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Abstract. Numerical m ethods of faunistical research make possible estimation of species 
diversity and analysis of taxocoene structure. This enables a new approach to the problems of 
species diversity protection. The most important issue is the preservation of endangered and 
vulnerable species. They are an integral part of the normal and developed structure of 
communities, where they can occur as both recedent and dominant species.
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INTRODUCTION

C ontem porary stud ies of p lan t and anim al species diversity are closely 
related to the  issue  of the protection of endangered species. However, the 
cu rren t approach  to species protection differs fundam entally  from previous 
m ethods. Classical species protection revolves chiefly a round  the problem s of 
population  dynam ics, while biodiversity conservation is m ainly concerned 
w ith assessing  a s itua tion  in n a tu re  where a m ulti-species com m unity exists. 
Evaluation of these complicated system s h as  to be based  on m athem atical 
analysis of the  faunal m aterial collected. Three issues are  crucial in th is 
respect: the num ber of species in the  hab ita t, the  value of species diversity 
and  the  s tru c tu re  of com m unity.

ESTIMATING THE NUMBER OF SPECIES

The num ber of species inhabiting a given area depends on the species 
capacity of the habita ts, which, in tu rn , resu lts  from the dynamic processes of
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species m igration and elimination (Fig. 1). Determ ination of the species capacity 
of the  hab ita t under study is fundam ental to properly performing an  analysis of 
species diversity. The crude num ber of species (S), calculated empirically from 
the sam ples, provides only an  approxim ation of the num ber of species 
inhabiting a given area. The param eter is related to the skill of the explorer, the 
size of sam pling m aterial, sam pling techniques etc. Those factors are difficult to 
estim ate. In order to calculate the num ber of species (S*) inhabiting  a given 
area, the empirical m aterial m ust be subjected to more thorough analysis.

S

Fig. 1. The num ber of species inhabiting a given area as the point of balance between the rate of 
immigration and elimination of species (according MacArthur and Wilson 1967).

The first m ethod draw s on the relationship  betw een the  nu m b er of species 
and the  size of sam pling m aterial. The relationship is expressed by one of 
th ree  functions (Arrhenius', Romell's and  Kylin's) known as  the  “species-area” 
curves ( B a lo g h  1958). A fit betw een empirical d a ta  and  the theoretical 
functions enables estim ation of sam pling efficiency. If there is an  overlap with 
Kylin's asym ptotic curve, one can  determ ine the num ber of species th a t  can 
potentially  inhab it a given area  (S*) (Fig. 2).
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The second m ethod for the estim ation of species capacity of a  given hab ita t 
takes into accoun t the s tru c tu ra l properties of the  com m unity and its 
sim ilarity to sta tis tica l d istributions. If the em pirical d a ta  concerning the 
d istribu tion  of individuals into species overlap w ith the lognormal or negative 
binom ial d istribu tions, it is possible to determ ine the  num ber of species 
theoretically form ing the com m unity.
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Fig. 2. Different types of “species-area” curves: A -  Arrhenius', R -  Romell's, K -  Kylin’s curve
(according B a l o g h  1958).

Com paring the  em pirical num ber of species (S) and  th a t calculated using 
sta tis tica l m ethods (S*) allows to evaluate sam pling efficiency objectively as 
well a s  perform  fu rther analyses of com m unity s tru c tu re  w ith a view to 
assessing  species diversity.

ESTIMATING SPECIES DIVERSITY

Species diversity can  be estim ated on the basis  of diversity indices which 
take into accoun t bo th  the num ber of species in a com m unity and the 
ab u n d an ce  proportions of the species.

Among the m any m easu res of species diversity, the  following two, 
stem m ing from the  theory of inform ation, can  be applied m ost broadly:

1) S han n o n  and  W eaver's index:

H'= X Pi l°gP'
7=1

2) S im pson 's index:

'-Xrf
7 =  1

w here p { is the  proportion of individuals belonging to ith species betw een S* 
species
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Both indices are hardly  affected by sam ple size and usually  have low 
variances, th u s  satisfying the criteria for statistically  useful m ethods.

Species diversity is the sm allest where the comm unity comprises only one 
species. It is the greatest w hen each species in the comm unity is represented by 
an equal num ber of individuals. The values of Shannon 's index corresponding 
to the  two extrem es are to be found between 0 > H' > logs'. When Sim pson's 
index is used, in tu rn , the  extreme values (the m inim um  and maximum) are 
found interval of 1 > I > 1/S, so th a t the greater the diversity, the sm aller the 
value of the  index.

In com parative analyses of species diversity of the flora and fauna, the 
extreme values of th is indices (the h ighest values of H  and the lowest value of 
I) can  function as a plane of reference. The above values correspond to the 
h ighest possible (i.e. potential) species diversity in a given area. The ratio 
betw een the  em pirical values and the potential values, known as Pielou's 
index (J = tT /H m ax), rep resen ts  the  degree of realization of diversity potential 
in a  given hab ita t, area  or even developm ental phase  of the  ecosystem.

THE STRUCTURE OF THE TAXOCOENE AND SPECIES DIVERSITY CONSERVATION

A nalysis of species abundance  distribu tion  within the taxocoene is the 
m ost reliable rep resen ta tion  of the num erical relations between the species 
and the ir place in the com m unity. This, in tu rn , generates significant inpu t 
for consideration  of the  regularities governing dom inance p a tte rn s  in 
com m unities. Such  analyses are of m uch greater value than  the  single 
param eter -  the index of diversity.

The rank ing  of species in order of dim inishing abundance  provides a basis 
for dom inance analyses in ecology. In floristical and faunistical studies it may 
facilitate evaluation of species for biodiversity protection. A com parison of the 
two ways of analysis ind icates a different focus of in terest in the  two b ranches 
of biology. Ecology considers com m unity s tru c tu re s  from the  standpo in t of 
dom ination of species. The m ost a b u n d an t species play the major role in the 
com m unity, while rare  forms do no t influence the resu lts  of elem entary 
analyses. The centre of in te rest for conservationists is the complete opposite 
of the  above. High species diversity hinges on the “tail” of the d istribu tion , 
th a t is species of the lowest abundance.

The differences can  be pinpointed by com paring the categories of species 
d istinguished  by ecologists and conservationists (Fig. 3). The border betw een 
the two approaches is seen  in category 3 -  w hat ecologists call influential 
species, fau n is ts  and florists consider rare forms. Ecology is m ast in terested  
in the first two categories, w hereas faunistical and floristical s tu d ies  are 
centred ra th e r  on the las t two.

For an  ecologist, vulnerable species are the forms which are elim inated 
from the  com m unity w hen the h ab ita t is degraded, the  degree of its 
pa tch iness reduced and  the s tru c tu re  simplified. Such  phenom ena often 
resu lt from exploitation of the ecosystem  for economic purposes.
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Endangered species are neglected in ecological stud ies. S uch  forms are 
found a t the  d is tan t end of the species abundance  “d istribu tion  ta il” and  they 
occure in few ecosystem s only. Their preservation is essen tia l to retain ing 
species diversity in the landscape. W hat is more, they often partic ipa te  in the 
processes of com m unity reconstruction  and  appear for a  sh o rt tim e in the 
succession series.
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Fig. 3. Domination structure of community species as the focus of interest of ecologists and
conservationists.

The final stage in the stud ies of com m unity s tru c tu re  is the  selection of a 
m athem atical model and ad justing  it to describe the species abundance  
distribu tion  (Fig. 4). This depends not only on the determ ination  of the 
d istribu tion  param eters, which are actually  an  a ttribu te  of the  d istribu tion , 
b u t do not express any “biological” m eaning for m ost m odels. Research 
experience show s th a t  com m unities corresponding to certain  m athem atical 
d istribu tions possess certain  specific features. The geom etrical series, for 
instance, is considered to occur in h ab ita ts  inhabited  by a low num ber of 
species, often characteristic  of an  early stage of succession ( W h i t t a k e r  1 9 7 2 ). 
The logarithm ic series, w ith a sm all num ber of high-frequency species and a 
large percentage of rare  species, m ay describe a com m unity in a h ab ita t 
sub jec t to regular influxes of new species th a t use  up the resources equally or 
are influenced by one or ju s t  a few factors (M ay 1 9 7 5 ). The lognorm al
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distribu tion , in  tu rn , is though t to be indicate m atu re  com m unities whose 
p resen t s tru c tu re s  have been shaped in  the  course of their evolution by a 
num ber of different p a tte rn s  of resource d istribu tion  (May 1981). A collection 
of such  conclusions aimed a t broadening the  knowledge of the  s tru c tu ra l 
p a tte rn s  of com m unities will be particularly  valuable for species diversity 
protection.
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Fig. 4. Rank abundance plots illustrating the typical shape of four species abundance models: 
geometric series, logarithmic series, lognormal distribution and broken-stick model according to

W h it t a k e r  1970, after M a g u r r a n  1988).

DISCUSSION

N um erous exam ples of d istu rbances, caused  m ost often by m an 's  economic 
activity, suggest an  unfavourable effect on species diversity in  com m unities.
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For th is reason, diversity is regarded as an index of ecosystem  w ellbeing and  
its m easures used  a s  ecological indicators (Magurran 1988).

The re la tionships, however, are not clear enough. An ecosystem  
d istu rbance  may induce m ulti-d irectional changes in the com m unity  as some 
species are affected adversely while o thers m ay thrive u n d e r new  conditions. 
As for biocenoses sub ject to strong  anthropogenic p ressu re , exam ples of a 
reduction  in  species diversity in com parison w ith n a tu ra l h a b ita ts  have been 
observed together w ith cases w here a  rise in biodiversity occurred, for 
instance, due to an  increase in  h a b ita t pa tch iness. Such  phenom ena have 
been recorded e.g. in su b u rb a n  areas, where a rise in the  nu m b er of species is 
seen for b irds, m am m als and  certa in  invertebrates (Garbarczyk & Pisarska
1990). M ost often, however, the process leads to faunal “un ification”, i.e. to 
the form ation of “universalised” com m unities com prising m ainly widely 
distributed eurytopes, with steno- and oligotopes declining (Pisarski & Kulesza 
1982). An increase in species richness or o ther biodiversity indicators m ay 
th u s  no t always be the desired outcom e of environm ental protection schem es.

Protection of the  environm ent should  ra th e r be aim ed a t preserving 
com m unity  s tru c tu re s  found in n a tu ra l climax ecosystem s. In such  
com m unities ap a rt from the one or few species w hich are m uch  more 
a b u n d a n t th a n  others, there  is often also a well-preserved “ta il” of rare  forms 
th a t  are, nevertheless, “w ell-rooted” in the struc tu re . On the  o ther hand , 
w hen the h ab ita t is changed, som e abun d an t, and  therefore dom inant 
species, particu larly  steno- or oligotopes, may become endangered and  be 
excluded from the com m unity, even from the “tail” of rare  forms.

In the  m ost “n a tu ra l” com m unities, diversity is far from the h ighest 
possible value. The la tte r  actually  corresponds to a s ta te  of n a tu ra l chaos and 
is a  fiction convenient for m aking com parisons.

The postu la te  of biodiversity conservation m ay be understood  in  different 
ways:

1. Preservation of un ique  and  vulnerable species. According to the 
trad itional view on environm ental protection, the ta sk  is in m ost cases 
difficult to accom plish u n less  a group of related species is considered as a 
whole.

2. Achieving a high degree of diversity. S tatistically  su ch  a s ta te  is never 
a tta ined  in na tu re , particu larly  in stab le  climax com m unities.

3. Preservation of a  norm al well-developed com m unity s tru c tu re  including 
species from all categories. This objective seem s w orthy of fu rth e r 
investigation and pu tting  into practice.
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STRESZCZENIE

[Tytuł: Num eryczne metody bad ań  nad bioróżnorodnością a problem y ochrony 
przyrody]

Zastosow anie metod ilościowych w badan iach  nad s tru k tu rą  taksocenów  
daje podstaw y dla nowego ujęcia zagadnień ochrony różnorodności ga tunko ­
wej flory i fauny. Podstawowe metody tych analiz to: estym acja liczby g a tu n ­
ków zgrupow ania, różnorodności gatunkowej oraz m atem atyczne przybliżenie 
s tru k tu ry  taksocenów. Uzyskane dane pozwalają nie tylko n a  ocenę zagroże­
n ia  poszczególnych gatunków  ale i s ta n u  badanego taksocenu  w danych 
w arunkach  przyrodniczych. W zrozum ieniu tych kwestii w ażną rolę odgrywa 
poznanie s tru k tu r  zgrupow ań właściwych dla ekosystem ów na tu ra lnych , gdzie 
obecności gatunków  wrażliwych i zagrożonych nie zawsze towarzyszy wysoka 
różnorodność gatunkow a.
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