
INSTITUTE OF ECOL06Y-POLISHACADEMY OF SCffiNCES 

Vol. XIX Warszawa 1971 No. 25 

Institute of Ecology, Laboratory of Plant Ecology, W arszawa 

Head: Docent Dr. Tadeusz Traczyk 

Henryka TRACZYK 

RE.LATION BETWEEN PRODUCTIVITY ·AND STRUCTURE 

OF THE HERB LAYER IN ASSOCIATIONS 

ON "THE WILD APPLE-TREE ISLAND" (l\fASURIAN LAKE DISTRICT) 

(E~ol. Pol. 19: 333-363). The author presents results of studies on herb layer 
production and organic fall in four associations on "The Wild Apple-Tree Island" (Masurian 

Lake District), A large number of comparative analyses are made and the commoner 
regularities determined. These refer to relations between frequ~ncy and density, production 
and density, division of production among species etc. 

The paper forms one of the series of studies on herb layer productivity in the more 
important low land associations of Poland carried out by the Institute of Ecology, Polish 
Academy of Sciences, under the lntemational Biological Programme. 
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I. INTRODUCTION 

The· present paper is one of a series of studies aimed as assessing the 
amount of herb layer production and plant fa]) in the more important forest 

associations of Poland. It simultane ous1y 
forms an indispensable basis for studies 
on the productivity of sma11 rodents 
which h~ve been .. contin::~ed for many 
years , by the Natural Population Labora-
tory of the Institute of Ecology, Polish 
Academy of Sciences, in the \.Voods on 
"1,he Wild Apple-1,ree Island'' In addition o 

to estimation of the amount of herb layer 
production and organic fall in four forest 
associations, the purpose of the paper 
is a]so to make a comparative analysis 
of productivity parameters and to esta­llllllllllllnt 

N blish what regularities occur between 
12 12 

them. ~3 
VZZ7;34 

s ll. DESCRIPTION OF ASSOCIATIONS 
0 20 40 60m 
I I I I 

''The Wi1d A.pp1e-1,ree Island"~ on 

Fig. 1. Distribntion of forest associa­ which these studies ·were carried out9 

• 
18 

tions on "The Wild Apple-Tree Islandu 
1 - Frangulo-Salicetum, 2 - Czrcaeo· 

·Alnetum, 3 - Tilio·Carpinetum stachy-

situated in the north-east part of P o;and in 
Lake Baldariskie (Masurian Lake District) 9 

e to sum, 4 - Tilio-Carpine:um typicum a few kilometres to the north of the town 
of Ruciane. It is a small i s1and about 

4.5 ha in area, covered by four forest associations which have been identified 
as: Frangulo-Salicetum Male. 1929!' Circaeo-Alnet·um Oberdorfer 1953 and Tilio­
Carpinetum Traczyk 1962 in two sub-associations -- T.-C. stachyetosum silva­
ticae and T.-C. typicum. Mor.e detailed data on the phytosociological relations 
of this island are to be found in a short note (H. 1, r a c z y k 1965). The distri-



Frequency (F), density (D), average growth(~) and nett production of species in herb layer of Frangulo-Salicetum 

Tab. I 

Density Individual Net Pr9duction-P 
Species F • No. average 

per 10m2 % growth in g g/10 m2 % Cumul. 
• 

' 

1. Dryopte.ris the lypte ris 30 200 11 30 2.1810 6104600 29 29 -d 
2. Carex acutiformis 63 607 24 500 0.7295 442.806 21 50 a 

0.. 3. Calamagros tis canes cens 50 1147 46 1000 . ~ 0.3588 411.544 20 70 (') 4. P hra gmite s communis 40 90 4 90 a. 4.5067 405.603 19 89 .... 5. Urtica dioica 10 20 <1 60 2.1825 43.650. 2 91 ... < 

6. Lysimcchia thyrsiflora 30 60 2 60 ? 
'-< 

Q) 0.7115 42.690 ... 93 
r'/ • . P halaris arundinacea 3 40 = 1 60 0.9700 38.800 1 94 ~ 

8. Rubus idae us I riJ 3 17 <.1 30 2.2100 37.570 1 95 ... 
9. L ythrum sali caria 23 37 a 1 60 0.8745 31.246 1 96 (') 

10. Calystegic. sepium 10 20 c 
f'¥ 

<1 30 0.5650 11.300 <1 ... 
11 .. Stachys palustris 3 7 . <1 10 1.4250 9.975 <1 

~ 

0 ! 2. Scute lla ria gale ric ula ta 13 23 <1 ...... 30 0.3380 7.774 <1 
13. Galiu m pa_lu s tre 20 63 2 60 0.0975 6.142 <1 
14. Pulmono.ria 0bscu~ 3 3 <1 10 0.6750 2.025 <1 . 15. Salix cinerea 3 3 <l 10 0.3900 1.300 <1 
16. Solanum dulcamara 7 7 <I 10 0~1530 1.071 <1 
17. Alnus glutinosa 10 23 <1 10 0.0120 0.276 <1 • 

18. Epilobium palus tre 3 3 • <l 10 0.0520 0.156 <1 

Total 2490 2104.608 

249/ml 210.461 glrn2 

Avg herbage cover- 33% 2.490 milL/ha c. 2105 kg/ha 

Number of individuals used for the ca:culation of individual average growth of species. 



Frequency (F), density (D), a verage growth (Gi) and nett production (P) of species in herb layer of Circaeo·A lnerum 

Tab. Il 

. 
Density Individual Net production-? 

Species F No average ! 
per 10m 2 % growth in g g/10 m 2 2 Total g/ 10 m % Cumul. 

1. U rtic a d io ica 63 263 3 200 3.0204 7 94.365 794.365 35 35 
2. E upato rium canna binum 6 25 <1 30 11.4000 285.000 285.000 13 48 
3 . Geranium R obertia nu m 81 575 6 400 0.1765 101.487 209.974 9 57 .. • 

f 55 <1 60 1.9725 108.487 ' ' 4. Cirsium o leraceum 19 63 <1 70 3.0600 192.780 192.780 9 66 • 

" " f 21 <1 60 0.2425 5.092 
5. Galeobdolon luteum 48 1063 11 1100 0.1570 166.891 171.983 8 74 

6. Rubus idaeus 28 7 1 <I 70 1.4500 102.950 111.596 5 79 
" " f 3 <1 10 0.2882 8.646 

7. Chrysosplenium alternifo liu m 36 3015 32 1000 OD234 70.551 87.278 4 83 
" " f 232 2 80 0.0721 16.727 

8. G eum urbanum 19 215 2 400 0.217I 46.676 66.596 3 86 
" " f 32 <I 70 0.6225 19.920 

. 

9. A llia ria o ffic inaiis 60 236 2 200 0.0600 14.160 60.240 3 89 
u " f 24 <1 60 1.9200 46.080 

10. Galium aparine 25 154 2 150 0.3755 57.827 57.827 2 91 
I1. D entaria bulbife ra 19 252 3 200 O.I229 30.971 40.571 2 93 

tt " f 16 <I 20 0.6000 9.000 • 
12. C ircaea alpina 41 967 1._0 800 0.0354 34.232 34.232 1 94 
I3. A e gopodium podagraria 9 44 <1 50 0.5680 24.992 24.992 1 95 
14. Mo echringia trinervia 54 1265 13 1000 0.0104 13.156 20.086 <1 

" " f 105 1 150 0.0660 6.930 
15. C alamagrostis canescens 9 40 <1 60 0.4550 18.200 18.200 <I 
16. Pulmonaria obscura 13 33 <1 30 0.3300 10.890 14.150 <1 

" " f 6 <1 30 0.5433 3.260 
• 

17. C onvallaria maialis 19 32 <1 40 0.3175 10.160 10.160 <1 



. I • 

' 18. Lysimachia thyrsiflora 13 35 < 1 40 0.2853 9.985 9.985 < 1 
19. Viola mirabilis 6 8 < 1 10 0.41 ()() . 3.280 4.720 <1 

" " f 2 <1 10 0. 7200 1.440 
20. S tnchys palus tTis 2 3 <1 10 I 1.5650 4.695 4.695 < l 
21. Gale ops is te trahi t 16 27 < 1 30 0.1655 4.198 4.198 <1 
22. F icaria vema 16 201 ~ "' 200 

• 
0.0162 3.256 3.256 <1 

23. Dryopteris thelypteris 9 27 < l 30 0.1200 3.240 3.240 <1 
2 4. Ajuga reptans 2 13 < l 20 0.2300 2.990 2.990 <l 
25. M ycelis mura lis 2 2 < 1 10 1.4370 2.874 2.874 <1 
26. Poa trivialis 14 I 200 ' 2 150 o.o 115 2.300 2.300 <1 
27. A ne m one nemoros a 

I 14 29 <1 50 0.0567 1.644 2.244 <1 
tt n f 6 <l 1 0.1000 0.600 ...... ,.. f""f' 28. E vorrymus e uropaea .) 9 < 1 10 0.2200 1.980 1.980 < 1 '< 

~ 29. Paris quadrifolia 3 2 
I 

< l 10 0.2190 0.438 1.838 <1 ::s 
Q.. u " f 2 < 1 10 0.7000 1.400 (JJ 

30. Carex acutifonnis 2 2 < 1 20 0.8255 1.651 1.651 < 1 
q 
1::: 

31. S cute llaria gale ri cula ta 2 (j ..... 3 < 1 10 0.4350 1.305 1.305 <1 c:: 
32. F ilipendula ulmaria 2 3 < 1 15 0.2490 0.747 0.747 :a <1 
33. C ory lu s a vel/ana 2 3 < 1 10 0.2010 0.603 0.603 <1 0 

34. A lnus glu tin os a 
~ 

3 3 < 1 10~ 0.1420 0.426 0.426 <1 ;:r -
en 35. Corydalis s olida 2 , 2 <1 10 0.0180 0.360 0.360 < 1 ::r 
~ 
""t 3 6. El epatica nobilis 3 5 <1 10 0.0700 0.350 0.350 <1 t::r 

37. C ardamine impatiens 13 25 < I 30 0.0130 0.325 0.325 < 1 
38. Carp in us be f1.J, lu s 6 6 < 1 10 0.0420 0.252 0.252 <I 
39. E pilobium palustre 2 2 < l 10 0.1000 0.200 0.200 < 1 
40. A doxa m os chate ll in a 5 9 <l 20 0.0200 0.180 0.180 <1 
41. T ilia cordata 3 3 <1 10 0.0467 0.140 0.140 <l 

Total 9439 2250.889 -
A vg herbage cover- 83% 944/ m2 225.089 glm 2 

. 9.439 mill./ ha c. 2251 kg/ha 

Number of individuals used for the calculation of individual average growth of species f- fructifying. 



Frequency (F), density (D }, average growth (Gi) and nett production (P) of species in he.-h layer of Tilio-Carpinetum stachyetosum 

Tab. Ill 

Density I Individual Net pro duction-P 
Species F No. average Total 

. ,.per 10 m2 % growth in g g/10 m2 g/10 m2 % C umul. 

1. G aleobdolon luteum 92 1015 15 15 0.1594 161.791 164.491 23 23 . 

" " f 8 <I 10 0.3375 2.700 
2. D entaria bulbife ra 85 800 12 1000 0.1063 85.040 105.060 14 37 .. " f 28 <1 50 0.7150 20.020 
3. A egopodium podagraria 65 190 3 200 0.2902 55.138 55.138 8 45 
4. H epatica nobilis 48 142 2 150 0.2770 39.334 46.134 6 51 

" " f 17 <1 20 0.4000 6.800 
5. Stachys silvati,ca 13 32 <1 40 0.9300 29.760 29.760 4 55 

I 6. Paris q uadri folia 67 155 2 200 0.1770 27.435 28.995 4 59 
tt " -f 3 <I 10 0.5200 1.560 

7. Anemone nemorosa 53 440 7 500 0.0465 20.460 27.670 4 63 
" " f 70 1 200 0.1030 7.210 

8. Ajuga reptans 23 92 1 100 0.2900 26.680 26.680 4 67 
9. Geum urbanum 22 30 <1 60 0.6900 20.700 24.690 3 70 

" " f 3 <1 15 1.3300 3.990 
10. P olygonawm multiflorum 13 27 <1 50 0.7450 23.715 23.715 3 73 
11. P ulmona.ria obscura 23 23 <1 40 0.9700 2 2.310 22.310 3 76 
12. Oxalis acetosella 17 1872 28 1800 o.o 112 20.966 21.886 3 79 

" .. f 23 <1 40 0.0400 0.920 
13 • U rt i c a d io i c a 

• 

5 25 <1 40 0.7825 19.562 19.562 3 82 
14. Actaea s picata 5 8 <1 20 1.3200 10.560 15.300 2 84 

" " f 2 <1 20 2.3700 4.740 
15. Mycelis muralis 5 22 <1 40 0.6150 13.530 13.530 2 86 
16. Rubus idaeus 5 13 <I 20 0.9550 12.415 12.415 2 88 
17. C ir~aea a lpina 23 400 7 300 0.0288 11.520 11.520 2 90 
18. A doxa moschate llina 70 628 9 700 0.017 3 10.864 10.864 1 91 
19. Viola mirabilis 10 13 <1 20 0.5700 7.410 10.150 1 92 

" " f 2 <1 10 1.3700 2.740 



20. Cirsium oleraceum 2 2 <1 10 4.1900 • 8.380 8.380 1 93 
21. A thyrium filix-fe mina 7 17 <1 20 0.4260 7.242 7.242 1 94 
22. Lysimachia thyrs iflora 12 20 <1 40 0.3300 6.600 6.600 < 1 95 
23. Geranium Robertianum 37 87 1 100 0.0517 4.498 4.498 < 1 
24. S te llaria ne moru m 2 10 <1 20 0.3700 3.700 3.700 < 1 
25. E vonymus e uropaea 8 25 <1 20 0.1400 3.500 3.500 < 1 
2 6. A lliaria officinalis 27 92 1 200 0.0380 3.496 3.496 < 1 
27. Majanthemum bifolium 10 50 <1 60 0.0617 3.085 3.085 < 1 

• 

28. Tilia cordata 10 12 <1 20 0.1900 2.280 2.280 < 1 "'0 
29. C ampanula tra che lium 2 2 <1 15 1.0187 2.037 2.037 < 1 0 

Q.. 
30. F ilipendula ulmaria 5 5 <1 10 0.3400 1. 700 1. 700 <1 (') 

c:: 
~ 31; Carpinus betulus 3 3 <1 10 0.5100 1.530 1.530 <1 .... 
< 

'< 
~· 
~ 32. Moechringia trinervia 37 158 2 200 0.0080 1.264 1.264 <I 

33. S crophularia nodosa 2 2 <1 10 0.6150 1.230 1.230 <1 "' 34. Viburnum opulus 2 8 <1 IO .0.1150 0.920 0.920 <1 = Q.. 

35. C orylus ave llana 5 5 <I 10 0.1800 0.900 0.900 fiJ <1 £: 
36. Veronica chamaedrys 2 7 <1 10 0.1020 0.714 0.714 <l c:: 

(') 

37. D ryopteris the lypte ris 2 2 <1 IO 0.1300 0.260 0.260 <1 c:: ~ 

~ 38. U lmus sea bra 8 8 <I 10 0.0300 0.240 0.240 <I 0 ..... 39. Con volvulus sepium 2 5 <l 10 0.0360 O.I80 O.I80 <1 ~ ::r 40. C ardamine impa tie ns 2 5 <I 10 0.0190 0.095 0.095 <I ~ 

41. Corydalis s olida 2 2 <1 IO 0.0220 0.044 0.044 <I ::r 
~ 

42. Ste llaria media 2 2 <1 IO o.o I90 0.038 0.038 <I 0"" -
Total 6616 723.803 

.Avg herbage cover- 7I% 662/m2 72.380 g/m 2 

6.6I6 mill./ ha c. 724 kg/ha 



Frequency (F), density (D), average growth (G;) and nett production of species in herb layer of Tilio-Carpinetum typicum 

Tab. 1 V 
. 

Densitv Individual Net production-P . 
Species F No. average 

per 10m2 % growth in g g/10 m2 % C umul. 

1. Dentaria rulbifera 98 1795 28 800 0.0832 149.344 26 26 
2. Galeobdolon luteum 72 820 13 820 0.0754 61.828 11 37 
3. Asperula odorata 20 240 4 520 0.1969 47.256 8 45 
4. H epatica nobilis 56 125 2 150 0.3660 45.750 8 · 53 
5. Urtica dioica 8 14 <1 20 3.0395 42.553 7 60 
6. A doxa moschatellina 45 830 13 220 0.0483 40.089 7 

• 
67 

7 . ' Anemone nemorosa 61 697 I1 785 0.0572 39.868 7 74 
8. . A egopodium podagraria 39 I29 2 555 0.2408 31.063 5 79 
9. P ulmonaria obscura 21 . 52 <1 lOO 0.4372 22.734 4 83 

10. Corydalis solida 7I 316 5 240 0.0529 16.716 3 86 . 
11. Oxalis acetosella 22 984 16 76J 0 .o 149 

f 

14.662 3 89 
12. Lathytu~ vernus 6 10 <1 20 1.0700 10.700 2 91 

~ 

13. Geranium Robertianum 5 11 <1 20 0.8780 9.658 2 93 
14. Geum urbanum 3 9 <1 10 0.6750 6.075 1 94 
15. A thyrium filix-fe mina 1 5 <I IO I.l460 5.730 <1 
16. Anthriscus silvestris 2 2 <1 10 2.3400 4.680 <1 
17. Alliaria o ffic inalis 26 85 1 IOO OD540 4.590 <1 
18. Polygonatum multiflorum 8 8 <1 10 0.5500 4.400 <l 
19. Paris qlJll.drifolia 16 20 <I 25 0.2080 ·4.160 <I 1 

20. Viola m ira bilis 7 8 < l 15 0.4733 3.786 <l 
21. • Actaea s picata l l <1 30 1.9367 I.937 <I 
22. Stachys s ilvatica 1 l <I 10 1.8000 1.800 < I 
23. . Cam[Xl.nula trachelium '1 1 <I 15 1.7760 1.776 <I 
24. F icaria verna 7 99 1 200 0.0135 1.336 <1 
25. A juf!J re ptans 6 8 <1 10 0.1100 0.880 <I 
26. Mycelis muralis 1 l <1 10 0.8120 0.812 <I 
27. M 

• 

ilium e ffusum 1 1 <l 30 0.2873 0.287 <1 
28. E vonymus e uropaea 2 2 <I 10 0.1150 0.230 < l 
29. Majanthemum bifolium 3 6 <l 20 0.0 lOO 0 .O(JJ <I 

Total 6280 574.760 

628/m2 . 57.476 g/m2 
Avg herbage cover- 56% . 

6.280 mill./ ha c. 575 kg/ha . I 
I 

. 
N\lmber of indiyiduals used for the calculation of individual average growth of species. 
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[9J Productivity and structure of the herb 1 ay er 341 

bution of the associations on the island is shown in Fig. 1. 1,he associations 
reveal a close connection with the land formation and the action of lake water • 

• 

They are distributed concentrica11y - the coastal, lowest parts of the island, 
often submerged, are occupied by the' Frangulo-Salicetum association, the 
highest middle parts by patches of Tilio-Carpinetum typicum, and the interme· 
diate parts -by T.-C. stac.hyetosum and Circaeo-Alnetum: This in consequence 

leads to formation of different types of soil connected with the different asso-
ctations. 

The floristic composition of the herb layer is given in tables I-IV which, 
in addition to a list of species, also include different quantitative parameters 
from those given in phytosociological descriptions. They.,nevertheless given 
a better idea of the quantitative relations prevailing in the herb layer than 
the s<!ales of abun~ance given in phytosociological studies. On this~account 
the species composition and quantitative relations of the tree and shrub layers 
in these four associations are given as supplementary to the tables. 

l. Frangulo-Salicetum: Crown cover 20-40%, shrub cover - 80%. Only 
Alnus glutinosa* (3.3) occurred in the tree stand. Salix cinerea (5.5) decidedly 
dominates in the undergrowth, and sporadical1y Salix pentandra (1.1) and Salix 
alba(+). 

2. Circaeo-:A lnetum: Crown cover 60%, shrub cover 10%. A lnus glut{nosa 

(4.4), with a slight admixture of Ulmus scabra (+), forms the tree stand of this 
a ssoc ia tion. · E vony m us e uropaea ( +) and S alix c ine re a ( +) are encountered 
singly in the shrub layer. 

3. Tilio-Carpinetum stachyetosum silvaticae: Crown cover 80%, shrub cover 
- 90%. A lnus glutinosa (4.5) predominates in the upper layer of the tree stand 
(a1), with single individuals of Pinus silvestris (+). Ulmus scabra (2.3) and 
Tilia cordata (2 .3) occur in layer· a 2 in varying degrees of compactness (30%). 
The very dense shrub layer is formed by Coryllus avellana (5.5) and a few 
individuals of U lmus sea bra (1.2). 

4. Tilio-Carpinetum typicum - Crown cover 90%, shrub cover - 80%. Pinus 
s ilve stris (3 .3) and P opulus tre mu la (1.1) grow in the highest layer of the tree 
stand; in the lower- a 2 : Carpinus betulus (3 .2) and Tilia cordata (2.3). Coryllus 
avellana (4.4), predominates among the shrubs with an admixture of Tilia cord£!-ta 
(2.2), Carpinus betulus (1.1) and Evonymus eu-,;opaea (+). 

The tree-stands are' about 120 years old. 

Ill. METHODS 

!.General principles 

The method described by T ra c z y k (l967a, 1967b) was used for field work • . 
This consists in principle of caiTying out two field analyses independently 

*The namesofplantsare givenafterSzafer, Kulczynski, Pawlowski (1967). 



342 Henryka Traczyk 

of each other. The first of them is intended to establish the density of indivi­
duals (or shoots) of populations of species occurring in the given association, 
the second - the average individual growth of a given population during the 
maximum peri~d of its development and growth. Net primary production (P) of 
a given species will equal the product of density (D) and average individual 
growth (Gi) 

In the associations examined only a few sporadic species retain their upper 
parts throughout the winter. In th,e case of these species the biomass in the 
foiJowing growing season will consist of the older previous year's shoots and 
the current year's shoots. In such cases the average individual growth was 
calculated only on the basis of the current year's biomass after separating it 
from that of previous years. In the great majority of the species examined the 
upper parts die during winter and with these species the maximum state of bio­
mass in a given year w il1 simultaneously be maximum growth. 

2.Analysis of density of herb layer plants 

In each of the four associations examined 100 hoops 0.1 m2 in areal were 
distributed at regular intervals. Density analysis was made twice, on May 4th 
and June 3rd. The first of these analyses was aimed at determining the density 
of early spring geophytes (Corydalis, Adoxa, Dentaria, Anemone etc.) which 
from a distinct but sho~tlived spring aspect in associations of the Carpinion 
a1liance. A careful count was made for each sample, depending on the 
morphology of the species, either of the number of individuals or of shoots 
above ground, and assessment made in percentages of herb layer cover. There 
was no ground cover of mosses and 1 ichens. 

3. Determination of average individual growth 

In accordance with the principles of the method co11ection was made during 
the maximum periods of population development (fruitnig phenophase) of a suit-
able number of individuals or shoots of a given species depending on 

, 

the results 
of density analysis. It must be emphasised that it is necessary here to adhere 
to identical units within the same population both in the density analysis and 
when analysing the determined average individual growth values. If, for in­
stance, in the density analysis of a population of Dentaria bulbifera the basal 
leaf and shoot from the gemtnules formed two units and density was determined 
for each of them, it is essential to cut off the same elements, i.e. leaves and 
shoots from gemmules, as separate units when co11ecting plants. 
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Plants were cut in three periods - at the beginning of May (e.g. Corydalis 
solida, Adoxa moschatellina), beginning of June (Dentaria, Anemone, Pulmo­
naria, Viola, H epatica, Lathyrus and others) and about July 20th (Mycelis 
muralis, Urtica dioica, A egopodium podagraria, Geu'!l urbanum, Stachys silvatica , 
Stellaria nemorum etc.) Co1lection dates were adapted to the time when the 
-given populations attained maximum development and growth. 

The fourth columns in tables I-IV give the number of individuals (shoots) 
cut in order to obtain data on growth. The biomass of this number of individuals 
divided by the number of individuals gives the average individual growth at 
the time of fu1J development of the population (Gi). 

4. Measurements of plant fall 
, 

Practical work has shown that it is pointless to use bags for plant fall 
in regions where tourist traffic is heavy. On this account hoops 0.1 m 2 in area 
were placed on ground devoid of herb layer and litter. Thirty of such hoops 
were permanently arranged in each association and as was the case when 
analysing density, they were arranged systematically at regular intervals. The 
hoops were placed in position on April 28th and fall collected from them at 
the following times: June 5th, July 27th, October llth and November 17th, that 
is, over a period of 208 days of the growing season. The materia] collected 
was separated into: 1) leaves of deciduous trees, 2) leaves of coniferous trees, 
3) fruits and 4) branches, twigs, bark, outer covering of buds etc. Each of the 
four categories was dried to a constant weight and weighed with accuracy 
to 0.01 g, like herb layer plants. 

IV. RESULTS AND DISCUSSION 

!.Frequency 

Frequency is a measure of the likelihood of encountering a species in 
a patch of the given association, regardless of its density. It is usual to 
express this va,]ue in percentages and t divide it into what is known as classes 
of frequency for each 20%. In order to obtain a more exact estimate of the 
number of sporadic species, in class I (1-20%). I additionaHy differentiated 
a so-ca11-ed "+" class (plus) containing very rare species encountered only 
a few times in every 100 samples (class 1-10%). Analysis of data from tables 
I-IV and tables V-V Ill (3 successive columns from left) permits of drawing 
more general conclusions, namely: 

1 e Regardless of the type of forest association, or type of site, the number 
of rare, sporadic species (frequency c1ass I) is decidedly the greatest. This 
value in the associations examined varied, depending on the association, from 
66-78%; taken on an average over 70% of the total nu1nber of herb layer species 
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Distribution of number of species, density and production 
in frequency classes in Frangulo-Salicetum 

Tab. V 

Number 
Frequency Density Net pro ducti on of species 

classes 
real % 1m2 % g/ml % 

81-100 V - - - - - -
51-80 IV 1 6 61 25 4.4.281 21 

I 

41-60 Ill 1 6 115 
' 

47 41.154 19 
21-40 n" 4 22 47 19 109.022 52 
11-20 I 2 11 9 4 1.392 1 
1-10 + 10 55 17 5 14.612 7 

Total 18 249 210.461 

Distribution of number of species, density and production 
in frequency classes in C ircaeo-A lnetum 

Tab. VI 

Number 
Density Net 'production Frequency of species 

classes 
real % 1m2 % tg/m2 % 

• 

81-100 V 1 2 63 7 20.997 9 
61-80 IV 1 2 26 3 79.436 35 
41-60 tlf 4 10 368 39 28.654 13 
21-40 11 3 8 347 37 25.649 11 
11-20 . I 11 26 114 11 34.656 16 

1-10 + 21 52' 26 3 35.697 16 

Total 41 944 2 25.089 

Distribution of nund:er of species, density and production 
in frequency classes in Tilio.Carpinetu'!' stachyetosum 

Tab. VII 

Number 
Density Net production Frequency 

of species classes 
2 real % 1 m % g/m2 % 

81-100 V 2 5 185 28 26.955 37 
61-80 IV 3 7 98 15 9.500 13 
41-60 Ill 2 5 67 10 7.380 10 
~1-40 11 7 17 88 13 9.405 12 
11-20 I ' 4 10 197 30 8.196 11 
1-10 + 24 56 27 4 10.944 17 

Total 42 622 72.380 
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Distribution of number of species, density and production 
in frequency classes in T ilio-C arpine tu m typicum 

Tab. Vlll 

Number 
Frequency Density Net p·ro duction 

of species 
classes 

. real % ~ m2 % g/m2 % 

81-100 V l 3 179 28 14.934 26 
61-80 IV 3 10 183 29 11.841 21 
41-60 Ill 2 7 96 16 8.584 15 
21-40 11 4 14 125 20 6.362 12 
11-20 I 2 7 26 4 5.142 8 
1-10 + 17 59 19 3 10.613 18 

Total 29 628 57.476 

are species rarely or very rarely encountered (class I). Very rare species 

(class+) formed over 50% of the number of species. 
2. Unlike sporadic species, species with maximum frequency (most often 

encountered) are few in number (2-5%). This means that from a number varying 

from 50-80 herb layer species, only 1 or at most 2 species are encountered 

in more than 80 out of 100 samples. More detailed data on this are given in 

tables V-VIII. 

2.Density 

The average general density of individuals or shoots, without regard to 
species appurtenance, varies fairly considerably in the associations examined 
(Tab. I-IV), as follow's: in Fra,ngulo-SalicetUf!L there are, on an average, 249 

shoots per 1 m 
2

, with average herb layer cover of 33%. This is relatively the 

I owest value. Maximum density of individuals, exceeding the previous value 
by almost four times, was found in the herb layer of Circaeo-Alnetum; where 

it was as high as 944 units per 1 m 2 , with herb layer cover of 83%. In the t\vo 
associations of the Carpinion alliance density was sin1ilar: in Tilio-Carpinetum 
stachyetosum silvaticae, with het·b layer cover of 71% the density of individuals 

was 662/m2
, and in T.-C. typicum - 628/ m2

, with herb layer cover of 56%. 

It is obvious that the density value of plants depends on many factors. 
In a forest factors limiting density often include lack of a sufficient amount 

of Jight, when the upper layers of the forest are very dense, then humidi'ty 
relations in the soil, the size of the plants themselves and even the way in 

v.·hich they reproduce • .f\1ention must also be mad~ of an important group of hi­
ocenotic factors, particularly the interactions of plants. Such interactions 

must be very important, sin~e so large a number of individuals occur per unit 

of area equal to 1 m2 
• These questions sti11 require more detailed investigation. 
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Frequency, density and production of 

Frangulo-Salicetum Circaeo-

Species Densitv 
• 

Production Densitv . F F p~r 10 m2 g/10 m2 per 10m2 
• 

. 

I. Calamagrostis canescens 50 1147 411.544 9 40 
2. Carex acutiformts 63 f:IJ7 442.806 2 2 
3. Dryopteris thelypteris 30 280 610.680 9 27 
4. P hra gmite s communis 40 90 405.603 
5. Chrysosplenium alternifolium 36 3247 
6. M oe hringia trinervia 54 1370 
7. C ircaea a lpina • 41 967 
8. Geranium Robertianum 81 630 
9. U rtica dioica 10 20 43.650 63 263 

10. A lliaria offici nali s . 60 260 
11. F icaria ve rna 16 201 
12. Galeobdolon luteum 48 1084 

13. Oxalis acetosella 

14. Paris quadrifolia 
-

3 4 
g. 15. A egopodium podagraric;J 44 

16. H epatica nobilis 3 5 
17. Dentaria bulbifera 19 268 
18. A doxa m os cha te llina 5 9 
19. Anemone nemorosa 14 35 
20. Corydalis solida 2 2 
21. A sperula odorata 

Density within the different populations (species) of the herb layer exhibits 
a similar regularity to that found for frequency. Species with low density value 
are the most numerous. In every association, however, we find distinct domina­
tion in the herb layer of one, or at most a few, species. Taking the different 
degrees of density into consideration these two categories of species could 
respectively be termed sporadic and dominants, and w·ith a_ccepted classes of 
value a scale of density with several degrees can be · drawn up. The range of 
density values for the different po.pulations in a given herb layer varies from 
1 to several thousand individuals per l 0 m2 

• 

The density of a given species (population) differs greatly, depending on 
• 

the type of plant association. As an example of t~is in table IX I have compared 
frequency value, density value and production value of a large number of 
species in the associations examined. The patteTn of these values in different 
associations explains many problems in the· field of specific ecology and is 
also of assistance in determining their optimum ecological amplitudes. 

In extensive comparative studies it was not infrequently possible to see 
that the given species under given ecological conditions (in the given type of 
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some species in four associations 
• 

Tab. I~ 

-Alneturn Tilio-C arpine turn s tachye tos um T ilio-C arp ine tu m typicum 

Production Density Production Density Production 
F F g/10 m2 per 10m2 g/10 m2 per 10m 2 g/10 m2 

18.200 
. 1.651 

3.240 

87.278 
20.086 37 158 1.264 
34.232 23 400 11.520 

209.9?4 37 8~ 4.498 5 11 9.658 
794.365 5 25 19.562 8 14 42.553 

60.240 27 92 3.496 26 85 4.590 
3.256 7 99 1.336 

171.986 92 1023 164.491 72 820 61.828 
. 17 1895 21.886 22 984 14.662 

1.838 67 158 28.995 16 . 20 3.786 
24.992 65 190 55.138 39 129 31.063 
0.350 48 159 46.134 36 125 45.256 

40.571 85 828 105.060 98 1795 149.344 
0.180 70 628 10.864 45 830 4 0.089 
2.244 53 510 27.670 61 697 39.·868 
0.360 2 2 0.044 71 316 16.716 

20 240 47.256 

association) exhibits ver~ high density with low current bion1ass per individual, 
and in others - lesser density but great biomass (considerable growth). The 
analysis made in this connection is aimed at establishing the hiocenotic opti­
mum and habitat- ecological optimum of species. A classic i1lustration of these 
two types of eco1ogical relations is the behaviour of Picea excelsa in the 
Bialowieza Primeval Forest. The spruce attains optimum habitat conditions 
there (its ecological-habitat optimum) in Tilio-Carpinetum associations. It .grows 
there to a height of over 40 m, and attains vast individual biomass. Its density, 
however, is very low, as it cannot withstand competition with deciduous trees. 
The reverse situation was found in coniferous forest habitats: its density 
decidedly exceeds the numbers of all other species of trees, despite the fact 
that single individual biomasses are never as great there as in tree stands 
of the Carpinion al1iance. In this second case it is possible to 1pcak of the 

,. spruce's biocenotic optimum. Attention was drawn to those questions by P a­
c z o s k i ( 1 92 Sa , 1 92 5 b). 

The population of a given species finds relatively the best living conditions 
if both the size of the individual and density of individuals, and consequently 
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its productivity, reach m·aximum values. Numerous tabulated data supply exam­
ples of the a hove discussion (Tab. I-IX). 

3.Frequency and density 

It is worth while devoting slightly more space to the relations between 
frequency (chance of encountering a species in a given patch of vegetation) 
and density (number of individuals of a species in a given area). Comparative 
analysis of data in this connection permits of establishing th-e two most frequen­
tly encountered relations, namely: 

1. It is usually found that species rarely encountered in samples are also 
represented by a small number of individuals (numerous data in Tab. I-VIII). 
For example: Corydalis sol1:da was found only twice out of 100 samples and 
then only two individuals in number (Tab. 11 position 35), or Adoxa moscha­
tellina, 9 individuals in number, in 5 samples out of 100. 

2. Species with a high degree of frequency occ~r simultaneously with 
a large number of individuals (e.g. DeRtaria bulbifera, Galeobdolon luteum, 
Anemone ne morosa etc. in 1,ab. IV). 

These two most often encountered rules do not of course exhaust all pos· 
sibilities. It may happen that species with low frequency are characterized 
by considerable density and vice versa. The relations between frequency and 
density permit of drawing conclusion as to the way in which the population is 
distributed in a horizontal space, that is, of the distribution and gregariousness 
of species. We have found four basic possibilities here: 

When the species exhibits high frequency and density it may he considered 
• 

that it is distributed in the given stretch of vegetation in the form of a field, 
or else in more or less evenly dispersed large clusters. 

Species with minimum frequencies and low densities occur rarely and at 
ra ndom, in the form of single individuals. 

Species with high frequencies (classes IV, V) and relatively low density 
occur frequently and m ore or less evenly, but singly. 

Species with low frequency hut far greater density exhibit random-clumped 
distribution - i .e. occur in larger groups but unevenly distributed over the 

~ 

area of the patch of vegetation. The last type of spa1tial distribution can be 
explained by the example of a mosaic-like ha bitat, vegetative reproduction 
e.g. from r hizomes or sto1ons, as in Oxalis acetosella (in Tilio-Carpinetum) 
or the situation when the study area includes several facies or subassociations 
etc. These are of course somewhat general and approximate assumptions. The 
question of the spatial distribution of populations requires more detailed study 
methods, t~king into consideration the ratio of sample size to number of samples 
and size of patch (0 dum 1963). · 
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4. P r o d u c t i o n a n d d e n· s i t y 

Production of a species and its density 

The net production of a given species is the function of density of individ­
uals and of average individual growth. Four basic possibilities may occur in 
this connection: 

l) great individual growth (Gi) with simultaneously great density, 
2) low values Gi and- low population density, 
3) great individual growth- low density, 
.4) low values Gi - high density. 
In the first case the species is responsible for decidedly the most produc­

tion. Among such species are, for example: Carex acutiformis in Frangulo­
-SaLicetum, Urtica dioica in the alluvial tree stand, Dentaria bulbifera in Tilio-

-Carpinetum typicum. In the second case, where we have low density and low 
average individual growth, the species' production is negligibly small. The 
largest number of such species occur in the herb layer. In the third and fourth 
case production exhibits intermediate values. Obviously the terms ''large" 
''sma11" "intermediate" are relative values covering a large range of variations. 
For instance Oxalis acetosella in T.-C. stachyetosum attains a density of 

1895/m2 
, that is, very great density, but individual growth is very small, and 

production value in consequence forms only about 3% of the whole. A similar 
production value is found for Urtica dioica, despite the fact that the ratio of 
density to individual growth is the exact reverse (Tab. Ill)~ 

Total production a:tnd density 

It is possible to draw conclusions as to the size of the average individual 
in the herb layer of a given association from the ratio of total production to 
density. If, for instance, we take the average individual in the herb layer of 
T.-C. typicum as 1, then in T.-C. stachyetosum this index would be 1, 2, in 
Circaeo-Alnetum - 2.6, and in Frangulo-Salicetum as high as 9, 4. 'fhis index 
can provide re1iable information on ecological and habitat relations. 

Similarly by dividing total herb layer production by the number of species 
we obtain the index of production value per species. Again in Frangulo-Salice­
tum this index is decidedly the highest, i.e. 11.1, whereas in Circaeo-A lnetum 

it is 5.5, in T.-C. typicum 2.0 and in T.-C. stachyetosum 1.7. 
The production of a given population also rises with increase in density, 

but this relation does not ahvays apply to tota1 values. It often happens that 
the given group of species or the whole herb layer, despite the fact that it 
exhibits considerable density, may have low production. This of course depends 
on the size of individuals. A striking example of this are species in frequency 
classes 11 and Ill in the alluvial tree stand, such as: Chrysosplenium alterni­

folium, Circaea alpina, Moeh.ringia trinervia and others, which jointly reach 
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as much as 76% of total density, although their production is only 24%. On the 

other hand two species in frequency classes IV and V - Urtica dioica and 

Geranium robertianum - despite the fact that they constitute only 10% of the 

density value, produce as much as 44% of total production. Tables V-VIII and 

Fig. 2 present the relations between production value and the number of species 
and their density. 

225.0 
?10.4 

200 W.l 0' 
mf2 

~ 150 
~ 652 t::)) 

·~ 
628 ~F~ 

~ 
~ 100 meA 
~ 
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~CS 5l5 
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Fig. 2. Relation between production value and number of species and their density in 
the herb layer of the four associations examined 

1 - number of species: 2 - density per 1 m2, FS- Frangulo·Sc.licetum; CA- Circaeo-Alnetum; 
CS- Tilio·Carpinetum ·stachyetosum silvaticae; CT- Tilio·Carpinetum typicum 

5. Distribution of production among species 

It was found that in each association there is one, or at most a few, species , 
the production of which distinctly exceeds that of other species. In the assoc i-

. 
.. tions examined on an average approximately 30% of total production is pr 
ductd by a dominant of this kind. Data in Fig. 3 i1lustrate the reiations between 
the number of species and production value expressed in percentages. Except 
for the herb Jayer in Frangulo-Salicetum, the course taken by the lines is in 

• 

general similar. As from the greatest dominant, differences in production be-
tween subsequent species become increasingly sma11er (gentle rise in curve). 
In Frangulo-Salicetum there is a distinct break in the curve of production 

value which coincides with the number of 4 species. In this case as much 
as 89% of total production is accounted for by the four dominating species, 
which are: Dryopteris thelypteris, Carex acutiformis, G'alamagrostis canescens 
and Phragrnite communis . If we enquired how many species in the remaining 
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Fig. 3. Relation between production value and number of species 
F.S - Frangulo-Salicl'tum, CA - Circaeo·Alnetum; CS · - Tilio-Carpinetum stachyetosum; 

CT- Tilio- Carpinetum typicum 

associations from such production value it would appear that there are 9 - in 
the herb layer of Tilio-Carpinetum stachyetosum, 11 in T.-C. typicum and as 
many as 16 species in Circaeo-Alnetum. Generally speaking the shape taken 
by curves of percentage of production (Fig. 3) is a good measure of the weight 
structure of the herb layer or distribution of production among species. 

Depending on the amount of bioJnass produced by species it is possible 
to suggest a conventional division of species into several classes (groups). 
I have given below division of species into five classes according to the amount 
of biomass produced, expressed in percentages: 
Class I: absolutely dominating species (order I absolute dominant) producing 

over 50% of total production, 
Class Il: dominating species (order 11 dominant) - amount of production within 

limits of 25, 1 - 50%, 
Class Ill: eo-dominating species (order Ill dominant) - amount of production 

10, 1 - 25%, 
Class IV: dominated species- value 1,1 - 10%, 
Class V: species outstandingly dominated- production below 1%. 

Division into such classes of production corresponds most closely to the 
actual data supplied by analysis of the herb layer in different associations. 

'rable X presents the percentage of number of species and their production 
value in the above classes. Order I dominant was not recorded in these associ­
ations. A species of this kind usually occurs under extreme e co1ogica1 condi­
tions. There are few dominating species in any of the associations examined .. 
They from a very smaJl percentage of the total number of species, but produce 
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Distribution of number of species and production in production classes 

Tab. X 

F rar,gu lo-Salice tu m C ircaeo-Alnetum T ilio.(.' arpinetum stachye to sum Tilio-C arpinetum typicum 

Production Num rer Net pro- Nwnler Net pro- Number Net pro-I Number Net pro-
I classes of species d uction of species duction of species ducti on of species duction . 

real % % real % % real % % real % % 

I SC.l-100% - -
11 25.1- 50 l 5 29 1 2 35 - - - 1 3 26 

Ill 10.1- 25 3 17 60 1 2 13 2 5 37 1 3 11 
IV 1.1- 10 5 28 7 11 26 47 19 45 55 12 42 57 
V 1 

. 

<1- 9 so 4 28 70 5 21 50 8 15 52 6 

Total 18 41 42 29 
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nearly half the total production value. The most numerous, on the other hand, 
are · outstandingly dominated species (class V), forming 50% of the number 
of species. Their production reaches only a small percentage of total value. 
The regularities applying to production are thus analogical to the density 
relations of herb layer species. . 

6. T o t a 1 h e r h 1 a y e r. p r o d u c t i o n i n f o u r a s s o c i a t i o n s 

Comparison of the four associations showed that maximum produ (~t ion and 
density were attained by the herb layer of C ircaeo-A lnetum. Product ion was 
225 g/m2 

, that is 2250 kg/ha and density 994 shoots (individuals) pe: 1 m2 
• 

Sifllilar production was also found in Frangulo-Salicetum (210,4 g/m2
), despite 

the fact that the number of species and density are decidedly the lowest 
(Fig. 2). The production of the two Tilio-Carpinetum sub-associat~.ons are simi-
1 ar (72 ,4 and 57,5 g/m2

) and is about three times smaller than that of the herb 
layer in thq_ two other associations. 

The results obtained refer to defined stretches ot forest examined on ''The 
Wild Apple-Tree Island" o It is difficult to say to \Vhat extent they are represent­

ative of units of a more general character, such as associations. It would be nec­

essary to carry out field studies by means of appropriate methods, and also sta­
tistical ea) culations in order to detennine this question. In the present case 1 was 
chiefly concerned with obtaining - using a uniform method - the order of 
relative values for given associations, without taking into consideration the 
s ignificance of differences and other statistical calculations. 

714 g/m2 
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Fig. 4. Total amount of plant fall (columns) and percentage of falJ (columns) and 
percentage of fall in each of four categories (circles) 

1 -leaves of deciduous trees; 2 - needles of coniferous trees; 3 - fruits and flowerheads; 
4 - branches, twigs, bark etc. 

FS - Salici-Franguletum; CA - Circaeo-Alnetum; CS - Tilio-Carpinetum stachyetosum; CT- . 
Tilio-Carp ine tu m typic um 
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Tree and shrub fall in four associations during vegetation 

Associations 

Kind of fall Tilio-Carpine titm typicum 
. 

June Juli Sept. Oct. Nov. 
. 

Leaves of deciduous trees 5.26 6.16 22.16 55.36 264.85 
Leaves of coniferous trees 12.90 4.49 8.18 36.98 24.76 
Fruits 30.91 6.39 7.58 0.83 16.55 

Plant debris 33.07 25.34 16.13 14.06 48.26 

Total 82.14 42.38 54.05 107.23 354.42 

Frangulo-Salice tu m 

Leaves of deciduous trees 15.19 20.99 42.04 68.83 209.14 
Leaves of coniferous trees 0.08 0.18 0.11 0.98 0.18 . 
Fruits 2.18 3.37 0.69 0.84 11.84 
Plant debris 19.60 36.11 22.24 8.54 27.51 

Total 37.05 60.65 65.08 79.19 248.67 

7. Plant fa]] 

The amount of plant fall in the associations and percentages of fractions 
are i11ustrated by Fig. 4. Maximum organic faH was found in Tilio-Carpinetum 
stachyetosum (714 g/ m2

), which is almost twice higher than fall in Circaeo­
A lnetum (364 g/m

2
). The causes of this must be sought for in the relations 

prevailing in the tree and shrub stands. In Tilio-Carpinetum stachyetosum, 

apart from the two-layer very dense tree stand, th~re is a den~e shrub layer 
of Corylus avellana, assessed at 80% cover, whereas in Cir~aeo-Alnetum the 
shrub tayer and tree stand is far less compact (respectively 10 and 60%). 

The leaves of deciduous trees and shrubs clearly predominate . in the total 
mass of p1ant fall and in Frangulo-Salicetum and Circaeo-Alnetum attain respec-. . 

tively 73 and 83%. In associations of the Carpinion alliance, particularly in 
T.-C. typicu'!l, there was a distinct admixture (about 14%) of pine needles. 

The percentage of fruits and seeds is not 4igh, only reaching a value of 10% 
in T.~C. typicum due to the presence of pine cones. A relatively large part 
of plant fall consists of branches, twigs, bark and dead parts (15-35%). This 
is due to the considerable wood mass, the age of the tree stand and strong 
winds blowing from the open stretch of the lake. 

... The pattern of plant fall over the growing season is i1lustrated by table XI 
and figures 5 and 6. During summer and up to autumn the amount of plant fa1l 
at the different times of coJlection oscillated round the value 10%, not attaining 
a value of 50% of total plant fall until late autumn (Fig. 5). The faH of organic 
matter to the forest floor is thus continuous and gradual throughout the _gro\\ring 
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season 1967 (data in grams of ovendry weight per square meter) 

Tab. XI 

and months 

Total Tilio-Carpinetum sta.chye tosum Total 

g/m2 % June Juli Sept. Oct. Nov. g/m2 % 

353.79 55.3 2.62 28.84 31.89 85.20 269.47 418.02 58.6 
87.31 13.6 0.35 0.45 0.61 7.40 1.09 9.90 1.4 
62.26 9.7 7.05 8.38 11.48 0.55 6.81 34.27 4.8 

136.86 21.4 86.55 70.48 27.56 27.86 39.28 251.73 35.2 

640.22 100.0 96.57 108.15 71.54 121.01 316.65 713.92 100.0 

Total C ircae o-A lne tu m Total 
. 

356.19 72.6 3.31 23.42 33.65 57.76 184.51 302.65 83.1 
1.53 0.3 0.12 - 0.09 0.86 0.45 1.52 0.4 

18.92 3.8 2.50 0.92 0.08 - 1.40 4.90 1.4 
114.05 23.3 19.28 10.50 4.73 10.62 9.83 54.96 15.1 

490.69 100.0 25.21 34.84 38.55 69.24 196.19 364.03 100.0 

60 
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28./Y 5.YJ 2 7.1'/1 5.1% llX flXI 
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Fig. 5. Dvnamics of plant fall during growing season in four fore~t &ssociations 
FS - Frangulo-Salicetum, CA - Circaeo-Aln~tum, CS - Tilio·Carpinetum sULchyetosum, CT -

Tilio-Carp inetum ~ypicum 
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Fig. 6. Fall of leaves of deciduous trees and shrubs in four associations 
FS - Frangulo·Salicetum, CA- Circaeo-Alnetum, CS- Tilio-Carpinetum stachyetosum silvaticae, 

CT- Tilio-Carpinetum typicum 
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Fig. 7. Dvnamics of plant faH in Tilio-Carpinetum typicum 
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season. f.,rom spring and summer unti1 the autumn a great amount of ]ea£ fall, 
almost ha]£ the annual organic fa1l, finds its ' way to the forest floor. Inten­
siveness of faJl of the different fractions differs in time. 'fhi's can. be traced, 
using faH in Tilio-Carpinetum typ'icum (Fig. 7) as an example.~. 

The smallest fa1l of leaves Qf deciduous trees and shrubs occurs during 
the formation and development of young leaves (up .toAhe 'end of May). Through­
out the summer months this value exhibits a very slight but constant tendency 
to increase. It is not until autumn that leaf fall abruptly increases (Fig. 6). 

In the case of coniferous trees there are two distinct periods of needle 
'· fa11: the first in spring is far smaller (about 13 g/ n{2

) and a second in October, 
almost three times greatef. than the, spring fal1 (Fig. 5). 

Leaf faiJ from decid~ous trees and shrubs, as mentioned above, attains 
its decidedly maximum value in, a'utump from mid-October to mid-November, but 
maximum fall from coniferous tree,.s takes yl~ce '-a month earlier, i.e. from 
approximately mid..Septemoer 

' 
to mid.October. 1,his regularity is . repeated in . 

al1 four associations, regardless of differences in the species composition 
of the treestand (Tab. XO. ~ 

4 . 

The &mount of biomass of dead branches, hark etc. is greater in spriqg than 
• 

in summer. Frozen twigs and branches 'and bark peeling after winter are easily 
knocked off by the strong winds blowing from the lake. The tree crowns, at that 

f • r 

· time leaf)ess,. provide no shelter from the wind. 'fhe second peak of fall of 
' .. 

this fraction takes place in autumn; the fail of fruits and seeds follows a similar 
pattern. 

, 

8. Tot a 1 production v a 1 u e of the herb 1 aye r and of p 1 ant fa]] 

Table XII contains general comparisons of the a.mount o{ herb layer produc­
tion and organic faH. Production value is given for each of the study associa­
tions in grammes of dry n1ass and kilocalories-Per,square metre. T_!le index of 
caloric value of one gramme of dry phtnt ·mass as 4,35 .kcal has been accepted 
after G·o1 ley (1961) and Wiegert and Ev.ans (1964). 

Maximum tota1 production and plant- fa]] are found in Tilio-Carpinetu'!l sta-
chyetoSUf!£ - 786,3 g/ m2 

• The Jow.est is in 
• 

Circaeo-.Alnetum - 589,1 g/ m2 
, 

• 
despite the fact that herb layer . production in this latter association proved to 
be over three times higher (225 g/ Jl12

) than in T.-C. stachyetosum (72 g/ m2
). 

This was inf1uencp·d by the relatively }o,v value of organic fa]) in Circaeo­
.. A lnetum, where tree dens it~ is low, as it is in the shrub layer. Contrary to . 
this, in associations of the Carpinion a11iance we find a dense tree stand 
differentiated into a ·higher Jayer a 1 and lower a2 , and very luxuriant shrub layer 

(' ..... 
(chiefly C oryllus avellana). In Cir'caeo-A lnetum there are better light conditions 
on the forest floor than in Tilio-C arpinetum associations. rfhe herb layer in the 
former consequently exhibits 83% cover, and that of the latter 71 and 56%. 
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Summary of net production in four association 

Tab. XII 

Frangulo- Circaeo- T ilio-Carpine turn T ilio-Carpine tum 
Production Salicetum A lnetum s ta eh ye tos um typicum 

glm2 kcal/ m2 g/ m2 kcaVm2 g / m2 kcal/ m2 glm2 kcal / m2 

Plant fall 490.69 2130 364.03 1580 713.92 3100 640.22 2780 
Herbs 210.46 910 225.09 980 72.38 310 57.48 250 

Total 701.15 3040 589.12 2560 786.30 3410 697.80 3030 

'fhe more general regularities merit attention in this connection, namely 
total production values of four associations (in this case of the herb layer and 
plant fa11) exhibit far less variability than the values of different component 
elements of such production. 

In the herb layer the production values of different populations e xhibit 

wide variations (Tab. 1-IV)., these differences attaining the order of several 
thousand times more or less than other given values. 

The range of variations in herb layer production between associations :s 
slight (in T.-C. typicum 574.8 - in Circaeo-Alnetum 2250,9 g/ 10 m2

) and is 
about 4 times greater. When the herb layer and fall values are compared we 
find that they are very similar (Tab. XII). The extreme va1ues between Circaeo­

-Alnetum and Tilio-Carpinetum stachyetosum are from 589 to 786 g / m~. Perhaps 

if production of trunk and branches were measured, the total production of alJ 
elements of forest vegetation would exhibit very similar values per unit of area 
and time. Even wi.thout taking this last possibility into consideration it can be 
said that in natural, balanced associations different plants, different forms of 
growth "quite clearly form one whole adapted, wherever local limiting factors 
permit, to the solar energy reaching the ecosystem'' (Od u m 1963). We find here 
an analogy with the observations made by Gessner 1949 (cited after 0 dum 
1963), · who proved that the amount of chlorophyJI incident at a given moment 
per unit of surface is in genera] similar in different biocenoses. 

V. COMPARISON OF RESULTS 

1. Regardless of the type of forest association, the number of sporadic 
species (frequency class I) id decidedly the greatest. On an average over 70% 
of the number of herb layer ~pecies are rarely encountered species. Unlike 
sporadic species, species with maximum frequency (class V) are few in number 
and from 2-5% of the number of species (cf. Tab. V -VllD. 

2. The average total density of individuals (or shoots) in herb layer of four 
associations per 1 m2 is as fo11 ows: 
Frangulo-Salicetum 249 hvith herb layer cover of 33%), 
C ircae o-A lne tu m 944 ( " tt " u " 83%), 
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Tilio-Carpinetum stachyetosum 662 (with herb layer cover of 71%), 
T ilio-C arp ine tu m typ ic um 6 28 ( " " " " " 56%). 

3. Species with low density value (sporadic species) are in the majority. 

In each association, however, we find one, or at most a few, dominating species 
(Tab. I-IV). 

4. There are most ofte9 positive correlations between frequency and density: 

species rarely encountered in samples .are also represented by a smalJ number 

of individuals and vice versa (1,ab. I-Vlll). It does, however, happen that 

species with relatively low frequency are distinguished by considerable density. 

1'he relations between frequency and density provide a basis for drawing con­

clusions as to the way individuals of a population are distributed in horizontal 
space, that is, as to the distribution and gregariousness of species. 

5. Conclusions can be reached as to the size of the average ·individual 

in the herb layer from the ratio of total production to density. Fairly considera­
ble differences occur here. If an average individual in Tilio-Carpinetum typicum 

is taken as 1, then in T.-C. stachyetosum this index would be 1,2, in Circaeo­

-Alnetum - 2,6 and in Frangulo-Salicetum as much as 9,4. An index of this 

kind can provide reliable information on certain habitat properties, e.g. water 

relations in the soil. 
6. By dividing total herb layer production by the number of species respon­

sible for this production we obtain the index of production value per species. 
In Frangulo-Salicetum this index is decidedly the greatest, 11.1, whereas ir 
Circaeo-Alnetum it is 5.5, in Tilio-Carpinetum~ typicum 2.0 and in T.-C. sta­

chyetosum -1.7. 
7. As a rule, production of a given population also increases as density 

increases, but this relation does not always apply to total values. Frequently 

species with very great density have relatively low production (e.g. Oxalis 

acetosella, Chrysosplenium alternifolium), this of course depending on the 

amount of individual biomass produced in a given year. 
8. In each association we find one or at most a few species which markedly 

exceed others in respe<:t of their production. On an average about 30% of total 
production is accounted for by a dominant of this kind in the associations 

examined. Figure 3 i11ustrates the relations between the number of species and 

a mount of production in the various associations. 
9. The species were divided into five classes depending on the amount 

of biomass produced. The percentage of number of species and their production 
value in the classes are given in table X. The most numerous are specie.s 

producing less than 1% of total production. They from over 50% of the number 
of species, and their joint production forms only a sma11 percentage (about 5%). 

There are very few species producing a large amount of biomass (about 

9%), but their participation in production is as much as approximately 50% of 

the total value. 'fhe regularities applying to production are thus analogical 

with the density relations of the species. 
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10. Density and production values provide considerable information on the 

ecology of the species. A species finds relative·ly the optimum habitat condi­

tions in a place where its density and production attain maximum values 
('fah. IX). 

11. Herb layer production va lues are as fo1l ows : 

C ircae o-A lne tun-, 225.0 g/m2
, 

F rangulo-Salice turn 210.4 g/ m2
, 

Tilio-Carpine turn stachyetosum 72.4 g/m2
, 

Tilio-Carpinetum typicum 57.5 g/ m2
• 

12. The amount and qualitative composition of plant fall depends on the 

quantitative relations and species composition of the tree and shrub layers. 

L eaves of deciduous trees and shrubs distinctly predominate in the total 

mass of plant <fall (from 55-8.3%). The perce~tage of pine needles does not 

exceed 1% of tota1 fall, and it is only in Tilio-Carpinetu.m typicum that this 

percentage is as much as about 14. Similarly fruits and seeds from a rela­

tiv~1y small percentage (9, 7-1,4%, Fig. 4 and rfab. XD. 
13. rfhe flo~v of organic n1atter to the forest floor is continuous during the 

growing season, although differentiated as to quality and guantity. Taken jointly 

about 50% of total fall takes place from spring to autu1nn, the remaining 50% 

during a few weeks in autumn (Fig. 5 and Tab. XI). Maxitnum autumn needle 

falJ -{)Ccurs a month earlier than that of the leaves of deciduous trees. The value 

of the biomass of dead branches, t'rvigs, bark etc: and fruits and seeds exhibits 

two peaks - in spring and autumn. 
14. rfotal production values (of herb layer and plant fall) exhibit decidedly 

less variation than the value of different component elements of this production~ 

Within the herb 1ayer production values of different species exhibit variations 

several thousand times lesser or greater (Tab. IV). Variation within the herb 

la.yer production of the associations examined is slight and is about four times 

greater, \vhile the values of herb layer production and plant fall taken jointly 

are very similar in all the associations ('I'ab. XII). 

My grateful thanks are due to the Head of the Plant Ecology Laborat.ory, Doe. dr. 

hab. Tadeusz Traczyk, for suggesting the s1.1hject of this study end for his consultations, 

and to Urszula Ple·wczynska M. Se. and Lucyna Puszk:\r, M. Se. for their assistahce in 

field l\"Ork. 
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ZALEZNOSCI POMIEtDZY PRODUKTYWNOSCIJ\. RUNA A JEGO STRUKTURJ\ 
W ZBIOROWISKACH ,WYSPY DZIKIEJ JABLONI'' 

Streszczenie 

W pracy przedstawiono wyniki badati nad produktywnosci~ runa oraz opadu drzew 
i krzewow w czterech zespoJach lesnych ,Wyspy Dzikiej Jabloni". Jest to jedno 
z opracowan wi~kszej serii prac poswi~conych produktywnosci runa i opadu roslinnego 
wazniejszych zb"iorowisk nizowych Polski. W zbiorowiskach tych Instytut EkoJogii PAN 
prowadzi od Jat rownoczesne badania nad produktywnosci~ drobnych gryzoni. 

Celem pracy jest przede wszystkim ocena wielkosci produlccji runa i opadu roslin­
nego, przeprowadzenie porownawczej analizy wybranych parametrdw produktywnosci 
oraz ustalenie I_Jrawidlowo8ci jakie mi~dzy nimi zachod~. 

Badano runo i opad roslinny w czterech nas~puji\_cych zbiorowiskach: Frangulo­
· Salice tu m Male. 1929, C ircae o-A lne tu m 0 herd or fer 1953 oraz Tilio-Carpine tu m Traczyk 
1962 w dwu podzespo-l'ach T.-C. stachyetosum silvaticae, oraz T.-C. typicum. Roz­
mieszczenie zespoh>w na wyspie ilustruje fi gura 1. 

Przy ocenie produktywnosci runa zastosowano metod~ Traczyka (1967a, 1967h), 
polegajctc~ na ustaleniu za~szczenia poszczegolnych populacji oraz przeci~tnego przy-, 
rostu osobniczego w maksymalnym okresie wzrostu populacji. Produkcja pierwotna 
(P) r.Owna si~ iloczynowi za~szczenia {D) oraz przeci~tnego przyrostu osobniczego 
( G;, ) : p = D X G;,. 

W kaidym z czterech badanych zbiorowisk rozmieszczono w regulamych ods~pach 
po 100 prob kolistych o powierzchni 0,1 m2• Analiz~ zag~szczenia przeprowadzono w dwu 
terminach: 4 maja (dla wczesnowiosennych geofitow) oraz 3 czerwca (dla pozostalych 
roslin). 

W okresach maksymalnego rozwoju populacji {fenofaza owocowania) zbierano 
odpowiedni~. do wynikow analizy za~szczenia liczb~ gatunkow (p~dow). Rosliny 
scinano trzykrotnie - w maju, czerwcu i 1ipcu. 

0 pad roslinny zbierano z obr~czy drucianych {0.1 m2
) polozonych na ziemi pozba­

wionej runa i scioly. Prob takich rozmieszczono po 30 w kazdym zbiorowisku. Material 
roslinny zbierano czterokrotnie w okresie od konca kwietnia do 17 listopada. Nast~pnie 
segregowano go na cztery kategorie: 1) liscie drzew lisciastych, 2) liscie drzew szpil­
kowych, 3) owoce oraz 4) gal~zki, kcrowin~ itp. Material roslinny suszony by! de stalej 
wagi oraz wazony z dok.ladnosci~ do 0,01 g. 
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W pracy uzyskano nas~pujtt.ce wyniki: 
1. Bez wzgl~du na typ zbiorowiska lesn~go, liczba gatunk.ow sporadycznych (I kl. 

frekwencji) jest zdecydowanie najwi~ksza. Srednio biorctc, ponad 70% o g6lnej liczby 
gatunkow runa - to ga tunki rzadko spotykane. W przeci wieristwie do ga tunkow spora­
d ycznych, gatunki o najwyzszej &ekwencji (V kl.) SEt, bardzo nieliczne i stanowiG\, 2-5% 
liczhy gptunkow (por. Tab. V--VIII). 

2. Przeci~!.ne, og6lne za~szczenie osobnikow (lub p~dow) w runie czterech zbio­
rowisk ksztaltuje si~ na l m2 nas~puj~co: 

w Frangulo-Salice turn 249.. (przy pokryciu runa 33%) 
"Circa eo-A lne turn 944 ( .. " " 8 3%) 
" Tilio-Carpinetum s tachye to ~urn 662 ( .. .. .. 71%) 
"Tilio-Carpinetum typicum 628 ( .. .. " 56%) 

3. Najwi~cej jest gatunkdw o niskiej wartosci za~szczenia (gatunki sporady~zne). 
W kazdym jednak zbiorowisku stwierdzamy w runie dominacjt;, jednego lub eo najwyzej 
kilku gatunkow (Tab. I-IV). 

4. Pomi~dzy frekwencj~ a za~szczeniem zachodz{\, najcz~sciej korelacje dodatnie: 
gatunki rzadko napotykane w probach s~ rowniez repr~zenotwane przez mal~ liczb~ 
osobnikdw i odwrotnie (Tab. I-VIII). Zdarza si<c jednak .. ze gatunki o stosunkowo mal'ej 
frekwenc ji odznaczaj'l, sif(. duzym zag~szczeniem. Relacje pomi~dzy frekwenc j~ a za­
g~szczeniem pozwalaj~ wnioskowac o sposobie ro zmieszczenia osobnikdw populacji 
w przestrz eni poziomej, c~yli (J rozkJadzie i towarzyeko sci gatunkdw. 

5. Ze sto.sunku globalnej produkcji do zag~sz .c~enia mozna wnosic o wieJkosci 
przeci~tnego osobnika w runie. w tyrn ·zakresie zachodZ'\_ dosyc duze roznire. Gdyby 
przyj~c przeci~tnego osobnika w Tilio.Carpinetum typicum za 1, to w T.-C. stachyeto­
surn wskaznik ten bylby r6wny 1,2, w Circ.aeo-A lneturn - 2,6, a w Frangulo-Salicetum 

. ~ 

az 9,4. Wskaznik taki moze dobrze infonnowac o nieku>rych wl.asciwosciach siedliska, 
n p. sto sunk a eh w odn ych w gle hie. 

6. Dz ie lf!C globaln~ produkcj~ runa przez liczb~ gatunkow wytw arzajctcych t~ pro-
-dukcj~ uzyskujemy ,.JVskatnik wi.elkosci produkcji przypadaj~cej na jeden gatunek. 

I znow w Frangulo-Saliceturn 9.skazpik ten jest zdecydowanie najwi~ks~y i wynosi 
11,1 podczas gdy w Circaeo-A lnetum -'5,5, w Tilio:Carpinetum lypicum- 2,0 a w T.-C • 
s tachye to sum- 1, 7. 

• 

7. Z reguly, ze wzrost.em za~szczenia okreslonej populacji wzrasta rowniez jej 
produkcja.. Nie zawsze jednaK: taka zaleznosc dotyczy globalnych wartosci. Cz~sto 
gatunki o bardzo duzym za~szczeniu maj~ stosunkowo maltt produkcj~ (np. Oxalis 
acetosella, Chrysosplenium alternifolium). Zalezy to oczywiscie od wielkosci biomasy 
o sobniczej wyprodukowanej w danym ro ku. 

8. W kazdym zbiorowisku stwierdzamy jeden ,lub eo najmniej kilka gamnkdw, ktdre 
wyraznie przewyzszajct swojt\. produkcj~ inne. ·Srednio biorftc, na takiego dominanta 
przypada w omawianych zbiorowiskach ok. 30% ogcilnej produkcji. Figui'C'. 3 ilustruje 
zaleinosci pomi~dzy liczb~ gatunkow a wielkosci~ produkcji w poszczegc)lnych zbioro-

wiskach. 
9. W zaleznosci od wielkosci wyprodukowanej biomasy podzielono gatunki na pi~c 

k Jas. U dzia! liczby gatunkow i ich wielkosci produkcji ~ klasach przedstawia tabela X. 
Najliczniejsze s~ gatunki produkuj~ce ponizej 1% ogcilnej produkcji. Stanowi~ one 
powyzej 50% liczby gatunkow, a ich produkcja lt!czna osi~ga zaledwie kilka procent 
(ok. 5%). Gatun.k6w produkuj~cych duz(\. mas~ jest bardzo niewiele (ok. 9%). Natomiast 

https://wzrost.em
https://Przeci~!.ne
https://gatunk.ow
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udzial ich w produkcji siccga ok. 50% wartosci ogciJnej. Prawidlowosci dotycz~tce 
produ\kcji set wi~c analogiczne do stosunkow za~szczenia gatunkow. 

10. Wielkosci za~szczenia oraz produkcji wyjasnia]~ wiele zagad.nieri' z zakresu 
ekologii gatunkow. Gatunek znajduje wzgl~dnie najlepsze warunki s~odowiskowe tarn, 
gdzie jego za~szczenie i proJukcja osi~gaj~najwyzsze wartosci (Tab. IX). 

11. Wie lk osc pro dukcji runa przedsta \yia si~ nast~puj~co: 

Circa eo-A lne tu m 225.0 g/m2 

Frangulo-Salice tu m 2 10.4 gl m2 

Tilio-C arpine tum .s ta chye to sum 72.4 g/m2 

1' ilio ·.Carp ine tu m typicum 57.5 g/m2 

12. Wielkosc i sklad jakosciowy opadu roslinnego zale:iy od stosunkow ilosciowych 
i sktadu gatunkows.go warstwy drzew i krzewow. W globalnej masie opadu przewazajft 
wyra zni'e liscie drzew i krzewow lisciastych ( od 55-83%). u dzial" szpilek. sosny nie 
przekracza 1% ogolnego opadu, jedynie w Tilio-Carpinetum typicum dochodzi do ok. 14%. 

Podobnie stosunkowo nieduzy udzia{ w opadzie majEt owoce i nasiona ( 1,4-9,7% -
F i g. 4 i Tab. X n. \ 

13. W sezonie we getacyjnym doptyw materii organicznej do dna lasu jest cill,g!y, 
choc zroznicow~ny ilosciowo i jakosciowo. Od wiosny az do jesieni opada w sun:ie 
ok. 50% og6lnego opadu, pozosta!e 50% przypada na kilka tygodni jesieni (Fig. 5 
i Tab. XI). Maksirnum jesiennego opadu szpilek przypada o miesictc wczesniej niz 
lisci drzew lisciastych. Wielkosc biomasy rnartwych gahl,zek, korowiny itp. oraz owocow 
i nasion wykazuje dwa szczyty- wiosenny i jesienny. 

14. Wielkosc produkcji ogolnej (runa i opadu) wykazuje zdecydo\vanie rnniejsz~ 
zmiennosc niz wielkosci poszczeg61nych elementow sk!adowych tej produkcji. W obr~bie 
runa. wielkosci produkcji poszczegdlnych gatunkdw wykaznjct zmiennosc rz~du kilku 
tysi~cy razy (Tab. 1-!V). Zrniennosc w obr~bie produkcji runa bad~nych zbiorowisk 
jest niewielka i wynosi tylko okoro czterech razy. Natomiast wartosci runa i opadu 
rosHnne go lEtcznie sq, ju * bardzo zblizone pom i~dzy zespolami (Tab. Xll). 
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