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Increase of Mean Individual Biomass (MIB) of Carabidae
(Coleoptera) in relation to succession in forest habitats *
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ABSTRACT: The applicability of Mean Individual Biomass (MIB) of Carabidae as an indi-
cator of succession stage was tested on 35 forest stands in western Poland. The differences
in MIB values as well as similarity indices (Jaccard index, Wainstein index) were calculated
between two inventories at the study sites separated by a time span of 13 years. The hypoth-
eses were set that (1) MIB values increase with time on the study areas and (2) the differ-
ences in MIB values are negatively correlated with the corresponding similarity indices. The
results show an increase in numbers of species and individuals of big sized carabids in the
total samples. MIB values increase at the vast majority (85.7%) of the individual study sites
between the two inventories. The increase in MIB shows a significant negative correlation
with both similarity indices. The correlation is more pronounced when using the Wainstein
index. The results verify the applicability of MIB of Carabidae as an indicator of stage of
succession. Based on the results we suggest MIB as a useful tool in forest research and for-
est management.
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Introduction

Succession is defined as a non-seasonal, directional and continuous pat-
tern of colonisation and extinction of species populations in a given area
(BEGON et al. 1991). Depending on the environmental conditions the pro-
cess of succession may run faster or slower in different habitats. With re-
spect to an ecologically sound management of ecosystems or landscapes,
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particularly with respect to their use for economic purposes, like agriculture

or forestry, it is often required to establish special stages of succession (KO-

IVULA, NIEMELA 2002; DU BUS DE WARNAFFE, LEBRUN 2004; SZYSZKO

2004; LINDENMAYER et al. 2006). This may imply the facilitation or inhibi-

tion of the successional process (e.g. BRADSHAW 1983, 1984; DOBSON et al.

1997). However, to deal with such tasks means to be able to identify the sta-

ge as well as the speed of succession on the areas under consideration.
According to the definition above, the process of succession should be

characterised by a change in species coenoses, because the species characte-
ristic of young stages of succession should be substituted by the species cha-
racteristic of advanced stages of succession. With respect to carabid beetles
such patterns have been demonstrated, for example, on recultivated brown
coal mining sites (e.g. NEUMANN 1971; VOGEL, DUNGER 1991) or after re-
forestation of forests (e.g. SZYSZKO 1990; BAGUETTE, SYLVAINE 1993; MA-

GURA et al. 2002). Carabid beetles of young stage of succession are com-

monly described as comparatively small with a high power of dispersal, whe-

reas in advanced stages of succession larger species with lower power of di-

spersal become dominant (e.g. SZYSZKO 1990; MAGURA et al. 2002).

Mean Individuals Biomass (MIB) of carabid fauna has been proposed as

a good indicator of the stage of succession (SZYSZKO 1990; SZYSZKO et al.

2000). The calculation of MIB means the sum of biomass of all carabid indi-

viduals collected at an area under study divided by the total number of indi-

viduals. According to the observation that in habitats of advanced stage of
succession carabid species with large individuals become dominant, MIB in-
creases as the succession progresses. Even if MIB has already been applied
successfully in different European countries (e.g. SZYSZKO et al. 1996; SER-

RANO, GALLEGO 2004; SCHWERK et al. 2006), this method does not seem to

have been generally recognised up to now. Therefore, the present paper is

an attempt to prove the indicatory significance of MIB. Based on the theore-
tical background, the following assumptions may be formulated:

(1) Comparing two inventories carried out at the study site at different ti-
mes, big sized carabids should be more dominant in the later inventory.
As a result MIB should increase, too.

(2) Succession may be quantified by calculating similarity indices between
two inventories carried out at the study site at different times. The lower
the similarity between the two inventories is, the higher the difference in
the stage of succession, i.e. the faster the process of succession in the
area. In the case of MIB acting as an indicator of the process of succes-
sion, the difference (increase) in MIB values on the study area between
the two inventories should be the more pronounced the faster the pro-
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cess of succession runs. Therefore, the difference in MIB should be ne-

gatively correlated with the calculated similarity on the area between the

two inventories.

In the present study the carabid fauna of 35 forest stands is analysed
comparing two inventories separated by a time interval of 13 years. Diffe-
rences in MIB values as well as similarities between the two inventories are
calculated for each study site. The hypotheses are tested that (1) MIB values
increase with time on the study areas and (2) the differences in MIB values
are negatively correlated with the corresponding similarity indices.

Material and Methods

Study sites and sampling methods

The study was carried out on sampling plots located in the Tuczno Forest
District in the Regional Directorate of State Forests in Pita (western Po-
land). In this area a long-term study on carabid beetles at 91 forest stands of
different stage of succession has been carried out since 1989. The study sites
are mainly pine forests growing on poor sandy soil, but mixed forests and
deciduous forests are included, too. More detailed information about the
study areas is provided by RYLKE and SzYSzKo (2002) and SCHWERK and
Szyszko (2005).

The data analysed in this study were chosen with the aim to maximise the
time span between the compared samples. During the year 2003 a strong re-
duction in numbers of individuals was observed. In that year a chemical
combat against the Nun moth — Lymantria monacha (L.) was carried out on
a part of the study areas and a side effect on the carabid beetles at those are-
as cannot be excluded. Therefore, the data elaborated in the years 1989 and
2002 were analysed.

In order to be included in the analyses, the study sites were subject to two
restrictions: first, in both years the number of collected carabids should not
fall below 50 individuals, because with decreasing number of individuals the
MIB values become inaccurate. Secondly, no clear cut should have been car-
ried out between 1989 and 2002. Following these restrictions, 35 study sites
were subjected to data analysis.

Collecting of beetles was carried out using pitfall traps following Barber
(1931) with modifications. At each study site a Jar glass was sunk in the gro-
und and a funnel with an upper diameter of about 10 cm and a lower diame-
ter of about 1.6 cm was placed above it flush with the soil surface. A roof was
installed a few centimetres above the funnel. Ethylene glycol was used as
trapping fluid. The sampling time covered mid-May to mid-September. The
traps were installed at the same position in both years.
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Determination and nomenclature of the collected individuals was done
according to FREUDE et al. (2004).

Statistical analysis
Mean individual biomass (MIB) of Carabidae was calculated to assess
the successional stage of the sampling plots. MIB is calculated by dividing
the biomass of all sampled carabids by the number of specimens caught.
Biomass values were obtained using the formula of SzZYszKo (1983) that de-
scribes the relationship between the body length of a single carabid individu-
al (x) and its biomass (y):

Iny = - 8.92804283 + 2.5554921 X In x

For the calculations of MIB values, the biomass of the individuals caught
were summed and subsequently divided by the total number of the individu-
als for the respective sample. Based on these data the difference in MIB va-
lues between the two observations was computed.

Changes in species composition were analysed using Jaccard’s index of
species similarity (JACCARD 1902). However, patterns of succession may be
expressed by changes in the dominance values of the respective species, too.
In order to consider both changes in species composition and chances in
species dominances, the Wainstein index was computed (WAINSTEIN 1967).

The computed MIB values were tested on differences between the two
inventories using the Wilcoxon test for paired samples. The absolute values
of the differences in MIB between the two inventories were tested on corre-
lation with the corresponding species similarities using the Spearman rank
correlation coefficient (SACHS 1984).

Results

Table (Tab. I) presents total numbers of individuals of the species collec-
ted at the study sites in 1989 and 2002. Species characteristic of forests do-
minate in both years. However, an increase in species and numbers of big-
sized forest species (e.g. Carabus coriaceus, Carabus hortensis, Pterostichus
niger) as well as a decrease of small-sized species (e.g. Leistus terminatus,
Calathus micropterus) and the species characteristic of open habitats (e.g.
Calathus erratus, Calathus melanocephalus) can be observed. The occurren-
ce of Carabus intricatus in 2002, which was not detected on the study areas in
1989, is worth mentioning.

The numbers of species, individuals and MIB values for both years as
well as the differences in MIB between the two inventories and the calcula-
ted similarity values (Jaccard index, Wainstein index) are shown in table
(Tab. IT). MIB values increase significantly at the study sites (Wilcoxon test
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for paired samples, p <0.001). Solely at 5 of the 35 study sites the MIB value
decreased from 1989 to 2002. At the remaining 30 study sites (85.7%) the
MIB value increases, with the increase ranging from 5.9 mg to 242.3 mg.

The calculated values for similarity values range from 10.5% to 83.3%
(Jaccard index) and from 0.3% to 57.6% (Wainstein index).

The relationship between the absolute values of differences in MIB betwe-
en the two inventories and the similarity values are shown in figure (Fig.).
For both similarity indices a significant negative correlation exists. However,
this correlation is more pronounced for the Wainstein index (Spearman rank
correlation coefficient r, = — 0.645, p <0.001) when compared to the Jac-
card index (Spearman rank correlation coefficient r, = — 0.489, p <0.01).

Tab. I. Numbers of individuals of the species collected at the study sites in 1989 and 2002
ordered by theoretical biomass of a single individual. Biomass values were calculated
according to SZYSZKO (1983)

Liczba osobnikéw gatunkéw odtowionych w roku 1989 i 2002 (w kolejnosci wyzna-
czonej wielkoScig teoretycznej biomasy pojedynczego osobnika). Warto$ci biomasy
przyjeto za SZYSZKO (1983)

Biomass Individuals | Individuals
Species Biomasa | Osobniki | Osobniki
Gatunek [me] (1989) (2002)

1 2 3 4
Carabus coriaceus LINNAEUS, 1758 1742 1 80
Carabus violaceus LINNAEUS, 1758 750 366 395
Carabus intricatus LINNAEUS, 1761 700 16
Carabus hortensis LINNAEUS, 1758 548 303 420
Carabus problematicus HERBST, 1786 454 52 70
Carabus nemoralis O. F. MULLER, 1764 400 72 137
Carabus cancellatus ILLIGER, 1798 317 - 1
Broscus cephalothes (LINNAEUS, 1758) 281 1 -
Pterostichus niger (SCHALLER, 1783) 220 1735 2015
Carabus arvensis PAYKULL, 1790 219 29 7
Dolichus halensis (SCHALLER, 1783) 160 - 1
Harpalus rufipes (DE GEER, 1774) 126 4 2
Poecilus lepidus (LESKE, 1785) 84 48 -
Calathus fuscipes (GOEZE, 1777) 76 1 4
Amara equestris (DUFTSCHMID, 1812) 61 10 -
Harpalus solitaris DEJEAN, 1829 61 1 -
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1 2 3 4
Harpalus laevipes ZETTERSTEDT, 1828 61 4 3
Pterostichus oblongopunctatus

(FABRICIUS, 1787) 57 1153 1012

Poecilus versicolor (STURM, 1824) 56 2 2
Harpalus affinis (SCHRANK, 1781) 49 1 -
Calathus erratus (C. R. SAHLBERG, 1827) 46 155 10
Harpalus smaragdinus (DUFTSCHMID, 1812) 46 2 -
Harpalus latus (LINNAEUS, 1758) 45 10 5
Harpalus rufipalpis STURM, 1818 41 1 -
Leistus rufomarginatus (DUFTSCHMID, 1812) 36 1 5
Cymindis vaporarium (LINNAEUS, 1758) 27 2 -
Leistus ferrugineus (LINNAEUS, 1758) 25 103 9
Leistus terminatus (HELLWIG, 1793) 25 433 3
Amara lunicollis SCHIODTE, 1837 19 - 1
Calathus melanocephalus (LINNAEUS, 1758) 19 100 6
Calathus micropterus (DUFTSCHMID, 1812) 19 1213 359
Amara curta DEJEAN, 1828 13 1 -
Agonum fuliginosum (PANZER, 1797) 13 - 9
Pterostichus strenuus (PANZER, 1797) 13 1 1
Notiophilus aquaticus (LINNAEUS, 1758) 7 - 9
Notiophilus biguttatus (FABRICIUS, 1779) 7 1 2
Notiophilus palustris (DUFTSCHMID, 1812) 7 - 2

Discussion

The results significantly verify both hypotheses. This leads to the conclu-
sion that MIB indeed may be used as an indicator of the stage of succession.
With progress of succession the MIB values increase, expressed by an incre-
ase in numbers of species and individuals of big-sized carabids in the total
samples and an increase in MIB in a vast majority of individual study sites
from 1989 to 2002. The more pronounced this increase, the higher the diffe-
rence in stage of succession, i.e. the faster the process of succession runs.
When using the Jaccard index, the latter statement is supported rather we-
akly. However, the correlation becomes stronger taking into account not
only the changes in species but also the changes in dominance values, i.e.
using the Wainstein index. Succession may involve both aspects as described
for carabid beetles after clear-cutting, for example by Szyszko (1990), Ko-
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Tab. II. Numbers of species, individuals and MIB values for both years as well as the diffe-
rences in MIB between the 1989 and 2002 and calculated similarity values (Jaccard
index, Wainstein index) — numbering of study sites according to RYLKE and SZYSZ-

KO (2002)

Liczba gatunkoéw i osobnikéw oraz warto$¢ SBO dla obu sezonéw badawczych
a takze réznice w wartoSci SBO pomiedzy rokiem 1989 i 2002 oraz wartoSci podo-
biefistwa (wskaZnik Jaccarda i wskaZznik Wainsteina) — numeracja stanowisk badaw-

czych wedlug RYLKE i SZYSZKO (2002)

9 Numbf:r of Number of MIB o 5.3 5 .E
% —g species individuals SBO @a_ E § E 2
_{3? LiCZb?. Licz.ba/ [mg] z ;iﬁ S i‘é E '§
23 gatunkow osobnikow E-E 8 z >
” g 5 22| 5%

& | 1989 | 2002 1989 2002 1989 2002 = - ==

1 2 3 4 5 6 7 9 10
2 11 7 163 117 2348 | 3779 | 143.1 38.5 23.4
4 9 7 242 64 167.4 | 2373 69.9 60.0 33.1
7 7 69 143 2769 | 177.8 | -99.1 62.5 26.9
9 7 9 142 78 158.8 | 221.8 63.0 60.0 42.3
10 10 9 219 174 160.8 | 209.7 48.9 46.2 24.5
11 8 6 61 61 207.4 | 242.4 35 40.0 28.8
12 7 7 86 113 218.2 | 280.3 62.1 55.6 31.0
14 10 11 217 197 3009 | 326.7 25.8 50.0 31.8
16 7 10 180 151 227.9 | 3283 | 100.4 54.5 32.0
18 9 7 125 136 204.7 | 319.6 | 1149 60.0 32.1
19 10 6 99 106 331.7 | 221.1 |-110.6 | 45.5 27.7
21 8 5 128 169 2909 | 3535 62.6 62.5 43.2
22 7 8 164 172 340.5 | 346.4 59 66.7 57.6
33 6 9 52 97 99.2 313.6 | 214.4 36.4 14.7
37 11 5 246 82 206.9 | 320.9 114 333 21.6
39 5 6 68 95 267.1 | 256.0 | -11.1 83.3 73.1
43 10 6 94 71 171.9 | 268.0 96.1 333 15.9
45 9 12 63 118 67.1 280.3 | 213.2 10.5 0.3
50 10 9 207 123 101.2 98.0 -32 58.3 31.6
51 8 7 142 54 64.8 2589 | 194.1 50.0 25.4
52 8 8 98 122 169.4 | 198.5 29.1 60.0 21.4
54 5 6 66 58 115.8 | 3422 | 2264 37.5 17.7
60 7 9 135 55 140.7 | 361.5 | 220.8 45.5 21.4
67 5 7 94 124 236.4 | 244.8 8.4 50.0 44.6
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1 2 3 4 5 6 7 8 9 10
69 8 9 84 71 148.0 | 163.0 15.0 30.8 15.8
72 8 9 332 145 128.8 | 272.6 | 143.8 545 28.4
73 10 13 102 247 190.4 | 217.9 275 53.3 31.0
74 11 11 199 335 52.0 2943 | 2423 37.5 2.0
75 12 8 495 74 1159 | 2383 | 1224 53.8 26.2
76 7 10 150 213 203.9 | 336.5 | 132.6 41.7 22.6
77 9 13 627 213 115.1 | 2373 | 1222 46.7 28.3
78 9 218 188 146.1 | 3353 | 189.2 50.0 28.7
79 9 237 186 168.5 | 379.3 | 210.8 41.7 21.9
85 10 7 110 104 207.8 | 244.5 36.7 41.7 31.0
87 6 7 92 130 280.1 | 265.8 | -14.3 62.5 52.9

IVULA and NIEMELA (2002) and SKEODOWSKI (2006). The changes in spe-
cies composition as well as species’ abundances after disturbance in forests
are regarded as a common principle in carabids (RAINIO, NIEMELA 2003).
However, populations of single species may fluctuate and even get extinct at
local plots due to population dynamics processes independent from succes-
sion (DEN BOER 1968; HANSKI 1998).

A decrease of MIB between the two years, as observed on the five study
sites, may point to a degradation of the habitat. At four of those sites a very
high MIB value was already established in 1989. Moreover, at three of them
the decrease in MIB is of very low value (<15 mg), so that a rather stable
situation may be assumed. Accordingly, the similarity indices show compa-
ratively high values (Tab. II).

Other factors may have an impact on body sizes in carabid coenoses, too.
Of special importance for survival of a population is the dispersal power of
the respective species (DEN BOER 1990a, 1990b), which is often low in big-
sized carabids. This implies a possible reduction of large species in the rema-
ining habitat patches in fragmented landscapes. MAGURA et al. (2006) obse-
rved a relation of body size distributions related to habitat alteration caused
by urbanisation. With increasing habitat change caused by urbanisation
a dominance of smaller carabid beetles was observed. Disturbance caused
by urbanisation leads to a dominance of small-sized carabids. However, with
respect to forestry practices for example, a process like clear cutting may be
regarded as disturbance, which degrades the forest to an early stage of suc-
cession. Degraded habitats are characterised by small MIB (SzZYSZKO et al.
2000). BLAKE et al. (1994) found greater body sizes for carabids in woodland
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Fig. Relationship between the difference in MIB [mg] and corresponding Jaccard indices (A)

(Spearman rank correlation coefficient r, = — 0.489, p <0.01) and Wainstein indices (B)
(Spearman rank correlation coefficient r, = — 0.645, p <0.001)

Ryc. Zaleznos$¢ pomigdzy SBO [mg] i odpowiadajacym wartoSciom wskaZnika Jaccarda (A)
(test korelacji Spearmana r, = — 0.489, p <0.01) oraz wartoSciom wskaznika Wainste-
ina (B) (test korelacji Spearmana r, = — 0.645, p <0.001)

or moorland habitats than in grassland. In the grassland areas carabid body
size decreased with increasing management intensity. Management intensity
was rated on a scale from 1 to 5, amongst others taking into account the age
of pasture and the intensity and duration of grazing, factors of importance
when concerning the stage of succession.

Rigorous monitoring is an important component of ecologically sustaina-
ble forest management (LINDENMAYER et al. 2006). In our opinion, the pre-
sent study demonstrates that MIB of Carabidae can be used as indicator of
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the stage of succession of a habitat. An advantage not to neglect is that iden-
tification of species is not necessary. Therefore, basic taxonomic knowledge
is sufficient to elaborate the data. Moreover, using the presented formula
for calculation of biomass it is possible to elaborate on MIB values from “hi-
storical” material (e.g. old publications). To conclude, MIB can be a useful
tool in forest research and forest management.
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STRESZCZENIE

Majac na uwadze ekologiczny aspekt gospodarowania ekosystemami i krajobrazami
winni§my wspiera¢ si¢ rozpoznawaniem stadiow sukcesji §rodowisk oraz szybkoscia
proceséw sukcesyjnych. Proponowanym wskaznikiem do identyfikacji stadium sukces;ji
Srodowiska jest Srednia biomasa osobnicza (SBO). Jednakze, nawet jeSli fauna
biegaczowatych byla stosowana z powodzeniem do tego celu w réznych krajach europejskich
metoda ta dotad nie zostata dostatecznie rozpoznana i zweryfikowana. Artykut jest proba
dowiedzenia znaczenia bioindykacyjnego SBO.

Zastosowanie S§redniej biomasy osobniczej (SBO) biegaczowatych jako wskaznika
zaawansowania sukcesji przyrodniczej byto testowane na 35 powierzchniach badawczych
w zachodniej czedci Polski. Oznaczano dla nich wartoSci SBO i wskazniki podobieastwa
(wskaznik Jaccarda i wskaznik Wainsteina) poréwnujac ze soba dane uzyskane podczas
dwoéch sezondw na przestrzeni 13 lat. Materialy do obliczen zebrano uzywajac po jedne;j
putapce chwytnej dla kazdej powierzchni badawczej. W kazdym roku badan lokalizacja
putapek byla identyczna. Zatozono hipotezy, iz: (1) wartosci SBO beda wzrasta¢ w czasie na
kazdej powierzchni badawczej, (2) zréznicowanie SBO jest negatywnie skorelowane
z réznicami oznaczanych wskaznikéw podobienstwa.

Yaczne wyniki dla wszystkich prob wskazuja na wzrost liczby gatunkéw le$nych o wigk-
szych rozmiarach ciata (np. Carabus coriaceus, Carabus hortensis, Pterostichus niger) oraz na
spadek iloSci gatunkéw o matych rozmiarach ciala jak Leistus terminatus, Calathus
micropterus i gatunkéw charakterystycznych dla terendw otwartych (np. Calathus erratus,
Calathus melanocephalus). Po poréwnaniu wynikéw uzyskanych w dwu okresach czasu,
wykazano, ze warto$ci SBO wzrastaja dla znakomitej wigkszosci (85,7%) stanowisk (warto§¢
testu Wilcoxona dla poréwnywanych par stanowisk p <0.001). Wzrost SBO wskazuje na
wyraznie negatywna korelacj¢ z obu obliczonymi wskaznikami podobiefistwa. Korelacja jest

bardziej wyrazna dla wskaznika Wainsteina (test korelacji Spearmana rs = — 0.645,
p <0.001) niz dla poréwnanego wskaznika Jaccarda (test korelacji Spearmana rs =- 0.489,
p <0.01).

Wyniki wyraznie weryfikuja obie hipotezy. To prowadzi do wniosku, ze SBO rzeczywiScie
moze by¢ uzyte jako wskaznik stadium sukcesji. Przy czym, do opracowania danych
wystarczajaca jest tylko elementarna wiedza z zakresu taksonomii. Co wiecej, uzywajac
zaprezentowanej formuly dla obliczefi biomasy mozliwe jest uzyskanie retrospektywnych
warto$ci SBO obliczonych na podstawie materiatléw historycznych (np. stare publikacje).
Wskaznik SBO moze by¢ wykorzystany jako uzyteczne narzedzie w badaniach z zakresu
nauk le$nych i w gospodarce le$nej.
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