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Summary
The effect of straw burning on the non-specific predators of the soil surface: Carabidae (ground
beetles), Staphylinidae (rove beetles), Araneae (spiders), Opiliones (harvestmen) and Chilopoda
(centipedes) was investigated in a barley-field during the period July 1974-July 1976. The burning took
place in August 1974 and 1975. In one half of the field the straw was removed, in the other half the straw
was burned. The fauna of the two parts of the field was compared statistically on the basis of
continuous sampling in pitfall-traps. The effect of the burning on the following generation of those
species oiCarabidae breeding about the time of burning was investigated in two minor areas, which by
means of barriers were separated from the surrounding field.

Parts of the results are presented in tables and diagrammes. The remaining results are given in an
appendix.
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The effect of the burning, being a combination of direct heat damage and indirect influence as a
consequence of changes of the environment was a reduction of the number of Araneae and of the
nocturnal species of Carabidae: Pterostichus melanarius, Nebria brevicollis and Calathus fuscipes.
The decrease in population was not recorded the following year. No considerable change in the
qualitative and quantitative species composition was ascertained. In the burned area enclosed by
barriers the number of larvae of N. brevicollis was significantly lowest although the number of
imagines was significantly largest.

The rather moderate effects of the burning are discussed.

Key words: Straw burning. Predators of the soil surface. Carabidae. Staphylinidae. Araneae.

Resumé
Formålet var at belyse halmafbrændingens virkning på de leddyrgrupper: løbebiller (Carabidae),
rovbiller (Staphylinidae), edderkopper (Araneae), mejere (Opiliones) og skolopendere (Chilopoda),
som i deres egenskab af prædatorer med et bredt fødespektrum kan have betydning i den naturlige
begrænsning af kornmarkens skadedyr.

Undersøgelsen fandt sted i tre perioder i 1974-76 i en ca. 2 ha stor vårbygmark på Statens
Forsøgsstation, Rønhave.

På den ene markhalvdel blev halmen brændt på marken; på den anden halvdel blev halmen kørt væk.
Halmafbrændingen fandt sted i august 1974 og 1975 og blev udført i overensstemmelse med normal
praksis i dansk landbrug med halmen liggende i strenge.

Under afbrændingen blev der på jordoverfladen målt kortvarige meget høje temperaturstigninger,
mens temperaturstigningen selv lige under overfladen var ringe. Ændringerne i jordens vandindhold
var ringe.

Faunaen i de to markhalvdele blev sammenlignet på grundlag af kontinuerlig fangst i faldgrubefælder
med formalin. Fangstresultater fra to arealer, adskilt ved barrierer fra det øvrige forsøgsareal, skulle
vise virkningen af afbrændingen på næste generation af de løbebiller, der forplanter sig omkring
afbrændingstidspunktet, idet vandringer til og fra omkringliggende arealer blev hindret.

Halmafbrændingens virkning på jordoverfladens rovinsekter og edderkopper er en kombination af
direkte varmeskader og indirekte påvirkninger som følge af de ændrede miljøforhold, forårsaget af
fjernelsen af plantedækket. Det kan f.eks. være fødemangel og manglende beskyttelse mod fjender og
ekstreme mikroklimatiske forhold. De øjeblikkelige virkninger er vanskelige at udskille, da fangsten i
faldgrubefælder bl.a. afhænger af aktiviteten, som øges efter afbrændingen.

Der var en reduktion i antallet af edderkopper og af de større nataktive løbebiller, der om dagen
skjuler sig under halmstrengene: Pterostichus melanarius, Nebria brevicollis og Calathus fuscipes.
For de øvrige løbebillearter og for rovbillerne var virkningerne mindre og forskellige fra art til art og for
de to år. Antallet af mejere og skolopendere var for ringe til påvisning af afbrændingens betydning.

Reduktionen i bestanden var udlignet det følgende år.
To års afbrændinger medførte ikke større forskelle mellem de to markhalvdele i den kvalitative og

den kvantitative artssammensætning.
Det ringe antal larver aSNebria brevicollis i det indhegnede afbrændte areal, foråret 1976, antyder, at

der sker en reduktion af næste generation for løbebiller, der forplanter sig omkring afbrændingstids-
punktet. Mulige årsager diskuteres.

Afbrændingens ret beskedne virkninger begrundes med følgende:
1. Det afbrændte areal sammenlignes med et areal, hvor hovedparten af vegetationen er fjernet.
2. Mange dyr er beskyttede i deres mikrohabitat, f.eks. sprækker i jordskorpen, under afbrændingen.
3. Afbrændingen er ufuldstændig mellem halmstrengene.
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4. Dyrene kan undgå ugunstige miljøforhold ved udvandring til omgivende arealer, hvorfra rekoioni-
sering senere kan finde sted, hvis det afbrændte areal er lille.

5. Dyrenes bredspektrede fødevalg gør det muligt at skifte til alternative fødekilder efter afbrændin-
gen.

6. Kornmarkens dyresamfund udgøres af pionérarter, der er tilpasset indgreb og bratte omskiftelser i
miljøet.

Betydningen af det afbrændte areals størrelse samt af markskel med vedvarende vegetation for
rekoioniseringen af afbrændte arealer må undersøges nærmere, før halmafbrændingens virkninger på
længere sigt er klarlagt.

Nøgleord: Halmafbrænding. Jordoverfladens prædatorer. Løbebiller. Rovbiller. Edderkopper.

Tabeller og øvrige diagrammer vedrørende fangstresultaterne samt en diskussion af indsamlingsmeto-
den findes i et appendix til nærværende beretning. Det kan fås ved henvendelse til Statens plantepato-
logiske Forsøg, zool.afd., 2800 Lyngby.

I. Introduction
Burning of surplus straw in the field has been
normal practice in this country since the begin-
ning of the 1960ies. Although this procedure is
used in several other countries, very little infor-
mation concerning the effect on the fauna is avail-
able {Bulan & Barrett, 1971). Burning of the
stubbles is accepted as a control of certain insect
pests, e.g. the Hessian Fly (Mayetiola destructor)
and the Wheat Stem Sawfly (Cephas pygmaeus).
However, at the time of burning the majority of
the fauna of cereal fields is not made up by pest
species but by a great number of beneficial spe-
cies. (Brasse, 1973; Tischler, 1958; Roesgaard,
under preparation). The longterm net effect of the
burning might, therefore, become negative.

The beneficial species mainly consist of Cara-
bidae, Staphylinidae and Araneae. They move
on the soil surface and many hide during the day
under the cut straw. Among the Carabidae and
Staphylinidae food preferences vary conside-
rably. There are pure predators as well as many
combinations of predaceous, saprophagous and
herbivorous habits. Araneae and Chilopoda are
predators. The diet of Opiliones mainly includes
animal food, alive as well as dead.

Most of the species with predatory habits have
a broad spectrum of food items. Recent investi-
gations show (Ehler et al., 1973, cited by Mur-
doch, 1975; Watt, 1965) that especially predators

with non-specific food preferences are of greater
importance in the natural pest control than speci-
fic parasites and predators. They feed on the most
abundant species at any time and do not depend
on the presence of a particular pest species. The-
refore, they do not occur with the delay characte-
ristic of the specific predators. Thus they act as a
buffer in the ecological system.

The seven most abundant species of Carabidae
in this experiment are mainly predatory (Mit-
chell, 1963; Skuhravy, 1959; Scherney, 1955 and
1961). So are also the most abundant genera of
Staphylinidae (Eghtedar, 1970; Lipkow, 1966;
Geiler, 1959/60) with the exception of Atheta and
Lesteva which presumably are saprophagous
(Tischler, 1958). In this country where aphids
have been the most important pest in cereal fields
since the beginning of the 1960ies Agonum dor-
sale is of special interest. Aphids are the most
important food item of this species (Skuhravy,
1959; S underland, 1975), but contrary to other
aphid-eating Carabidae this species climbs the
cereal stems and attacks the aphids there. The
same is true of imagines as well as larvae of the
staphylinid genus Tachyporus (Vickerman &
Sunderland, 1975).

The purpose of this investigation is to study the
effect of straw burning on the arthropodgroups of
the soil surface: Carabidae, Staphylinidae, Ara-
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neae, Opiliones and Chilopoda, which can be of
importance in the natural pest control.

The investigation has been financially suppor-
ted by a grant from the Danish Agricultural and
Veterinary Research Council. Detailed informa-
tion forming the basis of the conclusions together
with a discussion on the sampling method are
given in an appendix to this report; it can be
obtained on request from the State Plant Patholo-
gy Institute, Zool. Dept., DK-2800 Lyngby.

II. Materials and Methods
1. Locality
The investigation was carried out during the pe-
riods 2/7-29/11 1974, 3/6-4/12 1975 and 1/4-3/6
1976 on Rønhave Experimental Station, in a field
of spring-barley of 2 ha. The soil consists of mo-
raine clay with a humus content of 2.2 per cent.
Apart from 1973, in which year spring-rape was
grown in the field, cereals have been grown for
several years, i.e. barley, oats and wheat in turn.
As the cultivation periods and the microclimatic
conditions of spring-rape somewhat corresponds
to the conditions of spring-barley, the fauna of the
animal groups in question can not have changed
from that typical of cereal fields.

No straw burning had been performed on tjtie
field the preceding years. In 1973 the field was
sprayed with parathion and thiodan; but in 1974,

Deciduous forest. Blandet løvskov

1975 and 1976 no insecticides were applied. Eve-
ry year the field was treated with herbicides
against dicotyledons.

Fig. 1 shows the experimental field and sur-
rounding areas. The approximately 2 m broad
edge of the ditch is of special interest because of
its constant vegetation cover and thus its possible
importance as refuge and hibernation place (fig.
2). Grasses dominated the vegetation. The wood
on the farther side of the ditch lies abt. 50 m from
the nearest trap. In 1974 barley and wheat were
grown on the neighbouring fields. After the har-
vest in 1974 the area was bordered by an alfalfa
field on the west, separated by a grass race. In
1975 the field was bordered by a cornfield on the
south, separated by a farm track.

Fig. 1. Experimental area and surroundings.
Forsøgsarealet og omgivende arealer.

Fig. 2. Ditch along the edge of the experimental area.
Grøftekanten langs kontrolarealets østrand.

2. Treatment
On one half of the field the straw was removed
(control area); on the other half the straw was
burned in the field. Apart from that the agricul-
tural practice was the same in both field halves.

The burning took place according to normal
Danish practice with the straw placed in swaths.
In 1974 the field was harrowed 5-6 days after the
burning; in 1975 it was harrowed on the day of the
burning.

In 1974 straw and soil was dry and the burning
passed off quickly. The stubbles between the
swaths only burned patchily (fig. 3). In 1975 the
straw and the upper 10-15 cm of the soil were
moist. The straw had to be turned over and allow-
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Fig. 3. Burned area (left) separated from the control
area by a fire break.
Det afbrændte areal (til venstre) adskilt fra kontrolår e-
alet ved et brandbælte.

ed to dry for a couple of hours before burning. It
did not pass of as quickly and as intensely as in the
previous year. Immediately before the burning
the straw in the control area was removed and a
fire break was ploughed between the two field
halves.

3. Sampling method
Sampling was carried out by means of pit-
fall-traps with 2 per cent formalin and a few drops
of a detergent (fig. 4). The traps were emptied
once a week. The 20 traps in each half of the field
were placed in 5 rows at right angles to the field

Fig. 4. Pitfall-trap; when in position the roof is placed 5
cm above its opening.
Faldgrubefælde. Taget anbringes ca. 5 cm over åbnin-
gen.

Fig. 5. Part of the control field enclosed by barriers.
Dele af kontrolarealet indhegnet med barrierer.

edge, with 20 m between the rows and 12 m be-
tween the traps in a row. The outermost trap was
placed 1 m from the field border.

In order to obtain results unaffected by migra-
tions, an area of 8 m x 16 m in each field half was
enclosed immediately after the burning in 1975.
The barriers (fig. 5) composed of bright alumini-
um-plates reached as far as 15-20 cm into the
ground and 35 cm above soil surface. The enclo-
sed areas were separated into halves by means of
a transverse wall. On 1. April, 1976, the sampling
in one of the halves was started; from 29. April
both halves were included in the sampling. There
was a total of 18 traps in each enclosed area and 4
traps in the surrounding field during the same
period.

On examination of the field on 2. July, 1974,
and 18. June, 1975, the number of noxious insects
was negligible.

4. Temperature measurements
The course of temperature changes during and
after the burning was measured under and be-
tween the swaths, on the soil surface and at 2, 5
and 10 cm depth. For the measurements on the
soil surface a thermo-element was used, while in
the ground NTC-feelers were applied.

The moisture content of the soil was measured
in connection with the investigation on the effect
of straw burning on the micro-fauna in 1974 (Ms-
sen, 1976).
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III. Results
1. Temperature measurements
The results of the measurements in the soil in
1974 are shown in fig. 6. Under the swaths: on the
soil surface a temperature of more than 300°C is
obtained during the first minute, but it decreases
within a few minutes almost down to starting
temperature. Below the soil surface the temper-
ature increases about 10°C in a depth of 2 cm and

about 4°C in a depth of 5 and 10 cm. Between the
swaths: the temperature was almost constant un-
der the soil surface. The measurements on the
soil surface failed for technical reasons.

The course of the temperature changes during
the burning 1975 passed off almost as in 1974; but
owing to the greater soil-moisture the increase in
temperature was not as high. No surface mea-
surements were carried out.

o = between swaths, o = mellem halmstrenge

x = under swaths, x = under halmstrenge

2 cm below soil surfs

2 cm dybde

5 cm below soil surfa

5 cm dybde

lo cm below soil surface

lo cm dybde

Fig. 6. Soil temperatures during and after burning of the
straw.
Jordtemperaturer ved halmafbrændingen.

2. Composition of the fauna
The sampling in 1974 and 1975 resulted in a total
of about 35,000 Carabidae, 20,000 Staphylinidae,
34,000 Araneae, a good 400 Opiliones and 300
Chilopoda. Carabidae, Staphylinidae and Opili-
ones were identified to species. The most abun-
dant Araneae were identified to species or
genera; the remaining were identified to family.
Chilopoda were not identified further.

The total catch amounted to 42 species of Ca-

rabidae, 83 species of Staphylinidae plus the
group of the sub-family Aleocharinae, smaller
than 2.5 mm, and 14—16 species of Opiliones.
Carabidae: In 1974 the abt. 19,000 individuals
comprised 33 species. In 1975 36 species were
represented among the 16,000 individuals. The
same 7 species, amounting to a good 97 per cent,
dominated in both years. They constituted in
1974 and 1975 respectively the following percent-
age of the total: Bembidion obtusum 54.2/58.2,
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Trechus quadristriatus 28.4tI'll.2, Nebria brevi-
collis 2.9/13.2, Agonum dorsale 6.7/8.9,Pterosti-
chus meldnarius 2.2/2.5, Bembidion lampros
2.3/1.9, Calathus fuscipes 1.1/1.4.

Staphylinidae: Among the good 10,000 indivi-
duals from 191452 species were represented plus
the non-identified Aleocharinae. In 1975 there
were almost 10,000 individuals represented by 67
species plus the non-identified Aleocharinae.
Contrary to the Carabidae there is no dominance
of a few species among the Staphylinidae. The 7
most abundant species constituted in 1974 and
1975 resp. the following percentage of the total:
Atheta gregaria 33.3/14.5, Tachyporus hypno-
rum 12.1/20.4, Xantholinus linearis 8.5/4.3, Phi-
lonthus fuscipennis 5.6/5.4, Atheta augustula
3.8/7.7, Athe.ta pagana 2.2/4.9, Lesteva longely-
trata 1.4/6.1.

Araneae: Owing to a shortage of time the iden-
tification was limited to include the catch of the
eight traps in the central rows in 1975. The almost
4,000 individuals were distributed over the sam-
pling period exactly as the total catch of the same
year. The distribution among families was (per
cent of total): Fam. Linyphiidae: sub-fam. Erigo-
ninae 10.7, sub-fam. Linyphiinae 19.0, fam. Ly-
cosidae 6.8, fam. Tetragnathidae 2.7, fam. Age-
lenidae 0.6, fam. Thomisidae 0.1, fam. Clubioni-
dae 0.1.

The most abundant species, comprising abt. 60
per cent of the total were the Erigonidae Oedo-
thorax dpicatus, Erigone dentipalpis and Erigone
atra. The generaLycosa and Pachygnatha were
rather abundant too.

Opiliones: The total catch for 1974-1975 was
distributed on the most abundant species (per
cent of total) as follows: Oligolophus tridens 25.6,
Phalangium opilio 23.1, Liobunum hassiae 16.4,
Platybunus triangularis 12.2.

3. Comparison of the catch in the burned area
and the control area
The species composition in the two field halves is
compared by means of two indexes. The first
»quotient of similarity« {Sørensen, 1948) is qual-
itative and the second »percentage of similarity«
(Raabe, 1952) is quantitative (after Southwood,
1971). 2 j

The quotient of similarity, QS — ,
a + b

where j represents the number of species found in
both habitats, and a and b is the number of species
in the habitat A and B. Maximum similarity gives
QS = 1.

Persen tage of similarity, PS = X min (a, b, c
. . . .x), where a, b, c . . . is the percentage of the
total number of individuals for the various species
in each of the two habitats. The smaller value in

Table 1. Comparison of the species composition in the two field halves (qualitative, QS, and quantitative, PS)
before and after the burning of the straw

Sammenligning af artssammensætningen i de to markhalvdele (kvalitativt, QS, og kvantitativt, PS) før og efter
afbrændingen

QS
AU

traps

Carabidae
1974

Peri-
pheral
traps
excl.

1975

All
traps

Peri-
pheral
traps
excl.

1974

All
traps

Staphylinidae

Peri-
pheral
traps
excl.

1975

All
traps

Peri-
pheral
traps
excl.

Before
After

PS

Before
After

0.86 0.88
0.70 0.78

1974
All traps

90.4
88 3

0.92 0.93
0.67 0.76

1975
All traps

88.0
86.2

0.78 0.77
0.83 0.82

1974
All traps

89.3
87.1

0.72 0.73
0.68 0.80

1975
All traps

91.5
80.0
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per cent for each species is summarized. Maxi-
mum similarity gives PS = 100.

QS. Carabidae: The similarity between the two
areas is greater before than after burning, both
years. Excluding the peripheral traps the similar-
ity is even larger. Staphylinidae: In 1974 and in
1975, excluding the peripheral traps the similarity
is largest after burning.

PS. The similarity is large before as well as

after the burning, except fdr the Staphylinidae in
1975.

There is no test suitable for showing whether
the differences between the index values before
and after the burning are statistically significant
(Huhta, 1971). A comparison of the index values
in table 1 and table 2 gives an impression of the
changes in the species composition caused by the
burning in proportion to the year to year changes.

Table 2. Comparison between the species composition 1974 and 1975 in the control area after the straw burning
(qualitative, QS, and quantitative, PS)

Sammenligning af artssammensætningen 1974 og 1975 (kvalitativt, QS, og kvantitativt, PS) i kontrolarealet efter
afbrændingen

Carabidae
Peripheral

Staphylinidae
Peripheral

QS

PS

All traps

0.72

traps excl.

0.70

All traps
87.2

All traps

0.72

All traps
54.7

traps excl.

0.74

The results of the two field halves, expressed
as number per trap, are compared statistically
week by week for the total number of Carabidae,
Staphylinidae and Araneae. As there is a certain
knowledge of the diet and thus of the ecological
significance of the species of Carabidae and the
Staphylinidae species, the results for each of the
seven most abundant species of these two groups
are examined. The non-parametrical Mann-
Whitney U-test is applied {Siegel, 1956). A test
set has been carried out, where the catch from all
traps are included and a set where the peripheral
traps are excluded.

Carabidae, total (fig. 7 and 8): Before the
burning, in most of the cases, no significant dif-
ference between the catch in the two areas is
found. After the burning the results are somewhat
different for the two years. In 1974 the catch is
significantly largest in the control area during the
first 2 weeks. The following 5 weeks it is largest in
the burned area. The last two weeks it is signifi-
cantly largest in the control area. In 1975 the
catch is significantly largest in the burned area the
first week after the burning. From the beginning

of October and during the remaining period it is
largest in the control area.

Staphylinidae, total (fig. 10 and 11): In most
cases no significant difference between the catch
in the 2 areas is found before the burning. In 1974
there is no difference the first week after the
burning; but the following 3 weeks the catch is
significantly largest in the burned area, and in the
last 2 weeks it is significantly largest in the control
area. In 1975 no difference is found during the
first 4 weeks, but from the beginning of October
the catch is significantly largest in the control
area.

Araneae, total (fig. 9 and 12): The results are
almost similar both years. Before the burning the
catch is significantly largest in the »burned area«
almost every week. This dominance disappears
after the burning. In the cases with significant
differences the catch is largest in the control area,
with a few exceptions only.

Opiliones and Chilopoda: The numbers caught
were too scanty for statistical treatment.

The species of Carabidae and Staphylinidae:
Table 3 gives a summary of the results. Fig. 13-18
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Fig. 7-8. Catches in 1974 and 1975. Black columns: catch in burned area. White columns: catch in control area.
Harvesting and burning (dotted lines) in 1974: 20/8 and 28/8 respectively; in 1975 8/8 and 19/8. * = significant
difference between the catch in the two areas; all traps included, o = as * but excluding traps along the edge, t =
excluding the traps along the edge burned > control. Test: Mann Whitney U-test. Level of significance *° = 0.05;
$% = 0.01.
Fangstresultater fra 1974 og 1975. Sorte søjler: fangst i afbrændt areal. Hvide søjler: fangst i kontrolarealet. Høst
og afbrænding (stiplede linier) i 1974:2018 henholdsvis 2818.11975:8/8 og 1918.* = signifikant forskel på fangsten i
de to arealer, alle fælder medregnet, o = som *; men fælderne langs markens rand er udeladt i testningen, t = ved
udeladelse af randfælderne er afbrændt > kontrol. Anvendt test: Mann-Whitney U-test. Signifikansniveau *° =
0,05; *° =0,01.

Number/trap/7 days
Antal/fælde/7 døgn

Fig. 7. Carabidae 1974.

9/7 16 23 30 6/8 13 20 28 4/9 11 18 25 2/10 9 16 23
sampling date

6/11 22 29 tømningsdato

Number/trap/7 days
Antal/fælde/7 døgn

Fig. 8. Carabidae 1975.

I I I I I I 0 ampling date

10/6 17 24 1/7 8 15 22 29 5/8 28 4/9 11 18 26 2/10 9 16 6/11 20 4/12
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Number/trap/7 days
Antal/fælde/7 døgn

50 •

40 •

30 •

20 •

10 -

•I

Fig. 9. Araneae 1974.

l l l l . - p sampling date

9/7 16 23 30 6/8 13 20 28 4/9 11 18 25 2/10 9 16 23 6/11 22 29 tømningsdato

Number/trap/7 days
Antal/fælde/7 døgn

90 ••

Fig. 10. Staphylinidae 1974.

i I
I I

l i l h l l l . i i i l i sampling date

9/7 16 23 30 6/8 13 20 28 4/9 11 18 25 2/10 9 16 23 6/11 22 29 tømningsdato

Number/trap/7 days
Antal/fælde/7 døgn

50 -

40

30 •

20 •

10 .

Fig. 11. Staphylinidae 1975.

luliUJ sampling date

10/6 17 24 1/7 8 15 22 29 5/8 28 4/9 11 18 26 2/'iO 9 16 6/11 20 4/12 tømningsdato
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Number/trap/7 days
Antal/fælde/7 døgn

100 •>•

90 -

80 •

70 • •

60 ••

50 ••

40 •

30 • •

20 • •

10 • •

Fig. 12. Araneae 1975.

IL J
10/6 17 24 1/7 6 15 22 29 5/8

^ 1 ^ J ^ 1 ^- i sampling date

28 4/9 11 18 26 2/10 9 16 6/11 20 4/12 tømningsdato

Number/trap/7 days
Antal/fælde/7 døgn

2 • .

1 ••

Fig. 13. Nebria brevicollis 1974.

-r—p-

i I
I i

J ti -PUP IL sampling date

9/7 16 23 30 6/8 13 20 28 4/9 11 18 25 2/10 9 16 23 6/11 22 29 tømningsdato

Number/trap/7 days
Antal/fælde/7 døgn

16 -

• <

10 •

9 •

8 •

7 •

6 •

5 •

4 •

3 •

2

1 •

Fig. 14. Nebria brevicollis 1975.

l u i \

J q _

10/6 17 24 1/7 8 15 22 29 5/8
^ sampling date

28 4/9 11 18 26 2/10 9 16 6/11 20 4/12 tømningsdato
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Number/trap/7 days
Antal/fælde/7 døgn

Fig. 15. Bembidion obtusum 1974.
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Fig. 16. Bembidion obtusum 1975.
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Fig. 17. Pterostichus melanarius 1974.
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Fig. 18. Pterostichus melanarius 1975.
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Table 3. Influence of burning shown by comparison of catches before and after burning
Brændingens indflydelse vist ved sammenligning af fangsterne før og efter brændingen

A. No changes

Changes
1. Dominance in the

burned area
2. Dominance in the

burned area followed
by dominance in the
control area

3. Dominance in the
control area

Carabidae
Agonum dorsale
Bembidion lampros
Calathus fuscipes 1975
Trechus quadristriatus 1975

Trechus quadristriatus 1974

Nebria brevicollis 1975
Bembidion obtusum

Nebria brevicollis 1974
Calathus fuscipes 1974
Pterostichus melanarius

Staphylinidae
Philonthus fuscipennis
Tachyporus hypnorum
Atheta gregaria
Atheta angustula
Atheta pagana

{Xantholinus linearis)

(Lesteva longelytrata)

() brackets indicate that the numbers caught were very scanty before the burning.

shows the results for N. brevicollis, B. obtusum
and Pt. melanarius. Diagrammes and tables re-
garding all species dealt with: see appendix.

4. Barrier-experiment
Table 4 shows the catch in the period 1/4-3/6
1976. The total catch comprises 18 species of
Carabidae and 31 species of Staphylinidae +
non-identified Aleocharinae. With the exception
of the counting of Lycosa spp.Araneae were not
further identified.

There is no great difference between the quali-
tative species composition in the burned area and
the control area. There are, however, some
quantitative differences.

The results were compared statistically by
means of the Mann-Whitney U-test. Table 4
shows that the total catch of Carabidae was sig-

nificantly largest in the control area on almost
every sampling date. For Staphylinidae and Ara-
neae few cases of significant differences were
found. There were significant differences be-
tween the catch in the two areas of the Carabidae
B. obtusum and N. brevicollis, imagines and lar-
vae. It is B. obtusum that gives rise to the great
dominance of Carabidae in the control area. It
should be noticed that the occurrence ofN. brevi-
collis imagines deviate from that of the larvae.

IV. Discussion
1. Field experiment
The effect of the burning on the fauna of the soil
surface can partly be a direct heat damage and
partly changed environmental conditions caused
by a reduction of the plant cover. In this experi-
ment the temperature during the burning was le-
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Table 4. The catch within the barriers. 814-2914: 64m2. 615-316: 128 m2. Significant at the level: 0.05 = *; 0.01 = ** 
The sum values have not been tested 

Fangst inden for barriererne. 814 - 2914: 64 m2. 615 - 316: 128 m2. Signifikant på niveau: O,05 = *; 0,01 = ** 
Sumvrerdierne er ikke testet 

1976 Carabi- Staphy- Nebria Nebria Bembidi- Trechus Agonum Atheta Tachypo- 
Dato due linidae Araneae brevi- brevi- on ob- quadri- dorsale grega- ru S 

collis collis tusum striatus ria hypnorum 
Total Total Total Imago Lama 

Bum. Cntr. Bum. Cntr. Bum. Cntr.Burn. Cntr. Bum. Cntr. Bum. Cntr. Bum. Cntr. Bum. Cntr. Bum. Cntr. Burn. Cntr. 

Sum 576 1032 871 857 1191 1220 81 31 9 67 313 892 27 19 49 31 132 105 69 90 



thai on the soil surface, while in the depth of only
2 cm (fig. 6) it was far below the limit of injury to
the organisms in question. The change in the soil
moisture was insignificant (Nissen, 1976). The
plant cover: the amount of stubble, straw residue,
and volunteer cereal-plants was largest in the
control area, until the field was ploughed (visually
determined). The amount of food: this factor was
not examined more closely. The difference in
plant cover may have caused a difference in the
amount of food, as a good many prey animals,
among others certain pest species, can be found
on volunteer cereal plants {Stapel, 1967) as well
as in stubbles and straw residue (Tischler, 1951
and 1968; Raatikainen, 1966). Bulan & Barrett
(1971) conclude that the limitation of the food
resources after the burning of an area of oats was
prolonged for the herbivorous arthropods, but
transitory for the carnivorous arthropods. The
explanation probably is that many carnivorous
arthropods owing to a broad food spectrum are
able to change to food items in the soil surface and
the uppermost soil layers, when certain food
items are removed with the plant cover. Other
experiments show that a good many arthropods
survive the burnings in protected micro-habitats,
e.g. in the soil crust (Gillon, 1970; Buffington,
1967; Rice, 1932). The amount of food in the
upper soil layer has probably remained un-
changed (Lussenhop, 1976).

The further conclusions build on the relative
estimate of the fauna, obtained by the catch in
pitfall traps. The size of the catch depends espe-
cially on the population density and the activity of
the species (see appendix of the report).

The quantitative and qualitative comparison of
the fauna of Carabidae and Staphylinidae in the
two field halves indicates that there is great simi-
larity between the two areas before the straw
burning (table 1). From the practical point of view
(control of pests) the quantitative index is that of
greatest interest. Table 1 shows that only for
Staphylinidae 1975 the difference between the PS
before and after the burning is noticeable. The
decrease in PS is due especially to A. pagana,
which species has its greatest abundance in the

control area during the whole sampling period,
but is not frequent until after the burning.

The qualitative index, which places the same
emphasis on the rare and the dominant species is
of interest with regard to those species, the pres-
ence or absence of which has indicator impor-
tance for the environmental conditions in an area.
In the present material no species of Carabidae or
Staphylinidae were found, which could be char-
acterized as environmental indicators. QS (table
1) shows less agreement after the burning as far as
the Carabidae are concerned; but that does not go
for the fauna of Staphylinidae, however. The
difference is due to species occurring in smaller
numbers only; and as mentioned above, it cannot
be proved to be a consequence of the burning.

Comparing the index-values in table 1 and table
2 it is apparent, that the changes in the fauna of
Carabidae caused by the burning is not greater
than the changes from one year to the following in
the control area. The similarity of the fauna of
Staphylinidae in the two areas is greater after the
burning than it is in the control area in the two
successive years. This especially applies to the
quantitative similarity.

Comparing the size of the catch in the 2 field
halves attention must be paid to the increased
activity and thus the larger catch caused by the
changes of the environmental conditions in the
burned area. No exact estimate can be formed of
the duration of this increased activity nor of its
contribution to the numbers caught. In a straw
burning experiment in England (Rothamsted
Exp. Station) various species of Carabidae and
Staphylinidae were dominant in the burned area
up to 2 months after the burning, which was ex-
plained as a cause of increased activity (R. Lofty,
verbal information). The experiment at Rotham-
sted is not quite comparable to the present one, as
the soil of the experimental area was not cultiva-
ted until the following spring.

The immediate effects of the burning are a re-
duction of the population of Araneae (fig. 9 and
12) and of the Carabidae N. brevicollis (1974) (fig.
13), C.fuscipes( 1974)and Pt. melanarius (fig. 17
and 18). These 3 species are nocturnal and hide
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during the day, e.g. underneath the swaths of
straw. Considering the increase in activity, there
might have been a transient reduction in the num-
ber of B. lampros (1974) (table 3, A), T. quadri-
striatus (1974) (table 3, B 1) and A. angustula
(1975) (table 3, A). The activity increase may also
explain the transient dominance in the burned
area, found in the species mentioned in pt. B 2,
table 3.

The indirect effects of the burning caused by
the changed environmental conditions is found in
the reduction of the population of species in pt.
B2 and B3,table 3.ForB. obtusum (fig. 15 and 16)
the influence of the burning is uncertain. The
catch of this species is small before the burning
but does, however, indicate a greater abundance
in the control area. As far as X. linearis and L.
longelytrata are concerned (table 3, B2 and B3)
the catch before the burning is too small for pro-
ving the influence of the burning. The population
of Araneae was reduced in the burned area during
almost the whole period of sampling in 1974 (fig.
9). In 1975 the conditions were normal from
mid-October (fig. 12). After burning of oats (Bu-
lan & Barrett, 1971) the population of Araneae
was reduced during the whole test period (3
months). Rice (1932) found that Araneae formed
the arthropod-group most severely affected by
prairie-fire.

The dominance in the burned area of T. quadri-
striatus (table 3, Bl) could be due to decreased
competition. The species dealt with in pt. A, table
3, are apparently not influenced by the burning,
apart from the immediate effects mentioned
above.

The reduction of the population of the species
in question, observed in the autumn of 1974, was
equalized at the start of sampling in 1975. The
populations seem to be reestablished by immi-
gration from the surrounding areas after the culti-
vation of the soil has abolished the environmental
differences. All the groups dealt with are consti-
tuted of animals able of rapid dispersal on the soil
surface or in the air. The latter applies to the
majority of the Staphylinidae {Geiler, 1959/1960),
certain Carabidae (Geiler, 1956/1957) as well as

Araneae with aeronautical behaviour (Nielsen,
1932; Richter, 1971).

In the majority of investigations from cereal
-fieldsPt. melanarius and A. dorsale form a much
larger share of the total number ofCarabidae than
in the present (Basedow et al., 1976; Brasse,
1973; Tischler, l95S;Roesgaard, under prepara-
tion). As the population ofPt. melanarius is redu-
ced (A. dorsale, refer section IV 3) the importan-
ce for the rate of recolonisation, of various fac-
tors: size of the burned area, hedgerows and other
vegetation in boundaries between fields, should
be investigated further.

The ability of rapid colonisation is one of the
adaptations characterizing the species of a pio-
neer community. The recurring disturbances of
the environment and the alternating periods with
vegetation cover and bare soil in cultivated areas
maintain the communities in the pioneer phase in
the course of succession.

Tischler (1958) showed that the majority of the
fauna in agricultural areas has its origin in Litto-
rea communities, which are adapted to sudden
change in the environment. In the investigations
on succession after burning of heath (Merrett,
1976) and forest (Huhta, 1971) the Araneae Eri-
gone dentipalpis and E. atra are referred to as
pioneer species. These two species dominate in
both field halves, before as well as after the
burning. Straw burning is probably only one of
the numerous disturbances of the environment to
which the fauna is adapted.

2. Barrier-experiment
The catch in the areas enclosed by barriers show
the effect of burning on the species the dispersal
of which is efficiently prevented by the barrier.
This is true of most of the abundant species of
Carabidae of this experiment, but not of the
Staphylinidae and Araneae.

The longterm consequences of a population
reduction will be most severe in regard to the
species affected in the breeding period. The
breeding of N. brevicollis, T. quadristriatus, C.
fuscipes and Pt. melanarius takes place in late
summer and autumn (Lars s on, 1939). As the in-
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vestigation was terminated before imagines of the
new generation were hatched the effect of burn-
ing on this generation was evaluated from the
catch of larvae. Only larvae of N. brevicollis were
caught in larger numbers.

Nebria brevicollis: Before the burning the
greatest abundance was found in the burned area
(fig. 14). In July-August this species has diapause
(Jørum, 1976; Williams, 1959). Fig. 14 shows that
the activity is resumed in the weeks following the
burning. Consequently most of the imagines have
been protected in the soil during the burning. In
spite of largest catch of imagines in the burned
enclosure, the catch of larvae is smallest here
(table 4). 2 explanations can be applied:
1. The larvae pupate a little earlier in the burned

area than in the control area;
2. the burning has a reducing effect on the fol-

lowing generation.
Ad. 1. According to Larsen (1939) pupation

takes place in April-May.
Table 4 shows that the catch of larvae is largest

at the beginning of April. Possibly pupation had
already started at the beginning of the sampling
period. Whether the burning has caused earlier
pupation is not known. The soil was not exam-
ined for pupae.

Ad 2. The effect of straw burning on the fol-
lowing generation has probably been indirect, as
most of the imagines were diapausing at the time
of burning. Some possibilities can be proposed:

A. If the amount of food is reduced as a conse-
quence of burning, the larvae may
a. have been eaten; the larvae live on the soil

surface and are exposed to predation, especi-
ally when activity is increased and possibili-
ties of protection is reduced.

b. have succumbed in the competition for food,
as they themselves are non-specific predators.

B. According to Larsson (1939) the over-
wintering imagines are often individuals which
did not breed in the autumn. Thus there could be a
connection between the occurrence in the spring
of many imagines and few larvae. Unfavourable
conditions in the environment as a result of the
burning might have disturbed the synchroniza-

tion of ripening of male and female gonads. Ac-
cording to Williams (1959) the gonads are extre-
mely small at the beginning of the diapause.

Further investigations are called for to clarify
the question of the effect of straw burning on the
following generation.

Bembidion obtusum: The generation occurring
in the barrier catch (table 4) was in the soil at the
time of burning either as pupae or as callow ima-
gines. Consequently the distribution in the field at
that time is not known (fig. 16). See also section
VI 1. Knowledge of the distribution in the field
during the spring-maximum is essential for clari-
fication of the influence of straw burning on this
species constituting more than half of the popula-
tion of Carabidae in the field.

3. Changes in the distribution of the populations
in the field
In 1974 the area along the ditch where the outer-
most traps were placed was not harrowed, and
consequently the vegation became rather dense.
For 6 weeks after the burning the catch of A.
dorsale in these peripheral traps was very large.
Burning and/or harrowing seems to call forth a
reaction of escape, which for A. dorsale causes a
migration to the hibernating quarters {Pollard,
1968). Also the catch of N. brevicollis and C.

fuscipes was large in the peripheral traps, especi-
ally in 1974.

Excluding the peripheral traps when testing the
results the direct influence from the surrounding
areas has been omitted. However, it cannot be
refuted that part of the dominance in the control
area, observed in connection with the species
mentioned in table 3, B2 and B3, has been caused
by a seasonal change in distribution in the field.
Comparing the catch within and outside the bar-
riers it can be seen that such distributional chang-
es do take place (these results are published else-
where): species frequently caught within but in-
frequently outside have been present in the field
at the time of burning, while being sparse in the
spring. This applies a.o. toN. brevicollis, A. dor-
sale and T. hypnorum. Conversely the species
caught infrequently within but frequently outside
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the barriers have only been sparsely present in
the field at the time of burning, while they are
abundant in spring. This is true of a.o. B. lamp-
ros. It is uncertain, whether these differing distri-
butions are due to migrations or deviations in time
of activity owing to differences in the environ-
ment (conf. Pauer, 1975).

A definite statement regarding the effect of
burning therefore requires that the distribution of
the individual species has been recorded
throughout a whole year, before the first burning
takes place.

V. Conclusion
The effect of straw burning on predaceous insects
and spiders is a combination of direct heat dam-
age and indirect influence caused by changes in
environmental conditions. Owing to increase of
activity after the burning the immediate effects
are difficult to separate by the sampling method
used. A reduction in number of Araneae and of
the larger nocturnal Carabidae, Pterosdchus
melanarius, Nebria brevicollis and Calathus fus-
cipes was found. The effects on the remaining
Carabidae and on the Staphylinidae were smaller
and varied from one species to another and for the
two years.

The reduction of the populations was equalized
the following year.

Two years of burning did not cause great diffe-
rences between the two field halves in the quali-
tative and the quantitative composition of spe-
cies.

The low catch of larvae of Nebria brevicollis in
the enclosed burned area, spring 1976, indicates a
reduction of the next generation of Carabidae
breeding about the time of the burning. The
reasons are discussed.

The rather moderate effects are reasoned as
follows:
1. The burned area is compared with an area,

from which the main part of vegetation has
been removed.

2. Many of the animals investigated are protec-
ted in their micro-habitat during the burning.

3. The burning was incomplete between the
swaths of straw.

4. The animals can avoid unfavourable envi-
ronmental conditions by emigrating to sur-
rounding areas, from where recolonization
can take place, - if the burned area is not too
large.

5. The broad-spectrum diet enables the animals
to change to alternative food items after the
burning.

6. The arthropod community of the cereal field is
composed of pioneer species adapted to dis-
turbances and sudden changes of the envi-
ronment.
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