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Abstract: Diversity indices of double classification (considering the species’ assignm ent and 
place of catching) were employed for the analyses of Ichneum oninae  com m unities of Peucedano- 
and Leucobryo-Pinetum  in three regions of Poland, w ith four successional stages included. The 
obtained values of indices allow evaluation of s tru c tu ra l changes of Ichneum oninae  com m unities 
of Scots p ines crown canopies, in the course of succession  and they reveal the regional differ
ences of the process’ developm ent. In the climax phase  of succession  the sim ilar s tru c tu ra l p a t
tern  of the com m unity  for the three regions of Poland w as observed. The process of optim al Ich
neum oninae  com m unity  form ation is connected w ith the rise-and-fall succession, w ith diversity 
and com plexity growing in the earlier stages of the succession  and then  sub jec t to slow decrease 
in the la ter stages. An assessm en t of 9 indices usability  for analysing s tru c tu ra l changes in the 
fauna  associa tions has been com pleted. O ut of them , particularly  im portan t for the studying  the 
p rocesses of m atu re  com m unity form ation proved two indices: the m ean  niche w idth and  the 
m ean  degree of h ab ita ts  overlap.
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INTRODUCTION

The m ost frequently used m easure  of diversity in the faunistic study, has 
been the Shannon-W iener index, coming down from the inform ation theory.

1 The investigations were financially supported  by the g ran t from the S tate Com m ittee for Scien
tific research  No. P04F 057 12
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In faunistics, the  index expresses the degree of uncertain ty , considering the 
species assignm ent of an  individual random ly chosen from the com m unity. Its 
num eric value depends on the num ber of species and  the eveness with which 
the individuals are apportioned am ong them . In the com parative study, the 
index canno t be accepted as satisfactory characteristic  of the com m unity di
versity. This is because any com parison of the actual diversity of com m unities 
from two different h ab ita ts  th a t have differentiated potential for ‘reception’ 
given num ber of species, does not reflects the conditions u n d er which the 
com m unities of in terest have developed ( T r o j a n  1994). One can, however, 
consider the effect of species capacity on diversity, by using the index of eve
ness, the la tte r being a m easure of a particu lar com m unity’s m axim um  di
versity accom plishm ent.

Assum ing, the  study  is aim ed a t understand ing  the m echan ism s of the 
com m unity form ation, more complex m ethods of diversity description are 
needed like, e.g., the m easu rem en t of range of resource diversity per  species 
of a com m unity th a t is, the average w idth of niche for the com m unity’s spe
cies as well as its m ean degree of overlap ( M a g u r r a n  1988). These indices of 
diversity are, also, based  on the S hannon  equation b u t they are linked with 
the double classification of objects th a t is -  the com m unity’s specim ens are 
classified in two respect: their species and their hab ita t are identified. The 
theoretical background and  m ethods of m easu rem en ts are given by PiELOU 
(1969, 1972, 1975) and  R o u t l e d g e  (1979).

Based on the diversity indices of double classification of a faunal com m u
nity m em bers, the m easure  of ecosystem ’s complexity w as also proposed 
( C a n c e l a  d a  F o n s e c a  1993) under the assum ption  th a t complexity can be 
defined as a function of the num ber of in terrela tions am ong the ecosystem ’s 
particu lar elem ents (K ik k a w a  1986) and it grows with growing diversity. Con
sidering the above, it is assum ed  th a t complexity is such  a characteristic  tha t 
resu lts  from the diversity of particu lar com ponents of the ecosystem , i.e., the 
species and so called coenotic levels: the la tte r are assum ed  to be different 
h ab ita ts  or m icrohab ita ts occupied by species of the sam e or sim ilar behav
iour type.

The faunistic  study  now adays needs, except gathering of elem entary data  
on fauna s tru c tu re , also a more dynam ics oriented a ttitude , in order to get 
closer look a t the processes of fauna tem poral and spatial transform ations 
(Titoj a n  1980; T r o j a n ,  W y t w e r  1997, T r o j a n  1998). To develop the m ethods 
of study, a  profound analysis of diversity of possibly largest num ber of well 
docum ented reliable d a ta  on taxocens, considering the com m unities’ variabil
ity, m ay con tribu te  significantly. So far, no com m unities diversity analyses 
based  on the double classification are available in the study  of faunistics. 
Such  analyses are aimed a t building a synthetic  picture of a com m unity’s 
s tru c tu ra l changes, in order to investigate either tem poral or spatia l changes.

The purpose of th is paper was to verify the usability  of diversity indices of 
double classification for the faunistic study  and particularly  so -  for the needs 
of s tru c tu ra l description of com m unities.
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The object of p resen t study  were Ichneumoninae living in the crow ns of 
Scots p ines in the Peucedano- and Leucobryo-Pinetum  associations. We a t
tem pted a t defining the s tru c tu ra l changes as they occur in the com m unities 
of the  parasito ids of Lepidoptera:
• in the tem poral aspect, represented in the study  by the successional series 

of m oderately hum id coniferous forest type;
• in the  spatia l (geographic) aspect th a t  is, in different regions of Poland; 

Bory Tucholskie Forest, Puszcza Biała Forest and Białowieża Primeval For
est. These three forest complexes rep resen t the three zones of forest health  
in Poland.

METHODS OF INVESTIGATIONS 

M aterial

The em pirical faunistic da ta  were collected in the canopies of Scots pines of 
m oderately hum id coniferous forest type, using the yellow plates (Moerick 
traps). The successional series h as  been represented by the following age 
stages of Scots pine stand: culture, thicket, pole-stage (prem ature stand) and 
m atu re  s tand . Each successional stad ium  w as represented  by three experi
m ental plots, explored during two consecutive catching seasons (April- 
October) in  years 1986-1987. A total of nearly 5 thousand  specim ens were 
caught, belonging to Ichneumoninae  subfamily: ou t of them , 1838 specim ens 
were collected in Bory Tucholskie, 1557 -  in Puszcza Biała, and  1583 -  in 
Białowieża Forest. The m aterial had  been collected w ithin the fram ework of 
research  problem  CPBP 04.10.07, which purpose, assum ptions and  m ethods 
are given in  the paper by B a ń k o w s k a  (1993), and a detailed description of the 
study  plots can be found in M a t u s z k ie w ic z ,  D e g ó r s k i  and K o z ł o w s k a  (1993).

The d a ta  analysed in th is work were, partly, presented  and described for 
the Białowieża Forest ( T r o j a n  et al. 1994, S a w o n ie w ic z  1995). Qualitative and 
more detailed da ta  characterising  the com m unities from all of the three re 
gions of Poland as described in th is paper can be found in the m onograph of 
the en tire  Ichneumonidae  family, in the context of fauna succession 
( S a w o n ie w ic z ,  in print).

A nalyses

The analysis of diversity of Ichneumoninae  com m unities w as based upon 
the double classification of specim ens collected (PiELOU 1969, 1975): in re 
spect of their species assignm ent and their occurrence in the research  plot of 
in terest. T hus, as a  result, except the index of sp ec ies d iversity  H(x):

s
H(x)= -  ^  P, log Pt ,

/ ' = !

w here P, is the portion of specim ens belonging to species i in the com m unity 
having S specim ens and the index o f even ess J:
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J(x) = H(x)/H(x)rnax, where H(x)max= log2S

we also obtain the index o f habitat d iversity  H(y), which is (similarly as  the 
index of species diversity) a m easure  of probability th a t the random ly selected 
m em ber of the com m unity (here: all the  specim ens collected) w as caught in 
given plot (regardless the specim en’s species assignm ent). According to the 
S hannon  equation:

R

Hly) -  - X e > g
7=1

where Q is the portion of specim ens of plot j  in the total num ber of specim ens
of plot R. The num eric value of H(y) depends on the eveness of specim ens
distribu tion  betw een particu lar plots and  on the num ber of plots considered, 
and, sim ilarly, H(x) depends on d istribu tion  eveness of specim ens between 
particu la r species and  the num ber of species.

Assum ing: n is the portion of specim ens of species i in plot j  of total n u m 
ber of specim ens collected, and  p. and q tJ are the portions of species i in plot j  
in: the num ber of specim ens of species i or -  in num ber of specim ens of plot j-  
respectively, then  the rem aining characteristics of diversity th a t may be de
rived from the double classification are:
• m ean n iche w idth or m ean habitat span HJy), th a t is the m ean hab ita t 

diversity of occurrences of one species averaged over all species:
i’ R S R

n,(y) = - X I X logP»
i = 1 7=1 7=1 7=1

• m ean habitat overlap or m ean habitat span HJx), th a t is the m ean spe
cies diversity of occurrences w ithin one h ab ita t averaged over all habita ts:

s  r r s

HJx> = - X X n ulos = - X Qj X % lo§
7 =  1 7 =  1 7 =  1 7 =  1

According to the conceptual assum ptions, the m easu rem en ts of the indices 
of m ean niche w idth and  m ean hab ita t overlap are exclusively aim ed a t find
ing differences in the scope of h ab ita t utilisation and th u s  the H utch inson’s 
definition of niche m ay be ignored with th is respect (PlELOU 1 9 7 2 ) .  The niche 
is here “a success m easure  of the species on an  environm ental hyperspace” 
(PlELOU 1 9 7 5 )  and the m ethod of its m easure  “may be applicable when the 
an im als’ h ab ita t is divisible into a num ber of separate , clearly distinct, su b 
h a b ita ts” (PlELOU 1 9 7 2 ) . Depending on the way of classification the places of 
species occurrence (different hab ita ts , m icrohabitats, hosts) different aspects 
of the niche can be d iscussed  ( M a g u r r a n  1 9 8 8 ) .  In th is paper, the places of 
occurrence of Ichneum oninae  species were limited exclusively to those speci
m ens caugh t in the yellow plates in the site of m oderately hum id coniferous 
forest, in particu la r research  plots representing  different age stages of forest 
s ta n d s  in three regions of Poland. Following th is form ulation, the term  ‘n iche’ 
of Ichneum oninae  is m ean t to be understood as the range of occurrence in the 
Scots pines crow ns layer of a  phytosociologically defined forest com m unity of
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m oderately hum id coniferous forest (represented by two vicarian vegetation 
associations: Leucobryo-Pinetum  in Bory Tucholskie and  Peucedano-Pinetiim  in 
Puszcza Biała and  Białowieża Forest) -  and, such  defined ‘n iche’ w as su b 
jected  to com parisons in order to s ta te  the  differences in its u tilisation  by taxa 
studied of the hab ita t.

The double classification of specim ens of the  com m unity allowed, also, the 
assessm en t of global d iversity  o f th e  system  H(x,y). This las t index reflects 
bo th  the species differentiation as  well as the h ab ita t differentiation (in the 
case reported: differentiation of plots, of forest s tan d  age stad ium  or region 
differentiation):

S R

H(x,y) = -X I X  lQg JI,,
i = l  7=1

There are functional in terconnections betw een the indices. In case of 
s itua tion  w hen all specim ens of given plot belong to one species only, and  a 
different species is found in every plot (the species classification and the plot 
classification are completely dependent: from the fact th a t given specim en 
belongs to given species it resu lts  th a t the specim en w as caught in specified 
plot and  vice versa), the following equation holds: H(x,y) = H(x) = H(y), while 
HJy) = HJx) = 0. However, if all the species are equally d istribu ted  am ong all 
the plots (the species classification and the plot classification are completely 
independen t -  the identification of the specim en’s species gives no h in ts  as  to 
the plot of catching), then  the niche w idth is equal the h ab ita t diversity: HJy) 
= H(y), while the m ean niche overlap is equal the species diversity: HJx) = H(x); 
and  then  H[x,y) = H(x) + H(y). Except of the two particu lar cases, the  two 
classifications are neither completely dependent on each other nor completely 
independent, therefore the general form ula holds: H(x,y) = H(x) + HJy) = H(y) + 
HJx),

Following the proposal of C a n c e l A  d a  F o n s e c a  (1993) of m easu rem en ts of 
complexity, the analysis of the param eter w as carried out based on the three 
indices:
• th e  index of global d iversity H(x,y);
• th e  index o f com p lexity  C(H) defined in term s of the sum  of both hab ita t 

and  species diversity (the species-coenotic diversity):
C(H)= H(x) + H(y);

• th e  index o f com p lexity  C as equal the sum  of species diversity of p a rticu 
lar coenotic levels (compound species diversity):

c = X //(*),:
7=1

Following the idea of Cancela da Fonseca, the coenotic level is defined as 
“the ecological level where a set of species having the sam e or sim ilar biologi
cal and  ecological behaviour can be placed”. In the p resen t work, the term  
w as understood as  a u n it (class) of the explored h ab ita t or, simply, a  defined
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place of occurrence of Ichnewnoninae. Depending on the needs for com parison 
th is u n it -  coentic level -  is:
• elem entary research  plot, w hen indices are com puted for each successional 

stage of the forest in given region: if so, the index num eric value concerns 
the th ree coenotic levels (3 research  plots in every successional stage of 
each region);

• successional stage of the  forest type in given region, w hen general com 
parisons were accom plished: if so, 3 coenotic levels were considered 
(containing em pirical da ta  from 9 plots altogether); the  general values of 
indices for the coniferous forest type in given region were com puted, how
ever, for the four coenotic levels (data collected from a total of 12 research  
plots).
As a consequence of using  the term  “coenotic level” ( C a n c e l a  D a  F o n s e c a  

1993) h ab ita t diversity H(y) was called coenotic diversity, th is  last term  was 
also accepted as  a  generalized term  for classification of the h a b ita t under 
study.

RESULTS

The ch anges o f param eters o f Ic h n e u m o n in a e  com m un ity  d iversity  in  th e  course o f  
secondary su ccess io n  o f pine forest type o f three regions o f  Poland

In the course of secondary succession of pine forest type, the s tru c tu re  of 
Ichn.eumon.inae com m unities is subjected to su b stan tia l a lterations. The p a 
ram eters  stud ied  are characteristic  of very consistent, nearly  parallel course 
for the com m unities of Puszcza Biała Forest and Białowieża Forest (Figs la , b 
-  9a, b).

The observed changes in sp ec ies r ichn ess index (S) for the two regions 
rep resen t the rise-and-fall type of succession (T rojan et al. 1994), showing 
nearly two fold increase betw een the stage of cu ltu re-th icket, and  then  a 
sm ooth decrease in the sub seq u en t stages of forest s tan d  developm ent and 
the value of the index becom es in the m atu re  s tand  even sm aller th a t  th a t in 
the cu ltu re  (Fig. la , b). A very m uch sim ilar h as  been the course of num eric 
values of sp ec ies  d iversity  index H(x) dynam ics: an  increase till the phase of 
th icket and  a sub seq u en t fall in the next stages, down the level below the 
sta rting  value (Fig. 2a, b).

On the o ther hand , the changes of Pielou index J(x) rep resen t the model of 
regressive succession  ( T r o j a n  et al. 1994): a  continuously  decreasing te n 
dency is observed and the index reaches its m inim um  in the m atu re  s tand  
(Fig. 3a, b). Thus, as the s tan d  is getting more m atu re  the Ichneum oninae  
com m unity accom plishes its potential species diversity H(x)max in still lesser 
degree. In the case of in terest, the decrease in J(x) con tinues despite the de
creasing  H(x)max, or, in o ther words, shorten ing  the ‘tail’ of accessory species 
(the la tte r resu lting  in increase in value of J(x)). The observed decrease in J(x) 
h as  been, therefore, first of all the effect of H(x) decrease, or in o ther words 
‘sharpen ing  the dom inance s tru c tu re ’.
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The index  o f habitat d iversity  -  H(y) is dependent on frequency d istrib u 
tion of individuals b u t not -  species, am ong particu lar plots. Given the fixed 
num ber of plots considered, its value brings inform ation exclusively of speci
m ens d istribu tion  eveness betw een particu lar plots. The actually  very sim ilar 
values of the  index as observed for particu la r successional stages of each re 
gion (Fig. 4a, b) suggest th a t regardless the stage, the selected plots repre
sen ted  a sim ilar p a tte rn  of differences in specim ens frequency.

The effect of the diversity level, both  species- and  coenotic diversity, are the 
fu rther diversity param eters of double classification. These las t m entioned 
p a ram ete rs’ changes in the course of succession are, therefore, the  resu lt of 
the ecological a ttr ib u tes  of the  com m unities and  their species.

In case of Ichneumoninae  com m unities, in each region u n d er study  the 
sam e p a tte rn  of the index change course w as observed: as  the succession of 
pine forest proceeded, a t the beginning the growth of the index of m ean width  
of n ich e HJy) was fast b u t it becam e still slower w ith time (Fig. 5a, b). This 
param eter is a m easure  of ‘com m onness’ of occurrence in the studied plots 
and  degree of dom inance of average species in the com m unity. Growing value 
of the  index show s th a t in the course of succession, still more and  more spe
cies of high fidelity tow ards the explored h ab ita t and stronger dom inan ts can 
be found in the com m unity of Ichneumoninae.

The index of m ean overlap of habitats HJx) showed an  inverse trend: in 
general, its value is on the decrease with the progress of succession. In case 
of Ichneum oninae  com m unities of Puszcza Biała and Białowieża Forest, the 
following p a tte rn  has been observed: a t the beginning (till th icket phase) the 
index w as growing and in the fu rther successional stages it was falling down -  
show ing th u s  the model of rise-and-fall succession (Fig. 6a, b). T he system  
o rdering’, or the growing degree of niches separation  h as  been in itiated in the 
Ichneum oninae  com m unities as late as the th icket phase, the la tte r rep resen ts  
the  stad ium  of m axim um  ‘chaos’.

It is the thicket stage where the h ighest values of global diversity index 
H(x,y) a s  well as all the rem aining indices o f system  com plexity: C(H) and C, 
were observed. The course of the indices values rep resen ts  the model of rise- 
and-fall succession, with the m inim um  diversity or complexity arrived a t the 
final stage of succession as represented in th is paper by Scots pine s ta n d s  of 
age over 100 (Figs 7a, b -  9a, b).

According to the param eters studied, the com m unities of Ichneum oninae  of 
th e  successional series of pine forest type tend clearly tow ards the comm on 
poin t w hich could m ean the process of form ation of com m unities of sim ilar 
s tru c tu re .

The change o f d iversity  in d ices o f Ic h n e u m o n in a e  com m u n ities o f p ine forest type as 
con d ition ed  by regional pecu liarities

The grad ien t of change of a m ajority of param eters studied of Ichneumoni
nae  com m unities is the sam e: from Bory Tucholskie, th rough Puszcza Biała to
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Fig. 1-9. The changes of values of the different m easu res of diversity for the  Ichneum oninae  com m unities of pine canopies in th ree regions of Poland according 
to the succession  series of pine forest; I -  Bory Tucholskie Forests, II -  Puszcza Bieda Forests, III -  Białowieża Primeval Forests; 0 -  forest cu ltu re , A -  thicket,

B -  p rem atu re  s ta n d  (pole-stage), C -  m atu re  stand .
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Białowieża Forest, being th u s  in perfect agreem ent w ith the decreasing th rea t 
caused  by Scots pine prim ary invaders (Figs la , c -  9a, c).

Along th is gradient, a  clear growth of the index of sp ecies r ich n ess (S) was 
observed, both  for each stage com m unities separately  and for all the  com 
m unities p u t together (Fig. la , c). Sim ilar has  been the trend  of the index of 
sp ec ies  d iversity  H(x) in the late successional stages: p rem ature  (polewood 
stage) and  m ature  s tan d  stage (Fig. 2a, c). Only for younger stages, the pa
ram eter reached its m axim um  in Puszcza Biała. A sim ilar p a tte rn  is to be ob
served for the Pielou index J(x). Following th is last index values, Ichneumoni
nae  com m unities of early successional stages of coniferous forest in Puszcza 
Biała rep resen t a higher degree of species diversity accom plishm ent th an  the 
com m unities of Białowieża Forest (Fig. 3a, c). Thus, they are characteristic  of 
a more even (less ‘sh a rp en ed ’) dom ination s tru c tu re  as  com pared w ith the 
Białowieża Forest com m unities, even though the actually  sm aller num ber of 
species in Puszcza Biała.

The values of the index of coen otic  d iversity H(y) are, as a m atte r of fact, 
nearly identical in particu la r successional stages of the coniferous forest type 
in each of the regions (Fig. 4a, c). Some sm all differentiation can only be 
found a t the stage of forest culture, w ith H(y) slightly growing, in accordance 
with the decreasing th rea t from the side of pests. This param eter, however, 
w hen com puted for all the successional stages of the coniferous forest type 
jointly, suggests som ew hat higher frequency differentiation of Ichneumoninae  
com m unities in the region of Bory Tucholskie, com paring with the  regions of 
Puszcza Biała and Białowieża Forest. Generally, however, the values of this 
index suggest th a t the Scots pine canopies favour the occurrence of Ichneu
m oninae , regardless the region or the successional stage of forest.

As the pest th rea t decreases, falling are also the general values of the in 
dex o f n iche w idth HJy) (Fig. 4a, c). This trend  h as  been particularly  clear in 
the s ta n d s  of juvenile age stages, while in the older stages of forest stand , the 
largest values of the index of niche w idth were recorded in the Puszcza Biała 
Forest. Thus, the Bory Tucholskie Forest Ichneumoninae  com m unities are 
composed of the species m ost widely d istribu ted  over the  hab ita t of in terest.

Reverse has  been the direction of change of the index of habitats overlap  
HJx) (Fig. 5a, c). Its m inim um  values were found for the Ichneumoninae  com 
m unities from the Bory Tucholskie Forest, while m axim um  -  in the late su c 
cessional stages of Białowieża Forest and younger successional stages of 
Puszcza Biała.

The studied Ichneum oninae com m unities of Bory Tucholskie are  ch arac te r
istic of the lowest values of the index of global d iversity  H(x,y) a s  well as the 
in d ices o f com p lexity  C(H) and C (Figs 7a, c -  9a, c). The h ighest values of 
the indices were found for the Puszcza Biała Forest Ichneum oninae  com m uni
ties in the early successional stages of pine forest, and  for Białowieża Forest 
com m unities in the successional stages of p rem ature  and m ature  forest 
s tand .
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DISCUSSION

The analysis of Ichneumoninae  com m unities living in the coniferous forest 
type as  based  upon the indices of double classification, h as  resu lted  in a 
num ber of new da ta  im portan t for the understand ing  of s tru c tu ra l changes 
during  the succession  course. The changes found are far less dependen t on 
the region th a n  on the successional stage of the pine forest type (Figs la , b, c 
-  9a, b, c).

A very high degree of agreem ent of the ru n  of the indices studied was ob
served for the  com m unities of Ichneum oninae  from Puszcza Biała and 
Białowieża Forest. The coniferous forest type of the two regions rep resen t the 
more rich floristically variety of Peucedano-Pinetum. Also, the Ichneumoninae  
com m unities of Scots pines canopies are richer w ith respect to species n u m 
ber (though not with respect to the num ber of specim ens). This last phe
nom enon is particularly  clearly visible in the s tan d s  of younger age classes. 
The Bory Tucholskie Forest, belonging to zone I -  of the h ighest th re a t from 
the side of pest -  w as subjected a t the beginning of the first observation sea 
son to chem ical trea tm en t against E uropean pine sawfly (Neodipńon sertifer 
( G e o f f r . ) )  -  a  dam age agent of chiefly younger s tands. This chem ical control 
application h a s  been, undoubtedly, the m ain reason of the observed p e rtu r
bation  in the  course of a m ajority of indices of diversity and complexity. The 
d istu rb ing  effect of the chem ical trea tm en t of s tan d s  was relatively sm allest in 
case of old-growth stands. Nonetheless, some regional-related trends are visi
ble: those difference betw een the com m unities of Puszcza Biała and
Białowieża Forest were not the effect of chem ical intervention but, a t most, 
the effect of indirect anthropogenic im pacts. The Białowieża Primeval Forest 
Ichneum oninae  com m unities living in the canopies of Scots pines in the conif
erous forest, sub ject to the least in tensity  pest th rea t zone III, are during  the 
earlier successional stages, the richest in species. At th is stage of develop
m ent they are  not, however, the m ost species diversified and, thus, they do 
not accom plish fully their potential of diversity. Moreover, they are ch arac te r
istic of the lowest value of the index of m ean niche width, b u t not -  the h igh
est degree of h ab ita ts  overlap. The three param eters  considered in th is paper 
th a t are related  to the system  complexity, do not reach their m axim um  val
ues. Quite different, however, look the values of all these indices in the stages 
of p rem atu re  and  m ature  forest stand . W hen considering these last m en
tioned stages, the Białowieża Ichneumoninae  com m unities have the h ighest 
values in every respect, despite the fact th a t they were characteristic , as com 
pared with the  com m unities of Puszcza Biała Forest, of ju s t  slightly higher 
nu m b er of species in the p rem ature  s tand  and  the equal num ber of species in 
the m atu re  s tan d . It should be em phasised th a t the regional differences in the 
value of double classification indices studied are the sm allest for the stage of 
m atu re  s tand . Thus, it is to conclude th a t the Ichneumoninae  com m unities 
living in the canopies of Scots pines on the coniferous forest type create all 
very m uch the  sam e s tru c tu ra l model.
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The application of the diversity indices of double classification for the 
s tru c tu ra l description of Ichnewnoninae  com m unities h a s  resu lted  in the fol
lowing description of the successional changes. Because of the large increase 
in species richness a t the stage of thicket, species diversity represen ts the 
rise-and-fall succession  type. As the succession proceeds, however, the com 
m unity  accom plishes its potential for m axim um  species diversity in still de
creasing  degree. D uring the  early stages of succession, the m ost rapid growth 
of the  m ean niche width is accom panied by a growth of the m ean overlap of 
hab ita ts . Before the stage of th icket is arrived at, the com m unity collects’ 
species b u t ‘ecological chaos’ is still observed in it -  the  realised niches of the 
species overlap with one ano ther to a  high degree. One may conclude th a t not 
all of the species p resen t are needed, because in the course of the  next su c 
cessional stages: the stages of p rem ature  and m atu re  stand , a further w iden
ing of the  niche w idth is taking place, together with the process of decreasing 
the m ean overlap of hab ita ts . This is the stage of the com m unity ‘ordering’. In 
th is stage the frequency of occurrence of some species is on the increase -  
they become gradually  dom inants, while the share  of the o thers is falling 
down and  they are gradually  elim inated from the com m unity. As a result, in 
different regions of the country  a sim ilar dom inance s tru c tu re  (that is, of 
sim ilar values of diversity indices of double classification) of the  Ichneumoni
nae  com m unities of Scots pines canopies of coniferous forest type is being 
formed.

In the  light of the s ta te -o f-th e -a rt knowledge, considering  the  re la tion 
sh ip s  betw een diversity and  succession , the  observed s tru c tu ra l changes of 
Ichneum oninae  com m unities stud ied  fully confirm  the general ecological 
theories. The Ichneum oninae  com m unities of the  term ination  successional 
stage of the coniferous forest,type (over 100 years old Scots pine stands) are 
ch a rac te ris tic  of clearly lowered diversity, com paring to the  preceding 
stages. According to considerations of M a y  (1973) and  o ther a u th o rs  
(D e A n g e l is  1975, La w l o r  1978, P im m  1979), an  increase in species richness 
and  the nu m b er of in te rre la tio n s  w ithin a system , is followed by a decreased 
dynam ics and  stab ility  of the  system . In the stage of clim ax which, per 
definition, is the  m ost stab ile  one (H o r n  1966), bo th  the system  diversity 
and  com plexity shou ld  be the lowest. And th is  m eans th a t  one can ta lk  
ab o u t the  clim ax stage also in the case of Ichneum oninae  com m unities of 
the  coniferous forest type canopy layer. According to the  clim ax system  hy
po thesis  (K r e b s  1997), a ssu m in g  a con tinuous sequence of different cli
m axes exists, d ifferentiated  along environm ental g rad ien ts  of soil hum idity, 
biogenic com pounds con ten t and  o ther factors, we have also to do with the 
regional differentiation of the  stud ied  clim ax com m unities. Their com parison 
reflects, in tu rn , the  o ther a spec t of re la tionsh ip s betw een the com m unities 
diversity  and  stability . The m ore diverse the  sy stem ’s com ponents the m ore 
effective are  the  hom eostatic  m echan ism s th an k  the possibility cf energy 
flow along a lternative  ro u tes  (M a c A r t h u r  1955, T r o j a n  1984). Also P u t m a n  
(1994) explained th a t  “the  m ore com plex it is the  m ore likely it is to be able 
to con tinue  functioning  in som e form following p e rtu rbation , because of its
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capacity to abso rb  such  pe rtu rb a tio n , as  ‘dam age’ to one p a rt of the  system  
is com pensated  for by a d ju s tm en ts  in o ther p a rts  of the  com plex w hole”. 
While considering  the s tud ied  Ichnew noninae  com m unities, the  absolutely  
h ighest va lues of indices of diversity were found in case of Białowieża Pri
meval Forest. These com m unities are, in the  context of the  above consid 
erations, the  m ost stab ile  ones, able to com pensation  of d istu rb an ce . The 
least stab ile  com m unities proved to be those of Bory T ucholskie Forest. 
Having considered  the  fact th a t  Ichnew noninae  are p arasito id s of forest pest 
lepidopters, the  system  is in a perfect agreem ent w ith the  degree of forests 
resis tance  to pests , and  th is  finding confirm s the ecological im portance of 
the  insect group for the m ain tenance  the h ea lth  condition of forests.

The im plem entation of diversity indices of double classification for the 
analysis of variability of Ichnewnoninae  com m unities of Scots pine crow ns of 
the coniferous forest type in the context of successional changes and  regional 
alteraiions, proved w ithout doubt a  good working m ethod of a ssessm en t the 
degree of optim ality of the s tru c tu ra l model of the com m unity. Even more 
im p o n an t is the proof th a t the  model cannot be identified w ith the system  
highest diversity or complexity. The fully developed n a tu ra l com m unity of Ich
newnoninae  of lowland Poland coniferous forest type Scots pine canopies has  
accom plished its potential for species diversity in merely 70% (Pielou index). 
The hab ita t and  those available elem ents of the faunal com m unity have pro
duced the  ecologically m ost functional system  and  no t -  the  m ost com pli
ca ted  one.

CONCLUSIONS

1. The diversity indices of double classification substan tia lly  develope the 
analysis of s tru c tu ra l changes of faunal com m unities and they are useful for 
the  assessm en t of the com m unities form ation.

2. The indices commonly used in the faunistic study  (they do not imply the 
need  for double classification of data): species richness S, species diversity 
H(x) and Pielou index of eveness J(x), are substan tia l param eters  in the 
analysis of s tru c tu ra l variability of com m unities, b u t they do not supply the 
possibility for the assessm en t of ecological processes taking p a rt in the 
transform ing com m unity. Such a possibility can be created, however, by the 
indices resu lting  from the double classification: the m ean width of niche HJx) 
a n d  the m ean degree of h ab ita ts  overlap HJy). The index of coenotic diversity 
H(y) is helpful in the assessm en t of h a b ita t’s population hom ogeneity by given 
taxon  (assum ed unchanged num ber of coenotic levels).

3. The indices of complexity as based on species- and coenotic diversity in 
ca se  of evenly populated h ab ita t do not bear new significant inform ation for 
the  analysis of s tru c tu ra l changes of com m unities (they chiefly reflect the 
changes in species diversity) and as such , they can be well ignored.
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STRESZCZENIE

[Tytuł: Indeksy różnorodności podwójnej klasyfikacji w badan iach  zgrupow ań 
Ichneum oninae (H ym enoptera , Ichneumonidae) borów świeżych Polski]

W pracy badano  zm ienność s tru k tu ra ln ą  zgrupow ań Ichneum oninae  koron 
sosen w czterech stad iach  sukcesji wtórnej boru świeżego: upraw a, m łodnik, 
drągowina, starodrzew , które były rozmieszczone w trzech regionach Polski: 
Bory Tucholskie, Puszcza Biała i Puszcza Białowieska. Osobniki Ichneumoni
nae odłowione za pom ocą pułapek  typu Moerick’ego -  żółtych m isek, zostały 
sklasyfikow ane ze względu na  przynależność gatunkow ą i m iejsce złowienia 
określone do jednostkowej powierzchni badawczej. Dzięki tem u możliwe było 
zastosow anie w badan iach  nad zm iennością s tru k tu ra ln ą  zgrupow ań nie tylko 
standardow ych w faunistyce indeksów: bogactw a gatunkowego S, różnorodno
ści gatunkow ej H(x), w skaźnika Pielou J(x), ale i współczynników wynikłych 
podwójnej klasyfikacji jak: różnorodność cenotyczna H(y), szerokość niszy 
Hx(y), stopień zachodzenia nisz Hv(x) oraz mało znanych m iar złożoności: róż
norodność globalna H(x,y), różnorodność gatunkow o-cenotyczna C i różnorod
ność gatunkow a sk ładana  C(x). Analiza w artości tych współczynników dała 
w yczerpujący obraz zm ian stuk tu ra lnych  zgrupow ania Ichneumoninae  koron 
sosen w trakcie sukcesji boru, ujaw niając różnice regionalne przebiegu tego 
procesu. Niemniej, wykazano dużą zbieżność badanych  param etrów  dla zgru
powań Ichnemoninae w klimaksowym stad ium  sukcesji borów sosnowych 
świeżych trzech regionów. Stwierdono również, że proces w ykształcania się 
optym alnego zgrupow ania Ichneumoninae  koron sosen w borze świeżym zwią
zana  je s t  z typem  sukcesji załam anej, w której różnorodność i złożoność 
w zrasta ją  do stad ium  m łodnika, a następnie  ulegają powolnemu spadkowi, 
osiągając najniższe wartości w stad ium  dojrzałego drzew ostanu. Przekształ
cenia te zachodzą przy jednoczesnym  wzroście szerokości niszy i spadku  
s topn ia  jej zachodzenia.

Uzyskane wyniki pozwoliły na  ocenę przydatności uwzględnionych w b a 
dan iach  9 indeksów dla analiz zm ian stru k tu ra ln y ch  zgrupow ań faunistycz
nych. Poza indeksam i: S, H(x) i J(x), które m ają podstawowe znaczenie dla 
analiz s truk tu ra lnych , za szczególnie ważne dla poznania procesów kszta łto 
w ania się dojrzałego zgrupow ania uznano: HJy) i H^fx). Indeksy złożoności 
oparte  na  różnorodności gatunkowej i cenotycznej: H(x,y), C i C(x) uznano za 
m ało przydatne w przypadku, gdy badan ia  wykonywane są  środow isku je d n a 
kowo zasiedlanym  przez badany takson  -  o podobnych w artościach H(y) przy 
tej sam ej liczbie uwzględnianych poziomów cenotycznych
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