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1. INTRODUCTION

N um erical taxonom y, aind m ethods of c luster analysis in  ¡particular, have 
undergone very  intensive developm ent over the last fifteen  years. C lu­
s te r  analysis consists of d istinguishing values of sub-sets corresponding 
to various random  variables in a given single o r m ulti-d im entional set 
of observations. Ruspini [12] was the  first to  in troduce the original con­
cept of “fuzzy se ts” , as given by Zadeih '[13], 'into c lu ste r analyses. Ca- 
linsiki’s m ethod [2], as described by Calihski aind H arbasz [3], in  the form  
of program m es a tta in ing  a c luster analysis th rough  a m atrix  of distances 
betw een  a ll the  features, is also ¡known. The m ethod  m ost frequen tly  
app lied  is Czekanowski’s [6], consisting • of pu tting  sets in to  order and  
distinguishing of sim ilar c lu ste r sets. This m ethod has played an  im por­
ta n t ro le  in  anthropology and  has also been successfully applied  in p h y ­
tosociology and  zooceno'logy [4, 5, 6, 7, 8].

C lustering tendencies of Tendipedidae  larvae num bers in  the  lakes 
of sou thern  Sweden, based on studies by B rundin , have been  presented 
in  th e  paper by  Rom am szyn [9], The principle of dualism  proposed by 
th is  au tho r, connecting the m erits  of the  dendrite  and  of Czekainowski 
sets, was applied  in  stud ies on clusters of the  zooplankton organism s of 
th e  sou thern  p a rt of the  Baltic Sea [4], and  on determ ining the sim i­
la r ity  of stations in  th e  V istula Lagoon.

As regards the  p resent studies, we wish to  show  how  in terdepen­
den t zooplankton species in fluence  the o rder an d  division of c lusters  a t 
sta tions in  th e  V istula Lagoon, and  vice versa, how the  various specific 
hydrological conditioins a t s ta tions influence the  species com position and  
num bers of zooplankton organism s.
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The aim  of the  paper is an analysis of zooplankton clusters estblish- 
ed on th e  basis of num bers, applying the  definitions of sim ilarity  and 
distance [7, 8, 9].

2. MATERIAL

The m ateria l for the  p resen t s tudy  was collected during  the following 
periods: M arch— N ovem ber 1975; M ay— N ovem ber 1977; F eb ru ary —No­
vem ber 1978. Zooplankton sam ples w ere taken  from  the  sam e n ine s ta ­
tions, a t m onth ly  in tervals, during the  years  m entioned, d istribu ted  as 
follows: five (1, 2, 4, 6, 8) along the  longitudinal cross-section of the  
V istula Lago'on, and four (3, 5, 7, 9) along two la te ra l cross-sections 
(Pig. 1).

D etailed considerations concerning the physical and  chem ical fac­
tors of it'he w ater body stud ied  are  given in the  papers by Różańska and  
W ięcław ski [10, 11], from  which selected data  is presented  in  Tables 
6, 7, 8.

Fig. 1. Distribution of stations on the Vistula Lagoon during the period of 
investigations

Rys. 1. Rozmieszczenie stanowisk na Zalewie Wiślanym w okresie badań



3. METHODS OF INVESTIGATION

Sam ples were taken  w ith  a five-litre  R u ttn er sam pler a t 0, 1, 2, 3, and
4 m, depending upon the depth  a t the  station. The sam ples w ere n ex t 
f ilte red  by m eans of a no. 25 A psten-type net, then  fixed w ith  U term ohl 
flu id  an d  p reserved  in 4°/o form alin. D uring the  laborato ry  w ork each 
p lank ton  sam ple w as brought to  th e  volum e of 50 m l for un iform ity  
of countings. Microscopic exam inations w ere carried  ou t in  a 1 cm 3 
cham ber. A ltogether, 512 sam ples w ere collected an d  analysed  m icro­
scopically (Table 1).

Table 1. Num ber o f  sam ples from  the Vistula Lagoon stations 
during the period o f  investigation  

Tab. 1. Liczba prób na stanowiskach Zalewu W iślanego w okresie
badań

Stations
Stanowiska

Num ber o f samples 
Liczba prób Total number o f  sam ples 

Razem  prób
1975 1977 | 1978

1 14 18 13 45
2 17 2 1 1 2 50
3 1 1 2 1 2 1 53
4 24 2 1 27 72
5 14 19 15 48
6 26 2 2 30 78
7 1 2 2 0 2 1 53
8 17 2 1 25 63
9 9 2 0 2 1 50

Total
Razem  prób

144 183 185 512

The num ber of individual taxonom ic u n its  subjected to an  analysis 
of Zooplankton clustering tendencies was expressed by the  num ber of 
individuals in 1 m 3 of w ater (Tables 6, 7, 8).

The degree of sim ilarity  was expressed by the  M arczewski and  
S teinhaus form ula [8] as follows:

a + b — w
100%,

w here: S — sim ilarity  of two com pared se ts of features, 
w — num ber of comm on elem ents,
a + b — sum  value of elem ents of the  sets or featu res com pared. 

The distance of the  elem ents analyzed w as defined in line w ith the above 
form ula as:

S=
w

a + b —2w
a+ b — w

100%r —



The s tru c tu re  of dendrites and  their linear system  (Figs. 2, 3, 4, 5) w as 
based on s im ilarity  analysis, abiding by  the  ru le  of th e  shortest d istan­
ces. The m ethod given by  F lorek  [7] and Rom aniszyn [9] was applied  
for the  form ation  o f the  clusters. -

G roupings for sets of sta tions w ere d istinguished according to si­
m ilarity  of zooplankton and  taxon num bers. All possible c lusters of 
stations and taxons for the  th ree  year period of investigations were 
presentejd in  the form  of schem es (Tables 2, 3, 4, 5). C alculation of 
s im ilarity  coefficients w ere carried  out on an  “0dra-1204” com puter.

4. RESULTS OF INVESTIGATIONS

The species composution and  num bers of zooplankton organism s in  the 
V istula Lagoon show ed certa in  differences for each p articu la r year, 
therefore  sim ilarity  analyses w ere carried  out for each y ea r individually  

Only taxonom ic units falling w ith in  the system atic range genus — 
species w ere tak en  m to consideration in  clustering  tendency analyses of 
zooplankton organism s, according to  Rom aniszyn’s assuptions [9], It was 
necessary to  omiit young Copepoda nauplial form s em bracing an undefin­
ed num ber of species. N auplial stages occurred in very  large num bers 
a t a ll of the  s ta tions [1].

The following taxonom ic un its  w ere found in the  m ateria l investi­
gated:

Code number R o t a t o r i a
1

34
2
3
4
5

Ascomorpha ecaudis Perty 
Ascomorpha saltans Bartach 
Asplanchna priodonta Gosse 
Brachionus angvlaris Gosise 
Brachionus calyciflorus Pallas 
Brachionus calycijlorus amphiceros

33
10
lil

16
12
13
14
15 
17 
.16 
.19 
20

«
7
8
9

Ehrenberg 
Brachionus dicersicornis (Daday) 
Brachionus quadridentatus Herman 
Brachionus urceolaris Müller 
Brachionus rubens Ehrenberg 
Cephalodella sp.
Ewchlanis dilataita Ehrenberg 
Filinia longiseta (Ehrenberg) 
Kellicottia longispina (Kellicoit) 
Keratella cochlearis (Gosse) 
Keratella cochlearis tects (Gosse) 
Keratella criciformis {Thompson) 
Kera>tella quadrata (Müller)
Lecam-e luna (Müller)
Notholca acuminata (Ehrenberg) 
Notholca squamula (Müller) 
Notholca striata (Müller)



22 Pedalia fennica (Levan der)
21 iPolyarthra dolichoptera Idelson
23 Ptolyarthra vulgaris Cartlin
24 Proales sp.
26 Synchaeta sp.
27 Synchaeta litoralis Rousselet
29 Synchaeta monopus Plate
36 Synchaeta oblonga Ehrenberg
128 Synchaeta pectinata Ehrenberg
30 Synchaeta stylata  Wierzajski
31 THchocerca pusilla i(Lauiterfoorn)
32 Trichocerca sp.

C r u s t a c e a
41 Bosmina coregoni maritima (Mül­

ler)
42 Bosmina longirostpis (Müller)
43 Chydorus sphaericus (Müller)
45 Dmphanosmoma brachyurum i(Lie- 

V:in)
46 Evadne nordmanni Laven
47 Leptodora kindtii (Focke)
48 Pleuroxus uncinatus Baird
49 Podon plyphemoides (Leuckart)
50 Sida cristalUna (Müller)
51 Simocephalus vetulus (Müller)
74 Acartia bifilosa (Gniasbracht)
61 Acartia longiremis Lilljeborg
63 Acartia tonsa (Dana)
76 Centropages hamatus (Lilljeborg)
69 Cyclops sp.
65 Eurytemora sp.
67 Mesacyclops leuckartii (Claus)
77 Pse ud ocal a nu s elongatus Boeck
73 Ttemora longicornis (Müller)

4.1. GROUPS OF STATIONS RESULTING FROM 
SIMILARITIES OF THE NUMBER OF ZOOPLANKTON 
ORGANISMS

C lusters w ere obtained basing on the c rité rium  of n a tu ra l dendrite  di­
vision, com puting and  com paring quotien ts of re levan t distances. S im i­
larity  of num bers of zooplamMon organism s (S) a t  sta tions in  grow ing 
order, distances betw een  stations i(r) and quotien ts of ad jacen t distamces 
a re  given in  decreasing order for specific years as follows:

1975 rnin (max S) =  41.14%

S  r
41.14 58.86 
50.54 49.46

d

1.190



1975

1977

Fig. 2. Dendri­
tes for 9 stations on 
the Vistula Lagoon 
in relation to zoo­
plankton numbers 
during the period of 
investigations

Rys. 2. Den - 
dryty 9 stanowisk 
Zalewu Wiślanego 
na tle liczebności 
zooplanktonu w okre- 

12Z£. sie badań



50.04 40.96 1.207
64.31 35.69 1.148
64.35 35.65 1.001
64.71 35.29 1.010
66.54 33.46 1.054
67.69 32.31 1.035

The dendrite  fo r s ta tions (breaks dow n into seven c lusters a t a si­
m ilarity  of S =  67.69%, b u t a  fu rth e r  two w eaker divisions into th ree  
(S =  59.04%) and  six  c lusters (S — 64.71%) a re  possible. Division of 
th e  dendrite  in to  c lusters  is p resen ted  in  Fig. 2, Table 2.

Table 2. Schem e o f  clusters for the Vistula L agoon  stations during the period o f  investigations 

Tab. 2. Schem at skupisk stanowisk Zalewu W iślanego w okresie badań

year

rok

s im ila rity
co e ffic ie n t
w spółczynn ik
podobieństwa

number o f 
clusters 
liczba 
skupisk

stations

stanow iska

59,04 3

1 3 2 , 9 4 5 8 6 7

1975 64,71 6
66,54 7

51,44 3

1 5 2 3 9 B 7 4 E

1977 56,82 5
61,54 6

J

60,56 4

1 3 4 S 2 6 9 7 6

1978 61,62 6
72,00 8

i

1977 miin (max S) =  44.14%

s r d
44.14 55.86
47.28 52.72 1.059
51.44 48.56 1.086
52.08 47.92 1.013
56.82 43.18 1.109
58.12 41.88 1.031
58.17 41.83 1.001
61.54 38.46 1.087

The dendrite  for s ta tions b reaks ' down in to  eight c lusters a t  a sim i­
la rity  of S =  61.54%, b u t tw o divisions in to  th ree  and  five c lusters a re
6 Oceanologia nr 16



also possible. Division of the  dendrite  into clusters is p resen ted  in  Fig. 
2, Table 2.

1978 m in  (max S) =  40.37%

5 r d
40.37 59.63
57.14 42.86 1.392
57.53 42.47 1.009
60.56 39.44 1.076
60.57 39.43 1.000
61.62 38.38 1.027
64.29 35.71 1.074
72.00 28.00 1.275

The dendrite  for sta tions breaks dow n into e igh t clusters a t a sim i­
la rity  of 72.00%, b u t th ree  divisions into 4, 6, and  7 c lusters a re  also 
possible. D ivision of the  dendrite  in to  clusters is p resen ted  in  Fig. 2, 
Table 2.

4.2. GROUPS OF SPECIES RESULTING FROM SIMILARITY 
OF NUMBERS

Taxon clusters w ere  obtained from  a ’n a tu ra l division of th e  dendrite  by  
com paring quotien ts of ordered distances m in  (max S) =  25.00% fo r 
all of the  years . How ever, cenological distances (r) of taxons, quotien ts 
(d) of neighbouring  sectors in  dim inishing o rd er for p a rticu la r years 
w ere as follows:

\

r d r d r d
75.00 56.67 1.029 47,37 1.055
75.00 1.000 56.52 1.003 45.63 1.038
73.33 1.023 55.56 1.017 45.05 1.013
69.23 1.059 54.55 1.018 42.62 1.057
68.97 1.004 53.59 1.017 42.55 1.002
66.67 1.034 52.17 1.027 42.42 1.003
62.50 1.066 50.00 1.043 39.11 1.081
61.54 1.015 50.00 1.000 37.84 1.036
60.00 1.026 50.00 1.000 30.91 1.224
58.33 1.029 50.00 1.000 30.77 1.004

T he dendrite  for taxons breaks dow n in to  29 clusters, bu t 15 fu rth e r  
divisions into 3, 4, 6, 7, 9, 10, 11, 13, 14, 16, 17, 21, 24, 26, and  27 c lu ­
s te rs  a re  possible. The b ranched  aind linear taxon  dendrite  is presented
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in  Fig. 3. A ll possible c luste rs  an d  th e ir  s im ilarity  coefficients a re  p re ­
sen ted  in  Table 3.

1977
r d r d r d

75.00 50.00 1.000 42.55 1.007
75.00 1.000 50.00 1.000 38.28 1.121
72.73 1.031 50.00 1.000 37.91 1.010
66.67 1.084 47.77 1.047 33.33 1.137
66.67 1.000 47.73 1.001 33.33 1.000
62.50 1.067 47.06 1.014 33.33 1.000
61.11 1.023 46.50 1.012 33.33 1.000
52.31 • 1.168 44.44 1.046 25.00 1.333
51.43 1.017 43.75 1.016 25.00 1.000
50.00 1.028 43.28 1.011 23.08 1.083
50.00 1.000 42.86 1.010 20.00 1.154
50.00 1.000 42.86 1.000

The taxon dendrite  breaks down into 35 clusters, bu t 13 fu rth e r  
divisions in to  3, 4, 6, 8, 10, 16, 18, 20, 25, 26, 28, 32 and 34 c lusters are 
.possible. The taxon dendrite  is show n in Fig. 4. All clusters and th e ir 
coefficients of s im ilarity  have been given in  Table 4

1978
r d r d r d

75.00 50.00 1.000 44.30 1.003
66.67 1.125 50.00 1.000 43.70 1.014
66.67 1.000 50.00 1.000 43.45 1.006
66.67 1.000 50.00 1.000 42.86 1.014
66.67 1.000 50.00 1.000 41.18 1.041
64.29 1.037 50.00 1.000 40.00 1.029
60.00 1.071 50.00 1.000 38.89 1.028
57.60 1.041 50.00 1.000 37.50 1.035
57.16 1.009 50.00 1.000 36.36 1.031
56.99 1.003 49.09 1.018 33.33 1.091
55.56 1.026 48.65 1.009 31.82 1.047
55.56 1.000 46.47 1.042 31.25 1.018
50.00 1.111 46.31 1.008 17.65 1.770
50.00 1.000 44.44 ' 1.042

The taxon  dendrite  breaks down into 41 clusters, but a fu rth e r 12 
divisions a re  possible as follows: 6, 7, 11, 13, 24, 26, 28, 30, 32, 33, 36 
and 38 clusters. The branched and  linear taxon dendrite  is presented  in 
Fig. 5. All possible c lusters and  th e ir sim ilarity  coefficients have been 
presented  in  Table 5.
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4.3. CLUSTERING TENDENCIES OF ZOOPLANKTON

N um bers of zooplankton organism s iin th e  V istula Lagoon in  re la tion  to 
selected abiotic factors are presented  in  Tables 6, 7, and 8. The position 
of sta tions and taxons depended on linear order of respective branched  
dendrites (Figs. 2, 3, 4, 5). The tab les also give the grouping of aggrega­
tions aind taxons. A part from  groupings, stations and  taxons form ing 
single elem ent c lusters  a re  also included. The fields, form ed as a con­
sequence of groupings, define the  in te r-re la tions for both sets. Results 
ob tained  have been discussed for each year separately .

In  1975 stations w ith  various values of environm ental factors form ­
ed 3 c lusters (Fig. 2, Table 2), a t a sim ilarity  of 59.04%). The strongest 
grouping, A1; separa ted  therefrom  show ed clusters a t stations (Table 6). 
S tations 1 and 3 did not form  groupings, bu t constitu ted  separate clu­
sters, and w ere characterized by the sm allest depth  and lowest organic 
m atte r  index. S tation  1 differed from  the rem aining by the  lowest sali­
n ity  and  h ighest n u trie n t contents.

Taxons a t a  s im ila rity  of 45.45% form ed 14 clusters (Fig. 3, Table 
3). Six groupings consisting o f several elem nts: A2, A3, A4, A5, A6, A7 
(Table 6) w ere distinguished. The rem aining taxons form ed single c lu ­
s te rs  and were mot grouped w ith  o ther taxonom ic units.

Grouping A5, leading as regards the  h ighest num ber and  frequency 
of occurance a t  a ll stations of the  V istula Lagoon, contained euritop ic 
species constitu ting a compact group of Brachionus calciflorus (5), Bra- 
chionus angularis (3), K eratella  cochlearis (12), Filinia longiseta  (11), as 
also rep resen ta tives of the  Synchaeta  (26) genus. G rouping A4 included 
the  largest num ber of taxons characteristic  of brackish  w aters, and 
occuring in  various num bers. Pedalia jennica  (22) was the  dom inant 
species as regards the  h ighest num bers, and the following taxons con­
s titu ted  com ponents in s im ilarity  investigations: Diaphanosoma hr achy- 
urum  (45), Brachionus calyciflorus (4), Asplanchna priodonta  (2), Kera­
tella cochlearis tec la (13), Keratella quadrata■ (15), Eurytem ora sp. (65), 
Acartia tonsa {63), M esocyclops leuckarti (67), Cyclops sp. (69).

A6 grouping of species included th ree  elem ents of the  aggregation: 
Bosm ina longirostris (42), Polyarthra dolichoptera  (21) and Polyarthra  
vulgaris  (13).''In  groupings A2, A3 and A7 a sm all num ber, of taxons 
occurred at one o r two of the sta tions w ith  sim ilar env ironm ental con­
ditions. These groupings show ed considerable cenologic distance, and  at 
the  sam e tim e the  highest sim ilarity  of c lustering  form ed (Fig. 3, Table 
3) on a branched dendrite  w ith  sim ilarity  in taxon num bers. Hence, 
clusters A2 and A7 w ere form ed by taxons sporadically  occurring at 
stations in  the V istula Lagoon, such as: Ascom orpha saltans (34), Cepha- 
lodela sp. (33), Notholca squam ula  (19), also Lecane luna  (17), Proales sp. 
(24), Chydorus sphaericus (44), Sim ocephalus ve tu lu s  (51).



Table 6 . N um ber o f  Zooplankton organism s at Vistula L agoon stations according to linear 
order o f  the dendrites in  1975 (in 1000/m 3)

Tab. 6 . L iczebność zooplanktonu na stanowiskach Zalewu W iślanego wg uporządkowania  
lin iow ego dendrytów w 1975 roku (w tys./m 3)

D epth —G łębokość (m) 2 , 1 2 , 2 2,9 2 . 6 3 2 2 , 6 4,4 3,6 2 , 8

Salinity — Zasolenie ( %) 0,7 2,7 2,5 3,9 3,0 2,9 3,9 3,6 3,9
Nitrates — A zotany 0,93 0,74 0,80 0,73 0,69 0,75 0,63 0,77 0,77
(m g N - N 0 3 /dm 3)
Free phosphates —
Fosforany wolne 0,357 0,178 0,235 0,238 0,187 0,206 0,183 0,183 0,182
(mg P 0 4 /dm 3)
O xidability—Utlenialność 21,7 20,3 25,4 27,8 28,6 28,6 28,6 26,5 27,8
(m g 0 2 /dm 3) \

A i

Stations — Stanowiska  
Taxons — Taksony 1 3 2 9 4 5 8 6 7 '

34 1 0

A 2 33
19 3

13
1 0 3

9 1 0 3

A 3
29
50
47 3

13
7
7 7

32
18 1 0

15 - X 7
7

5
15

15
14"- 13 1 0 9 8 13

7 19 7 7 27 23 17 19
28 15 48 30 28

31 1 0 25 2 0 13 27 17 1 0 1 0

67 30 48 32 38
69 13 77 13 23
63 27 27 57 27 41 52 51 63
13 39 30 25 38 46 17 35 16 74

A« 15 72 16 46 60 33 27 6 8 38 52
2 108 8 103 48 1 2 2 2 42 18 35

65 42 139 8 8 149 136 116 71 1 0 1 87
4 53 187 82 45 64 18 62 24 85

45 43 280 87 140 90 76 1 0 2 1 30
2 2 18 132 50 43 46 19 87 41 375

1 0 1 1 1 1 0 42 135 60 43 43 7 1 0

27 41 7 103 39 38 47
8 17 1 0 13

5 554 692 104 72 301 70 9 38
3 1 0 1 731 216 449 350 70 23 8 8 42

a 5 26 487 925 269 632 415 435 426 240 623

1 1 2
181 242 306 467 368 338 425 272 585

H 51 603 431 443 478 533 597 557 314

23 48 1 2 1 2 29
A ć 2 1

42
56

1 0 2 7 7 3

1 13 3
17 1 0

a 7 24
44
51

7
7
6

1



T able 7. Num ber o f  zooplankton organism s at Vistula L agoon stations according to linear 
order o f  dendrites in 1977 (in 1000/m 3)

Tab. L iczebność zooplanktonu na stanowiskach Zalewu W iślanego wg uporządkowania liniow ego
dendrytów w 1977 roku (w tys./m 3)

D epth — G łębokość (m) 2,3 2 , 6 2,9 2 , 6 2 , 6 4,7 2 , 8 3,2 3,5
Salinity —Zasolenie (%) 0,7 2 , 2 2 , 1 2 , 2 3,0 3,4 3,0 2,5 3,3
Nitrates — Azotany 1,85 0,72 1 , 1 2 1,05 0,81 0,58 1,08 1,36 1,35
(m g N - N 0 3 /dm 3)
Free phosphates —
Fosforany wolne 0,215 0,193 0,225 0,185 0,251 0,160 0,157 0,229 0,229
(mg P 0 4 /dm 3)
O xidabiiity — Utlenialność 27,5 27,0 26,06 26,3 25,1 24,0 23,5 26,0 25,8 
(m g 0 2 /dm 3)

b 2

Stations --S tanow iska
T axons —Taksony 1 5 2 3 9 8 7 4 6

41 9 3 41
1 0 1 0 3 70 25 3 1 0 19

24 5
51 3 7

9 3 6 7
67 1 1 1 1 7 7

2 13 7 1 0 8 4 3 5 3 1 0

18 8 5 3 6 4 1 0 5
6 2 1 17 3 8

2 1 13 8

44 7 5
b 3 13 1 1 4 8 3 3 7

28 2 0 7 5
45 19 U 6 7 4 3 4 8

69 17 1 2 30 7 8 3
23 2 2 3 23 8 3 5 6

42 35 9 2 2 24 3 9 35 8

31 9 6 16 1 1 6 8 13 15 17
63 7 23 16 2 0 . 13 29 29 27 43I
26 25 17 19 19 16 2 2 9 9
48 8

,  .
29 1 2 3 7 7

1 2 50 65 35 31 170 65 54 31 171
7 1 0 58 / 8 1 0 0 114 1 1 2 13 23
8 14 1 0 13 1 2 62 79 6 8 33 28

65 33 8 6 78 78 42 1 2 0 61 72 80
4 72 36 1 0 2 8 6 43 27 1 1 93 92

b 4 3 83 2 1 1 77 84 17 93 91 150 135
15 57 57 70 138 89 1 1 1 133 132 274
27 51 115 130 146 1 1 1 158 176 209 378
2 2 35 114 126 67 170 176 371 459 824
1 1 30 73 80 196 217 449 264 98 2 1 2j__ 5 315 42 76 42 64 352 249 190 ¿i'.
2 0 3 5
14 7 6 4 7 4
19 7r r 74 i 7 3 7lBs 36

%
5



Table 8. N um ber o f  Zooplankton organism s at Vistula L agoon stations according to linear  
order o f  dendrites in 1978 (in 1000/m 3)

Tab. 8 . Liczebność zooplanktonu na stanowiskach Zalewu W iślanego wg uporządkowania  
lin iow ego dendrytów w 1978 roku (w tys./m 3)

D epth — G łębokość (m ) 2,3 2,2 3,0 2,7 2,9 3,4 3,6 2,8 4,6
Salinity —Zasolenie (% ) 1,4 2,7 3,0 3,1 3,0 3,5 3,6 3,5 3,7

Nitrates —A zotany 0,73 0,46 0,58 0,26 0,33 0,51 0,27 0,31 0,40  
(m g N - N 0 3 /dm 3)
Free phosphates —
Fosforany w olne 0,124 0,123 0,152 0,195 0,169 0,132 0,121 0,107 0 ,110  
(m g P 0 4 /dm 3)
Oxidability — U tlenialność 24,0 28,2 27,4 24,0 24,4 26,9 27,6 26,5 26,6
(m g 0 2 /dm 3) __________________________________

c , c2

Stations — Stanowiska  
Taxons — Taksony 1 3 4 5 3 6 9 7 8

16 26

38 5
C 3 73 3 7 ■>' 3

76 7 1 0 3 3
67 6 25 16 7
2 2 14 2 1 23 16 6 6 143 187 143

1 1 2 2 321 321 319 327 352 195 276 276

26 159 150 288 91 23 176 ' 51 29 196
c 4 1 2 54 152 1 0 2 150 105 177 198 156 237

3 180 204 131 196 191 158 85 52 92

5 23 191 106 89 65 49 8 6 105 105

1 0 25 61 23 50 14 17 29 1 2 2

65 53 70 1 0 2 377 80 85 75 77 67

15 28 36 28 9 2 0 40 42 44 70

63 3 25 39 46 17 39 54 60 138

7 1 2 15 1 2 13. 17 17 26 31
C 5 13 1 2 8 18 1 0 8 13 17 26

45 2 2 2 2 17 18 2 0 1 1 18 15 15

31 2 2 2 2 24 2 0 2 0 1 1 1 0 9 7

2 2 0 17 1 0 1 0 18 3 1 1

23 15 2 2 8 3 1 0 1 0

4 2 2 48 32 53 1 1 18 3 7

34 * 7 7 3
48 «*» 7
51 7 7

c 6

9
2 1

7
7

42 7 18. 4 8 9 1 1

8 30 3 8 1 1 1 2 1 2

19 1 0 7 3
C7 41 7 8 7 7



Table 8 — continued

50 15 7 7 5
14 7 7 7 11 18

Cs 46 3 10 24 7 7 7 12
74 3 25 82 16 3 11
28 10 43 28

C 9 27 33 33 . 36

69 21 13 8 10 48 40 ti

61 7 11 7
18 3 8 7 10

C jo 49 3 9 7 12
24 3 7 7
20 7
77 10
32 3 10 10 3

In  1977, s im ilarity  analyses of the  num bers of zooplankton organism s 
a t sta tions w ith  d ifferen t hydrological values showed th a t  th ree  c lusters 
form ed a t a s im ilarity  level of 51.44%) (Fig. 2, Table 2). Two of these, 
being m ulti-e lem en ta l clusters, a re  indicated  in  Table 7 by the symbols 
Bj and  B2. A th ird  independen t c luster was a t  s ta tion  1, located in  the 
sou th -w estern  p a rt of th e  V istu la Lagoon.

Stations 2, 3 and 5, w here sa lin ity  and  value of organic m atte r  w ere 
sim ilar, farm ed grouping Bi. S ta tions 4, 6, 7, 8 an d  9, w ith  a h igher 
level of salin ity , form ed grouping B2.

Eight c lusters were form ed as a  resu lt of num erical s im ilarity  ana­
lyses of taxons, a t a s im ila rity  of 47.69% (Fig. 4, Table 4). Here, th ree  
groups w ere distinguished, denoted B3, B4, B5. The rem aining taxonom ic 
units 'occurred as independent clusters and  on analyzing the sim ilarity  
coefficient did mot form  groupings.

The strongest clustering  was th a t of 11 taxons w ith , very  high num ­
bers and  demoted as B4. B rackish  w a te r taxons, such  as Pedalia fennica  
(22), Eurytem ora sp. (65) and  eurotopic species w ere characteristic  of 
th is grouping: occurring at a ll the stations in  the  V istula Lagoon. More 
taxonom ic units w ere found ¡in grouping B3, -but th e ir  num bers w ere not 
as high as in  grouping B4. Both brackish and freshw ater species occurred 
here. G rouping B5 w as m ade up  of tw o species, Acartia bifilosa  (74) and 
Synchaeta  oblonga (36), found a t  sta tions 6, 8 and  9. Single clusters w ere 
form ed of Bosmina coregoni m aritim a  (41), Keratella crucijorm is  (14), 
w hich occurred a t  sta tions w ith  a h igher level of salin ity , and  sporadi­
cally  Notholca striata  (20).

A ssum ing a num erical s im ilarity  coefficient of 60.65% for stations 
in  1978, the  den d rite  divides in to  four clusters (Fig. 2, Table 2). S tations 
1 and 8 w ith  d iffe ren t env ironm ental conditions form ed single clu­



ste rs  (Table 8). The separa te  grouping Ci was form ed from  five stations 
(2, 3, 4, 5, 6), w hereas grouping C2 —  from  only tw o (7 and 9).

The s im ilarity  dendrite  for taxon (numbers form ed 24 clusters a t 
a coefficient of 50.11% (Fig. 5, Table 5). Eight m ulti-e lem en t groupings 
denoted in Table 8 by th e  sym bols C3, C4, C5, C6, C7, C8, C9, anid Ci0 
w ere isolated from  these. The ¡remaining clusters w ere  form ed of single 
taxons aind did no t form  groupings w ith  o ther taxonom ic units a t  the 
accepted s im ila rity  coefficient.

The strongest grouping denoted by the sym bol C4 was a com pact 
group of taxons w ith  high num bers occurring at all th e  stations. The 
g rea test num ber of aggregation elem ents w as concentrated  in  grouping 
C5, m ostly  taxons characteristic  of brackish  w aters (Table 8). C3, C6, C7, 
C9 and  C10 w ere the  sm allest groupings consisting of two species each, 
w ith  very  low ¡numbers. G rouping C8 was m ade up of four species — 
Sida cristallina  (50), Evadne nordm anni (46), K eratella  crucijorm is (14), 
an d  Acarta bifilosa (74) characteris tic  of sea w ater.

5. DISCUSSION OF RESULTS

O n the  basis of th ree -year investigations of a syn the tic  character, the  
resu lts  of which a re  presented  in  Tables 6, 7, 8, it can be concluded th a t 
th e  process of form ing c lusters constitu tes an expression of the  flexible 
reaction  of zooplamkton to environm ental conditions. The various num ­
ber of c lusters (Table 2, 3, 4, 5), both of sta tions grouping and  taxons, 
indicate th a t  th e  tendency  for zooplankton to  form  clusters is no t obli­
gatory , b u t depends upon the  rela tions existing betw een species and  
environm ent. These rela tions a re  n o t constant, especially  for stations
2, 3, 4, 5, 6 (Fig. 1). These sta tions are  located in th e  cen tral region of 
the  V istula Lagoon, w here sa lin ity  ranges from  2.1%  to 3.5% (Tables 
6, 7, 8).

D uring th e  th ree -y ea r period of investigations, s ta tion  1 s itu a ted  in  
the  sou th-w estern  p a rt of the  V istula Lagoon alw ays form ed a separate 
c luster, differing from  th e  rem ain ing  groupings as regard s num bers, 
species composition and  ¡number of taxons. On th e  basis o f exam ples for 
selected  environm ental factors it can be seen th a t  no t only did sa lin ity  
decide as to  the  individual character of th is region, bu t also a combi­
nation  of o ther featu res such  as sm allest depth, ¡and above all, the  high 
con ten t of n itra te s  [10, 11],

Groupings a t stations also d iffer from  each o th e r as regards comm on 
taxotns. The h ighest num ber of com m on taxons was in  grouping B 1( 
w here the  dom inant species, as fa r  as num bers w ere  concerned, was 
Brachionus angularis (3), w hereas Filinia longiseta  (11) and  Synchaeta  
litoralis (27) w ere  com ponents.



Tables 6, 7, 8 also show relationships betw een  the  particu la r taxon 
groupings of th e  V istula Lagoon. These rela tionsh ips ru n  in  tw o direc­
tions and  a re  based on e ith e r eurytopie species occurring a t a ll sta tions 
in  th e  V istula Lagoon, and  hence w ithout any decisive significance as 
regards groupings of stations, o r on taxons requ iring  definite and  spe­
cific env ironm ental factors apacially d istribu ted , such as salin ity , w ater 
depth , nu trien ts . On th e  whole these species consist of taxons charac te r­
istic for fresh  or salt w ater, and form ing single clusters. However, 
under no  circum stances do such  species occur in  large num bers in envi­
ronm ents untypical to them , and in such cases give way to brackish 
w ater taxons or eurytopie species w hich determ ine the  occurrence of 
zooplanlk'ton groupings as regard s num bers and  stab ility .

The process of farm ing clusters, as show n by a n  analysis of sim ila­
r i ty  based on num bers of zooplankton organism s, is not schem atically  
d istr ib u ted  in  th e  spacial system  of the V istula Lagoon stations. This 
w ould indicate th a t c lusters can  form  n o t only  as a  resu lt of biotopic 
and  biocenotic factors, bu t th a t groupings of seasonal dom inants can also 
form  as changes take place in  diagnostic properties.

6. CONCLUSIONS

The theoretical generalization of the  resu lts  of cluster analysis of zoo­
plankton, based on  populations of taxons in  th e ir  spatia lly  determ ined  
variab ility , constitu tes the basis for the  following conclusions:

1. S tation 1, s itua ted  in  the  sou th -w estern  region of the  V istula 
Lagoon, d iffe red  'basically from  the  rem aining statio'ns as regards zoo­
p lank ton  num bers, species composition, abiotic factors, and constitu ted  
an  ind iv idual c luster during the  period of investigations.

2. G roupings (A1; Bj, B2, Ci, C2) o r single clusters w ere form ed a t 
Stations depending upon the  ¡relations betw een th e  composition and 
num ber of taxons, and  abiotic factors of th e  environm ent.

3. Zooplankton groupings resu lting  from  sim ilarity  of num ber of 
taxons can be divided as follows:

groupings (A5, B4, C4) of taxons occuring a t  a ll stations in  the 
V istula Lagoon, m ade up principally  of eurytopie species which — 
although they  do not qualify  the  biotope — are  nevertheless characteris­
tic of eutrophic w ater due to  th e ir  very  high num bers.

groupings (A3, A4, A6, B3, B5, C5| C7, C8, C9, Ci0) o r single clusters of 
perm anen t taxons of various num bers, m ade up principally  of euryhaline 
fresh  and brackish  w ater species,

groupings (A2, A7i C3, C6) o r single c lusters of taxons occurring spo­
rad ically  a t specific stations in  the V istula Lagoon. i
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ANALIZA SKUPIEŃ LICZEBNOŚCI 
ZOOPLANKTONU ZALEWU WIŚLANEGO

Streszczenie

Braca niniejsza oparta jest na trzyletnich materiałach zooplanktonu Zalewu Wiśla­
nego, zebranych w  marcu — listopadzie 1975 r., maju — listopadzie 1977 r i lutym 
— listopadzie 11978 r. Próby pobierano w  tych latach Co miesiąc z tych samych 
dziesięciu stanowisk; pięć z nich (stan. !1, 2, 4, 6, 8) leżało na podłużnym przekroju 
Zalewu, a cztery (stan. 3, 5, 7, ®) — na przekrojach poprzecznych (¡rys. ł). Próby 
pobierane były czerpakiem Ruttnera. Badania mikroskopowe przeprowadzono w 
komorze o pojemności 1 cm3. Ogółem zebrano i poddano • analizie mikroskopowej 
512 prób {Tab. 1).

Celem pracy była analiza skupisk zooplanktonu na podstawie liczebności opie­
rając się na definicji podobieństwa i odległości [7, 8, '9], ¡Stopień podobieństwa w y­
rażano przy pomocy wzoru Marczewskiego i Steinhausa {8]:

w
S = --- ----- .

a +  b — w

Budowę dendrytów i sposób ich liniowego uporządkowania oparto na analizie 
podobieństw, parzy założeniu zachowania jak najkrótszych odległości {rys. 2, 3, 4, 
5). Dla zbioru stanowisk wydzielono zgrupowania wynikające z podobieństw liczeb­
ności występującego na nich zooplanktonu, natomiast dla zbioru ¡taksonów, zgru­
powania wynikające z podobieństw ich liczebności. Wszystkie możliwe skupiska 
stanowisk i taksonów w  trzyletnim okresie badań przedstawiono w postaci sche­
matów w tab. 2, 3, 4, 5.

Obliczenia współczynników podobieństw wykonano elektroniczną maszyną cy­
frową „Odra-,1204”.

W analizie tendencji skupiskowych zwierząt planktonowych uwzględniono tylko 
jednostki taksonomiczne w. randze systematycznej rodzaj — gatunek, zgodnie z za­
łożeniami Romaniszyna [9].

Wyniki badań zebrane zostały w  tab. 6, 7, 8. Symbolami: Av  Bj, B2, Cv  C2 
zaznaczono zgrupowania stanowisk wynikające z podobieństw liczebności zooplank- 
tonu. Zgrupowania gatunków wynikające z podobieństw ich liczebności zaznaczo­
no symbolami. A g, A ^, A^, A g, A g , A ^ , B ^, B^, Bg, C ^ , C^, Cg, C g, C ^ , Cg, Cg, C jq. 
W toibelach tych uwidocznione są również powiązania poszczególnych zgrupowań 
taksenów Zalewu Wiślanego. Powiązania te  przebiegają w  dwu kierunkach i  opie­
rają się bądź na gatunkach eurytypowych, występujących na wszystkich stano­
wiskach {a iwięc nie mających decydującego znaczenia przy zgrupowaniu stano­
wisk, ale ze względu na bardzo wysoką liczebność i masowe pojawy są charakte­
rystyczne dla wód eutroficznych), bądź też na taks ona oh wymagających określo­
nych, specjalnych czynników środowiska w  rozmieszczeniu przestrzennym, jak za­
solenie, głębokość, sole biogeniczne. Analiza podobieństw na tle liczebności zoo­
planktonu wykazała, że proces tworzenia się skupisk nie jest schematycznie roz­
mieszczony w  układzie przestrzennym stanowisk Zalewu Wiślanego. Różna liczba
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skupisk, zarówno zgrupowań stanowisk, jak i taksonów, wskazuje na to, że właści­
wości zooplanktomu :do wytwarzania agrupowań oie 'są obligatoryjne, ale zależą od 
układu stosunków między gatunkami a środowiskiem.. -
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