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Abstract 

Zhang, L. 1983. Vegetation ecology and population biology of Fritillaria meleagris L. at 
the Kungsangen Nature Reserve, Eastern Sweden.-A cta phytogeogr. Suec. 73, Uppsala. 
92 pp. 

The Kungsangen Nature Reserve i one of the mo t important sites for the bulbous 
perennial Liliaceae Fritillaria meleagris L. Its occurrence in the wet meadows of this 
reserve was studied by means of numerical classification and ordination methods, which 
resulted in the e tabli hment of five main plant community types. These community types 
were distinguished along an environmental gradient from mesic to wet, and the rela
tionship between the variations in vegetation and in soil-water regimes were outlined. 
Differences in soil phy ical and chemical properties for each plant community type were 
also examined. The peak standing crop of these plant communities amounted to 340-585 
g/m2. The development of the vegetation over 40 year wa investigated using Ellenberg's 
"ecological indicator values" as an aid in the interpretation. Change in vegetation could 
be related to changes in the oil-water regime due to water management in the surrounding 
area and the management practice at the study area. 

The population study of Fritillaria meleagris included population flux, di tribution, 
phenology and dry matter allocation during the annual cycle, eed production, eed bank 
in the soil, seed germination characteristics and changes in the distribution of the fritillary 
population over 40 year in the study area due to changes in the soil-water regime. 

Liquan Zhang, Institute of Ecological Botany, Uppsala University, Box 559, S-751 22 
Uppsala, Sweden and Department of Biology, East China Normal University, Shanghai, 
The People's Republic of China 
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1 Introduction 

1 . 1  The study area 

1 . 1. 1  Location and size 

The study was carried out in the Kungsangen Na
ture Reserve , which is part of a low-lying plain 
located 2-3 km south-ea t of Uppsala ci ty,  at a 
latitude of N 59°50' and a longitude of E 1 7°40' . 
From the phytogeographical point of view , thi  
area l ies within the boreo-nemoral zone (Sjors 
1 963 ) .  The Nature Reserve l ies between the River 
Fyri and the road from the bridge Vindbron to 
Lilla U l tuna .  The river and the road form its west
ern and ea tern borders , and agricu l tural land and 
pasture adjoin it on its northern and southern bor
ders , respect ively ( Fig .  1 ) . The total study area, 
which is fenced,  is approxi mately 1 4  ha, of which 1 1  
ha be long to the Nature Reserve . This reserve area 
was establ ished in 1 943 , according to a proposal by 
Flodkvist , Sandberg and Sernander .  Their objec
t ive were conservation of the semi-natura l  wet 
meadow with respect to its sl ight topographical 
unevenne and cont inuous a well as typical zona
tion , including conservation of the large population 
of Fritillaria meleagris L .  (Sernander 1 948) .  

1.1.2 Geology and substrate 

When the Quaternary ice sheet retreated north
ward , the Uppland district was 1 25- 1 75 meters 
under the surface of the Yoldia sea .  At that t ime 
the cru tal upl ift was quick , with about 3 meters per 
century,  but later became slower .  Nowadays ,  the 
average uplift in  the study area is about 58 cm per 
century.  Sediments deposited in  the Baltic waters 
and later in the formerly much larger Lake Malaren 
were gradual ly laid bare , beginning with glaciflu
vial gravels and sands, then moraine glacial clays 
and a l luvial clays formed by re-deposition , and 
final ly local lake and river deposits ( Hogbom 1 935 ,  
Hofman-Bang 1 938) . The soi l  on the  Kungsangen 
area main ly consist of a l luvial clay which has 

formed through the River Fyris overfloodings in 
re lat ively late t ime.  From a geological point of 
view , the soi l is very young.  The soil types are 
rather homogeneous and ferti le  with high humus 
and nutrient contents (Giobel 1 933) . According to 
Westerberg ( 1 899) ,  the a l luvial  clay in  the Kungs
angen area shows the fol lowing mechanical com
position : 

e '-___ so.._, o ___ ,__.C\j)Om 

N 

Fig. 1 .  M ap showing the situation and soil type of the 
study area as well as the surrounding areas . Contour
levels in meters are drawn.  Soil types : 1 .  Heavy clay, 2 .  
Al luvial clay ,  3 .  Glacial varved clay, 4.  Sand and fine 
sand , 5. Glacifluvial gravel and sand 6 .  Ti l l  (Moraine) , 
7. Oldest Archean granite , 8. U rban area (Uppsala) . 
Redrawn from SGU's Jordartskarta Ser Ba Nr 1 5 ,  1 956 . 
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Coarse gravel -coarse sand 
Sand 
Fine sand 
Silt 
Clay substance 
Calcium carbonate 
Loss on ignition 
Hygroscopic water 

0 .0% 
1 1 . 3 %  
22 . 2 %  
20 . 8 %  
22 .9% 

0 . 1 %  
1 0 .7% 
4 .6% 

I n  the eastern part of the area , the  a l luvia l  clay 
contains much "gyttj a" which has an acid reaction 
owing to its high sulphur content (Giobel 1 933) .  

B ig crack systems occur in  the subsoi l  bu t  cannot 
be seen on the surface . They play a considerable 
role in  this area . For th is reason , most parts of the 
area are self-drained (Giobel op . ci t . ) . 

1 . 1 .3 Topography 

As can be seen from Fig .  2 the topography of the 
Kungsangen plain is slightly uneven with con
t inuous , typical zonation according to freq uency 
and duration of floods and amount of sedimenta
tion . Of the whole study area ,  about 1 1  ha are 
covered by wet meadow vegetation and about 3 ha 
by swamp vegetation in  the depressions, the latte r 
coinciding approximately with the area below the 
1 . 40 m contour. The leve l l ing of the study area was 
carried out during the summer of 1 98 1 , with level-

Fig. 2 .  Topographical map of the Kungsangen  Nature 
Reserve in the Swedish precision level ling system of 
1 970 . Redrawn from Sernander ( 1 948) .  The dashed l ine 
indicates the vegetation transect used by Sernander and 
Sandberg . 
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l ing point No.  653 (Statens Lantmateriverk, Topo
graphical map I l l ,  U ppsala)  in the Swedish preci
sion system of 1 970 as a reference . The whole st udy 
area is at an a l t itude of on ly 0. 90-2 . 40 m above sea 
leve l .  

1 . 1 .4 History and management 

Before the seventeenth century ,  most parts of 
Kungsangen were permanent ly under water (Rud
beck in the Atlantica's fi rst part , 1 679, Nelson's 
edition 1 937 , see also Sernander 1 948) .  From the 
four maps of the 1 7th ,  1 8th , 1 9th and 20th centuries 
a slow deve lopment from open water or water log
ged areas to meadows for hay-making or pastures 
can be seen .  Kungsangen  ( l i tera l ly meaning The 
King's meadow) was early used for supplying fod
der for the royal stable . At that t ime,  the hay 
mainly consisted of horsetai l  ( Equisetum flu
viatile), sedges ( Car ex spp . )  and other wet l and 
plants ( Hebbe 1 936) . Through the general upl ift ,  
the sedimentation due t o  the floods and the pro
gressive succession of plant communities , an 
Alopecurus-Deschampsia wet meadow was de
veloped on most of th is area , except for some de
pressions where the swamp vegetation became 
dominated by Carex species and other wetland spe
cies. H istorical cul tural factors are also of import
ance for the cont inued existence of these ecosys
tems . According to Sandberg's i nvest igation 
( 1 948) , if the mowing and grazing was discon
t inued , most of the Kungsangen area would de
velop into forest , main ly of alder (Alnus glutinosa), 

or wet land th icket . So in order to maintain the 
reserve area and to keep the present plant com
munit ies more or less stable , yearly mowing or 
grazing is necessary . 

Since the seventeenth century ,  the development 
of the area has been wel l -known due to the plenti
ful documentation ( Hebbe 1 936) . The reserve area 
has been used for hay-making only .  From the 
nineteenth century,  i t  has been managed by what 
now is the Swedish U niversity of Agricultural Sci
ences . Most of the reserve area ,  except the swampy 
parts, is mown yearly around midsummer, i . e .  
about June 20 , but the hay-making may b e  delayed 
one or two weeks depending on weather condi
t ions.  The variation i n  the yield of hay during 
1 877- 1 929 was estimated at 73 1 -3 ,828 kg/ha 
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(Giobel 1 933)  and the yield of hay nowadays is 
about 2 ,799 - 3 ,200 kg/ha per year (Tomas Heden
skog, pers . comm . ) .  About 30- 50 head of cat t le 
are put to graze on the "aftermath" for about one 
or two months from J u ly to September.  The reserve 
area is never ferti l ized . 

For the years of the present investigation , the 
mowing in 1 98 1  was on J une 22, but the hay was 
collected on Ju ly 6 ,  and grazing started on J u ly 8. In 
1982 , mowing was on J une 1 8 ,  hay was col lected on 
J une 24, and grazing began on J uly 1 .  In 1983 , 
mowing was on J une 1 6  and hay was col lected on 
J une 2 1 .  

1 .2 Climate 

Climatic condit ions play an important ro le for plant 
and vegetation . A review of such condit ions con
cerning the Kungsangen Nature Reserve is pre
sented below . The nearest meteorological station 
which records temperature , precipitat ion , i rradia
tion , humidity and evapotranspiration is the U ltu
na Meteorological Station , run by the Department 
of Plant Husbandry of the Swedish U niversity of 
Agricultural Sciences , which is located at an alt i
tude of 10-15 m above sea ievel and 2 - 3  km south 
of the study area .  

16 

12 

8 .-

r-4 0 

0 

\ 
1\0 

mm 
100 

20 

Fig. 3 .  Mean monthly temperature and precipitation at 
U ltuna 1 95 1 - 1 980 ( from the Ultuna Meteorological Sta
tion) .  

Table 1 .  Growth period expressed a s  numbe r  o f  days w ith 
mean temperature above certa in  temperat u res and the total 
sol a r  radiation over the same per iods. Mean temperature at 
Ultuna 1 95 1 - 1 980 and mean radiation at Ultuna 1 96 3- 1 980 . 

C r iterion Period Days Kca l /cm 2 

> 0°C 25 Ma rch - 25 November 2 4 5  7 3 .  1 

> + 3
°

C 1 1  Apr i l  - 4 November 207  6 8. 0  

> + 6
°

C 28 April - 1 7  October 1 7 3 6 1 . 9  

)+ 1 0
°

C 1 7 May - 21 September 1 2 7  5 0 . 2 

1.2 . 1 Temperature 

In Fig. 3 some information is given on the general 
temperature conditions at U ltuna ,  Uppsa la .  The 
mean annual temperature for the period 
195 1 - 1 980 was +5 . 4°C; the warmest month was 
July wi th + 16 . 3°C and the coldest was February 
with - 5 . 1 °C .  The amplitude was , thus,  2 1 . 4°C. 

1 .2.2 Growth period 

The number of days with a mean temperature 
above different temperature criteria is given in  
Table 1 .  These temperatures have been considered 
as suitable temperature l imits for the growing 
period . The frost-free period (number of days with 
minimum temperature above 0°C) is commonly 
used .  In Sweden the growing period has been de
fined on an agricul tura l  basis and duration of the 
period with dai ly mean temperature above + 3°C is 
used (Atlas over Sverige 1 953 : 27 - 28) . For the 
Ul tuna area this corresponds to approximately 207 
days , coinciding,  on average , with the period April 
1 1  - November 4. These dates have been obtained 
from a graph which was drawn from the mean 
monthly temperatures for the period 1 95 1 - 1 980 , 
according to Langlet's method ( 1936) . 

The mean number of days per year with frost 
(days with a min imum temperature below ooc) 
during the period 1 963 - 1 980 amounted to 1 52 at 
Ul tuna .  Thus,  2 1 3  days were frost-free , but only 
the month of J u ly was ent irely free from frost 
throughout the years . 

1 .2.3 Irradiation 

The data on the solar radiation are obtained from 
the U ltuna Statio n .  The mean month ly values for 
the period 1 963 - 1 980 are given i n  Fig. 4. The 
annual total amounted to 8 1 . 4  KcaVcm2 with the 
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Kcal/cm2 
16 

12 

8 

4 

0 J F M A M J  J A S O N D  

Fig. 4. Mean monthly values of i rradiation at Ultuna for 
the period 1 963 - 1 980 . 

highest monthly value of 1 5 . 6  Kcal/cm2 i n  J une and 
the lowest value of 0.5 Kcal/cm2 in December. The 
irradiation totals measured at U l tuna for the re
spective growth periods defined by different 
temperature criteria are presented in  Table 1 .  

1 .2.4  Precipitation and snow conditions 

The average annual precipitation during the period 
195 1 - 1980 amounted to 520 mm at Ul tuna .  The 
mean monthly precipitation for the same period is 
shown in Fig.  3. Late winter and spring were char
acterized by low precipi tation ,  approximately 30 
mm per month , whi le a precipi tation maximum 
occurred during the months of J u ly and August , 
with 7 1  mm and 66 mm respect ive ly .  These condi
tions are typical of most of Sweden . 

The mean number of days per year with snow 
cover (>0 cm ) during the period 1 963 - 1 980 
amounted to 104 at U l tuna .  Both precipitation and 
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snow conditions differed considerably from year to 
year.  

1 .2.5 Humidity index and evapotranspiration 

There are many ways to describe the degree of 
c l imatic humidity, i . e .  effect ive surplus of pre
cipitation. According to the Martonne's method 
(see Hesselman 1 932 : H = P/(T + 1 0), where P = 

annual precipitation in mm,  T = annual mean 
temperature in oc), a humidity index of 34 is 
obtai ned , which is  fa irly low for Swedish condi
t ions . 

Surplus of precipitation over evapotranspi ra
tion , i . e .  run-off, has been suggested as a suitable 
measure of c l i matic humidity (Tarn m 1 959 ) .  If  run
off is used as a humidity index , according to 
Tamm's formula 1 (Tamm op . ci t . ) ,  a value of 
1 64 mm is obtained for the period 1 93 1 - 1 960 for 
Uppsala ,  which refers to a mi ldly humid region 
with a yearly run-off of 1 00- 200 mm . Wal len 
( 1 966) has calcu lated the potential  evapotranspi ra
tion ( ETP) by applying the Penman form ula ( Pen
man 1 963 ) and arrived at a mean value of 54 1 mm 
for Uppsa la during the period of 1 93 1 - 1 960 . 
According to the value given by Wal len ( 1 966) , the 
yearly theoretical water balance was sl ightly posi
tive , + 13 mm for Uppsala .  But from the agricultu
ral point  of view, the evapotranspiration during the 
growing season is of more pract ical in tere t . The 
potential evapotranspi rat ion and precipitat ion dur
ing the period Apri l - October (period 1 93 1 - 1 960) 
for Uppsala were 5 1 6 mm and 365 mm respect ive
ly, the theoretical deficit during the main growth 
period thus being 1 5 1  mm on average . 



2 Classification and ordination of the vegetation 

The vegetation of the Kungsangen Nature Reserve 
was invest igated by means of the Braun-B lanquet 
approach ( Westhoff & van der Maarel 1 978) .  
Numerical classification and ordinat ion have been 
proved to be powerfu l tools in vegetation ecology 
(van der Maarel 1 979) .  Such method were applied 
in  the present tud ies of the vegetation i n  this re
se rve. C las ification and ordination are com
plementary and can be  combined i n  various ways 
for studying and understanding plant communi  t ie 
and their re lat ion hip to the environment. In  many 
cases ordination re u l ts can clarify obscure units of 
clas ificat ion , identify the important environmen
tal  trends and provide deeper insights i n  the re la
t ions between com munity types and their  environ
ment ( Whittaker 1 978, van der M aarel 1 979). 

The aims of this investigat ion were to recognize 
the major plant com m un ity type in  terms of their 
species composi t ion and to re late the observed 
variations. in the d istribution and composition of 
the vegetation to the variations in the environmen
tal factor . Furthermore, on the basis of the e iden-

Fig . 5 .  Map showing the four transect l ines and the 
locations of 83 releves within the Kungsangen Nature 
Reserve. 

t ified community types a vegetation map was pre
pared for further detailed research on vegetation in  
the study area .  

The earl ier phytosociological study on th is  re
serve was presented by Sernander ( 1 948) and Sand
berg ( 1 948) who gave the first general description 
of the vegetation by using a transect through the 
zonat ion of vegetation i n  the study area . I n  this 
study, the vegetation of the whole area was sur
veyed on the basis of Braun-B lanquet "typological 
re leves" (a  typological re leve is meant to be used as 
a basis for a typology, i . e .  a classificat ion) ( West
hoff & van der Maare l 1978) . A more comprehen
sive ana lysis of the vegetation was attempted here . 

2.1 Methods 

2. 1.1  Sampling procedure 

Sampling was preceded by field reconnaissance 
and by reviewing the l i terature as we l l  as a topo
graphical map and an aerial photograph , which a l l  
a imed at  determining the major t rends in the vege
tational variat ion . Four transects were laid out on 
the reserve area. They were run in  paral le l  from 
east to west and covered the most representative 
zones of the vegetat ion as deduced from fie ld re
connaissance and the topograph ical map (Fig .  5 ) .  
A subjective 'st ratified" sample se lection was 
adopted which , according to Westhoff & van der 
Maarel ( 1 978) , would be desi red to effectively re
present the variation in  the vegetat ion under study. 
This sampl ing approach assumed that by sampl ing 
a l l  recognizable habi tats and vegetat ion types, the 
responses of plants and plant com munit ies to the 
environment could be represented. 

Eighty-three re leves were spread along these 
four transects, the vegetation being sampled at 
50 m intervals or wherever there were readily 
apparent changes in  its physiognomy, composi tion 
or habitat. All potential  sampl ing locations were 
inspected for homogeneity. The size of samples 
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was 2x2 m ,  which was earl ier considered to be the 
minimal area with regard to these types of meadow 
vegetation ( D u  Rietz 1 92 1 , Sandberg 1 948) . The 
releves were made during the middle of June ,  1 982 . 

The l ists of phanerogams ( cryptogams were of l i tt le 
importance) were recorded for each re leve and 
taxa occurring j ust outside the sample plot were 
noted in parentheses . The q uantitative occurrence 
of each taxon was estimated as a cover value . The 
five degree scale of Hul t -Sernander-Du Rietz was 
used .  This scale is tradit ional ly used in Sweden and 
has the fol lowing degrees : 5 ( 100 % -50 %) ,  

4 (50 % -25 % ) ,  3 (25 % - 1 2 .5 % ) ,  2 ( 1 2 . 5%-

6.25%)  and  1 ( less than 6 .25 % ) .  Nomenclature of 
phanerogams is according to Lid ( 1 974) . The 
vegetation data set for n umerical c lassification and 
ordination consisted of 83 re leves and 78 taxa . 

2 . 1 .2 Classification 

The fol lowing classification techniques were ap
p lied : the TABORD program , which performs 
agglomerative clustering of releves and is based on 
releve simi lari ty combined with a procedure for 
obtaining a diagonal structure in the table present
ing clusters arrived at (van der Maarel et al . 1 978) . 

The resemblance measure used is the imi larity 
ratio (Wishart 1 969): 

S 
�X;Y; (. x Y = 

2 2 1 = 1 , 2 ,  . . .  ,n ) ' lX;+lYi-lXiY; 
where Xi and Y; are the scores of the species i in the 
re leves X and Y, and n is the number of species . 

A polythetic divisive clustering approach wa 
performed with the TWINSP AN program ( H i l l  
1979) . I t  is a Two-Way- I ndicator-Species-Analysis 
program based on Reciprocal Averaging.  

2. 1 .3 Ordination 

The ordination of the samples was performed by 
means of Principal Component Analysis ( PCA ; 
Orl6ci 1 978) and Detrended Correspondence 
Analysis ( DCA; H il l  & Gauch 1980) . The PCA was 
performed with the O R D I NA program ( Roskam 
1 97 1 )  based on Orl6ci 's method with the square 
root of the Euclidean D istance (ED)  normal ized by 
the number of species as resemblance function .  
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DCA was performed with DECORANA program 
(H i l l  1 979) . The part icular attraction of DCA is 
that it simul taneously produces ordination results 
for both species and re leves . 

2.2 Results 

2.2. 1 Stand classification (TABORD) 

The final structured table with 83 re leves and 78 

taxa as presented in Table 2, was based on an 
automatic in i t ia l  array of 10  clusters , with option : 
threshold value 0 ,  frequency l imit  0 .50 and fusion 
l imit 0 .70 .  No clusters with less than three member 
were al lowed , which resu l ted in  six c lu ters .  The 
sequence of clusters in  the fi nal  table was improved 
manual ly according to the PCA-configuration run 
with the same releve data set .  The sequence of 
species reflected the diagonal  structure in  the table . 
A l l  six terminal clusters showed a high internal 
homogeneity, with average s imi larity values over 
0 .70 .  Between clu ters s imi lari t ies were re latively 
low. The next two possible fusions were : cluster 1 

and 4 at level 0 .66 ,  and cluster 3 and ( 1  +4) at level 
0 .68 .  Further fusions were all at much lower leve ls 
( less than 0 .40) and were not taken into account . 
These six c lusters could be interpreted as subasso
ciations and the four-cluster solut ion could be in
terpreted on an association leve l (van der Maarel 
1 979) .  However, because there are few reference 
tables and working syntaxonomy systems avai lable 
for Fennoscandia (Tyler 1 979 ) ,  a syntaxonomical 
assignment of the data was d ifficu lt for the mo
ment . 

On closer i nspection of this  fi nal table , five plant 
community types could be recognized with their 
own character-species and diffe rent ia l -species 
combinations . They were also wel l  separated in 
space and showed certain physiognomical charac
ters .  

Plant community type D ( Fig .  6) occurs in  the 
depressions within the reserve area .  I t  is characte
rized by a tussocky vegetation with a dominance of 
Carex acuta . The vegetation is poor in species, with 
an average of 8 species per releve. Lemna minor, 

L .  trisulca, Lysimachia thyrsiflora, Equisetum flu

viatile are presented in  more than 50 % of the re
leves and can be used as the different ial species for 
this community type . The height of the tussocks is 
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Table 2 .  Structured table of the K ungsangen Nat u re Re serve releves, obtained w i t h  T ABOR D .  T h e  resu l t i ng 6 
clu sters a re a r ran ged according to the PeA-configurat ion presen ted in Fi g .  1 1. An automatic i n i t ia l  a r ray of 1 o 
c l u s ters w i th opt ions: th reshold 0 ,  frequency l i m i t  0. 50 and fus ion l i m i t  0 .  70 were appl ied . 

Releve N.umber 

C l u s te r  Numbe r  

Commun i ty type 

Equi setum fl uvi a t i le 
Lemna minor 
Lemna tr isu lca 
Lys imachia thy rsi flora 
Ca rex acuta 
Polygonum amphibium 
Agros t i s  s tolon i fera 
Lys imachia numm u la ria 
Poten t i l la a n ser ina 
A lopecurus arundi naceu s 
A .  pratens is  x a r undi naceus 
C a rex cae spi tosa 
Carex di sti cha 
Ca rex sp . 
De schampsia caespi tosa 
Festuca rubra 
Poa pratens is  
Fi l i pendula u lmar ia 
Ga l i um u l i g i nosum 
A r r henatherum p ubescens 
Pha l a r i s  a ru ndi nacea 
C a l tha pa l u s t r i s  
Ga l i um borea le 
Ga l i um palu stre 
Taraxacum s p .  
Tha l ictrum flavum 
A lopecurus prate n s i s  
Fr i t i l lar ia  meleag r i s  
Geum r iva le 
La thyrus pratensi  s 
Ranunculus acr is  
R a n unculus au ricom u s  
V ic ia  cracca 
Ra nunculus repens 
Ca rda mine pratensi:; 
T r i fo l ium pra te n se 
T r i fo l i u m  repen s 
A lchem i l la sp . 
Ga l i um ve rum 
Glechoma hederacea 
R umex acetosa 
Veron ica chamaedrys 
Festuca pratens is  
P h leum pratense 
Poa t rivia l i s  
Ach i l lea m i l lefo l i u m  
A n t h r i scus sy lve s t r i s  
Cerast ium caes p i tosum 
Stel lar ia  grami nea 
A g ropy ron repens 
Capse l l a  bursa-pastor i s  
Mat r icaria inodora 
P lantago major 
Equ i setum s p. 
Ir is  pseudacorus 
Urt ica dioica 
Veron ica sp . 
Ste l l a r i a  pa l u s t r i s  
Saxi fraga sp . 
Ranunculus sceleratus 
Ran uncu l u s  polyanthemus 
Potent i l l a  repta n s  
Polygonum aviculare 
Oenan t he aquat ica 
Matricaria matrica r io ides 
Lotu s  cor niculatus 
Leontodon autumnal  i s  
Heracleum s phond y l i um 
Galeopsis  sp. 
C i rs ium vulgare 
Carum carvi 
A rct ium s p .  
A l isma plan tago-aquat ica 
Sci rpus pa l u s t r i s  
Poa annua 
Glycer ia  maxima 
Dact y l i s  g lomerata 
Briza media 
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20-50 cm as measured from the soil surface be
tween the tussocks up to the top of the aerial rhi
zome trunk of the tussock . The size of these tus
socks is 20-40 cm in diameter.  The distance be
tween them is 30- 60 cm . The surface of the inter
spaces is almost inundated for most of the year.  
However, the sites with the Carex acuta community 
lack a bryophyte layer and do not contain peat 
(h ighly organ ic material accumulated under 
anaerobic condi tions) . These sites would be cal led 
wetland instead of more specifica l ly fen (Sj6rs 
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Fig. 6 .  View of the Carex acuta 
plant community in the Kungs
angen Nature Reserve. 
-Photo . Author . June 1982. 

1 97 1 ) . When the vegetation is fu l ly developed 
(June -J uly) , the height of the sedge is 70- 100 cm , 
the vegetation cover is more than 75 % and the 
i nterspaces are almost completely shaded by the 
overhanging sedge leaves .  I t  is a ta l l-sedge com
munity.  Associated with the tussocks are the spe
cies: Galium palustre, Potentilla anserina and Poly

gonum amphibium . I n  the interspaces there is a 

rich growth of float ing- leaved water plants ,  e . g .  
Lemna minor and L.  trisulca. On a few places (not 
covered by the re leves ) ,  Glyceria maxima occurs 

Fig . 7. View of the Carex disticha 
plant community in the Kungs
angen Nature Reserve . 
-Photo.  Author . June 1982 .  
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Fig. 8 .  View of the Carex caespi
tosa plant community in the 
Kungsangen Nature Re erve. 
-Photo . Author. June 1982 . 

with re lat ively high cover values; for example in  
re l eve 75 th is species ha a cover value of 3 .  On the 
edges of the e community s i te  , the fo l lowing spe
cies are found :  Alopecurus arundinaceus, Phalaris 

arundinacea, Thalictrum flavum, Ranunculus 

sceleratus, Oenanthe aquatica, Caltha palustris, 

Carex caespitosa, Carex disticha,  Scirpus palustris 

and Filipendula ulmaria , etc . ,  a l l  with low frequen
cies and cover values.  

Plant community type C (Fig .  7) mainly occurs 
around the depression . The boundary between 
plant communities C and D is rather sharp and 
within a few meters the vegetation changes . This 
community type is characterized by the dominance 
of Carex disticha .  The height of the vegetation is 
30- 50 cm when fu l ly deve loped .  I t  is a low-sedge 
community .  The average number of species per 
re leve is 1 6 .  Alopecurus arundinaceus, Deschamp

sia caespitosa, Festuca rubra and Carex acuta are 
frequent in this comm unity.  Agrostis stolonifera, 

A lopecurus pratensis X arundinaceus, Poa pra

tensis, Galium uliginosum and Lysimachia 

nummularia are frequent species and may be us
able as d ifferentiators for the Carex disticha com
munity in re lation to community D .  

P lant community type E ( Fig .  8 )  is based o n  only 
four re leves .  This  community occurs mainly 
around the western part of the depressions with a 
s imi lar topographical position as the Carex disticha 

community type . It i s ,  however ,  characterized by a 

tussocky sedge vegetation with the dominance of 
Carex caespitosa and abundance of Filipendula 

ulmaria . The height of the tu ocks i 1 5 - 30 cm 
and their size is 20-40 cm in  diameter .  The tus
socks are rather widely eparated,  ranging from 30 
to 1 00 cm . The vegetation cover in the interspaces 
is very low and during the winter and early spring 
the soil surfaces are flooded and covered with dead 
plant material . The average number of pecies per 
releve is 20 . The problem encountered with the 
description of the tus ocky vegetation has been the 
fact that the habitat condition are completely 
different between the tus ocks and the inter paces 
and their species composi tion differs considerably 
(cf. Andersson 1 970 a ,  Regnel l  1 980) . The tus
socks are re lat ive ly rich in species . Associated with 
the tussocks are : Polygonum amphibium, Geum 

rivale, Fritillaria meleagris, Lathyrus pratensis, 

Ranunculus acris, R. auricomus and Vicia cracca , 

a l l  with a low cover value .  The interspaces are 
characterized by Filipendula ulmaria, A lopecurus 

arundinaceus, A .  pratensis x arundinaceus, Pha

laris arundinacea and , less frequently,  Calth11 

palustris and Thalictrum flavum . 

Plant community type B ( Fig .  9) is composed of 
clusters 3 and 4. This community type occupies the 
largest part of the reserve area and is at a relatively 
h igh topographical posi t ion . It is characterized by 
the abundant species A lopecurus pratensis, De

schampsia caespitosa, Arrhenatherum pubescens, 
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Poa pratensis and Festuca rubra . The height of the 
vegetation is 40- 100 cm when fu l ly developed .  
The n umber o f  species p e r  releve, on t h e  average 
reaches 26 and the vegetation is rich in  species 
especial ly herbs . Lathyrus pratensis, Geum rivale, 

Ranunculus acris, R. auricomus, Vicia cracca, 

Rumex acetosa, Fritillaria meleagris, Trifolium 

pratense, T. repens and Galium uliginosum are fre
quent . A rrhenatherum pubescens, Fritillaria me

leagris, Rumex acetosa, Geum rivale and Trifolium 

pratense may be usable as different iators for this  
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Fig. 9. View of the A rrhenather
um pubescens-Alopecurus pra
tensis plant community in the 
Kungsangen Nature Reserve . 
-Photo. Author.  J une 1982 . 

plant communi ty i n  relation to communities A or C 
and D .  

Cluster 3 i n  this  community represents a transi
t ion towards the Carex disticha community type , 
which shares many species with clusters 4 and 1 0 .  
A s  clusters 3 a n d  4 share t h e  same character species 
such as Alopecurus pratensis, Deschampsia caespi

tosa, A rrhenatherum pubescens, Poa pratensis and 
Festuca rubra and at a level yie lding four clusters, 
cluster 3 is at once fused with cluster 4. It is, thus,  
reasonable to group them into community type B .  

Fig. 1 0 .  View of the Poa praten
sis-Alopecurus pratensis plant 
community in  the Kungsangen 
Nature Reserve.- Photo . Au
thor. June 1982. 
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Plant community type A (Fig. 10) follows from 

cluster 1. This com munity occurs on the eastern 

and western borders of the reserve area with the 

highest topography. It  is characterized by the 

dominance of Poa pratensis, A lopecurus pratensis, 

Deschampsia caespitosa, Agropyron repens and 

Taraxacum sp. The vegetation is dense and high , 

70 -110 cm , when ful ly developed. It is a tall-grass 

community. The mean numbe r of species per re

leve is 25 . Phleum pratense, Anthriscus sylvestris 

and Vicia cracca have high freq uencies, while 

Arrhenatherum pubescens and Festuca rubra are 

less frequent. Several species such as Agropyron 

repens, Capsella bursa-pastoris, Matricaria ino

dora, M. matricarioides, Poa annua, Plantago ma

jor, Urtica dioica, Galeopsis sp. , Polygonum avicu

lare and Leontodon autumnalis are restricted to 

Fig.  1 1 . PCA ordination of the 
Kungsangen Nature Reserve 
vegetation data with the 
T ABORD classification clusters 
superimposed , principal compo
nents 1 and 2 .  Small figures are 
releve numbers, large figures 
represent cluster numbers. 

Fig.  1 2 .  DCA of the Kungsangen 
Nature Reserve vegetation data 
with the T ABORD classification 
clusters superimposed , first and 
second axes .  Small figures are re
leve numbers, large figures re
present cluster numbers .  

this community a n d  m a y  be usable a s  dif

feren tiators. 

The result of TWINSP AN classification of the 

releves was not shown since it  did not yield a result 

as satisfactory as the T ABORD classification , and 

some misclassifications have bee n  found. The 

T ABORD result,  compared with the TWINSP AN 

result,  shows a clearer and more interpretable 

scheme of clusters. 

2.2.2 Stand ordination (PCA, DCA) 

The result of the PCA ordination is shown in Fig. 

11, which presents the position of eighty-three re

leves along the first two components . The 

variances accounted for by the first four compo

nents were 0.394 , 0 .152,  0.087 and 0.066 , respec-

Axis I 

A xis I 

A cta phytogeogr. suec. 73 



1 8  Liquan Zhang 

64 15 
62 54 

28 25 
38 8 70 

4 17 
65 16 

36 42 
13 71 47 

18 21 6176 
3 14 34 = 60 

c. 32 72 51 )( 69 20 12 50 5 56 46 
� 

1
10 

9 
45 

77 
27 

52 19 39 
37 2955 58 53 

57 
22 

Axis  I 

Fig. 1 3 .  DCA of species ordination ( Axes I and I I )  of the Kungsangen Nature Reserve vegetation data (83 releves and 
78 species) . The four groups of species are shown by the l ines.  

1 Agrostis stolonifera 
2!- Agropyron repens 
3) A lopecurus pratensis 
4 A lopecurus arundinaceus 
5 A .  pratensis x arundinaceus 
6 Briza media 

7 Carex acuta 
8 Carex caespitosa 
9 Carex disticha 

1 0  Carex sp . 
1 1  Dactylis glomerata 
12 Deschampsia caespitosa 
1 3  Festuca pratensis 
14 Festuca rubra 
1 5  Glyceria maxima 
1 6  A rrhenatherum pubescens 
1 7  Phalaris arundinacea 
1 8  Phleum pratense 
19 Poa annua 
20 Poa pratensis 
21 Poa trivialis 
22 Scirpus palustris 
23 Achillea millefolium 
24 Alchemilla sp .  
25 Alisma plantago-aquatica 
26 A nthriscus sylvestris 
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27 A rctium sp . 
28 Caltha palustris 
29 Capsella bursa-pastoris 
30 Cardamine pratensis 
3 1  Carum carvi 
32 Cerastium caespitosum 
33 Cirsium vulgare 
34 Equisetum fluviatile 
35 Filipendula ulmaria 
36 Fritillaria meleagris 
37 Galeopsis sp . 
38 Galium boreale 
39 Galium palustre 
40 Galium uliginosum 
41 Galium verum 
42 Geum rivale 
43 Glechoma hederacea 
44 Heracleum sphondylium 
45 Lemna minor 
46 Lemna trisulca 
47 Lathyrus pratensis 
48 Leontodon autumnalis 
49 Lotus corniculatus 
50 Lysimachia nummularia 
5 1  Lysimachia thyrsiflora 
52 Matricaria matricarioides 

53 Matricaria inodora 
54 Oenanthe aquatica 
55 Plantago major 
56 Polygonum amphibium 
57 Polygonum aviculare 
58 Potentilla anserina 
59 Potentilla reptans 
60 Ranunculus acris 
6 1  Ranunculus auricomus 
62 Ranunculus polyanthemus 
63 Ranunculus repens 
64 Ranunculus sceleratus 
65 Rumex acetosa 
66 Saxifraga sp . 
67 Stellaria graminea 
68 Stellaria palustris 
69 Taraxacum sp . 
70 Thalictrum flavum 
71 Trifolium pratense 
72 Trifolium repens 
73 Veronica chamaedrys 
74 Veronica sp . 
75 Urtica dioica 
76 Vicia cracca 
77 Iris pseudacorus 
78 Equisetum sp . 
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t ively.  The clusters indicated in  the  T ABORD clas
sification table were apparent on the diagram of the 
PCA's fi rst and second axes . I t  is significant that 
the six cluste rs establ i  hed could be drawn as dis
crete entit ies and there was no marked overlapping 
of the c lusters . This suggests that the resu lt ing six 
clusters are reasonable and appear fair ly homo
geneous.  A clear ' horseshoe" pattern is hown in 
the catte r diagram . The non-l inear species re-
ponse to one environmental factor complex is be

l ieved to re u l t  in a horseshoe- haped pattern of 
PCA ordinat ion (Noy-Meir  & Austin 1 970, Noy
Meir & Whittaker 1 977 ) .  

The diagram o f  the fi rst two axes o f  the DCA 
stand ordination is shown in  Fig. 1 2 .  The fi r t four 
eigen-values for the DCA ordination were 0 .782 , 
0 . 1 99 ,  0 . 1 1 1  and 0 .093 , respect ively . The c lu ters 
indicated in the T ABORD cl as ification table are 
al o apparent and the sequence of the clusters 
along the fi rst axis is  the same a that of PCA 
ordinat ion . The DCA ordination e l iminated the 
horseshoe- haped patte rn presented in  the PCA 
ordination and therefore may separate the inde
pendent d irection of variation on the ordination 
axes ( H i l l  & Gauch 1 980) .  

The sequence o f  the c luster i n  the TA BORD 
classification appears essent ia l ly to be  re lated to  
the  fi rst ax i  of  the  PCA and DCA ordinat ions, 
although in  the PCA ordination diagram it is along 
the we l l -known "horseshoe" patte rn . Both PCA 
and DCA ordinations show that the eighty-three 
re leves represent a vegetational gradient from 
plant community A which occur on the border 
area to plant commun ity D which , in turn , occur in 
the depressions in  the reserve area (see al o Fig .  
2 1 ) . 

2.2.3 Species ordination (DCA) 

The fi rst two axes of the DCA specie ordination 
are shown in  Fig .  1 3 .  Four species groups can be 
identified (synecological indications according to 
El l  en berg 1 97 4) . 

1 .  A group of species occurring on the border is 
presented in  the lower left of the ordination dia
gram: Arctium sp . ,  Matricaria matricarioides, M. 

inodora, Galeopsis sp. , Agropyron repens, Urtica 

dioica, Poa annua, Capsella bursa-pastoris, Poly-

gonum aviculare and Leontodon autumnalis . 

Among them , several species are typical ruderal 
ones . 

2. A group of mesic meadow species is situated on 
the upper left of the diagram which i nc ludes 
Alopecurus pratensis, Festuca pratensis, Arrhe

natherum pubescens, Phleum pratense, Poa 

pratensis, Poa trivia/is, Achillea millefolium, Ceras

tium caespitosum, Fritillaria meleagris, Galium 

verum, Geum rivale, Lathyrus pratensis, Ranuncu

lus acris, R. auricomus, Rumex acetosa, Stellaria 

graminea, Taraxacum sp . ,  Trifolium pratense, T. 

repens, Veronica chamaedrys and Vicia cracca. 

3. A group of re lat ive ly wet site species is in 1 the 
centre of the diagram , which includes Agrostis sto

lonifera, A lopecurus pratensis X arundinaceus, A .  

arundinaceus, Carex disticha,  C. caespitosa, Scir

pus palustris, Filipendula ulmaria, Galium palustre, 

Lysimachia nummularia, Polygonum amphibium, 

Potentilla anserina, Ranunculus repens, Thalictrum 

flavum, Ranunculus sceleratus and Iris pseuda

corus. 

4. A disti nct group on the right side of the diagram 
i composed of species characteristic of the wet site 
which is  often i nundated .  Carex acuta, Glyceria 

maxima, A lisma plantago-aquatica, Equisetum flu

viatile, Lemna minor, L .  trisulca, Lysimachia thyr-

iflora and Oenanthe aquatica occur there .  
The resu lts o f  both species a n d  stand ordinations 

for the first two axes produced by the DCA pro
gram are similar and the fi rst axis of both ordina
tions may suggest a strong re lat ionship to the varia
tion in  the hydrotopography with in  the study area 
(see next chapter) . 

2.2.4  Species richness 

Species richness , one of the community-level attri
butes , is normal ly calcu lated from the number of 
species per releve. A clear trend has been shown in 
the plant communities at the study area .  The h igh
est number of species was found in  the mesic sites 
(plant communit ies A and B) with a strong decl ine 
towards the wettest s i tes (plant community D ) .  
This may suggest that the soi l  moisture condit ion is 
also an important factor to determine the species 
richness of the vegetation at the study area . 
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2.2.5 Vegetation map 

On the basis of these typological releves and the 
community types derived from the numerical clas
sification and ordination , together with consult ing 
of the aerial photograph and fie ld reconnaissance , 
a vegetation map was made by plotti ng the com
munity types on the location of each re leve ( Fig.  
1 4 ) .  The distribution of the community types with
in  the study area demonstrated a clear zonation 
appearance . This evidence confi rms that these five 
main community types can be regarded as distinct 
ones . This vegetation map could serve as a basis for 
a detailed knowledge of the differentiation of the 
vegetation within the study area and in  the future i t  
could be also used for furt he r  studies of vegetation 
in relation to management and environmental 
effects. 

2.3 Discussion 

This study h as examined the vegetation at the 
Kungsangen Nature Reserve by the combined ap
plication of numerical c lassification and ordination 
and these two approaches agree on the constitution 
of the five main plant community types . 

An examin ation of the ordination results and the 
vegetation map of the study area reveals that the 
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Fig. 1 4. Vegetation map of the 
Kungsangen Nature Reserve . 
Keys: A .  Poa pratensis-A lo
pecurus pratensis community , B .  
A rrhenatherum pubescens-A lo
pecurus pratensis community ,  C .  
Carex disticha community, D .  
Carex acuta community and E .  
Carex caespitosa community . 

zonation of vegetation (viz .  spat ia l  sequences) ,  is 
mainly found in  the different deve lopment of 
vegetation at various topographical leve ls. The 
sequence of vegetation zones seems re lated to the 
hydrotopography (see chapter 3 ) .  Sandberg ( 1 948) 

prepared a comparison of the vegetation zonation 
in  the Kungsangen Nature Reserve and around 
Lake Malare n ,  which revealed that the vegetation 
zones at Kungsangen  a lso occur around Lake 
Malaren .  The fen series and meadow series in  U pp
land province have been described by Almquist 
( 1929) . Comparisons can be made with these 
series . The vegetation zones in the study area could 
be described as an expression for the proposed 
fen-meadow gradient . 

I n  the study area th is gradient begins with the 
Carex acuta communi ty in the depressions , which 
corresponds to the Carex acuta association without 
a bryophyte layer described by Almquist (op. cit . ) .  
Since this type o f  vegetation l acks some character
istic features of real fens ,  Almquist considered it as 
a part of the wet meadow series .  He mentioned that 
this communi ty was an important const i tuent of 
shore vegetation along the l akes and rivers i n  U pp
land. 

The Carex disticha and Carex caespitosa com
muni ty types seem to form a t ransit ion with in the 
fen-meadow gradien t .  They belong, according to 
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Almquist (op . cit . ) ,  to the Carex disticha fen
meadow and the Carex caespitosa fen-meadow , re
spectively . The Carex disticha community occurs 
also around Lake Malare n .  This type of vegetation 
has many meadow species in  its species compo i
tion and it has, thus ,  been assigned to the wet 
meadow series by Almquist . He described the 
Carex caespitosa community as a tus ocky fen 
vegetation and emphasized its dependence on graz
ing act ivit ies .  Sjors ( 1 950) also mentions Carex 

caespitosa as a fen species . However,  a detailed 
de cription of this community is not given by Alm
quist . Comparison can a lso be made with the Carex 

caespitosa community from Linnebjer,  southern 
Sweden ( Andersson 1 970 a ) .  The community types 
at Kungsangen and Linnebjer show rather close 
resemblance , although the community type at Lin
nebjer shows a richer flora than that in  the Kungs
angen Nature Reserve . 

The A rrhenatherum pubescens-Alopecurus 

pratensis community and the Poa pratensis

Alopecurus pratensis community types in the study 
area can be assigned to the tal l -grass meadow 
category described by Almquist ( 1 929) . There are , 

however,  no more closely corresponding meadow 
types in his descript ion . The A rrhenatherum pubes

cens-Alopecurus pratensis community type is 
probably close to the Deschampsia caespitosa 

meadow type described there , but there is a con
siderable variation i n  the species composition . The 
Poa pratensis-Alopecurus pratensis community 
type may belong to the A lopecurus pratensis 

meadow type mentioned by Almquist (op . cit . ) ,  
but h e  made n o  detailed analysis o f  the species 
composit ion for this type of vegetation . He empha
sized that the Alopecurus pratensis meadow is an 
important and good-qual ity hay meadow , usual ly 
species-rich and with highly variable species com
posi tion due to the human influence ( hay-making 
or grazing) .  

Sandberg ( 1 948) made a comparison of  the  De

schampsia caespitosa-Alopecurus pratensis com
munity type in  the Kungsangen Nature Reserve 
with the A lopecurus pratensis community type in  
Central and  Eastern Europe , showing the  affini ty 
of the A lopecurus pratensis-Deschampsia caespi

tosa community to that in Central and Eastern 
Europe . 
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3 Ground water and soil moisture 

I n  vegetation science much attention has been paid 
to the water re lations of wet meadows . Many eco
logists in Sweden as well as elsewhere in  Europe 
have investigated the re lation between plant com
munit ies and ground water regimes. Among them 
Sjors ( 1 954) , Malmer ( 1 962) ,  Andersson ( 1 970 a)  
and Tyler ( 1 97 1 )  i n  Sweden , and E l lenberg ( 1 939) , 
Ti.ixen  ( 1 954) , Klotzl i  ( 1 969) ,  Niemann ( 1 973) , 
Boedeltje & Bakker ( 1 980) ,  Grootjans & ten 
Klooster ( 1 980) and others in Central or West 
Europe may be mentioned . In wet sites , the hydro
logical condit ions appear to be corre lated with im
portant ecological condit ions and processes such as 
aeration of the soi l ,  mineral ization of organic sub
stances and supply of nutrients to plant roots . 

The ecological re lationships between plants and 
environment can be grouped into operational , con
ditional and posit ional ones. The environmental 
factors of direct importance to the performance of 
plants are operational . Factors that regulate the 
growth condit ions are condit ional , whereas plants 
may be posit ional ly connected to the surrounding 
environment (cf. Spomer 1 973 , vanWirdum 1 979 ) .  
These re lationships can b e  studied with regard to 
soi l-water condi tions and vegetation (Grootjans 
1 980) . For detai led analysis of the re lationships 
between vegetation and hydrological factors long
term regular measurements of both ground water 
table and soi l  moisture are necessary , because 
these factors are usual ly highly variable over the 
year. 

This i nvestigation has focused on yearly fluctua
tions of ground water leve l ,  including inundat ion 
leve l ,  and the yearly variation of soi l  moisture . The 
aim was to present a detailed picture of correlation 
between some quantitative aspects of soil -water 
regimes and the occurrence of the plant communi
t ies i n  the study area .  These soi l -water data are also 
considered useful to explain the vegetation dyna
mics in  general (Chapter 6) and in particular the 
dynamics of Fritillaria meleagris L .  in the Kungs
angen Nature Reserve area .  
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3 . 1 Methods 

3. 1 . 1  Ground water measurement 

The ground water condi tions with in the study rea 
are mainly governed by the local rainfall , the 
topography and the water leve l of the River Fyris 
( Giobel 1 933 ) .  The water leve l was measured in
side a series of ground water tubes along a transect 
with a recognizable topograph ical gradient . The 
water level of the River Fyris was recorded at the 
same t ime . Fifteen p lastic tubes were arranged re
presentatively along this  transect , from the ea tern 
end to the river side . The cri teria for placing the 
tubes were l inked to topography and vegetational 
zones .  

community type 
number of tubes 

A 
3 

B 
6 

c 
2 

D 
3 

E 

The tubes were 1 - 1 . 5 m long , 2 cm in diameter, 
and fi tted with small  seepage holes in two direc
t ions for every 2 cm . The water level inside the 
tubes always fluctuated with the ground water 
table . To maintain satisfactory drainage in  the 
tubes , they were ri nsed when necessary . The 
measurements were made by lowering a plummet 
into the tubes and the distance between the water 
table and the soi l surface was recorded.  I n  cases of 
inundation , the water level above the oil  surface 
was recorded . From these water levels re lated to 
the levelled soi l  surface around each tube , the 
absolute water leve l could be calculated , wh ich 
made comparison between sites possible . The 
accuracy of the measurements was estimated to 
± 2 .0 cm or better.  Observations were carried out 
from October 1 980 to December 1 982 , at weekly 
i ntervals during the growing seaso n ,  and i rregular
ly for the rest of the year .  Freezing condit ions and 
snow made water observations inaccurate and diffi
cult , except at the end of the period which was 
exceptionally mi ld . 

The fluctuation of water leve l in the River Fyris 
was recorded at the river side close to the transect . 
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Al l  measurements could be converted to absolute 
water level , i . e .  meters above sea level in  the sys
tem of 1 970 . This faci l i tates an analysis of the re la
tion between the water levels of the River Fyris and 
the study area .  

Most interpretations of the  ground water level 
measurements are based on the analysis of the 
water leve l curves during the study period and the 
"duration l ine" of ground water level during the 
growing season . From the course of the yearly 
ground water level and the inundation leve l the 
extreme values , fl uctuat ing range and the mean 
value , as wel l  as the times of rising and subsiding of 
the water table are clearly shown . These character
ist ics have usual ly been used for description of the 
ground water regime . However, from an ecological 
point of view an analysis of the duration of different 
water leve ls gives , as many ecologists have sug
gested ,  more appropriate information . For exam
ple , a long duration of high or low water level 
regulates the bio logical activity of plants in  a drastic 
way . From the "duration li nes" the range , median 
and mathematical means are easily obtained . 
Furthermore , a stat ist ical treatment of such "dura
tion l ines" is possib le . 

Therefore , the measured data have been trans
formed to cumuiative freq uency diagrams ( i . e .  
duration l i nes) . A duration l ine presents a n  ap
proximation of the period , in days , that a certain 
water level is reached or exceeded.  The duration 
analysis was based on the spring,  summer and au
tumn in 1 98 1  and 1 982 . This main growing period 
had daily temperature above ooc and corres
ponded for the actual years to the period from 
April 1 to November 1 ( altogether 2 1 4 days ) .  

Duration l i nes have long been used for analyses 
of hydrological condi t ions.  Niemann ( 1 973) used 
the ratio of the mathe matical mean (:x) to the me
dian ( M) of the ground water levels to describe the 
ground water regime . The indices x!M should be 
calculated from the ground water leve ls below the 
soil surface and al l  the water levels at or above the 
soi l  surface are given a value of O .  I fx!M> 1 ,  ground 
water tables higher than the mean are more fre
quent than lower ones and the duration l ine has a 
convex shape . I f:x/ M< 1 ,  lower ground water tables 
are more frequent than higher ones and the dura
t ion l ine has a concave shape . According to 
Andersson ( 1 970 a)  and Grootjans & ten Klooster 

( 1 980) convex-shaped duration l ines are associated 
with cont inuous supply of surface water, especial ly 
during the wet seasons, and concave-shaped dura
tion l ines are usual ly associated with i nfi l t ration of 
water or peak floods in  wet seasons , fol lowed by a 
rapid decrease in leve l .  However ,  if there is an 
influence from a river or lake (or sea) , or if  
thresholds exist , the situation is more complicated ,  
and the duration l ine could also be sigmoid-shaped.  

Duration frequencies were calcu lated for each 
fifth cm in the soi l profi le . In order to characterize 
the ground water regime for different vegetation 
types,  the duration l ines of close ly re lated stands 
have been lumped . The index x!M has been calcu
lated from the mean values of each bundle for the 
same vegetation type . The median value (M) cor
responds to a water level with as many days above 
as below the level in question . This can be derived 
graphically or calculated .  

3.1 .2 Soil moisture measurement 

Soi l moisture content is general ly  defined as the 
water content that can be driven off by heat ing a 
sample at 1 0SOC . Sampling and gravimetric analysis 
is the simplest method of measuring soil moisture 
and provides the standard reference technique for 
calibrating other methods . It can be expressed in  
terms of dry weight of soi l  or volume . The great 
differences in  bulk density give incommensurable 
soi l  moisture values when these are expressed in  
terms of weight .  Therefore i t  is often considered 
more meaningful to determine moisture content on 
a soi l  volume basis .  I t  could also be calculated as 
the percentage of the porosity taken up by water .  

Soi l sampling was done by us ing a 23 mm dia
meter auger .  Separate samples were taken from 
the main plant communit ies .  The samples were 
nearly systematical ly d istributed along the vegeta
tion t ransect , i . e .  from sites with d ifferent vegeta
tion type . Each sample consisted of four replicate 
samples and cores were col lected adjacent to the 
transect and taken sufficient ly far apart from each 
other to avoid disturbance . Samples were taken 
once a month during the growing season of 1 98 1  
( from April to November) with the exception of 
the sites with Car ex acuta vegetation ( D ) ,  most of 
which was inundated almost the year round,  so i n  
th i s  case on ly  one  sample was take n .  Al l  samples 
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Fig. 1 5 .  The daily water levels (A)  for 1978 and the monthly mean water levels ( B )  for the period of 1968 - 1980 in the 
River Fyris at Ultuna and in Lake Malaren (mean value recorded at KJ. Slussen , Sodert . Slussen and Vasteras 
Hamn) .  The water level is expressed in m above sea level in  system 1970. The data for the River Fyris obtained from 
Anders Bjerketorp (unpublished) and for Lake Malaren from SMHI .  Redrawn by the author . 

were from the humus l ayer (0- 1 0  cm) and used to 
study the yearly variation of soil moisture content 
in the upper rhizosphere .  

The moisture content was determined gra
vimetrical ly and the samples were oven-dried to 
constant weight at 1 0SOC (72 hours ) .  The results 
obtained i n  percentage by weight were mult ipl ied 
by the dry bulk density ( Yt) to convert them to 
percentage by volume ( Andersson & Ericson 
1 963 ) .  

Since the weather conditions are important for 
the interpretation of the measurements, the 
monthly  temperature and precipitation during the 
observation period are also give n .  
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3.2 Regime of the River Fyris 

The River Fyris is short , dra in ing a low-level area 
with few lakes . It therefore fluctuates greatly in 
terms of discharge . S ince , however ,  the study area 
is fair ly near the river's mouth in Lake Ekoln (a bay 
of Lake Malaren )  and since there are no rapids 
downstream, the water levels in the river are equal
ized and much dependent on those in Lake 
Malaren ( Fig .  1 5 )  ( Hans Kvarnas pers . comm . ) .  
The latter are regulated t o  some extent by a 
threshold at Stockho lm.  The minimum level of 
Lake Malaren is only about 0 . 3  m above sea leve l ,  
b u t  both t h e  Bal tic S e a  a n d  t h e  lake d o  fluctuate a 

Fig .  1 6. View of the Kungsangen 
Nature Reserve close to the Riv
er Fyris (in the foreground) with 
an aspect of early spring flood-

• ing .-Photo . Author . 
April 1982. 
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good deal , w i th  h igh  levels in  the  lake  after snow
mel t ,  and some years also in autumn .  The River 
Fyris d ischarge fluctuates in the same way , but 
much more abruptly and with an earlier spring 
maximum . Therefore the lower part of the study 
area is inundated qui te frequently , a lthough i t  is 
separated from the river and shie lded from inflow 
by a levee ( Fig .  1 6) .  The in- and outlet is  at a 
depression a short distance downstream (to the 
south)  of the study area , but there is a certain 
threshold effect , prolonging the inundation of the 
lowest part (s ites with Carex acuta vegetation ) .  

3 . 3  Results 

3.3. 1 Yearly variation of ground water level , in

cluding inundation level 

The water level curves of some representat ive sites 
and the River Fyris are presented in Fig. 1 7 .  The 
variation of water level curves between years is 
considerable . The curve ranges of 1 98 1  are smaller 
than those of 1 982 . The interpretation of the yearly 
course and the variation has to be made in rel at ion 
to weather condit ions.  In Fig .  1 7  the monthly 
temperatures and precipitation for the observation 
years 1 980- 82 are given with addit ional informa
tion from the nearby meteorological station at 
Ul tuna , U ppsa la .  

The yearly mean temperature in  1980 was lower than the 
average , November was colder .  The precipitation ex
ceeded the average ( 195 1 - 80) by ea 1 60 mm, the au
tumn was wetter than average . 

The winter of 1980/ 1981 was poor in snow with periods 
of bare ground.  The precipitation in 198 1 exceeded the 
average by ea 1 20 mm with low figures for January , 
February , Apri l ,  May, July and September, and high 
figures for March , June and December, and much higher 
figures for August , October and November . The yearly 
mean temperature was slightly lower than the average 
( 195 1 - 1980 ) ,  with lower temperature than usual espe
cial ly during December.  

The winter of 198 1182 was rich in  snow and during 
January and February the average snow-depth was 
25 - 26 cm, much deeper i n  upstream areas . January was 
very cold ,  March and April were warmer than usual . 
June was colder whi le July - December were warmer . 
The yearly mean tempe rature in 1982 was 0 . 5°C higher 
than the average . This year the precipitation was 
67 . 5  mm less than the long-term average , especial ly  with 

less precipitation than usual during June , July, Septem
ber- December. 

The yearly course of the ground water level curves 
shows lower summer values in the warmer and 
drier year of 1 982 . The water level was general ly  
low during summer and high during autumn and 
early spring .  Smal l  fluctuations during summer 
could be related to precipitat ion . The maximum 
level was reached at the same t ime for a l l  sites each 
year . It coincided with the melting of snow in  the 
early spring.  Another high level was reached dur
ing autumn when precipitation was high and 
temperature was low . Those fluctuation patterns 
could be explained by the begin ning and ending of 
the period with intensive evapotranspiration due to 
the temperature , precipitation and radiation condi
tions. 

The variation of the water level curves between 
years can partly  be explained by  the weather condi
tions. During the winter of 1 980/81 the snow l ayer 
was rather th in  but in  1 981/82 i t  was much deeper in 
the whole catchment area of the river ,  which pro
duced a considerable  flood in Apri l .  The year 1 98 1  
had a mean temperature 0 . 3°C lower than the aver
age and the total precipitation exceeded the aver
age , while t he year 1 982 had a mean temperature 
0 . 5°C higher than the average , combined with a 
relatively lower precipitation during the summer 
and autumn ,  which gave the considerable differ
ences in the fluctuation range . 

Comparing the fluctuation patterns of the River 
Fyris with those of water l evel in  the study area,  
especial ly during the growing season ,  i t  is quite 
clear that there is a c lose correlation between the 
ground water level in  the study area and the water 
level in  the River Fyris .  The study area represents a 
low situation and except at dry periods i n  summer, 
its hydrology is predominant ly governed by the 
water level of the River Fyris.  This can be seen 
more clearly from the comparison of the maximum 
and minimum water levels  of the observation sites 
in  the study area and the water levels  of the River 
Fyris at  the same time ( Fig .  1 8) .  The water levels 
including the flooding water level of the study area,  
the lower-situated sites in  particular,  fol lowed the 
fluctuation of the water level of the River Fyris, 
a l though , except in  flooding conditions, there was 
a t ime lag. 

There were also considerable differences be-
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Fig .  1 8 .  The maximum and minimum water levels in relation to the soi l surface and the River Fyris for the growing 
seasons of 198 1 and 1982 A is measuring tube . A- E are different community types . 

tween the observation si tes , notably with regard to 
the extreme values, the fluctuation range and the 
mean values . 

I n  the re latively dry sites with plant community 
A ,  the water level started to subside i n  Apri l - May , 
soon after the maximum level had been reached i n  
the early spring ( Fig .  1 7 ,  curve 1 , 1 3 ) .  The range 
was considerable and both maximum and mini
mum levels were low ; on average , 1 7 . 5 - 1 01 . 3  cm 
in 1 98 1 ,  1 1 . 3 - 1 1 7 . 5  cm in 1 982 , below the soil 
surface . 

The curves for the mesic sites with plant com
munity B (curves 2 , 1 2 )  had a s imi lar pattern of 
subsiding and risi ng times as the sites with plant 
community A .  They differed,  however ,  regarding 
the fluctuation range ; for the sites with plant com
munity B it was , on average , + 2 - 68 cm in 1 98 1 , 
+ 1 2 - 93 cm in  1 982 ( + is used for a water level 
above the soi l  surface) .  

The curves for the sites with plant communities C 
and E were simi lar  (curves 5 , 1 0) both regarding the 
fluctuation ranges and the extreme levels .  The fluc
tuation ranges were rather small  with higher ex
treme levels :  on average for C and E + 3 . 3 - 26 .7  cm 
in 1 98 1  and + 46 . 6 - 58 . 3  cm in 1 982 . 

The wettest sites with plant community D had a 
quite disti nct curve (curve 7) . Subsiding of the wa
ter level be low the soi l  surface occurred only for 
short periods during summer. The ground water 
table was never far below the soi l surface ( never 

more than 45 cm) and the average fluctuation 
range was + 3 1 . 7- + 1 .7 cm in  1 98 1  and + 78 - 33 . 3  
c m  in  1 982 . For the greater part o f  t h e  year these 
sites were inundated .  

3 . 3 . 2  Characterization o f  duration l ines 

The duration l ines derived from individual water 
level curves have been combined for each type of 
plant community .  Thus four  groups (group A ,  
group B ,  group C +  E a n d  group D)  o f  duration 
l ines both for 1 98 1  and 1 982 are presen ted i n .Fig. 
19. The indices x/M for each group for 1 982 .ar.e 
shown in Table 3 by calculating the mean values df 
a bundle of i ndividual duration l ines derived from 
the sites with the same vegetation . The ind ices x/M 
for communit ies A and B ,  0 . 54 and 0 . 72 respect ive
ly , are less than 1 ,  which suggests a d imin ishing 
influence of surface flow. The indices xl M for com
munit ies C + E  and D are 1 . 1 5 and 2 . 78 respective
ly, which suggests a prolonged influence of surfa�e 
flow and free water table ( inundation) .  

The characteristic duration l ines o f  four  groups 
have been constructed by calculating  the mean 
values of a bundle ( Fig .  20) . To describe ground 
water characteristics of wet meadows , the height of 
the water table above the soi l  surface ( flooding 
level or free water table) has been considered as an 
important factor i n  determining the occurrence of 
plant communit ies .  The means of the h ighest leve l ,  

� Fig. 1 7 .  Yearly variation o f  water levels a t  seven sites representing plant communities A - E (explanation see text ) 
and in the River Fyris from October 1980 to December 1982. Dashed l ines indicate freezing conditions ( ice) . The soi l  
surface i s  marked with a horizontal l ine .  The mean monthly temperature and precipitation conditions during t h e  study 
period are given ( Data from the Ultuna Meteorological Station) .  

A cta phytogeogr. suec. 73 



28 Liquan Zhang 

214days --- 214 days --- 0 

140 

214 days - 214days -

214days - 214days -

0 1  

60 

214days - 214 days - 0 

Acta phytogeogr. suec. 73 



Vegetation Ecology and Population Biology of Fritillaria meleagris L .  29 

Table 3 .  Med ian ( M )  a n d  mean ( X) ground water levels 
( cm below soi l surface ) ,  and the ind ices X /M of four 
groups of dura t ion l i nes for the grow i n g  season 1 982 . 

M x x / M 

Commun i ty A 9 7 . 5 5 3 .  1 0 . 54 

Community B 6 4 . 8 46 . 5  0 . 7 2  

Comm un i ties c + E 2 5 . 3 2 9 . 2 1 . 1 5  

Comm u n i ty D 6 . 0  1 6 . 7  2 . 78 

214 days � 

Table 4. Compari son of the means of cha racte r i stic d u ration leve l s  
of four g roups for t h e  data from 1 982 ( t -test ) .  x = signi ficant 
di fference a t  t 0 1 leve l ,  x x  = a t t o . o s level , xxx = at t o . 0 1 level , 
N .  S = no sign i ffcant differences . 

Compared plant 
commu n i ties 

Maximum level 

I n termediate level 
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Fig. 20 . Characteristic duration l ine of plant communities A ,  B, C+ E and D ,  during the growing seasons of 198 1 ( I )  
and 1982 ( 1 1 ) .  

whether above o r  below t h e  soi l  surface , were 
adopted here as the maximum leve l .  A statistical 
analysis was made for the observation results in 
1982 to establ ish the probabi l i ty of significant dif
ferences in characteristic duration l ines at maxi
mum , intermediate and min imum levels .  The dura
t ion l ines,  bundles of four groups ,  have been com
pared two by two . The results of the t-test analysis 
for data from 1 982 are given in Table 4. 

The average water table of the sites with plant 
community A was 71 cm in 1 98 1  and 97 cm in 1 982 
below the soi l  surface during half of the growing 
season . The differences i n  durat ion l ines between 
communit ies A and C+ E, and A and D respective
ly, were significant (at the t 0 . 05 and 0 .0 1  levels) 
not only in  maximum water leve ls but also in  in
termediate and min imum water levels .  However,  
the duration l i nes of plant community A differed 
only from those of plant community B in  maximum 

and intermediate water levels at the 90 % probabi l
ity leve l ,  but there was no significant difference at 
the minimum water levels although the mean mini
mum leve l of plant community A is almost 23 cm 
lower than that of plant community B .  

The average median water level o f  plant com
munity B was about 45 cm in 1 98 1  and 65 cm in 
1982 below the soi l  surface . Only for a short period 
during early spring,  was the water table near or 
above the soi l  surface . The duration l ines of this 
group differed significantly at the t 0 .0 1  and t 0 .05 
levels from the group of plant community D at 
maximum , in termediate and minimum water 
levels .  The differences in  duration l ines between 
plant commun it ies B and C+ E were a lso consider
able :  the maximum and in termediate water levels 
differed at the t 0 .0 1 1evel and the minimum water 
levels differed at the t 0 . 1 0  leve l .  

Plant communit ies C+ E a n d  D had a long dura-

� Fig. 19. Duration l ines for the sites with plant communities A- E for 198 1 ( I )  and 1982 ( I I ) .  A. Duration lines for the 
sites with plant community A, B. Duration lines for the sites with plant community B, C- E. Duration l ines for the 
sites with plant communities C+ E and D. Duration lines for the sites with plant community D. Numbers 0- 1 4  
indicate the measuring tubes ( see also Fig .  1 8 ) .  
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t ion of i nundation .  The i nundation l asted for about 
8 weeks i n  1 98 1  and for about 6 weeks in  1 982 , on 
average , during the growi ng season in  plant com
munit ies C +  E .  The inundation l asted for a lmost a l l  
the t ime in  1 98 1  and for about 1 6  weeks in 1 982 , on 
average , during the growing season in  plant com
munity D. Considerable differences were found in 
the maximum water leve ls ,  at the t 0 .05 leve l ,  be
tween these two groups of duration l ines.  The in· · 
termediate and minimum water levels ,  however ,  
differed only at  the t 0 . 1 0  leve l . 

3.3.3 Soil moisture content 

The yearly variation of soil moisture content during 
the growing season of 1 98 1  is shown in Table 5. In 
the early spring and l ate autumn the soil moisture 
reached h igh values, whi le during the active grow
ing season , especia l ly  during J une and Ju ly ,  it fe l l  to 
rather low values . But  there was nearly always 
water avai lable to the p lants in these wet meadows. 
The fluctuation range of topsoi l  moisture for the 
sites with plant community A was 53 .4- 1 9 . 2  (as 
percentage by volume ) ,  for the sites with plant 
community B 57 . 3 - 27 .0 ,  for those of plant com
munity C 58 . 1 - 38 .9 ,  and 69 . 9-46 . 5  for those of 
plant community E. The sites with plant commu
nity D were inundated a lmost the year round in 
1 98 1  and the soi l  moisture content should be rather 
constant , which wa around 56 .9  as percentage by 
volume . The fluctuation range was large in  the 
re lat ively dry sites and decreased towards the wet 
sites. 

I t  is  quite obvious that the soi l  moisture content 
i n  the study area is predominant ly i nfluenced by 
the ground water table . I n  addition , temperature , 
precipitation , evaporation , degree of deve lopment 
of the vegetation and the porosi ty of the soi l  should 
also be taken into account . 

3.4 Conclusions 

From the resu l ts of th is i nvestigation , the fol lowing 
four main ground water regimes i n  the study area 
could be recognized :  

I .  P lant  community A wi th  Poa pratensis and 
Alopecurus pratensis occurs on the borders of the 
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Table 5 .  T he year ly  variation J during the grow i n g  season of 1 9 8 1 )  o f  
s o i l  moisture content .  Means ( x )  and standard deviations ( + s . d . ) a re 
g i ven for every sampl ing s ite ( n =4 } . The figures are exp ressed in 
terms of percentage by volume . 

Plan t  Samp l ing Porosity Sameling date 
communit� s ite ( %) 26 . 4  2 2 . 5 2 3 . 6 2 5 . 7 2 7 . 8 26 . 9  2 4 . 1 0  

A 50 m 6 5 . 9 53 . 4  3 9 , 7 2 5 . 1 30 . 9  4 3 . 7 38 . 9  5 1 . 1  
:!: 3 .  3 ± 4 .  1 ± 1 . 9 ± 3 .  6 ± 1 . 7 t 4 .  5 ± 6 .  1 

A 480 m 42 . 3  2 2 .  2 1 9 . 2  2 9 . 3 36 . 9  36 . 1  46 . 7  

± 1 3 .  0 ± 3 .  8 ± 1 . 1 ±5 .  5 ± 9 .  6 ±I 0. 4 ± 8 .  9 

B 1 00 m 57 . 3  45 . 9  2 9 . 7 4 1 . 3  4 1 . 6  39 . 8  5 7 . 1 
± 7 .  1 ± 2 .  5 ± 1 . 6 ± 1 .  6 ± 2 .  8 : 2 . 3  ± 1 .  2 

B 1 50 m 6 7 . 1 5 3 . 4 4 0 . 1 2 7 . 0  3 3 .  2 4 3 . 5 3 .  5 so.  9 

± 8 .  0 ± 1 .  3 ± 1 . 0 .± 2 .  8 ± 2 .  1 : 2 . 7  :!. 4 .  5 

B 200 m 5 5 . 7 39 . 7  3 1 . 8 3 5 . 9 4 4 . 3 5 .  q 5 1 . 9  
± 3 .  8 ± 2 .  5 ± 3 .  3 ± 1 . 0 ± 2 .  7 : 2 .  4 ± 2 .  4 

B 250 m 4 9 . 3 3 5 . 6 3 5 . 8 3 3 . 3 43 . 9  � 4 .  7 56 . 3  

± 6 .  5 ± 1 .  0 ± 1 . 4 ± 1 . 1 ± I . 4 : 3 . 6 ±11. 5 

c 280 m 7 3 . 3 5 8 . 1 q 3 ,  9 4 1 . 2 3 8 . 9 4 2 . 7  50 . 7  5 2 . 5 
± 5 .  6 ± 3 .  4 ± 3 .  5 ± 4 .  2 ± 2 .  0 :6 . 2  ± 3 .  0 

E 460 m 7 1 . 5  6 8 . 3 4 9 . 2 4 9 . 1 4 6 . 5  so.  9 64. 2 6 9 . 9 

± 8 .  1 ± 1 . 9 ± 2 .  8 ± 3 .  8 ± 5 .  1 : 9 .  9 ± 4 .  4 

D 400 m 6 8 . 6  - 56 . 9  

+ 2 .  5 

reserve area at an a lt i tude of 2 . 40- 1 . 90 m (above 
sea leve l , system 1 970) , where drainage conditions 
are rather good . The characteristic duration l ines 
are concave-shaped . The maximum level was 
1 7 . 5  cm ( 1 98 1 )  and 1 1 . 3  cm ( 1 982 ) ,  on average , 
below the soi l surface . The intermediate level was 
70 . 5  cm ( 1 98 1 )  and 97 . 5  cm ( 1 982) and the mini
mum water leve l 1 0 1 .3  cm ( 1 98 1 )  and 1 1 7 .5  cm 
( 1982) ,  on average , be low the soi l  surface . The e 
sites thus were never flooded during the observa
tion period . The fluctuations in  topsoi l  moisture 
content were considerable .  

1 1 .  Plant community B w i th  Arrhenatherum pubes

cens and A lopecurus pratensis occurs mainly on the 
mesic sites at an a l t i tude of 1 . 90- 1 . 65 m a . s . l .  The 
maximum water level was 2 cm ( 1 98 1 )  and 12 cm 
( 1982 ) ,  on average , above the oil surface . The 
intermediate water leve l was 43 . 4  cm ( 1 98 1 )  and 
64 . 8  cm ( 1982) , and the minimum water level was 
68 cm ( 1 98 1 ) and 93 cm ( 1 982) ,  on average , below 
the soi l  surface . The characteristic duration l i nes 
are concave-shaped . Some sites may occasional ly  
be flooded during ear ly  spring or late autum n ,  but  
only for short periods ( less than 10% of the grow
ing season) .  Considerable fluctuations in  topsoi l  
moisture content were found .  

I l l .  P lant  community D with Carex acuta occurs 
on the wettest and lowest sites at an a l t i tude 
of 1 . 40-0 .90 m a . s . l .  The characteristic duration 
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Fig. 21. Correlation between position on DCA ordination axis I and maximum water level during the growing season 
of 1982 for the 28 releves along a transect within the Kungsangen Nature Reserve . 

l ines are convex-shaped,  being characterized by 
prolonged high water levels above the soi l  surface 
and by peak high water flooding .  The maximum 
water level was 3 1 . 7 cm ( 198 1 )  and 78 cm ( 1 982) ,  
and the i ntermediate water level was 1 8 . 3  cm 
( 198 1 )  and 1 . 7 cm ( 1 982) ,  on average , above the 
soi l  surface . The minimum water level  was 1 . 7 cm 
( 198 1 )  above the soi l  surface and 33 . 3  cm ( 1 982) 
below the soi l  surface . However ,  these figures were 
obtained from the interspaces between the tus
socks. The average height of the tussocks is 
20-50 cm . These sites were inundated in 1 982 dur
ing more than half of the growing season and were 
a lmost permanently inundated in 1 98 1 .  The soil 
moisture content was probably constant .  

I V .  The transit ion between the sites with plant 
communities B and D is at an alt i tude of 
1 . 65 - 1 . 40 m a . s . l .  These smaller but distinct parts 
are occupied by plant communit ies C and E ,  char
acterized by Carex disticha and Carex caespitosa , 

respective ly .  The maximum , intermediate and 
minimum water levels ,  as wel l  as the duration of 
flooding, were s imi lar for these two communit ies,  
apparent ly due to the same topographical  posi
t ions . However ,  plant community E is a tussock 
vegetation with Carex caespitosa as the dominant 
species . The height  of the tussocks is 1 5 - 30 cm and 
the ground water level was measured from the soi l  
surface between the tussocks .  The characteristic 
duration l ines are convex-shaped .  The maximum 
water level was 3 .3 cm ( 198 1 )  and 46 . 6  ern  ( 1 982) ,  
o n  average , above the soil surface . The intermedi
ate water leve l was 7 . 7  cm ( 1 98 1 )  and 25 . 3  cm 
( 1 982) below, and the minimum level was 26 . 7  cm 
( 1 98 1 )  and 58.3 cm ( 1 982) ,  on average , below the 
soi l  surface . These sites were periodical ly flooded 
and the period of i nundation was about or less than 
25 % of the growing season . The topsoil moisture 
content was under the direct i nfluence of the 
ground water table and moderate fluctuat ions i n  
soi l  moisture content were found .  
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A significant correlat ion is found between the posi
tion on DCA ordination axis I and the maximum 
water level during the growing season of 1 982 for 28 
releves along the transect where the water level was 
measured (Fig.  2 1 ; ,-2 = 0 .98 ,  P<0.0 1 ) .  Apparently 
the variation i n  the vegetation composition is 
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strongly related to the variation in  the ground wa
ter regime in  the study area ( including inundation ) 
and the soi l-water conditions are one of the con
trol l ing factors in  determining the variation in the 
vegetation . 



4 Analyses of soil physical and chemical properties 

Soils are the i mmediate physical and nutrit ional 
supports to p lants and therefore are one of the 
direct controls on  plant and community perform
ance . Soi l  condit ions in the Kungsangen area are 
wel l -known through the investigations of Wester
berg ( 1 9 1 0) ,  Sjostrom ( 1 92 1 ) , Giobel ( 1 933)  and 
especial ly through the study of Torstensson & 
Eriksson ( 194 1 )  i n  connection with agrogeological 
mapping at 1 : 8000 for the soi l type , the soi l  reaction 
and the contents of phosphorus and potassium.  
However, a detai led i nvestigation of soi l conditions 
within the reserve area is lacking, particularly in  
re lation to the different  p lant  communities and the 
soi l -water regimes.  During the period of 1 98 1 - 82 
analyses of soi l  physical and chemical properties 
were carried out .  The aim has been to provide 
necessary information on physical and chemical 
conditions of the substratum as an abiotic part of 
the ecosystem and to give a characterization of oil  
condi tions i n  the different zones of vegetation , 
mainly as a function of different soi l -water regimes . 

4 . 1 Methods 

4. 1 . 1  Soil sampling 

Soi l is an extremely complex medium and its 
variabi l i ty causes many problems. The apparent ly 
random spatia l  variabi l i ty i n  soi l physical and che
mical parameters even in soils which are morpholo
gica l ly  uniform and support the same vegetation 
has been shown by many soi l  scientists and ecolo
gists (Ba l l  & Will iams 1 968 , Troedsson & Tamm 
1 969) .  Because of th is , in tensive sampling may be 
required . However, a compromise between effort 
and accuracy is essent ia l  (Bal l  & Wil l iams 1 97 1 ) .  

The soi l  samples were taken from the five plant 
communities along a t ransect . Four to five replicate 
samples were taken from each of the sampling sites 
at random:  The Poa pratensis-Alopecurus 

pratensis community ( A ) ,  the A rrhenatherum 

pubescens-Alopecurus pratensis community ( B ) ,  
the Carex disticha community (C) , t h e  Carex acuta 

community ( D )  and the Carex caespitosa commu
n ity ( E ) .  For the tussocky vegetation of the Carex 

acuta community and the Carex caespitosa com
munity the soi l  samples were taken from the inter
spaces between the tussocks since i t  was d ifficul t  to 
take the sample from the top of the tussocks .  Each 
sample consisted of three subsamples ,  that is, sub
divided into 0- 1 0, 1 0- 20,  20- 30 cm horizons. Soil 
cores were taken with an auger of 48 mm diameter, 
which had a volume of 1 8 1  cm3 for each horizon ,  
and  the  soi l  core obtained was  used as volume
determined for the measurement of physical and 
chemical  properties . The soi l  samples were taken 
in  September 1 98 1 .  They were put in polythene 
bags and transported as soon as possible to the 
laboratory where they were treated immediately or 
were stored in  a frozen state for later analyses . 

4. 1 .2 Definitions and methods of analyses 

Most of the defin it ions and the methods are accord
ing to Andersson ( 1 970a) and Al ien et a l . ( 1 976) . 

Dry bulk density ,  Yt, is the weight of the volume units of 
soil in undisturbed stratification dried at 1 05°C to con
stant weight .  

Reduced bu lk  density ,  Ytr, i s  the  weight of the  fine 
earth per unit volume of soi l ,  which means that the 
weight of roots and particles larger than 2 mm are ex
cluded .  

Porosity, P ,  is the volume of pore space as a percen
tage of a given volume of soi l which is calculated accord
ing to the formula:  

P = 100 ( 1  -
Yt 

) s 
The soi l samples were sieved through 2 m m  mesh . 

Dead and living roots and mineral particles larger than 2 
mm were removed and weighed . The fol lowing analyses 
were based on the remaining fine earth .  

Specific gravity,  S ,  was determined on the fine earth  
dried a t  1 05°C to constant weight . A soil sample of 
known weight was p laced in a volume-determined flask 
and the volume of the pores was determined by expel l ing 
the air with 95 % alcoho l .  
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pH was measured in water extract and in 0 . 2  M KCl 
extract . The extraction was prepared according to Sjors 
( 1961 )  and Hytteborn ( 1975) .  Samples were shaken on a 
rotating board for three hours . Because of their high clay 
content ,  the extracts were centrifuged for 30-60 min
utes . Then pH was measured e lectrometrical ly with a 
combined glass and reference electrode ( Beckman Ex
pandomatic) . The values were determined after the pH 
had stabilized . The pH values measured in KCl extract 
were roughly 0 . 5 - 1 .0 units lower than the ones mea
sured in water extract due to ion exchange-hydrogen 
ions being released (Peech 1 965 , Troedsson 1 973 ) .  

Loss on ignition is an  approximate expression of  orga
nic matter .  Before the ignition ,  the water content was 
determined by oven-drying to constant weight at 105°C. 
Then the samples were put into a muffle furnace at a 
temperature of approximately 550°C for about one hour.  
According to E kstrom ( 1 927) , correction should be 
made for water losses from samples with h igh clay con
tent . The correction was applied for al l  the soil samples 
taken from this study area. 

Total nitroge n ,  N-total , was determined by means of 
the macro-Kjeldahl method . Digestion was made with 
concentrated H2S04 and catalyzed by K2S04. H202 was 
added during the digestion . Disti l lation was done with 
40 % NaOH into a receiving flask with 0 . 1 M HCI con
taining indicators . Titration was made by an automatic 
titrator (Titrierautomat E 326 and Dosimat E 4 1 2) with 
0 . 1 M NaOH . 

The cation exchange capacity was determined as the 
sum of exchangeable metall ic cations (Na+ , K+ , Ca2+ , 
Mg2+ and Mn2+ ) and hydrogen ions (H + ) .  The replicate 
samples were mixed to a homogeneous composite sam
ple , which considerably reduced the time and labour and 
rendered the same result as the means of separate deter
minations , but without information on the deviation .  
About 20  g of  fresh fine earth (moisture content deter
mined) were taken from each of the composi te samples 
and the soil samples were rotated in a polythene flask 
together with 1 00 m l 1 M ammonium acetate (AmAc) of 
pH 7 .00 for five hours and then fi l trated . 

The exchangeable hydrogen ions were determined by 
measuring the pH of the fi ltrated soi l extracts . The con
centration of hydrogen was read off from a pH standard 
curve obtained by titration of the neutral  1 M AmAc 
solution with 0 . 1 00 M HCI (Brown 1 943 ) .  

Metallic cations were analysed direct ly  in  di luted 
AmAc extracts (50 ml  extract was made up to 1 00 ml with 
deionized water) on a Varian Techtron Atomic Absorp
tion Spectrophotometer, Model 1 000 , acetylene-air 
burner .  

The degree of neutralization or percentage base 
saturation (Sjors 1 954) was obtained by dividing the sum 
of exchangeable N a+ , K+ , ea+ , Mg2+ and M n2+ equiva
lents by the cation exchange capacity determined as the 
same sum plus exchangeable H + . 

The composite samples were also used for the 
measurement of the phosphorus content in soi l .  There 
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are several methods avai lable for the determination of 
phosphorus (Stahlberg 1980) . In this investigation , 
analyses of easi ly soluble P (avai lable to plant) were 
made according to the Swedish AL-method (Egner et al . 
1 960) .  For total P (stored P ) ,  the H Cl-method was used.  
Acetate-Lactate solution ( 1 1 0 g lactic acid d 1 . 20, 85 % ,  
1 19 g acetic acid d 1 . 06 , 96 % , 80 g ammonium acetate per 
liter , when used , diluted to 10 times with disti l led water) 
and 2 M HCl were used as the extractants respective ly .  
After digestion and fi l tration of the air-dried soi l  sam
ples, the colorimetric method was used for the deter
mination of phosphorus based on the development of 
molybdenum blue with ammonium molybdate-sulphuric 
acid reagent and tannous ch loride reagent . The concen
tration of P04-P was read off from a standard curve 
obtained by measuring the optical den ity at 872 nm 
using water as a reference on a spectrophotometer Tur
ner Model 330 . 

The results for N-total , P-AL ,  P-HCI and exchange
able cations were multiplied by the reduced bulk density 
to convert them to concentration by volume, since com
parison of properties for ecological purposes are more 
adequate on a volume basis .  

4.2 Results 

4.2. 1 Description of the soil profiles 

The soil types within the reserve area were , accord
ing to Torstensson & Eriksson ( 1 94 1 ) ,  in the sector 
ranging from l ight clay with fine and to heavy clay . 
The different horizons in the clay profile resulted 
from the formation of the deposits ( Hofman-Bang 
1 938) . The clay content was high , especia l ly in the 
low-situated sites with the Carex acuta, the Carex 

disticha and the Carex caespitosa plant com muni
ties . I n  these sites the content  of heavy clay was 
h igh even in the humus layer .  I n  the re lat ively 
h igh-situated sites with the Poa pratensis

A lopecurus pratensis and the A rrhenatherum 

pubescens-A lopecurus pratensis plant com muni
ties , the soi ls were more or less mixed with si l t  and 
fine sand which provided a fair ly good physical 
structure at these sites . The differences between 
the contents of clay were caused by an uneven 
deposition of the clay fraction during the formation 
of the deposits (Torstensson & Eriksson op . cit . ) .  
N o  mineral particles larger than 2 mm were found 
in  the samples taken from the study area .  

Al l  profi les showed disti nct hydromorphic fea
tures and the macromorphological features were 
apparent ly dependent on the variat ion in ground 
water regimes in  the study area .  The humus l ayer 
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was 1 1 - 1 2 cm thick in plant community A and 
1 3 - 1 4  cm in plant community B .  The humus type 
was a mul l ,  dark brown in colour with a crumb 
structure ,  particularly in plant community B which 
had a typical coarse crumb structure due to l arge 
earth worms . The boundary between the humus 
layer and the underlying layer was not sharp . The 
soi l -moisture regime there a l lowed adequate aera
tion in the upper part of the soi l .  Fissures were 
frequent in the underlying layer with rusty mott les . 
The humus layer was 6 - 8  cm thick in plant com
mun ity C and 8- 1 0  cm in  plant community E with 
black colour in the upper part and dark grey colour 
in the lower part . The humus type resembled mul l ,  
being a black , structure less humus type wel l  mixed 
with minera l  materia l . Due to a frequent fluctua
tion of the ground water table close to the upper 
part of the soi l , the reduced features dominated 
over the oxidized features there . The humus l ayer 
in  plant community D was 4 - 6  cm thick . The 
humus type could be assigned to mul l- l ike moder ,  a 
b lack , structureless humus with a substantia l  
mineral admixture and smel l  of ink.  The boundary 
between the humus layer and the underlying layer 
was rather sharp , and the latter was of a pale grey 
colour which indicated a predominant ly reduced 
feature developed by a high water table throughout 
the year. 

4.2.2 Humus content 

The humus content of the fine earth expressed as 
the percentage of loss on ignition after the correc-
tion , show<; a sl ight ly  horizontal  variation and a 

Table 6. Survey of soil structural  propert ies . Means ( x) and standard 
deviations ( S O )  of loss on ignit ion in  weight % ( ign . loss ) ,  d ry bulk 
density ( Y t ;  g /cm 3) .  reduced dry bulk dens ity ( Y t r ;  g /cm 3) .  specific 
gravity ( S ;  g /cm 3) and porosity i n  volume % ( P ) .  SO at 95 % confidence 
l i m i t s .  n = number of samples . m = the value of the composite samples . 

Community Depth � Y t  Y t r  s p 
t:r:�e (cm ) n X so � � m 

A 0- 1 0  1 1 .  1 0  0 .  74 0. 86 0 .  26 o .  84 0. 06 2. 5 1  6 5 . 9 
1 0- 2 0  3 .  63 0 .  80 1 . 1 9  0 .  07  1 . 1 8 0. 07 2 .  5 3  5 3 . 1 
20- 30 4 2 .  2 5  0 .  2 1  1 .  2 6  0 .  0 1  1 .  26 0. 01 2. 59 5 1 . 2 

B 0- 1 0  9 .  80 1 .  60 0. 84 0 .  07 0 .  80 0. 07 2. 55  67 . 1  
1 0- 20 4. 50  1 .  04 1 . 1 1  0 .  07  1 .  10  o .  07 2. 59 5 7 . 3 
20- 30 5 2 .  00 0. 67 1 .  22  0 .  07 1 . 22 0. 07 2 .  73 5 5 . 3 

c 0- 1 0  1 1 . 90 0. 74 0. 68 0. 04 0. 64 o. 05 2 .  55  7 3 . 5 
1 0- 20 1 .  93 0. 40 1 .  30 0. 04 1 .  29 0. 04 2. 7 1  5 2 .  2 
20- 30 0 .  53 0. 33 1 .  31 0. 04 1 .  31  0 .  04 2 .  75  52 . 3  

D 0- 1 0  9 .  68 1 . 1 7 0. 7 9  0 .  0 7  0 .  7 6  0 .  0 7  2 .  5 3  68 . 6  
1 0- 20 1 .  05  0 .  45  1 .  35  0 .  04 1 .  34 0. 03 2.  76 5 1 . 0  
20- 30 0 .  1 5  0 .  39 1 .  40 o. 06 1 .  40 0. 06 2 .  79 49 . 9  

0- 1 0  1 0 . 68 0. 56 0 .  73 0. 08 0. 69 0. 08 2 .  55  71 . 5  
1 0- 20 3. 45  0 .  82 1 .  03 0 .  08 1 .  02 0 .  08 2. 59 60. 4 
20- 30 1 .  1 3  0 .  50 1 .  23 0.  09 1 .  23 0 .  09 2. 7 1  54. 5 

more clearly vertical vanatwn (Table 6) . Ex
pressed as percentage of dry weight , the average 
losses on ignit ion for the plant communities were : 
1 1 . 1 ±0 .74 ( A ) ,  9 . 8 ±  1 . 6 ( B ) ,  1 1 . 9 ± 0 .74 (C) , 
9 . 7 ± 1 . 1 7 ( D )  and 1 0 . 7±0 . 56 ( E )  respectively ,  in  
the upper 10  cm horizons. The vertical variation 
showed the h ighest values in  the upper 10 cm and 
the values decreased considerabl y  with depth . 

The losses on ignition in the h umus layer were 
within the variation measured by Sjors ( 196 1 )  i n  
samples c lassified a s  mu l l  from grassland a n d  other 
open sites .  

4 . 2 . 3  D r y  b u l k  density and reduced bulk density 

The dry bu lk  density of the soil in plant communi
ties A- E were 0 . 86 ,  0 . 84 ,  0 . 68 ,  0 . 79 and 0 . 73 g/ 
cm3 , respectively ,  i n  the upper 1 0  cm . As to the 
vertical variat io n ,  maximum values of 1 . 22- 1 . 40 
g/m3 were found in the lower 20- 30 cm . The influ
ence of organic  matter on dry bulk density was 
obvious ( Fig .  22) . At high percentages of loss on 
ignit ion the dry bu lk  density would be l argely de
termined by porosity ;  similar relationships h ave 
been reported by Sjors ( 196 1 )  and Andersson 
( 1970 a) . 

A comparison of dry bulk density with the re
duced bulk density showed a variation in the upper 
part of the soi l , which corresponded to the roafin_g  
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Fig. 22 .  Relationship between dry bulk density, loss on 
ignit ion and porosity of the soi l  samples taken from plant 
communities: A ( � ,  0 - 1 0  cm , A ,  1 0 - 30 cm) ,  B (0, e) , 
C (D ,  •),  D (0, +) and E ( 'V ,  � ) in the Kungsangen 
Nature Reserve . 

A cta phytogeogr. suec. 73 



36 Liquan Zhang 

depth .  The variation was main ly caused by the 
differences in root distribution . 

4.2.4 Specific gravity 

The specific gravi ty showed no significant differ
ences between the different sampl ing sites (Table 
6) . A sl ight ly vertical variation paral le l  to the dis
tribution of organic matter was confirmed , with the 
lower specific gravity (2 . 5 1 - 2 . 55 )  in the upper 10 
cm and high values ( 2 . 59 - 2 . 79)  in the 20- 30 cm 
horizons .  This meant decreasing specific gravity 
with increasing organic matter .  

4.2.5 Porosity 

General l y ,  the pore space made up more than 50 % 
of the soil volume at a l l  sampl ing sites (Table 6 ) .  
The greatest variations were found in t he  upper 
1 0  cm , with 65 . 9  % for plant community A, 67 . 1 %  

for community B ,  73 . 5 %  for community C ,  68 . 6 %  
for community D a n d  7 1. 5 %  for community E .  The 
porosity in the 20- 30 cm level showed smal l  differ
ences , ranging from 49 . 9  to 55 . 3 % .  The porosi ty of 
soi l  was influenced by the nature of the soil texture , 
the degree of packing and the soil  organic matter .  
The influence of soi l  organic matter on porosity can 
be seen in Fig . 22 . 

4.2.6 pH 

The horizontal  and vertical variations of pHwatcr 
and pHKCI are presented in Table 7 .  A comparison 
of determinations of fresh sample in water and KCl 
solutions was made . The differences between pH 
values from these two extracts varied from 0 .6- 1 . 5 
pH units with , as could be expected , large differ
ences in the more acid samples (with more ex
changeable hydrogen ions) . 

The pH values were below 7 in the soil sam-water 

Table 7 .  C ompa r i son between pH 
w ater 

and pH 
KC I

" F ig u res calcu l ated a s  mea n s  ± 
standard dev iation , n = n u m be r  of sa mples . 

Plant com m u n ity A 
T ype of Depth 
extract c m  ....:..n:___= -..:.4 __ 

H 20 0- 1 0  5 . 93 ± 0 . 22 
1 0- 20 5 . 92 ± 0 . 06 
20- 30 6 . 26 ± 0 . 06 

KCI  0- 1 0  4 . 89 ± 0 . 24 
1 0- 2 0  4 . 57 ± 0 . 08 
20- 30 4 . 83 ± 0 . 08 

B 
n = 5 

6 . 64 ± 0 . 08 
7 . 7 9 ± 0 . 06 
7 . 88 ± 0 . 04 

5 . 53 ± 0 . 1 4  
7 . 1 1  ± 0 . 06 
7 . 1 8  ± 0 . 04 

c D E 

n = 5 n = 4 n = 5 

7 . 52 ± 0 . 07 7 . 54 ± 0 . 06 7 . 46 ± 0 . 1 4  
7 . 69 ± 0 . 05 7. 72 ± 0 . 06 7 . 73 ± 0 . 05 
7 .  8 1  ± 0 . 03 7 .  81 ± 0 . 06 7 .  8 1  ± 0 . 03 

7 . 03 ± 0 . 05 6 . 92 ± 0 . 06 6 . 76  ± 0 . 1 5  
7 . 08 ± 0 . 05 7 . 02 ± 0 . 04 6 . 97 ± 0 . 04 
7 . 1 7  ± 0 . 03 7 . 1 8  ± 0 . 03 7 . 04 ± 0 . 02 

T a bl e  8 .  Vertica l d i st r i bution o f  exch a n geable cation content for p l a nt comm u n i -
t ies A - E a long the t r a n sect . 

Exchangeable cat ion m eg/ d m  
3 

S u m  Degree of 
C om m u n ity Depth 

M 
2+ M n2+ 

C a
2 +  m eta l lic  neutra l  i za-

tYE�e ( cm )  H
+ 

K
+ 

Na
+ 

9 cat ion tion 

A 0- 1 0  39 . 9 9 . 2 6  0 . 80 3 4 . 4 0 . 1 25 1 1 5 . 5 1 60 . 0 80 . 1  
1 0- 2 0  33 . 1 3 . 97  1 .  1 0  56 . 3  0 . 030 1 60 . 3 2 2 1 . 7  87 . 0  
20- 30 2 8 . 1 2. 1 3  1 .  99 7 1 . 5  0 .  0 1 1 1 67 . 2 2 42 . 8 8 9 . 6 

B 0- 20  2 0 . 5 2 . 85  1 .  1 9  2 1 . 8  0 . 0 1 0  1 94 . 9 220 . 8 9 1 . 3  
1 0- 20 1 .  93 1 .  86 1 7 . 9  0 . 008  328 . 8 3 50 . 5 1 00 . 0 
20- 3 0  1 .  76  2 . 42 1 9 . 8  0 . 008 346 . 9 3 7 1 . 0  1 00 . 0 

c 0- 1 0  2 . 2 9  5 . 1 0  2 1 . 1 0 . 0 2 8  284 . 9 2 77 . 4  1 00 . 0 
1 0- 20 1 .  7 0  5 . 96 2 5 . 0 0 . 1 67 341 . 3  3 7 4 . 1 1 00 . 0 
20- 30 1 .  30 5 . 95 30 . 6  0 . 069  32 5 . 7 363 . 7 1 00 . 0 

D 0- 1 0  2 .  4 1  2 . 69 1 6 . 7  0 . 026  298 . 4 320 . 3  1 00 . 0 
1 0- 20 1 .  00  2 . 7 8 1 7 . 9  0 .  764  322 . 6  3 45 . 0 1 00 . 0 
20- 30 0 . 94 3 . 33  2 4 . 5 0. 0 3 1  333 . 2 362 . 0 1 00 . 0 

E 0- 1 0  2 . 2 9  6 . 1 3  1 3 . 4  0 . 009  2 1 5 . 5 2 37 . 3 1 00 . 0 
1 0- 20 1 .  3 9  7 . 66 9 . 8 0 . 007  2 9 1 . 9  3 1 0 . 8 1 00 . 0 
20- 30 1 .  06  7 . 2 3  9 . 8 0 . 007  288 . 3 306 . 4 1 00 . 0 
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pies from plant community A, which might part ly 
be due to the gyt tja content i n  the eastern part of 
the reserve area ( Giobe l 1 933) .  

4 . 2 .  7 Exchangeable cations and degree of neutral

ization 

In Table 8 the exchangeable cations,  degree of 
neutral ization and cation exchange capacity are 
given . I n  genera l ,  the cation exchange capacity was 
rather high in the study area ,  ranging from 200 to 
374 meq/dm3 . The samples with highest exchange 
capacity were in wet sites of the study area and 
re lative ly dry sites had lower values.  There was no 
obvious corre lation between the exchange capacity 
and the organic content ,  perhaps because of the 
high content of clay . A relationship between the 
pH and the percen tage of exchangeable metal l ic 
cations existed in this study ( cf. Gorham 1 953 ,  
Sjors 1 96 1 ) .  There was an i ncreasing percentage of  
neutralization from 80 % to 1 00 % ,  from plant  com
munity A towards community D. Samples with a 
higher percentage value had also a higher Ca2+ 

content , which was  a dominant exchangeable 
metal l ic ion , ranging from 1 16 to 347 meq/m3 . As to 
the amount of exchangeable Ca2+ and the sum of 
exchangeable metal l ic cations, there was a marked 
differentiation , s imi lar to that found for the degree 
of neutralization . 

Exchangeable H + was mainly presented in plant 
community A .  The K + and Mg2+ contents were 
higher in plant community A than in the others .  
The Na + was sl ight ly  higher i n  plant communities E 
and C than in the others .  No t rend was noticed for 
the rather i rregular M n2+ content in the samples 
except that the amount in plant community D (at 
1 0 - 20 cm) was much higher than in the other sam
ples, and the amounts in  plant communities E and 
B were very low . 

Sjors ( 1 96 1 )  gives a variation of 4 1 - 95 for the 
degree of neutra lization for grassland mul l ,  1 44 to 
274 meq/dm3 for cation exchange capacity ,  2 . 3  to 
5 . 3  meq/dm3 for K+ content ,  1 3  to 1 86 meq/dm3 for 
Ca2+  content ,  0 .3  to 1 . 6 meq/dm3 for Na + content . 
The corresponding values obtained from the 
humus layer at the study area were most ly within 
the ranges given by Sjors and i n  some cases, s l ight ly 
h igher .  

4.2 .8  Nitrogen 

The horizonta l  and vertical variations of N-total 
are presented in Table 9. The mean values for the 
plant communities were : 5 . 1 3  ( A ) , 4 .45 ( B ) ,  4 .08 
(C) ,  4 .0 1 ( D )  and 4 .0  g/dm3 ( E )  respect ive ly ,  in the 
upper 10 cm . A vertical variation existed in al l  
sampling sites ; the N-total content  decreased with 

Table 9 .  N - total and P- A L ,  P-HCI  con tents in d iffer
ent hor i zon s for plant communi t ies A - E .  F i g u res for 
N - total content a re expressed in g / dm 3 , as mean s ± 
standard deviat ions n = num be r  of samples . F i g u res for 
P- A L  and P- H C I  con tent are t he mean va l ue of the 
composi te samp les , in m g / d m 3 . 

Community  Depth N - tota l g /dm 3 P-A L  P - H C I  3 
type ( cm )  n = 4 mg/dm 3 mg/dm 

A 

B 

c 

D 

E 

• 

• 

0- 1 0  
1 0- 20 
20- 30 

0- 1 0  
1 0- 20 
20- 30 

0- 1 0  
1 0- 2 0  
20- 30 

0- 1 0  
1 0- 20 
20- 30 

0- 1 0  
1 0- 20 
20- 30 

. 
... . 

5 

5 . 1 3  ± 0 . 62 
1 . 88 ± 0 . 2 2  
0 . 84 ± 0 . 1 9  

4 . 45 ± 0 . 58 
3. 2 1  ± 0 . 52 
1 .  7 1  ± 0 . 06 

4 . 08 ± 0 . 20  
2 . 00 ± 0 . 35 
1 .  30 ± 0 .  27 

4 . 0 1  ± 0 . 46 
1 . 45 ± 0 . 08 
1 .  2 3  ± 0 .  20 

4 . 00 ± 0 . 3 1  
2 . 0 9  ± 0 .  7 4  
1 .  1 5  ± 0 .  3 1  

0 
0 

0 

3 9 . 4  6 2 9  
1 8 . 6  6 9 0  
1 7 . 2  6 7 0  

1 5 . 5  4 6 9  
2 5 . 6  6 7 3  
2 6 . 7 7 1 7  

1 9 . 3  3 6 9  
2 4 . 9 7 7 3  
20 . 9  7 7 1  

3 1 . 3  4 8 7  
32 . 2  882  
2 9 . 7 9 2 8  

44 . 1  462  
2 6 . 0 6 6 3  
2 6 . 3 7 6 9  

AA 6 
0 

0 

� 6 0 0 
0 oo 'V 'V 

0 

10 
L oss on ignition °{o 

6 1  � 
en 

� 0 
5 "; z 

4 

3 

2 

Fig. 23 . Relationship between loss on ignition and N
total for the soi l samples taken from plant communities: 
A ( 6 ,  0- 1 0  cm, _. ,  1 0 - 30 cm) ,  B (0, e) , C (o, •), D 
(0, +) and E ( \7 ,  T )  in the Kungsangen N ature Re
serve . 
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depth ,  but in plant community B not as sharply as 
in the others .  This may be explained by the abun
dant presence of earthworms there . 

There was a close corre lation between the N
total content and  the  soi l  organic content ( Fig .  23) .  
The N-total contents i n  the humus layer at a l l  the 
sampling sites were within the range of 2 .0-6 .7  
g/dm3 reported by Sjors ( 196 1 )  for mu l l  from grass
land and other open sites . 

4.2.9 Phosphorus 

The results of determination of P-AL and P-HCI 
are presented in Table 9 .  Stahlberg ( 1 976) has clas
sified the available and stored phosphorus into five 
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levels ; a high value gives a higher class .  Compared 
with  these c lasses ,  the values for P-AL for plant 
communit ies A and E fa l l  i n to 3, for plant com
munit ies C and D into 2 and for plant community B 
i nto 1 ( upper 1 0  cm horizon) .  The values for P-H Cl 
for communities A ,  D and E fa l l  in to c lass 4 .  and 
for communit ies B and C into 3 .  I n  genera l ,  there 
were , however, no part icular differences between 
the P-HCl values, neither i n  the horizontal n r in  
the vertical distribution . 

A range of 240- 860 mg/dm3 for P-total , and of 
4 - 3 1  mg/dm3 for P-A L  is given by Sjors for mul l  
from grassland . The corresponding values obtained 
in the study area were within these ranges, and a 
few values were higher .  



5 Primary production 

The investigation of the plant community produc
tion at the Kungsangen Nature Reserve mainly 
aimed at providing information on the potential  
yield of hay-making,  whi le establ ishing the differ
ences in standing crop between the plant communi
ties with reference to ome soi l  physical and che
mical properties as we l l  as the soil-water regime . 

5 . 1 Methods 

The measurement of net primary production by 
determining the biomass at the beginning and the 
end of a study period has been widely used by 
agronomists and plant ecologists on managed 
grassland ( M il ner & Hughes 1 968) . In this study 
area , the above-ground l iving biomass at the begin
ning of the growing season is negligib le . By the end 
of J une the above-ground biomass reaches i t s  maxi
mum and thereafter there is a gradual decline 
( according to the manager) . I t  was decided to esti
mate above-ground biomas only once when the 
maximum standing crop is reached . 

The study was carried out in J u ly 1 98 1 .  During 
that year the whole vegetation transect was pro
tected from mowing , which was done over the rest 
of the area during the period J une 1 8- 2 1 . Samples 
were taken from the four plant communities A - D ,  
except the Carex caespitosa community . This com
munity type occurs only in  a re latively small area 
and moreover ,  its tussocks and large inters paces 
made ampling difficult . By using the restrictive 
random method (Goldsmith et  al . 1 976) , the sites 
along the transect under study were divided syste
matical ly into eight sub-divisions,  each 50 m long, 
and each sub-division then was sampled at random . 
In  this way each part of the transect had a good 
chance of being sampled and at the same time as 
the data obtained were suitable for statistical analy
sis . Sampl ing p lots of 50 x 50 cm were used as re
commended for grassland vegetation by Shimada 

( 1 959) )  and Mi lner & Hughes ( 1 968) . The number 
of plots varied from one community to another 
between 6 and 27 , the heterogeneity and the range 
of the plant community type being taken into 
account : 

A .  Poa pratensis-A lopecurus pratensis community 6 
B .  A rrhenatherum pubescens-A lopecurus pratensis 

community 
C .  Carex disticha community 
D .  Carex acuta community 

27 
1 2  
9 

Harvest data from the p lots gave standard errors 
of the means for each plant community type rang
ing from 4 .2  to 7 .0 % ,  with a mean of 5 . 6 % . This is 
within the acceptable standard of an error of 1 0 %  
o f  the mean (Mi lner & H ughes 1 968) . 

Al l  sampling plots were cl ipped with a pair of 
scissors (July 6-8 ,  1 98 1 )  down to the l i t ter and 
bryophyte layer at a level of about 2 cm above the 
soi l  surface . This way of harvesting proved to have 
no lethal effect on the vegetation . The fresh ly cut 
material was put into polythene bags and trans
ported to the laboratory within a few hours , where 
it was stored frozen .  

The harvested material from each sampling plot 
was sorted into four categories : ( 1 )  l iving grami
n ids , (2)  l iving herbids , (3) dead graminids and ( 4) 
dead herbids . 

Living and dead graminids and herbids were 
weighed fresh and subsequently oven-dried to a 
constant weight at 80°C for 72 hours, and weighed 
again on a balance sensitive to 0 .0 1  g. In presenting 
the results mean and a standard deviation , i n  g/m2 , 
were calculated on the basis of the restrictive ran
dom samples for each community type . 

The estimation of the underground biomass was 
considered as wel l ,  but not realized .  Two main 
difficult ies were the separation of l iv ing from dead 
roots and the removal of soi l  particles adhering to 
root hairs ( Mi lner & Hughes 1 968) . Besides ,  the 
root production measurement is  very t ime-con
suming .  Neverthe less , some root analyses were 
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made during September 1 98 1 ,  when four to five soi l  
cores o f  4 . 8  c m  diameter were taken randomly  
from each p lant  community site for analyses of  soi l 
physical and chemical properties. The roots were 
separated from 0- 1 0 ,  10-20 and 20-30 cm soi l 
horizons,  then washed,  oven-dried and weighed . 

5 . 2  Results 

The mean and standard deviation of the peak 
standing crop,  the proportion of graminids and 
herbids ,  and the ratio of dead and l iving standing 
crops are presented in  Table 10. A statistical analy
sis (t-test ) was carried out to compare the mean 
peak standing crops between these four plant com
munit ies and the results are presented in  Table 1 1 .  

The differences i n  the peak standing crop were 
considerable . The h ighest value of the peak stand
ing crop was found in plant community A with a 
mean value of 585 g/m2 , which was significantly 
h igher than for any other plant community 
( P<0.0 1 ) .  The lowest value for the peak standing 
crop was found in  plant community C with a figure 
of 340 g/m2 . The difference in  the peak standing 
crop between plant communit ies C and D was sig
nificant (P<0 .0 1 ) and that between plant com
munit ies C and B was considerable ( P<0.05) . The 
values for the mean standing crop of plant com
munities B and D were i ntermediate , with figures 
of 407 g/m2 and 446 g/m2 respective ly ,  and there 

Table 1 1 .  Compa r i son of the means of peak standing crop 
between plant communit ies A, B ,  C and D .  t-test , 
t = ca lculated value , t' = expected value at s igni ficance 
level 0. 05, t" = expected value at s i g n ificance level 0 .  0 1 . 
xx = significant at to . 0 1 , x = s ig n i ficant at to . os ,  N . S .  
= no s ignificance . 

Comeared communities t '  t"  sign i ficance 

Communities A - B 4 . 67 2 . 04 2 .  75  XX 
Communities A - c 7 . 98 2 . 1 2  2 . 92 XX 
Communities A - D 3 . 40 2 . 1 6  3 .  0 1  XX 
Communi t ies B - C 2 . 42 2 . 02 2 . 7 0 X 
Communi ties B - D 1 . 1 7  2 . 04 2 . 75 N . S .  

Communities C - D 3 .  4 1  2 . 09 2 . 86 XX 

was no significan t  difference between these two 
plant communit ies ( P>0. 1 0) .  

Considering the proportion o f  graminids and 
herbids , these plant communi ties were graminid
dominated ones:  the herbids i n  al l  harvests from 
these four communities showed very low values 
both in the absolute weight and in the proportion of 
the total standing crop, general ly not more than 
7 % .  I n  plant community A the graminids contri
buted 98. 9 %  of the total standing crop , of which 
the most abundant species were the ta l l -grasses 
Poa pratensis, A lopecurus pratensis, Agropyron re

pens and the tussocky species Deschampsia caespi

tosa . The herbids accounted on ly  for 1 . 1 % of the 
total standing crop.  Plant community B was re
lat ively herbid-rich , accounting for 6 .7% of the 
total standing crop,  the h ighest proportion among 
the plant communi ties under  study. The graminids 

Table 1 0 . Mean s  a nd standard dev iations of tota l sta nd i n g  c rop, p roport ion s of 
g ra m i n i d s  and herbids , and rat io of dead and l i v in g  sta n d i n g  c rops for p lant  
communit ies  A,  B ,  C and D.  n = numbe r  of sample  p lot s .  D ry weight  i n  g f m 2 , 
d ri ed at 8ooc ,  3 days .  

Commun i t� tyee A n = 6 B n = 2 7  C n = 1 2  0 n = 9 

T otal  stand ing c rop 5 8 5  ± 6 6 . 9 407  ± 8 7 . 4 3 4 0  ± 5 9 . 5 446 ± 8 3 . 9 

G ra m i n id s  5 7 8  ± 6 8 . 5 380 ± 80 . 6  3 3 4  ± 5 9 . 5 4 3 3  ± 8 2 . 6 

% i n  total  9 8 . 9 93 . 3  9 8 . 0 9 7 . 1 

Herbids 6 . 7 ± 3 . 6 2 7 . 4 ± 1 5 . 7  6 . 6 ± 7 . 0 1 2 . 8  ± 5 . 5 

% i n  total 1 . 1  6 . 7 2 . '0 2 . 9 

Stand ing dead c rop 

G r a m i n i d s  6 4 . 2 ± 2 2 . 1 4 9 .  1 ± 1 6 . 9  5 4 . 4  8 . 8 5 8 . 9 ± 1 9 . 8  

H erbids 2 . 8  ± 1 . 8  3 . 5  ± 2 . 9 0 . 6  0 . 6  2 . 0  ± 1 . 1  

Rat io of d ead and 
l iv ing stand ing c rops 0 . 1 2  0 . 1 3  0 . 1 6  0 . 1 4  
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Fig. 24. Root distribution in the 
soil profi les (0-30 cm) in plant 
communities A - D .  

Soil profile cm 
0 

10 
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50 
Community A 

const i tuted 93 . 3 %  of the total standing crop , of 
which t he most abundant species were Deschamp

sia caespitosa, A lopecurus pratensis, A rrhenathe

rum pubescens and Festuca rubra .  In plant commu
nity C ,  Carex disticha was the most dominant spe
cies, with sparse ly  distributed species such as 
Alopecurus arundinaceus, Deschampsia caespito

sa, Festuca rubra and others .  The herbids consti
tuted only 2 . 0 %  of the total standing crop.  In plant 
community D, Carex acuta accounted for more 
than 90 % of the total standing crop and on ly a few 
other graminids and her b ids could survive there , 
reaching very low cover .  The herbids accounted for 
2 . 9 %  of the total standing crop . 

The ratio of the standing dead and l iv ing crops at 

50 
B 

100 50 
c 

100 50 
D 

harvest ing t ime varied from 0. 12  to 0. 16  i n  these 
plant communities .  The figures for sedge com
munities C and D were h igher than t hose for plant 
communit ies A and B, which may suggest that the 
maximum standing crop was reached earl ier in  
communit ies C and D .  

The percentage distributions i n  relation to the 
depth of soi l profi l es in these four plant communi
ties are shown in  Fig .  24 . Most of the shallow roots ,  
which const i tuted more than 90 % of the total root 
crop , were restricted to the upper 20 cm w here the 
soi l  had good texture and structure , and the n u
trient conditions were sufficient for grass develop
ment . 
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6 Vegetation dynamics 

Vegetation dynamics can be defined as the changes 
in time in the composit ion of vegetation at a site . 
Austin ( 1981 )  stressed that it is important to parti
tion dynamical variabi l ity into i ts components, 
such as the differential effects of c l imatic changes , 
environmenta l  changes and biotic factors . Numeri
cal classification and ordination can assist in  such a 
clear part i t ioning of types of dynamical behaviour 
(Austin et a l . 1 98 1 ) .  This approach has been used 
successfu l ly ,  especia l ly in grassland , fi rst in dune 
grassland to reveal  successional re lationships be
tween plant com munities (van der Maarel 1 969) , 

further in a lawn to show the changes of vegetation 
composition from year to year ( Austin 1 977 ) ,  and 
in  a long-term experiment in  grassland to study the 
dynamical behaviour under different  treatments 
(van Hecke et al . 1 98 1 ) .  

A n  approach t o  the ecological interpretation of 
the vegetation , which can a lso be used in studies of 
vegetation dynamics , is the use of ecological indica
tor values of species, as developed by El lenberg 
( 1974) for Central Europe . On this basis, sites can 
be i nterpreted in terms of soi l moisture , acidity, 
ni trogen status, etc . , by assigning a value to each 
plant species for these important factors .  The 
values are based on general experience , including 
measurements . 

The interpretation can be further faci l itated by 
combining the i ndicator value approach with an 
i ndependent ly derived ordination based on the 
compositional variation of the sites i nvolved ( Pers
son 1 980, 1 98 1 ) .  

As has been mentioned i n  the previous sections 
the vegetation at the Kungsangen Nature Reserve 
had been used for hay-making long before the 
establ ishment of the reserve and the soi l-water con
d it ions are mainly responsible for the differentia
tion of the vegetation at the study area . This study 
is focused on the vegetation dynamics in  the re
serve area over 41 years . By applying the dynamic
al approach based on repeated observations on 
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permanent plots, the development of vegetation is 
described with mul tivari ate techniques . Fur
thermore , as environmental  data for 1 940 were 
unknown , the system of ecological indicators is 
applied to interpret the dynamical changes in the 
vegetation . At the same t ime i t  is interest ing to test 
whether El lenberg's genera l  system fits the real 
local situation outside Central Europe . 

6 . 1 Methods 

6. 1 . 1  Observation sites 

Permanent plots with yearly or at least regular 
recording are now general ly  considered as neces
sary for studies of vegetation dynamics (Austin 
1 98 1 ) .  An alternative to span a longer period with
out observations in  the years between is the rees
tablishment , with acceptable accuracy , of plots 
once used and analyzed by other investigators 
( Persson 1980) . The vegetation of the reserve area 
was described by Sandberg in 1 940 (Sandberg 
1 948) . He laid out a 495 m long transect wh ich ran 
across the study area from east to we t and covered 
most of the representative plant community types 
(see chapter 2, Fig . 5 ,  plot numbers 1 - 28) . Twen
ty-eight 2x2 m plots along this transect were sam
pled in  the middle of J une 1 940 for vegetation 
analysis and the positions of these plots as wel l  as 
the accompanying information were given by Sand
berg ( 1948) .  The investigation was repeated by the 
present author in the middle of J une 198 1 ,  using 
Sandberg's 1940 plot syste m .  The 28 plots cou ld be 
traced back almost to the nearest dm due to Sand
berg's exce l lent  description and h is personal  in
spection of the t ransect in  1 98 1 .  

The phanerogams were recorded for each plot 
and the quantitative occurrence of each species was 
estimated according to the Hu l t-Sernander-Du 
Rietz scale  which was also used in  Sandberg's in-
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vestigation , thus simplifying the comparison with 
the o lder data . 

6. 1 .2 Numerical methods 

The mul t ivariate data set consisted of cover esti
mates for 76 species in  the same twenty-eight plots 
at two different t imes ( 1 940 and 1 98 1 ) ,  thus reduc
ing a three dimensional matrix of sites x species x 

t imes to a two dimensional one of site-times x 

spectes . 
To obtain recognizable vegetation types and to 

fo l low their persistence over t ime , a numerical c las
sification with the TABORD program was appl ied . 
The clusters were described i n  terms of the mean 
species cover value and the frequency of occur
rence of species . The calculation of the mean cover 
value was according to Sjors ( 1 954) , taking in to 
account the exponentia l  character of the Hult-Ser
nander-Du Rietz scale . Species dynamics were 
roughly divided into three groups : 

I .  decreasing cover or frequency 
I I .  increasing cover or frequency 

I l l .  cover value or frequency more or less constant 

By t reating the data recorded for the 28 plots in  
1940 and 1 98 1  respectively as  observations ,  the 
Principal Component Analysis ( PCA) produced an 
ordination diagram in  which the records for i ndi
vidual years of these plots appeared as points .  The 
corresponding points on the ordination diagram 
were joined up to indicate the trajectory of each 
permanent plot through t ime in  the floristic space 
defined by the axes of the PCA ordination . The 
patterns of behaviour among the permanent plots 
could then be analysed in  re lation to underlying 
environmental gradients .  

6. 1 .3 Ecological indicator value 

The so-cal led "eco logical behaviour" of the species 
(E l lenberg 1 974) has been expressed by the indica
tor values represent ing n ine or twe lve degrees , on 
an arbitrary scale , of "behaviour" with regard to 
the occurrence of species i n  relation to:  

a) soi l  moisture or water level (moisture figure) 
b )  soi l  acidity ( reaction figure) 
c) the ammonia or n it rate supply (n i trogen figure) 

The indicator value i n  relation to the general re
sponse of a species to the phosphorus status i n  a 
habitat has been presented by Kruijne et a l . ( 1 967) ,  

on the scale  - 100 - + 1 00 .  

Characteristic i ndicator values ( C!Vjk)  for each 
plot were calculated according to Persson ( 198 1 ) :  

where Cij is the cover value ( H ult-Sernander-Du 
Rietz sca le)  for the i-th species i n  each plot (j) and 
zik is the indicator value for the i-th species and 
environmental factor (k) , i n  this case including soi l  
moisture , acidity,  n i trogen a n d  phosphorus status .  

In cases where the indicator value was missing or 
marked unknown in the tables of E llenberg and 
Kruijne et a l . ,  the respective species was deleted 
from that calculat io n .  Only the species with the 
determined indicator values were taken i nto 
account for the calculation of CIV. 

The proportion of unknown or indifferent i n
dicator values i n  the presen t  example was : soi l 
moisture 2 1 % ;  reaction 60 % ;  nitrogen 27 % ;  phos
phorus 27 % .  If a large proportion of the indicator 
values was unknown or indifferent ,  the calculated 
CIV became unre l iable ;  in  this study the factor 
reaction was less satisfactori ly indicated . 

6.2 Results 

6.2. 1 Vegetation types 

Six clusters were obtained in the final table of the 
T ABORD classification with the 28 permanent 
plots and 76 taxa for two years (p lot numbers 1 -28 

for 1 940 and 29- 56 for the corresponding plots i n  
1 98 1 ) .  The resu l t ing 6 clusters were based on an 
in it ia l  classi fication array of 1 0  c lusters, with the 
options:  a minimum cluster size of 3 ,  threshold  
value of 0 ,  frequency l imit  of  0 .60 and fusion l imi t  
of 0. 70 .  The frequencies and the mean cover values 
( HSD scale)  of species in these 6 clusters are pre
sented in Table 1 2 .  

Cluster 1 was composed o f  eighteen permanent 
plots from 1 940 and five p lots from 1 98 1 .  Agropy-
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Table  1 2 . S pec ie s  composi t i on of the c l u ster s .  a = F requency . b = Average 
cover value ( H S D  sca le ) of spec ies w hen frequency i s  more than 50 % a n d  
when frequency i s  less t h a n  50  % t h e  sy mbol + i s  u sed . Species p resen ted 
less than 50  % in  a l l  c l u ste r s  a re l i sted in the Addenda . 

C l u ster n umber 

N umber of p lots 

Average n umber of 
spec ies per plot 

2 3  

2 1  
ab 

A g ropy ron repen s 96 
Ta raxac um sp . 1 00 2 
A lopec u r u s  praten s i s  9 1  3 
Festuca praten s i s  8 7  
Phleum praten se 78 
S tel l a r ia g ra m inea 48 + 

T r ifo l i um p raten se 4 + 

T r i fo l i u m  repen s 39 + 

A r r henathe r um pubescen s 9 + 

Ga l ium verum 2 2  + 

Cerast ium caesp itosa 52 
Ac h i l lea m i l lefol ium 39 + 
Festuca r ub ra 74  
Poa praten s i s  1 00 
F r i t i l la r ia meleag r i s  6 5  
Lathy r u s  p ra ten s i s  7 0  
Ran uncu l u s  ac r i s  9 1  
Ran unc u l u s  a u r icom us 9 1  
V ic ia c racca 83 
R u mex acetosa 52 
Geum r ivale  39 + 

G a l ium u l i g inosum 52 
Ran unc u l u s  repen s 70 
Descha mps ia caesp i tosa 1 00 4 
Poa t r i v ia l is 39 + 

Poten t i l la a n se r ina 35 + 
Alopec u rus pra . x a r un . 26 + 
Alopec u r u s  a r un d inaceus 9 + 

Ca rex d i s t icha 
F i l ipen d ula  u l ma r ia 22 + 

Ca rex cae s p i tosa 4 + 
Polygon um a m p h i b i u m  
Ca rex acuta 
Equ i setum f l u v iat i le  
Lemna m inor 
Lemna t r i s ulca 
Ly s i mach ia thy r s i flora 

1 4  

2 5  
ab 
2 1  + 
43 + 

86 
86 

1 00 
6 4  
6 4  
86 

1 00 
5 7  
50  + 

6 4  
1 00 

93 
1 00 
1 00 
1 00 
1 00 
1 00 

7 9  
9 3  
6 4  
1 4  + 

1 00 
6 4  
2 1  + 

36 

1 4  + 

43 + 

29 + 

50 + 
7 + 

3 

4 

1 4  
ab 
75  
2 5  + 
50 + 

25 + 
1 00 

75 
50 + 

25 + 
1 00 

2 5  + 
25 + 

2 5  + 

75  
75  

1 00 
25 + 

1 00 1 
1 00 4 
1 00 4 

25 + 

50 

25  

Adden da of other  spe<;: ies ( freq uency less than 50 %)  

4 

4 

1 4  
ab 

25 + 
50 + 

2 5  

2 5  + 
25 + 

75  
25  + 

25 + 

75  
50 + 
50 + 

75  
50  

1 00 4 
75  1 
75 1 
75  
50 

25  

4 

8 
ab 

7 5  
50 
7 5  1 

1 00 4 

50 + 

1 00 

50  + 

6 

7 
ab 

1 4  + 

29 + 
1 4  + 

1 00 
1 00 5 

7 1  1 
86 1 
86 
86 

U r t ica d io ica , Veron ica c hamaedry s ,  T ha l ictrum f lavum , S te l l a r ia p a l u st r i s ,  
Ran unc u l u s  scelera tus , Ran uncu l u s  polyan them u s ,  Poly gon um a v ic u l a re , 
Plan tago majo r ,  Ped ic u l a r i s  pa l u str i s ,  Oen a n t he aquatica , Myosot i s  pa l ustr i s ,  
Matr ica r ia  inodora , Matr ic a r ia matr ica r ioide s ,  Ly s i machia n um m u l a r ia , Lotu s  
cor n ic u latu s ,  Leontodon autumn a l i s ,  Heracleum sphond y l i um , G l echoma hederacea , 
Ga l ium borea l e ,  Ga leop s i s  sp . , C i rs i um v u lgare , Carum ca rv i ,  Ca rdam ine 
praten s i s ,  Capse l l a  bursa-pastor i s ,  C a l tha pa l u str i s ,  Anth r iscu s sy l vestr i s ,  
A l isma p lan tago-aqua t ica , Alchem i l l a  sp . ,  Sc i rp u s  pa l u str i s , Poa pa l u st r i s ,  Poa 
ann ua , P ha l a r i s  a r u n d inacea , G l ycer ia  max i ma , Dac ty l i s g lomerata , Ca rex sp . ,  
B r i za med i a ,  Agros t i s  stolon i fe ra , A g rost i s  can ina . 

T a ble  1 3 . C lu s te r  n u mber to w h ich veg�tat ion type each permanent p lot belonged in 1 940 a n d  
1 98 1  s how i n g  t h e  development of t h e  ve

.
getation i n  t h e  28  permanent p lots . F o r  d i str ibut ion 

of the permanent p lots see F i g . 5 .  

Plot n um ber 1 2 

C luster n umber 
1 940  1 

1 98 1  

4 
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ran repens, A lopecurus pratensis, Poa pratensis, 

Deschampsia caespitosa and Taraxacum sp. were 
the dominant species. The species Ranunculus re

pens, Festuca pratensis, Festuca rubra, Phleum 

pratense, Lathyrus pratensis, Ranunculus acris, R.  

auricomus, Fritillaria meleagris and Vicia cracca 

were frequent but had low cover values. The mean 
number of species per plot was 2 1 .  

Cluster 2 consisted of th irteen permanent plots 
from 1 98 1  and one from 1940 . This cluster shared 
many species with c luster 1, but the frequency and 
the mean cover va lue of Agropyron repens, Tarax

acum sp . ,  A lopecurus pratensis and Poa pratensis 

were lower .  On the other hand , Festuca rubra, 

Arrhenatherum pubescens and Geum rivale had 
higher frequencies and cover values i n  cluster 2 
than i n  cluster 1 .  The vegetation was rich in species 
and the mean number of species per plot was 25 . 

Cluster 3 included only four plots from 1 940 . 
This c luster was characterized by the abundance of 
Alopecurus arundinaceus, A .  pratensis X arundi

naceus, Deschampsia caespitosa and Agropyron re

pens. The species Poa pratensis, Ranunculus re

pens, Fritillaria meleagris, Ranunculus auricomus, 

Potentilla anserina and Galium uliginosum were 
frequent .  The mean number of species per plot was 
14 .  

Cluster 4 comprised three permanent plots from 
1 98 1  and one from 1 940 . Carex disticha was the 
most dominant species. Deschampsia caespitosa, 

Geum rivale, Alopecurus pratensis x arundinaceus, 

Filipendula ulmaria, Carex caespitosa and Polygo

num amphibium were frequent but had low cover 
values . The mean number  of species per plot was 
1 4 .  

Cluster 5 contained on ly  four permanent plots 
from 1940 . This cluster was characterized by the 
dominance of Carex acuta and Potentilla anserina. 

Ranunculus repens and Poa trivialis also had a re
latively high frequency and cover value . The 
vegetation was poor in  species and the mean num
ber of species per plot was about 8. 

Cluster 6 included only seven permanent plots 
from 1 98 1 . This c luster resembles cluster 5 i n  sever
al ways . Namely ,  the vegetation was poor in species 
and the mean number of species per plot was 7, and 
Carex acuta was the dominant species. However ,  
the species Ranunculus repens, Potentilla anserina 

and Poa trivialis were not found in this cluster and 

Fig. 25 . Diagram of cluster transitions i n  the permanent 
plots of the Kungsangen Nature Reserve . Numbers in  
arrows indicate number of transitions and numbers in  
squares indicate cluster numbers. 

instead Polygonum amphibium, Equisetum flu

viatile, Lemna minor and Lemna trisulca occurred .  
The occurrence of  the  6 clusters in  space and 

t ime is shown in Table 13 which indicates the 
vegetation types to which each permanent plot be
longed in  the years 1 940 and 1 98 1  respectively ,  thus 
describing changes of vegetation i n  terms of c lus
ters over 41 years. The fol lowing main develop
ments could be noticed ( Fig .  25 ) . 

( 1 ) I n  the wettest sites, i . e . , i n  permanent p lots 
1 9- 25 ,  a transition towards cluster 6 was quite 
clear, main ly  from the plots which once belonged 
to cluster 5 but also from a few plots which once 
belonged to clusters 3 ,  4 and 1 .  The species l ike 
Carex acuta, Equisetum fluviatile, Polygonum 

amphibium, Lysimachia thyrsiflora, Lemna minor 

and Lemna trisulca which indicate frequent inun
dation conditions ( El lenberg 1 974) , increased their 
presence or appeared in  the plots belonging to 
cluster 6, whi le the species indicating moist soil 
conditions such as Potentilla anserina, Ranunculus 

repens, Deschampsia caespitosa and Poa trivia/is, 

which once occurred in the plots now belonging to 
cluster 6, d isappeared .  

(2) I n  the  nowadays relatively wet sites , i . e . , i n  
permanent plots 1 6 - 1 8 ,  a transi t ion from cluster 3 

towards cluster 4 was observed . The dominant spe
cies Carex disticha, according to El lenberg's value , 
indicates wet , often not wel l  aerated soil condit ions 
and flooding .  Many species once in cluster 3 had 
disappeared or decreased their frequencies and 
cover values since 1 940. Among these species, 
which indicate moderate ly  moist soi l condit ions , 
Agropyron repens, Ranunculus repens, Potentilla 

anserina, Poa pratensis, Deschampsia caespitosa, 

Fritillaria meleagris, Ranunculus auricomus, 
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Galium uliginosum and A lopecurus pratensis x 
arundinaceus can be mentioned . 

(3)  I n  the mesic sites , i . e . ,  in permanent plots 
5 - 1 5 , 26 and 27 , a transition from cluster 1 towards 
cluster 2 was recorded .  In cluster 2 Festuca rubra 

and Arrhenatherum pubescens, which indicate a 
relatively poor nutrient status, especial ly a low P
status ( Kruij ne et al . 1 967) ,  had higher frequencies 
and cover values than in  c luster 1 ,  while species 
indicating a re latively high nutrient status (E l len
berg 1 974, Kruij ne et a l .  1 967) such as Alopecurus 

pratensis, Agropyron repens, Ranunculus repens, 

Taraxacum sp. and Poa pratensis had lower fre
quencies and cover values in c luster 2 .  

( 4 )  I n  the relative ly dry sites which were located 
on the borders of the reserve area ,  the vegetation in 
permanent  plots 1 - 4 was qui te stable over the 4 1  
years and they remained in  cluster 1 .  Permanent 
plot 28 was an exception to the main t rends of 
vegetation development in the study area ,  as it 
changed from cluster 2 to cluster 1 .  The species 

Axis l 

I 

/ 
I 

I 
I 
I 
I 
I 
I 
\ 

which occurred in these plots indicate , according to 
El lenberg and Kruij ne et al . ,  high nutrient status 
and mesic soil condit ions .  The ground water inves
tigation and the soi l analyses (see chapters 3 and 4) 
confirmed that the sites on the border area in the 
reserve , where permanent plots 1 - 4 and 28 were 
located , had a fairly good drainage and nutrient 
status . 

6.2.2 Ordination 

The fi rst four axes of the PCA ordination 
accounted for 0 . 37 1 ,  0 . 1 07 ,  0 .089 and 0 .066 of the 
total variance . Only the fi rst two axes could be 
interpreted .  The 6 clusters indicated in the 
T ABORD classification table could be drawn as 
d iscrete ent it ies on the fi rst and second axes dia
gram of the PCA stand ordination (Fig .  26) . The 6 
clusters establ ished appeared reasonable and 
rather homogeneous. The dynamical re lationships 
of the individual plots were i ndicated by the t ime 

- - - - - - -

N Ill ·;c c( 

Fig. 26. PCA stand ordination of 28 permanent plots through time ; 1 -28 refer to the plots observed in 1 940 and 
29 - 56 the plots observed i n  1 98 1 . Time trajectories are shown as l ines l inking individual plots observed in 1 940 and 
1 98 1 . The clusters derived from the T ABORD classification are also shown on the first and second axes of the PCA 
ordination .  
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trajectories of the corresponding plots which were 
traced through the species-space of the ordination . 
The genera l  patterns of dynamics could be dis
cerned by a comparison of the trends among these 
time trajectories . The fol lowing t rends were 
observed . 

There were considerable changes over 4 1  years 
in a majority of the permanent plots . Two patterns 
of development could be recognized . The trend of 
development over 41 years in permanent plots 
1 6- 1 9  and 24- 26 was more or less similar and the 
time trajectories were skewed along the first axis of 
the PCA ordinatio n .  The time trajectories of 
permanent plots 5 - 1 5  and 27 showed a more or 
less simi lar trend which , although slightly oblique 
to the fi rst axis ,  was roughly paral le l  to the second 
axis of the PCA ordination . 

There were relatively smal l  changes in one group 
of plots . The trend of development in  permanent 
plots 20- 23 was rather clear and the corresponding 
plots were separated by two discrete clusters, but 

/ - - - ...... 
( 5.95.9 ..... .... , .... .... .... .... 

the amount of changes seemed to be s light over the 
41 years . There was no clear trend of development 
in permanent p lots 1 -4 .  The amount of changes 
was also rather small  and the corresponding plots 
of 1 940 and 1 98 1  remained in the same cluster ,  
which may suggest that  the vegetation in these plots 
was more or less stable . The amount of changes in 
plot 28 was smal l  but its corresponding plots be
longed to two different clusters obtained from the 
TABORD classification . 

It is interesting to note that both the spatial pat
tern of the vegetation types and their changes in 
time can be recogn ized in this diagram of the PCA 
ordination . Most of the corresponding plots 
observed in  1 940 occur on the lower part of the 
diagram , while those observed in  1 98 1  occur mostly 
on the upper part of the diagram.  The distribution 
of the different clusters at different times reveals 
the relationships between the spatial  variation and 
the temporal development of the vegetation in  the 
study area . 
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Fig. 27. Characteristic indicator values (C/V) for soi l moisture in each plot on the first and second axes of the PCA 
stand ordination . 
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6.2.3 Characteristic indicator value 

To test the hypothesis that the axes of the PCA 
ordination can be related to the underlying en
vironmental gradients and to interpret the 
observed trends of vegetation development ,  the 
calculated characteristic i ndicator values ( CIV) of 
each plot ,  incl uding observations both in  1 940 and 
1 98 1  for the different  environmental  factors , were 
plotted on the first and second  axes diagram of the 
PCA stand ordination . 
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P lotting of the calcul ated CIV for soi l  moisture 
on the PCA ordination diagram gave a very clear 
pattern ( Fig .  27) . The first axis was strongly re l ated 
to a gradient of increasing  soi l  moisture , ranging 
from the relatively dry sites on the l eft of the dia
gram , mostly with values between 5 . 5 -6 .0  (which 
according to E l lenberg, i ndicate mesic soil condi
tions) , to the wet sites on the right of the diagram , 
mostly with values between 8 - 1 0  which indicate 
wet ,  often not wel l  aerated or frequent ly inundated 
soi l  condit ions.  A plot of the CIV for soil moisture 

C I V for the moisture factor 

Fig. 28. The relationship between position on PCA 
ordination axis I and characteristic indicator value for 
moisture for the 28 permanent plots observed in 1 940 and 
198 1 . The l inear regression between PCA axis I score ( Y) 
and CIV for moisture (X) is Y = - 124. 3  + 24. 1 X; r2 = 

0 .83 ,  P<O.Ol . 
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Fig. 29. Characteristic indicator values ( CIV) for n itrogen supply in each plot on the first and second axes of the  PCA 
stand ordination . 
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against the first axis of the PCA ordination re
vealed a fair ly clear l i near re lationship ( Fig .  28, ? 
= 0 .83 ,  p < 0 .0 1 ) .  

Plott ing o f  the ca lcu lated CIV for nitrogen status 
on the PCA ordination diagram gave a complex 
pattern (Fig .  29) .  Two gradients could be recog
nized .  There was one gradient of decreasing nit
rogen status from the re latively dry sites on the left 
of the PCA ordination diagram , most ly with values 
between 5 . 5 -6 . 5  (soi l  rather rich in mineral nit
rogen ) ,  to wet sites on the right of the diagram,  
mostly  wi th  values between 4 . 5 - 5 . 0  ( re latively 
poor in  mineral n i t rogen ) .  A nother gradient of 
decreasing ni trogen status was from the lower part 
of the PCA ordination diagram in which most plots 
observed in  1 940 occurred,  to the upper part of the 
diagram in  which most plots were observed in 1 98 1 . 
This may be explained in terms of a spatial-tempor
al pattern . The gradient of decreasing nitrogen sta
tus which was re lated to the first axis of the PCA 
ordination could be explained as a spatial variation 
of nit ri fication capacity . As van Duuren et  a l . 

, ...... - - - ...... ...... 
: -19-17 ......... , __ I " -.. 

( 1 98 1 )  pointed out , E l lenberg's ni trogen indicator 
value refers to the N-mineralization rates for sepa
rate species and Wi l l iams ( 1968) has demonstrated 
in  his investigation of some wet meadows that there 
is a close negative correlation between soi l  mois
ture conditions and the ni trification capacity of the 
soi ls . The gradient of decreasing nitrogen status 
which was re lated to the second axis of the PCA 
ordination may indicate a temporal developmen t ,  a 
dimin ishing avai l abi l i ty of nutrients from the soi l .  

The pattern o f  displaying the calculated CIV for 
phosphorus status on the PCA ordination diagram 
(Fig . 30) was more or less simi lar to that of the CIV 

for n i trogen status . Two gradien ts of decreasing 
phosphorus status,  especia l ly the temporal varia
tion , could be recognized and this spatia l-temporal 
pattern could also be explained as that for nitrogen 
status.  

The display of the CIV for reaction shows no 
obvious pattern (Fig . 3 1 ) ,  since the variation in the 
CIV for reaction among these plots was small and a 
large proportion of the indicator values for reaction 
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Fig. 30. Characteristic indicator values ( CIV) for phosphorus status in each plot on the first and second axes of the 
PCA stand ordination . 
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were indifferent or unknown . 6.2.4  Comparison of the CIV with the measure

ments of environmental variables The mean C/V's for soi l  moisture , ni trogen and 
phosphorus status for each cluster derived from the 
TABORD c lassification were calculated (Table 
14 ) .  Considerable differences with regard to these 
environmental  factors were found between the 
clusters ,  especia l ly  between the corresponding 
clusters 1 - 2 ,  3 - 4  and 5 - 6,  which revealed the 
main trends of vegetation development from 1940 
to 1 98 1 . 

The efficiency of using the system of ecological 
indicators depends on whether or not there is a high 
correlation between the CIV for plots and actual 
measurements of environmental  variables for the 
same plots (E l lenberg 1 974 , Persson 1 98 1 ) .  From 
the resul ts of ground water invest igations and soi l  
analyses during the  period 1 98 1 - 82 ( ee chapters 3 

Table 1 4 . Mean Character ist ic I nd ica tor V a l ue ( C I V )  for soi l  moistu re ,  n i t rogen 
status and phosphorus status for each cl uster deri ved from the T ABORD classi fi
cat ion . 

C luste r  numbe r  

Soi l moist ure ( F ) 

N i trogen status ( N )  

5 . 9±0 . 3 6 . 2 ±0 . 4 6 . 4±0. 2 8 . 0±0 . 5 7 . 7 ±0 .  1 9 . 5±0 . 5 

5 . 8±0 . 3 5 . 2±0 . 2 5 . 7 ± 1 . 0  5 . 2 ±0 . 3 5 . 2±0 . 3 4 . 9 ± 0 . 4 

Phosphorus status ( P ) - 3 . 8±3. 4 - 1 6 . 7 ±5 . 2  - 9 . 2 ±9 . 0 - 1 3 . 4 ±3 . 0  - 7 . 8±3 . 6  - 2 3 . 9±3 . 4 
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Fig. 3 1 .  Characteristic indicator values ( CIV) for reaction in each plot on the first and second axes of the PCA stand 
ordination . 
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and 4 ) ,  a t e  t between the CIV for the 28 plots 
observed in  1 98 1  and the actual  measurements can 
be made . 

A highly significant corre lation both between the 
maximum water leve l during the 1 982 growing sea
son and the CIV for soi l moisture (? = 0 .96 ,  p < 
0 .0 1 ) ,  and between the maximum water leve l and 
the position on the PCA ordination axis I (? = 

0.94 ,  P < 0 .0 1 )  for the 28 plots observed in 198 1  has 
been found (Fig . 32 ) .  I t  is noteworthy that the 
corre lation is less for a number of plots which are 
situated on the highest and lowest sites at the two 
ends of the regression l ine . This may uggest that 
the influence of a particu lar ground water regime , 

in relation to the height of the site above the water 
table ,  is different (van der Laan 1 979 ) ;  the water 
level beyond a certain range has less i nfluence on 
the vegetation . 

The comparisons of the CIV for nitroge n ,  phos
phorus status and reaction with the actual  measure
ments for the 28 plots, which have been grouped 
into five plant community types according to the 
results of vegetation classification (see chapter 2 ) ,  
are presented in  Table 1 5 .  I n  general , t h e  correla
tions between the CN and the actua l  measure
ments for these environmental variables are fairly 
good at the mesic sites (plots 1 - 1 5 ,  27 and 28) , 
while those at the wet sites (plots 16- 26) are less 

Table 1 5 .  Compari son of the C I V ' s  for n i t rogen , p hosphorus status and reaction w i t h 
the actual mea surements for the 2 8 p lots in the K ungsangen Nature Reserve . 

Fig .  32 . Correlation between 
maximum water level during 
1 982 and position on PCA 
ordination axis I (x, ? = 0 .94,  
P<0.0 1 ) ,  and between maximum 
water level during 1 982 and char
acteristic indicator value for 
moisture (e, ? = 0 . 96 ,  P<0.0 1 )  
for the 28 permanent plots 
observed in 1 98 1 .  

Commun i ty type 

Plot n umber 

N - tota l ( 0- 1 0  c m )  
g /dm 3 

N-C I V  

P-A L  ( 0- 1 0  c m )  
m g / d m 3 

A 

1 - 4 , 

5 . 1 3  

6 . 02 

3 9 . 4 

8 

28 5- 1 5 , 27  

:t 0 .  6 2  4 . 45 ± 0 . 58 

± 0 . 34 5 . 1 9 ± 0 . 1 9  

1 5 . 5  

c D E 

1 6- 1 8  1 9- 2 5  26 

4 .  08 ± 0. 20 4. 01 ± 0 .  46 4 . 00 ± 0 . 3 1 

5 .  20 ± 0 . 36 4 . 8 7 ± 0 . 4 3 4 .  90 

1 9 . 3  31 . 3  4 4 . 1 

P- H C I  ( 0- 1 0  cm ) 629 469 369 487 462 
m g / d m 3 

P- C I V 2 .  8 ± 2. 8 - 1 5 . 1 ± 3. 5 - 1 4 .  7 ± 1 . 4 - 2 3. 9 ± 3. 4 - 2 8. 4 

pH water ( 0- 1 0  cm ) S . 93 ± 0 . 2 2 6 . 64 ± 0 . 0 8 7 . 52 ± 0 . 0 7 7 . 54  ± 0 . 06 7 . 46 ± 0 . 1 4  

p H-C I V  6 . 38 ± 0 . 2 9  6 . 6 3 ± 0 . 2 1  6 . 90 ± 0 . 1 7  6 . 31  ± 0 . 1 5  7 . 2 5  
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Fig.  33.  The monthly mean water 
levels in the River Fyris at Ultuna 
during the period of 1 938 - 42 
(o) , 1 943 - 67 ( � )  and 1 968 - 80 
( D ) .  The water level is expres ed 
in  cm above sea level in  sy tern 
1 970. The data for the period of 
1 938 -67 obtained from Hal lgren 
& Sandsborg ( 1 968) and for the 
period of 1 968 - 80 from Ander 
Bjerketorp ( unpublished ) .  Re
drawn by the author.  

T a b l e  1 6 . T he c ha racte r i s t ic w a te r  level  ( m )  of La ke Mala ren before a nd after 
reg u l a t ion . T he fig u re s  for the per iod 1 900- 1 982 were obta i ned from S M H I .  

Per iod 1 90 0- 1 94 2  1 94 3- 1 96 7  1 96 8- 1 982 

H ig he s t  max i m u m  level  5 .  45  ( J u n e  1 92 4 )  4 .  8 5  ( Dec . 1 94 4 )  4 . 62 ( M a y  1 97 0 )  

M e a n  max i m u m  level  4 . 6 5 4 . 48 4 . 46 

Mean w a ter level  4 . 1 2  4 .  1 1  4 . 1 5  

Mean m i n i m u m  level  3.  75 3 . 8 5 3 . 98 

Lowes t  m i n i m u m  level  3 . 4 4  ( N ov . 1 93 9 )  3 . 54 ( Dec . 1 95 9 )  3 .  7 2  ( Oc t .  1 9 76)  

satisfactory . This can be explained by the fact that 
both the number of species per plot and the species 
with known indicator values at the wet sites are 
very low , thus being more l i ke ly  subject to chance 
effects. Furthermore , as the vegetation at the wet 
sites is tussocky, the habitat conditions of the tus
socks and interspaces could be quite different 
( Regne l l  1 980) and the soil samples for measure
ments were taken from the interspaces .  

Although measurements of ground water level  in 
the study area i n  1 940 were not avai lable , the 
ground water i nvestigat ion during the period of 
1 98 1 -82 has indicated a close correlation between 
the ground water leve ls in  the study area and the 
water level i n  the River Fyris which is , in turn , 
c losely  related to the water level in Lake Malaren .  
Lake Malaren was regulated twice , in  1 942 and 
1 968 , as a land improvement i n  order to avoid salt 
water , to reduce high water levels and to raise the 
low water level for boats ( Eh lert 1 970) . The charac
teristic water level for Lake Malaren before and 
after the regulation is shown in Table 1 6 .  It has 
been shown that the low water level has been raised 
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considerably , while the high water leve l has been 
reduced . According to i nvestigation of water level 
variations i n  the River Fyris at Ul tuna , which is 
2-3  km south  of the study are a ,  for the period 
1938 -67 ( Hal lgren & Sandsborg 1 968) and 
1968 -80 (Anders Bjerketorp , unpubl ished data) , 
it has been shown that the low water level i n  the 
River Fyris has been raised as a resu lt of the regu la
tion of Lake Malaren . In  spite of considerable 
variations i n  water levels between year , depend
ing on weather condit ions,  this rise of the water 
level in  the River Fyris is sti l l  obvious if a compari
son of the monthly mean water level in the River 
Fyris for the period of 1 938-42 ,  1 943 - 67 and 
1 968 - 80 is made ( Fig . 33) . I t  seems reasonable , 
thus, to assume that the ground water leve l ,  espe
cia l ly  during the growing seaso n ,  wi th in  the Kungs
angen Nature Reserve area has been raised since 
1940 , which has induced the changes in vegetat ion 
observed in  the wet meadows . This also j ustifies 
the efficiency of using the ecological ind icators for 
aiding in the deduct ion of environmenta l  changes 
from the changes in the vegetat ion . 



7 Introductory description 
of Fritillaria meleagris L .  

7 . 1  Geographical distribution 

Fritillaria meleagris L . ,  a member of the family Liliaceae, 
is a characteristic bulbous perennial . It geographical 
distribution is rather wide , extending from Scandinavia 
right acros Europe , as far a the Balkan peninsula and 
from Bri tain eastwards to Central Russia ( Hollman 
1972 ) .  According to Hollman (op.  ci t . )  this species is 

fai rly common in the phytosociological class of the Moli
nio-A rrhenatheretea with an opt imum in the transition 
between the orders Molinietalia and A rrhenatheretalia. 
In NW. Europe it is a differential species of the ubasso
ciation A rrhenatheretum elatioris alopecuretosum. More 
phytosociological and phytogeograph ical aspects will be 
treated in a separate paper .  

Nowadays Fritillaria meleagris is considered as  a rare 
species (e .g .  Harper 1 98 1 ) .  It has been greatly affected 
by changes in agricultural practice such a drainage , graz
ing and fert i l ization . Formerly fai rly common in wet 
meadows and pastures in Europe , i t  is becoming rare 
( Proctor 1 98 1 ) . 

The Kung angen Nature Reserve near Uppsala con
tains probably the largest Swedish population of Fritillar
ia me/eagris. The Swedish name of th i  plant is "Kungs-

Fig .  34. The distribution of Fritil
laria meleagris L. in the Kungs
angen Nature Reserve , m id-May 
1 982 . � <500 flowering in
diduals per 1 00 m2 , gg >500 
flowering individuals per 1 00 m2 . 

angsl i l ja" and this colourful plant is the symbol of the 
province of Uppland . However ,  i t  is not a native species 
here . I t  may have escaped from the garden i n  Uppsala 

establ ished by Rudbeck.  According to Sernander ( 1948) 

this species was found in the catalogues from 1658,  1 666 

and 1 685 listing the plants in that garden .  According to 

Almqui t ( 1 965 ) i t  was cultivated in several gardens i n  

Uppsala during the  1 7th century and  may thus have 

escaped from other gardens than that of Rudbeck . At 

that time the gardeners in Holland were leading this 

fie ld,  so i t  could have been introduced from that country.  

It was first discovered on the Kungsangen wet meadow 

by Sten Car! Bjelke,  a friend of Car! von Linne , during 
1742 or 1 743 and publ ished i n  1 745 i n  Linnes Flora Sueci
ca (Sernander 1 948) . How Fritillaria meleagris pread 

from gardens in  Uppsala to the wet meadows is st i l l  
uncertain .  However ,  its buoyant seeds or bulblets may 
have been spread by wind or water to ui table habitants 

where the species eventually has become naturalized . 
One of the conservation objectives for the establish

ment of the Kungsangen Nature Reserve was to preserve 
the fri t i l lary population in  those wet meadows . The spe
cies occurs with h ighest density in  the A rrhenatherum 
pubescens-A lopecurus pratensis plant community of 

100m 
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the reserve area .  According to the observation of Ser
nander in 1 938 and my own observations in  1 98 1 -83 ,  a 
maximal density of about two thousand flowering i ndi
viduals could be found in some 1 0 x  1 0  m plots .  During 
the flowering season (mid May) most of the reserve area 
except the driest and wettest parts is covered by a rich 
purple blanket of colour from thousands o f  these flow
ers. The dist ribution of flowering individuals i n  the 
whole reserve area was estimated during the middle of 
May, 1 982 (see Fig. 34) .  

7 . 2  The " age-states " within the 
population 

Fritillaria meleagris is  a bulbous perennial  and its 
bulb is renewed annua l ly .  For the population of 
this species the precise age of an individual p lant  
cannot be determined unless by fol lowing marked 
individuals from seeds . Furthermore , age is a poor 
predictor of size or reproductive activity among 
plants in  general (Harper 1 977) .  Many investiga
tors have used the concept of "age-state" ( Bark-

ham 1980a ,  Gatsuk et al .  1 980) or "size-class" 
( Rabotnov 1 969. Kawano et a l .  1 982) and found it 
particu larly usefu l  for perennials .  In  the present 
study I have adopted the concept of "age-state" 
and classified the popu lation of the fri t i l l ary on the 
basis of their ontogenetic (or deve lopmenta l )  
states,  the ir  size of bulbs,  number of foliage leaves 
and their reproduct ive activity .  Six categories of 
age-state are dist inguished in fie ld popu lations 
according to the criteria mentioned above . They 
have been described as fol lows (see Fig. 35 ) :  

1 .  Viable seeds i n  the soi l :  3 - 6  m m  i n  size and 
0 . 5 - 2 . 0  mg in dry weight ,  mainly on the soi l sur
face . 

2 .  Seedl ings : developed direct ly from the germina
tion of seeds.  Consist of a green cyl indrical 
cotyledon and radic le .  At the end of the growing 
season a smal l  bu lb ,  1 -3 mm in size , is formed,  
mainly i n  the soi l  at a depth of 0- 1 cm . 

Fig.  35 . Individuals of Fritillaria meleagris be longing to the different age-states .  1 )  viable seed , 2) seedl ing ,  3 )  
juveni le ,  4)  subadult , 5 )  vegetat ive adult and 6 )  reproductive adu l t .  For detailed explanation ,  see text .-Photo .  

Author. May 1 982 . 
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3. J uveni le : i ndividuals with one true fol iage leaf, 
bulb size 2 - 7  m m .  They can be derived from seed
l ings or vegetat ive offsprings (bulblet produced by 
adult  bulb) . The bulbs are main ly located in the soi l  
a t  a depth of  1 -3 cm . 

4. Subadult : i ndividuals with two or three fol iage 
leaves, bu lb size 6 - 1 1  mm.  The bulbs are main ly 
located in  the soi l  at  a depth of 2-5 cm.  

5 .  Vegetat ive adu lts :  individuals wi th  four to eight 
fo l iage leaves , bulb ize 1 0- 1 7  mm. The bulbs are 
mainly located in  the soi l at a depth of 5 - 8  cm . 

6. Reproductive adults :  flowering individuals with 
four  to eight fo l iage leave , bu lb  size 1 2- 20 r:tm . 
The bulbs are main ly  located in  the soi l  at a depth 
of 5 - 8  cm . 

Normal ly the age-states fol low a development 
sequence from seeds to adults .  However reverse 
changes can a lso occur, e . g . from adults to sub
adults or j uveni les . These changes seem to depend 
upon diminishing size of the bulbs at the annual  
renewal . This  phenomenon wi l l  be discussed fur
ther in chapters 8 and 9 .  

7 . 3  Morphology 

Fritillary meleagris i s ,  cytological ly ,  diploid with 2n=24 
chromosomes ( Beck 1 953) .  

The eed o f  t h e  fri t i l lary i flat a n d  weakly winged . I t  
con ist of  a browni h eed coat enclo i ng  a mal l amount 
of endosperm. The embryo is a imple axis; a radicle and 
single cotyledon .  The radicle u ual ly points towards the 
micropyle i n  the seed coat . 

The seed l ing consists of a green cotyledon and some 
adventitious roots developed from the bottom of the 
radicle . A small bulb is gradually formed on the bottom 
of the radicle during  its developmen t .  

A lthough the  j uveni le , subadu lt and  vegetative adult 
differ in size of the plant and number of fol iage leaves , 
their structure is more or less the same .  The terminology 
for describing their structure fol lows Raunkiaer 
( 1895 -99) . The bulbs in  these age-states are composed 
of two thick bulb leaves somewhat hemispherical out
side and concave inside . The bulb leaves are food storage 
organs. Between them emerges a stalk ( Fig .  36) . Loew & 
Kirchner ( 1 9 1 3 - 14 )  found that two stalks sometimes 
developed on a bulb ,  but this phenomenon has not been 
found in the population of the fri t i l l ary at the Kungs
angen Nature Reserve . At the base of the sta lk ,  i t  carries 
5 or 6 scale-l ike low leaves which are below the soil 
surface . The stalk is  slender and has one to eight fol iage 
leaves (depending on their age-state )  alternately placed 
on i t .  The fol iage leaf is l inear, somewhat glaucous . 

Adventit ious roots develop from the bulb base . 
The structure of the reproductive adult is s imi lar to 

those described above except for the reproductive organ 
(flower bud , flower and fruit) . The reproductive organ is 
carried on the top of the talk ,  usual ly one flower or very 
seldom two flowers .  The perianth is very broadly cam
panu late , usual ly in  red-purple colour with dark spots , 
but white and the intermediate pink colours are also 
frequent .  The nectary i l i near, green and the stigma is 
trifid (Fig. 36) . The fruit is a capsule consisting  of three 
parts which are green when young ,  turn yel low when 
matured , open into three columns and release numerous 
seeds.  The flowers of the fri t i l lary are protogynous and 
cross-ferti l ized . The pol l ination is brought about mainly 
by bumble-bees and honey-bees ( I ngemar Hedstrom 
pers . comm. ) .  

I ndividuals o f  the fri t i l lary renew their vegetative body 
annually . The previous year' bulb is replaced by a new 
daughter bulb each year, which is formed by the two 
inner low leaves . A shoot bud is formed on the i nner side 
of one of the bulb leave (see a! o section 9 . 2 . 1 ) .  The 
origin of bulbs is: from eeds (seed l ings)-new genets, 
and from vegetative propagation by bulblets-ramets 
which develop at the bulb base of the parent  plant and 
grow independently i n  the following year when the old 
bulb leave are loughed off. I t  i not po sible i n  the field 
to distinguish between these different origins of adult 
plants. 

f- -
-e 

d-
- - C 

� 
-g 

a - - - a  
b -

A B 
Fig.  36. A. Bulb (a)  and lower part of stalk (e )  of the 
fri t i l lary . Low leaves (b, c ,  d ) , rest of previous year's 
sta lk (g) and fol iage leaves (f) . ( After  Raunkiaer 
1895 -99 . )  B. Flower with perianth removed showing 
pist i l  and stamen with anthers (after Beck 1953) .  
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8 Demographic study 

Many plant ecologi ts have observed that the study 
of demographic characteristics of herbaceous 
perenn ial species i nvolves several problems, such 
as the overlapping of generations ( Harper 1 977) , 
the l i t t le  or no possib i l i ty  of estimating chronolo
gical age i n  the field popu lations ( Kawano et a l .  
1 982 ) ,  the long period o f  pre-reproduction and the 
longevity of individuals (Tamm 1 972a , b ) ,  the ex
istence of both vegetative and sexual reproduction 
(Barkham 1 980a) , the i rregular reproductive be
haviour (Tamm op . cit . )  and the non-appearance in  
some years of  above-ground parts (Wells 1 967 , 
Tamm op . cit . ) .  Therefore , the long-term observa
t ion of a marked populat ion is necessary before a 
complete demographic account is possible ( Harper 
1 977 ) .  The long-term study over a 30-year period 
carried out by Tamm ( 1 972 a, b) on some perennial 
herbs in Swedish meadows and forests has pro
vided an excel lent example of what can be done 
along such l i nes .  
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The demography of the fie ld population of Fritil

laria meleagris at the Kungsangen Nature Reserve 
was studied during 1 98 1 - 1 983 . The population dis
tribution and flux on  the permanent plots were 
recorded over a period of three years. However,  
due to problems i nvolved in  the study of a peren
nial  species such as the frit i l lary, several compo
nents of demographic characterist ics were difficult 
to establ ish in such a short t ime . The pre l iminary 
results presented here are most ly ,  thus, tentat ive 
and may hopeful ly  e ncourage the cont inuation of 
this work by others in further observations .  

8 . 1 Methods 

The soi l-water condit ions in the study area are 
important  for the differentiat ion of vegetation 
(chapter 3 ) . This seems a lso to apply to the d is
tribution of the frit i l lary , which occurs mainly in  

Fig. 37 .  Map of the  Kungsangen 
Nature Reserve showing the 
position of the transect and six 
10x  10 m plots used for recording 
of total number  of flowering indi
viduals of the frit i l lary i n  1 938 
and 1981 - 83 ,  as wel l  as the loca
tion of the permanent plots for 
demographic study . 
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the  A rrhenatherum pubescens-A lopecurus pra

tensis plant  community . A series of permanent 
plots , each 1 x 1 m in size , was chosen subjectively 
along a vegetation transect to include a range of 
populat ion densit ies and a variety of soi l -water 
condit ions i n  which the fri t i l l ary was commonly 
found.  Twenty-n ine permanent plots were estab
l ished ( Fig .  37) and were dist ributed as fo l lows 
(number of plots in parenthesis ) :  50 m ( 1 ) , 1 00 m 
(2) , 1 50 m (8) , 200 m (8 ) ,  250 m (2) , 460 m (2 )  and 
480 m (6) . 

The permanent  plots were marked at the four 
corners with plastic rods . The posi t ion of each 
above-ground shoot within the plots was deter
mined by using a square 1 m2 a luminium frame with 
a grid of 1 00 1 0 x  10 cm sect ions (Fig .  38) and was 
mapped on co-ordinate paper .  The fri t i l lary speci
mens are wel l -defined individuals and can be easi ly  
mapped . Us ing  this  method , i t  was possible to re
turn to the same plant in successive years . The 
study sta rted in 1 98 1  and continued unt i l  1 983 . 
Recordings were carried out once each year ,  in the 
middle of May. For each plant , the number of 
leaves and the reproductive activity was recorded .  
For t h e  flowering i ndividuals the counts o f  capsules 
with or without seeds or damaged by animals were 
made in the middle of J une each year. The plants 

Fig. 38. The 1 m2 aluminium frame delimited each 
permanent plot and helped in  the census of Fritillaria 

meleagris i ndividual s .  Note that the plants of the friti l lary 
are well scattered and well defined individuals .-Photo 

Author. May 198 1 . 

recorded were classified into the different age
states according to the criteria ment ioned earl ier 
(chapter 7) . However, the seedl i ngs were not given 
particular attention i n  this study , since it was diffi
cult  to carry out the very t ime-consuming and 
perhaps destructive or otherwise d isturbing search 
for seed l ings , which had only a t iny cotyledon in the 
natural sward . The re-inspecting  of j uveni les ,  sub
adults ,  vegetative and reproductive adults was 
performed as carefu l ly  as possib le . The results of 
population distribution and flux were drawn up 
from these data .  

8.2  Results 

8.2. 1 Number of individuals along the transect 

Table 17 shows the number of i ndividuals per m2 in  
the  different sites along the  t ransect for three con
secutive years . There was a significant variation i n  
the  distribution of the  fri t i l l ary w i th in  the  study 
area .  The density of plants was h igh i n  the mesic 
sites at 1 50 m and 200 m and low at  the relat ively 
dry sites on the borders of the reserve area ( 100 m ,  
480 m and especial ly low a t  50 m ) .  A t  these re
lat ively high-situated and mesic sites the year-to
year changes in  density were smal l  and the popula-

T able 1 7 .  Den s i t y  and age-state structure of the f r i t i l l a r y  at d i fferent s i tes 
along a transect w i thin the K ungsangen Nature Reserve . Mean number of 
i nd i v idua l s  per m 2 w i t h  percentage values in parentheses are g i ven for the 
period 1 98 1 - 8 3 .  

S i te A l t i t ude Year 

50 m 1 . 8 9  m 1 98 1  

1 98 2  

1 983 

1 00 m 1 .  87 m 1 98 1  

1 98 2  

1 98 3  

1 50 m 1 .  90 m 1 98 1  

1 98 2  

1 98 3  

200 m 1 .  90 m 1 98 1  

1 98 2  

1 983 

250 m 1 .  60 m 1 98 1  

1 98 2  

1 983 

460 m 1 . 65 m 1 98 1  

1 982 

1 983 

480 m 1 .  96 m 1 98 1  

1 982 

1 98 3  

J u ven i le 

2 ( 4 0 .  0 )  

2 ( 40.  0 )  

9 ( 1 8 . 8 )  

9 ( 1 8 .  8 )  

9 ( 1 7 .  0 )  

Subadult 

0 

0 

Veg . ad u l t  

2 ( 6 6 .  7 )  

2 ( qo . oJ 
1 ( 2 0 .  0 )  

9 ( 1 8 . 8 )  20 ( 4 1 .  7 )  

6 ( 1 2 .  5 )  1 5  ( 3 1 . 3 ) 

6 ( 1 1 . 3) 1 9  ( 35 . 8 ) 

23 ( 30 . 7 )  1 1  ( 1 4 . 7 ) 1 9  ( 2 5 .  3 )  

2 9  ( 3 6 .  7 )  7 ( 8 . 9) 33 ( 4 1 . 8 ) 

30 ( 36 . 1 )  1 0  ( 1 2 . 0 ) 27 ( 32 . 5 ) 

22 ( 31 . 4) 1 2  ( 1 7 . 1 )  20 ( 2 8 . 6 )  

24 ( 3 2 . 4 )  1 0  ( 1 3 . 5 ) 3 2  ( 4 3 . 2 )  

2 6  ( 3 1 .  7 )  1 1  ( 1 3 . 4 ) 2 8  ( 34 . 1 )  

1 1  ( 39 . 3 )  4 ( 1 4 . 3 )  9 ( 3 2 .  1 )  

30 ( 4 7 . 6 )  1 6  ( 2 5 . 4 )  1 6  ( 2 5 . 4 ) 

50 ( 52 . 1 )  1 9  ( 1 9 . 8 ) 21 ( 2 1 . 9 ) 

39 ( 54 . 1 )  1 0  ( 1 3 . 9 )  1 9  ( 2 6 . 4 )  

1 5  ( 4 5 .  4 )  9 ( 2 7 .  3 )  7 ( 2 1 . 2 ) 

50 ( 60 . 2 )  6 ( 7 . 2 ) 2 3  ( 2 7 . 7)  

18  ( 3 7 .  5 )  6 ( 1 2 . 5 ) 1 4  ( 2 9 . 2 )  

1 7  ( 3 7 .  8 )  5 ( 1 1 . 1 )  1 6  ( 35 . 6 )  

2 7  ( 4 5 . 0 ) 5 ( 8 . 3 ) 1 8  ( 30 . 0 )  

Repro . adult  

1 ( 3 3 .  3 )  

1 ( 2 0 .  0 )  

2 ( 4 0 .  0 )  

1 0  ( 2 0 .  8 )  

1 8  ( 3 7 .  5 )  

1 9  ( 3 5 .  8 )  

2 2  ( 2 9 . 3 )  

1 0  ( 1 2 . 7 )  

1 6  ( 1 9 . 3 )  

1 6  ( 2 2 .  9 )  

8 ( 1 0 . 8 )  

1 7  ( 2 0 .  7 )  

4 ( 1 4 . 3 )  

1 ( 1 .  6 )  

6 ( 6 .  3 )  

4 ( 5 .  6 )  

2 ( 6 . 1 )  

4 ( 4 .  8)  
1 0  ( 2 0 .  8 )  

7 ( 1 5 . 6 )  

1 0  ( 1 6 .  7 )  

Total 

48 

48 

53 

75 

7 9  

8 3  

7 0  

7 4  

8 2  

2 8  

6 3  

96 

72 

33 

83 

48 

45 

60 
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tion size remained fai rly  stable over the three 
years , perhaps as a result of fewer effects from 
waterlogging . 

At the wettest sites between 280- 440 m along 
the transect (a l t i tude below 1 . 40 m) there was no 
fri t i l lary at al l :  Large changes in density were found 
between years at the re latively low-situated and 
wet sites (250 m and 460 m ) .  The number of plants 
i n  1 98 1  or 1 982 was very low, whi le the number of 
plants in 1 983 was high and exceeded that of the 
two other years . 

8.2.2  Age-state structure 

The proportions of juveni le , subadult , vegetative 
adult and reproductive adult  at each site are also 
presented in  Table 1 7 .  The proportion of adults 
( including both vegetative and reproductive 
adults) in the mesic sites ( 100 m ,  1 50 m ,  200 m and 
480 m) was rather high and re latively stable over 
the three years , ranging from 47 to 72 % of the total 
number of plants. The proport ion of adults in  the 
re latively wet sites (250 m and 460 m) was low and 
varied from 27 to 46 % .  The proportion of juveni les 
was fairly high at the wet sites , ranging from 39 to 
60 % .  

The number of reproductive adults varied con
siderably from site to site and from year to year on 
most sites . The number and the proportion of re
productive adults were high in the mesic sites and 
were very low in the wet sites, which may suggest 
that soil-water condit ions were important in in
fluencing the flowering frequency . At most sites 
the proportion of flowering individuals showed 
a lternate marked rises and fal ls in  consecutive 
years except at the site at 1 00 m .  The number of 
flowering i ndividuals was high in 1 98 1  and 1 983 and 
low in 1 982 . 

8.2.3 Disappearance and origin of the plants 

By comparing the different maps made each year 
during the period of 1 98 1 - 83 the fate of the indi
vidual plants could be fol lowed . However ,  it  is 
extremely difficult to construct a l ife table for a 
perennial species such as the fri t i l lary , because the 
plants renew the vegetative body completely (bulb ,  
root , sta lk and leaves) each year and there is prob
ably no gradual senescence of the plant in the nor-

Acta phytogeogr. suec. 73 

mal sense of the term ( Harper 1 977) . The indi
vidual plants are able to change from one age-state 
to another (see sect ion 8 . 2 . 4) .  A further compl ica
tion was that the exact causes of death and origin of 
plants were not identified in this study . 

Plants recorded as absent  i n  one year cannot be 
simply considered dead as they may appear again in  
la ter  years . I t  might  be possib le  to determine the 
fate of absent individuals by digging up the locat ion 
of absent plants and examining their underground 
bulbs ,  but th is has not been done since the long
term observations would not al low such destruct ive 
d isturbances . 

Two processes can be i nvolved in the origin of 
newly recorded plants . Newly recorded plants of 
j uveni le age-state could  originate from seedl i ngs or 
vegetative bulblets , both of which have a smal l  bulb 
( 1 -2 mm in size ) and develop into juveni les with 
one fol iage leaf in  the fol lowing year. The second 
process of origin of newly recorded plants can be 
involved in  a l l  the age-states.  The plants had been ,  
for some reason ,  missed in  the  previous year's re
cording and had remained as underground bulbs. 
This process shou ld account for the origin of the 
newly recorded subadul t ,  vegetative and reproduc
tive adults since the seedl i ngs and the vegetative 
set-off bulblets we re very small (bulb size 1 - 2 mm) 
and could only produce one t iny fol iage leaf in the 
next year, thus being unable to attain the age-states 
of subadult and adult so soon . The second proce s 
cou ld also be involved in the origin of the newly 
recorded juveniles . 

Numerous droppings and the absence of plants 
on the grazed grass sward suggested that voles and 
hares might be responsible for the absence of some 
plants .  From the fie ld observations it was clear that 
such attacks main ly occurred in  winter and early 
spring when the sta lk  and fol iage leaves of the 
fri t i l lary had approached the soi l surface but not 
emerged above groun d .  Very few plants became 
total ly grazed after their  emergence above ground . 
Soil -water condi tions may also be responsible for 
the absence of p lants in some years. The large 
changes in density at the wet sites (250 m and 
460 m) were caused by the large proportion of 
plants which were absent in some years or were 
newly recorded. 

An  experiment was designed to examine the 
non-appearance of some i ndividuals in some years. 
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Twenty i ndividuals of different age-states were dug 
up from the fie ld in the early spring of 1 983 when 
their above-ground part had not emerged above 
the soi l  surface . The bu lb  size and fresh weight of 
each individual were determined .  Then the upper 
parts of the sta lk  with fo l iage leaves were cut off in 
an attempt to resemble the possible damage caused 
by animals in the fie ld .  The bulbs were planted in  a 
pot with natural soi l  at a depth of 1 - 5 cm under the 
soi l  urface . The pot was kept in a growth chamber 
at a tem perature of 1 SOC and 12 hours l ight/dark 
regime for about two months.  The pot was kept in  a 
good moisture condit ion . During the active growth 
phase no above-ground parts (stalk and fol iage 
leaves) occurred and at t he end of the experiment 
the bulbs were excavated and examined . The re
sults (Table 1 8) showed that although no sta lk  and 
fol iage leaves appeared , a new bulb with a new bud 
for next year's growth inside could be formed by 
the transit ion of nutrients and food reserve from 
the old bulb which was completely empty and 
sloughed off by the end of the act ive growth period . 
The bulb size and fresh weight of the new bulbs 
were reduced to some extent due to respi rat ion . 
The "mobil i ty efficiency" ( fresh weight of new 
bulbtfresh weight of old bulb) ranged from 0 .40 to 
0 .70 .  This gives an explanation of the origin of 
newly recorded plants which were absent in  some 
year i n  the fie ld but were obviously sti l l  alive 
underground .  

8 . 2 . 4  Population flux 

A summary of the flow diagram of the population 
changes from 1 98 1  to 1 983 for a l l  the twenty-nine 
plots is presented in  Fig .  39 . The complexity of the 
population changes is apparent . The plants 
changed their age-state very frequent ly each year 
and the proport ions of plants which were newly 
recorded or absent  were considerable .  

The total number of  plants with in the  twenty
nine 1 m2 plots was 1 ,737 in  1 98 1  and remained 
abou: the same in 1 982 ( 1 ,775 ) .  The number rose to 
2 , 1 6  in 1 983 and the increase was due to an addi
t ion large number of newly recorded plants in  the 
wet sites . The proport ion of different age-states 
remamed rather stable over the three years . The 
juve[i les accounted for 33 . 4-38 . 6 % ,  subadults for 
1 2 . 3 - 1 4 . 9 %  and adults (both vegetative and re-

Table 1 8 . T he mobi l i t y  of bulb reserves in a range of the fri t i l lary 
individuals of d i fferent s i z e .  T he p l a n t s  were t a k e n  f r o m  t h e  field in 
ea r l y  Apri l  1 983,  the upper part of the sta l k  w i t h  foliage leaves was 
cut off  and the bulbs were planted in a pot  with natural  soi l .  kept i n  
a growth chamber at 1 5°C w i t h  1 2  hou rs l ight / dark reg i me for about 
two months . 

No . Before Ela n t i ng ( 2 / 4- 8 3 )  Mobi l i t y  
Bulb diameter Fresh weoght 

After _elan t ing ( 20/ 5- 8 3 )  
B u l6  diameter �resfi weogfit efficienc� 

1 .  75 cm 
1 .  75 
1 .  70 
1 .  60 
1 .  55 
1 .  55 
1 .  40 
1 .  25 
1 .  25 

10 1 .  25 
1 1  1 .  25 
1 2  1 . 1 5 
1 3  1 .  1 5  
1 4  0 .  7 5  
1 5  0 .  6 5  
1 6  0 .  5 5  
1 7  0 .  4 5  
1 8  0 .  3 5  
1 9  0 .  2 5  
2 0  0 .  25 

2 .  7 2 4  g 
2 .  3 1 1 
2 .  080 
1 .  753 
1 .  5 1 6  
1 .  474 
1 .  1 77 
1 .  0 5 3  
0 .  929  
0 .  9 1 9  
0 .  978 
0 .  844 
0 .  868 
0 .  335 
0 .  293 
0 .  2 1 7  
0 .  1 90 
0. 0 9 1  
0 .  0 2 5  
0 .  025  

1 .  50 cm 1 .  634 g 0. 600 
1 .  45 1 .  6 1 9  0 .  700 
1 .  40 1 .  4 5 4  0 .  6 9 9  
1 .  35 0. 966 0 .  551 
1 .  3 5  0 .  9 3 2  0 .  6 1 5  
1 .  30 0. 874 0 .  593 
1 .  1 5  0 .  6 3 9  0 .  5 4 3  
1 . 1 0 0. 566 0. 537 
1 .  1 0  0 .  565  0 .  609 
1 .  05 0. 485 0 .  5 2 8  
1 .  1 0  0 .  5 5 9  0 .  5 7 2  
1 .  0 5  0 .  5 0 6  0 .  600 
1 .  00 0. 4 2 5  0 .  490 
0 .  70 0. 2 1 6  0 .  645 
0 .  5 5  0 . 1 96 0. 669 
0 .  50 0 .  1 36 0 .  6 2 7  
0 .  3 5  0 .  1 0 5 0. 5 5 3  
0 .  30 0 .  050 0.  549 
0 .  20 0. 0 1 3 0 .  520 
0 .  20 0.  0 1 0  0 .  400 

Table 1 9 . Subsequent behaviour in 1 982 for the plants of d i fferent age
states which were recorded i n  1 98 1  i n  twenty - nine 1 m 2 permanent plots 
w ith in  the Kungsangen Nature Reserve. 

1 98 1  1 982 

numbers juvenile subadult  veg. adu l t  reEro . adult  absent 

J uven i le 580 52 . 2  % 1 0 . 5  % 2. 4 % 0. 2 % 34 . 7  % 
Su badult 258 7 .  8 % 32 . 6  % 4 1 . 9  % 1 .  6 % 1 6 . 3  % 
Veg . ad u l t  4 9 4  1 .  8 % 3. 8 % 52 . 0  % 2 4 . 3 % 1 8 . 0  % 
Repro. adult 405 0 .  5 % 4. 9 % 60. 0 % 2 2 . 5 % 1 2 . 1 % 

productive adults) for 49 . 1 -5 1 . 7 % ,  respective ly .  
Considerable changes in individuals const i tut ing 

the population occurred each year .  I t  is necessary 
to examine each age-state as it changes over t ime . 
The subsequent behaviours of the 1 ,737 individuals 
recorded in 1 98 1  within a l l  the twenty-nine plots 
are presented in  Table 1 9 .  

The subsequent behaviours o f  t h e  580 juven i les 
which were recorded in  1 98 1  showed that 52 . 2 %  of 
them remained in the same age-state in  1 982 , which 
may indicate that the j uveni le state is  rather long in 
th is species, perhaps due to the relatively short 
active growth period (main ly from late Apri l to late 
June) . 1 0 . 5 % of the j uveni les entered into the sub
adult state in  1 982 and very smal l  proportions en
tered into vegetat ive and reproductive adult states 
in 1 982, 2 . 4 %  and 0 . 2 % respectively . It is notewor
thy that a considerable proportion of j uveniles 
(34 . 7 % )  were recorded as absent  in 1 982 . 

Al together 258 subadult  individuals were re
corded in 1 98 1 ,  of which 32 . 6 %  remained in the 
same age-state in  1 982 and 4 1 . 9 %  entered into the 
vegetative adult state .  The proportion of subadul ts 
which entered into the j uveni le state and reproduc
tive adult state was smal l , only 7 . 8 %  and 1 . 6 %  
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Juveniles Subadults 
Vegetative 
adults 

respective ly ,  the proportion of absence for sub
adul ts being 1 6 . 3 % .  

For 494 vegetat ive adults recorded i n  1 98 1 , 
52 .0% of them remained in  the same age-state in 
1 982 and 24. 3 %  entered in to the reproductive 
adult state . A smal l  proportion of vegetative 
adults,  1 . 8 %  and 3 .8 % ,  entered into the juveni le 
and subadul t  states respective ly ,  and 1 8 . 0% of 
vegetative adults were recorded as absent in 1 982 . 

Altogether 405 reproductive adults were re
corded in 1 98 1 .  Most of the m ,  60 . 0 % , entered into 
the vegetative adult state i n  1 982 and 22 . 5 %  re
mained in the same age-state . The proportion sug
gests a tendency that a plant flowering in 1 98 1  was 
more l i kely to become a vegetat ive adult in the next 
year . The proportion of reproductive adults that 
became j uveni les or subadul ts was very smal l ,  
being 0 . 5 %  and 4 . 9 %  respective ly .  The proportion 
of absence for reproductive adults was re latively 
low , being 1 2 . 1 %  in  1 982 . 

The subsequent behaviour in 1 983 of the indi
viduals in  each age-state which were recorded in 
1 982 within the 29 plots was about the same as in  
1 98 1 -82 ,  except that the proportion of reproduc
tive adults remain ing in the same age-state was 
sl ightly higher in 1 982- 83 .  
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Reproductive 

adults 
Fig. 39. Population flux of the 
four age-states in  Fritillaria 
meleagris with in the 29 1 m2 

permanent plots over the period 
198 1 -83 in  the Kungsangen Na
ture Reserve . The proportions of 
the different age-states in each 
year are also presented in square 
( % ) .  N = Newly recorded plants,  
A = Absent . For the explana
tion , see text . 

A total of 38 1 individuals of the population re
corded in  1 98 1  were absent in 1 982 . The subse
quent behaviour of these i ndividuals in 1 983 is pre
sented in  Table 20. Of the 20 1 j uveni les recorded as 
absent in  1 982 , 37. 8 %  appeared as juveniles in 
1 983 , 3 . 5 % as subadults and 58 . 7 %  were again 
absent . Although the plants recorded as absent for 
two consecutive years may indicate a death , this 
cannot be tated with certainty as a number of adu lt 
individuals,  although very few ,  were newly re
corded in  1 983 and did not appear in the census of 
1 98 1  and 1 982. Of the 42 subadults recorded as 
absent in  1 982 , 1 9 . 0 %  appeared as j uveni les in 
1 983 , 1 4 . 3 % as subadults ,  1 9 . 0 %  as vegetative 
adults 2 . 4 %  as reproductive adults and 45 . 2 %  as 
again absent  in  1 983 . Of the 89 vegetative adults 
which were missing i n  the 1 982 census,  5 . 6 %  
appeared a s  juveni les,  1 0 . 1 %  a s  subadults ,  4 1 . 6 %  
a s  vegetative adults,  6 . 7 % a s  reproductive adults 

Table 2 0 .  Subsequent behaviour in 1 983 for the plants o f  different age
states which were recorded in 1 98 1  and were absent in 1 982 in twenty
nine 1 m 2 permanent plots within the K ungsangen Nature Reserve. 

1 98 1  1 983 

Numbers J uvenile Subadult Veg. adult Re�ro.adult Absent 

J u veni le 2 0 1  37 . 8  % 3. 5 % 58. 7 % 
Subadult 42 1 9 . 0  % 1 4 . 3  .% 1 9 . 0  % 2 . 11  % 11 5 . 2  % 
Veg . adult 89 5 .  6 % 1 0 . 1 % 11_1 . 6  % 6. 7 % 36. 0 % 
Repro . adult 49 4 . 1 % 1 0 . 2 % 1111. 9 % 8 . 2  % 32. 7 % 
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and 36 . 0 %  as again absent i n  1 983 . O f  the 49 repro
ductive adults recorded as absent in 1 982 , 4 . 1 %  
appeared as juveni les,  1 0 . 2 %  as subadults, 44 . 9 %  
as vegetative adults ,  8 . 2 %  a s  reproductive adults 
and 32 . 7 %  as again absent i n  1 983 . 

Consequently , of the j uveni les , subadults ,  
vegetative adults and reproductive adults recorded 

in 1 98 1 , 20 . 3 % ,7 .4 % ,  6 . 5 % and 4 .0 % ,  respective
ly, were absent  in  two consecutive years .  The data 
suggest that the mortality was not uniformly d istri
buted over all age-states ; the risk of dying among 
juveni les appeared to be h igher and decreased with 
increasing plant size (as measured by bulb size and 
number of fol iage leaves ) .  
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9 Phenology , life cycle and dry matter allocation 

The way in  which an organism al locates or parti
t ions t ime and energy has been expressed in  terms 
of "principle of al locat ion" by Cody ( 1 966) ,  
' strategy and tact ics" b y  Harper ( 1 967) and "re
productive effort" including reproduction in par
ticular by Ogden ( 1 968) . It is con idered that the 
organism's quantitative program of energy al loca
tion is an essentia l  feature of its strategy . Accord
ing to Harper & Ogden ( 1 970) , the way of dry 
matter or energy al location by the organism in 
re lation to the complex t ime and space pattern can 
be expressed in  terms of " l i fe cycle strategy" and 
the dry matter or energy al location particularly 
associated with reproduction can be expressed in 
terms of "reproductive strategy " .  

Such considerations are o f  great interest in  a 
bulbous perennia l  species l i ke Fritillaria meleagris , 

which has active growth and dormant phases during 
its annual cycle and has both sexual and vegetative 
reproductive means. The study of easonal growth 
and dry matter al locat ion pattern is needed to 
understand and interpret the l ife cycle trategy 
adopted by a specie (Waite & Hutchings 19 2 ) .  

The purpose o f  this study i s  t o  d e  cri be , in detai l ,  
the seasonal growth cycle (phenology ) o f  the differ
ent age- tates within the fri t i l lary population at the 
Kungsangen Nature Reserve in  relation to seasonal 
fluctuation of environmental  regime and to deter
mine the pattern of dry matter al locat ion through
out the l i fe cycle of the plan t .  The purpose i al o to 
i l lustrate the reproductive and survival aspects of 
this species in  terms of re lat ive quant it ies of dry 
matter expenditure . 

9. 1 Material and methods 

The fie ld observations and sampl ings of the fri t i l 
lary were carried out in the reserve area where the 
fri t i l lary has its highest density (the zone between 
1 50-200 m along the transect , see sect ion 8 . 3 ) .  
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Sequential harvests of ind ividuals of the juven i l e ,  
subadul t ,  vegetative and reproductive adults were 
carried out in the fie ld  throughout the year . The 
sampl ing of the reproductive adults (flowering i n
dividuals) included a serie of 1 3  harvests between 
April and November 1 98 1 . The juveniles, sub
adults and vegetat ive adults were sampled by a 
series of 6 harvests between Apri l and November 
1 982 . On the first sampl ing occasion on April 1 5 ,  
198 1 , the fri t i l lary had not emerged aboveground 
so the sampl ing was made by digging and collect ing 
20 individuals with a visible flower bud . After the 
emergence of plants the sampling was located to 
1 x 1 m plots in  which up to 20 individuals with a 
flower or fru i t  were col lected . In June the flowering 
i ndividuals were mapped in several plots for later 
sampl ing since the aboveground parts of the plant 
d isappeared after June ;  thi  enabled subsequent 
location and collection of individuals of th is age
state . The samplings of juveniles, subadults and 
vegetative adults in  1 982 were done in the ame 
way as for reproductive adu lts .  At each harve t 20 
individuals of each age-state were excavated u ing 
a hand trowel . They were brought into the labora
tory within a few hours .  The underground part of 
the plant wa careful ly  cleaned with tap water and 
the total fre h weight of each individual was deter
mined . The bulb size , number of fo l iage leaves and 
sta lk  length as wel l  as their phenological characters 
such as dormancy , development of roots and 
leaves , and reproduct ive act ivity were recorded . 
The plants were then divided into their component 
organs:  root , bulb ,  low leaves , stalk and fol iage 
leaves and for the reproductive adu lts the repro
ductive organs,  e . g .  flower bud , flower and capsule 
or vegetat ive bulb le t ,  if  present ,  were a lso sepa
rated .  They were dried at 80°C for 72 hours and 
then weighed again .  Mean value of bulb size and 
length of the sta lk were al�o measured . The mean 
dry weight distribution was calculated,  both m 

terms of absolute weight and proportion .  
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9 . 2  Resu lts 

9 . 2 . 1 Life cycle and phenology 

In the fie ld ,  seed germination occurred in late 
March and Apri l ( see section 1 0 . 2 ) .  During the fi r t 
year the only aboveground structure of seedl i ngs 
was a cotyledon , which was thu the only photo
synthetic organ during the fi r t year' growth .  
Some thread-l ike advent i t ious roots and a smal l  
bulb were gradual ly developed after the establ ish
ment of eedl ings.  In late J une the aboveground 
part of the seedl ing turned ye l low roughly at the 
ame t ime a those of the adul ts .  

The general growth pat tern was the same for the 
juveni les ,  ubadul ts ,  vegetative and reproductive 
adul ts ,  a l though they differed in  bulb size , number 
of fol iage leaves and reproduct ive activi t y .  The 
resu l t  presented below are based on the fie ld 
observations during 1 98 1 -82 at the study area . 

Before Apri l ,  a l l  individuals of the fri t i l lary were 
hidden underground . As air and soi l  temperature 
rose , the unexpanded fol iage leaves and sta lk  
began to e merge above the  soi l  surface from the 
middle of Apri l .  The fo l iage leave and sta lk  ex
panded rapidly and at the same t ime, new adventi
t iou roots developed from the base of the bu lb .  
The previous year's bu lb was consumed simul
taneously and by early June it was completely 
emptied and sloughed off. Through the active 
photo ynthe is of fol iage leave during May and 
J une the two inner cale- l ike low leaves began to 
swe l l  and form a new daughter bulb for preserving 
the a s imi late products .  A smal l  new bud of next 
year's growth was a l ready found inside the newly 
formed bulb in  the plants ampled in  late May . By 
late J une , the fo l iage leaves and stalk had turned 
ye l low and wi thered . The bulb underground was 
then a complete ly new one . The active growth 
(product ive) phase for the frit i l lary was , thus ,  ab
out two months,  i . e .  main ly i n  May and June . 

Although the new daughter bulb was h idden 
underground unt i l  the coming spring,  it did not 
mean that there wa no growth activity at a l l . From 
the sequentia l  harvests , i t  was found that a dormant 
stage in the fri t i l lary occurred in  summer, from late 
J une through J u ly and August . There were no 
apparen t  growth act ivit ies such as  root deve lop
ment and e longat ion of the new bud . However ,  by 
the end of August , some contract i le roots started to 

appear on the ides of the bulb and these contrac
ti le roots may bring about a movement  of the bulbs 
to the proper depth in the soi l ;  at the study area 
most bulbs of adult individuals being situated in  a 
layer 5 - 8  cm below the soil surface . The new shoot 
bud began to deve lop and elongate s imultaneous
ly , although at a very slow rate .  By the beginning of 
November i t  approached the soi l  surface and the 
low leaves , unexpanded fol iage leaves and sta l k ,  or 
the flower bud for flowering individuals ,  were wel l  
different iated .  They remained underground and 
after a second period of dormancy during winter, 
the fol iage leaves and stal k started sprouting quick
ly in  the fo l lowing spring .  

The reproductive adults had a recogn izable 
flower bud before they emerged from the soil sur
face in spring.  The flower bud developed rapidly 
after the sprouting of fol iage leaves . The ful l  
flowering mainly occurred from the middle of  May .  
The period o f  fu l l  flowering during 1 98 1 - 82 was i n  
agreement with t h e  earl ier observations made by 
Arnell ( 1 9 14)  and Sernander ( 1 948) in  the reserve 
area .  By the end of May most of t he flowers had 
withered,  and capsules formed and matured in late 
June . The seeds of the fri t i l lary were shed in  late 
June and Ju ly .  

Fig .  40  summarizes the seasonal changes i n  soil 
temperature at 5 cm depth (data from the meteoro
logical station at Ul tuna)  and in soi l  moisture con
tent together with the phenological observat ion of 
flowering individuals of the fri t i l lary in  the study 
area during 1 98 1 .  I t  is conspicuous from this dia
gram that the growth and dormancy phases corre
sponded wel l  to the seasonal cyclical rhythms of the 
environmental variables . The most act ive phase in 
the growth and reproduct ion occurred from late 
April to late J une when soi l  temperature and mois
ture condit ions were moderate .  The summer dor
mant stage occurred when soil moisture decreased 
and soi l  temperature increased .  I n  autumn , when 
soi l  moisture and temperature became moderate,  
some growth activit ies took place . A further de
crease of temperature i nduced the winter dormant 
stage . 

The t iming of these processes can be influenced 
by cl imatic and environmental condit ions . For ex
ample ,  the emergence of plants i n  spring was about 
two weeks later in  1 98 1  than in  1 982 . This could be 
due to the fact that the mean temperature during 
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April was 0 . 3°C lower in 1 98 1  than in 1 982 . Accord
ing to Sernander ( 1948) the flowering time could be 
either advanced or de layed for a few weeks in some 
extreme years . 

9.2.2 Dry matter allocation 

The absolute amount and the proportional al loca
tion of dry matter i nto root , bulb ,  low leaves , 
fol iage leaf and sta lk  throughout the annual cycle in 
juveni le individuals are shown in Fig .  4 1 a  och b. 
From the middle of Apri l the aerial fol iage leaf and 
stalk grew rapid ly and the dry matter of the fol iage 
leaf and sta lk  i ncreased from 3 . 4  ± 2 .0  mg in abso
lute amount or 1 1 . 6 %  in proportional amount 
(Apri l 19) to 22 .0  ± 14 . 4  mg or 23 % (June 20) 
respect ive ly .  The food reserves stored in  the bulb 
from the previous year decreased from 1 9 . 9  ± 1 5 . 3  
m g  o r  67 . 7 %  (Apri l  1 9) and became completely 
consumed (June 20) . The production of assimi late 
by the fol iage leaf was rather high ; the total 
biomass per individual i ncreased from 29 .4  ± 1 8 . 9  
mg in the  beginn ing of the  active growth phase 
(Apri l 1 9) to the maximal value of 93 .3  ± 6 1 . 5 mg 
by the end of the active growth phase (June 20) . A 
considerable amount of the assimi late products was 
translocated into the new bulb ,  which reached 
68 . 7  ± 55 .0  mg by the end of J une .  The absolute 
amount and the proport ion of dry matter in  roots 
were relat ively low as compared with other compo-
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Fig. 40. Seasonal changes in ten
day means of soi l  temperature at 
5 cm depth (T) (data from the 
meteorological station at U ltuna)  
and soil moisture (M,  % by 
volume) and phenology of 
flowering individuals of Fritilla
ria meleagris during the observa
tion period of 1 981 in the Kungs
angen Nature Reserve . A = un
expanded foliage leaves, B = ex
panded foliage leaves, C = 

flowering , D = fruiting, E = root 
development and F = dormancy . 

nent organs,  being 2 . 2  ± 1 . 2 mg or 7 .5 % in April 
19, remaining rather constant during the active 
growth phase , decreasing  to 1 . 9 ± 0 .7  mg or 2 . 7 %  
during the summer dormancy as some o f  the roots 
were decaying, and increasing to 2 . 6  ± 1 . 4 mg or 
4 . 2 %  in  the autumn as new contract i le roots de
veloped .  The increases of bulb size and total 
biomass in  dry weight , on average , were from 
4 .6  ± 1 . 5 mm and 29 .4± 1 8 . 9  mg (Apri l )  to 6 . 1 ±2 .0  
mm and  6 1 . 4 ± 37 . 8  mg  (November) ;  an annual 
increase of about 30 mg dry matter per individual 
was estimated for the juveni les .  

The dry matter a l location pattern of the sub
adults and vegetative adu l ts was the same as for the 
j uveni les ,  although the bulb s ize and biomass dif
fered great ly . The maximal biomass per individual 
of the subadults was 328± 105 mg (June 20) ( Fig .  
42a and b) .  The increases of bulb size and total 
biomass in  dry weight were from 9.0 ± 1 . 3 mm 
and 1 03 ± 46 mg ( Apri l )  to 1 1 . 2 ± 2 . 9  mm and 
2 1 4  ± 86 mg (Novem ber) ; an annual increase of 
about 1 1 0 mg dry matter per individual was est i
mated for the subadults .  

The maximal biomass per individual of the 
vegetative adu l ts was 75 1 ± 1 78 mg by J une 20 (Fig .  
43a and b ) . The increases of bulb size and total 
biomass in dry weight were from 1 3 . 7  ± 1 . 8 mm and 
265 ± 90 mg (Apri l )  to 1 6 .3  ± 1 . 5 mm and 
499 ± 8 1  mg (November) ; an annual i ncrease of 
about 235 mg dry matter per individual was est i-
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Fig. 4 1 . Dry matter a l location 
into the different component 
organs in  the juveni le age-state of 
Fritillaria meleagris from Apri l  to 
November 1982 in the Kungs
i:ingen Nature Reserve . a) in mg 
dry weight ,  b) in % .  Twenty i ndi
viduals were measured at each 
ampl ing and the mean va lues 

per individual  are given .  
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mated for the vegetative adults . 
No vegetative reproduction by bulb lets was 

observed among the j uveni les,  subadults and 
vegetative adults sampled during Apri l - No
vember 1 982 . However,  i t  st i l l  remains to be i n
vestigated if vegetative reproduction could occur 
among these age-states , since the observations 
were made on the individuals from 6 harvests dur-

oJo 

ing one single year .  Neverthe less , it can be stated 
that vegetative reproduction is ,  at least , very rare 
among these vegetative age-states , thus being neg
l igible . 

I t  is worth not ing that the proportional a l location 
of dry matter into the component organs during the 
annual cycle was qui te s imi lar among the j uveni les,  
subadults and vegetative adults (Fig.  4 1 b ,  42b and 
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Fig. 42 . Dry matter al location 
into the different component 
organs in  the subadult age-state 
of Fritillaria meleagris from April 
to November 1 982 in  the Kungs
angen Nature Reserve . a) in mg 
dry weight ,  b )  i n % .  Twenty i ndi
viduals were measured at each 
sampling and the mean values 
per i ndividual ar

_
e given . 
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43b ) .  This may suggest that the program of dry 
matter al locat ion is rather fixed for the fri t i l lary . 

The dry matter a l locat ion of the reproductive 
adults throughout the year is presented in  Fig .  44a 
and b ,  both by dry weight and proportion . The 
general annual  cycle pattern of the reproduct ive 
adults was more or less imi lar to the vegetative 
age-states . However,  during the active growth 

Fig. 43 . Dry matter al location 
into the different component 
organs in the vegetative adult 
age- tate of Fritillaria meleagris 

from April to November 1 982 in  
the Kung angen Nature Reserve . 
a) in mg dry weight ,  b) in % .  
Twenty individuals were mea
sured at each sampling and the 
mean values per individual are 
given .  
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phase a considerable amount of the assimi late pro
duced by the fol iage leaves was al located in to the 
reproductive structures, i . e .  flower ,  capsule and 
seeds .  The absolute amount and the proportional 
al location of dry matter i nto reproductive organs 
attained about 0 . 5  mg or 0 . 1 %  of the total biomass 
at flower bud stage ( Apri l 1 5 ) ,  gradual ly increased 
to 71 ± 18 mg or 1 2 . 6 %  at ful l  flowering stage (May 
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24) , then decreased to 32 ± 1 1  mg or 4 . 1 %  (J une 9 )  
and  increased again to  1 55 ± 24  mg or  17 . 5% (J une 
24) at mature fruit ing stage (capsu le with seeds ) . 
The maximal biomass per individual of the repro
ductive adults was 885 ± 1 74 mg by June 24 . During 
the active growth phase , vegetat ive reproduct ion 
by set-off bulb let formation also occurred on the 
newly-formed bu lb .  I t  was found that among the 
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1 20 flowering individual sampled during 
May- July 1 98 1 , 1 6  individuals had one and 1 indi
vidual had two set-off bulblets , which sprouted 
from the new bulb , apparent ly formed by vegeta
t ive propagat ion . These smal l  bu lblets were 1 - 2 
mm in size , 1 . 2 - 10  mg in dry weight and accounted 
for 0 .4- 1 . 5 %  of the total dry matter al locat ion . 
However ,  if taking the occurrence frequency into 

Fig. 44. Dry matter al location 
into the d ifferent component 
organs in  the reproductive adult 
age-state of Fritillaria meleagris 
from April to November 1 982 in 
the Kungsangen Nature Reserve . 
a) i n  mg dry weight ,  b) i n  % .  
Twenty individuals were mea
sured at each sampling and the 
mean val ues per individual are 
given .  
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account , it  atta ined less than 0 . 2 %  of the dry mat
ter a l location per flowering individua l .  

The reproductive effort was est imated by  the 
ratio of seed production/total biomass at fi nal har
vest in dry weight ,  which is a crude approximation 
of the net reproductive effort defined by Harper & 
Ogden ( 1970) . The proportion of dry matter in 
seeds per reproduct ive adult  was 1 3 . 2 %  of the total 

biomass . 
I n  contrast to the other vegetative age-states , the 

bulb size and total biomass i n  dry weight of repro
ductive adults decreased from 15 . 6±  1 . 4 mm and 
378 ± 86 mg (Apri l )  to 1 4 . 5 ± 1 . 6 mm and 299 ± 1 06 
mg ( November) ;  an annual decrease of about 80 
mg dry matter per individual was est imated for the 
reproductive adults .  
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10 Seed production, seed bank in the soil and 
germination experiments 

A plant population l iving i n  an area is often com
posed of two parts :  viable dormant seeds and estab
l ished individuals .  Any attempt to discuss the 
population dynamics of individual species must in
clude the quantified studies of these two parts 
(Harper 1 977 , Pavane & Reader 1 982) .  Recently 
the dynamics of natural seed populat ions, the ger
mination characteristics and the establishment of 
seedlings under natural conditions have attracted 
the attention of many plant ecologists (Harper et 
a l .  1 965 , Sarukhan 1 974 , H arper 1 977 , Thompson 
& Grime 1 979 , Grime et al . 1 98 1 ,  Roberts 1 98 1 ) .  

The study of the seed biology of the frit i l lary has 
attempted to acquire basic i nformation on the seed 
product ion and the dynamics of the seed bank 
under fie ld condit ions, and to describe the ger
mination characterist ics both in the laboratory and 
in  the fie ld in  re l ation to the mechanisms which 
control the t ime and place at which seed germina
t ion and seedl ing establ ishment occur under natu
ral condit ions .  By combin ing this information with 
demographic data of establ ished individuals , it 
should be possible to reach some knowledge of the 
interaction between the characterist ics of the habit
able sites and the species itself. 

1 0 . 1 Material and methods 

The investigation was performed within the Kungs
angen Nature Reserve area where the fri t i l lary is 
abundan t .  

1 0. 1 . 1  Seed production 

Counting of flowering individuals with seeded 
capsules and number of seeds per capsule could 
give an est imate of seed production in  the popula
tion as a whole and also give some information on 
the variation in  seed production from year to year. 
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The number of flowering individuals ,  the pro
port ion of seeded ,  unfert i l ized and damaged (the 
reproductive organs,  e . g .  flowers and fruits were 
damaged by animals)  flowering individuals were 
counted during the flowering and frui t ing stages 
(May-June)  in 1 98 1  and 1 982 , in  the same set of 
twenty-nine 1 m2 permanent plots used for the de
mographic study . The capsules with seeds were 
col lected randomly from the fie ld populat ion just 
after the annual  mowing (during June 1 8 - 24) . The 
capsules sampled were brought into the laboratory 
and air-dried . The ripe and unripe (apparent ly 
empty) seeds per capsule were sorted and counted . 
The ripe seeds were weighed and the mean weight 
per ripe seed for each cap ule was calculated .  

1 0 . 1 .2 Seasonal changes of  seed population 

in the soil 

The study area is mown annual ly during the mid
summer period when most cap ules of flowering 
i ndividuals are ripe but not dry enough to re lease 
seeds . The amount of seeds entering the eed bank 
in  the soi l  not only depends upon the seed produc
t ion of reproductive plants ,  but also upon the man
agement pract ice , i . e .  the date of cutt ing and col
lecting of hay . The seasonal changes of seed 
population in the soil as wel l  as the influence of 
management practice on the size of the seed bank 
were assessed by col lect ing a series of soi l  samples 
i n  the enclosed area and the nearby mown area 
where the observations on reproductive activit ies 
of the flowering individuals were made . The soi l  
cores ,  each 7 .2  cm in  diameter and 5 cm in depth , 
were col lected : ( 1 )  on August 1 4 ,  1 98 1  when seed 
set had been completed , (2) Apri l 20 , 1 982 when 
spring germination started,  (3)  June 10, 1 982 after 
seed germination in the fie ld and before the supply 
of a new seed set and (4) J u ly 1 9 ,  1 982 when a new 
seed set had been added . On each occasion ,  1 0 - 20 
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soi l  cores were col lected from the mown area and 
the enclosed area,  respective ly ,  at random points 
along l i ne transects . The soi l samples were brought 
to the l aboratory and sl iced depthwise into two or 
three parts . The seeds of the fri t i l lary are l arge 
(3-6  mm)  enough to be separated from the soil by 
hand-sort ing .  The results are expressed as mean 
number of seeds/m2 . 

1 0 . 1 .3 Germination tests in the laboratory 

Source of seeds 

The seeds of the fri t i l l ary used in a l l  experiments 
described here were col lected from the fie ld 
population i n  the study area i n  late J une and early 
J uly 1 98 1  and 1 982 . I mmediately fol lowing col lec
tion , the ripe seeds were air-dried at laboratory 
temperature (about 20°C) .  They were then placed : 
( 1 )  in dry storage i n  paper envelopes at tempera
tures of 4°C and 20°C respective ly ,  (2) i n  moist 
storage in 9-cm diameter Petri dishe on fi lter paper 
saturated with dist i l led water and kept saturated 
throughout the storage both at temperatures of 4°C 
and 20°C and (3)  in fie ld  storage where batches of 
seeds were placed in porous containers and put i nto 
the re erve area in  J u ly  1 98 1  j ust beneath the soi l 
surface . They remained there unt i l  J une 1 983 to 
test the germinabi l i ty  of the seeds under fie ld 
conditions . 

Initial tests 

Before placing the seeds into different storage 
treatments , the capacity of the freshly-col lected 
seeds for immediate getmination was tested . One 
hundred seeds were placed in  each 9-cm glass Petri 
d ish on fi l ter paper moistened with dist i l led water .  
The effect of gibbere l l ic acid on the germination of  
freshly-col lected seeds was tested at the same t ime , 
where the fi lter paper was soaked in a mi l l imolar 
solution of gibbere l l ic acid . These dishes were 
transferred into germinat ion chambers with a 1 2  
hours l ight/dark regime at constant temperatures 
of 1 2°C and 20°C , and into a temperature of 4°C in 
darkness apart from the exposure to diffuse labora
tory light for a few minutes during the i nspection of 
the germination . 

Response to the different storage treatments 

I n  each storage treatment ,  subsamples,  each of one 
hundred seeds , were taken at in tervals .  They were 
tested for germinabi l i ty at various temperatures . I n  
the field storage treatmen t ,  subsamples o n  each 
collect ing date were brought into the l aboratory 
from the fie ld containers and tested at a constant 
temperature of 1 2°C with a 12 hours l ight/dark 
regime.  The viabi l i ty of the seeds at the end of this 
experiment (June 1 983) was tested by the reaction 
with 2 ,3 ,5-triphenyl tetrazol ium chloride (Colbry 
et al . 1 96 1 ) .  

Response to temperature 

The influence of temperature upon germination 
percentage and germination rate was studied at a 
wide range of both constant and fluctuat ing 
temperature conditions i n  germination chambers .  

Each Petri dish was inspected a t  in tervals of 1 -7 
days , depending on the germination rate of seeds.  
Germination is defined as the emergence of ap
proximately 1 mm of radicle through the seed coat . 
Germinated seeds were recorded and removed . 
The minimum duration of a test was 30 days and 
continued unti l no germination occurred for 7 suc
cessive days . The results of a l l  tests are presented as 
a final germinat ion percentage and as the t ime 
required for 50 % of the final germination percen
tage to be attained (ha lf-t ime ) .  

10 . 1 .4 Germination in the field 

The course of germination in the fie ld  was fol lowed 
in an enclosed experimental site .  A thin-wal led 
wooden box , 50 x 50 cm without top and bottom , 
was pressed in to the soi l .  The box was subdivided 
into twenty-five 1 0 x  10 cm plots . Three treatments 
were adopted : ( 1 )  the seeds were sown on the 
surface of steri l ized soi l , (2)  j ust beneath the soi l  
surface a t  a depth o f  0 .2 -0 .5  c m  in  steri l ized soil 
and (3) on the soi l surface with natural vegetation 
which resembled the seed dispersal under natural 
condit ions.  Four to one hundred ripe seeds were 
sown on or in each p lot in the autumn of 1 98 1 . The 
box was covered with a plastic nett ing ( 1  x 1 cm 
mesh) to prevent  predation by animals .  The seed
l ings that emerged were recorded in the spring of 
1 982 . 
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10.2  Results 

1 0 . 2 . 1 Seed production 

The total number of flowering i ndividuals and the 
seed production within the twenty-nine 1 x 1 m 
permanent plots for the study period of 1 98 1 - 82 
are presented in  Table 2 1 .  

The first remarkable point  i n  these figures is the 
much higher total number of flowering individuals 
in  1 98 1  than in 1 982 . The total number of flowering 
individuals with a seeded capsule was also h igher in 
1 98 1 . The differences between years in  the percen
tage of flowering  i ndividuals producing a seeded 
capsule seems to depend on the avai labi l i ty of in
sect pol l ination and on damage caused by animals .  

The differences i n  the mean number of r ipe and 
unripe seeds per capsule as wel l  as the mean weight 
of ripe seed were considerable between years 
(Table 22) .  This may be explained by the weather 
conditions during flowering and fruit ing stages and 
by the management pract ice i n  the actual years . 
The mean monthly temperatures during May and 
J une of 1 982 were 2 . 0°C and 0 . 6°C lower than those 
of 1 98 1 .  The mowing date was 4 days earl ier in 1 982 
(June 1 8) than in 1 98 1  (J une 22) .  Both the mean 
number of ripe seeds per capsule and the mean 
weight of ripe seeds were higher in 1 98 1  than in 
1 982 , whi le the number of unripe seeds per capsule 
was higher in  1 982 . However, from the observation 
in the enclosed sites, the mean number of ripe 
seeds per capsule and the mean weight of ripe seeds 
were 96± 27 ,  1 . 5 ±0 .4  mg in 1 98 1  (n = 25 ) ,  and 
84±43 ,  1 . 3±0 .3  mg in 1 982 ( n = 30) , respect ive ly .  
In  both years sampling took place i n  la te June .  
There were no significant differences between 
years concern ing the mean number of ripe seeds 
per capsule and the mean weight of ripe seed 
(P>0. 1 0) .  

Consequent ly , these results provided an esti
mate of yearly seed production in  the permanent 
plots . The estimate of seed product ion per unit 
area was 1 ,027 ± 28 1 /m2 in  1 98 1  and 226± 99/m2 in 
1 982 . The seed production was strongly dependent 
on the number of flowering i ndividuals producing a 
seeded capsule .  

1 0.2.2 Size and dynamics of  seed population 

in the soil 

Most seeds remained within the capsu les before the 
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T ab l e  2 1 . V a r ia t ion between yea r s  in the numbe r  of flower i n g  
i n d i v i d u a l s ,  t he proportion o f  flowering i n d i v id u a l s  w i t h  a seeded 
cap s u l e ,  w i th a n  unseeded capsule and w it h  a damag�d flower or 
capsule i n  the twenty-n i ne 1 x 1 m pe rmanent . plots m �he K ungs
iingen N a t u re Reserve . T he percentage value IS shown m paren
the s i s .  

Year 

Total no. of flowe r i n g  individuals 

Total  n o .  of flo wering individuals 
w i th a seeded capsule 

Total no . of flowering i n d iv i d u a l s  
w i th a n  u n seeded capsule 

Total no . o f  flowering i n d i v id ua l s  
w i t h  a damaged flower or cap s u le 

1 98 1  

4 0 5  ( 1 00 )  

3 3 1  ( 8 1 . 7 }  

47 ( 1 1 .  6 )  

2 7  ( 6 .  7 }  

1 9 8 2  

2 2 3  ( 1 00 )  

9 5  ( 4 2 . 6 ) 

44 ( 1 9 . 7 }  

8 4  ( 3 7 .  7 }  

Table 2 2 .  Variation between years i n  the mean number o f  r ipe and 
unripe seeds per capsule and the mean weight of r i pe seed , and the 
mean seed production per unit area . Samples were collected from the 
field population in the K ungsangen Nature Reserve just after annual 
mow ing . Number of capsules i s  indicated in parenthes i s .  

Sampl i ng date 

Mean no . of r i pe seeds ± S . D  per 
capsule 

Mean no . of unripe seeds ± S. D per 
capsule 

Total no . of seeds ± S . D  per 
capsule 

Mean no . of flowering ind ividuals 
with a seeded capsule/m 2 

1 98 1 -06-22 

90 :!. 2 5  ( 80) 

40 l 17 ( 80 ) 

1 30 l 24 ( 80) 

1 1 . 4  

1 982- 06- 1 8  

6 8  l 3 0  ( 30)  

59 l 3 1  ( 30 )  

1 2 7 !. 2 1  ( 30 )  

3 .  3 

Mean no . of ripe seed ± S . D  per m2 1 , 02 7  l 2 8 1  226 l 9 9  

Table 23.  E s t i mate of mean den s i ty ± S . D  of seed s / m
2 

of the fr it i l l a ry on the soil  in the mown a nd the enclosed 
s ites in the K un g sangen Nature Reserve . Va lue i n  paren
thesis  is the num ber of samples collected . 

Col lection date Mown s ite Enclosed s i te 

1 4 August 1 98 1  369 ± 9 1 4  ( 1 0 ) 8 1 1 ± 1 07 4  ( 1 0 ) 

20 A p r i l  1 98 2  1 5 2  ± 3 2 9  ( 1 4 ) 440 ± 656 ( 1 4) 

1 0  J une 1 982 49 ± 1 28 ( 20 )  1 2 3 ± 2 58 ( 20 )  

1 9  J u l y  1 98 2  74 ± 2 78 { 20 )  2 8 3  ± 6 2 9  ( 2 0 )  

annual  mowing. Some seeds could be re leased dur
ing the period between cutt ing and col lect ing of 
hay ,  and thus become part of the seed ban k .  In the 
enclosed site , the seeds were re leased completely 
from the capsules in  J u ly .  The size and dynamics of 
the seed bank in  soi l  were est imated at bot h mown 
and enclosed sites. The seeds of the frit i l lary were 
found to be presented on the soi l  su rface on ly .  no 
seeds were found under 0 . 5  cm of the soi l surface . 
The distribution of seeds on the soi l  su rface was 
very clumped (S2/x. � 1 ) .· in re lat ion to the plot area 
( 40 .7  cm2 each ) .  The seed dispersal of the fri t i l lary 
in the study area was apparent ly  influenced by the 
hay-making management .  as most seeds were re
leased when hay was cut down and the capsules 
were close to the soi l surface . 
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The results of the investigation (Table 23 ) show 
that  a large proport ion of seeds cou ld not enter the 
seed bank due to the hay-making.  This has been 
shown in the differences between the mown and 
the enclosed sites . The t-test on the differences of 
mean values was not sign ificant (P >0 .05 ) ,  de
pending on t he very clumped distribut ion of seeds . 
On the other hand , Fisher's exact test gave signifi
cant ly  h igher frequencies (P < 0 .0 1 ) when compar
ing the differences between the mown and enclosed 
sites as wel l  as between years . Regarding the mean 
values an est imate of 55 % in 1 98 1  and 74 % in 1 982 
of the seeds were lost as a consequence of the 
annual hay-making .  The differences in  the size of 
seed banks in  the soil between years depended,  to a 
large extent , on t he variation of yearly seed pro
duction and the date of annual mowing (see section 
1 0 . 2 . 1 ) . 

The seasonal  changes of the seed bank were 
simi lar at both sites (Table 23 ) .  The largest density 
of seeds in  t he soil was recorded just after seed set 
( Ju ly- August ) .  The amount of seeds subseq uent ly 
decreased as a result  of predation , fungal at tack 
and decay . Out of the seed popu lation wh ich had 
reached the soi l  i n  J u ly-August 1 98 1 , 46-59% was 
lost at the beginn ing of fie ld germination ( April 
1 982 ) ;  predation by smal l  mammals such as voles 
and fie ld mice may be important in  reducing the 
seed populat ion in  soi l  as they were observed fre
quent ly in the fie ld .  Further decrease of seed 
populat ion in  the soil occurred as a result of flushes 
of seed germination in the fie ld in spring 
(Apri i - May) .  By the middle of June ,  before there 
was any replenishment with fresh seeds from the 
current year ,  the seed bank in  the soi l  was almost 
exhausted . Most seeds left (amounting to 1 3  
- 1 5 %  o f  t he previous year's seed bank )  were in
fected or empty . According to a laboratory ger-

mination test , about 1 0 %  of them were viable , but 
the chance of surviving to the next year was very 
l i t t le considering the effect of predation and fungal 
attack . The soil seed bank was replenished with 
fresh seeds from the current  year again i n  Ju ly  
1 982 . 

1 0 .2 .3 Initial germination tests 

The freshly-col lected seeds of the fri t i l lary were 
completely dormant at the in i t ia l  germination test 
under a range of temperatures ,  4°C- 20°C . The 
t reatment with a mi l l imolar gibbere l l ic acid could 
not replace the dormancy breaking requirement of 
the freshly-col lected seeds.  

10.2.4 Response to different storage treatments 

The effects of different storage t reatments on ger
minabi l i ty of the fri t i l lary seeds are shown in Table 
24 . The resu l ts revealed that the freshly-re leased 
seeds of the fri t i l l ary must experience a period of 
about three months of chi l l ing (a t  low temperature 
and in moist condit ions)  before germination was 
possible . It has been observed in the laboratory 
that once the chi l l ing requirement had been fu lfi l
led,  the seeds could germinate at  a low temperature 
( 4°C) and in darkness . The presence or absence of 
l ight seems to be of no importance for complet ing 
germination successfu l ly . 

I t  has been shown that  t he dry storage at 4°C and 
20°C and the moist storage at 20°C for more than 
five months did not decrease the i nnate dormancy 
of fresh ly-col lected seeds. It has a lso been found 
that seeds kept under dry storage at  a temperature 
of 4oC for more than one year did not i ncrease or 
decrease their germinabi l i ty  after  pre-chi l l ing 
treatment in laboratory . 

Table  2 4 .  Germination percentage of the fri t i l lary see d s  a fter d i fferent  
storage treatments at the laboratory .  

Germinat ion tem�erature 4°C ( da r k )  1 2°C ( l ight ) 20°C ( l ight )  

D r y  storage : 4°C 90 days 0 0 0 
1 60 days 0 0 0 

20°C 90 days 0 0 0 
1 60 days 0 0 0 

Moi st storage : 4°C 50 days 0 0 0 
90 days 45 52  1 6  

20°C 90 days 0 0 0 
1 60 days 0 0 0 
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10 .2 .5  Response to temperature 

Seeds of the fri t i l lary were set to germination tests 
at various constant  temperatures and fluctuat ing 
temperature condit ions in germination chambers 
after three months pre-chi l l ing treatment ( moist 
storage at a temperature of 4°C) .  The resu l ts 
(Table 25 ) show that at constant temperatures ,  the 
most rapid germination took place at 20°C (half
t ime 4 days) and the optimum temperature for 
maximum germination was at 1 2oc (germinat ion 
percentage 52 % ) .  At  the low temperature of 4°C , 
t he germination percentage reached 47 % but t he 

germination rate was slow (half- t ime 23 days ) . The 
germination tests at fl uctuat ing temperatures 
showed that the most rapid germinat ion took place 
at 20- 30°C (half-t ime 3 days) and the maximum 
germination was attained at 10- 20°C (germination 
percentage 69 % ) .  The fluctuating temperatures in
creased the total germinat ion percentage over t hat 
obtained at the constant temperatures.  

I t  is noteworthy that  with increasing te mpera
ture ,  the germination percentage decreased ( 1 6 %  
a t  constant temperature o f  20°C and 26 % a t  fl uc
tuat ing temperature of 20 -30°C) ,  possibly being a 
resu l t  of induction of dormancy due to h igh 

Table 25. Germ i na t ion percentage and r;:tte ( ha l f-t i me i n  day s ,  i n  parenthe s i s )  
o f  the fr i t i l l a r y  seeds af.te r three mon t h s '  ch i l l i ng t r eatment at va r ious con stant 
a s  wel l  a s  fluctua t i n g  tempe ratures i n  germ i na t ion chambers . 

Germination tempe rature 4°C 

Germ inat ion percentage 
and half  t i me 

47 ( 2 3 )  52 ( 8 ) 1 6  ( 4 )  6 9  ( 8) 4 9  ( 5) 2 6  ( 3 ) 
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Fig. 45 . Temperature and germinabil ity of the fri t i l lary seeds in porous containers in the field from July 1 98 1  to June 
1982 . 
A .  Ten-day averages of dai ly maximum (a) , mean (b )  and minimum (c) temperatures based upon measurements at 
the meteorological station at Ultuna. 
B. Germinabi l i ty of the fri t i l lary seeds after stored i n  the field for various lengths of time . Germination test at a 
constant temperature of l 2°C with a 1 2  hour l ight/dark regime in a germination chamber.  Germination rate ( h alf-t ime 
in days) is also indicated . Only ungerminated seeds were used for the tests and the seeds that germinated i n  the field 
containers were removed. 
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temperature .  After be ing subjected to re-ch i l l ing 
treatment (moist storage at a temperature of 4°C) 
for 30- 60 days , the germination began again even 
at a low temperature of 4°C in darkness or in  l ight . 
The fi nal germination percentage for these seed 
attained 66- 70 % .  

1 0 . 2 . 6  Germination behaviour of the seeds stored 

in the field 

The germination behaviour of the fri t i l lary eeds 
stored in  the fie ld  was tudied by testi ng samples of 
seeds col lected at various t ime over two years . The 
germination percentage and rate (half-t ime in 
days) are presented in  Fig .  45B .  The ten-day aver
ages of dai ly maximum , mean and minimum tem
peratures during the experiment are presented in  
Fig .  45A (the data were based upon the measure
ments made at the meteorological stat ion at 
Ul tuna) . 

When stored in  J u ly  1 98 1 ,  the fresh seeds re
mained dormant unt i l  November .  It is qu ite ob
vious that the breakdown of innate dormancy could 
be performed by low temperature and improved 
soi l moisture condit ions in the field from Septem
ber to November ,  which was in  agreement with the 
chi l l ing requirement i n  the laboratory . When the 
chi l l ing req uirement had been fu lfi l led , the propor
tion of germinable eed increased from 2 %  in 
October ,  through 23 % in November to 67 % in 
December 1 98 1  and remained quite constant 
through January (66 % ) ,  February (66 % )  and 
March (63 % )  1 982 . The germination rate in
creased ,  as demonstrated by the decrease of half
t ime from 1 9  days in November 1 98 1  to 2 days in  
March 1 982.  However ,  no seeds were found to 
have germinated in  the containers i n  the fie ld ,  
apparent ly  due to very low temperature near  or  
below zero from November to March . 

I n  late March when the temperature began to 
rise , the seeds in the containers started germinat
ing .  The seeds that germinated in the containers 
were removed and only the ungerminated seeds 
were kept in the containers for further tests, which 
gave a rel at ive ly lower germination percentage 
(53 % )  and slower germination rate (ha lf-t ime 9 
days) in Apri l 1 982 than in late March . During 
Apri l and May 1 982 , a rapid flush of germination 
occurred in  the containers .  No germination occur-

red in the containers after May 1 982 . The germi na
tion test in  the l aboratory with the seeds left unger
minated in  the containers in June 1 982 showed no 
germination at 1 2°C . However,  after being trans
ferred to the re-chi l l ing treatment at the l aboratory 
for about 60 days , 1 0 %  of these seeds could ger
minate in the laboratory , which may indicate that a 
smal l  proportion of seeds left ungerminated in  the 
fie ld were i n  an induced dormant state . Whether 
this smal l  proportion of seeds cou ld  survive more 
than one year under natural condit ions and be able 
to germinate successfu l ly  in  the next spring was 
tested by keeping them in  the fie ld  and testing the 
germinabi l i ty in  March 1 983 . The resu l t  revealed 
that about 1 5 %  of the seeds sampled in  March 1 983 
from the fie ld containers cou ld germinate in the 
laboratory at 1 2°C . As a considerable amount of 
apparent ly dead seeds rotted off during the storage 
in the fie ld ,  the germination percen tage was s l ight
ly  h igher compared with that tested in  J une 1 982 . 
This means that a smal l  proport ion of seeds could 
survive more than one year i n  the fie ld ,  but accord
ing  to the results of soi l  seed bank investigation , 
th is  proportion was less than 1 . 5 % ,  thus being 
neg ligible . None of the seeds which had remained 
in  the containers for two years was sti l l  a l ive as 
tested by the reaction with 2 ,3 ,5-triphenyl tetrazo
l ium chloride in J une 1 983 . 

1 0 . 2. 7 Germination in the experiment plots 

None of the seeds sown on the plots with three 
t reatments was observed to germinate from Ju ly  
1 98 1  to March 1 982 . A rapid flush of seed germina
tion occurred on all plots during l ate March and 
Apri l ,  and no germination occurred after May .  
These results were compatible with the results of 
seeds stored in  the containers in the fie ld .  In all the 
plots, the seedl ings which emerged were a l lowed to 
establish themse lves . The final  emergence of seed
l ings was recorded in  late May 1 982.  Since there 
was no significant difference between the plots with 
same treatment , the results of the number of sown 
seeds, the number of fina l  emergence of seed l ings 
and the etabl ishment percentage were , thus, com
b ined for comparison of the effect of different 
t reatments on the fina l  emergence of seedli ngs . 
The results are shown in  Table 26. 

The results show that considerable d ifferences in 
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Table 2 6 .  F i n a l  emergence of seed l i n g s  under th ree sow i n g  treatments . T he 
f igure s  are the tota l number for each treatment . N um be r  of plot s ,  1 0  x 1 0  cm 
i n  s i ze ,  for each treatment i s  p re sented i n  parenthes i s . 

Sow i ng treatment No. of sown seeds N o .  of seed l i n g s  Emergence % 

On .steri le soi l  surface 2 1 7 ( 1 0 )  3 1  

Beneath ste r i le  soi l surface 1 64 ( 5 )  6 0  

O n  so i l  s urface w i th natura l 288  ( 1 O )  1 4  
vegetation 

seedling establ ishment between these three groups 
of plots were found and the emergence of seedl ings 
was much greater from the steril ized soi l  which was 
kept free of vegetat ion . The inhibi tory effects of 
vegetation on germination of the fri t i l lary seeds 
was quite clear:  in the plots with natural vegeta
t ion ,  the emergence of seedli ngs was only 4 . 9% of 
the number of sown seeds and the seedl ings were 
often observed in the gaps in perennial vegetat ion . 
Seedl ing establ ishment was much higher in the 
steri l ized soi l at the depth of 0 . 2 - 0 . 5  cm (36 .6 % )  
than o n  the steri l ized soil surface ( 1 4 .  3 % ) .  

I t  i s  wel l -known that cont inuous hydration i s  a 
prerequisite of seed germination ( Harper & Ben
ton 1 966, Pemadasa & Amarasinghe 1 982 ) . A part 
of the effect of sowing seeds beneath the soi l sur-
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1 4 . 3  

36 . 6  

4 . 9 

face would be due to the protection of seeds against 
water loss . In support of this ,  a laboratory experi
ment was designed in  which the seeds , after chi l l ing 
t reatment , were sown both on the steri l ized soi l 
surface and in  the steri l ized soi l  at a depth of 0 .5  cm 
in a tray . They were kept in good moisture condi
t ions in a germination chamber  at a temperature of 
l2°C with a 12 hours l ight/dark regime .  There was 
no difference in  the fina l  emergence of seedl i ngs 
between these two t reatments,  although the ger
mination rate was slower for the seeds sown be
neath the soil surface . The final emergence of 
seedl ings and germinat ion rate (half-t ime )  was 
4 1 % ,  1 2  days for the seeds sown on the soi l  surface 
and 43 % ,  23 days for the seeds sown beneath the 
soi l  surface . 



1 1  Changes in distribution of the fritillary popula
tion and the proportion of flower colours 

After the regulation of Lake Malaren in 1 942 and 
1 968 , the water leve l in  the River Fyris had been 
raised ,  especia l ly during the growing season , which 
influenced the ground water regime in the reserve 
area and caused considerable changes in the 
vegetation there (see section 6 . 3 ) . The effects of 
habi table sites on the dist ribut ion of a species have 
been demonstrated by many plant ecologists (Jones 
& Etherington 1 97 1 , Harper 1 98 1 ) .  This may sug
gest that the alteration of the ground water regime 
within the Kungsangen Nature Reserve may also 
cause a change in the distribution of the fri t i l lary 
populat ion there . 

This study was undertaken to answer a question : 
what changes have taken place i n  the distribution 
of the fri t i l lary population and in  the proportion of 
flower colour over 40 years within the study area . 

1 1 . 1  Methods 

As the flowering i ndividuals of the fri t i l lary have , 
in most cases,  one flower ,  or very se ldom two , per 
individual and the flowering t ime is a lmost s imul
taneous , counting of the number  of flowers within a 
unit of area at the flowering season can give a 
reasonable estimate of the density of flowering in
dividuals and the variations between years .  Fur
thermore , it can also give an estimate of the pro
port ion of flower colours .  

Sernander ( 1 948) counted the total number of 
flowers and the proport ion of red-purple , pink and 
white flowers in six sampling plots , each 1 0 x  10 m ,  
along a transect within the reserve area ( Fig .  37) on 
May 24-25 , 1 938.  These plots were revisited on 
May 25 during 1 98 1 - 83 .  Each plot was del imited 
along the t ransect according to the description of 
Sernander ( 1 948) .  The observations were not made 
on marked permanent plots and the errors of re-

establishment of these plots could be ±2 m. Never
the less, the fie ld observation showed that there 
were no obvious differences i n  the density of 
flowering individuals around each plot . The count
i ngs may thus give a general survey of changes in 
the distribution of the fri t i l lary population within 
the study area as wel l  as the variat ion in  the number 
of flowers between years .  

On each visit the  total number of flowers and  the 
numbers of red-purple , p ink and white flowers 
within each plot were counted , with no attempt 
made to fol low specific individuals .  The proportion 
of flower colours was calculated for each plot with 
the exception of the plots which had less than 50 
flowers , since low numbers could lead to unre l iable 
proportion figures.  

1 1 .2 Results 

1 1 . 2 . 1 Changes in the density of flowers 

The changes in the total number of flowers within 
each plot i n  1 938 and 1 98 1 - 83 are presented in  
Table 27 .  I n  plot 1 which was close to the  border of  
the  reserve area ,  the  density of flowering i ndi
viduals was low and did not change very much over 
the years . There were 1 1  flowers i n  1 938, 16 in 
1 98 1 , 39 in 1 982 and 61 in  1 983 . The number of 
flowers in  plots 2 and 3 i ncreased from 19 and 1 49 i n  
1 938 to  66  and  98  i n  1 98 1 , 243 and  274 in  1 982 , 29 1 
and 239 in 1 983 , respect ive ly .  There was a con
siderable i ncrease i n  p lot  4 ,  that i s ,  from 452 i n  1 938 
to 2 , 1 45 in  1 98 1 ,  1 , 1 32 in  1 982 and 1 ,862 in  1 983 . In 
p lots 5 and 6 the density of flowering individuals 
decreased drastical ly over 40 years . In plot 5 there 
were 1 ,932 flowers i n  1 938 , only 48 in 1 98 1 ,  7 in  
1 982 and 1 52 i n  1 983 . In  p lot  6 t here were 255 
flowers in  1 938 and they had disappeared com
pletely in  1 98 1 - 1 983.  
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Table 2 7 .  Changes i n  the n u m be r  o f  flower i n g  i n d i v i d u a l s  o f  F r i t i l la r ia meleagr i s  
in s i x  samp l i n g  p lo t s ,  1 0  x 1 0  m each , a long a tran sect w i t h i n  the K u ngsangen 
N a t u re Reserve . Observations were made in 1 938 and 1 98 1 - 83 .  

Plot number 1 2 4 6 Tota l 

Pos i t ion a long the 
transect ( m )  45- 55 80- 90 97- 1 0 7 1 70- 1 80 2 55- 2 6 5  286- 2 96 

A l t i tude ( m  above sea 
leve l ,  system 1 90 0 )  1 .  4 3  1 .  44  1 .  44  1 .  46  1 . 1 7  0 .  9 1  

1 93 8- 0 5- 2 5  1 1  1 9  1 49 452 1 ,  932 2 55 2 , 8 1 8  

1 98 1 - 05- 2 5  1 6  66 98 2 , 1 45 48  2 , 373 

1 982- 0 5- 2 5  39 243 274 1 , 1 32 7 0 1 ,  695  

1 98 3- 0 5- 2 5  6 1  2 9 1  239  1 ,  862  1 52 2 , 605 

Table 28 . T he p roportion of red-purp le ( R ) ,  p i n k  ( P ) and w h i te ( W ) flowers 
recorded i n  six 1 0  x 1 0  m p lots in 1 938 and 1 98 1 - 1 983 w i th in  t he K u ngsangen 
Nature R eserve . 

Plot number 1 2 3 4 5 

Pro�ort ion % R p w R p w R p w R p w R p w R p w 

1 938- 05- 2 5  9 6  0 4 96 0 4 95 2 3 93 3 4 

1 98 1 - 0 5- 2 5  9 1  3 6 94 2 4 96 1 3 

1 982- 05- 2 5  9 4  3 95 2 3 94 3 4 

1 98 3- 0 5- 2 5  95 2 3 96 1 95 1 94 2 4 94 3 3 

Table 2 9 .  Comparison between the wh ite and red-purple flower p l ants of 
F r i t i l lar ia  meleag r is  in the K un gsangen Nature Reserve for some measurements 
of g rowth performance and reproduct i ve effort . Means and standard dev iat ions 
are g i ven and the sample s i ze is  p resented in parenthesi s .  S i g n i ficance , t - test , 
N . S .  = not s ign i ficant ( P  >0 . 1 0 ) . 

Mea surement w h i te flower plant red -purple flower �lant S ign i ficance 

Height of above ground 35 . 3  3 . 6 cm ( 30 )  3 5 . 8 4 . 0 cm ( 30 )  N . S .  
part  ( 1 982- 05- 25)  

No . of leaves per ind . 4 .  7 0 . 7 ( 30)  4 . 6  0 . 6 ( 30 )  N . S .  

No . of r i pe seeds per 75 32 ( 1 0)  68 30 ( 30 ) N . S .  
capsule 

Mean we ight per seed 0 .  90 :t 0 . 2  m g  ( 1 0 ) 0 . 89 :: 0 . 2 mg ( 30 )  N . S .  

Germ inat ion percentage 7 1 . 4 % 69 . 0  'l, 
1 0- 20°C 

There were considerable year-to-year variations 
in  the number of flowers in  1 98 1 - 1 983 . The total 
number of flowers in  a l l  six plots showed al ternate 
marked rises and fal ls i n  consecutive years ; be ing 
2 ,373 in  1 98 1 ,  fal l ing to 1 ,695 in  1 982 and then 
rising again to 2 ,605 in  1 983 . However,  there was 
no consistent pattern for the yearly fluctuation be
tween the plots . There were a lways years in  which 
the number of flowers in some plots was rising and 
in  others fal l i ng .  P lots 1 ,  2 and 5 had higher num
bers in  1 983 than in  1 98 1  and 1 982 , plot 3 had a 
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h igher number i n  1 982 than in other years , whi le i n  
plot 4 the  number was higher in  1 98 1  than  in  1 982 
and 1 983 . 

I n  spite of the l arge changes i n  the number of 
flowers between the years , a significant change in  
the density of flowering i ndividuals within the re
serve area over 40 years has been observed . The 
number of floweri ng i ndividuals decreased con
siderably or disappeared completely in  the re lative
ly low-situated plots 5 and 6 (a l t i tude 0 .  9 1 - 1 . 1 7 m ,  
system 1 900) , whi le i n  t h e  re lat ively high-si tuated 
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plots 2, 3 and 4 (a l t i tude 1 . 44- 1 . 46 m) the density 
of flowering individuals i ncreased . 

1 1 .2 .2  Proportion of flower colours 

The proportions of red-purple , p ink and white 
flower recorded within each plot in 1 938 and 
1 98 1 -83 are presented in  Table 28 .  I t  is very con
spicuous that the proport ion of flower colours has 
remained quite constant despite the different posi
t ion of these observation plots and the great 
changes in  the density of flowering individuals as 
wel l  as the fluctuations in the number of flowers 
between years .  The red-purple flower accounted 
for 9 1 -96 % ,  the pink flower 0 - 3 %  and the white 
flower 3 - 6 %  of the total number of flowers within 
each of these plots in  a l l  the observation years . 

It was found from the fie ld observations that 
there were no local perceptible patterns of distribu-

tion for the i ndividuals with different flower col
ours . The white flower plants, although in  a smal l 
proportion , were wel l  scattered among the red
purple ones.  It was also found that there were no 
perceptible differences in  vigour between the indi
viduals with red-purple and white flowers (Table  
29) . Both  kinds of  individuals carried 4 - 7  fol iage 
leaves and there were no significant  differences i n  
the  height of  the  above-ground part as measured in  
the  field a t  random on May  25 , 1 982 ( P>0. 10) . 
Significant differences were found neither in the 
mean number of the r ipe seeds per capsule nor in  the 
seed weights between capsules (P>0. 1 0) .  The 
laboratory germination test showed that the ger
mination percentage was 7 1 . 4 for the seeds col
lected from white flower plants and 69 .0 for those 
from red-purple ones , after the seeds had received 
a three-month chi l l ing treatment and then transfer
red to a germination chamber at a temperature 
regime of 1 0 -20°C . 
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1 2  General discussion and conclusions 

The wet meadows within the Kungsangen Nature 
Reserve are of great value from a nature conserva
tion viewpoint .  They are the principle site of Fritil

laria meleagris in Sweden and one of the most 
important known in Europe . Nowadays such wet 
meadows have become rare due to human activi
t ies . A detai led k nowledge of the species' l i fe cycle 
and population biology together with knowledge of 
its environmental  and biotic conditions he lps to 
understand the ecology of the species and how to 
manage it ( Harper 1 982 ) . The present study was 
undertaken to obtain detai led information on the 
ecology of Fritillaria meleagris both at the plant 
community level of the vegetation in  which the 
species occurs and the population level of the spe
cies itself. Such knowledge may a lso provide a basis 
for optimal management of the nature reserve . 

1 2 . 1 Vegetation study 

The vegetation within the Kungsangen Nature Re
serve was described by a combination of c lassifica
t ion and ordination methods. N umerical classifica
t ion ,  such as the TABORD program , provides an 
objective technique in summarizing the vegetation 
data and present ing a useful scheme of clusters on 
the basis of the species composit ion . The ordina
tion technique enables an effective visual inspec
tion of the spatial  sequences and the variations in 
vegetation . The evident mutual  benefits of classi
fication and ordination for phytosociological stu
dies have been i l lustrated with the appl ication of 
both approaches in the present  study of vegetation 
and that t hese two approaches general ly  agree in  · 

their arrangement of the main plant community 
types . 

The vegetation study suggested that the major 
environmental variable is  formed by the topo
graphical moisture conditions , operating as a mois
ture gradient .  
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Five main plant community types were distin
guished .  Fritillaria meleagris occurs optimal ly in 
the A rrhenatherum pubescens-Alopecurus pra

tensis community . 

1 2.2 Ground water and soil moisture 

The results of ground water and soil moisture 
measurements show that the differentiation of 
vegetation i n  the study area is re lated to the differ
ences in maximum , in termediate and minimum wa
ter levels ,  the duration of inundation and the top
soi l  moisture content .  These strongly corre lated 
differences can again be related to the topography 
in  the study area . 

Niemann ( 1 973)  has suggested that in order to 
reveal the relations between vegetation and hy
drology , a number of condit ions should be fu lfi l led 
(see also Grootjans & ten Klooster 1 980) : 

The stands studied must be clearly characterized,  
so a large data set  of releves and accompanying 
ground water observations must be avai lable . Clas
sification at the level of subassociation is recom
mended . 

Al l  observations of the ground water table must be 
i ncluded in  the analysis of the ground water re
gime.  In vegetation with major ground water influ
ences , the yearly course of the ground water leve l is 
considered as an  appropriate parameter. However,  
extreme values (such as inundation and water 
depth)  should also be taken into account . 

The area under study must be situated in  a c l imato
logical ly  and pedological ly homogeneous region .  

These condit ions have been ful fi l led in  t he pre
sent  study . A large number  of rei eves have been 
used in the c lassification and the plant communities 
are characterized in  detai l ( see chapter 2 ) .  A num
ber of ground water observation sites are avai lable 
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for each o f  the plant communit ies . Some extreme 
values such as the peak flooding height and the 
water level above the soil surface have been in
cluded . The results of the soi l  analysis show that the 
substratum in the reserve area is fair ly 
homogeneous, a l l  stands being found on a l luvial 
clay soi l s .  

The analysis i n  this study leads to a rather de
tai led characterization of ground water regimes . It 
is concluded that in the Kungsangen Nature Re
serve fair ly good re lations have been found be
tween the plant communities and the ground water 
regime , including seasonal flooding.  However ,  
flooding of course varied greatly between years ,  
probably more than  the  ground water regime . The 
posit ional  effects of ground water are thus express
ed in the vegetational zonation . The duration of 
flooding is l ess i mportan t ,  except for plant com
muni ty D with Carex acuta where possib ly other 
species are excluded from dominance by the high or 
long-lasting  i nundation in  some years . 

Apart from posit ional effects i n  the gradient of 
the ground water regime , other factors could a lso 
be important i n  the differentiation of the vegeta
tion composition . From the observations during 
three years , i t  has been found that the local abund
ance of Carex caespitosa i n  some sites could be due 
to less cutting ,  s ince the tussocks of this species 
made mowing difficul t .  On the other hand , Carex 

disticha ,  which is a low-growing and not a tussock
forming sedge , was cut each year. Here condit ional 
relationsh ips may be involved . Some mowing ex
periments have demonstrated that mowing leads to 
a change in the structure of the vegetation ( Bakker 
1 976) . 

12.3 Soil properties 

The quali t ies of the humus l ayer within all sampling 
sites reveal the m ul l- l ike properties described by 
Sjors for grassland and other open sites ( 1 96 1 ) .  
Compared with soil  conditions reported for the 
park meadows in southern D alecarl ia  by Sjors 
( 1954) , for the wet meadows in  Scania  by A nders
son ( 1 970a )  and for the deciduous woodland i n  
Andersby by Hytteborn ( 1 975) ,  the soi ls  i n  the 
K ungsangen N ature Reserve are rather ferti le in  

most respects ,  including nutr ient  contents and 
minerals . 

Both the degree of neu tral ization and the q uanti
ties of meta l l ic cations , especia l ly  of calcium , are 
high . The ni trogen and potassium values in the 
humus layer in  the study area  are of roughly the 
same order as those registered by Andersson in 
three wet meadow communit ies and those pre
sented by Hytteborn in a deciduous woodlan d .  The 
amount of phosphorus is fairly h igh in the study 
area .  

The results show that  soils i n  the K ungsangen 
Nature Reserve are rather homogeneous with re
gard to humus content and specific gravity .  The 
bulk density and porosity of the soi l are l argely  
determined by the  humus content . There is no 
correlat ion between the humus content  and the 
soil-water regime . 

The most obvious feature i n  the h umus layer is  
the sl ight i ncrease i n  the acid-base status towards 
more basic condit ions from the relativel y  dry sites 
to the wet sites, which is shown both by pH, ex
changeable metal l ic cations (especial ly Ca2+ ) ,  and 
the degree of neutral ization . The increase i n  pH 
values towards wetness is presumably due to the 
high calcium content of the ground water .  How
ever,  the humus l ayers of all p lant  communities 
give a range of pHwater 5 . 9 - 7 . 6  and therefore they 
al l  represent circum-neutra l  condit ions, the pH not 
being l ikely to control  their floristic composition 
very strongly .  

The analyses of N-total , P-AL and P-HCl show 
no clear pattern in relation to the soil -water regime 
in the study area .  However,  the N-total is  only a 
parameter i n  terms of capacity . N itrate and ammo
n ium available to plants resu l t  from minera lization ,  
i . e .  n i trification and ammonificat ion . I t  has  been 
demonstrated by Wil l i ams ( 1 968) that the amount 
and the rate of n itrification are contro l led by the 
soil-water condit ions.  There is a decrease i n  the 
n itrification capacity with i ncrease of wetness . The 
amount of avai lable phosphorus i s  also controlled 
by soil-water condit ions.  The q uantit ies in wet 
meadows decrease from relatively dry sites towards 
wet sites, but the amount of ava i lable phosphorus 
present in soi l a lso varied considerabl y  during the 
year (Wi l l iams 1968) . However ,  th is trend h as not 
become clear in this i nvestigat ion , a l though there 
are no signi ficant differences in P-total between the 
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sampling sites . Other factors such as the rate by 
which P is used by plants and the management  
practice may  also influence the  amount of avai lable 
phosphorus i n  soi l . 

An accumulation of nutrients occurs in the upper 
layer of the soi l  due to h igh content of organic 
col loids . The soil structure in plant community B is 
apparent ly influenced by earthworms, which are 
probably responsible for most of the mixing of the 
soi l  materia l . This can be seen from the vertical 
distribution of the humus content and nutrients in 
that community .  

There is no obvious corre lation between the re
sults of ordination and the nutrient conditions for 
these plant communit ies .  Nevertheless , some dif
ferences between the plant communities can be 
noted . The nutrient conditions in  the study area 
may be , to some extent ,  a factor determining the 
floristic com posit ion and the production . The sam
ples from plant  community A show h igher qual it ies 
than the others, especia l ly the N-tota l , exchange
able K+ , P-AL and P-HCl in  the humus layer .  
S ince th is community is on the borders of  the  re
serve and c lose to cultivated fie lds, it may be influ
enced by the agricultural act ivities. 

In the wet sites with plant communities D and E ,  
the values o f  P-AL and P-HCl are fair ly high . The 
management practice may be an important factor 
for the explanation of this, as these two plant com
munities are less frequent ly ,  or probably never ,  
cut .  

1 2 . 4  Production 

The differences i n  the peak standing crop between 
the plant communit ies under study can partly  be 
related to their different  soi l-water regimes and 
their nutrient  status in the study area .  The sites of 
plant comm unity A had a h igh nutrient status with 
respect to N -tota l , P-AL and K + , as revealed by the 
soi l  analyses (see chapter 4). The tal l -growing gra
minid species such as Poa pratensis , A lopecurus 

pratensis and Agropyron repens also indicated a 
high nutrient  status of the soil ( Ei lenberg 1 974) . 
The sites of plant community B had a rel ative ly  
lower nutrien t  status than those of  p lant  commun
ity A. The nutrient  status in  the sites of plant com
munity C was the lowest among these plant corn-
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munities and the ground water table was frequent ly 
close to the soi l surface . In  general , the variation in  
the peak standing crop could be  re lated to the  
variation in  the  different soi l-water regimes ; the 
peak standing crop decreased from the re lat ive ly 
dry sites with high nutrient status towards the wet
ter sites with lower nutrient status , that is ,  from 
plant community A to plant community C .  The 
re latively high peak standing crop in  plant com
munity D was probably due to its rel at ively high 
nutrient status ,  a l though i t  was situated in the wet
test sites . The wettest sites, according to observa
tions in the field , were almost never cut .  Mowing 
can affect nutrient levels of the substrate (Groot
jans 1 980) .  The resu lts of soi l  analyses revealed 
that the sites of plant community D had a rather 
good nutrient status , especial ly as regards phos
phorus . 

Compared with results from other investigations 
of above-ground production of meadows in  other 
parts of Swede n ,  the Kungsangen wet meadows 
have a rel atively h igh production because of their 
rather favourable water and nutrient condit ions in  
genera l . N ilsson gives a value range of 1 50 - 400 
g/m2 in his investigation of the meadow production 
in  Smaland (Andersson 1 966) . Sjors ( 1 954) reports 
that production values from wet meadows in Dalar
na vary between 1 1 5 -490 g/m2 , while Andersson 
( 1 970b) gives values between 33 1 - 970 g/m2 from 
an invest igation of low growing-tal l  growing her
bid and sedge wet meadows in the south of Swede n .  
Although there must b e  some methodological dif
ferences between these investigations, these resu lts 
are sti l l  useful for comparison . 

1 2 . 5  The development of vegetation 
over 40 years 

The development of the vegetation with in the 
Kungsangen Nature Reserve was i nvestigated on 
the basis of the semi-permanent plots, which were 
established by Sandberg in 1 940 and could be 
traced very accurately .  The numerical c lassifica
tion of the site-times x species data set at the study 
area has revealed changes of vegetation types over 
the 4 1  years as wel l  as species responsible for such 
changes . The ordination method , in  which the posi-
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t ions of the permanent plots observed at different 
times are connected on the floristic space , has de
tected the spat ia l  pattern of vegetation types and 
their  changes i n  t ime . A clear part i t ioning of the 
trends of vegetation development in  the 28 perma
nent plots has been recognized . This demonstrates 
the usefulness of m ultivariate methods in  studies 
regarding temporal changes i n  vegetation (Austin 
1 977 , van der Maarel 1 980) .  
The application o f  El lenberg's characteristic in

d icator value ( CIV) , which is based on the ent ire 
vegetation data set and weighted by species cover,  
confirms that the main t rends of the vegetation 
development recogn ized in  the classification and 
ordination have been effectively interpreted in  
terms of variations i n  soi l  moisture condit ions and 
nutr ient  status :  

On the basis of the analysis of the relationsh ip 
between the vegetation variation extracted by the 
numerical methods and the environmental varia
t ions reflected by the CIV, i t  is reasonable to 
assume that changes of vegetation over 41 years in 
the study area can be re lated to changes in the 
ground water regime as well as the management 
practice of hay-making without fert i l ization . 

There is a strong relationship between the spatial 
variation and the temporal development of vegeta
tion ; the differences in the trends of temporal de
velopment of vegetation appear to be related to the 
re lative height of the sites i n  the study area .  The 
effects of the alteration of ground water regime on 
the vegetation apparent ly differ at the different 
sites . 

I n  the low-situated sites , especial ly on the edges 
of the depression (plots 1 6 - 1 9  and 24-26) , a dras
tic change towards wetter vegetation types has 
been observed . The vegetation there is more sensi
tive to the alteration of the ground water regime 
and the hydrological condi tion has a profound in
fluence upon its development .  

I n  t he  relatively h igh-situated sites t he  effect o f  
t he  alteration of the  ground water regime is less 
pronounced . A development towards a vegetation 
type with d iminishing nutrient avai labil i ty has been 
indicated by t he decreasing of the C/V's for nit
rogen and phosphorus status . The management 
practice may play an important role in these sites. 
Due to hay-making without ferti l ization , a dimi
n ishing avai labi l i ty of nutrients from the soi l can be 

expected (van D uuren et al . 1 98 1 ) . 
I n  the sites on the border of the reserve area 

(plots 1 - 4 and 28) where the drainage and nutrient 
conditions are re latively good , the vegetation has 
remained rather stable over the 41 years . This is 
also reflected by the fairly constant C/V's for soi l  
moisture ,  ni trogen and phosphorus status over 
t ime . 

Consequent ly ,  the results described and re
v iewed here suggest that primarily soi l moisture 
condit ions (predominantly governed by the ground 
water regime in  the study area) and avai labi l i ty of 
nutrients from the soil are the most important fac
tors control l ing the differentiat ion and develop
ment of the vegetation at the study area .  

The system of  ecological indicators is  derived 
from the distribution of species in Centra l  Europe . 
I t  has,  however ,  proved useful in the south of 
Sweden ( Persson 1 980, 1 98 1 ) .  I t  proved equally 
useful  i n  this study as an aid when environmental 
data for 1 940 were unknown . In conclusion , El len
berg's indicator values can be used outside Central 
Europe in certa in circumstances provided the eco
logical behaviours of most species are already 
known .  

The study also confi rms the  viewpoint  (Groot
j ans & ten Klooster 1 980) that although many na
ture reserves are under stable and proper manage
ment , the vegetation in the reserves may be i nflu
enced by so-called land improvements in surround
i ng areas , i n  th is case by changes i n  the water 
regime . 

12.6  Demography 

The variation i n  density of the fri t i l lary within the 
study area appears to depend on differences in 
habitat condit ions; soil -water condit ions are prob
ably the most important ones . This is reflected in  
the  distribution pattern and  age-state structure of 
the population along the hydrotopographical gra
dient . The distribution of the fri t i l lary within the 
reserve area is l imited both by too dry and too wet 
habitat conditions. In the relatively low sites with 
frequently high ground water tables , a consider
able osci l lat ion i n  the number of i ndividuals and a 
large proportion of j uveniles may be a resul t  of 
l imitations imposed by waterlogging and accom-
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panying anaerobic conditions i n  the soi l .  A possible 
mechanism is that long spel l s  of waterlogging wil l  
cause many i ndividuals not to develop above
ground parts in some years and reduce their growth 
rate , thereby reducing their size ( bulb size and 
number of leaves) and keeping them in the juveni le  
state . 

The cont inual  flux between the various age
states of the fri t i l lary populat ion seems to depend 
on the annual renewal of bulbs and the accompany
ing changes i n  amount of food reserve (bulb size) of 
a plan t .  A s imi lar phenomenon has been reported 
by Barkham ( 1 980a) for the bulbous perennial Nar

cissus pseudo narcissus . The present study indicates 
that the performance of individual plants is  quite 
diverse ; an i ndividual may change between juve
n i le ,  subadul t , vegetat ive adult and reproductive 
adult age-states over t ime as a consequence of the 
succession of the bulbs . The plant behaviour for the 
population as a whole shows that the growth rate is 
slow and , in  genera l ,  i t  takes rather a long time for a 
seed or vegetative offspring to develop in to a repro
ductive adu l t .  

I rregularity of flowering has been reported for 
many polycarpic perennials (Tamm 1 972a ,  b ,  
Hawthorn & Cavers 1 976, H arper 1 977 , Barkham 
1 980b ) .  This character has also been observed in  
the fri t i l lary . Many possible factors have been sup
posed to account  for the i rregularity of flowering 
but l i tt le is known . Observations i n  this study sug
gest that the variation of flowering i ndividuals from 
year to year does not seem to be regulated by one 
single factor and there is evidence that the repro
duction behaviour in one year seems to be influ
enced by the behaviour in the previous year; many 
of the reproductive adults become vegetat ive i n  the 
next year (65 . 4 %  in  1 982 and 46 . 2 %  in 1 983 ) .  
Flowering frequency i n  the wet sites i s  low and the 
soil-water condi t ion has, at least , an indirect effect 
as it reduces the growth rate of a plan t .  I n  bulbs of 
many geophytes ,  the size (amount of food reserve )  
seems t o  b e  t h e  most i mportant factor in  the control  
of flower formation ( Barkham 1 980b ) .  

One  strik ing feature of  the  frit i l l ary population 
biology that emerges from this study is the mobi l i ty  
of food reserves from a previous year's bulb to the 
next year's one,  the plant thus being able to remain 
underground without appearing for some years . 

A complete l i fe table of the population cannot be 
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achieved unt i l  more i nformation about the birth 
rate , death rate and longevity of plants is obtained,  
which are the critical e lements for a balance of the 
l ife cycle of a species (Sarukhan & Harper 1 973 ) .  
Some general conclusions can b e  drawn from th is 
study . Observations over the 3-year period show 
no big changes in  net population size when com
pared to the number of plants which were recorded 
and subsequent ly lost . Recrui tment from seedl ings 
or vegetative offspring does occur but is apparent ly 
a slow process . The survival of plants is primari l y  a 
function of plant size ; the larger the plant (as mea
sured by bulb size and number of leaves ) ,  the great
er its survival probabi l i ty .  Similar results were 
obtained by Barkham ( 1 980a)  with Narcissus and 
Solbrig et a l . ( 1 980) with Viola sororia . This is 
reflected by the relatively  high rate of absence and 
the relative ly low proportion of j uveni le and sub
adult states within the population . Kawano et al . 
( 1 982) attributed the high morta l i ty i n  the juveni le  
stage of a bulbous perennia l  Erythronium japoni

cum to i ts shallow root system , thus being exposed 
to drastic heat and water stress or animal attack on 
the soi l  surface . The l arger the plant grows , the 
deeper i ts root system and bulb become, thus pro
viding more protection .  This seems to apply to the 
fri t i l lary too . The relative ly high proportion of 
adult state within the popu lation and the low rate of 
absence (both among vegetative and reproductive 
adult ) ,  uggest that the adults of the fri t i l l ary may 
attain a considerable age . 

The relat ively long l i fe span , long j uveni le period 
and low adult mortal i ty rate of the frit i l lary are 
common traits among many perennia l  herbs. As 
Tamm ( 1 972b) and Barkham ( 1 980b) supposed ,  
sudden changes i n  t h e  populat ion o f  a perennia l  
herb l i ke the fri t i l lary are not l i ke ly ,  since there is a 
Jag in the population response of a long-l ived 
perennial  plant to a significant environmental  
event and population changes are most l ikely 
caused by external factors ( including competit ion 
from neighbouring species) .  

1 2 . 7  Life cycle and dry matter allocation 

This study has examined various aspects of the l ife 
cycle strategy and reproductive strategy in  the 
sense of Harper & Ogden ( 1 970) for the fie ld 
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popu lation of the fri t i l lary . The most stri king fea
ture of this species is the clear division in time of 
growth and reproduction . This is shown in the l i fe 
cycle pattern (phenology) i n  relation to seasonal 
environmental regimes,  i n  the program of dry mat
ter a l location and in  the reproductive behaviour .  
These features can be  regarded as  a characteristic 
perennation strategy ( Harper & Ogden op . cit . ) ,  
which is achieved b y  the food reserve i n  the bulbs .  
The bulb of the fri t i l lary contains the energy re
quired for survival of the dormant phase and pro
vides the food reserve for an early and rapid growth 
in  spring .  

The bulbs and roots of the fri t i l lary are restricted 
to the upper soi l  horizon ( usual ly 0- 10 cm) .  Soi l 
conditions are particularly important i n  th is plant 
because the plant is ent ire ly  underground for the 
greater part of the year .  The roots of the fri t i l lary 
are adventit ious and the proport ion of the dry mat
ter a l located to the roots is very low . 

The frit i l l ary requires quite a long period of 
vegetative growth before reaching its reproductive 
stage . The vegetative stage is wel l represented by 
the age-states of seedl ing,  j uven i le ,  subadult  and 
vegetat ive adul t  within the population . During its 
vegetative stage the plant a l locates a considerable 
amount of dry matter i nto the food reserve organ 
(bu lb)  and the plant gradual ly i ncreases its size and 
biomass, but no reproduction occurs . According to 
the annual i ncrease rate , i t  probably needs at least 
five years for a seed to deve lop into a reproductive 
adult under fie ld condit ions.  

The change from vegetative to reproduct ive 
stages in the fri t i l lary appears to be largely  deter
mined by the size of the plan t .  Harper ( 1 977) has 
pointed out that among many perennials the period 
of vegetative growth seems to be related to the t ime 
needed to achieve some crit ical  size necessary for 
reproduction . I t  has been confi rmed by the results 
of th is study that the reproductive adults of the 
fri t i l lary have a bulb ranging from 12 to 20 mm in 
diameter and have at least four fol i age leaves. The 
demographic observations ( see chapter 8) show 
that the fri t i l lary is polycarpic and many of the 
reproductive adults did not flower in the season 
fol lowing the one in which their  reproductive activ
ity took place . The economy of dry matter a l loca
tion shows that a considerable amount of the 
assimi lates is al located into sexual  reproduction in 

the reproductive adul ts and subsequently their 
bulb s ize and biomass decrease at the end of the 
growth period . Thus, i t  can be assumed that the 
reproductive behaviour depends largely  upon the 
accumulation of the food reserves in  the bulb .  

However , t he  i nvestigation also shows that the 
vegetative adults of the fri t i l lary have a bulb rang
ing from 10- 1 7  mm in diameter and have the same 
number of fol iage leaves as the reproductive 
adults . The switch mechanism from the vegetative 
to the reproductive forms and vice versa as wel l  as 
the reproduction potent ia l  sti l l  need to be investi
gated . A long-term study of the exact growth pro
cess and chronology of the vegetative and repro
ductive plants may provide valuable information . 

Although vegetative propagation by set-off 
bulblet formation occurs in the reproductive 
adults ,  the sexual reproduct ion seems to be much 
more important to the success of this species . 
Vegetative propagation is rather l imited not only i n  
terms of  frequency bu t  also i n  terms of  the  amount 
of dry matter al location . The small set-off bulblets 
( 1 - 2 mm in  size) are close to the parent plants and 
located to rather deep l ayers ( 5 - 8  cm) under the 
soil surface . The respiratory burden for their aerial 
productive organ ( fol iage leaf) to reach up to the 
soi l  surface might be high and the competit ion with 
the parent plants for nutrients and water is prob
ably severe . The lack of close clusters of i ndi
viduals , as observed in  the fie ld (see also Fig .  38) , 
seems to support this assumption .  

The overa l l  pattern of the l ife cycle strategy and 
the reproduction strategy of the fri t i l lary is s imilar 
to those of many geophytes reported by Ogden 
( 1974) , Kawano & Nagai ( 1 975) , Ernst ( 1979) and 
Kawano et al . ( 1 982) .  This perennation strategy is 
perhaps characteristic of organisms growing in  an 
environment of a h igh predictabi l ity and stabi l ity i n  
i ts abiotic as  we l l  a s  biotic factors (Zeide 1 978) . 

1 2 . 8  Seed biology 

The fri t i l lary is a polycarpic perenn ia l  and the 
variation in  seed production between years as 
observed in the field is strongly corre lated with the 
changes in  the number of flowering i ndividuals .  
The variation i n  seed production is also, to some 
extent ,  related to the activities of animals .  The 

Acta phytogeogr. suec. 73 



86 Liquan Zhang 

fri t i l lary is entomophi lous and the proport ion of 
capsules with seeds depends on the pol l i nat ing in
sect act ivity,  which i n  turn depends on weather 
conditions during the flowering season . Damage 
caused by animals is also considerable in  the fie ld .  
Trist ( 1 98 1 )  observed that damage to  the fri t i l l ary 
flowers at all stages of growth by birds and smal l  
mammals such as pigeons ,  pheasants,  rabbits and 
hares could be a problem in  some years . 

The variation i n  the mean number of seeds per 
capsule and the mean weight of ripe seeds between 
years are re lated to the management practice . An 
earlier hay-making date could prevent capsules 
from fu l ly  maturing and both the mean number of 
ripe seeds per capsule and the mean weight of ripe 
seeds would decrease whi le the mean number of 
unripe seeds per capsule would i ncrease . From the 
fie ld observations,  the mean number of seeds per 
capsule and the mean weight of ripe seeds would 
remain relative ly constant if  the hay-making could 
be postponed to July,  which would a lso al low more 
seeds to enter i nto the soil seed ban k .  

Numerous agents profoundly affect t h e  number 
of seeds that can reach the soi l .  Primari ly the varia
tion in  seed production between years and the hay
making management control  the size of the seed 
bank in  the soi l  after seed set .  Once seeds have 
entered the seed ban k ,  rodents and pathogens may 
become important in  reducing the seed popu lation 
as the relatively large seeds of the fri t i l lary on the 
soi l surface may be subject to a high rate of preda
tion by small rodents .  However,  further studies are 
needed to confirm this assumption . After preda
tion , fungal attack and spring germination in the 
fie ld ,  the seed population in  the soi l is almost de
p leted by the t ime newly produced seeds are added 
to the seed ban k ,  and there is a lmost no accumula
t ion of viable seeds produced in  different years in 
the soi l .  

Harper ( 1957) has d istinguished three k inds of 
dormancy : i nnate , induced and enforced ones.  I n
nate dormancy is caused by endogenous factors 
such as immaturity of embryo or the presence of 
inh ibitors which can be broken by a period of after
ripening or by some seasonal  st imulus such as a 
thermo-period . I nduced dormancy develops when 
an adverse factor such as drought  or high tempera
ture acts upon seeds and produces a condition of 
inabi l i ty to germinate that remains even after the 
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causal factor has ceased to act . Enforced dormancy 
is imposed by an exogenous factor such as cold and 
lasts only as long as the factor acts upon the seeds . 

These three k inds of dormancy mechanism are 
involved in the t iming of natural germination of the 
fri t i l lary . The resu lts of laboratory experiments 
show that the fri t i l lary seeds have a dormancy 
breaking requirement of a period of three months 
at low temperature and in  moist condit ions (ch i l l 
ing or stratification ) .  The opt imal temperature for 
germination (tested in l aboratory ) is about 1 2°C at 
a constant temperature . Fluctuating temperatures 
have a st imulatory effect on seed germination of 
the fri t i l lary , which has a lso been reported for 
seeds of several other species ( Popay & Roberts 
1 970, Thompson 1 977 ) .  However ,  at high tempera
tures ( >20°C)  a large proport ion of the fri t i l lary 
seeds can produce an induced dormancy , which can 
on ly be removed after re-ch i l l i ng t reatment . 

Grime et al . ( 1 98 1 )  pointed out that the most 
satisfactory analysis is that in which the laboratory 
results are complemented by studies ofthe produc
tion and fate of seeds under fie ld condit ions . In  the 
fie ld , the germinabi l i ty of the fri t i l lary seeds 
changes with time and appears to be related to 
seasonal environmental changes, especia l ly in 
temperature and soi l  moisture . The resu l ts of the 
experiments in  which seeds were stored under fie ld 
conditions, show that after the seeds entered the 
seed bank they spent several months at low 
temperature (below l 0°C) and in  moist conditions 
and by December the i nnate dormancy was re
moved .  Then the seeds in the fie ld  entered  into an 
enforced dormancy due to very low temperature 
(below 0°C) during the winter .  As soon as the 
maximum soi l  surface temperature reached above 
soc in late March , many of the seeds began to 
germinate . The disappearance of germinabi l i ty for 
a smal l  proportion of seeds left in the soi l  might 
have been due to the induction of dormancy by 
high temperature or desiccation , but the amount 
and the chance for them to survive to next spring 
was very low under fie ld  condit ions .  The combina
tion of these dormancy mechanisms is of great im
portance in  causing the spring flush of germination 
i n  the fie ld ,  thus preventing premature germina
tion i n  autumn or winter .  

Thompson & Grime ( 1 979) have discussed the 
distinction between a transient  seed bank and a 
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persistent seed ban k ;  a transient seed bank is de
fined as one without any accumulation of seeds 
produced in different years ( the seed bank is re
p laced annual ly ) , whi le a persistent  seed bank is 
defined as one with an accumulation of seeds pro
duced in  different years (some component seeds 
can keep their viable state for more than one year) . 

A classification has been proposed by Thompson 
& Grime ( 1 979) on the basis of a study of seed 
banks of many herbaceous species in  a wide range 
of habitats . The characterist ics of seed bank and 
seed germination behaviour of the fri t i l lary are 
mostly in  agreement with those described for seed 
bank type 1 1 :  species with transient seed banks 
present during the winter ; the seeds are re lative ly 
large and usual ly remain on the soi l  surface , they 
have a pattern of i nnate and enforced dormancy 
fol lowed by a flush germination in early spring and 
the seeds are able to germinate in  darkness and at 
low temperatures .  Al though a small  proportion of 
the fri t i l lary seeds may keep their viable state , due 
to induced dormancy , for more than one year 
under fie ld condit ions, it  is negligible with regard to 
the annual production of seeds and the size of the 
seed ban k .  Thus,  it  seems reasonable to suggest 
that the fri t i l lary belongs to the group of species 
with seed bank type 1 1 .  Such a pattern of seed 
germination behaviour appears to be of great 
advantage for this  species as the growth condit ions 
in autumn and winter are severe and the most 
favourable period for seedl ing establishment and 
growth occurs in  spring .  However,  the risk of de
laying germination unt i l  next spring can only be 
afforded in  a predictable and stable environment 
(Thompson & Grime 1 979) .  

Seed germination and seedl ing establishment i n  
the field frequently have l i t t le relationship t o  the 
germination capacity of the seed samples i n  the 
l aboratory tests ( Harper et al . 1 965 ) .  From the 
results of the fie ld germination experiments, it  is 
quite obvious that the number of seeds germinated 
and seedl i ngs establ ished is determined not only by 
the avai l abi l i ty of seeds in the soi l ,  but also by the 
availabi l i ty of a "safe site" ( Harper et  a l . 1 96 1 ) .  
Gaps i n  perennia l  vegetation and soil moisture con
dit ions are most important for the seed germination 
and seedl ing establ ishment of the frit i l lary in  the 
field.  On ly  a t iny proportion of seeds present i n  the 
soi l could germinate to give seedl ings . High mortal-

ity occurs between the fresh seed production which 
entered into the soi l  seed bank and the seedl ing 
establ ishment under the fie ld condit ions.  Thus , it  
seems correct to state that the recruitment , which is 
one of the crucia l  factors contribut ing to the regula
t ion of the fri t i l lary population i n  the fie ld ,  is not 
only dependent on the seed production but i s  a lso 
regulated by the frequency of "safe sites" . 

1 2 . 9  Changes in the population 
distribution over 40 years 

The changes in the distribution of the fri t i l lary 
population were detected by comparing the resul ts 
of t he observat ions made by Sernander in 1 938 and 
those made during this study period ( 1 98 1 - 83) . 
Al though the observations i n  the six 1 0 x  1 0  m plots 
along a transect were made on the flowering indi
viduals of the fri t i l lary on ly and the vegetative indi
viduals were not taken into account , the results of 
this study have clearly shown that the a lteration of 
ground water regime due to the regulation of Lake 
Malaren has caused a significant change in the dis
tribution of the fri t i l lary population within the re
serve area over 40 years . The rais ing of the ground 
water tab le  has forced the fri t i l lary population to 
retreat from the low part in  the study area and has 
pushed them up to the relatively high part . I t  seems 
quite obvious that the soi l-water conditions are 
important i n  determining the distribution of the 
fri t i l lary population in  the Kungsangen Nature Re
serve . A transplantation experiment has been de
signed to test the hypothesis re l at ing to the effects 
of soi l-water conditions on the performance of the 
fri t i l lary individuals,  which wi l l  be treated in  a 
separate paper .  

The fluctuation i n  the number of flowers be
tween years was considerable i n  all the plots . There 
was no obvious correlation with this  phenomenon 
and some weather variables as reported by Bark
ham ( 1 980b) for Narcissus, in  which the total num
ber of flowers was significant ly corre lated with 
weather condit ions i n  the previous year. The re
sults of this study are consistent with those of Wel l s  
( 1 967) , who found that  neither a single nor  several 
weather variables together,  such as temperature , 
rainfa l l  and hours of sunshine ,  control led the re
productive behaviour of Spiranthes spiralis. As he 
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suggested , if it was so , some uniformity in the be
haviour of plants in any one year would be ex
pected as c l imatic conditions had been the same for 
a l l  members of the population . There was no such 
uniformity in  the fluctuations of flower number 
between the observation plots as i n  any one year 
the number of flowers rose in  some plots and fe l l  in 
others. The results of the demography and dry 
matter al location i nvestigation (chapters 8 and 9) in 
which the fate and the economy of dry matter 
a l location of i ndividuals were fo l lowed,  have re
vealed that the reproduct ive behaviour of the fri t i l 
lary is strongly i nfluenced by the behaviour of the 
plant i n  the previous year.  

However ,  the differences i n  c l imatic condit ions 
cannot be e ntirely dismissed as having no influence 
upon flowering, as weather condit ions could have 
an indirect effect on the assimi lation rate and the 
flower formation of the fri t i l l ary is, to a l arge ex
tent , dependent on the size of the plant (bulb size , 
weight and number of fol iage leaves) . 

The proport ions of red-purple , p ink and white 
flowers have remained remarkably stable for the 
frit i l lary population in the K ungsangen Nature Re
serve over 40 years. Having the natural markers of 
flower colour ,  the population of the frit i l lary in  the 
study area could be a usefu l  subject when studying 
the effects of the se lection and genetic drift ( Ford 
1 975 ) ,  which may explain the colour proportion 
observed in  the fie ld .  

However ,  there are too many possible mecha
nisms which are sti l l  unknown , The exact mode of 
inheritance of flower colour in the fri t i l lary is , so 
far,  not known because of the long period of pre
reproduction for this species . As the flower of the 
fri t i l lary is protogynous and se l f-incompatible and 
the plants are en tomophilous, the activity of i nsect 
pol l inators doubtless also p lays an important role 
i n  the mat ing system of th is  species . 

Although it h as been shown from this study that 
there were no obvious d ifferences i n  the growth 
performance and the reproductive effort or i n  the 
distribut ion pattern between the plants with red-
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purple and white flowers ,  the analysis has been on a 
much more l imited sca le .  Clearly ,  this aspect de
serves more detai led i nvestigations. The selective 
importance of survival during the establ ishment of 
seedl ing and the j uveni le phase has been stressed as 
a critical process to explain the number and dis
t ribution of a species ( Harper & White 1974 , 

Grubb 1 977) .  The l i fe span of a lready established 
i ndividuals ,  the reproduction behaviour of adult 
individuals and the size of an effective population 
are also of importance in determining the frequen
cy of plants ( Ford 1 975 , H arper 1 977 ) .  These kinds 
of information for a perennia l  plant such as the 
fri t i l lary are difficul t  to obtain in  a short time. A 
long-term census , fol lowing specific i ndividuals , is 
needed to achieve conclusive evidence of se lection 
or genetic drift .  

Concluding remarks 

Harper ( 1 98 1 )  poi nts out that "the rarity or abun
dance of a species depends on an i nteraction be
tween characteristics of the habitable sites and 
characteristics of the species themselves" . The re
sults discussed here ind icate that the restricted and 
local distribut ion of Fritillaria meleagris in  low
lying hay meadows seems to resu l t  in  part from i ts 
specific demand of habitable sites , i . e .  its niche 
(Hutchinson 1 965 ) .  The Kungsangen Nature Re
serve, which is u nder a long-term stable hay-mak
ing management ,  provides such a habitable site for 
the local abundance of the fri t i l lary . Mowing is one 
of the factors responsib le  for its existence . In this 
case a cut in late June or early Ju ly  is preferable 
since i t  a l lows Fritillaria meleagris to set seed and 
prevents i t  from dying out in  a crop that is too 
dense . Although from an agricultural  viewpoint  
mowing should occur ear l ier  in  order to get a higher 
yie ld ,  the nature conservation viewpoint  leading to 
later mowing should prevai l  for the benefit of this 
rare and popular species . 
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pflanzen in Nordeuropa. 1 934.  49:-. I S B N  9 1 -72 1 0-006-0. 

7 .  G. Degelius. Das ozeanische Element der S trauch- und 

Laubflechtenflora von S kandinavien. 1 93 5 .  62 : - .  I S B N  

9 1 -72 1 0-007-9 .  

� .  R .  Sernander, Gran s kar och Fiby u rs kog. E n  studie o v e r  

stormluckornas o c h  marbu s karnas betydelse i den s v e n 

ska grans kogens regenerat ion . ( Su m mary : T h e  primit ive 

forests of G ranskar and Fiby . A study of the part  played 

by storm-gaps and d warf t rees i n  t he regeneration of the 

S wedish spruce fore st . )  1 936.  52:-. I S B N  9 1 -72 1 0-008-7 . 

9. R. Sterner, Flora der I nset bl and . Die Areale der Ge

fasspflanzen Olan d s  nebst Bemerkungen zu i h rer 

Oekologie u nd Soziologie . 1 93 8 .  I S B N 9 1 -72 1 0-009-5 .  

1 0 .  B .  Lindquisr, Dalby Soderskog. E n  ska nsk lovs kog i 

forntid oc h nut id . ( Zusamme nf. : E i n  Laubwald in Sc ho

nen i n  der Vergange n heit  und Gegenwart . )  1 93 8 .  56:-.  

ISBN 9 1 -72 1 0-0 1 0-9 . 

1 1 . N. Stalberg, Lake Vattern . Outl ines of its natural h i s tory , 

especial ly its vegetat ion . 1 939.  20:-. I S B N  9 1 -72 1 0-0 1 1 -7 .  

1 2 .  G. £. Du Rietz,  A .  G. Hannerz , G. Lohammar, R .  San

tesson & M .  Wll'rn , Zur K e n n t ni s  der Vegetation des See s 

Takern . 1 939. 20:-. I SB N  9 1 -72 1 0-0 1 2-5 . 

1 3 .  V iixtgeografiska studier tilliignade Car/ Skottsberg pa 

se x t ioarsdagen 1 / 1 2  1 940. ( Geobotanical studies dedica

ted to C. S kottsberg . )  1 940. 62:-. I S B N  9 1 -72 1 0-0 1 3- 3 .  

1 4 .  N .  Hylander, De svenska formerna a v  Mentha gen t i l i s  L .  

col i .  ( Zu sammenf. : Die schwedischen Formen d e r  Men

t h a  gent i l is  L .  sensu coli . )  1 94 1 .  20:-. ISBN 9 1 -72 1 0-

0 1 4- 1 .  

1 5 .  T. £. Hasselrot, Til l  kannedomen om nagra nord i s ka u m

bi l icariaceers utbred ning.  ( Z u sammenf. : Zur Kenntnis  der 

V e rbre i t u ng ei niger U m bil icariaceen in Fennoscandia . )  

1 94 1 .  26:-. I S B N  9 1 -72 1 0-0 1 5- X .  

1 6 . G. Samuelsson, D i e  V e rb reitung d e r  Alchemilla-Arten 

aus der V ulgaris-Gru ppe in Nordeuropa. 1 94 3 .  3 5 :-. 

I S B N  9 1 -72 1 0-0 1 6-8.  

1 7 . Th. A rwidsson , Studien iiber die Gefasspflanzen in den 

H ochgebirge n der Pite Lappmark . 1 94 3 .  60:-. ISBN 

9 1 -72 1 0-0 1 7-6. 
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1 8 .  N. Dahlbeck,  Strandwiesen am suuo t l ichen bre s u n u .  

( Su m mary : S a l t  marshe o n  t h e  S .  E .  coast of bres u n u . )  

1 945 . 30:-.  I S B N  9 1 -72 1 0-0 1 8-4 . 

1 9 .  E. von Krusenstjerna , B l ad mossvegetation och blad

mossflora i U ppsal atrakt e n .  ( S u m mary :  M oss flora and 

moss vegetat ion i n  t he neigh bou rhood of U ppsala . )  1 94 5 .  

6 5 : - .  I S B N  9 1 -72 1 0-0 1 9- 2 .  

2 0 .  N. A lbertson , bsterplana hed . Ett  al varomrade pa K i n 

nekul le .  ( Zusam menf. : bsterplana hell . Ein A l varge biet 

auf dem K i nnekul le . )  1 946. I S B N  9 1 -72 1 0-020-6. 

2 1 .  H .  Sjors , M y rvegetation i Bergslage n .  ( Su m mary : M i re 

vegetation in Bergslage n ,  Swede n . )  1 948 . 62 :- .  I S B N  

9 1 -72 1 0-02 1 -4 .  

22.  S .  A hlner, U t bred n i ngst y pe r  b l a n d  nordi ·ka barrt rad s la

var. ( Zusam me nf. : Verbre i t ung t y pen unter fe nnoskandi

schen Nadel bau mtlec h te n . )  1 948.  56:-.  ISBN 9 1 -72 1 0-

022-2 . 

23 . E. Julin . Vessers uuue , M ark oc h vegetation i en igen

vaxande lovang vid Bjarka- Sab y .  ( Zusamme nf. : Ve ssers 

udd e .  Boden und Vegetat ion in einer ve rwac h senden 

Laubwiese bei Bjarka- Saby i n  bstergotland , Sudsc h we

de n . )  1 948 . 44 :-.  I S B N  9 1 -72 1 0-023-0. 

24. M .  Fries ,  De n nordiska u t bred n i ngen av Lac t uca a lp ina,  

Acon i t u m  eptentrional e ,  Ranunculus platanifol ius  oc h 

Pol ygo nat u m  vert ic i l l at u m .  ( Z u am me nf. : Die nord i sche 

Verbre i t u ng von Lac tuca alpina . . . ) 1 949. 20:- .  I S B N  

9 1 -72 1 0-24-9. 

25. 0. Gjtnevo/1 , S n�leie vegetasjonen i Ovi ksfjel lene.  ( Sum

mar y :  The snow-bed vegetat ion of Mts Ovik sfjal l e n ,  J a m t 

l a n d ,  S wede n . )  1 949. 3 0 : - .  I S B N  9 1 -72 1 0-025-7 . 

26. H. Osvald, Notes on the vegetation of B rit ish and I ri h 

mosses .  1 949. 20:-. I S B N  9 1 -72 1 0-026- 5 .  

27.  S .  Selander. Floristic p h y t ogeography of Sou t h-Western 

Lule Lappmark ( Swed i s h  Lapla nd ) .  I .  1 950. 46 :-.  I S B N  

9 1 -72 1 0-027-3 .  

2 8 .  S .  Selander , Flori st ic p h y togeography o f  South- Western 

Lute Lappmark ( Swedi h Lapland ) .  1 1 .  Karlvaxtfloran i 

sydvast ra Lute Lappmar k .  ( S u m mary : V ascular flora . )  

1 950. 38 :- .  I S B N  9 1 -72 1 0-028- 1 .  

29. M .  Fries, Pol lenanalyt iska v i t t ne bord om sen k vartar ve

getat ionsutveckl ing,  sars k i l t  skogshist oria .  i noruvastra 

Gotaland . ( Zusammenf. : Pol lenanal y t ische Zeugni se der 

spatquartaren V egetat ion entwicklung,  hauptsac h l ich der 

Waldgesc h ich t e ,  im nord west l iche n  Gotal and , Sud

schwede n . )  1 95 1 . 49:-. I S B N  9 1 -72 1 0-029- X .  

3 0 .  M. W O!rn , Roc k y-shore algae i n  t h e  bregru nd A rc h i pe

lago . 1 952. 62 :-.  ISBN 9 1 -72 1 0-030- 3 .  

3 1 .  0. R u n e ,  Plant l i fe on serpe nti nes a n d  re lated roc k s  i n  t h e  

N o rt h  of Sweden .  1 953 . 3 0 : - .  I S B N  9 1 -72 1 0-03 1 - 1 .  

3 2 .  P. Kaaret , Wasservegetation der Seen Orlangen u nd Tre

horni ngen .  1 953 . 20:-. I S B N  9 1 -72 1 0-032-X . 

3 3 .  T. E. Hasselrot , Nordl iga lavar i Syd- oc h M e l lan verige . 

( N ord l iche Flec hten in Slid- u n d  M i t tel  chweden . )  1 95 3 .  

46:-. I S B N  9 1 -72 1 0-033-8.  

34. H .  Sjors , S latterangar i G ra ngarde fi n n mark . ( S u m mary : 

Meadows in Grangarde Fi n n mar k ,  S W .  Dalarna,  Swe

den . )  1 954.  36:-.  ISBN 9 1 -72 1 0-034-6. 

35. S .  Kilander, Karlvaxtemas ovre granser pa fjall i syd vast

ra Jamtland samt angransande delar av Harjedalen och 

Norge . ( Su m mary : U pper l i m i t s  of vascu lar plan t s  on 
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mountains  i n  Sou t h western J a m t land and adjacent part s 

of Harjedalen ( Sweden)  and N orway . )  1 95 5 .  40:-.  I S B N  

9 1 -72 1 0-03 5-4 . 

36.  N. Quen ners!ed! , Diatomee rna i La ngans sjovegetat ion . 

( S u m mary:  Diatoms in t he lake vegetat ion of the Langan 

d rai nage area, J amtland , Swede n . )  1 95 5 .  40:-. I S B N  

9 1 -72 1 0-036-2 .  

3 7 .  M . - B .  Florin , Plankton of fre h and bracki  h waters i n  t h e  

Sodertalje area . 1 95 7 . 30:-.  I S B N 9 1 -72 1 0-037-0. 

38. M.-B.  Florin . In jo tuuier  i M e l l a nsverige . M i k rovegeta

tion och pollenregn i v ikar av b tersjobac kenet och in joar 

fran preboreal t id t i l l  n u t i d .  ( S u m mary : Lake studies i n  

Central S wed en . M ic rovegetat ion a n d  pol len rai n i n  in le t  

of t he Bal t ic  ba i n  and i n  lakes from Preboreal t ime to t he 

present day . )  1 95 7 .  1 6: - .  I S B N  9 1 -72 1 0-038-9. 

39.  M .  Fries ,  Vegetat ionsut vec k l i ng och od l i ngshistoria i 

Varnhe m s t rakte n .  En pol le nanal yt isk  unuersokning i 

Vastergot land . ( Zu sa m m enf. : Vegetat ion e n t w ic k l u ng 

und Sieulu ngsgesch ichte  i m  Gebiet von Varnhe m .  Eine 

pollenanal y t i sche U nters u c h u ng a us Vastergotland 

( Sudschwede n ) . )  1 95 8 .  26:-.  I S B N 9 1 -72 1 0-039-7.  

40 . BenRI Pellersson . Dynamik och konstans i Gotlanu flora 

oc h vegetat ion . ( Re u m e :  Dynamik unu Kon tanz in uer 

Flora u nd Vegetation von Gotland , Sch wede n . )  1 95 8 .  

7 5 : - .  I S B N  9 1 -72 1 0-040-0. 

4 1 .  £. VRRia . Skogsbrandfalt  i M u duus nationalpark . ( S u m 

mary:  Fore st fire areas i n  M uddus N a t ional Park , N ort h

ern S wede n . )  1 958 . 3 3 : - .  I S B N  9 1 -72 1 0-04 1 -9 .  

42 K .  Thomasson . N ahuel  H uapi . Pl ank ton o f  ome l a k e s  i n  

an A rgent ine National Par k ,  w i t h  notes on terre strial  

vegetat ion.  1 959. 30:-. I S B N  9 1 -72 1 0-042-7 . 

43 . V. Gillner , Vegetat ion - u n d  Standort suntersuc hu ngen i n  

den Strandwiesen der sc h wedisc he n  West k ii s te . 1 960. 

48 :-.  I S B N 9 1 -72 1 0-043-5 . 

44 . £. Sjiigren . Epiph y t isc he M oo vegetat ion in Laubwal

dern der I n set bland , Schweu e n .  ( Su m mary : Epi p h y t i c 

mos c o m m u n i t ie in deciuuou wood on the is land of 
bl and , S wede n . )  1 96 1 .  38 :-.  I S B N  9 1 -72 1 0-044-3 ( I SBN 

9 1 -72 1 0-444-9) . 

4 5 .  G. Wislra nd. Studier i Pite Lappmarks karl vaxttlora . med 

sar k i l d  han yn t i l l  kogs landet och de isolerade fja l le n .  

( Z usam me nf. : Studien uber d i e  Gefasspfl a nzenflora de r 

Pite Lappmark mit  besonderer Be riick icht igung des 

Waldla ndes und der isol ierten n iederen Fje lde . )  1 962 . 

49:-. I S B N  9 1 -72 1 0-045- 1 ( I S B N  9 1 -72 1 0-445-7) .  

46. R .  h·arsson . Lovvegetat ion i M ol losunds soc ke n .  ( Z u

sammenf. : Die Laubvegetat ion i m  K i rchspiel M ol losu nd . 

Boh uslan , Schwede n . )  1 962 . 40: - .  I S B N  9 1 -72 1 0-046-X 

( I S B N  9 1 -72 1 0-446-5 ) .  

47 . K .  Thomasson . A raucanian Lakes . Plankton s tudi es i n  

Nort h Patagonia,  w i t h  n o t e  on terrestrial vegetation . 

1 963 . 45:-.  I S B N  9 1 -72 1 0-047-8.  

48 . £. Sjhgren , Epil i t i sche und e pigaische Moosvegetat i on in 

Laubwaldern der l n sel bland . Sch wede n .  ( S u m mary : 

E p i l i t hic and epigeic mos vegetat i on in deciduous wood s 

on t he island of bland , S wede n . )  1 964 .  60:-.  I S B N  

9 1 -72 1 0-048-6 ( I S B N  9 1 -72 1 0-448- 1 ) . 

49.  0. Hedberg , Feat u res of afroalpine plant  ecolog . ( Re

s u me franc;ais . )  1 964. 60:-. I S B N  9 1 -72 1 0-049-4 ( I S B N  

9 1 -72 1 0-449- X ) .  



50.  ! h e Pla n t  Cm·er of S weden . A s t u d y  ded icated to G .  
E i nar D u  R i e t z  o n  h i s  70t h b irt hday b y  h i s  p u p i l s .  1 965 .  

1 1 0:-.  I S B N  9 1 -72 1 0-050- 8 .  

5 1 .  T. Flensburg , Desmids a n d  o t h e r  ben t hic algae of Lake 

K a v sjon and St ore M o  se . SW S wede n .  1 967 .  50 : - .  I S B N  
9 1 -72 1 0-05 1 -6 ( I S B  9 1 - 72 1 0-45 1 - 1 ) . 

5 2 .  E. SJ.. ve ,  Lichens  and a i r  po l l u t ion . A s t u d y  of c r y p t oga
mic e p i p h yte and e n v i ro n m e n t  in the Stoc k ho l m  reg i o n .  
1 968.  7 0 : - .  I S B N  9 1 -72 1 0-052-4 ( I S B N  9 1 -72 1 0-452-X ) .  

5 3 .  Jim Lundqvist ,  Plant cover and e n v i ronment o f  steep 

h i l l s i de i n  Pi te  Lappmark . ( Re s u m e :  La couvert u re v ege
t ale et ! ' habi tat  de n a n c s  escarpes des col l i ne s  de P i te  
Lappmark . )  1 968 . 60: - .  I S B  9 1 - 72 1 0-053 - 2  ( I S B N  9 1 -
7 2  1 0-453-8 ) .  

5 4 .  Con .1 en·a tion of VeNelO tion i n  Africa South of t h e  Saha

ra . Proc . of symp.  at 6th p len . meet i ng of A ET F A T .  Ed . 
by I nga and Olov Hedberg.  1 968 . 80 :- .  I S B N  9 1 -

72 1 0-054-0 ( I S B N  9 1 - 72 1 0-454-6) . 
5 5 .  L . - 1\ .  1\ i)nixsso n .  The Holocene h i �tory of t h e  G reat A l 

var of b l and . 1 968 . 75 :- .  I S B N  9 1 -72 1 0-055-9 ( I S B N  
9 1 -72 1 0-455-4 ) .  

56 .  H .  P. HallherN . Vegetat ion a u f  d e n  Schalenablagerungen 
i n  B o h u s l a n .  S c h wed e n . ( S u m mary : Vegetat ion o n  s h e l l  
deposi ts  i n  B o h u  lan . S weden . )  1 97 1 .  60 : - .  I S B N  9 1 -
7 2 1 0-056-7 ( I S B  9 1 - 72 1 0-456- 2 ) .  

5 7 .  S .  Fran.1 son , M y rvegetat ion i sydvastra V a r m l a n d .  
( S u m mary : M i re vegetat ion i n  sout h- western V a r m l a n d . 
S weden . )  1 97 2 .  5 5 : - .  I S B N  9 1 - 72 1 0-057-5 ( I S B N  9 1 -
7 2 1 0-457-0 ) .  

5 8 .  G. Wallin , Lov kogs vegetat ion i Sj u ha rad bygd e n . 
( S u m mary : Dec iduou wood land in Sj uharad sb ygde n ,  
Vastergot land , sou t h - western weden . )  1 973 . 5 5 : - .  I S B N  
9 1 - 72 1 0-058-3 ( i S B  9 1 -72 1 0-458-9 ) .  

5 9 .  D. Johan.1son , Ecology o f  vascu lar e p i p h y t e s  i n  West  
A frican rai n  forest . ( Re� u m e :  Ecologie de� e p i p h y t e s  
v a  c u l a i re s  d a n �  la foret den�e h u m i d e  d ' A frique occ i d e n 
t ale . )  1 974 . I S B N  9 1 - 72 1 0-059- 1 ( I S B  9 1 - 72 1 0-459-7 ) .  

60 . H .  Olsson , Studies  on South Swedish sand vege tat io n .  

1 974.  80:-. I S B N  9 1 -72 1 0-060-5 ( I S B N  9 1 -72 1 0-460-0) .  

6 1 .  H .  Hy[(ehom , Dec iduou wood land at A nders b y .  Eastern 
S wede n .  A bove-ground t ree and s h ru b  p roduc t i o n . 1 97 5 .  
5 5 : - .  I S B N  9 1 -7 2 1 0-06 1 - 3 ( I S B N  9 1 -7 2 1 0-46 1 -9) . 

62 . H. Persson , Dec id uous wood l a n d  at A nders b y . Eastern 
S weden : F ie ld- layer and bel ow-ground prod uc t ion . 1 97 5 .  
50 :- .  I S B N  9 1 -7 2 1 0-062- 1 ( I S B N  9 1 -72 1 0-462 - 7 ) .  

95 

63 . S .  Brclk. enhielm , V ege t a t i o n  d y na m i c  of afforested farm

land in a d i st rict  of Sou t h -ea t e rn Swede n .  1 97 7 .  65 : - .  
I S B N  9 1 -7 2 1 0-063 - X  ( I S B N  9 1 - 7 2 1 0-463 - 5 ) .  

64 . M .  A m mor, Vegetat ion and local e n v i ro n m e n t  o n  s ho re 
ridges at V ic k leb y ,  b l a n d , Swede n .  A n  anal y s i s .  1 97 8 .  

65 : - .  I S B N  9 I -72 1 0-064-8 ( I S B N  9 1 -72 1 0-464-3 ) . 
65 . L .  1\ u//m a n ,  Change and st abi l i t y  in t h e  a l t i t ude of t he 

b i rc h  t ree - l i m i t  in t h e  southern Swedi  h Scandes I 9 I 5-
1 97 5 .  1 979. 65 :- .  I S B N  9 1 -7 2 1 0-065-6 ( I S B N  9 1 -72 1 0-

465- 1 ) .  
66 . £ .  Waldemarson Jensen , Success ions  i n  re lat io n s h i p  to 

lagoon development in t he Lai taure d e l t a ,  N ort h S wede n .  

1 979.  65 : - .  I S B  9 1 -72 1 0-066-4 ( I S B N  9 1 -72 1 0-466- X ) .  

67 . S .  Tuh /.. anen , C l i m a t i c  para m e ters a n d  i nd ice i n  p lant  
geograph y .  1 980. 65 : - .  I S B N  9 1 -72 1 0-067- 2 ( I S B N  9 1 -

72 1 0-467-8 ) .  
68 . Studies i n  piont  ecology dedicated t o  H ugo Sjo r  . Ed . 

Er ik  Sjogre n . 1 980. 95 :-.  I S B N  9 1 -7 2 1 0-068-0 ( I S B N  9 1 -

72 1 0-468-6) . 

69. C. ilsson , Dynamic of t h e hore v ege tat ion of a N ort h 

S we d i s h  h y d ro-e lectr ic  re servoir  d u r i ng a 5- year period . 

1 98 1 .  65 : - . I S B N  9 1 -72 1 0-069-9 ( 1 S B N  9 1 -72 1 0-469-4) . 
70. K. W arenberg, Reindeer forage plants in the earl y g razing 

seaso n .  G rowth and n u t ri t ional content i n  relation to cl i 

matic condit ions.  1 98 2 .  7 5 : - .  I S B N  9 1 -7 2 1 0-070-2 ( I S B N  
9 1 -72 1 0-470-8) .  

7 1 .  C. Johansson ,  A t t ac hed algal  vegetat ion i n  running wa
ters of J a m t land , Swed e n .  1 982.  75:- I S B N  9 1 -72 1 0-07 1 -0 

( I S B N  9 1 -72 1 0-47 1 -6) . 

72.  £. Rosen . Vege ta t ion develop m e n t  and sheep grazing i n  
l i mestone gra l a nds of o u t h  bla n d ,  Swede n .  1 982 . 95 : - .  

I SB N  9 1 - 72 1 0 - 07 2 - 9  ( I S B N  9 1 - 72 1 0- 472 - 4 ) .  

7 3 .  L. Zhang , Vege t a t i o n  ecology a n d  pop u l a t i o n  b i ol ogy o f  
Fritillaria meleagris L .  at t he Kungsangen N a t u re Reserve , 
Ea t e rn  wede n .  1 983 . 90 : - .  I S B N  9 1 - 72 10 - 073 - 7  

( I S B N  9 1 - 72 1 0 - 473 - 2 ) .  

L i m i ted n u m be r  o f  c loth-bound copies o f  Acta 44, 45 , 46, 48 

-llJ. 5 1 .  52. 5�. 56 . 57. 6 1 .  63 . 66. 67, 68, 69 , 70, 7 1 ,  72 , 73 are 
;n· a i l a b l c  t h rough t h e  Socie t y  at an add i t io n a l  eo t of 1 5 : - per 
copy . I S B  nos. in brackets  refer to c loth-bound cop i e s .  No . I ,  
9 .  20.  5l) a rc out o f  pri n t .  
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V AXTE K O L OG I S K A  S T U D I E R  

I .  S .  Brakenhielm & T. lngelog, Vegetationen i K u ngs

hamn- M orga naturreservat med forslag till skotse l plan . 

( S um mary: Vegetation and proposed manage ment in the 

K ungshamn-Morga N ature Reserve south of Uppsala . )  

1 972.  25 :-.  I S B N  9 1 -72 1 0-80 1 -0. 

2.  T. /ngelog & M .  Risling, K ronparken vid U ppsal a ,  h i sto

rik och bestandsanal y s  av e n  300-arig tal l skog . ( Su m mary : 

K ro nparke n ,  h istory and analysis of a 300-year-old pine

wood near Uppsala, Swede n . )  1 973 . 25 :-. ISBN 

9 1 -72 1 0-802-9. 

3. H. Sjors och medarb . ,  Skyddsvarda myrar i Kopparbergs 

J a n .  ( S u m mary : M ires considered for protection in K op

parberg County ( Prov .  Dalarna ,  Central Swede n ) . )  1 973 . 

25 :-.  I S BN 9 1 -72 1 0-803-7 .  

4 .  L. Karlsson, A utecology of cl iff and scree p lants i n  Sarek 

N ational Park, northern S weden 1 973 . 30:-. I S B N  

9 1 -72 1 0-804-5 .  

5 .  B. Klasvik, Computerized analysis  of stream algae . 1 974 . 

25 :-.  I SB N  9 1 -72 1 0-805-3 .  

6 .  Y. Dahlstrom-Ekbohm ,  Svensk miljovards- och omgiv

ningsh ygien l i tteratur 1 952- 1 972.  Bibliografi och analy s .  

1 975 . 25:-.  I S BN 9 1 -72 1 0-806- 1 .  

7 .  L .  Rodenborg, Bode n n utzung,  Pfl anzenwelt und ihre 
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