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Species richness, abundance and diversity of beetles
(Coleoptera) in relation to ecological succession
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ABSTRACT: Beetles {Coleoptera) were collected by pitfall trapping
near Budapest {Hungary), in three stages of dolomitic succession
from April to October in 1988. Species richness and abundance were
greatest in the mature stage, in sessile-turkey oak foreat. The
diveraity and equitability values were greatest in the medium stage,
in dolomitic steppe meadow. The opan dolomitic grassland was the
poorest habitat. The similarity was high between the two grass-
dwelling compunities, but low betwsen the forest and each of the
grass~dwelling communities. The changes of diversity and equitabi-
lity did not support the gensral theory of ecological succession.

INTRODUCTION -

Succession theory has always played a central role in ecology from the
beginning of the twentieth century (Claments 1916, Gleason 1926, Margalef 19&B,
Oodum 1969, Horn 1976, Connel and Slatyer 1977, MacMahon 1980} . This theory gives
general trends in community development, providing an important tocl for the
prediction of environmental changes (Peet and Christensen 1980C), The latter
has a significant role in nature conservation. .

The majority of succession projecta dealt with plant communities (Gallé
1985) . There are some further studies on birds, e.g. Shugart and James 1973,

. Helle and Fuller 1988, Moskdt and Székely 1989 , but papers on lnsects are rath-
ar scarce. There are only a few papers about the succession of beetles, namely
about phytophagous (Brown and Hyman 1986) and aguatic speacies (Nilsson 1984).

We studied species richness, specles abundance and diversity of ground-
dwelling beetle communities of different successional stages of a rocky vege-
tation in Hungary.

STUDY AREA

The stud area is located on the Kutya hill in the Budai Mcuntains( North-
ern Hungary). The area lies 30 km from Budapest in NW direction ([ 472 35" N,
189 90’ E}. The hasic rock is Iriassic dolomite. There are rendzina in patches
covered by grass vegetation, and brown soil in forested areas. We selected
three study sites to represent different levels of the successional sere:



I. .dolomitic grassland (‘open habitat’} . {Seseli: leucospermo-Festuce-
tum pallentis.) This is the first stage of .dolomite succession after the lichen-
moss communities (Jakucs 1981). Festuca pallsns and Sesall leucospersumm are
deminant and characteristic plant species. The rock/grase ratio is about the
ame.

II, Dolomitic steppe meadow ‘steppe habitat’ . { Chrysopogono-Caricetum hu-
milis. ) There are several steppe plant specieg in this phase, where Carex hu-~
milis apnd Chrysopogon gryllus are the dominant and characteristic species, This
plant community is almost closed, the rock/grass ratic is about 5795,

TII. Seasile-turkey ocak forest {*forest habitat’l, { Quercetum petraea-cerrisl
This forest type iz mainly composed of Quercus cerris and {. petraea. The pres-
ence of Fraxinua ornus is also pronounced. The trees are not too .high (10-15 m},'
because of the shallow so:l.l !

i

METHODS L . L E

For sampling we used altogether 324 pitfall traps, 108 for o,ah ‘of the 3
vegetation phasep. Plastic jars were used with a mouth diameter of 9 cm, The
traps copntained sthylena-glycol. The project listed for about six -months, from
7th of Aptil to 23rd of October, 1988. We visited the traps in every fortnight,
altogather fourteen timas, and mean valuss of the 14 visits wére used. Only
beetla data were analyzed.

We compared the beetle communities con.nec{:ed with the three different
plant communities with the help of commnity structure parameterg, like species
richness, species abundance and specles-abundance distributions. The Sorensen
index was applied to measure the similarity between the habitat:

C = 233 | (a+B}, : .

whera A= number of spacies caught on site A,
B= number of species caught on site B,
J= number of Jjoint occurrences.

|
1
i
If C= 1, then the two communities are identical, if ¢=0, then totally differ- |
ent (Southwood 1978}, '

The Shannon-Weaver'’s diversity index was evaluated in relation to differ4
ent bestle comunities. The diversity index is:

f
He D plils lnpn), ' 1

uher: pii) is the proportion of individuals in the 1-th. specles {Southwood |
1978
Equitability was calculated according to the formula: |

J=H/ 1ln S, !

where § is the numbar of species present. !

We applied agglomerative cluster analyais based on 154 species, which
ware collected more than one time, Squared Euclidean distance and single link-'!
age grouping strategy was chosen. Multiple stepwise regression was alsoc appli--
ad for the Coleoptera data,. These statistical analyses were carried out by the'
SPS8/PC+ statistical program package {Norusis 1986*.

RESULTS '

32 families, 139 genera and 233 species are represented by a total num-
ber of 23,837 captured specimens. We recorded 13,952 individuala belonging to
153 species in the ‘forest hahitat’ , 7562 individuals of 129 specles in the |
‘steppe-habitat’, and 2323 individuals of 56 species in the ‘open habitat’. |

The species-abundance distributions of the three beetle communities are
shown in Filg. 1. On double logarithmic scale these curves show linear relation{
ships, but their slopes are different (Table 1). T
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Species-abundance distribution of beetlas in three stages of succes-
sional sere. A= Open dolomitle grassland; B= Dolomitic steppe meadow;
C= Sessile-turkey cak forest. {$ is the number of species, n is the
number of individuals per speciesl
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The values of the Sorensen index indicate high similarity betwaen the
beetles of the ‘steppe habltat’ and the ‘open habitat’, and low similarities
between the beetles of the ‘forest habitat’ and the two other phases (Table 2},
Table 1. The slopes ©of regression lines fitted to the double
logarithmic turves of the species-abundance distri=-
butions. [ p(F): significance of explained variance,
slope: slope of the fitted lines, se: standard error
of the slope, p: significance of regression lines ]

plF) slope e P
Sessile-turkey oak
forest 0.0000 -1.388 0.1067 0.0000
Dolomitic steppe
meadow 0. 0000 -1.286 0.1269 0.0000
Open deolomitic grass=-
land 0.0000 -1.245 0.1999 0. 0000

Between the ‘forest habitat’ and the ‘steppe habitat® the mean diversity
values for the fourteen sampies are similar {two tailed t-test, DF=26; t=1.39,
n. s.), but the value of the ‘open habitat’ is much smaliler than both the val-
ues of the 'forest habitat’ and ’'steppe habitat’ (t=3.08, p<£0.0l; t=d4.13,

p<fb.001. respectively}{Table 3). Equitability shows an oppusite similarity due .

to the small diversity wvalues, There 18 a significant difference in only one

cagse, namely, betwsen the specles of the ‘steppe habitat' and ‘open habkitat’

{t= 2.53, pg0.05)(Table 3).

Table 2. values of similarity hetween the three stages of the
successional sere, based on the Sorensen index

Segsile=turkey oak forest Dolomitic

steppe meadow 0.37589
Segelle-turkey oak forest Open doio-

mitic grassland 0. 34450
bDolomitic steppe meadow Open dolo-—

mitic grassland 0.47568

The mean number of species are similar between the ‘forest habitat’ and
the ‘steppe habitat' (t=1.35, n, s.), just like the abundance (+=1.80, n. 8.},
The beetle community living in the ‘open habitat’ highly differs from that of
the 'forest habitat' ip the case of species richness (t=4.99, p'<b.001i and
abundance (t=3.84, p<{p.001)(Table 3), The relatlonships are similar hetween
the beetles of 'open habitat’' and ’steppe habitat’ tco |species richness: t=4.61,
p<0.001; abundance: t=2.70, p<:p.05l.

The number of species changed paraliel between the ‘forest habitat’ and
the ‘steppe habitat’ from April till October and this correlation is proved
to be significant (Table 4). The abundancecs correlate significantly too, but
this significance is not so high because of the relevant fluctuaticn [Table 4!.
Table 4, Correlaticon of species richness and abundance
batween the three successional stages, (N=14;
Pearson's correlation coefficientfone-tailed

significance)
Specles richness Abundance
Cpen Dolamitic | Sessile- | Open Dolamitic | Sessile-
dolomitic steppe turkey dolomitic | steppe turkey
grasgland | meadow oak foresy grassland | meadow oak forest
Jpen dolomitic - 0.2762 0.3799 - - -
grassland 0.170 - 2.09%)
Dolomitic steppe - - 0.8425 | -0.0793 - -
e adow Q.000 | 0.394
Sespile-turkey - - l.i--%1 0.2759 [o0.6344 -
oak forest I EE 0.170 0.007

There 13 no significant coyre¥sts
of the cases (Table 5). The correlatic
beetles of the ’forest habitac’ anil Vi
ficant. Between the ’forest hibicat!
is negative and significant {Tabla

b Wcwesn the diversity values in any
hgkwmen the equitahility values of the
) habitat’ is pesitive and signi-
“*steppe habitat’ the correlation

rable 5. Correlation of diver and equitability values
betwesn the threa sicdegéional Btages, [N = 14;
FPearson’s correlation toafficient/one-tailed
signifiidinge)
Diversity Equitability
Open Dolomitic |Sessile- |Open Dolamitic | Sessile-
dolomitic | steppe turkey dolomitic | steppe turkey
grassland | mesdow cak forest | grassland | meadow oak farest
open dolomitic - ©.2350 | -0.3235 - - - F
grassiand 0,209 0.138 Tk
Dolomitic steppe - - 0.121% -0.18413 - -
meadaow 0.339 0.264
Sessila-turkey - - - 0.5951 -0.5281 -
oak forest c.012 0.026

Adccording to the results of the cluster analyses (Fig. 2} we can sepa-

Table 3., Structure parameters of beetle communities associated with
the three vegetation stages. (N=14, standard deviation in brackets)
upen dolomitic Dolomitic steppe Sessile-turkey
grassland meadow cak forest
Spec¢ies richness 8.71 (7.38) 26.6 (12.5) 34.5 (17.9
abundance 1.543 (1,23} 5,007 {4.64) 9,192 (7,35)
Diversity 0.98 (0.85) 2,00 {0.36) 1.78 (0.47)
Equitability 0.41  (0.33) 0.65 (0.13) Q.54 (0.18)

0

rate the three beetle communities into two main Groups,

and to 'the grassland-dwelling beetles.

namely, to the forest-
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Fig. 2. The dendogram of three stages of succession, based on the

dean distance t , o N . e squared '
- Open: Open dolomitic grasslan - :
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The Buccession of Plants living on do known
Ezdféglfuﬁmsltage is the lichen-moss phgse, fo}.m é; x:lo n do.{gzuc. .
Land 2o Thetge ’t‘ 1I:.ls, which becomes more and more closad durﬁg the s
Progess. ; X tage i3 the dolomitie steppe meadow phase (IT ) s‘:-‘ifi"m
vegetatioﬁ i]:::ecws from the previcus stage. This 1s a closed or.ai it “»
tpgetation. n the present study the forest is the climax oomun' ot e
ological sueceesion (sesslle-turkey cak forast {I11.)) 16 the

Plied.

The humber of specias, s .

i Pecleg abundance
?g:ﬁ zémllar between the beetles of the forest :n;ngt:he di;:r'ity values we
mpared te those of the ‘open habltat’ ppe phases, than any g

« This differs from the botanicy

grassy communities are the most similar ones (Jakucg |

of the ‘forest habitat’ and

* t r
steppe habitat' were quantitatively compared, Qualitatively the similarity !

low, because of the low n
umber of common
case of the 'steppe habitat’ and the 'ope:pggiigét?he latrer was figh in the
The ’'open habitat’ :

) + which is at the bheqi ’

. ginning of

ngiilzzéq:ogza:gs gnly a few species and 1ndiv1dualg of ;g:n:goiﬁgigzlt:uc-l
€ dolomitic steppe meadow having developed from the o;en.zan

Table 6, dﬁ:;:zcted changes of community strycture parameters
heory, and the coserves chansoriS2ied o0 the general
anges in the case of bestlas
Successional stageg
Expected Obgerved

Developmental Mature Developmantal llntura:
Specles richhess low high low high
Abundance low high low high
Diversity low high low high medium
Equitability low high low high medipm

-
Pl

mitic grassland. Thess two stages contain a lot of common species of plants
{Jakucs 1981} and Coleoptera. This plant commmnity is almost closed, tharefore,
its diversity and abundance are greater than those of the previous stage. Due
to the increasing value of cover and diversity of plant community, the diversity
value of beetle communities also increased in the case of ground-dwelling spe-

" cies (Buse 1984) and the aquatic oneé (Wilsson 1964). Beley et al. (1982) found

the same relationship between the vegetation structure and the whole arthropod
commanity. Brown and Hyman {1986) found such a trend only in the aarly stages
of succéssion - in phytophagows beetles, The sesslle-turkey ocak forest is the ma~
ture stage having developed from the grassy communities after a long period of
time. The long time and the stages between the steppe and forest phases are

the reasons for the small portion of commen species, though the spacies num-
bers- andabundances are similar to those of the Colecptera community of the
steppe meadow.

The classical theory of succeesion (Margalef 1968, Odum 1969, Price 1984)
gives predictions to the changes of a lot of scological characteristics, for
example to the species richness, abundance, and diversity. These features are
supposed to increase during succession. Bome of the studies on arthropods also
supported these results {Beley st al. 1982, Nilspon 1984, Hendrix et al., 1888},
Cur results showed some deviations from these expsctad changes in the case of
diversity, and egquitahility (Table &§). The lowar values of diversity, and equit-
ability in the mature community are due to the extreme abundance of a few spe-
cles: Geot B vernalis, Carszbus convexus apd Ni rug vespillo. - '

TheTe are many differendes in Che results o; ecogochaI successlon studi-
ed at different groups of anisals and in different habitats. The abundance gen-
erally increases during the succession of vertebrate commnities {(Mehlhop and
Lynch 1973, Schwartx and Whitsom 1986); but not always the highest in the cli-
max stage {(Glowacinski 1581), in s beetles Brown and Hyman (1986}
found that the middle Abowed the highast diversity values., Their find-
ings in phytophagous beetles and éur results concerning ground -dwelling Coleo-
ptera revealed that ths classioa) model of gcological succession cannot be ap-
pliesd to beetles. S

We recorded predominantly tha ground-dwelling beetles by pitfall trapping,
which is only a part of the bestle community of the woodland. There are only a
few records in our data about the leaf- and tree-dwelling specles of the forest
(for example: Crmtarc% sirigata).On the other hand, the pitfall trapping for
grassland-dwelling etles glves samples from the whole community, so our com=-
parison mainly concerns the ground-living beetles.
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