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The use of sim ilarity analysis in the environm ental research -  a case study of 
m ultispecies invertebrate com m unitiesx

A b strac t: Similarity analysis was carried out w ith use of two techniques, the W ard m ethod and Renkonen 
m ethod, in order to analyze staphylinid (Coleoptera: Staphylinidae) epigeic com m unities of the coastal pine 
forest. This a ttem pt enabled a m ultilateral spatial description of the coastal pine forest microsite structure 
including the dom ination structure of microsites, the degree of their isolation, and the m igration impact and 
edge effect of ecotone zones.
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INTRODUCTION

This p ap er gives a m ethodological proposal for m icrosite descrip tion  of habita t 
w ith  use of the sim ilarity  analysis. The sim ilarity analysis w as carried  ou t considering  
the exam ple of epigeic subcom m unities of coastal p ine forest staphy lin ids of M ierzeja 
Łebska sand  b ar ( S m o l e ń s k i  2001). The faunistic m aterial w as com pleted  at the level 
of subcom m unity  fo llow ing the m ethods of W ard and Renkonen. The substan tia l as­
su m p tio n  of the m ethods is the principle that the subcom m unities are d istribu ted  
w ith in  the analyzed  com m unity  in accordance w ith  the m icrosite m osaic of the eco­
system . The sim ilarity  analysis of the subcom m unities results, except of determ in ing  
the sim ilarity  of com m unities of interest, in the assessing such phenom ena like ecosys­
tem  m icrosite d iversity  degree, dom ination  of a given m icrosite type, isolation degree 
of b iocenoses, m igration  effect or the edge effect of ecotone zones.

*The investigations were financially supprted  by the grant from the State Com mittee for Scientific Research 
No 5 P06M 016 10
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MATERIAL

The sim ilarity  analyses w ere perform ed based on em pirical data  collected w ith  use 
of 200 B arber's pitfall traps in the coastal pine forest of M ierzeja Łebska sand bar in 
Słow iński N ational Park. The faunistic data w ere collected d u ring  a tw o-year period: 
July 1996 -  July 1998. A total of 40 m icrosites w ere included to the study . Those oc­
cu rred  in four deflation  depressions (pA ; pB; pD; pE) and  in a d u n e  em bankm ent (pC). 
The m icrosites selected for the presen t s tudy  are representatives of all subassociations 
of the coastal p ine forest -  the arid , the fresh (m oderately hum id) and  m oist subasso ­
ciation. A total of 4436 beetles w ere cap tu red  belonging to 117 species of the 
Stnphylinidae family. A detailed m ethods descrip tion as well as the com plete faunistic 
da ta  set are p rov ided  by  the earlier p ap er of the A uthor (SMOLEŃSKI 2001).

ENVIRONMENTAL RESEARCH -  DETAILED CONCLUSIONS

1. S im ila rity  o f c o m m u n itie s  as m easu red  w ith  the  W ard m e th o d  (c lu ste r an a ly s is)

The W ard  m ethod  w as selected from  the set of available research tools because of 
its com m on use in the natu ra l sciences. Follow ing this m eth o d 's  assum ption , sam ples 
are  d iv id ed  into clusters using  the agglom eration  technique so that the variance be­
tw een  particu la r clusters is m axim ized (JONGM AN et al. 1987). E uclidean squared  d is­
tance has been  app lied  as the m easure of variance betw een sam ples.
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Fig. 1. Ranking of sim ilarity betw een epigeic staphylinid (Staplnylinidae, Colcoptera) subcom m unities of the 
coastal pine forest of Mierzeja Łebska sand bar. The data presented below w ere originally published in 
SMOLEŃSKI (2001); pA, pB, pD, pE -  deflation depressions, pC -  dune em bankm ent subjected to analysis 
using Barber's pitfall traps; 1, 2 , ....., 10 -  microsites.
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The obtained  dendrog ram  (Fig. 1) clearly presents that tw o ind ep en d en t faunistic 
g roups occur considering  the dom inance structure  of staphylin id  com m unities; these 
tw o g ro u p s are isolated from  one another by the central double d u n e  em bankm ent 
(conclusion 1). These are:

-  the coastal no rth ern  g roup , (to this g roup  belong, from  the Baltic coast, the 
com m unities -  represen tatives of deflation basins pA  and  pB);

-  the near-lake group , sou thern  (to this g roup  belong, from  the side of Łebsko 
Lake, the com m unities -  represen tatives of deflation basins pD  and  pE).

N o t all subcom m unities conform  how ever this d iv ision system  based on their sp a ­
tial d istribu tion .

The exceptions from  the above-presen ted  rule are the following:
-  The subcom m unities of extrem ely arid  m icrosites from  the deflation  pA  (sam ples 

4, 9 an d  10) as w ell as the pB depression  (sam ple 1), all these are m uch m ore sim ilar to 
the so u th ern  group , instead  of the no rthern  g roup  (conclusion 2);

-  The subcom m unities num ber 4 and  5 from the pE depression w hich are m ore 
strongly  connected w ith the northern  group, instead of the southern  one (conclusion 3).

Besides, the den d ro g ram  show s the following:
-  The fauna of the dune em bankm ent corresponds, in part, w ith  the northern  group, 

and  m ore specifically: w ith  the adjacent depression deflation pB (sam ples 1 and 3), and 
in p a rt w ith the extrem ely arid  microsites (samples 2, 4 and 5) (conclusion 4);

-  The m utually  isolated clusters containing sam ples from depressions pA  and  pB 
are characteristic of ra ther h igh degree of independence (conclusion 5);

-  Even h igher level of au tonom y there exists in the lake g roup , betw een  the com ­
m unities -  represen tatives of depressions pD  and  pE (conclusion 6);

-  There exists large m icrosite differentiation w ith in  the deflation pA  (conclusion 7);
-  Tw o faunistic g roups are presen t w ith in  the pB depression: the m ore hom oge­

nou s no rth ern  g roup  (sam ples 2, 3, 4 and  5) and  the m ore diverse sou thern  g ro u p  
(sam ples 6, 7, 8, 9 and  10) (conclusion 8);

-  The fauna of pD  depression  is d iverse and it only possess one com pact g ro u p  of 
m oist m icrosites (sam ples 2, 4, 7 and  10) (conclusion 9);

-  The fauna of pE deflation depression has been diversified betw een tw o groups: the 
hom ogenous group  of m icrosites situated near the coastal forest (sam ples 1, 2 and  3) 
and the strongly differentiated group  of microsites situated at the m arshy birch forest 
(sam ples 4 and  5) (conclusion 10).

2. S im ilarity  of com m unities as m easured by the R enkonen m ethod (dom inance sim ilarity)

The o u tp u t obtained after the Renkonen m ethod has been used  (GÓRNY & G riim
1993) is p resen ted  in tw o tables (Tables 1 & 2).

It can be concluded from  the analysis of Table 1 data  that the sim ilarity  of su b ­
com m unities w ith in  particu lar biocenoses m ay give indirect evidence of the actual 
m icrosite differentiation  of the biotope:
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Table 1. Renkonen coefficient of dom inance similarity [%] for epigeic staphylinid (Staphylinidae, Coleoptera) 
comm unities of the coastal pine forest of Mierzeja Łebska sand bar. The data presented below were origi­
nally published in SMOLEŃSKI (2001); pA, pB, pD, pE, pF -  deflation depressions, pC -  dune  em bankm ent 
subjected to analysis using the m ethod of Barber's pitfall traps,

Plots
PB pD pE PF pC

pA 62.2 50.3 46.0 41.3 62.5
pB XXXX 52.7 65.7 41.2 58.5
pD XXXX 43.7 51.9 44.8
pE XXXX 29.6 45.8
pF XXXX 43.8

XXXX
N um ber of sam ple in pA depression

2 3 4 5 6 7 8 9 10
1 62.9 58.9 38.1 47.8 52.4 55.8 50.8 33.2 27.0
2 XXXX 53.9 27.5 34.3 42.3 52.8 55.1 47.1 49.9
3 XXXX 21.8 51.3 52.0 55.1 35.3 24.9 23.7
4 XXXX 29.6 22.1 23.5 36.9 24.1 24.1
5 XXXX 46.0 45.3 38.8 34.8 27.3
6 XXXX 47.9 47.9 19.2 18.9
7 XXXX 39.0 30.9 26.3
8 XXXX 40.6 45.6
9 XXXX 66.6

N um ber of sam ple in pB depression
2 3 4 5 6 7 8 9 10

1 39.0 42.5 44.5 43.2 48.3 51.3 38.7 33.1 53.2
2 XXXX 81.6 81.2 68.6 54.9 48.0 59.7 57.4 47.0
3 XXXX 84.8 74.5 52.8 46.2 52.4 50.9 49.2
4 XXXX 71.1 53.0 53.4 52.5 54.1 49.4
5 XXXX 46.1 48.1 51.7 46.6 43.3
6 XXXX 49.3 62.5 52.8 52.7
7 XXXX 47.5 52.4 42.1
8 XXXX 66.3 52.2
9 XXXX 43.2

N um ber of sam ple in pD depression
2 3 4 5 6 7 8 9 10

1 52.4 42.7 51.0 46.4 37.5 41.4 34.5 49.1 36.9
2 XXXX 55.2 59.5 39.1 47.2 58.1 48.2 49.7 57.1
3 XXXX 48.3 60.1 38.5 44.7 40.0 53.8 51.0
4 XXXX 45.1 55.7 60.8 52.2 64.8 54.3
5 XXXX 32.1 32.1 32.0 55.3 44.0
6 XXXX 54.2 62.3 46.5 45.7
7 XXXX 57.6 54.4 59.2
8 XXXX 48.2 55.4
9 XXXX 58.9

N um ber of sam ple in pE depression N um ber of sam ple in pC dune em bankm ent
2 3 4 5 2 3 4 5

1 71.9 66.6 70.2 37.2 1 31.37 66.19 37.14 25.99
2 XXXX 75.9 63.2 33.5 2 XXXX 24.05 52.39 46.01
3 XXXX 67.0 32.4 3 XXXX 34.27 16.44
4 XXXX 55.4 4 XXXX 29.06
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• D eflation d ep ression  pA
The highest degree sim ilarity has been characteristic for the subcom m unities 1, 2, 3 

and 7; these create, besides, also a very m uch hom ogenous group as proved by the clus­
ter analysis tests (conclusion 11).

• D eflation dep ression  pB
Except of four subcom m unities (1, 5, 7 and  10), all the others are characteristic of 

very strong  sim ilarity  tow ards o ther subcom m unities. O u t of the first m entioned  
g roup , four subcom m unities (w ithout subcom m unity  5) correspond  w ell in the cluster 
analysis w ith  the adjacent deflation depressions (conclusion 12).

• D une em b an k m en t pC
P articu lar subcom m unities are strongly  isolated betw een  them selves, nonetheless 

the fauna of d u n e  tops show s a lot in com m on (sam ples 2 and  4) and  the fauna of 
n o rth e rn  slopes of the d u n e  is very m uch sim ilar to that of the bo ttom  of d u n e  em ­
bankm en t (sam ples 1 and  3) (conclusion 13).

• D eflation dep ression  pD
A m ajority  of subcom m unities are strongly  sim ilar to o thers, the only exceptions 

being sam ples 1, 5 an d  6 (conclusion 14).

• D eflation d ep ression  pE
P articu lar subcom m unities are very  strongly  sim ilar to one ano ther w ith  the excep­

tion of sam ple 5. The latter corresponds, in the cluster analysis w ith  the fauna of 
n o rth e rn  g ro u p  arid  m icrosites (conclusion 15).

The actual deg ree  of dom inance structu re  d ifferentiation  of epigeic staphylin id  
com m unities m ay  be realized after analysis of Table 2 data, follow ing the below  m en­
tioned rules:

-  The sm aller are m ean  values of dom inance sim ilarity, the h igher is degree of 
dom inance stru c tu re  diversity;

-  The h igher is s tan d ard  deviation  and coefficient of varia tion  (accom panied by 
h igh values of dom inance  sim ilarity), the larger part of subcom m unities are character­
istic of h igh  au to n o m y  degree;

-  The h igher is value of standard  deviation  and  coefficient of varia tion  (accom pa­
nied  by low  values of dom inance sim ilarity), the larger p a rt of subcom m unities show  
h igh  affinity degree.

C onsidering  the above one m ay state that the data p resen ted  suggest the following:
-  The h ighest degree  of dom inance structu re  d iversity  w as found in the com m u­

nity  of depression  pA, som ew hat sm aller it w as in the com m unity  of d u n e  em bank­
m en t pC (conclusion 16);

-  The least d ifferen tia ted  w ere the com m unities of depression  pB and pE (conclu­
sion 17);

-  The com m unity  of pD  depression is relatively closest to the w hole of com m uni­
ties of the coastal p ine  forest; this com m unity  m ay be, thus, assented  the m ost typical 
of the  coastal p ine  forest, considering its m icrosite diversity  (conclusion 18).
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Table 2. Dom inance sim ilarity coefficient [%] for epigeic staphylinid (Coleoptera, Staphylinidae) associations 
of the coastal pine forest of Mierzeja Łebska sand bar

Renkonen dom inance sim ilar­
ity [%] for:

Real value 
range

Mean Standard
deviation

Expected 
value range

Coefficient of 
variation

Coastal pine forest com m uni­
ties

29.6-65.7 49.3 9.4 39.9-58.7 0.19

Coastal pine forest subcom ­
munities

16.4-84.8 47.3 13.3 34.0-60.6 0.28

Deflation depression pA 
subcom m unities

18.9-66.6 39.8 12.9 26.9-52.7 0.32

Deflation depression pB 
subcom m unities

33.1-84.8 53.2 11.3 41.9-64.5 0.21

Deflation depression pD 
subcom m unities

32.0-64.8 49.2 8.6 40.6-57.8 0.18

Deflation depression pE 
subcom m uni ties

32.4-75.9 57.3 15.9 41.4-73.2 0.28

Dune em bankm ent pC sub­
comm unities

16.4-66.2 36.3 14.1 22.2-50.4 0.39

3. G rouping  m icrosites w ith use of the zooindication m ethod

The m icrosites w ere so g rouped , based on the W ard m eth o d 's  conclusions 1, 5, and  
6 and  R enkonen m eth o d 's  conclusions 11 th rough  15, tha t the ob tained  staphylin id  
subcom m unities contain  elem ents characteristic of strong  m utual sim ilarity  (Table 3).

Table 3. Microsite groups of the Mierzeja Łebska sand bar coastal pine forest containing epigeic staphylinid 
(Coleoptera, Slaphylinidae) subcom m unities characteristic of strong internal sim ilarity as assessed using the 
W ard m ethod and Renkonen m ethod. The data were originally published in an earlier paper of the A uthor 
(SMOLEŃSKI 2001); pA, pB, pD, pE -  deflation depressions, pC -  dune em bankm ent subjected to analysis 
using Barber's pitfall traps; 1, 2 , ....., 10 -  microsites.

No. of 
sam ple Location

Subassociation 
of the coastal 

pine forest Forest stand
Herbaceous
vagetation

Microsite

T T '
Deflation depression's pA microsite group

1 M oderately hum id basin of the 
southern foreground of white 
dune at northern edge of de­
pression

Typical -  
initial stage

Pine 40 yr old, 4m 
high, m oderate 
crown closure

Poor-
shrubby-
grassy

ms 3 
fresh

2 Patch of southern foreground 
of w hite dune at the northern 
depression edge

Typical -  
initial stage

Pine 40 yr old, 4m 
high, m oderate 
crown closure

Poor-
mossy-
grassy

ms 3 
fresh

3 H um id basin of the northern 
part of depression

H um id
heather-heath

Fully open area Rich mossy ms 4 
hum id

7 Patch in central part of depres­
sion

Typical Pine 60 yr old, 6m 
high, loose crown 
closure

Poor-
mossy-
shrubby

ms 2 
arid

Deflation depression's pB microsite group I
2 Basin in southern foothill of 

w hite dune -  in northern part 
of depression

Typical Pine 140 yr old, 
15m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh
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3 Basin in southern foothill of 
white dune -  in northern part 
of depression

Typical Pine 80 yr old, 10m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 3 
fresh

4 Basin in southern foothill of 
w hite dune -  in northern part 
of depression

Typical Pine 140 yr old, 
15m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh

Deflation depression's pB microsite group II
6 Patch in central part of depres­

sion
Typical Pine 80 yr old, 10m 

high, loose crown 
closure

Rich mossy- 
shrubby

ms 3 
fresh

8 H um id basin in southern part 
of depression

H um id Pine 80 yr old, 10m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 4 
hum id

9 Basin in northern foothill of 
dune em bankm ent -  in south­
ern part of depression

Typical Pine 80 yr old, 10m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 3 
fresh

Dune em bankm ent's pC microsite group
1 N orthern  slope of double dune 

em bankm ent
Typical, initial 
stage

Pine 25 yr old, 4m 
high, m oderate 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh

3 Inner depression bottom  be­
tween slopes of double dune 
em bankm ent

Arid Pine 100 yr old, 
14m high, m oder­
ate crown closure

Rich mossy- 
shrubby

ms 3 
fresh

Deflation depression's pD microsite group
2 Basin of southern foothill of 

double em bankm ent dune in 
the northern part of depression

Hum id Pine 80 yr old, 12m 
high, loose crown 
closure

Rich
shrubby

ms 4 
hum id

4 Basin in central part of depres­
sion

Hum id Pine 80 yr old, 12m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 4 
hum id

7 H um id basin in central part of 
depression

H um id Pine 45 yr old, 9m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 4 
hum id

8 Elevated belt in southern part 
of depression

Typical Pine 45 yr old, 9m 
high, m oderate 
crown closure

Mossy-
shrubby

ms 3 
fresh

10 H um id basin in northern foot­
hill of mild slope of gray dune 
at the southern edge of depres­
sion

Humid Pine 45 yr old, 9 m 
high, loose crown 
closure

Rich mossy- 
shrubby

ms 4 
hum id

Deflation depression's pE microsite group
1 Foothill of southern slope of 

w hite em bankm ent dune, the 
edge of coniferous forest at the 
northern  border of depression

Arid Pine 130 yr old, 
20m high, loose 
crown closure

Poor grassy ms 1
extremely
arid

2 Ridge at southern foothill of 
white em bankm ent dune, in 
northern  part of depression

Typical w ith 
elements of 
Leucobryo- 
Pinetum

Pine 130 yr old, 
20m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh

3 Elevated edge in northern part 
of depression

Typical with 
elements of 
Leucobryo- 
Pinetum

Pine 130 yr old, 
20m high, loose 
crown closure

Rich mossy- 
shrubby

ms 3 
fresh
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GENERAL CONCLUSION

In o rder to com plete the full sim ilarity  analysis betw een  m ultispecies com m unities, 
bo th  cluster analysis and dom inance sim ilarity  have to be carried ou t, using  available 
data on subcom m unities inhabiting  the m icrosite m osaic of ecosystem . The analysis 
carried ou t at the level of subcom m unity  allow s for indirect yet com prehensive 
enough  conclud ing  abou t the environm ent, thank the assessm ent of:
■ C om m unity  sim ilarity , w hich is adversely  proportionally  affected by  the isolation 

degree of biocenoses (conclusions 1, 5, and  6 derived  from  the W ard  m ethod and 
conclusions 11-15 from  the Renkonen m ethod);

■ C onvergence of com m unity , belonging to the sam e type of m icrosite (conclusions 
2, 3 from  the W ard m ethod);

■ The edge effect of ecotone zones on the sim ilarity  of com m unities (conclusion 4 
from  the W ard m ethod);

■ Species d iversity  of particu lar com m unities, resu lting  from  the m icrosite differen­
tiation of b io tope (conclusions 7, 8 from  the W ard m ethod  and  conclusions 16, 17 
from  R enkonen m ethod);

■ D om inance of a g iven subcom m unity  type, resu lting  from  the dom inance of a 
given m icrosite type in the b iotope (conclusions 9 ,10  from the W ard m ethod);

■ The represen ta tion  degree of a given ecosystem  type by particu la r com m unities, 
after their species d iversity  has been considered (conclusions 16-18 from  the 
R enkonen m ethod).
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STRESZCZENIE

[Tytuł: P rzykład  w nioskow ania o środow isku  w oparciu o analizę podob ieństw  w ie­
logatunkow ych zg ru p o w ań  bezkręgow ców ]

Praca p rzedstaw ia  m ikrosiedliskow y opis środow iska z zastosow aniem  analizy  
podobieństw . A nalizę podob ieństw  p rzep row adzono  w  oparciu  o epigeiczne 
subzg rupow an ia  kusakow atych  nadm orsk ich  borów  bażynow ych M ierzei Łebskiej. 
M ateriał faunistyczny analizow ano na poziom ie subzg rupow an ia  w  oparciu  o m etody 
W arda (analiza skupień) i R enkonena (analiza podobieństw a dom inacji). A naliza p o ­
dobieństw  subzg ru p o w ań  pozw ala, obok pow inow actw a badanych  zg rupow ań , oce­
nić takie zjaw iska jak: stop ień  zróżnicow ania m ikrosiedliskow ego ekosystem u, dom i­
nację danego  typu  m ikrosiedliska, s top ień  izolacji biocenoz, w p ływ  migracji czy też 
efekt styku  stref ekotonow ych.
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