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Effect of age differentiation of the pine forests of Puszcza Białowieska 
on faunal resources and diversity

A bstract. A decrease in  the  degree of age differentiation of forests s tan d s  in Puszcza B iałow ieska is 
accom panied  by a  50-60%  reduction  in the num ber of species of zoophages or suck ing  and  chewing 
phy tophages and  a  10-25%  reduction  in the  num ber of xylo- and  cam biophages. The preservation  
of age differentiation favours th e  developm ent of useful fauna  w ith an  inconsiderable increase  in the 
n u m b er of secondary pest species. With the  age of the s tan d s  becom ing uniform  (the forest getting 
older), faunal diversity is usually  reduced, while the degree of its u tilisation  in the o rgan isa tion  of 
the  forest zoocenosis is increased .

The species diversity of the  fauna  of a  given area depends, among o ther factors, 
on the patch iness degree of the  habita t and the diversification of the p lan t cover. 
In system s characterised by a homogeneous habita t and flora, diversity m ay be 
d e te rm in e d  p rim a rily  by  th e  age of th e  v a rio u s  enc laves fo rm ing  one 
phytosociological group. Such situation can be observed in forest complexes, 
especially those utilised for economic purposes, where the plots contain even-aged 
s tan d s  in various developmental stages from plantings to m ature  stands.

The aim  of the  following paper is to examine how the age differentiation of 
the  pine forests of Puszcza Białowieska affects faunal resources a n d  species 
diversity.

The forests u n d e r  consideration  are  characterised  by the following:
1. They are located on soils from  the  class of Spodosol. The fo rests rep re sen t 

th e  typ ica l a s so c ia tio n  of Peucedano-Pinetum  su b c o n tin e n ta l p ine  fo rest 
(Matu szk ie w ic z , D e g ó r s k i, Kozło w ska  1993).

2. The differentiating factor in  the  forest h ab ita t is the  age of the  s tan d . It 
de term ines the  un ique  charac te ris tics  of the m icroclim ate, the  species s tru c tu re  
an d  the vertical s tru c tu re  of the  p lan t cover as well as the am oun t an d  quality  
of the  requisites providing a  trophic base for the anim als.
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3. The spa tia l s tru c tu re  of forest a reas  w ith s ta n d s  of different ages 
con tribu tes to landscape diversification. The ecosystem s form ing the  landscape 
are  sub jec t to silv icultural p ractices and  renew ed by m eans of planting.

4 . The series com posed of the  forest s ta n d s  from the  p lan ting  stage to  the  
m atu re  stage (approxim ately 150 years in Puszcza Białowieska) functions also 
as  a  secondary  sere  w here the  s tru c tu re  of the ecosystem  is resto red  and  fauna l 
com m unities are  formed.

The last three factors, i.e. the different habita ts forming in s tan d s of different 
ages, their patchy spatial arrangem ent and the ecological aspect of the time factor 
expressed as succession-related changes, determine the species diversity of the 
entire system. T hat param eter w as assessed using the following diversity m easures:

1. the  em pirical n u m b er of species (S)
s

2. S h annon  an d  W eaver’s m easure. H’= -  J ,  Pilog2Pi
i= 1

3. th e  d e riv a tiv e  m e a s u r e s  o f H’max a n d  J  (see T r o ja n  1 9 9 2 , 1994).
T h e  m a te r ia ls  a n a ly s e d  in  t h i s  p a p e r  s u p p le m e n t  a  b ro a d e r  w o rk  o n  f a u n a l  

s u c c e s s io n  in  th e  p in e  fo re s ts  o f P u sz c z a  B ia ło w ie sk a  (Tro ja n  e t  al. 1994).
In th is  paper the  degree of age differentiation of the  pine forest s ta n d s  was 

considered the  basic  differentiating factor for the  faunal m aterial. 4 age c lasses 
were d istinguished: 1. tree  p lantings, 2. young s tan d s, 3. pole wood, 4. m atu re  
forest. Their tim e ranges are the  sam e as used  in  forestry. 4 degrees of age 
differentiation of the  forest were used  and  defined as  follows:

1. m atu re  s ta n d s  only
2. m atu re  s ta n d s  an d  pole wood
3. m atu re  s tan d s , pole wood and  young s tan d s
4. m atu re  s ta n d s , pole wood, young s tan d s  and  p lan tings
The value of species diversity for each degree of differentiation w as calculated 

by combining faunal m aterials collected in one, two, three or four s tand  age classes.
The reduction  in the  nu m b er of anim al species due to a  decrease in  age 

differentiation, i.e. the s tan d s  becoming uniform  or ageing (Fig. 1), is the  m ost 
consp icuous unid irectional process observed in the  fau n a  of pine forests. Two 
types of response  are seen:

1. High-degree reduction, w hen the num ber of species in  the  m atu re  stage 
decreases to ab o u t 50-60%  of th a t found for all the  age stages of the  s tan d s . 
This type of reduction  is m ost profoundly m arked  in  the  group of suck ing  
phytophages an d  parasito ids, being som ew hat less in tense  in  non-specialised  
p redato rs. The group also includes chewing phytophages and  aphidophages, 
w hich, however, exhibit a  lesser degree of reduction. The nu m b er of th e ir species 
in  older s ta n d s  is nearly  half of those occurring in all age c lasses of th e  pine 
forests taken  together.

2. Low-degree reduction, w hen the num ber of species decreases to 75-90%  
of the  species registered in all th e  age classes. This group com prises xylophages 
and  cam biophages, am ong which are found secondary pests  of pine, a s  well as 
polyphages an d  soil p redato rs, which are less affected by the ageing of pine 
forests.
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Both types of response indicate th a t the process of the  age uniform ity of forest 
s ta n d s , w hat is u sually  a  resu lt of m atu re  forest being the preferred  stage in  
silv icu ltural p rac tices and  reserve policy, leads to a  m ajor im poverishm ent of 
the  fauna l resources of pine forests. The m atu re  forests can  accom m odate abou t 
ha lf of the  species associated with the various developm ental stages of s ta n d s  
of pine. A nother equally w ell-substan tiated  conclusion ind icates th a t a  rise in 
the  degree of age differentiation of pine forest s ta n d s  b rings ab o u t a  double 
increase  in  th e  n u m b ers  of useful anim al species, including p a ra s ite s  of 
phytophages, p redato ry  insects and  aphidophages, while the  n u m b er of species 
of secondary  p ests , including xylo- and  cam biophages, will only rise by 10-25%  
a t th e  m ost.

It is only on the  background of the general fall in the  n u m b er of species which 
is observed a s  pine forest s tan d s become uniform  and  grow older th a t one can  
a sse ss  species diversity changes observed in  particu la r fauna l groups. The
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Fig. 1 R eduction in the  num ber of species in various phagous groups of in sects w ith  decreasing  age 
differentiation of th e  s tan d  in the Peucedano-Pinetum  pine forests: a  -  xylo an d  cam biophages, b -  
polyphages an d  soil predators, c -  aphidophages, d -  chew ing phytophages, e -  non-specialised

S 3  -  S i
predato rs, f -  parasito ids, g -  sucking phytophages; Extrapolation  for S 4: S4  = S3 — - —
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tren d s  in  ac tua l diversity parallel those seen  in  the  nu m b er of species. 16 ou t 
of 22 taxons stud ied  register a  decrease in diversity as  the fauna! resources of 
the  group become smaller. It is known, however, th a t  ac tua l diversity is  no t a  
m ere cum ulation  of the  species diversity values observed in  com m unities 
inhab iting  different age classes of the  forests. It is actually  rela ted  to diversity 
observed both w ith in  the  com m unities and  betw een them  ( W h i t t a k e r  1972, 
B l o n d e l  1979). W here the degrees of diversity of the  n iches are  sim ilar an d  the 
ex ten t of species replacem ent limited, a  reverse process m ay take place. An 
increase  of diversity w ith the falling num ber of species w as observed in  4 cases 
(Fig. 2). The 4 cases rep resen t insect groups differing in  feeding relations, 
nam ely, a  group of sucking phytophages -  leafhoppers (Auchenorrhyncha), the  
xylophagous bup restid  beetles (Buprestidae), non-specialised flying p red a to rs  -  
robber flies (Asilidae) and  the aphidophagous ladybirds (Coccinellidae). A fall in  
ac tu a l diversity preceded by an  initial rise w as observed in 2 taxons: digger w asps 
(Sphecidae), which are a  group of flying predators, and  Rhagionidae, rep re­
sen ting  soil p redators.
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Fig. 2 Increase in the  species diversity of in sect with decreasing age differentiation of the 
Peucedano-Pinetum  p in e  fo re s t:  a  -  b u p r e s t id  b e e tle s  (Buprestidae), b -  le a f h o p p e r s  

[Auchenorrhyncha), c -  robber flies [Asilidae), d -  ladybirds (Coccinellidae)
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The u tilisa tion  of the  potential for the form ation of diversified ecological 
s tru c tu re s , w here the potential is based  on the  cu rren t s ta te  of the  fa u n a  in a  
m atu re  forest ecosystem , m ay be estim ated with Pielou’s index (J). In the  stu d y  
m ateria l, th a t  index provides the m ost diversified rep resen ta tion  of the  progress 
of changes occurring a s  the s tan d s  of pine become m ore uniform . As the forest 
s ta n d  approxim ates the  m atu re  stage, there is a  rise in  the  in tensity  of the  
p rocess of increased  utilisation of the  shrinking  species resources in  a  given 
taxocoene in  order to build the  inner diversity of the  com m unity. The values of 
(J) rise in  nearly  a  th ird  of the  cases. The process is observed in  bo th  sucking  
a n d  chewing phytophages as  well as  in predators. In a  sim ilar n u m b er of taxons 
a n  initial decrease in  the  value of (J) is transform ed into a  rise or a t least checked. 
The period of decrease is always associated  with the first degree of reduction  in  
th e  age differentiation of pine forest: 4 to 3 or 3 to 2. If the  age differentiation is 
fu rth e r  decreased, the  degree of realisation of potential diversity becom es 
stab ilised  or begins to increase.

In the  course of the  secondary succession  of the Peucedano-Pinetum  pine 
forest, where the s ta n d s  un d er s tudy  differed in age only, the  dom inan t process 
is reduction  of the  species diversity of the fau n a  (Tro jan  et al. 1994). This 
conclusion  should , however, be extended and supplem ented  w ith the  s ta tem en t 
th a t  the  degree of u tilisation  of faunal resources in an  a ttem pt to form  an  
organised zoocenosis increases m arkedly with shrinking  faunal resou rces in a  
m a tu re  pine forest representing  a  w ell-arranged s tru c tu re  in te rm s of ecological 
organisation. This is a t least the case with Puszcza Białowieska.

CONCLUSIONS

A nalysis of the  relationship  between the degree of age differentiation of the  
s ta n d s  in Puszcza Białowieska and  faunal diversity h a s  show n that:

1. A decrease in the  degree of age differentiation is accom panied by a  
significant reduction  in the num ber of species in all faunal groups.

2. A high-degree reduction, am ounting to 50-60%  of the  nu m b er of species, 
is seen  in  the zoophage group including parasito ids, non-specialised p reda to rs  
an d  aphidophages. Phytophages, both  chewing and  sucking, follow a  sim ilar 
p a tte rn .

3. A low-degree reduction  in the num ber of species, am ounting  to 10-25% , 
occurs in xylo- an d  cam biophages as  well as  polyphages and  soil p redators.

4. An increase in  the  age differentiation of pine s tan d s  b rings abou t a  double 
increase  in  the  n u m b er of useful anim al species com pared to only a  slight 
increase  in the  n um ber of secondary pest species.

5. A decrease in  the age differentiation of the s ta n d s  is no t accom panied by 
a  uniform  trend  in the  species diversity of the fauna. However, the  response  
consisting  in a  decrease in  ac tua l diversity m ay be considered to prevail.

6. As the pine forest s ta n d s  in a  Peucedano-Pinetum  forest grow older (acquire 
a  m ore uniform  age structu re) the resources of the invertebrate fau n a  sh rink ,
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while a  rise is observed in  the degree of u tilisation of the  fau n a  in  o rder to set 
up  the s tru c tu re s  of a  m atu re  and  stable zoocenosis.
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STRESZCZENIE

[Tytuł: Wpływ zróżnicow ania wiekowego borów sosnowych Puszczy Białowieskiej 
n a  zasoby i różnorodność fauny]

W przypadku jednorodnego pod względem siedliskowym i fitosocjologicznym 
boru  sosnowego świeżego n a  glebach bielicoziemnych, reprezentującego zespół 
Peucedano-Pinetum, czynnikiem  różnicującym  w arunki środowiskowe je s t  wiek 
drzew ostanów.

Wpływa on n a  zasoby i różnorodność fauny, przy czym w raz ze spadkiem  
s topn ia  różnorodności wiekowej drzewostanów sosnowych m a m iejsce w yraźna 
redukcja  liczby gatunków  w szystkich grup fauny. Przy tym  redukcja  w ysoka 
(50-60%) obejm uje wszystkie grupy zoofagów oraz fitofagi zgryzające i ssące. 
R edukcja n isk a  (10-25%) dotyczy ksylo- i kambiofagów. Tym sam ym  w zrost 
zróżnicow ania wiekowego drzewostanów w krajobrazie powoduje dw ukrotny 
w zrost zasobów faunistycznych, przede wszystkim  gatunków  pożytecznych.

S padkow i ró żn o ro d n o śc i wiekowej tow arzyszą  n ie jed n ak o w e reak c je  
różnorodności gatunkow ej fauny, jed n ak  decydujące znaczenie m a  jej redukcja. 
Tym m alejącym  tendecjom  towarzyszy jed n a k  zwiększony stopień w ykorzystania 
uszczup lonych  zasobów , k tóre zosta ją  w budow ane w s tru k tu ry  dojrzałej 
biocenozy leśnej.
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