. Therefore the woodlaﬁd male group seems to consist of one newly
emerged generation and the grassland male group seems to be composed of two
ggnggqtipns, one of which is a newly emerged genera.tion and the other a second-
year surviving imago genera,tioﬁ. Almbst all woodland males may have died after

the spring oviposition at the latest, while some of the grassland males seem to

have survived after that period.

The following suggestions are made using the data of Table 4.1.12, Fig.4.1.8a,
b, ¢, d, Fig.4.1.9b, d, e, £

1. Females in both habitats emerge with almost the same length of mandible
tip despite the significant difference in elytra length (the elytra lengths of
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grasslénd females were larger than those of woodland females). The reason
for this might be that the food supply for P. madidus at the grassland site is
better than that in the woodland. If so, the mandible tip length may not be
influenced by food supply as easily as the elytra length, or the difference of
food supply (qualitatively and /or quantitatively) may influence the mandible
tip length.

2. The grassland groups of both sexes have one more adult generation than
the woodland groups, i.e. the grassland female has three adult generations
while two adult generations are found for the woodland female. Similarly, the
gra.ssla,ﬁd male has two adult generations while only one adult generation is

found for the woodland male.
Possible reasons for this may be:

(i) a longer severe winter condition in grassland. Van Dijk (1972) and Luff
(1973) suggest that, going from an Atlantic to a continental climate, the larval
overwintering species reproduce more and more in the second year or even in a
later year. The earlier in the year the seasonal conditions become unfavourable,
the more beetles will reproduce only for a very short period and the more they

may be expected to continue reproduction in the next year after overwintering;

(ii) in grassland, fewer natural enemies and lower competition within family

allow longer survival;

(iii) previous studies (Williams 1959, Greenslade 1963, 1965) and the present
study suggest that this species is found more in grassland habitats than in wood- -
land habitats so that the living conditions may be more favourable in grassland

than in woodland.

33



4 Results for Each Species

The suggestions 1. and 2. (previous page) assist the interpretatioh of the
disproportionate results of Table 4.1.11 with Table 4.1.7, in which even though
the elytra lengths of gtassland individuals are significantly larger than those of
woodland individuals, the mandible tip lengths of {onale tallows of both habitats

are not different.

Because of the different speed of maturation of the two sexes, the individuals
whose maturity stage is 1 are selected here in order to see their original mandible
tip length. The result of comparison between both sexes of woodland individuals
is that the female callow is observed to have a signiﬁcantl& larger ma.ndiblé tip
length than the male callow <Table 4.1.13> (t21 = 3.04, p = 0.006). This result
is conéistent with the result of elytra lengths between sexes. Unfortunately, the
same kind of comparison cannot be made for the grassland individuals, because

of a lack of samples.

DISCUSSION

The numbers captured may be influenced by movement distances, since
greater activity may lead to a higher chance of capture in pitfall traps. Therefore,

the data in Fig.4.1.1a, b and Fig.4.1.4a, b should be considered together.

Before discussing the conclusions, the influence of distance of movement on
the probability of capture must first be quantified. Fig.4.1.10 shows t‘he capture
possibility in relation to the distance from the point of release. Thisindicates that
the results in Table 4.1.3 are underestimated more for sma.lleri mean distances
than larger distances, i.e. the mean distance moved by females is underestimated
more than that of males so that the true significances of differences between two
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groups may in fact be greater than the derived results indicate.

In woodland, the ratio of females to males amongst non-callows is esti-
mated to be higher than amongst callows. This is supported by previous results
(Greenslade 1965, Luff 1973) which demonstrated that the female survival ratio
is higher than that of the male. Because the sex ratios of non-callows in periods
no.7-10 and in periods no.1-6 do not differ very much, the sex ratio might be

stable in woodland.

In grassland, the number of female callows captured in periods 7-10 is esti-
mated to be about the same as that of males. The male to female ratio amongst
non-callows is much higher than that of callows. This is supported by the re-
sult that movement of males from woodland to grassland was more frequently

observed than movement in the opposite direction. The reasons for this may be:

1. the movenients in both directions occured at the same rate but, after moving,
the lower survival of woodland males did not lead to as much transfer from

grassland to woodland as in the opposite direction and/or

2. the movements themselves occurred at the rate shown in Table 4.1.5 because

of the preference of individuals.

The observed significant difference of sex ratio provides evidence for quite

different living conditions in the two adjacent habitats.

When Table 4.1.1 and Table 4.1.3 are considered together for the woodland
individuals, the comparisons between the first and the second periods reveal
certain features; Table 4.1.14 sumarizes these. It shows a changing recapture

rate from the first period of abundance to the second period of abundance:

o from 0.239 to 0.299, i.e. an increase of 1.3 times for males and
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o from 0.116 to 0.256, i.e. an increase of 2.2 times for females.

If the proportion of females in woodland in 1987 had also been almost 50%,
as in 1988, the results imply that more males had died before the spring than

females and more females died during the first peak of abundance than males.

The present study of the P. madidus life cycle in Durham provides some
results that differ from the life cycles observed during two previous studies: that
of Luff (1973), who studied the seasonal life cycle of P. madidus in a cultivated
field near Newcastle upon Tyne, and that of Houston (1970), who studied at a

moorland habitat in the uplands in northern England.

At the Durham woodland site, oviposition seems to occur mainly in June
and August. Larvae overwinter and emerge from the following mid-July to early
September. The callows probably become mature in the following spring, because
the oviposition season is overlapped with the emergence season. Probably some of
the females which oviposit in the spring die and some of the remaining surviving
females oviposit again in August and early September. Some of the spent and
developing females were observed to have small immature eggs, irrespective of
the oviposition seasons. Also, the total numbers of each peak of abundance were
not significantly different even though the callows were added. Two oviposition

seasons in one year are reported by Greenslade (1965) and Luff (1973).

At the Durham grassland site, oviposition seems to occur in July and August.
After larval overwintering, imagines emerge. From observation, emergence seems
to occur earlier in grassland than in woodland: from June to August in grassland
and from late July to mid-September in woodland. In grassland, as shown in
Fig.4.1.1b, the frequency of capture after late October decreases more rapidly
than for the woodland individuals. The reason for this is thought to be that the
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living conditions in grassland become more severe than in woodland in winter
because the ground is more directly exposed. Therefore grassland P. madidus
seems to have a shorter favourable period and to become inactive for longer than

the woodland individuals.

Luff (1973) studied annual activity and suggested four periods of change in

sex ratio:

1. early summer activity of overwintered, mostly female beetles;
2. mid-summer activity of newly emerged beetles of both sexes;
3. late summer activity of mature, mostly male beetles;

4. autumn activity of mature and spent, mainly female beetles.

Oviposition was observed from the middle of section 3. to the middle of

section 4. Greenslade (1965) also reported on section 3..

The present study of annual activity patterns produced results similar to
those of Houston (1970) for an upland site in northern England. Houston’s
study shows a gap of captures between two abundance peaks in July and early
August while the present work shows a gap in July. The reason why the abun-
dancé gap»was found at the Dﬁrham Woodland site is implied by the result of
Fig.4.1.8c (mandible tip length). Second year surviving males, detected by the
measurements of mandible tip lengths, were not observed in woodland so per-
haps, after the spring oviposition, almost all males died. Similarly, the results of
Table 4.1.6 imply a low ratio of female survivors to new generation individuals,
so that a number of females may also have died after the spring oviposition.
In addition, female survivors became quite inactive, in contrast with the male
survivors <Fig.4.1.5a, c>. This inactivity is also displayed by Houston’s results.
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4 Results for Each Species
The present study offers support for the first two of the four sections of
change in sex ratio suggested by Luff (1973). With reference to the above list of

the four sections:

1. Overwintered Durham woodland females appeared earlier than the overwin-

tered males.

2. When the callows are isolated, both sexes appeared with almost the same

ratio in both Durham habitats.

3. This section was not observed, perhaps because of both the different life cycle

in woodland and the high male ratio in grassland.

4. This section fits the result in grassland; only a few females were observed in
October and November. However, in woodland this is not clear and after mid-
September both sexes appeared with almost the same ratio, again probably

in part because of the different life cycle.

When the comparisons are made between the study of the Durham woodland
site, Luff’s lowland study, and Houston’s upland study, an order of progressively

less favourable habitats may be inferred for the P. madidus life cycle:
(i) lowland at Newcastle upon Tyne
(ii) the woodland at Durham
(iii) upland in the Pennines.
The reasons for this order are:

1. emergence occurred later in the order presented because severe and longer
winter conditions may delay larval development and metamorphosis.
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4 Results for Each Species
2. habitats (i) and (ii) have two separate oviposition seasons but habitat (iii) has
one oviposition season in one year, because of the relatively shorter duration

of favourable conditions for (iii).

3. a transfer can be found from mainly autumn breeding of (i) to mainly spring

breeding of (ii) and then to only spring breeding of (iii) because of the varia-

tion of the dﬁra.tion of favourable conditions for matu_pa;tidn after emergence.

The following,conclusiqn is drawn from these comparisons. For emergence, a
rising temperature is necessary in addition to or inétead of a photoperiodic signal.
This fits the result that, in Durham, the grasslahd callows seem to emerge earlier
than woodland callows. Because grassland is an open environment, a rise in

temperature at the onset of summer would be expected to occur earlier than in

woodland.

From a comparison of the previous and present studies, Pterostichus madidus

in Great Britain is found to be, depending upon the severity of the environment,
1. a univoltine summer-autumn breeder;

2. a mixture of a univoltine summer breeder and a semivoltine épring breeder;
3. a semivoltine spring breeder.

At the same time, it is concluded that the emergence season shifts from late
spring—early summer to autumn, and the breeding season from summer-autumn

to spring.
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<Table 4-1.1> The number of males and females of Pterostichus madius
caught in the two main periods of abundance (periods no.1-5 and 7-10)
at the two habitats

P. madidus Woodland Grassland
Period no. 1-5 7-10 7-10
Female | 129 121 148
Male 67 97 266
(Total) 196 218 414

<Table 4.1.2> The number of callows and non-callows of Pterostichus madius
caught at the two habitats in periods no.7-10

P. madidus | Woodland |  Grassland
Period no. | Callow [ Non-callow | Callow | Non-callow
Female 35 86 19 129
Male 36 61 17 | 249
(Total) 71 147 36 378

Female ratio | 50.7% 52.3%

40



<Table 4.1.3> Distances moved by both sexes of
Pterostichus meadidus in the two habitats.
Recaptures during periods no.7-10 are separated
from those during periods no.1-6

Periods no. 1-6 7-10
Sex Female| Male |Female| Male
5.3547 | 8.2864| 5.3522 | 10.5390
Wood- 15 16 31 29
land 5.2706 | 4.8329 | 4.9999 | 8.2961
1.3609 | 1.2082| 0.8980 | 1.5405 in each cell
5.5266 | 9.8525 mean (m)
Grass- 0 0 29 98 sample number
land 5.5428 | 5.8907 st. deviation
1.0293 | 0.5951 st. error

<Table 4.1.4> Distances moved by both sexes of Pterostichus madidus
in woodland in periods no.7-10,
separating the captures made in periods no.1-6
from those made in periods no.7-10

Periods no. 7-10
Sex Femé.le Male
Data 5.7250 | 11.1209
whose capture 6 2
were in periods | 7.1668 | 9.7282
no.1-6 2.9259 | 6.8788 in each cell
Data 5.2627 | 10.4963 mean (m)
whose capture 25 27 sample number
were in periods | 4.9275 | 8.1054 st. devié,tion
no.7-10 0.9857 | 1.5599 st. error
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<Table 4.1.5> Number of recaptures of Pterostichus madidus

in the two habitats (periods no.7-17)

Habitat | Woodland | Grassland | (Sex total)

44 30 74

Female 42 30 72
2 0 2

60 98 158

Male 43 94 137
17 4 21

104 128 232

(total) 85 124 209
19 4 23

in each cell -

total number of recaptures

number of recaptures in the same habitat

number of recaptures in the alternative habitat

<Table 4.1.6> Comparison of the number of emerged and survival females
of Pterostichus madidus
stage of maturity 1 and 2 as emerged individual, 6 and 7 as survival individual
(periods no.6-10 in woodland and periods no.6-8 in grassland)

See also Fig.4.1.7a,b.

Habitat Woodland | Grassland
Emerged female 28 9
Survived female 6 8
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<Table 4.1.7> Elytra length of both sexes of Pterostichus madidus
in the two habitats

Habitat | Woodland | Grassland | (Sex total)
8.458 8.712 8.568
201 154 355
Female 0.388 0.395 0.410
0.027 0.032 0.022
8.249 8.455 8.361
221 264 485
Male 0.379 0.355 0.380
0.025 0.022 0.017 in each cell
8.349 8.550 8.449 mean (mm)
(Habitat 422 418 840 sample number
total) 0.397 0.390 0.406 st. deviation
0.019 0.019 0.014 st. error
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<Table 4.1.8> The ratio of abdomen to elytra length of Pterostichus madidus
in periods no.7-10 in the two habitats

Habitat | Woodland | Grassland | (Sex total)

1.0116 1.0269 1.0191
155 147 302
Female 0.0272 0.0508 0.0411
0.0022 0.0042 0.0024

1.0104 1.0128 1.0119

161 264 425
Male 0.0306 0.0318 0.0313
0.0024 0.0020 0.0015 in each cell
1.0110 1.0179 1.0149 mean
(Habitat 316 411 727 sample number
total) 0.0289 0.0402 0.0359 st. deviation
0.0016 0.0020 0.0013 st. error
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<Table 4.1.9> Mean egg volume of Pterostichus madidus
in relation to stage of maturity (in 2-week periods)
(2) in woodland (b)-in grassland

(a)
Maturity level 4 6 7 | (Period
Period no. Developing'|{ Mature | Spent | total)
2 | 1081 1081
1 1
6 3221 3221
1 1
8 1342 | 1932 | 1637
1 1 2
10 1862 1862
1 1
(Maturity étage 1081 1342 | 2338 | 1888
total) 1 1 3 5
(b)
Maturity level 4 6 7 | (Period
Period no. Developing | Mature | Spent | total)
6 ' 1466 2075 | 3361 2301
1 1 1 3
7 1470 1470
4 4
8 1309 2601 1955
1 1 2
9 1309 { 1309
1 1 in each cell
(Maturity stage| 1388 1759 | 2355 | 1800 mean (mm®)
total) 2 6 2 10 sample number

(The egg volume used here is that of the largest egg of a given female)
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<Table 4.1.10> Mean number of eggs carried by female Pterostichus madidus
in relation to stage of maturity in 2-week periods
(2) in woodland (b) in grassland

- in each cell

mean pumber

(a) sample number’
Stage of maturity 1 2 3 ' 4 ) 5 6 | 7 (Period
Period no. | Callow Undeveloped | Regressed Develbping Redeveloping | Mature | Spent | otal)
2 ' 10 | 10
1 - 1
4 32 32
1 1
6 0 1.33
2 3
7 0 0
4 4
8 0 0 0 14 5 1.27
7 5 1 1 1 15
9 0 0 0 0
5 5 2 12
10 2.67 | 2.67
3 3
(Stage of 0 0 0 10 23 3.04 1.87
maturity total) 18 10 3 1 0 2 5 39
(b)
Stage of maturity 1 2 3 4 5 6 7 (Peﬁod
Period no. Callow | Undeveloped | Regressed | Developing | Redeveloping | Mature | Spent | total)
5 ' 0 ' N
3 3
6 0 0 19 13.50 1 5.88
3 1 1 2 1 8
7 0 0 15.25 6.78
. 3 2 4 9
8 0 0 0 5.50 5 2.67
1 1 1 2 1 6
9 0 6 2.00
2 1 3
11 0 0
2 2
(Stage of 0 0 0 10.00 13.29 | 3.50 | 4.19
maturity total) 7 4 8 3 0 7 2 31
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<Table 4.1.11> Mandible tip length of both sexes
of Pterostichus madidus in the two habitats

Habitat | Woodland | Grasstand | (Sex total) {

2.2139 1.9105 2.1091
36 19 55
Female 0.4199 0.4930 | 0.4653
0.0700 0.1131 0.6627
2.0794 1.8696 1.9587

17 23 40
~Male 0.2570 | 0.3355 0.3188 }
0.0623 0.0700 0.0504 in each cell
2.1708 | 1.8881 2.0458 mean (mm)
(Habitat 53 42 95 . sample number
total) 0.3782 0.4093 0.4148 st. deviation
0.0519 | 0.0632 0.0426 st. error

<Table 4.1.12> Mandible tip length of female Pterostichus madidus
whose maturity stages are 1 and 2 in the two habitats

Habitat Woodland r‘Grzti.ssland (Total)

Mandible | mean (mm) | 2.4663 | 2.4143 |2.4542

Tip sample number 23 7 30
length st. deviation 0.1799 0.2015 1§ 0.1829
7 st. error 00573 © 0.0762 | 0.0334

<Table 4.1.13> Mandible tip length of both sexes of Pterostichus madidus
whose maturity stage is 1 (callow) in woodland

Sex Female | Male | (Total)

Mandible | mean (mm) | 2.4911 |2.4083 | 2.3804
Tip sample number 14 9 23

length st. deviation [ 0.1783 |0.2695 } 0.2552

st. error 0.0477 [ 0.0898 | 0.0532
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4 Results for Each Species

<Table 4.1.14> The recapture ratio and the changing ratio
of woodland Pterostichus madidus
for the first period and the second period of abundance

Sex Male Female
© Period no. of abundance | I | I | T | II
Cap- (Callow) | (36). (35) |
ture Total 67 97 1 129 | 121
Recapture 16 29 15 31
Recapture ratio 0.239(0.29910.116 | 0.256
Increasing ratio of recapture 1.251 2.207
from period no. of abundnce I to II
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<Fig.4.1.1a> Frequency of capture (including re—capture) of
Pterostichus madidus in woodland in 1988
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<Fig.4.1.1b> Frequency of capture (including re—capture) of
Pterostichus madidus in grassland in 1988
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<Fig.4.1.2a> Proportion (%) of the cumulative number of Pterostichus ma-
didus in woodland by 2-week period
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<Fig.4.1.2b> Proportion (%) of the cumulative number of Pterostichus ma-
didus in woodland in periods no. 1 — 6 and 7 — 17
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<Fig.4.1.3a>

Number of Pterostichus madidus per pitfall in 2-week
periods (period no.7-17)
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<Fig.4.1.3b>

Number of Pterostichus madidus per pitfall

periods (periods no.7-17)
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<Fig.4.1.4a> Distance between capture and re—capture points
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<Fig.4.1.4b> Distance between capture and re—capture points

(by 2—-week periods)
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<Fig.4.1.5> The distribution of frequency for the distance of movement of each sex of Pterostichus madidus in the two habitats
divided periods) If capture and recapture habitats are different, the datum is put into the capture habitat. o
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<Fig.4.1.6> Stages of maturity of Plerostichus madidus

caught in successive 2-week periods in woodland
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<Fig.4.1.6> Stages of maturity of Pterostichus madidus
caught in successive 2—week periods in grassiand
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<Fig.4.1.7a> Abdomen/elytra length ratio in 2-week periods
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<Fig.4.1.7b> Abdomen/elytra length ratio in 2—week periods
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Mandible tip length (mm)

<Fig.4.1.8a> Mandible tip length of Pterostichus madidus by 2-week peri-
ods, with maturity stage

(Maturity stages are plotted)
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<Fig.4.1.8b> Mandible tip length of Pterostichus madidus by 2-week peri-

ods, with maturity stage

(Maturity stages are plotted)
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<Fig.4.1.8c> Mandible tip length of Pterostichus madidus by 2-week peri-

ods, with maturity stage

(Maturity stages are plotted)
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<Fig.4.1.8d> Mandible tip length of Pterostichus madidus by 2-week peri-

ods, with maturity stage

(Maturity stages are plotted)
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<Fig.4.1.9a> Proportion (%) of the cumulative number of woodland females
of Pterostichus madidus by the differences of the mandible tip length

(%) 99.99 L T i T ° )
999 L Sample number: 32 .
99.8 L -
9 k J
98 o -
95 §
90 P 4
Z o0 L :
g 0 7
S 80 L J
: 50 b ' New generation
,—:‘ 10 = -
S 30 L i
3 20 o -
: w0 kR 4
= 3 = -
2 = o =
~ 2nd year survivors

1 F= -
03 = A
0.2 | J
01 | A
0.05 [ .

!

0.01 - ' -

Lo L3 2.0 2.5 (mm)

Mandible tip length {mm)



<Fig.4.1.9b> Proportion (%) of the cumulative number of woodland females

of the maturity stages: 3 — 7 of Pterostichus madidus by the differences of the
mandible tip length
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<Fig.4.1.9¢> Proportion (%) of the cumulative number of grassland females
of Pterrostichus madidus by the differences of the mandible tip length
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<Fig.4.1.9d> Proportion (%) of the cumulative number of grassland females
of the maturity stages: 3 — 7 of Pterrostichus madidus by the differences of the
mandible tip length
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of Pterrostichus madidus by the differences of the mandible tip length
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<Fig.4.1.9e> Proportion (%) of the cumulative number of woodland males
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<Fig.4.1.9f> Proportion (%) of the cumulative number of grassland males
of Pterrostichus madidus by the differences of the mandible tip length
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4 Results for Each Species
<Fig.4.1.10> The probability of capture as fufunction 0f movement distance
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<Fig.4.1.11> The results of previous and present study of
life cycle of Pterostichus madidus
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4 Results for Each Species
4.2 Nebria brevicollis

PREVIOUS INFORMATION

Nebria brevicollis is found mainly in woodland litter (Greenslade 1964), al-

though the species is very eurytopic (Lindroth 1974).

Detailed laboratory studies of the development of this species were made by

Thiele (1969, 1971).
Field studies were performed as follows:

o Gilbert (1958) studied at a gray-dune and marram grass lowland site in north-

ern Wales .

o Greenslade (1964) studied at beech wood, bracken, arable land and grassland
sites in Berkshire. Penny (1969) reported results from lowland woodland in

southern Scotland.

o Thiele (1969, 1971) and Krehan (1970) studied at forest sites at 65m above

sea level in Koln in West Germany.
Museum data were analysed by

o Larsson (1939) in Denmark

o Lindroth (1945, 1949) in Scandinavia.

Nebria brevicollis is "an autumn breeder with a thermic hibernation para-
pause in the larva and a photoperiodic aestivation parapause in the ad;xlt” (Thiele
1977). The larva hatches later in the year, then hibernates. (Cold is obligatory
for hibernation from the 1st to the 3rd larval stages). Next spring, the adult
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4 Results for Each Species
emerges. (High temperature is needed for larval transformation). Changeover
to a short-day photoperiod provides the signal for egg-ripening; 16—17h light per
day was found to be the critical photoperiod in the experiments by Thiele (19689,
1971), i.e. the beginning of July onwards. Maturation in short-day proceeds
much better at 15°C than at 20°C (Thiele 1971). During the summer interrup-
tion in ovarian development, the females of Nebria brevicollis become inactive
following fat storage (Thiele 1969, 1971), whereas starved N. brevicollis remain
active (Penny 1969). Females begin to reproduce 2.5 months after the summer
solstice. Maturation of the male is more or less independent of photoperiod

(Thiele 1969, 1971).

Consider the results of field studies of the development of the imago. (See

Fig.4.2.7, and Appendex E for meteorological data.)

e Insouthern England (Greenslade 1964), emergence has been reported to occur
at the end of April-early June (mainly in May), and a maximum activity
related to oviposition has been observed in October. Mature females have
been observed in autumn and winter, and larvae from November until early

spring.

o In northern Wales (Gilbert 1956) emergence occurred in May—June and breed-

ing in September—November.

@ Inuplandsin northern England (Houston 1970), breeding was found in August—

September.

@ In southern Scotland (Penny 1966), emergence was observed in mid May-mid

June and breeding in September—February (mainly in September—October).

For other European countries;
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o In Kéln, West Germany (Thiele 1969); emergence was reported in May—June,
with complete aestivation for five weeks and then breeding in September—

QOctober.

o In Denmark (Larsson 1939); emergence occurred in June and breeding in mid

August-September.

o In Scandinanvia (Lindroth 1945, 1949); maximum activity was observed in

June and a small peak of activity in August.

RESULTS

Numbers Captured

The data on the frequency of capture of Nebria brevicollis in the Durham
woodland <Fig.4.2.1a> show two peaks of abundance and/or activity in periods
no.3 and 10 for females and in periods no.5 and 10 for males. This is confirmed
by plotting the data on probability paper <Fig.4.2.2a, b>; the result shows peaks
in mid-June and mid-September (periods no.3 and 10) for females and in early
July and mid-September (periods no.5 and 10) for males. Table 4.2.1 shows the
proportion of females captured in the two halves of the study period (periods
no.1-7 and 9-17) in the two habitats. In woodland, the proportion of males
may have been lower in the second half than the first, though the significance
of the difference was low (x? = 1.96, p > 0.05). The same comparison cannot
be made in grassland because of the late starting of the sampling. Dﬁring the
second half of the study, the proportion of females captured was significantly
larger in grassland than in woodland (x? = 10.03, 0.001 < p < 0.01). A few of
the captures in woodland in the first half of the study were of callows in June
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(periods no.3 and 4): See Fig.4.2.1a.

The data in Fig.4.2.3a, b show the captures per pitfall in the two habitats
after period no.7. Although the timings of the peaks of abundance and/or activity
could not be identified accurately, the start of the second peak of abundance
appeared to be earlier in woodland than in grassland. Females remained more

abundant and/or active later in grassland than in woodland.

Distance of Movement

The data summarized in Table 4.2.2 indicate that both sexes of N. brevicollis
may tend to move further in woodland than in grassland, though the differences
are small (female: U = 12.5, p > 0.10; male: U = 23.0, p > 0.10). Differences
in movement distance between sexes are also not significant (in woodland: t4 =
0.48, p = 0.637; in grassland: U = 6.5, p > 0.10). Unfortunately the comparison
of movement diéta.nces between the two halves of the study period in woodland
cannot be shown because of a lack of appropriate data. The summarized data of
Table 4.2.3, comparing the movements of both sexes in the two habitats in the
second half of the study (periods no.9-17), show results similar to those above
(male: U = 13.0, p > 0.10; female: U = 31.5, p > 0.10; woodland: U = 44.5,
p > 0.10). '

One female was found to move from woodland to grassland within 18 females
recaptured <Table 4.2.4>. One male moved from grassland to woodland within
25 males recaptured. Movement of females from grassland to woodland and that
of males from woodland to grassland were not observed. The populations of this

species therefore seem to be quite closed in each habitat.
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Stage of Maturity

In woodland, the stages of maturity of dissected animals <Fig.4.2.4a, b>
show that female callows emerged in early June (period no.3), and male call(;ws
earlier than late June (period no.4) by the field observation <Fig.4.2.1a>. Ma-
ture females wefe observed from mid-September to late November (periods no.
10~-15) and males from mid-September to late October (periods no.10-13). In
grassland, mature females were observed in late Octob;ar and early November
(periods no.13-14) but callows were not caught because of the late starting date

for data collection in grassland <Fig.4.2.4c>.

In early December (period no.16), two males did not have mature sperm.

The following causes are suggested:
1. They had matured once and resorbed sperm; or

2. They failed to become mature or were maturing very slowly.

Elytra Length

The data summarized in Table 4.2.5 suggest that the elytra lengths of females
were significantly larger than those of males in both habitats (in woodland t100'=
6.05, p < 0.001; in grassland t35 = 3.15, p = 0.003). For females, elytra lengths in
woodland were significantly larger than those in grassland (¢79 = 3.52, p = 0.001).
For males, the elytra lengths of the woodlan(i individuals tend to be larger than

those of grassland individuals, though not significantly so (tg5 = 1.28, p = 0.206).

The Ratio of Abdomen to Elytra Length

The ratios of abdomen/elytra length are shown in Fig.4.2.5a,b. The ratios
for woodland females were large during the second peak of abundance from early
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September to late November (periods no.9-14); in grassland, the ratios were
large from mid-September to early December (periods no.10-16). For males, the
largest ratios were observed in late October (period no.13). Indeed, the largest
ratio of abdomen/elytra length occurred in late October (period no.13) for both

sexes in the two habitats.

Mandible Tip Length

The mandible tip length of woodland individuals of Nebria brevicollis showed
the presence of two subgroups for both sexes when plotted on probability paper
<Fig.4.2.6>. The first group displayed mandible tip lengths which were both
approximately equal for the two sexes and greater than the lengths observed
in the second group. However, the second group showed female mandible tip
lengths that were larger than those of the males. From these results, the following

conclusions are drawn.

1. The woodland individuals of both sexes are composed of two generations in

which one is a new generation and another is a 2nd year surviving generation.

2. The new generations of both sexes have almost the same mandible tip length
despite a significant difference of elytra length (the female elytra length is

larger than that of the male).

3. The mandible tip of the male survivors is worn out more than that of the
female survivors so that the males may use their mandibles more strenuously

than the females.

4. The difference between the male mandible tip length in the two subgroups
is larger than that for the females. The males may take food for a greater
fraction of the year than the females, especially during the first half of the
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study. <Fig.4.2.1a>.

Although the data on the mandible tip length of grassland females are few,

the following points are observed. For the grassland females:

1. smaller mandible tip lengths were observed than those of the woodland fe-

males;

2. the rate at which the mandible tip is worn out may be greater than that of

the woodland females.

The reason for 1. may be a difference of original mandible tip length between
the females of the two habitats, because the elytra length of the woodland female
was significantly larger than that of the grassland female <Table 4.2.5> and
both populations of females were quite restricted to each habitat (See the results

section of 4.2.2). The reasons for 2. may be

(1) the grassland individuals consume different foods to those taken by wood-

land individuals, food which makes the mandibles wear away more quickly and /or

(ii) the grassland individuals eat more than the woodland individuals.

DISCUSSION

When the data on the capture frequencies <Table 4.2.1> and movement dis-
tances <Table 4.2.3> are considered together for the second half of the study
(periods no.9-17), the sex ratio of woodland individuals is seen to be approxi-
mately 1:1. The reason for this is that movement distances of both sexes do not
indicate significant differences of their activities; the numbers captured of both
sexes were approximately equal. From the results of movement distances, the
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woodland individuals were observed to move futher than those in grassland for
both sexes. (See the results section for movement distance <Table 4.2.3, Table

4.2.4>))

In the woodland, emergence was observed in June (periods no.3 and 4)
<Fig.4.2.1a, Fig.4.2.4a, b>.r This agrees with the results of studies by Gilbert
(1958), Greenslade (1964) and Penny (1969), in which Nebria brevicollis was
found to emerge in spring. After emergence at Durham in June, few females
were observed in woodland in July and August. This result also agrees with pre-
vious reports that females become inactive 2-3 months after emergence (Gilbert
1958, Greenslade 1964). The peaks of the oviposition season seem to have oc-
curred in both Durham habitats in late October (period no.13). The evidence
for this is that the two sexes were observed to have both the largest ratio of
abdomen/elytra length <Fig.4.2.5a,b> and the largest number of individuals
during the latter half of the month <Fig.4.2.1a,b>. Oviposition in woodland
seems to have occurred between early September and early November (periods

n0.9-15). The evidence for this is:

1. large mean ratios of abdomen/elytra length for females were found during
the second peak from early September to early November (periods no.9-14)

<Fig.4.2.5a>;

2. the data on maturity revealed the presence of mature females from mid-

September to late November (periods no. 10-15) <Fig.4.2.4a>;

3. after the inactive period, many individuals of both sexes were found, from

early September to mid-October (periods no.9-13) <Fig.4.2.1a>.

In grassland, oviposition seems to have occurred mainly from mid-September
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(or perhaps earlier) to November (periods no.10-14); some of the females may
perhaps have continued to lay eggs during winter. The evidence for this is three-

fold:

1. high mean ratios of abdomen /elytra length were observed from mid-September
to early November (periods no.10-14) <Fig.4.2.5b> and in early December

(period no.16);

2. mature females were observed from late October to early November (periods

no.13 and 14) <Fig.4.2.4a>;

3. high proportions of the total numbers of both sexes captured were found in

late October and early November (periods no.13 and 14) <Fig.4.2.1b>.

These conclusions concerning the oviposition season in the two habitats are in
general agreement with previous studies (Gilbert 1958, Greenslade 1964, Penny
1966), in which N. brevicollis was found to start to breed in autumn, 2-3 months
after the summer solstice. The reasons why some of the females were expected

to oviposit during winter are:

1. in woodland, after the numbers captured fell (after period no.14), the egg

volumes did not decrease <Table 4.2.6>,

2. the numbers of eggs carried by a given female did not decrease in late Novem-

ber (period no.15) <Table 4.2.7a>.

The conclusion that some of the females continued to oviposit is supported
by the previous studies of Penny (1966), who found that females laid eggs until
February; the 1st instar larvae appeared until April and the 2nd and 3rd in-
star until May. Tipton (1960) and Greenslade (1964) have also suggested the
continuation of ovipoposition during winter.
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The oviposition season seems to occur earlier in the Durham woodland than

in the grassland. (See the results from Fig.4.2.3a, b) This supports the results of
the study by Thiele (1971), in which female maturation proceeded much faster
under lower temperatures (15°C was much more favourable than 20°C in the
laboratory). The ground surface temperature in woodland is lower in summer

than in the exposed grassland.

The mean elytra lengths of the woodland individuals were larger for both
sexes than those found in grassland <Table 4.2.5>. This might be because of

better developmental conditions in woodland. Evidence in support of this is:

1. a higher proportion of the total number captured is observed in woodland

than in grassland in periods no.7-17 (13.6% in woodland; 6.4% in grassland);

2. a balanced sex ratio is found (female percentages are close to 50%) amongst
animals caught in woodland but significantly more females were found in

grassland in the second half of the study;

3. the late appearance of grassland individuals just before overwintering might

indicate a lack of stored nutrients.

A comparison of all the results of previous and present studies at he various

geographical areas shows
1. a shift of emergence (from May to June), and

2. a shift-of breeding (from autumn-winter to late summer-autumn), i.e. as the
environmental conditions become more severe, the duration of aestivation

becomes shorter. See Fig.4.2.7.

1. is in agreement with the suggestion of Thiele (1969, 1971), that a high
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temperature is necessary for larval transformation. The comparison of monthly
average temperatures suggests that emergence may be initiated at temperatures

more than 10°C <Fig.4.0.2>.

2. is also in agreement with the suggestion by Thiele (1969, 1971) that the
breeding seasons are controlled by both temperature and photoperiodical signal,

which inhibit the ovarian maturation.
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<Table 4.2.1> The number of males and females

of Nebria brevicollis

caught during the two halves of the study (periods no.1-7 and 9-17)

at the two habitats

N. brevicollis Woodland Grassland
Period no. 1-7 9-17 9-17
Female 15 30 24
Male 28 29 7
(Total) 43 59 31
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<Table 4.2.2> Distances moved
by each sex of Nebria brevicollis at the two habitats

N. brevicollis { Woodland | Grassland
9.7551 5.7838
9 6
Female 8.4078 8.1276
2.8026 3.3181 in each cell
8.4096 3.3540 | mean (m)
17 2 sample number
Male 5.8776 4.7434 st. deviation
1.4255 3.3541 st. error

<Table 4.2.3> Distances moved by each sex of Nebria brevicollis
during the second half of the study (periods no.9-17)

N. brevicollis | Woodland | Grassland | (Sex total)

10.3363 6.9403 9.0302
8 ) 13
Female 12.2666 8.5170 10.7197
4.3369 3.8089 2.9731
9.3417 3.3541 8.2531

9 2 11
Male 6.9335 4.7434 6.8246
2.3117 3.3541 2.'0577 in each cell
9.8098 | 5.9157 8.6740 mean (m)
(Habitat 17 7 24 sample number
total) 9.4936 7.4278 8.9644 st. deviation
2.3025 2.8074 1.8299 st. error
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<Table 4.2.4> Number of recaptures of Nebria brevicollis
at the two habitats (periods no.9-17)

Habitat | Woodland | Grassland | (Sex total)
12 6 18
Female 11 6 17
1 0 1
23 2 25
Male 22 2 24
1 0 1
35 8 43
(total) 33 8 41
2 0 2

in each cell

total number of recaptures
number of recaptures in the same habitat

number of recaptures in the alternative habitat
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<Table 4.2.5> Elytra length of both sexes of Nebria brevicollis
in the two habitats

N. brevicollis { Woodland | Grassland | (Sex total)
7.827 7.526 7.714
45 27 72
Female 0.364 0.325 0.378
0.054 0.063 0.045
7.302 7.090 7.270
37 10 67
Male 0.483 0.486 0.486
0.064 0.154 0.059 in each cell
7.533 7.408 7.500 mean (mm)
(Habitat 102 37 139 sample number
total) 0.506 0.417 0.486 st. deviation
0.050 0.069 0.041 st. error
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<Table 4.2.6> Mean egg volume of Nebria brevicollis
in relation to stage of maturity in (2-week periods)
(a) in woodland (b) in grassland

(a)
Stage of maturity 4 5 6 7 | (Period
Period no. Developing ‘Redeveloping Mature | Spent | total)
9 622 622
1 1
10 812 531 718
2 1 3
13 596 626 684 1087 674
1 8 5 1 15
15 398 899
2 2
(Stage of maturity 596 659 719 | 1087 | 699
total) 1 11 8 1 21
(b)
Stage of maturity 5 6 (Period
Period no. Redeveloping | Mature | total)
13 653 872 708
3 1 4
14 729 729
1 1 in each cell
(Stage of maturity 653 800 712 mean (mm?)
total) 3 2 5 sample number

(The egg volume used here is that of the largest egg of a given female)
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<Table 4.2.7> Mean number of eggs carried by female Nebria brevicollis
in relation to stage of maturity (in 2-week periods)
(a) in woodland (b) in grassland

(a)
Stage of. 1 2 3 4 5 6 7 | (Period
maturity Undevel-| Re- | Devel-| Redevel-
Period no. | Gallow| oped |gressed| oping [ oping | Mature|Spent| total)
3 0 0 ‘ 0
1 1 2
5 0 0
1 1
9 15 15
1 1
10 | 230 | 11 19.0
2 1 3
13 8 14.9 9.6 4 11.9
1 8 5 1 15
15 10.0 10.0
2 2
(Stage of | 0 0 8 164 | 99 | 4 | 113
maturity ‘
total) 1 2 0 1 11 8 1 24
(b)
Stage of maturity 5 ] (Period
Period no. Redeveloping | Mature] total)
13 11.3 11 11.25
3 1 4
14 20 20
1 1 in each cell
(Stage of maturity 11.3 15.5 13.0 mean number
total) 3 2 5 sample number
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<Fig.4.2.1a> Frequency of capture (including re—capture) of

Nebria brevicollis in woodland in 1988
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<Fig.4.2.1b> Frequency of capture (including re—capture) of

Nebrja brevicollis in woodland in 1988
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<Fig.4.2.2a> Proportion (%) of the cumulative number of Nebria brevicollis

in woodland by 2-week period
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<Fig.4.2.2b> Proportion (%) of the cumulative number of Nebria brevicollis
in woodland in periods no. 1 — 7 and g — 17
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<Fig.4.2.3a>

Number of Nebria brevicollis per pitfall in 2-week
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<Fig.4.2.3b>
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<Fig.4.2.4> Stages of maturity of Nebria brevicollis
caught in successive 2—week periods in woodland
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<Fig.4.2.4> Stages of maturity of Nebria brevicollis
caught in successive 2—-week periods in grassland
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<Fig.4.2.5a> Abdomen/elytra length ratio in 2—-week periods
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<Fig.4.2.5b> Abdomen/elytra length ratio in 2-week periods
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<Fig. 4.2.7> The results of previous and present study of
life cycle of Nebria brevicollis
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4 Results for Each Species
4.3 Abax parallelepipedus Piller & Mitterpacher

PREVIOUS INFORMATION
Abaz parallelepipedus is a woodland species (Greenslade 1965).

This species has been well-studied experimentally in the laboratory (Loser

1972). Field studies were carried out

in southern England: in beechwood, grassland and bracken and arable land

(o]

by Greenslade (1965), in marsh and riverside areas by Murdoch (1967),
o in northern England: high moorlands by Houston (1970);
o in the Netherlands: in beech forest by van Drift (1951);
o in Belgium: in pine wood and beech forest by Loreau (1985);

o in West Germany: in hill forests by Lauterbach (1964) and at various altitudes

(56m—340m) in oak woodland by Léser (1972).

The species is classified in the group: ”species with unstable condition of
hibernation and potentially lacking dormancy” (Thiele 1977). Abaz parallelepi-
pedus is thermally quiescent: low temperatures cause a slowing down of develop-

ment. Photoperiod has no influence on development (Loser 1970).

Fig.4.3.5 shows the results of previous field studies of the life cycle of this
species. In lowlands or warm years, A. parallelepipedus emerges in spring and in
autumn. Those beetles which emerge in spring reproduce in summer. Autumn-
emerged beetles reproduce in the following spring shortly after hibernation, and
then reproduce in summer again. Two peaks of activity may therefore be ob-
served, in spring and in summer. In higher regions or cold years, Abaz paral-
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4 Results for Each Species
lelepipedus emerges only in spring and becomes mature in summer. One peak of
activity can be seen in summer. The two types of activity patterns as described
above are not separated entirely and a shift from two peaks to one peak of activ-
ity has been observed in this species, depending on the temperature conditions
of the microclimate in forest plant communities (Lauterbach 1964). In West
Germany (Ldser 1970, 1972), a similar kind of shift has been reported: from
two breeding seasons in spring and autumn by two generations of autumn breed-
ers in warmer environmental conditions (e.g. low regions, slopes with southern
exposure, warmer years), to one breeding season in summer by spring breed-
ers. In the Netherlands (van Drift 1951), autumn emergence occurred; young
females bred in summer and autumn and old females bred in spring and sum-
mer. Mature females have been observed from spring to autumn continuously in
southern England (Murdoch 1967), the Netherlands (van Drift 1951) and Bel-
gium (Loreau 1985). In the uplands of northern England, spring emergence and

summer breeding have been observed (Houston 1970).

This species is reported to employ brood care (Léser 1972). Females scrape
off particles of moist clay, using circular movements, and form a chamber of
specific shape in which eggs are laid. This probably serves to prevent dessication
and fungal attack. The females lay the eggs in the clay cocoons, but there is
no further brood care afterwardé, in contrast to some other species in the Abax

genus.

RESULTS AND DISCUSSION

More captures were made in woodland than in grassland <Fig.4.3.1>. An-
imals were active at least from May to early September (and perhaps earlier).
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4 Results for Each Species

During this period they moved large distances <Fig.4.3.2a>.

In woodland, a male callow was observed in June <Fig.4.3.1a>; undevel-
oped females were also observed in July <Fig.4.3.3a>. In grassland, a female .
callow was observed in September <Fig.4.3.3b> Therefore, in the two habitats
emergence may have occurred twice: once in spring and once in autumn. The
occurrence of two oviposition seasons in one year is in.agreement with results

obtained in warmer environmental conditions in West Germany (Léser 1972).

In woodland, mature females were observed in June-September <Fig.4.3.3a>;
the egg volumes and egg numbers per female are listed in Table 4.3.1 and Ta-
ble 4.3.2, respectively. Large mean ratios of abdomen /elytra length for woodland
females were found in July and August <Fig.4.3.4a>. After October no cap-
tures were made in either habitat. To summarize, Abaz parallelepipedus seems

to oviposit between June and September.

Two mature females in June in woodland possessed many small eggs at the
previtellogenesis stage in addition to mature eggs. Therefore it may be that
those females were able to reproduce again in the same year after early summer
oviposition. This possibility of two ovipositions by one female in one year is
supported by previous studies in continental countries: the Netherlands (van
Drift 1951) and West Germany (Lauterbach 1964) <Fig.4.3.5>. However, the
data are not sufficient to decide whether this species in Durham had two peaks

of oviposition or one continuous oviposition season.

In grassland, one female with a large ratio of abdomen/elytra length was
recorded in September <Fig.4.3.4b>. This may indicate that the oviposition
season in grassland also included September.
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ADDITIONAL INFORMATION = -

Two male A. parallelepipedus that secreted pheromone were observed in

woodland in July: the timing suggsts that this may be a sex pheromone.

During the field work, two mud-coated females were found in both habitats

in late August. This might be accounted for by brood-care (Léser 1972).

Elytra lengths of both sexes in the two habitats are shown in Table 4.3.3.
No differences in elytra lengths between sexes in each of the two habitats were
observed (in woodland t37 = 1.07, p = 0.294; in grassland t5 = 0.49, p = 0.648).
The elytra lengths of each sex is similar in the two habitats for both sexes (female

ts4 = 0.35, p = 0.728; male t19 = 0.07, p = 0.943).
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4 Results for Each Species

<Table 4.3.1> Mean egg volume of Abaz parallelepipedus
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 4 6 {(Period
Period no. Developing | Mature | total)
6 3672 3672
1 1
7 2251 5678 4536
1 2 3
8 4985 4985
2 2
9 5389 5389
1 1 in each cell
(Stage of maturity 2251 5064 4662 mean (mma)
total) 1 6 7 sample number

(The egg volume used here is that of the largest egg of a given female)

<Table 4.3.2> Mean number of eggs carried by female Abax parallelepipedus
in relation to stage of maturity in 4-week periods
in woodland ' '

Stage of maturity 2 4 6 (Period
Period no. Undeveloped | Developing | Mature | total)
6 ' 17 17
1 1
7 0 8 5.5 4.75
1 1 2 4
8 9 9
2 2
9 4 4
1 1
(Stage of 0 8 8.33 7.25 in each cell
maturity mean number
total) 1 1 6 8 sample number
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<Table 4.3.3> Elytra length of both sexes of Abaz parallelepipedus
in the two habitats

Woodland | Grassland | (Sex total)
10.877 10.980 10.892
31 5 36
Female 0.616 0.536 0.599
0.111 0.240 0.100
11.147 11.200 1.152
19 2 21
Male 0.987 0.566 0.945
0.226 0.400 0.206 in each cell
10.980 11.043 10.988 mean (mm)
(Habitat 50 7 57 sample number
total) 0.780 0.506 0.748 st. deviation
0.110 0.191 0.099 -- st.. error
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<Fig.4.3.3> Stages of maturity of Abax parallelepipedus

caught in successive 4—=week periods in woodland
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<Fig.4.3.3> Stages of maturity of Abax parallelepipedus
caught in successive 4—week periods in grassland
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4 Results for Each Species

<Fig. 4.3.5> The results of previous and present study of
life cycle of Abaz parnlellepipedus
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4 Results for Each Species

4.4 Calathus melanocephalus Linnaeus

PREVIOUS INFORMATION

Calathus melanocephalus is principally a grassland species although it oc-
curs in a variety of habitats from sand dunes to environments which are almost

mountainous (Greenslade 1965).

This species was classified as a member of the ”group of autumn breeders
with a hibernation at the larval stage and no dormancy in the course of adult de-
velopment” (Thiele 1977). Calathus melanocephalus has been studied widely in a
geographical sense. Fig.4.4.4 shows the results of previous field studies of the life
cycle of this species. After reproduction, some individuals hibernate and repro-
duce again in the following year (Gilbert 1956 and Greenslade 1965 in southern
England; Vlijm et al. 1968 and van Dijk 1972, 1973, 1979, in the Netherlands).
In southern England (Gilbert 1956 and Greenslade 1965), this species is found
to have a univoltine life cycle: it reproduces from July to December with a peak
in September and October, emerges in the next spring after larval hibernation
and breeds in the summer without dormancy. However, in the Netherlands (van
Dijk 1972), C. melanocephalus is partly semivoltine. Survivors reproduce from
June to Jﬁly: larvae hibernate, new imagines emerge in the next July and a
fraction of them reproduce in July and August (slightly later than old imagines).
In alder forests (20m a.s.l.) in central Norway, this species has also been found
to be a semivoltine which breeds in August with a peak of activity just before
breeding (Refseth 1988). After larval hibernation, a new imago emerges at the
end of August. The immature imago hibernates and breeds in the next sum-
mer. However, at 830m of subalpine birch forests, emergence has occurred in
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| 4 Results for Each Species
late August—early September and breediﬁg in late June—early August. Similar
semivoltine life cycles are observed in northern Finland (Forsskahl 1972) and in

the Austrian mountains (De Zordo 1979 by”m‘eh;cion of Refseth 1988).

RESULTS AND DISCUSSION

In the present study, more individuals were found in the Durham grassland
than in the woodland, in agreement with the findings of Greenslade (1965) in
southern England. No callows were caught in either habitat. Mature females were
observed in the two habitats in August although the ratios of abdomen/elytra
lengths were not large <Fig.4.4.1, Fig.4.4.2, Fig.4.4.3, Table 4.4.1, Table 4.4.2>.
From the distinctiveness of the corpora lutea, one of the four mature grassland
females captured was found to be in its second oviposition season. These results
therefore indicate that oviposition occurred in August and that the Durham
grassland population has involved second year survivors. Two conclusions are
drawn from a comparison of the previous and present studies <Fig.4.4.4>. As

studies are made of progressively more severe environments,

1. the life cycles observed vary from univoltine autumn breeding to a mixture of

univoltine and semivoltine breeding to, finally, semivoltine summer breeding;

2. the time of emergence shifts from spring to autumn.

ADDITIONAL INFORMATION

The mean elytra lengths of grassland individuals are shown in Table 4.4.3.
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<Table 4.4.1> Mean egg volume of Calathus melanocepha@us
in relation to stage of maturity in 4-week periods
<a>in woodland <b>in grassland

<a>
Stage of maturity 6
Period no. Mature
8 176
1
<b>
Stage of maturity 4 6 (Period
Period no. Developing { Mature [ total) in each cell
8 164 149 153 mean (mm>)
1 3 4 sample number

(The egg volume used here is that of the largest egg of a given female)

<Table 4.4.2> Mean number of eggs carried by female Calathus melanocepha@us
in relation to stage of maturity in 4-week periods
<a>in woodland <b>in grassland

<a>
Stage of maturity 6
Period no. Mature
8 10
1
<b>
Stage of maturity 4 6 (Period
Period no. Developing | Mature | total) in each cell
8 26 15 17.5 mean number
1 3 4 sample number
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<Table 4.4.3> Elytra length of both sexes of Calathus melanocephalus
in grassland

Grassland
4.700
2
Female 0.283
0.200
4.500
1
Male —~
- in each cell
4.633 mean (mm)
(Habitat 3 sample number
total) 0.231 st. deviation
0.133 : st. error
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<Fig.4.4.2> Stages of maturity of female
Calathus melanocephalus caught in successive 4-week periods
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<Fig.4.4.4> The results of previous and present study of
life cycle of Calathus melanocephalus
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4 Results for Each Species
4.5 Calathus piceus Marsham

PREVIOUS INFORMATION
The habitat of Calathus piceus is woodland litter (Greenslade 1965).

Only a small number of studies have been made of this species. Calathus
piceus is an autumn breeder with larval hibernation and emergence in the next
summer (Larsson 1939). Imagines were caught from April to December with
maximum activity from May to August in southern England (Greenslade 1965).
In Denmark (Larsson 1939), maximum activity has been found in August, with

breeding in August and September.

RESULTS AND DISCUSSION

In this study, individuals of the species were captured mainly in woodland,

with three callows in late June and July <Fig.4.5.1>.

Fig.4.5.3 shows the results of previous field studies of the life cycle of this
species. Eight mature females were observed in the Durham woodland in July
and four in September; a spent female was observed in October <Fig.4.5.1>.
Egg volumes and numbers are shown in Table 4.5.1 and Table 4.5.2. Large
mean ratios of female abdomen/elytra length were observed in June and July,
with a peak in July <Fig.4.5.2>. It is concluded that the oviposition season
occurred between July and September and mainly in July, with emergence from
late June to July. This indicates that a main part of the population may have a
biennial life cycle. Two out of eight mature females captured in July were found
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4 Results for Each Species
to possess small eggs at the previtellogenesis stage, in addition to mature eggs.

These females may therefore be able to reproduce twice in one year.

From these results, it is concluded for the Durham woodland population of

C. piceus:
1. emergence occurred in early summer (late June to July)

2. a part of the new imago generation was univoltine whilst the majority was

semivoltine

3. a univoltine group may have bred in the autumn, with some surviving to

reproduce again in the following summer

4. a semivoltine group may have oviposited in the summer, after which some

may have bred again in the autumn.

In grassland, one mature female was observed (with six eggs). The oviposition

season in grassland may possibly be later than in woodland.

ADDITIONAL INFORMATION

The elytra lengths of females were significantly larger than those of males in
woodland <Table 4.5.3> (t26 = 3.63, p = 0.001).
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<a>

<Table 4.5.1> Mean egg volume of Calathus piceus
in relation to stage of maturity in 4-week periods

4 Results for Each Species

<a>in woodland <b>in grassland

Stage of maturity 4 5 6 7 (Period
Period no. Developing | Redeveloping | Mature:| Spent | total)
7 | 608 608
8 8
8 494 570 532
2 2 4
9 638 638
4 4
10 891 890
1 1
(Stage of maturity 494 570 618 890 614
total) 2 2 12 1 17

<b>

Stage of maturity 6

Period no. ‘Mature
10 487
1

in each cell

mean (mm3)

sample number

(The egg volume used here is that of the largest egg of a given female)




4 Results for Each Species

<Table 4.5.2> Mean number of eggs carried by female Calathus piceus
in relation to stage of maturity in 4-week periods
<a>in woodland <b>in grassland

<a>
Sta.ge of 1 4 5 6 7 (Periodﬁ
maturity Devel- | Redevel-
Period no. |.Callow | oping | oping | Mature | Spent | total)
6. - 0_ — . .
1 o1
7 0 25.6 22.8
1 8 9
8 11.5 13.5 12.0
| 2 2 4
9 15.0 15.0
4 4
10 1 1
| | 1 1
(Stageof | 0 | 115 | 125 | 221 | 1 | 165
maturity
total) | 2 | 2 2 12 1 | 19
<b>
Stage of maturity 6
Period no. Mature in each cell
10 6 mean number
1 sample number
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4 Results for Each Species

<Table 4.5.3> Elytra length of both sexes of Calathus piceus
in the two habitats

Woodland | Grassland (Sex total)
5.804 5.700 5.800
25 1 26
Female 1.141 - - 1.118
0.228 - | o219
4.900 | 4.900
4 4
Male 0.200 0.200
0.100 0.100 - in each cell |
5.679 5.700 5.680 - mean (mm)
(Habitat 29 1 30 sample number
total) 1.105 - 1.085 st. deviation
0.205 - 0.198 ’ st. error
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<Fig.4.5.1> Stages of maturity of Calathus piceus
caught in successive 4-week periods in woodland
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<Fig.4.5.1> Stages of maturity of Calathus piceus
caught in successive 4—week periods in grassland
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<Table 4.5.3> The results of previous and present study of
life cycle of Calathus piceus

Study Life cycle
S.England .

Beech wood,
bracken, grass heath,
arable land

Greenslade

1965 J F M A M J J A S O

N.England

woodland
Grass land e e e —m——-

Present study
1988 J F M A M J J A S o)

Denmark
Museum samples
Larsson

1939 J F M A M J J A S o

breeding
larvae —— e
emerging S

imagines activity




4 Results for Each Species

4.6 Carabus violaceus Linnaeus

PREVIOUS INFORMATION

Habitats of C. violaceus are woodland, arable land and grassland heath

(Greenslade 1965).

Fig.4.6.5 shows the results of previous field studies of the life cycle of this
species. The following three studies in southern England, the Netherlands and

Denmark seem to indicate univoltine life cycles.

o In beech wood, bracken, grass heath and arable land in southern England
(Greenslade 1965), imago activity has been observed from May to September

(with a maximum in July) and larval activity in September and October.

o In beech forest in the Netherlands (van Drift 1951), emergence has been
observed in late summer and breeding in autumn, followed by larval overwin-

tering.

o In Denmark (Larsson 1939), emergence has been recorded in April and June,

with breeding in July and Aug’ust.

On the other hand, the results of studies in the uplands of northern England

and central Norway show a semivoltine life cycle.

o In moorland in northern England (Houston 1970), emergence occurred in late

July—-August and breeding has occurred in June—-July.

o In subalpine birch forest at 830m a.s.l. in central Norway (Refseth 1984),
emergence occurred in late August and breeding in June—July.
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4 Results for Each Species
RESULTS AND DISCUSSION

Carabus violaceus was observed mainly in the Durham woodland; few individ-
uals were seen in grassland. Only woodland individuals are discussed here. Males
were captured in July, August and September and females mostly in September
<Fig.4.6.1a>. Males moved further in August and September than in earlier

months <Fig.4.6.2>.
One male was observed emerging in late July <Fig.4.6.3b>.

In June, alarge abdomen/elytra length ratio was found for one female <Fig.4.6.4a>.
In July, a redeveloping female (maturity stage 5) was observed <Fig.4.6.3a>.
Mature females were observed in August and October <Fig.4.6.3a>; the largest
egg was found in a ﬁlature female in October <Table 4.6.1> whilst the largest
mean number of eggs per female was found in developing females in August
<Table 4.6.2>. From these results, it appears that univoltine females bred in
the previous autumn. Although some oviposited in the early summer of the
study year before emergence of the next generation of imagos, the main oviposi-

tion season seems to-have occurred between August and October.
The present study of C. violaceus at the Durham woodland site suggests

1. a univoltine life cycle: breeding occurred in autumn following emergence in
July. Some may have survived as spent imagines into a second year to breed

in the summer again;

2. a fraction of the population may perhaps follow a semivoltine life cycle and

contribute to early summer breeding. (See Fig.4.6.5)

From a comparison of previous and present studies, this species seems to have
a shift of life cycle from that of an annual autumn breeder to a biennial summer
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4 Results for Each Species

breeder, in parallel with a .geographical shift from warmer to cooler conditions.

ADDITIONAL INFORMATION

When certain individuals of both sexes were marked with a drill for identifi-
cation, a defence mechanism was observed which consisted of the emission of a
stimulative liquid from the apex of the abdomen which gave the preéent author

a strong sensation of pain. Thiele (1977) also reported a similar observation.

One female and two males were observed to secrete .pheromorie in late July.
The role of this may be related to maturation because it was seen during emer-

gence and just before the breeding season.

Table 4.6.3 shows that the female elytra lengths were perhaps larger than
those of the male, though not significantly so (t16 = 1.74, p = 0.100).
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4 Results for Each Species

<Table 4.6.1> Mean egg volume of Carabus violaceus
in relation to stage of maturity in 4-week periods
in- woodland

Stage of maturity 4 5 6 (Period
‘ Period no. ‘Developing | Redeveloping | Mature | total)
7 10680 | 10680
1 1
8 11739 9415 | 10345
2 3| s
10 14556 | 14556 -
1 1 [ incachcell
(Sta;ge-of maturity 11739 16679 ' 1’71986 11626' 1 mean (mms)
tét,al) 2 1 2 5 | sample n'urmber

(The egg volume used here is that of the largest egg of a given female)

<Table 4.6.2> Mean number of eggs carried by female Carabus violaceus
in relation to stage of maturity in 4-week periods
in woodland

Stage of 4 5 | 6 | (Period
_ma.turity Develop- | Redevel- | Mature A
Perﬁod noj ing o-pi_ng | total)
7 2 2
1 1
8 12 4 9.3
2 1 3
10 2 2
1 1
(Stage of 12 2 3 6.4
maturity
total) 2 i 2 5

84

in each cell

mean number

-sample number




4 Results for Each Species

<Table 4.6.3> Elytra length of both sexes of Carabus violaceus
in the two habitats

Woodland | Grassland | (Sex total)
15.662 | 15.650 | 15.660
13 2 15
Female | 1.677 0.495 1.558
0.465 0.350 0.402
14.783 15.800 14.837
18 1 19
Male 0.828 - 0.837
0.195 - 0.192 in each cell
15152 | 15700 | 15.200 | mean (mm)
(Habitat 31 3 - 34 sample number
total) 1.306 0.361 1.259 | st. deviation
0.235 0208 | 0216 | st. error
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<Fig.4.6.3> Stages of maturity of Carabus viglaceus
caught in successive 4-week periods in woodland
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<Fig.4.6.4> Abdomen/elytra length ratio
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<Fig,4.6.5> The results of previous and present study of
life cycle of Carebusvioluceus
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4 Results for Each Species

4.7 Cychrus caraboides Linnaeus

PREVIOUS INFORMATION

Cychrus caraboides is a woodland species (Greenslade 1965). It is found in

shady, rather moist places (Lindroth 1974).

Fig.4.7.5 shows the results of previous field studies of the life cycle of this

species.

0]

In southern England (Tipton 1960; Greenslade 1965: beech wood, bracken,
grass heath and arable land), a peak of activity has been observed from
June to August, which involves emergence and breeding; a breeding season in

August—October at a marsh and streamside has been observed by Murdoch

(1967).

In central Denmark (Larsson 1939), larvae were trapped in late August-
November and in April; pupa and callows were caught in late May—early
June and the majority of imagines were caught in July. Breeding occurred in

August—-September.

In high moorland in northern England, breeding has been observed in late

July-August (Houston 1970) .

In central Norway (Refseth 1988: subalpine birch forest at 830m a.s.l.), an
active season was found from June to early July, which coincides with mat-
uration; breeding was found in July and emergence occurred in July and

August.

Similar life cycles have been observed in Scandinavia (Lindroth 1945) and in
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4 Results for Each Species

the Austrian mountains (De Zordo 1979).

RESULTS AND DISCUSSION

Cychrus caraboides was observed only in the Durham woodland. This is

consistent with the work of Greenslade (1965) and Lindroth (1974).

Captures were made from June to September <F ig.ﬂ4.7.1>. These involved
one female callow in mid-June, i.e. at the beginning of the capture period for this
species. A copulation was observed in woodland in early September. Following
dissection, a mature female in August was found to have 15 eggs; also, undevel-
oped females were observed in September <Fig.4.7.3a>. In August, females had

the largest mean abdomen/elytra length ratio <Fig.4.7.4>. It is suggested:
1. Cychrus caraboides emerged in June to breed in August and September;

2. a part of the C. caraboides population may have a biennial life cycle; this
is a result that is also reported by De Zordo (1979) and Refseth (1988)
<Fig.4.7.5>.

It is therefore concluded that a mixture of univoltine and semivoltine life

cyles may co-exist in the Durham woodland.

From the comparison of present and previous studies <F'ig.4.7.5>, this species
seems to have a shift of life cycle geographically from a univoltine late-summer
breeder to a semivoltine mid-summer breeder, as environments become more

severe.

ADDITIONAL INFORMATION
87



4 Results for Each Species
When caught with the fingers, individuals of this species were observed to
make sounds by a squeezing of the expanded abdomen. Such behaviour may

form a defence mechanism, and is similar to an observation by Thiele (1977).

Elytra lengths did not differ between sexes (t27 = 0.38, p = 0.706) (See Table
4.7.1).
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4 Results for Each Species

<Table 4.7.1> Mean egg volume of Cychrus caraboides
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity | 6

Period no. Mature in each cell
8 2345 mean (mm?)
1 sample number

(The egg volume used here is that of the largest egg of a given female)

<Table 4.7.2> Mean number of eggs carried by female Cychrus caraboides
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 2 6
Period no. Undeveloped | Mature
8 15
1 in each cell
9 0 mean number
2 sample number
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4 Results for Each Species

<Table 4.7.3> Elytra length of both sexes of Cychrus caraboides

in the woodland

Woodland

Female

10.217
12
1.214
0.350

Male

10.359
17
0.796
0.193

(Habitat
total)

10.300
29
0.973
0.310

90

in each cell

mean (mm)
sample number
st. deviation

st. error
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<Fig.4.7.3>

Stages of maturity of Cychrus caraboides

caught in successive 4-week periods in woodland
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<Fig.4.7.6> The results of previous and present study of
life cycle of Cychrus caraboides
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4 Results for Each Species

4.8 Leistus ferrugineus Linnaeus

PREVIOUS INFORMATION

Leistus ferrugineus lives on the edge of canopied areas or in open woodland,

rather than litter (Greenslade 1965).

This species is in a group with winter larvae, the adults of which emerge in

spring and undergo aestivation dormancy prior to autumn reproduction.

Fig.4.8.4 shows the results of previous field studies of the life cycle of this

species.

o In southern England (Greenslade 1965) L. ferrugineus shows two peaks of ac-

tivity in breeding (August—October) and perhaps in emergence (May—June).

o Similarly, two peaks of activity were found in the Netherlands (emergence
in July and breeding in October: den Boer 1958) and in Denmark (June

emergence and September-October breeding: Larsson 1939).

o A single peak of activity has been observed in June in Scandinavia (Lindroth

1945).

RESULTS AND DISCUSSION

In the Durham study, this species was found only in woodland and mostly
in October and November <Fig.4.8.1>, when mature individuals were observed
<Fig.4.8.2>. The egg volumes and numbers per female are shown in Table 4.8.1
and Table 4.8.2. From these results it is concluded that the oviposition sea-
son occurred in autumn and early winter (at least in October and Novem-
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4 Results for Each Species
ber). This is supported by the previous studies of Larsson (1939), Den Boer
(1958) and Greenslade (1965), in which breeding has been observed until Octo-

ber <Fig.4.8.4>.

ADDITIONAL INFORMATION

The elytra lengths of the females are significantly larger than those of the

males <Fig.4.8.3> (t19 = 2.70, p = 0.022).
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4 Results for Each Species

<Table 4.8.1> Mean egg volume of Leistus ferrugineus
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 6
Period no. Mature in each cell
10 237 mean (mm3)
3 sample number

(The egg volume used here is that of the largest egg of a given female)

<Table 4.8.2> Mean number of eggs carried by female Leistus ferrugineus
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 6
Period no. Mature in each cell
10 9 mean number
3 sample number
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4 Results for Each Species

<Table 4.8.3> Elytra length of both sexes of Leistus ferrugineus
in the woodland

.Woodla.nd

4.457
7
Female 0.127
0.048
4.280

Male 0.84
0.038 in each cell

4.383 mean (mm)
(Habitat 12 sample number
total) 0.140 st. deviation

0.040 st. error
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<Fig.4.8.2> Stages of maturity of Leistus ferrugineus
caught in successive 4—week periods in woodland
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<Fig,4.8.4> The results of previous and present study of
life cycle of Leistus ferrugineus
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4 Results for Each Species

4.9 Leistus rufescens Fabricius

PREVIOUS INFORMATION

Leistus rufescens is the most hygrophilous of the carabid species and lives in

moist shady places amoung wet leaves, often under alders (Lindroth 1974).
This species has been studied at only a few geographical areas <Fig.4.9.4>.

o In southern England (Murdoch 1967), mature females have been found from
June to September and emergence in May has occurred after larval overwin-

tering.

o In the uplands of northern England, the results of Houston (1970) show ma-
ture females in July-October, larval overwintering and emergence in June-

July.

o In Denmark, the results of Larsson (1939) indicate similarities to Houston’s
(1970) study, with an earlier occurrence of breeding and emergence: breeding
in July-August and possibly September, and emergence in late June—early

July.

RESULTS AND DISCUSSION

In the present study, captures were made in woodland from June to Sepember
<Fig.4.9.1> with one mature female found in August <Fig.4.9.2> <Table 4.9.1>
<Table 4.9.2>. The abdomen/elytra length ratios did not show high values.
Therefore a breeding season perhaps occurred around August, in agreement with
the previous studies. When the results of previous and present studies are consid-
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4 Results for Each Species
ered together they show that, as environmental conditions become colder, there
is a shift of the time of emergence from spring (May) to summer (late June—early
July) <Fig.4.9.4>. The breeding seasons do not show such a marked difference

(June—-September). It is therefore suggested:

1. Emergence seems to be dependent upon temperature, i.e. lower temperatures

inhibit the larval development of L. rufescens.

2. The breeding season has been observed to start one month after the béginning
of emergehce, irrespective of geographical area; temperature therefore has a

lesser influence on maturation than on larval development.

3. Leistus rufescens may be a univoltine summer—autumn breeder, with larval

overwintering and emergence during the beginning of the next summer.

ADDITIONAL INFORMATION

The elytra lengths did not differ between sexes <Table 4.9.3> (t1p = 0.36,
p = 0.724).
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4 Results for Each Species

<Table 4.9.1> Mean egg volume of Leistus rufescens
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 6
Period no. Mature in _ea.éh cell
8 411 mean (mm3)
1 sample number

(The egg volume used here is that of the largest egg of a given female)

<Table 4.9.2> Mean number of eggs carried by female Leistus rufescens
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 6
Period no. Mature in each cell
8 14 mean number
1 sample number
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4 Results for Each Species

<Table 4.9.3> Elytra length of both sexes of Leistus rufescens
in the woodland

Woodland

4.220
| 5

Female 0.295
0.132

4.171

Male 0.170
0.064 n eaph cell

4.192 mean (mm)
(Habitat 12 sé.mple number
total) 0.219 st. deviation

0.063 st. error
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<Fig.4.9.2> Stages of maturity of Leistus rufescens
caught in successive 4—week periods in woodland
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<Fig.4.9.4> The results of previous and present study of
life cycle of Leistus rufescens

Study ‘ Life cycle

" S.England

Marsh

streamside
Murdoch

1967 J F M A M J J A s O

N.England

woodland

Present study

Denmark

Museum samples]

Larsson

1939 3 F M A M J 1 A s o

N.England
High (465 549m)

moorland,
cowgreen (472m)

Houston

1970 ] F M A M J I A S O

Scandinavia

Museum samples|

Lindroth
1945 J F M A M J J A S o

breeding
larvae —_——— -
emerging ————— e

imagines activity




4 Results for Each Species

4.10 Leistus rufomarginatus Duftschmid

PREVIOUS INFORMATION

Leistus rufomarginatus is found at the base of deciduous trees in dark forests

(Lindroth 1974).

This species seems to have a life cycle which is similar to that of Leistus
rufescens, but shows a longer appearance at the adult stage in Denmark (Larsson
1939) <Fig.4.10.4>. At marshland and streamside in southern England (Mur-
doch 1967), emergence has been observed in April-May and mature females in
June-October. A maximum imago activity was observed in June-July in Bel-
gium (Loreau 1985: in pine-wood), in August-September in Denmark (Larsson
1939) and in July in Scandinavia (Lindroth 1945). The results of Loreau (1985)
for beech forests in Belgium show two peaks of activities of imagines in summer
and winter; the summer peak involves emergence and the winter one involves

oviposition.

RESULTS AND DISCUSSION

In the present study, the captures were made in the Durham woodland from
May to November <Fig.4.10.1>. No callows were observed. These results are
consistent with a result of Larsson (1939) which found a longer appearance pe-
riod than for Leistus rufescens. A clear peak of captures was not observed,
perhaps because of an insufficient number of captures: One mature female was
found in October <Table 4.10.1, Table 4.10.2> and a large ratio of female ab-

domen/elytra length was observed in July <Fig.4.10.3>. These results may
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4 Results for Each Species
indicate two oviposition seasons, in summer and autumn during the same year

at the Durham woodland site. Two suggestions are made:

1. The two oviposition seasons may have included two generations, of which
one is a new imago generation bred in autumn. The other may have been
a surviving generation bred in spring following oviposition in the previous

autumn and adult overwintering; or

2. a part of the population may have been semivoltine and have bred as a first

oviposition in the spring following the year of study.

Such life cycle shifts have been reported in other autumn breeder species of
Carabidae by van Dijk (1972) for Calathus melanocephalus and Luff (1973) for
Pterostichus madidus <Fig.4.10.4>. Since the present results are quite different

from previous studies, more data are essential before further discussion.

ADDITIONAL INFORMATION

The elytra lengths of females tend to be larger than those of males, but not
significantly so (tj2 = 1.77, p = 0.101) <Table 4.10.3>.
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4 Results for Each Species

<Table 4.10.1> Mean egg volume of Leistus rufomarginatus
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 6
| Period no. Mature |- in each cell |
10 411 | | mean (mm3)
1 sample number

(The egg volume used here is that of the largest egg of a given female)

<Table 4.10.2> Mean number of eggs carried by female Leistus rufomarginatus
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 6
Period no. Mature in each cell
8 6 mean number
1 sample number
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4 Results for Each Species

<Table 4.10.3> Elytra length of both sexes of Leistus rufomarginatus
in the woodland

Woodland
4767
6
Female 0.266
0.119

4.550

Male 0.193
0.068 in each cell

4.643 mean (mm)
(Habitat 14 sample number
total) 0.244 st. deviation

0.7065 st. error
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<Fig.4.10.4> The results of previous and present study of
life cycle of Leistus rufomarginatus
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4 Results for Each Species

4,11 Loricera pilicornis Fabricius

PREVIOUS INFORMATION

Loricera pilicornis is reported to occur in a wide range of habitats in beech

woodland and arable land (Greenslade 1965).

This species is a spring breeder. In summer the larvae develop and imagines
emerge in autumn to hibernate and breed in the next spring (Larsson 1939,
Lindroth 1949, Greenslade 1965, Refseth 1988) <Fig.4.11.5>. This species has
been studied in various geographical areas. In beechwood, grassland , bracken
and arable land in southern England, adult activities have been observed from
March to August, with a maximum in April-May and larvae have been recorded
in May-July (Greenslade 1965); a maximum of adult activity has been recorded
in April, with a decline in mid-summer and a slight increase in autumn (Tipton
1960: from reference by Greenslade 1965). In Denmark, two peaks have been
observed in April-May and July-August (Larsson 1939). Detailed studies by
Loreau (1985) have shown that in pine wood and beech forests in Belgium two
breeding seasons occur. The main breeding season was found to be principally
in April-May with a less important one in July-August. Refseth (1988) reported
that in alder forests in central Norway, breeding occurred in May-June, with a
callow emergence in August—-September. Loreau (1985) suggested that there were
two generations in the population in Beléian , the largest of which was made up of
spring breeders and the other of autumn breeders. However, in central Germany,

a single peak has been observed in May-July (Geiler 1960).

RESULTS AND DISCUSSION
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4 Results for Each Species
Loricera pilicornis was found in both Durham habitats, in agreement with

the results of Greenslade (1965).

Captures were made in the Durham woodland from May to October <Fig.4.11.1,
Fig.4.11.3>. For females, a main peak was observed from June to August, and
for males the main peaks were found in June and August. Captures were made

in grassland until November.

Male callows were observed in both habitats in August <Fig.4.11.1>. Emer-
gence therefore seems to have occurred in summer (July and August). Undevel-
oped females were observed in July, August and October in woodland, and in
August in grassland <Fig.4.11.3>. Maturation may therefore have followed in

the next year.

Mature females of Loricera pilicornis were observed in July in woodland and a
spent female was observed at the beginning of August in grassland <Fig.4.11.3>.
Egg sizes and numbers per female are listed in Table 4.11.1 and Table 4.11.2,
respectively. A copulation was witnessed in woodland in early June. It is con-
cluded from these results that an oviposition season occurred in June and July
in both habitats. In grassland, a spent female was found to possess many small
eggs at the previtellogenesis stage in addition to a mature egg in early August.
Moreover, captures were made in October and November after a break during
September. This seems to indicate that two reproductive seasons have occurred
in the year. The main oviposition was in June—July and the less important one
perhaps in October-November. The possibility of two oviposition seasons in one
year is supported by the results of Tipton (1960) and Loreau (1985), although the
timing of seasons is later than indicated by the Belgian results. If this conclusion
that Loricera pilicornis at the Durham grassland site had two generations can be
applied to L. pilicornis in the woodland also, then this helps to explain why an
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4 Results for Each Species
undeveloped female was observed in the woodland in July during the oviposition
season <Iig.4.11.3>. This is because the life cycle of autumn breeders must
have been delayed relative to that of the main summer breeders. The shift of the
breeding season when compared with the fesult from Belgium (Loreau 1985: late
April-May and June-July) may be due to the prevalence of colder environmental
conditions in Durham. (Average temperature 8.5°C at ﬁurham, 9.9°C‘at Uccle,

in Belgium; vegetation growth period 7 months at Durham, 9 months at Uccle)

The results of a study in central Germany (Geiler 1960; reference from
Greenslade 1965) in which only a single peak of activity occurred in May-July,
might indicate that imagines mature one year after emergence so that the emer-
gence and breeding seasons overlap in May-July: this may be due to a colder

winter and a shorter favourable season for maturation.

When the Durham results are combined with those of the previous studies,

it may be suggested that <Fig.4.11.5>:

1. Loricera pilicornis is a member of the group classified by Thiele (1977) as
"spring breeders with no larval dormancy but obligatory dormancy in the

adults (parapause) mainly governed by photoperiod”

2. a greater spread of activity and two breeding seasons are observed in lower

latitude areas and oceanic climates;

3. restricted and single-peak activity and only one breeding season are found in

higher latitude areas and continental climates.

In parallel to this oviposition season suggested by the results of the present
studies, cases of females which secreted pheromone were observed in late June
and July; this might be related to maturation or oviposition.
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4 Results for Each Species
ADDITIONAL INFORMATION

The elytra lengths of woodland females were significantly larger than those
of grassland females (9 = 2.53, p = 0.020). A difference in the elytra lengths of
the males was not found between the two habitats (tg = 0.92, p = 0.395). The
elytra length between sexes also did not differ in both habitats (in woodland:
t3o = 0.22, p = 0.828; in grassland: tg = 1.61, p = 0.281) <Table 4.11.1>.
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4 Results for Each Species

<Table 4.11.1> Mean egg volume of Loricera pilicornis
in relation to stage of maturity in 4-week periods
<a>in woodland <b>in grassland

<a>
| Stage of maturity 6
Period no. Mature
7 1 226
2
<b>
VStage of maturity | 7
Period no. Spent in each cell
7 109 mean (mm3)
1 sample number

(The egg volume used here is that of the largest egg of a given female)
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4 Results for Each Species

<Table 4.11.2> Mean number of eggs carried by female Loricera pilicornis
in relation to stage of maturity in 4-week periods
<a>in woodland <b>in grassland

<a> .
Stage of maturity 2 3 6 (Perio.d '
Period no. Undeveloped Regressed | Mature | total)
7 0 14 9
1 2 3
8 0 0
1 1
10 0 0
1 1
(Stage of 0 0 14 5
maturity
total) . 2 1 2 5
<b>
VStage of mafurity 3 7 (Period
Period no. Regressed | Spent | total) in each cell
8 0 1 |1 05 | mean number
1 1 2 sample number
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4 Results for Each Species

<Table 4.11.3> Elytra length of both sexes of Loricera pilicornis
in the two habitats

Woodland | Grassland (Sex-total)
4.728 4.450 4.677
18 4 22
Female 0.202 0.173 0.222
0.048 0.087 0.047
4.714 4.617 4.685
14 6 20
Male 0.123 0.248 0.169
0.033 0.101 0.038 in each cell
4.722 4.550 4.681 mean (mm)
(Habitat 32 10 42 sample number
total) 0.170 0.227 0.197 st. deviation
0.030 0.072 0.030 st. error
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<Fig.4.11.3> Stages of maturity of Loricera pilicornis
caught in successive 4—week periods in woodland
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<Fig.4.11.3> Stages of maturity of Loricera pilicornis
caught in successive 4—week periods in grassland
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<Fig.4.11.4> Abdomen/elytra length ratio
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<Fig. 4.11.5> The results of previous and present study of
life cycle of Loriceru pilicornis
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4 Results for Each Species

4.12 Notiophilus biguttatus Fabricius

PREVIOUS INFORMATION

Notiophilus biguttatusis found in woodland litter (Greenslade 1965), in shady

but dry places (Lindroth 1974).

This species has been classified as a spring breeder with facultative autumn
activity by Larsson (1939) in Denmark <Fig.4.12.4>. This classification has
been supported by Lindroth (1945) in Scandinavia, by Greenslade (1965) in beech
wood, bracken, grass heath and arable land in southern England, and by Houston

(1970) in high moorland in northern England.

o In southern England, imagines have been found to be active in April-early
August and January-February, with a peak in May—-June with larvae obser-

vation May-September.

o In Denmark, larvae and adults have been observed in summer, with emergence

in late September—early October.

o In Scandinavia, imago activity has been reported mainly in May—September

(with a peak in J une) with larvae in July—September and imago overwintering.

o In highland in northern England, mature females have been recorded inter-
mittently: late April-early May, early June, early August, and September-
October; two emergence seasons have been observed in July and in September—

October.

However, Loreau (1985) reported a study of the species in beech forest and
pine wood in Belgium in which N. biguttatus matured soon after autumn emer-
gence in September and had a late autumn breeding season in October and
November. This continued to the next spring. The results of van der Drift (1951)
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4 Results for Each Species
from beech forest in the Netherlands support the suggestion by Loreau that N.
biguttatus bore ripe eggs throughout the year. It must be concluded that a part
of the Belgian population of N. biguttatus had two generations during the same

year (Loreau 1985).

RESULTS AND DISCUSSION

N. biguttatus was observed in the present study only in the Durham wood-
land. From field observations, there appear to have been two peaks of capture
abundance from May to July and from October to December, although the data

were relatively few.

One mature female was found to possess two eggs in July <Fig.4.12.2, Ta-
ble 4.12.1, Table 4.12.2>. This fact, together with the large mean ratio of ab-
domen/elytra length for females in July <Fig.4.12.3>, indicates that an ovipo-

sition season occurred during that month.

The present study shows agreement with the previous works, in which N.
biguttatus was found to breed in May and June (Larsson 1939, Lindroth 1945,
Greenslade 1965, Houston 1970). However, although they report that the adult
emerges in autumn before hibernation and breeds in the following spring, the
occurrence of an undeveloped female in July in the Durham woodland is incon-
sistent with this <Fig.4.12.2a>. A possible conclusion for the Durham site is
that a spring emergence has occurred; this is supported by the results of van
Drift (1951), who found that N. biguttatus bore ripe eggs throughout the year;
and by the results of Houston (1970) who reported that N. biguttatus emerged

in two seasons in July and September.

The elytra length of the female was significantly larger than that of the male
113



4 Results for Each Species
<Table 4.12.3> (ta7 = 2.98, p = 0.006).

Notiophilus biguttatus does not fit clearly into any one of the four types of
spring or autumn breeders defined by Thiele (1977). (See Table 1.1). Examples

of previous studies of Notiophilus biguttatus which illustrate this are:
o for the two types of spring breeders which are:

1. controlled by firstly short-day photoperiod and then by long-day pho-
toperiod. Loreau (1985) found autumn breeding shortly after emer-

gence;

2. controlled by short-day photoperiodical quiescence. Van Drift (1952)

found mature females throughout the year.

o for autumn breeding types with winter larvae: all previous studies show sum-

mer larvae

It is therefore suggested that Notiophilus biguttatus may be in the group
classified by Thiele (1977) as having "unstable conditions of hibernation and
potentially lacking dormancy”. This classification offers a possible explanation
for the result of Houston (1970), in which two emergence seasons and several
intermittent breeding seasons were observed in one year. Loreau (1985) suggested
that after autumn emergence they can start to reproduce before winter and

continue breeding, with a winter quiescence induced by low temperatures.

The life cycle of this species may therefore be more heavily dependent on
biotopic conditions than on photoperiodic and temperature conditions, depend-

ing on the geographical location.
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4 Results for Each Species

<Table 4.12.1> Mean egg volume of Notiophilus biguttatus
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 6
* Period no. | Mature ' in each cell
7 84 mean (mm3)
1 sample number

(The egg volume used here is that of the largest egg of a given female)

<Table 4.12.2> Mean number of eggs carried by female Notiophilus biguttatus
in relation to stage of maturity in 4-week periods
in woodland

Stage of maturity 2 6 (Period
Period no. Undeveloped | Mature | total) in each cell
8 0 2 1 mean number
1 1 2 sample number
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<Table 4.12.3> Elytra length of both sexes of Notiophilus biguttatus
in the woodland

Woodland

3.615
26
Female 0.882
0.173

3.086

Male 0.107
0.040 in each cell
3.503 | mean (mm)

(Habitat 33 sample number
total) 0.811 st. deviation

0.141 . st. error
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<Fig.4.12.2> Stages of maturity of Notiophilus biguttatus
caught in successive 4—week periods in woodland
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<Fig.4.12,4> The results of previous and present study of
life cycle of Notiophilus biguttatus
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4 Results for Each Species

4.13 Patrobus atrorufus Strom

PREVIOUS INFORMATION
Patrobus atrorufus lives in damp deciduous forests (Lindroth 1974).

Patrobus atrorufus has been classified as a mempber of ”autumn breeders with
a thermic hibernation parapause in the larva and a photoperiodic aestivation
parapause in the adult” (Thiele 1977). This species breeds from late summer
to autumn and hibernates after exposure to cold at the 3rd larval stage. The
adult emerges in the following spring after a high temperature ’signal’. Ovarian
development starts with the changeover to short-day photoperiods (the critical
photoperiod is 16-17h light/day); this means that, as experienced in the field
by P. atrorufus, short-day conditions already prevail from the beginning of July
onwards at Koln in West Germany. Females of P. atrorufus matured and started
to reproduce about one month after the summer solstice, in agreement with
the experimental results. Maturation of the male appears to be independent of

photoperiod (Thiele 1969, 1971).

Fig.4.13.5 shows the results of previous field studies of the life cycle of this
species. At marsh and streamside habitats in southern England, emergence has
been observed in May and June, and mature adults were observed from July to
October (Murdoch 1967). This is the same life cycle as that found in Denmark
(Larsson 1939) and in moist forest in West Germany (Thiele 1969). On high
moorland in northern England, a biennial life cycle was observed (Houston 1970).
Mature females appeared mainly from July to August. After larval overwintering,
callows appeared from mid-June to September. Biennial life cycles have also been
found in central Norway (Refseth 1980, 1986), with emergence during the summer
(August—-September) after larval overwintering. This is followed by hibernation
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4 Results for Each Species
at an immature imago stage and maturation during the next spring from late
May. Breeding then occurs in the summer. At progressively higher latitudes,

breeding seasons have been obsérved to shift earlier from August to June.

RESULTS

Patrobus atrorufus was observed mainly from June to September in the
Durham woodland, with three male callows captured from late June to early
July <Fig.4.13.1>. An undeveloped male was observed in June <Fig.4.13.3c>.
The emergence season is therefore considered to have occurred during June to

July.

Mature females in woodland were observed in July—-September <Fig.4.13.3a>.
Large mean ratios of abdomen/ elytra length for females were measured in July
and August <Fig.4.13.4a>. During July to September, two females and three
males were recaptured: the distances moved by the females were significantly
larger than those of the males <Fig.4.13.2, Table 4.13.1> (t3 = 8.374, p = 0.004).
The oviposition season in woodland may therefore have occurred during July,

August and September.

In grassland, mature females were observed in September—-October <Fig.4.13.3b>
and one female with a large ratio of abdomen/elytra length was observed in
September <Fig.4.13.4b>. It is suggested that the oviposition season in grass-

land occurred later or continued until later than in woodland.

Although the sample sizes were small, the egg volumes of woodland females

were perhaps larger than those of grassland females for the same stage of maturity

<Table 4.13.2> (t3 = 3.01, p = 0.057).

The elytra lengths of woodland females also seemed to be larger than those
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4 Results for Each Species
found in grassland, although not significantly so <Table 4.13.4> (to = 2.28,
p = 0.144). The possibility that the woodland females have a larger body size
and produce larger eggs suggests that the woodland may offer more favourable
conditions for development than the grassland site. This is consistent with the

earlier reports that P. atrorufus prefers damp deciduous forests (Lindroth 1974).

The elytra lengths of the woodland female tended to be larger than those
of the woodland male but not significantly so (t0 = 1.75, p = 0.095) <Table
4.13.4>.

The egg numbers per female in both habitats are listed in Table 4.13.3.

DISCUSSION

The present study shows that no captures of females were made in woodland
during a period of three weeks from late June to early July. This is thought to
be due to aestivation, a conclusion that is supported by the experimental work
of Thiele (1967, 1969) in which aestivation was observed for approximately one

month.

Combining the present results for the emergence season with those of the
previous studies, it is concluded that emergence occurs later in more severe en-

vironmental conditions <Fig.4.13.5>.
e.g.
o May-June: southern England and Denmark;
o June-July: Durham;
o July-August: central Norway;

o June-September: upland of northern England
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4 Results for Each Species

The reason for this shift of emergence to later periods may be thermal quies-
cence in the larvae induced by low temperatures, while the reason for this length
of the emergence season may be that the ambient temperature is often not high
enough for metamorphosis; the surrounding microhabitats therefore have a great

influence on the emergence of each individual.

The oviposition season seems to have occurred from July to September in
both Durham habitats and may possibly have continued until a little later. The
conclusion drawn from the present and previous studies is that the length of the

breeding season is restricted by increasingly severe conditions:
e.g.

o July-October: southern England and Denmark;

o July-September: Durham,;

o July-August: upland in northern England.

Also a shift of breeding season from autumn to spring has been observed

without aestivation in extremely severe conditions in central Norway (Refseth

~ 1986):

o August-September: 10m a.s.l.;
o July: 830m as.l;

o June: 980-1120m a.s.l..

Therefore, the inhibition of maturation of the female in long-day conditions,
as found in the experiment by Thiele (1969), is not applicable to the observation
of P. atrorufus by Refseth (1986). The restriction of the duration of breeding may
be related to the length of the warm season. Refseth (1986) also suggested that
the shift of the breeding season in central Norway may be connected with the
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4 Results for Each Species
displacement of the final date of the vegetation growth period (See Fig.4.18.1).
Generally, P. atrorufusis a univoltine autumn breeder, a biennial autumn breeder
and a biennial spring breeder, respectively, from warm to cold environments.
From these geographical comparisons, imagines are seen to mature faster after
emergence in higher latitudes than in lower latitudes. The oviposition season is
earlier or shorter in woodland than in grassland. The results of the present and
previous studies of the oviposition season seem to indicate that, as for Nebria
brevicollis (which experiences a similar life cycle), Patrobus atrorufus also matures

faster in lower temperatures (Thiele 1969, 1971 for N. brevicollis).

Some of the Durham woodland females may have emerged after the aestiva-
tion period because one male callow was caught in early July. If so, those females
which did not undergo aestivation soon after emergence cannot have bred during
the year. A fraction of the individuals may therefore have followed a biennial life

cycle.

ADDITIONAL INFORMATION

After aestivation, one woodland female was observed to secrete pheromone

in early July. Because of the timing, this may be related to maturation.

When caught with the fingers in early August, two woodland females of this
species were observed to secrete pheromone, an action which is possibly related

to a defence mechanism.
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4 Results for Each Species

<Table 4.13.1> Mean egg volume of Palrobus atrorufus
in relation to stage of maturity in 4-week periods
<a>in woodland <b>in grassland

<a> »
vStage of maturity 6
Period no. Mature
7 7 203
1
9 229
2
(Stage of 220
maturity total) | 3
<b>
Stage of maturity 6
Period no. Mature
9 115
1
10 159
1 in each cell
(Stage of 137 mean (mm?®)
maturity total) 2 sample number

(The egg volume used here is that of the largest egg of a given female)
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<Table 4.13.2> Mean number of eggs carried by female Patrobus atrorufus
in relation to stage of maturity in 4-weelk periods
<a>in woedland <b>in grassland

<a>

Stage of maturity 6

Period no. Mature

7 8

(Stage of

w =N N~

maturity total)

<b>

Stage of maturity- 6

Period no. _ Mature

9 15
1

10 11

1 in each cell

(Stage of 13 mean number

maturity total) 2 sample number
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<Table 4.13.3> Elytra length of both sexes of Patrobus atrorufus
in the two habitats

Woodland | Grassland | (Sex total)
4.982 4.367 4.890
17 3 20
Female 0.170 0.462 0.313
0.041 0.267 0.070
4.684 4.684
19 0 19
Male 0.719 0.719
0.165 0.165 in each cell
4.825 4.367 4.790 mean (mm)
(Habitat 36 3 39 | sample number
total) 0.549 0.462 0.552 st. deviation
0.092 0.267 0.088 st. error
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<Fig.4.13.3> Stages of maturity of Patrobus atrorufus
caught in successive 4—-week periods in woodland
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<Fig.4.13.3> Stages of maturity of Patrobus atrorufus
caught in successive 4—week periods in grassland

Spent
Mature
Redeveloping
Developing
Regressed
Undeveloped

Callow

Frequpnclqs ore plbifed
indicates medion value In eoch period
? indicates no observotion

Stage of maturity <c¢> Female (2)

7

6 A

2 ®

T T T T T i

5 6 7 8 9 10 11 12

4-week periods (period 5 starts on 12 May)

MAY JUN JUL AUG SEPx OCT# NOV DEC

# dota ore For | week
1 doto ore for 3 weeks




T30~ @V —aoN\J030acD

OQ—=¥0 -«
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<Fig. 4,13.5> The results of previous and present study of
life cycle of Patrobus atrorufus
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4 Results for Each Species

4.14 Pterostichus melanarius Illiger (vulgaris Linnaeus)

PREVIOUS INFORMATION

Pterostichus melanarius is found in grasslands and arable fields (Greenslade

1965), and generally in areas that are not too dry (Lindroth 1974).

The development of this species was investigated experimentally by Thiele
and Krehan (1969), Thiele (1970), Krehan (1970, 1971), Hiirka (1975) and Witzke
(1976). See Table 4.18.1. Field studies in southern England were carried out
in weedy cultivated land and strawberry fields by Briggs (1957, 1967), and in
marsh and streamside areas by Murdoch (1967). Studies were also made in open
country in West Germany by Krehan (1970) and beech forest in Denmark by
Jgrum (1980).

This species is classified as ”an autumn breeder with a thermic hibernator
parapause at the larval stage and no dormancy in the course of adult develop-
ment” (Thiele 1977). Coldness is essential at the end of the second instar of
larval development and a long period of low temperature is required for normal
development of the third instar. This is followed by a need for a rising tempera-
ture in order to achieve metamorphosis (Thiele and Krehan 1969 , Hirka 1975).
After emergence in the following spring, individuals become mature without dor-
mancy in southern England (Briggs 1957, 1967, Murdoch 1967) and Denmark
(Larsson 1939). In the laboratory (Thiele 1969, Krehan 1970) it was found that,
after emergence, both sexes become mature in about 3 weeks at 20°C. Emergence
may take longer in fields (Hirka 1975), irrespective of photoperiod and without
the occurrence of dormancy. During maturation, thermal quiescence can occur
at low temperature (Thiele 1969, Krehan 1970). Some of the females which have
already reproduced in the year prior to hibernation are found to reproduce again
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4 Results for Each Species
(Briggs 1967, Krehan 1970, Jgrum 1980). Biennial life cycles have been observed
in most parts of the distributional range in Scandinavia (Lindroth 1949), in West
Germany (Krehan 1970) and in Denmark (Jgrum 1976, 1980). Fig.4.14.5 shows

the results of previous field studies of the life cycle of this species.

RESULTS AND DISCUSSION

More samples of this species were captured in the Durham grassland than
in the woodland <Fig.4.14.1>. This follows previous observations that P. mela-
narius is mainly associated with grasslands and arable lands (Lindroth 1945,

Thiele 1964, Greenslade 1965). Grassland individuals will be discussed here.

A mature female in July and a spent female in August were observed. Also,
large ratios of abdomen/elytra length for females were found in August (See
Fig. 4.14.4b). The data for egg volumes and egg numbers per female are shown
in Table 4.14.1 and Table 4.14.2, respectively. These results suggest a summer
breeding season, perhaps in July and August. Although no callow was captured,
both undeveloped and developing females were observed in July and August
~ <Fig.4.14.3b>. To account for the simultaneous appearance of an undeveloped
female and a spent female in August, it is suggested that at least a part of the
population at Durham may have a biennial life cycle. P. melanarius matures
quickly, as reported by Hirka (1975), so that a part of the population which
emerged earlier in the emergence season may be univoltine: e.g. a developing
female in July. A mature female had small eggs at the previtellogenesis stage
at the same time in grassland in July <Fig.4.14.3b>. Therefore, some of the
females may reproduce later in the year and reproduce more than once in one

year.

These results for the life cycle of P. melanarius at the Durham grassland site
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4 Results for Each Species
indicate the simultaneous occurrence of a univoltine life cycle and a semivoltine
life cyle. Activity did not continue after August, in contrast with the reports from
southern England (Murdoch 1967) and Koéln (Krehan 1970) in which activity
continued until October. It is concluded that the life cycle of this species may

alter geographically as the environment becomes more severe <Fig.4.14.5>:

1. univoltine summer-autumn breeding with spring emergence in southern Eng-

land (Briggs 1965, Murdoch 1967) to

2. a mixture of univoltine summer-autumn breeding and semivoltine spring
breeding in northern England (present study), West Germany (Krehan 1970)

and Denmark (Larsson 1939) to

3. semivoltine spring breeding with summer emergence in Denmark (Jgrum
1976, 1980). Jgrum has suggested that the biennial life cycle may be a
consequence of longer winters and cooler springs causing a delay in meta-

morphosis.

ADDITIONAL INFORMATION

The elytra lengths of grassland females were significantly larger than those

of the males (t2; = 3.98, p = 0.001) <Table 4.14.3> .
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<Table 4.14.1> Mean egg volume of Pterostichus melanarius
in relation to stage of maturity in 4-week periods
<a>in woodland <b>in grassland

<a>
Stage of maturity 4
Period no. Developing
8 771
1
<b>
Stage of maturity 4 6 7 | (Period
Period no. Developing | Mature [ Spent | total)
7 1145 1145
1 1
8 1309 2251 | 1932 | 1831
1 1 1 3 in each cell
(Stage of maturity 1227 2251 | 1932 | 1659 mean (mm?)
total) 2 1 1 4 sample number

(The egg volume used here is that of the largest egg of a given female)
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<Table 4.14.2> Mean number of eggs carried by female Pterostichus melanarius
in relation to stage of maturity in 4-week periods
<a>in woodland <b>in grassland

<a>
Stage of maturity 4
Period no. Developing
8 12
1
<b>
Stage of 2 4 6 7 | (Period
maturity | Undeve| Deve | Mature | Spent
Period no. loping total)
7 19 19
1 1
8 0 5 28 1 6.8
2 | 1 | 1 1 5
(Stage of 0 12 28 1 8.8 in each cell
maturity mean number
total) 2 2 1 1 6 sample number

130



4 Results for Each Species

<Table 4.14.3> Elytra length of botth sexes of Pterostichus melanarius
in the grassland

Grassland

9.460
10
Female 0.502
0.159

8.577
13
Male 0.546

0.151 in each cell

8.961 mean (mm)
(Habitat 23 sample number
total) 0.683 st. deviation

0.142 st. error
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<Fig.4.14.3> Stages of maturity of Pterostichus melanarius
caught in successive 4—week periocds in woodland
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<Fig.4.14.3> Stages of maturity of Pterostichius melanarius
caught in successive 4—week periods in grassland

Spent

Mature

Redeveloping

Developing

Regressed

Undeveloped

Callow

Frequenctes ore plotied

? indicaotes no obeervation
+ indicotes developing small immcture eggs
at the some time in addition to moture eggs

Stage of maturity <c> Female (6)
7 A /

6 A I*

5

4 - / /

3

2 - I /

L1 2 9

0 T - - T T T

4

5 6 7 8 9 10 11 12
-week periods (period D starts on 12 May)

“MAY JUN  JUL AUG  SEP% OCT# NOV DEC

# dato aore for 1 week
1 data aore for 3 weeks




T 30—~ QY —oNZo030a0cD

OO0 -~ =

<Fig.4.14.4> Abdomen/elytra length ratio
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<Fig.4.14.56> The results of previous and present study of
life cycle of Pterostichus melanarius
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4 Results for Each Species
4.15 Pterostichus niger Schaller

PREVIOUS INFORMATION

Pterostichus niger lives in woodlands and grasslands and, less frequently, in

arable lands (Greenslade 1965) and soils which are not too dry (Lindroth 1974).

This species has been studied in southern England in beech wood, bracken,
grassheath and arable land by Greenslade (1965); also in Denmark by Larsson
(1939) and in beech forest by Jgrum (1976, 1980); in West Germany by Witzke
(1976); in centrzﬂ Norway by Lindroth (1945) and in alder forest by Refseth
(1988).

Pterostichus niger has been classified in the group of "autumn breeders with
a thermic hibernation parapause at the larval stage and no dormancy in the
course of adult development” (Thiele 1977). Witzke (1976)‘found that larval
development requires a period of cold, followed by a rising temperature, a re-
sult which confirmed the classification of Thiele. Fig.4.15.5 shows the results of

. previous field studies of the life cycle of this species.

In West Germany (Witzke 1976), an annual life cycle has been found: breed-
ing was from August to mid-September and the third instar larva hibernated.
Emergence occurred in the next year from May to July, followed by breeding in

the summer. Some individuals survived and reproduced again in the next year.

However, both annual life cycles and biennial life cycles have been observed
simultaneously in southern England (Greenslade 1965) and Denmark (Larsson
1939, Jgrum 1976, 1980). In Denmark (Jgrum 1976, 1980), a biennial life cycle
has been suggested: the breeding season is from June to September (mainly July),

followed by larval overwintering and emergence in the following July-August.
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4 Results for Each Species
Jgrum found a small number of spent females which were about to start a new
breeding period in August and September. He agreed with Greenslade (1960)
that P. niger may either breed in two seasons or those individuals emerging late
in one season will not breed until the next year. The work of Greenslade (1965)
in southern England revealed autumn breeding with overwintering larvae, with
emergence perhaps in summer and adult hibernation as well. Larsson (1939) has
reported a similar life cycle in Denmark following observations that larvae were

present at all times of the year.

Biennial life cycles have been observed in central Norway (Refseth 1988):
breeding occurs in July and August, with emergence in August and September
of the next year after larval hibernation and adult hibernation. This is then

completed by breeding in the following summer.

RESULTS

Fig.4.15.1 shows that individuals of P. niger were trapped mainly in the

Durham woodland; relatively few were caught in grassland.

Most of the woodland individuals were caught from June to August, including

callows during late July and August. No callows were caught in grassland.

Table 4.15.1 summarizes the data obtained during the main period of captures
(June to August). This is also displayed in Fig.4.15.1a and Fig.4.15.2a. The
data represent the ratio of females to males in woodland. The numbers of male
and female callows captured were similar but a higher proportion of females was
observed among non-callows. It may therefore be that the survival rate of females

is higher than that of males.

The distances of movement for woodland beetles are shown in Fig.4.15.2a.
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4 Results for Each Species
Measurements were made for the peak periods of capture. Females may have
tended to move further than males but not significantly so (¢15 = 1.77, p = 0.094)
<Table 4.15.2> .

From the results in Fig.4.15.3a, it is seen that the summer population may
involve more than two adult generations, because in July and August both
callow (or undeveloped) and mature females were obsérved at the same pe-
riod. The same phenoﬁlenon was witnessed in the sample of woodland males

<Fig.4.15.3b>, although male maturation is usually faster than that of the fe-

male so that the strength of this suggestion is reduced.

For woodland females the abdomen/elytra length ratio was large in June and
July, coinciding with the oviposition season <Fig.4.15.4>. Although for grass-
land females large ratios were observed in August and September, the sample
numbers were too small to permit the identification of peak periods of oviposi-

tion.

One undeveloped female was observed in December <Fig.4.15.3a>. This had

a large fat body and showed a large ratio of abdomen/elytra length <Fig.4.15.4>.

During June and August, both egg volumes and egg numbers increased

<Table 4.15.3, Table 4.15.4>

The low egg numbers imply low fecundity for this species. This is in contrast
to the Durham results for P. madidus, a species which is closely related and of

similar body size (P. madidus 13-17mm, P. niger 15-20.5mm). See Table 4.1.10.

DISCUSSION

The grassland sample is too small to allow consideration of the life cycle.
Only woodland individuals will be discussed here.
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4 Results for Each Species
Pterostichus niger seems to have an oviposition season between June and

August (or perhaps a little later) because

1. mature females were observed in August <Fig.4.15.3a>;

2. large ratios of abdomen/elytra length were recorded in June and July <Fig.4.15.4a>;
3. many captures were made between June and August <Fig.4.15.1a>;

4. individuals moved large distances in July and August <Fig.4.15.2a>.

The field observations <Fig.4.15.1a> and the dissection results <Fig.4.15.3a>

suggest that emergence in woodland occurred in late July and August.
A biennial life cycle is inferred because

1. mature females and callows were observed at the same time in July and

August;
2. in December, an undeveloped female was observed.

The Durham population of P. niger showed a similar life cycle to that found
in the studies of a Danish population (Jgrum 1976, 1980), which revealed animals

with a univoltine and a semivoltine life cycle.

From a comparison of the previous and present studies, the effect of moving
to increasingly severe environments, i.e. from low latitude and oceanic climate
areas to high latitude and continental climate areas for this species <Fig.4.15.5>

is as follows:

1. there is a shift of life cycle from a univoltine autumn breeder to a mixture
of a univoltine and a semivoltine summer breeder to, finally, a semivoltine

summer breeder,

2. the time of emergence undergoes a shift from spring-early summer to late
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4 Results for Each Species

summer—autumn, as the environmental conditions become more severe.

ADDITIONAL INFORMATION

Two females were observed to secrete pheromone in woodland in July; be-

cause of the timing, it may have been related to oviposition.

Elytra lengths were significantly larger for male graésland individuals than
for woodland individuals (t39 = 2.42, p = 0.021), but not significantly so for
females (t; = 1.19, p = 0.444) <Table 4.15.5>. Elytra lengths did not differ
between sexes in each habitat. (In woodland, t45 = 0.33, p = 0.746; in grassland,

ty = 0.09, p = 0.934).
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4 Results for Each Species

<Table 4.15.1> The estimation of population ratio of female/male

of Pterostichus niger in woodland in periods no.6 — 8

Sex Female | Male | % of female
Capture Total 42 34 55.3
number | Non-callow 37 27 57.8

Callow 5 7 41.7

<Table 4.15.2> The distance of movement of both sexes

of Pterostichus niger in woodland

Sex Female | Male

Mean (m) | 8.929 |4.390

Movement | Sumple number 13 7

Distance st. deviation 6.295 |3.243

st. error 1.746 1.226
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<Table 4.15.3> Mean egg volume of Pterostichus niger
in relation to stage of maturity in 4-week periods
in woodland

Stage of mafurity 4 6 (Period
Period no. Developing | Mature | total)
72 1466 14662
1 1
8 2488 2246 2306
1 3 4 in each cell
(Stage of maturity 1977 2246 2138 mean (mm3)
total) 2 3 5 sample number

(The egg volume used here is that of the largest egg of a given female)

<Table 4.15.4> Mean number of eggs carried by female Pterostichus niger
in relation to stage of maturity in 4-week periods
in woodland

Stage of 1 2 4 6 (Period
maturity | Callow | Undeve | Deve | Mature
Period no. loped |loping total)
7 0 4 2
1 1 2
8 0 7 9.3 7
1 1 3 5 .
12 0 0
1 1
(Stage of 0 0 9.3 4.9 in each cell
maturity mean number
total) 1 2 3 8 sample number
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4 Results for Each Species

<'Table 4.15.5> Elytra length of both sexes of Pterostichus niger
in the two habitats

Woodland | Grassland | (Sex total)
8.761 10.250 8.812
57 2 59
Female 0.524 1.768 0.626
0.069 1.250 0.081
8.830 10.350 8.978
37 4 41
Male 1.203 1.103 1.266
0198 | 0552 | 0176 in each cell
8.788 10.317 8.880 mean (mm)
(Habitat 94 6 100 sample number
total) | 0853 | 1.165 0.940 st. deviation
0.088 0.476 0.094 st. error
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<Fig.4.15.3> Stages of maturity of Pterostichus niger
caught in successive 4—week periods in woodland
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<Fig.4.15.3> Stages of maturity of Pterostichius niger
caught in successive 4—week periods in grassland
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<Fig. 4.15.5> The results of previous and present study of
life cycle of Pterostichus niger
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4 Results for Each Species

4.18 Pterostichus nigrita Paykull

PREVIOUS INFORMATION

This species inhabits shady and damp environments (Greenslade 1965), usu-

ally near water (Lindroth 1974).

Pterostichus nigrita has been classified as a member of the group of "spring
breeders with no larval dormancy, with emergence in autumn and obligatory dor-
mancy in the adult” (Thiele 1977). The species has been studied experimentally
by Thiele (1966, 1968) and Ferenz (1975). For females the photoperiod, firstly
by short-day for previtellogenesis and then by long-day for vitellogenesis, termi-
nates the adult hibernation prior to breeding in the next spring. However, males
can mature (with formation of spermatozeugma) only by the stimulation of the

short-day photoperiod. Ferenz (1975) suggested that;

1. the critical photoperiod for female maturation is different phenologically be-

tween low and high latitudes.
The critical short-day photoperiod for previtellogenesis
o 15.5h light/day: 51°N (Koln in West Germany)
o 19.5h light/day: 66°N (Messaure, northern Sweden)

The critical long-day photoperiod for vitellogenesis is, however, only a little

different:
o 13.1h light/day: 51°N
o 14.0h light/day: 66°N

which means at the end of July and at the beginning of April, irrespective of
longitude (Refseth 1986) <Fig.4.18.2>.
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4 Results for Each Species
Ferenz (1975) also reported that when the Messaure population is compared

with the Koln population, the larvae from polar populations
2. develop faster in all temperatures;
3. have a low mortality in low temperatures;

4. have a high growth rate in high temperatures. (See Table 4.18.1, Table 4.18.2.).

Ferenz concluded that the polar population of P. nigrita was able to survive
a sudden cold spell and, during optimum temperatures, could compensate for

periods of reduced development.

Fig.4.16.2 shows the results of previous field studies of the life cycle of this
species. In southern England (Greenslade 1965), P. nigrita has been observed to
overwinter as an adult. Periods of maximum activity occur in March-April and
in October. In Denmark (Larsson 1939), the maximum activities have been ob-
served in May—-June (with the appearance of mature females in late April-July)
and late August—early October (relating to emergence). In Scandinavia (Lin-
- droth 1945), the maximum activities have occured in May—June and September

(emergence).

RESULTS AND DISCUSSION

P. nigrita was captured only in the Durham woodland in July and September
<Fig.4.16.1>. One male callow was observed in September. The emergence in
the Durham woodland in September was similar to the results found in Denmark
and Scandinavia and earlier than the time of emergence found in southern Eng-
land. (The present data are not of sufficient quantity to permit discussion of the
breeding season of P. nigrita.)
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4 Results for Each Species

When the previous studies are compared with the present study, it is found
that, generally, the emergence seasons peak in the same periods. Emergence oc-
curs mainly in September in each of the various geographical areas. The breeding
seasons in spring become shorter as the environment becomes more severe, i.e.
the breeding starts later and ends sooner. When the starting times of the breed-
ing seasons are compared with the starting times of the vegetation growth peri-
ods, they are foﬁnd to be almost simultaneous. It is therefore possible that the
starting of breeding is controlled by the vegetation growth periods in addition to A
photoperibdica.l signal. (See Fig.4.16.2 with Table 4.0.2). Consequently, shorter
developmental periods for larvae are found in the more severe environments.
This has been proved by the work of Ferenz (1975), in which the population in
northern Sweden was shown to have a higher growth rate in high temperature

than that of Kéln <Table 6.1>.

The end of the breeding season occurs earlier as the environment becomes
more severe. When the times of the end of the breeding seasons are compared
with those of the vegetation growth periods at each area, it is observed that the
breeding ends about four months before the end of the vegetation growth periods.
The autumn emergences begin about fou:r months after the start of breeding in
the spring and end one month before the end of the vegetation periods. The
earlier end of breeding seasons in spring and the consequent earlier occurrence
of emergence in autumn seems to allow for the longer duration of preparation
for overwintering and breeding of the following spring soon after overwintering.
The more severe the environment, the stronger is the synchronization between
the changing of temperature and the occurrence of the breeding and emergence
seasons. Experimental study is necessary to investigate the sensitivity of popu-

lations to temperature at increasingly harsh environments.
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<Fig.4.16.2> The results of previous and present study of

life cycle of Pterostichus nigrita
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4 Results for Each Species

4.17 Pterostichus strenuus Panzer

PREVIOUS INFORMATION

Pterostichus strenuusinhabits shady places, usually in damp deciduous forests,

on clayish soil and amongst moss and leaves. (Lindroth 1974).

Fig.4.17.3 shows the results of previous field studies of the life cycle of
this species. The life cycle of Pterostichus strenuus in marshlands and stream-
side areas in southern England includes spring breeding, with summer larvae
(Greenslade 1964). Autumn emergence follows, with further breeding during the
next spring from March to July after hibernation (Murdoch 1967). The life cycle
is similar on high moorland in northern England (Houston 1970): emergence
occurs in September—October and breeding occurs in April-June. In Denmark,

the peak of captures is observed in April (Larsson 1939).

RESULTS AND DISCUSSION

Captures were made in the present study at the Durham woodland from
May to July, with a peak in nt<Fig.4.17.1>. A large average ratio of female
abdomen /elytra length was found in June <Fig.4.17.2>. The P. strenuus popu-
lation at the Durham woodland seems to have had a spring breeding period with
a peak in June. The timing of the breeding season is consistent with that found
in previous studies in southern England (Murdoch 1967) and the highlands of

northern England (Houston 1970).
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<Fig. 4.17.3> The results of previous and present study of
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4 Results for Each Species

Many of the species included here will be considered further in chapter 5 during
a discussion of the composition of the Carabid community. All species will then be
grouped in chapter 6 into four categories according to the seasons of breeding and

emergence.
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5 Composition of the Carabid Community
Chapter V

Composition of the Carabid Community

Table 5.1 lists the species for which two or more individuals were caught in
each of the two habitats. Table 5.2 shows the number of species, the diversity in-
dex and the equitability of the two habitats in 4-week periods. These parameters
(Lloyd and Ghelardi 1964) provide information on the structure of the Carabid

community.

In general, the Durham Carabid community had a larger equitability and a
larger number of species in the woodland than in the grassland. The reason for
this seems to be that the grassland has a less diverse range of microhabitats than
the woodland. The number of species in the woodland Carabid community dis-
played a peak associated with a large equitability in July. The large equitability
of the woodland community in that month was influenced strongly by a decreas-
ing number of individuals of the dominant species, Pterostichus madidus. The
equitability indicates that the community was close to the species composition
distribution of the ”broken-stick” model of MacArthur (1957). A comparison of
the results of species number, diversity index and equitability in the two habitats
in August and September shows that the grassland Carabid community is more

strongly dominated by Pterostichus madidus than is the woodland community.

Fig.5.1 shows the capture duration and median of the duration of activity of
each species in the woodland in order of elytra length (the best measure available
of body size). Each of the two dominant species had two separate periods of
activity. (The medians of the durations of activity of the dominant species are
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taken as the medians of the active periods of the breeding seasons»;I see also Loreau

(1988)). The following were observed:

1.

2.

the dominant species in the Carabid community were medium-sized imagines;

smaller-sized species tended to remain more active in late autumn and in

winter than the larger species;

There were two groups of the woodland Carabid beetles, one of which has an
average elytra length of more than 7mm (7 species) — the large body group —
and the other of less than 6mm (7 species) — the small body group. (These
average elytra lengths correspond to body lengths greater than aﬁproxjrna,tely

11lmm and less than 11mm respectively).

In the large body group, when the seasonal changes of capture number are
compared between species, there may be a tendency that the Carabid beetles
of smaller body size have a peak of activity earlier in the year. (However, this
tendency is not observed significantly in the distribution of the medians of
the periods of activity : T = 0.2, p > 0.10). The larger Carabid beetles are
most active in August; later in the year the smaller individuals of this large

body group remain active.
Examples of the timing of capture peaks are:

o in June: Pterostichus madidus (breeding), Nebria brevicollis (emer-

gence) Pterostichus melanarius

o in July: Pterostichus niger, Pterostichus melanarius, Abax parallelop-

ipedus

o in August: Cychrus caraboides, Carabus violaceus, Pterostichus ma-
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didus (emergence)
o in September: Nebria brevicollis (breeding).

5. In the small body group, a similar tendency is observed, but with the distinc-
tion that the individuals of the largest species (Calathus piceus) were most

active in July.
Examples of this are;
o June: Loricera pilicornis
o July: Patrobus atrorufus, Calathus piceus, Leistus rufomarginatus
o August: Leistus rufescens
o October: Leistus ferrugineus.

A lack of sufficient data precludes a similar division of the grassland Carabid

beetles.

When the results for the Carabid large body group of Durham are compared
~ with those of Loreau’s (1988) study in beech wood in Belgium <Fig.5.2> and the
Southwood (1978) study in woodland and grassland areas in southern England

<Fig.5.3>, then:

1. although no tendency was found in the present work for a shift in the median
of the period of activity in the large body group, the results of Loreau and
Southwood did show evidence for such a shift: r; = 0.577, p < 0.05 (Loreau

1988), 75 = 0.503, p < 0.01 (Southwood 1978: from Loreau reference) but

2. the small body group activity in Durham seems to be different from that of the
previous two studies, which show intense activity in spring and early summer
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5 Composition of the Carabid Community
for the majority of the small body group and few medium or large species in

autumn and winter.

the period of activity is more restricted in summer for the Durham Carabid
community than for the Belgium and southern England community. Short,
active seasons of various species were observed in June, July and August; con-
sequently each season does not have the the strong characteristics described
by Southwood (1978), i.e. in the Durham woodland and grassland, the small
body group were not clearly spring breeders and the large body group also were

not clearly autumn breeders.

Reasons for the previous results noted in point 1 above are suggested by

Loreau from his study with relation to prey:

There is a gradient of size (or biomass, or catchability) in the various prey
types, to which the Carabid species are adapted through different specializa-

tions according to their size.

The periods of Carabid beetle activity and the periods of their prey activity

coincide with each other.

The activity of Carabid beetles and their prey are correlated with each other
in dominant species (Pterostichus oblongopunctatus and Carabus problem-

atichus).

The disagreement of the results of the present work with those of the previous

studies may be due to insufficient data.

An explanation of point 2 is implied by the study of Loreau (1988). The

activities of small species do not have a strong relation with prey availability.

For example, Notiophilus biguttatus activity was found to be related to the avail-
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5 Composition of the Carabid Community
ability of collembolan prey in Belgian forest in which N, Biguttatus was abun-
dant2; both were active in August. However, the Loreau results in beechwood
showed different activity peaks between N. biguttatus (peak in April and May)
and collembolan (peak in summer). It is suggested here that the smaller insects
at the Durham site, being in the lower position of the food web, develop and
mature faster than larger insects: their life cycle may therefore be more flexible

in order to avoid predators (e.g. large insects).

One reason for the restricted activity stated in point 3 may be the presence
of lower temperatures. Average temperature: 9.9°C (2.2°C-17.5°C) at Lembeek
(the data from Uccle) in Belgium; 9.9°C (3.4°C-16.5°C) at Berkshire in southern
England; 8.5°C (2.2°C-14.9°C) at Durham.

Recall the results of Chapter 4 (Results for Each Species), from which four

species in Durham were observed to remain active in winter. These were
o Leistus ferrugineus
o Leistus rufomarginatus
o Notiophilus biguttatus,
and
o Nebria brevicollis
o Pterostichus madidus
o Pterostichus niger.

The first three species are in the small body group and the last three species
are the smallest species in the large body group.
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5 Composition of the Carabid Community
It is therefore concluded that smaller species tend to remain active in winter.
One reason for this may be the avoidance of large insect predators that are active

from late summer to autumn.

150



5 Composition of the Carabid Community

<Table 5.1> List of species for the two habitats

(Species of more than two are listed)

Species name Woodland Grassland
Number of 4-week periods | 5 | 6 | 7| 819 (11|12 8 19 [11]12
Abazx parallelepipedus OlO0lO0|0O|0O @) O
Amara curta ' O
Benbidium bipustulatus O|010|0 oo
Calathus melanocepharus OO0
Calathus piceus O|0|0|0 O
Carabus violaceus O]|]O(0|0]|0 OO0
Clivina fossor O[0]|0O O
Cychrus caraboides Q|0|0O]|0
Leistus ferrugineus @) O @)
Leistus rufescens O|l0]|0
Leistus ruformarginatus | Q| OO O1010
Loricera pilicornis OlO0|O|0O|0O O O
Nebria brevicollis Ol|O0|O|0O]|]OjO|0O0O|0O|0O|0
Notiophilus biguttatus | O | O|O OO
Patrobus atrorufus O|O0|0O10
Pterostichus madidus O|O|O|O0|0|0|010|0|0
Pterostichus melanarius | O O O
Pterostichus niger Ol10|1010|0|010O|0
Pterostichus nigrita O O
Pterostichus strenuus Ol0|0O
Trechus obtusus @) Ol0]|0 O|0|0O
Total 21 10115(16)12({14| 8 | 6 |12 8| 5| 2
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5 Composition of the Carabid Community

<Table 5.2> List of the diversity index of carabidae species
and the species number by 4-week periods in the two habitats

Habitat| number of | Diversity | Equitability | species
4-week periods | index number
5 1.73 0.43 10
6 2.55 0.53 15
7 3.47 0.99 16
Wood 8 2.20 0.51 12
land 9 2.25 0.46 14
11 2.77 1.19 8
12 2.30 1.11 6
8 1.20 0.24 12
Grass 9 1.01 0.30 8
land 11 1.84 0.92 5
12 0.65 0.90 2

Equitability=s'/s
s : species number observed

s': hypothetical species number by the MacArthur model (1957)
1 T
m=-31/(s—i+1)
$i=1
M(s')y= -3 m logym,

r=1

from table by M. Lloyd and R. J. Ghelardi (1964)



5 Composition of the Carabid Community

<Fig.5.1> Active period of each species in Carabid community in
the woodland relating with their average elytra lengths '

» indicates the median of theactive period of each species. For the dominant
species (Pterostichus madidus and Nebria brevicollis), o is taken as the median
of the active period of the main breeding season.

elytra length (mm)
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<Fig.5.2> Species packing in ground beetles (Carabidae) in terms of max-
imum adult activity, adult size and diel periodicity. Data for woodland-grassland
area at Silwood Park in southern England from P.J.M.Greenslade (1961,1963,1965).
Reference by Southwood (1978). The numerals identify species as follows:
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1S, Notiophilus substriatus. 26, Notiophilus biguttatus; 27, Asaphidion

tlavipes; 28, Bembidion lampros.
<Fig.5.3> Size as a function ofperiod ol activity in the 13 main species in
the beechwood in Belgium. The dashed line joins the successive niche centres of
the large species. Species are mentioned by their abbreviation;
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6 Discussion and Summary

Chapter VI

Discussion and Summary

Consider the shifts of the life cycles of Carabid beetles.

The Carabidae community has been studied at adjacent woodland and grass-
land habitats in Durham, north-east England from 12 May to 23 December, 1988.
Some seventeen Carabid species have been included in the present study. The
species are here divided into four groups according to life cycle, using the classi-

fication scheme of Thiele (1977).

(1) Autumn breeders with a thermic hibernation parapause at the larval stage

and no dormancy in the course of adult development
o Calathus melanocephalus
o Calathus piceus
o Carabus violaceus
o Cychrus caraboides
o Leistus rufescens
o Leistus rufomarginatus
o Pterostichus madidus
o Pterostichus melanarius

o Pterostichus niger
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6 Discussion and Summary
(2) Autumn breeders with a thermic hibernation parapause for the larvae

and a photoperiodic aestivation parapause for the adults
o Leistus ferrugineus
o Nebria brevicollis
o Patrobus atrorufus

(3) Spring breeders with no larval dormancy but with an obligatory dormancy

in the adults (parapause) governed mainly by photoperiod
o Loricera pilicornis
o Pterostichus nigrita
o Pterostichus strenuus

(4) Species with unstable conditions of hibernation and potentially lacking

dormancy
o Abaz parallelopipedus
o Notiophilus biguttatus

When the life cycles of various species within a given group are considered
together with the local environmental qonditions typical of the Durham site, the
results of the present study are found to be consistent with a shift in the pattern
of life cycles observed during previous studies at increasingly severe geographical

locations.
The four groups are now considered in turn.
Group (1)

As environmental conditions become more severe, this group shows:
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6 Discussion and Summary

1. a shift of the breeding season
from autumn
(a) to summer
o Calathus melanocephalus
o Carabus violaceus
o Cychrus caraboides
o Leistus rufomarginatus
o Pterostichus melanarius
o Pterostichus niger
(b) to spring
o Pterostichus madidus
and
2. a shift of the emergence season
from spring
(a) to summer
o Carabus violaceus
o Cychrus caraboides
o Leistus rufescens
o Pterostichus madidus

o Pterostichus melanarius
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6 Discussion and Summary

and
(b) to autumn
o Calathus melanocephalus
o Leistus rufomarginatus
o Pterostichus madidus
o Pterostichus niger

3. Univoltine autumn breeders are replaced initially by a mixture of univoltine
and semivoltine breeders, and finally by semivoltine spring breeders. Leistus

rufescens is an exception, for only a univoltine life cycle has been observed

(See Fig.4.9.4).

The larval development of Pterostichus melanarius is inhibited by low tem-
perature (thermic hibernation parapause as obligation) at the 3rd larval stage
(Thiele and Krehan 1969, Krehan 1970); the same is observed for Pterostichus
niger (Witzke 1976). This explains why lower temperatures and protracted win-
ters delay the emergence period from spring to summer. It also explains why a
biennial life cycle is found at the more severe environmental locations; maturation
cannot be completed in the shorter time available after the delayed emergence.
Consequently a fraction of the population which matures more slowly, or has
emerged later in the emergence season than others in the population, must be
semivoltine and can begin to oviposit earlier than the next new imago generation.

This applies to

o Pterostichus madidus: in the present study and the results from upland
in northern England (Houston 1970),
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6 Discussion and Summary
o Pterostichus melanarius: in the Netherlands (van Dijk 1972, 1973,

1979) and
o Carabus violaceus: in the present study in the Durham woodland.

In the more severe environmental locations, a larger proportion of a pop-
ulation must follow a semivoltine life cycle. On the other hand, the breeding
seasons have been shown to shift to earlier seasons in the year under more se-
vere conditions. Faster maturation is then expected in the severe environments.
Experimental studies in the laboratory should be performed to examine this
prediction. In the same way that Ferenz experimented on Pterostichus nigrita
(1975), animals caught at various geographical areas should be examined under a
range of temperature conditions in order to determine the time required to reach

maturity.
Group (2)
The three species included in this group have been found to display:
1. a slight shift of breeding
o in late summer and autumn: for Patrobus atrorufus
o during autumn: Nebria brevicollis, Leistus ferrugineus.
2. a shift of emergence season from May to June: all species of this group

3. a change of life cycle from univoltine late summer-autumn breeding to a

mixture of univoltine and semivoltine summer breeding.

It should be noted that Patrobus atrorufus populations in the extreme en-
vironments (e.g. upland in northern England and central Norway) have shown
a shift of life cycle from a mixture of univoltine and semivoltine summer—early
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6 Discussion and Summary
autumn breeding (e.g. upland of northern England and possibly the Durham
woodland) to semivoltine spring breeding (e.g. upland in central Norway). They

also show a shortening of the summer emergence season
o from June-September: upland in northen England;
o to July-August: central Norway
The larvae hibernate at low temperatures (Thiele 1969,1971)
o for Nebria brevicollis from the 1st to 3rd larval stage, but
o for Patrobus atrorufus at the 3rd larval stage.

Metamorphosis requires a rising temperature at the end of the 3rd instar for
larvae of both species. However, the time of the emergence of imagines is fixed
at the period May to June, in contrast with a shift of the emergence season by
group (1) species from spring to summer which requires the same condition for
metamorphosis. By comparing the results of the previous and present studies and
the monthly average temperature of each of tthe geographical areas, emergence

seems to be more strongly controlled by temperature than that found for group

(1). See Fig.5.4 and Table 4.0.2.

For example, for the start of emergence
o about 13°C: for Patrobus atrorufus

o about 12°C: for Nebria brevicollis

except for the Patrobus atrorufus population in extreme conditions, i.e. cen-

tral Norway and upland in northern England. The onset of aestivation interrupts

maturation and is controlled by photoperiodicity and temperature (Thiele 1969,

1971). In the experimental conditions, short-day photoperiodicity for the start of
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6 Discussion and Summary
egg-ripening was found at 16.0-17.0h light /day for N. brevicollis and P. atrorufus.
This is supported by the previous field studies at various geographical locations.
The start of reproduction is determined by additional temperature requirements
for Nebria brevicollis: lower temperatures inhibit maturation less, therefore the
animals in the more severe environmental areas breed earlier than those in the
warmer areas. The experimental results of Thiele (1971) are in agreement with

those of the previous field studies.

For the populations of Patrobus atrorufus of Scandinavia and uplands in
northern England <Fig.4.13.5>, the breeding season moves from August to June
as the altitude becomes greater. Refseth (1986) found that the population with
an earlier breeding season (June) has already begun to mature in May before
the photoperiodical signal turns to short-day. Refseth also suggested that the
Scandinavian population may be a different race phenologically to the species in
other western European areas. Although experiments have not been carried out,
Refseth (1986) has proposed a correspondence between the breeding season and
the end of the vegetation growth period for the species IPatrobus atrorufus and
Patrobus assimilis for several altitude points in central Norway. The results show
that temperature has a strong influence which may be direct or indirect. A lower
temperature causes a greater acceleration of maturation for the semivoltine P.

atrorufus.
Group (3)

Throughout the various geographical regions, the life cyles of carabid beetles

of this group show:

1. spring and/or early summer breeding
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2. an autumn emergence season
3. a univoltine life cycle.

The species Pterostichus nigrita and Pterostichus strenuus match this general
description and show a fixed emergence season in autumn (mainly September)
and a spring breeding season which starts later and ends earlier with harsher

conditions.
Loricera pilicornis does not fit clearly into this description. (See below.)

The spring breeding and the summertime larval development are explained
by the results of experiments which have shown that the female maturation
of Pterostichus nigrita is controlled by photoperiod. The critical photoperiod

signals are, for example:
for previtellogenesis: short-day photoperiod
o 15.5h light/day 51°N
o 19.5h light/day 66°N
for vitellogenesis: long-day photoperiod
e 13.1h light/day 51°N
o 14.0h light/day 66°N.

The critical photoperiod for previtellogenesis is the end of July, while the
critical photoperiod for vitellogenesis is the beginning of April, irrespective of
geographical location. (See Fig.6.2.) However, the results of the previous and
present field studies of Pterostichus nigrita show a later starting of breeding
in harsher environments. It may therefore be concluded that the start of the
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breeding season is controlled directly or indirectly by temperature in addition to

the photoperiodical signal.

The previous studies for Pterostichus strenuus show that breeding began at

approximately the same time in the various geographical study areas <Fig.4.17.3>.

Ferenz (1975) has suggested that the larvae of P. nigrita, which lives in more
severe environments, develop faster in the shorter warm seasons <Table 6.2>.
However, the comparisons of the results of the field studies in various areas for
both P. nigrita and P. strenuus show that the time from the start of oviposition
to the start of emergence is approximately four months. They do not show a
quickening of larval development in harsher environments compared with that in

milder environments.

Loricera pilicornis <Fig.4.11.5>: As environments become more severe this

species shows:
1. a shift of the breeding season for study areas with average temperatures:

o up to and including that prevailing at the upland in northern England
<Table 4.0.3>: a shift of the breeding season from twice per year (in
spring and autumn) to once per year (in spring—early summer), with

a shortening duration of activity.

o towards the more severe environments of central Norway: the breeding

season starts earlier in the year.
2. a shift of the emergence season from summer (July) to autumn (September)
3. a univoltine life cycle.

The time between the start of breeding and the start of emergence is approx-
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imately two to three months.
The following suggestions are therefore made:

1. the signals for the start of maturation for the Scandinavian L. pilicornis
population are different to those for the populations in the other European

areas, or
2. after the signals, maturation occurs faster for the Scandinavian population.
Group (4)

As conditions become more severe, this group shows:

1. breeding seasons which reduce in number from three to one per year. For

example <Fig.4.3.5>:

o three breeding seasons per year: in the Netherlands (van der Drift

1951);

o two per year: in Koln in West Germany (Loser 1970, 1972 and Lauter-
bach 1964 at low regions, slopes with southern exposure and warmer

years);

o one per year: highlands in northern England (Houston 1970) and in
West Germany (Loser 1970, 1972) and Lauterbach (1964) at high re-

gions, slopes with northern exposure and colder years.

Such restrictions are caused by a lowering of the temperature with the

geographical location (Loser 1970, 1972 and Lauterbach 1964).

As the active seasons for these species become shorter, the number of emer-
gence seasons can reduce from two to one per year (Ldser at Koln).
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2. the breeding seasons also reduce in number from three to one.
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<'Tabe 6.1> Mortality in the pre-adult stages of P. nigrite from two different

regions in % of initial population. From Ferenz (1975).

<Tabe 6.2> The duration of larval development of P. nigrita from two
different regions; mean number of days, with standard deviation. From Ferenz

6 Discussion and Summary

Temperature | Central Europe Lapland
°C (Koln 50°N) | (Messaure 66°N)
10 87 42
15 11 28
20 18 12
25 12 16
30 63 66

(1975).
Temperature | Central Europe Lapland Reduction rate of
°C (Koln 50°N) | (Messaure 66°N) | duration of development
10 136.9£9.3 (n=13) | 99.6+7.7 (n=29) 27%
15 44.442.9 (n=89) | 42.0+2.8 (n=36) 4%
20 31.54+1.8 (n=41) | 28.7+1.6 (n=44) 9%
25 23.2+1.3 (n=44) |19.941.7 (n=42) 13%
30 25.744.0 (n=37) | 19.8+2.1 (n=17) 23%

166
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<Fig.6.1> The duration of the vegetation periods at the study sites in rela-
tion to the annual mean temperatures with the times of breeding of P. atrorufus
(filled circles) and P. assimilis (open circles) indicated. From Refseth (1986).
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<Fig.6.2> The seasonal variations in the daylength (excluding twilight) at

three selected latitudes:

—: Bodg(67°N), —: Trondheim (63°N), —:Kaoln (51°N).

The critical photoperiods for maturation in P. nigrita (open circle) and P. airoru-
fus (closed circles) at different latitudes are indicated. From Refseth (1986).
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Communities of Carabid beetles have been studied at adjacent woodland and
grassland habitats in Durham, north-east England. Fieldwork was performed

during the period 1988 May 12 to December 23.

Of a total of 25 Carabid species identified, 21 were observed in woodland and
15 in grassland. A subset of some 17 species was considered in Chapters 4 and

5.

The biological seasons of the adult individuals of the 17 species were investi-
gated using the data collected on frequency of capture (including the peak(s) of
capture and the relative proportions of the two sexes), the distances of movement
and the stages of maturity. A measurement of the length of the mandible tip
was used as the principal indication of the age of a given individual. The stages
of maturity were determined using the approximate distributions of the observed
ages of individuals within a species, together with the data on the ratio of the

length of the abdomen to that of the elytra, and the volume and number of eggs.

Also examined was the composition of the community of Carabid species
using the data on equitability and the relation of activity to the body size. The
dominant species in the Durham woodland and grassland have been found to be
Pterostichus madidus and Nebria brevicollis. Generally, the equitability of the

Carabid community in the woodland was greater than in the grassland.

Frequent comparisons of the present work have been made with the results
of the studies of Carabid beetles at various habitats at many locations in north-
west Europe. The results of the Durham study are apparently consistent with
the relationship between the time of occurrence of the breeding and emergence
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seasons and the relative severity of the local environment.
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Appendix

Appendix A

A list of all species and the number in each habitat

(1) For field observation <Table A.1>

(2) For dissection <Table A.2>
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Table A.1 List of all species and the number in each habitat

for field observation

Species name Grassland Woodland
Duration of data collesion | 31/7-23/12 | 31/7-23/12 | 12/5-23/12
Sex FMT FMT FMT
i Abax parallelepipedus 527 109 19 28 28 56
Amara curta 202
Amara familiaris 011 101 101
Amara plebia 101
Badister bipustulatus --1 --1
Benbidium guttula 819 224 224
Calathus melanocephalus 112
Calathus piceus 101 718
Carabus violaceus 213 51217 8 20 28
Clivina fossor --3
Cychrus caraboides 5813 10 13 23
Elaphrus riparius --1 --1
Leistus ferrugineus 426 437
Leistus rufescens 246 4711
Leistus rufomarginatus 336 6814
Loricera pilicornis 3710 | 5712 | 131528
Nebria brevicollis 27 10 37 42 4082 | 5260 112
Notiophilus biguttatus --9 26 5 31
Patrobus atrorufus 101 61218 15 20 35
Pterostichus madidus 155 266 421 § 164 166 330 | 300 240 540
Pterostichus melanarius | 61319 314
Pterostichus niger 235 21 17 38 51 37 88
Pterostichus nigrita 011 112
Pterostichus strenuus 7512
Trechus obtusus 18 13 31 123 123
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Table A.2 List of all species and the number in each habitat

for dissection

Species name Grassland Woodland
Sex Female Male Total | Female Male Total
Abazx parallelepipedus 101 8§19
Calathus melanocepharus 404 101
Calathus piceus 101 19 3 22
Carabus violaceus 516
Cychrus caraboides 358
Leistus ferrugineus 325
Leistus rufescens 101
Leistus rufomarginatus 101
Loricera pilicornis 202 505
Nebria brevicollis 516 24 14 38
Notiophilus biguttatus 224
Patrobus atrorufus 202 314
Pterostichus madidus 33 24 57 45 20 65
Pterbstichué mela—nm:iu‘sr | 606 1 1 071
Pterostichus niger 011 8210
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Appendix B

The comparison of elytra lengths

Table B shows the measurements of elytra lengths for each species. The
elytra lengths for both sexes of each species have also been considered in the
additional information section of Chapter 4 (Results for Each Species), during

which comparisons of the results of statistical tests were discussed.

Elytra lengths were measured to provide a comparison of body size. (Mea-
surements of the whole body length are imprecise because live individuals extend

the joints between head, thorax and abdomen when captured).

The females of six of the the species of Carabid beetles measured in Durham
had elytra lengths that were significantly larger than those of the males. No
species were found in which the elytra lengths of the males were significantly

larger than those of the females.
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Table B. List of elytra length of each species in the two habitat

Ha,bit:at Woodland Grassland Comparison
Sex Female | Male | Female| Male j\/
Abax parallelepipedus 10.877 | 11.147 10.980> 1120 f A 2
Calathus mélanocephalus 7 4.700 | 4.500 \V
Calathus piceus 5.804 | 4.900 | 5.700 | — v 2
Carabus violaceus 15.6762 14.783  15.650 | 15.800| Vv 2 A
Cychrus caraboides 10.217 | 10.359 A
Leistus ferrugineus 4.457 | 4.285 V,
Leistus rufescens 4220 | 4171 v
Leistus rufomarginatus | 4.767 | 4.550 \
Loricera pilicornis 4.728 | 4.714 | 4450 | 4617 | V T A
Nebria brevicollis 7.985 | 7.449 | 7.526 | 7.090 | ¥ T V¥
Notiophilus biguttatus 3.615 | 3.086 v
Patrobus atrorufus 4.982 | 4.684 | 4.367 o v 7
Pterostichus madidus 8.458 | 8.249 | 8.712 | 8.455 | ¥ §<< Y
Pterostichus melanarius | 9460 | 8.577 | v
Pterostichus niger 8.761 | 8.830 | 10.250 | 10.350 | V <<< A

Key to Comparison: the symbols represent the results of comparison between
sexes and habitats in each species (Data from Chapter 4, additional information
section)

In each cell

Woodland female Grassland female

Woodland male Grassland male

>: significantly larger, >: insignificantly larger
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Appendix C

The study of pheromones

During the field studies, several species were found to secrete pheromones.

In the insect world, pheromones are signals for

1. reproductive behaviour (sex and assembling pheromones),
2. alarm and defence,

3. territory and trail-marking,

4. social regulation and recognition,

5. control of caste, differentiation.

The roles under 2. are observed for social insects (e.g. termites, ants, bees

and wasps).

1.: sex pheromone is a prerequisite to successful courtship and mating. In
most cases, a sex pheromone produced by a species is specific for the opposite

sex of that same species.

RESULTS

Table C shows the results of the Durham field observations of pheromones.
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<Table C> List of the species which were observed to secrete pheromone

in the Durham woodland and grassland

Species sex | Habitat Date Oviposition season
of from the results

observation | deduced in Chapter 4.

g

Abaz parallelepipedus | M /7 June-Sep.
27/6, 23/7 June, Aug.—Oct.

(F), (M)

3

Carabus violaceus M, F

Loricera pilicornis F W 23/6 June-July
Nebria brevicollis F W 3/7 Sep.—Nov.
Patrobus atrorufus F w 9/7 July-Sep.
Pterostichus madidus | M W 7/7 June, Aug.
Pterostichus niger F W 7/7, 25/7 June-Aug.
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Appendix D

A study of defence mechanisms

Defensive behaviours were observed in three species during the Durham field

studies.
Thiele (1977) divided the defence mechanisms of Carabid beetles into three:

1. Mimicry: this is confined to members of the Lobiini tribe. They may imitate
certain species of the Chrysomelidae of subfamily Alticinae (flea beetles),

which are poisonous.

2. Biochemical defenec ”weapons”: Carabids, in common with all members of
the suborder Adephaga under order Coleoptera, possess pygidal glands which

produce defensive secretions.

The chemical compounds of the principal groups of defence chemicals are

reported by Moore (1979). (See Table D.1.)

3. Sound productions: the species Carabus irregularis stridulate by rubbing the
two inner surfaces of the elytra (Bauer 1973, 1975). Other reports have
been made for the subfamily Cicindelinae (Freitag and Lee 1979), genus
Scaphinotus (North An;erican Cychrines) (Bagnall 1906, Greeene 1975), Cy-
chrus caraboides (Thiele 1977), Elaphrus cupreus, F. riparius (Bauer 1973,
1975)

The stridulation was observed always under stressful situations. From ob-
servations and experiments, Bauer suggested that stridulation and chirping is a
warning signal (1973, 1975, 1976: referenced by Thiele 1977).
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Table D.1 Defence chemical compound and moods of discharge

Principal groups of compounds detected: 1, hydrocarbons; 2, formic acid; 3,

higher saturated acids; 4, unsaturated acids

Generus name | Chemical compounds | Modes of discharge

Aba:b 4 Oozing
Calathus 1,2 Spraying
Carabus 4 Spraying
Cychrus 4 Spraying
Loricera 3 Oozing
Nebria 4 Qozing
Notiophilus 3 Oozing
Pterostichus 1,4 Spraying

<Table D.2> Results of observation of defence mechanisms in the

Durham woodland and grassland

Species name Sex Date Modes of discharge
Abaz parallelopipedus| M 21/7 Oozing when captured
Carabus violaceus M 19/7 Oozing when captured
M, F| Often Spraying of stimulative liquid
Cychrus caraboides M 25/7 Spraying of stimulative liquid
M, F| Often |Hissing by squeezing of abdomen
Loricera pilicornis M |[3/7,19/7 Oozing when captured
Patrobus atrorufus F [2/8,10/8 Oozing when captured




