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Abstract. The research was started after a mysterious disease had been observed with a ten-year-
old girl in Novi Sad, Yugoslavia. It was manifested by convulsions lasting for several hours.
These crises of consciousness repeated cyclically in irregular intervals of approx. 90 days.
Diagnosis of the disease was Sindroma-Lenox-Gastaut.

Test on toxic metals shoved enormously increased mercury contents in the little patient's urine,
Our further investigations brought us to the irrigation/drainage canal DTD (Danube-Tisza-
Danube) a pond called Beljanska Bara and the river basin of the river Tisza. Fish from Beljanska
Bara had a considerable quantity of accumulated mercury.

The child was poisoned postnatally in the phase of lactation through her mother, who had used
the fish mentioned above regularly in her meals.

The goal of the paper is to prove that Sinrdoma Lenox-Gastaut is in fact postnatal poisoning with
methyl-mercury in the phase of lactation.
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Introduction

Poisoning with mercury was known even in the
Roman Empire. They believed that the verdict by
which a slave was sentenced to a forced labour in
mercury mines was in fact a death penalty. Mercury
poisoning in the second half of the 20th century was
very frequent spreading rapidly among many people
like epidemic. One of the biggest and certainly the
most notorious epidemic of this kind was observed
in Japan, near Minamata Bay. The inhabitants of the
bay were struck by a mysterious and serious
disease. 121 persons were infected, and in the
period from 1953 to 1966, 46 of them died. On the
basis of investigations performed it was found out
that they were infected with contaminated fish from
the bay which was used as their food.

Contamination of fish with mercury reached to
50 mg/kg with some kinds, depending on the way of
nutrition, size and other factors.

Mercury went to the bay through a polyvinyl
factory Chisso Minamata which released this metal
in its waste water. By the process of methylation in
fish, mercury was transformed into its most toxic
form: methyl-mercury,

The number of victims of this factory was later
increased by more than approx. 100 persons who
died after 1966, while more than 700 inhabitants of
Minamata Bay suffered terrible physical and
psychical deformations. The disease was named
after this epidemic "minamata-disease".

Preliminary investigations

The investigations started with the case of ten-
year-old girl who had first crises of consciousness
when she was at the age of three.

The crises started with spasms of fingers
usually of the left hand. The spasms were usually
followed and replaced by tremor of fingers which
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was spread over the arm, from the arm it was
expanded into the left side of the body, and finally
came over the whole body. These crises of
consciousness lasted for several hours before
Vallum iv. was given after hospitalization. The
crises occwrred in irregular intervals of 3, 6 or 12
months, respectively. After comprehensive medical
investigations, the final diagnosis was Sindroma
Lenox-Gastaut, In the meantime the girl fell into a
coma and came out of it after more than 60 days.

That mysterious disease was not observed and
medical records were not found either with the girl's
parents or ancestors. At the end of 1989, the
research was focused on toxicology examinations.
The child became the patient of Dr. med. habil
Max Daunderer toxicologist from Munich and she
received the following treatment: For secreting of
possible heavy metals from the body of the girl
Dimaval was used produced by chemical-
pharmaceutical factory Hely from Berlin. Active
matter is 2,3-dimercapto-1-sodiumpropane
sulphonate; (DMPS). This antidote had been
synthesized by scientists and they achieved very
good results with it in detoxification after poisoning
with chloride of mercury. Here it was used mainly
for detoxification of cumulated mercury {(mostly
organic). '

Results of toxicological research

Analyses were based on urine samples and
urinalysis. Urine I had been taken before antidote

presented in Table .

Dimaval lrcatment.

Dimaval perorally.

From Table 2 it is obvious that in Urine III
mercury was excreted in the quantity of 417.2 ng/g
creat. As chronical poisoning appears already when
more than 50 pg of mercury per g creatinine is
excreted, it can be concluded that here in this case it
is a very serious intoxication.

Table 2. Results of urine analysis on 12 February, 1990 afler
Dimaval treatment.

Urine 11 Urine I
60 min, later 120 min, later
Element Obtained values Normal Obtained Narmal
values values values
Creatinine i,1J, 1.5 j.',-’nlmj 1,00-2 50
Arsenic .U, 3 pg}dmj
2 pgip creat,
Lead 1.U. 43 pg/dm”
27 pgig creal,
Cadmium i.U. 1.2 ].lgl"dmJ
2.0 upfp ereat.
Copper i.U. 773 peldm? <500 [1262 pgidm®| <500
| 486 pg/y creat. 789 nplp
 creal,
Mercury .U, 1475 Itiﬂ"'dm“ <5 667.5 <50
155.7 plg/g creat, j.lg."dm3
417.2 pa'g
creal,

The next analysis of urine was performed on 26.
February, 1990. Dimaval was given on 600 mg i.v.
The obtained results are presented in Table 3:

Table 3. Results of urine analysis on 26 February, 1990 after
Dimaval treatment.

was inserted into the organism of the little patient. Urine I1
Urine IT was always taken 60 minutes after inserting - - 60 wtin. loér
; i F 2 ement Obtained values Normal values
of antidote, while Urine III was taken 120 minutes (& cainine 0. 0.55 g/dm” 1.00-2.50
after inserting of antidote into the organism. Arsenic LU 6 pig/dm®
Samples for the first analysis were taken on 12 : 11 ptg/g tea,
February, 1990. The results of this analysis are |-V 46 jigdm
84 lp/g creal.
Cadmium i.U. 0.3 pgldm”
0.5 ig/g ereat.
Table 1. Results of urine analysis on 12 February, 1990 before  [Copperi.U. 440 pg/dm” <500
800 pe/p creat.
Mereury 1.1, 1003 ].lg."dm"
Urine I 182.4 g/ creal.

Obtained values

Normal values

Crealinine i.U

2,57 p/dm’

Mercury i.U. 15.4 pg/dm™ 6.0 pgig <4
creat
Zinci.U. 958 pg/dm’ 373 pgle 140 - 720
creat > 140

As it can be seen from Table 1 high values of
excreted mercury point to the possible chronical
poisoning with this metal.

Urine II and Urine III were taken 60 and 120
minutes, respectively, after inserting of 600 mg of
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From the above data it can be seen that mercury
values excreted in urine were decreased to 182.4
lg/g creatinine. Between the two analyses the
patient took one capsule of Dimaval (200 mg) every
third day.

Table 4 presents the results obtained after 200
mg Dimaval was taken perorally on 5. March, 1990.
Urine was taken 60 minutes after DMPS capsule
had been taken.

In Table 5 analysis of urine performed on 2.
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April, 1990. after taking Dimaval (200 mg)
perorally is given. Urine was taken 60 minutes after
taking Dimaval.

also be seen that a greater part of excreted mercury
is organic (0.7 pg/g creatinine).

Table 6. Results of urine analysis on 16 July, 1990 after Dimaval

Table 4. Results of urine analysis on 5 March, 1990 after Dimaval ~ treatment.
treatiment.
Urine IT
Urine 11 Element 16 July, 1950 01 Oct., 1290 | Narmal values
60 min. later Creatinine 1.U. 0.61 gldm” 2.14 g."dmJ 1.00-2.50
Element Obtained values Normal values Lead iU 86 J'lg‘fdmj 230 F*B'fdmj <130
Creatinine i.U. 1.16 g/dm™ 1.00-2.50 141 pg/g creat, after | 107 pg/g ereat.
Arsenic LU, 12 pgl“dm‘i DMPS
10 pgfg creat. Cadmium i.U, 0.2 pgidm® 1.1 pgidm’ <5
Lead 0. 39 j.lgfdm“ 0.3 pg/g creal, after 0.5 pg/g creat.
34 pg/z creat. - DMES X T
Cadmiam L 0.6 pgidm® Copper i.U, 705 ug/dm 4200 pg/dm <500
0.5 g/ creal 1156 pglg creat. after | 1963 lg/g ereat,
- - : DMPS
Copperi.U. 658 ngfdmj <500 : 3 3 <
567 /g ereat, afier DMPS Mereury i.U. 11.0 pgfdm 34.3 pgfdm 16
T o8 6 i 18,0 pglg creat, after | 16,0 pg/g creat,
o G ff l DMPS 3 mplkg
2 pgig creat Selenium .U, 8.3 pgidm’
. 13.6 pig/p creat.
Excretion of mercury was decreased, but it was [T iU 2.0 pgldm?
still above the level of chronical poisoning, which is 3.3 Up/g creat.

16 ng/g creatinine, when 3 mg/kg of Dimaval is
taken perorally.

Table 5. Results of urine analysis on 2 April, 1990 after Dimaval

Table 7. Results of urine analysis on 28 January, 1991 after

Dimaval treatment.

treatment.

Urine 11
Element Obtained values Normal values
Creatinine i.1J, 0.86 gidm” 1.00-2.50
Copper 1.U. 236 pgldm” <500
274 pgle ercat. after DMPS
Mereury i1, 211 Ltg!dm"
24,5 pglg ereat. after DMPS i.v. <50
orally 10 mgfkg <50
3 ma/kg <16

120 days after the beginning of the therapy, the
urinalysis was performed on 16. July 1990, under
the same conditions as the previous one (200 mg
Dimaval perorally, urine taken 60 minutes later). At
that time the patient took 200 mg of Dimaval
weekly, The results of urinalysis to heavy metals
are given in Table 6.

Excretion of mercury in urine at the level of
chronical poisoning was found on 1. October, 1990.

Urine sample was taken 60 min. after taking 200 mg .

of Dimaval that was a little more than 3 mg/kg of
the weight of the patient. The obtained results are
presented in Table 6.

The next analysis to heavy metals was
performed on 28 January, 1991. Urine sample was
taken 60 minutes after taking 200 mg of Dimaval.
The results are given in Table 7.

From this Table it is obvious that total excreted
mercury is 0.9 pg/g creatinine. It means that
detoxification is finished. From the Table 7 it can
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Urine 11
Element Obtained values Normal values
Creatinine i.U. 1.47 gfdm” 1.00-2.50
Copper i.U, 460 pg/dm™ <500
307 pgle ereal. after DMPS
Mereury .U 1.3 ].lglfdrn'i
0.9 ug/g creal. after DMPS iv, <50
orally 10 mup'kg <50
3 mplkg <16
Organic 1.0 j.lgfdm“
Mercury i.U. 0.7 pa/p ereat.

The last toxicological analysis was performed
on | August, 1991, under the same conditions as the
previous ones. The results obtained are presented in
Table 8.

Table 8. Toxicological analysis performed on 1 August, 1991.

Urine 11
Element Obtained values Normal values
Creatinine L.U. 0.61 gldm” 1.00-2.50
Lead 1.U. 53 pg/dm® <150
87 pg/p ereat. after DMPS
Capper 1.U. 1230 pig/dm* <500
2016 pglp creat. after DMPS
Mercury .U, 35 j.lgl"drnJ
5.7 Ug/g creat. after DMPS iv. <50
orally 10 mgtkg =50
3 mgtkg <16

It is obvicus from the above data, that this little
patient suffered from serious poisoning with
mercury. As the whole case started to resemble the
poisoning in Minamata, Niigato, Alomogord, which
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were caused by poisoned fish or some other meat,
our analysis was focused on the food the child was
nourished for. Our investigations were focused
mainly on fish.

In the course of our research, the patient's
mother recalled that in the period of lactation, she
used to eat a lot of fish.

Toxicological analysis on heavy metals was
performed with mother on 12 March, 1990,
Dimaval as antidote was given iv. 600 mg.
Analysis of Urine 1 before taking Dimaval is
presented in Table 9.

Table 9. Toxicological analysis of mother's urine on 12 March,
1990, before Dimaval treatment.

Urine [
Blement Obtained values Normal values
Creatinine i.U. 0.43 g.l"dm" 1.00-2.50
Zincill. 131 ughdm” 150-720)
305 gz ereat. after DMPS >140

60 minutes after taking Dimaval, the sample of
Urine II was taken. The results obtained are given in
Table 10.

From Table 10 it is obvious that mercury
content in urine of this patient is 397.2 ng/g
creatinine, what is approximately the same to the
content of mercury found with the child examined
(Table 2).

Table 10. Toxicological analysis of mother's urine on 12 March,
1994, after Dimaval treatment.

Urine I1
Element Obtained values Normal values
Creatinine iU, 0.71 g/dm” 1.00-2.50
Copper i.U. 1372 pgfdm” <500
1932 pg/p creat, alter DMPS
Mereury 1.U. 282.0 ,‘Lg,fdmj
397.2 pgfg creat. after DMPS {.v. <30

It was most likely that fish was the possible
source of mercury.

Investigations on the source of mercury

Our analysis started with the very beginning -
we examined all details from the child's birth - (the
end of June, 1980). In the patient's family fish was
regularly in meals (even 4 times a week). The
patient's mother especially ate fish in the phase of
lactation of the baby, at the end of August, in
September, October, November and December. In
1980 the mother ate fish from a pond called
Beljanska Bara, situated near the village Turija in
the central part of Backa (in Vojvodina). By leafing
through a list of the factories in this part of Backa,
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and analyzing which of them used mercury in their
plants, we came by the factory "Agrobacka" from
Backa Topola where fungicides on the basis of
organic mercury are used for seed processing
mainly phenyl-mercuric acetate in "Zorosan" and
"Radosan". After moist treating of seed water
solutions of phenyl-mercuric acetate flew through
waste-water industrial sewage system into the little
river Krivaja - which empties into the
irrigation/drainage canal DTD near Turija.
Beljanska Bara gets water from the canal 500
meters farther. This canal flows into the river Tisza
near Becej.

Sampling

plpatty

Stara
Moravica

< Batka Topola
4

\\"‘0

(5)

A

Stbobran

Turija

Fig. 1. Sampling places. 1, 2, 3, 4 and 5 - places where water and
silt samples were taken, 6 - the place where fish samples
were taken.

Samples of river silt were taken from the
Krivaja river and sewage system of Backa Topola
as shown in Fig. 1. These specimens were taken at
the beginning of March, 1990, when all activities
regarding treating seed with fungicides were
finished a long time ago. The first sample was taken
from industrial sewage system of the factory
producing seed material; the second at the mouth of
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the Krivaja - where the sewage system flows into it,
the third one at Bajsa (at the place where branches
of the river Krivaja from Backa Topola and Stara
Moravica join); the fourth sample was taken at the
mouth of the Krivaja into DTD canal, branch
Bezdan-Vrbas-Becej; and the last (the fifth) one was
taken from Beljanska Bara - (from its mouth) - (Fig
1).

Samples of fish were taken at the beginning of
January, 1990 from Beljanska Bara. At the time
when the samples were taken, bigger fish
individuals unfortunately could not be caught,
although they would be much better and more
representative for our research. Fish samples were
taken from the most distant point of Beljanska Bara
in relation to the irrigation/drainage canal DTD-as
the source of pollution (from which water is
obtained) - Fig. 1. Also these samples were taken
when all activities regarding treating seed with
fungicides were finished a long time ago.

Results

The results obtained regarding analysis of silt to
the total mercury are presented in Table 11. A
considerable amount of mercury was found in the
last 3 samples of silt, sand with a little share of
organic matter prevailed, what was probably one of
the reasons for decreased quantity of mercury in
these samples.

Table 11. Results of silt examination on total mercury.

Sampling place Mercury
content [mg/ke]

Sewage system of the faclory producing 0.56

sced material

Place where sewage system emplies into the 0.31

Krivaja, at Backa Topola

Place where branches of the River Krivaja 0.08

from Backa Topola and Stara Moravica join

- near Bajsa

At the mouth of the Krivaja into DTD canal <0.001

At the mouth of Beljanska Bara <0.001

The results of fish examination are presented in
Table 12. As it can be seen from the Table only
predatory fish Perca fluviatilis L. is at the level of
maximum allowed concentration of 0.5 mgkg
mercury. As mercury in fish is mainly in a methyl
form of 70 - 90 %, methyl-mercury content is
approx. 0.4 mg/kg, what is also at the level of
maximum concentration allowed. Results of
examining fish to total mercury are given in Table
12.

Lack in mercury with Abramis sapa Pallas can
explained by the way of its nutrition because it
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usually takes place in the upper and surface layers
of water.

Table 12. Mercury contenl of fish species.

Fish specics weight [g] Mereury content
[ma/ksg]

Perea fluviatifis L. 240 0.44

Carassius carassius L. 62 0.19

Carassius auratus gibelio 265 0.13

Bloch

Abramis sapa Pallas 71 <0.001

However, in order to come to valid and exact
conclusions of the degree of mercury contamination
of this region of central Backa, it is necessary to
perform investigations on a greater number of fish
samples (according to different kinds of size, age,
and number).

Unfortunately, because of the war in
Yugoslavia and the sanctions of the international
community this research has been stopped. The goal
of this paper is to arouse interest of some
researchers outside Yugoslavia whose countries are
not burdened with the international sanctions to
continue this research,

Conclusion

On the basis of the obtained results and data
mentioned above, the following conclusions may be
drawn:

1. The paper has proved that the little patient
and her mother are the victims of mercury
poisoning.

2. At the same time, it is obvious that fish with
mercury content of 0.5 mg/kg must not be used for
nutrition in the phase of lactation, although it is
allowed in the majority of European countries.

3. Sindroma Gastaut-Lenox is in fact postnatal
poisoning with methyl-mercury in the phase of
lactation.
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Abstract. Changes in the 1.60 release of DivOrd program are discussed. The main improvement
is that it is possible now, to choose between the finite and infinite sample versions of rarefaction
diversities. The arrangement of the menu system also has changed a little.

Keywords: diversity index families, diversity ordering, rarefaction diversity

B. Téthmérész, Ecological Institute, Kossuth L. University, H-4010 Debrecen, POBox 71,

Hungary
Introduction
Different  diversity indices may rank
inconsistently a given pair of communities

(Hurlbert, 1971). This is related to the different
sensitivities of diversity indices. A solution is to use
parametric families of diversity indices instead of a
numerical-valued diversity index. An important
property of the family of diversity indices is their
variable sensitivity to rare and abundant species.
This means that communities can be compared for
different "dominance levels" as a scale parameter
changes. The family may be portrayed graphically
by plotting diversities D, against the scale
parameter o, this curve is the diversity profile of the
community (Patil and Taillie, 1979, 1982). In fact, o
serves as a scale parameter; members of the D,
family have varying sensitivities to the rare and
abundant species as o changes.

Using diversity profiles the diversity ordering of
communities is defined in the following way:
Community A is more diverse than community B
when the diversity profile of A is above or equal to
the diversity profile of B on the whole range of the
scale parameter. Curves of two diversity profiles
may intersect, This means that one of the
communities is more diverse for the rare species
while the other on is more diverse for the
dominants.

A program, DivOrd 1.50, was presented to
calculate and display the diversity profiles of
communities (Téthmérész, 1993b). Eight methods

are included in the package. Mathematical
background of the methods was also discussed. In
this paper the new release of the program is
discussed.

Rarefaction Diversity: Finite and Infinite

Samples

Generally, a community may be characterized
by an abundance vector
n=(nl:n2v'wnia"-sns)
where #; is the abundance of the i-th species of the
community. Frequently enough to know the relative
abundances of species; thus the community may be
characterized by the
P“(Pi:sz-»:Pi:---:Ps)
relative abundance vector, where p; is the relative
abundance of the species i,
The rarefaction diversity or species-individual
curve for a spatially completely random, infinitely
large community is defined by

Sm=5-3 (- p,)"
i=1

Smith and Grassle (1977) presented the
minimum variance unbiased estimation of S(m) as:

S\(.m):S—i(N;”ij/ [’:j

(N]_ N!
m) (N —m)m!

where
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This is, however, not simple to calculate
because of the factorials. It is vital to use a good
numerical approximation of the factorial function to
ensure the correct result for very small and very
large figures as well. The direct calculation is
nonsense, especially when the data set is based on
percentage covers of the vegetation, which is a
continuous variable. I applied a fast and especially
robust and reliable procedure which is based on the
calculation of logarithm of the gamma function
(Macleod, 1989).

Changes in the arrangement of the menu

The main menu has changed a little (Fig. 1).
There is a new option called "Data Management"
which includes the "Data Input" which was in the
main menu in the 1,50 release. The "Other Samples
to Compare" and "Result to Disk in HG Format"
options also moved here from the main menu (Fig,
2).

derived it in a unified framework alongside many
other diversity index families. Hill (1973) also
mentioned Rényl's original paper and used it after a
proposal of Orléci (Orléei, 1991, p. 5, footnote 12},
but he did not recognized at all that it may be useful
for diversity ordering. Indeed at that time, even the
idea of diversity ordering was not invented and
published.

1 - Data Management

Generalized Entropy Plots
2 - Rényi
3 - EXP{Rényi)
4 - Dardezy
5 - Patil & Taillie

Cumulative Relative Abundance Plots
G - Logarithmic Dominance Plot
7 - Right-Tail-Sum Diversity Plot

Scale Parametor with Direct Inlerpretation
8 - Infinile Species-Individual Curve (Density Independent)
4 - Infinile Species-Area Curve {Densily Dependent)
10 - Finite Species-Individual Curve (Density Independent)
11 - Finite Species-Area Curve (Density Dependent)

12 - Exit

Your choice

L Data Management

1 - Data Input
2 - Other Samples to Compare

3 - Result to Disk in G Format
4 - Main Menu

Your choice :

Fig. 1. Main menu of the DivOrd 1.60,

T also changed the naming convention of the
diversity orderings. The EXP(D(o)) version of the
D(o) Rényi diversity index family is simply
mentioned as EXP(Rényi). Sometimes this is more
favourable than the Rényi index family itself,
because it produces the number of species of the
community when the value of the scale parameter is
zero; and it is easier, or just more straightforward,
to interpret the number of species than the
logarithm of it. As a diversity profile this was
proposed first by Patil and Taillie (1979); they
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Fig. 2. Data management of the DivOrd 1.60.

And finally there are four new options in
relation with the rarefaction diversity orderings. In
the 1.60 release this group of methods of ordering is
mentioned as "Scale Parameter with Direct
Interpretation” indicating that in this case the scale
parameter has a definite physical meaning which is
related to the size of the sample in which the
species were found. The new options are the
following:

8 - Infinite Species-Individual Curve (Density
Independent)

9 - Infinite Species-Area Curve (Density
Dependent)

10 - Finite Species-Individual Curve (Density
Independent)

11 - Finite Species-Area Curve (Density
Dependent)

The density dependence and independence is
represented in the same way as it was in the 1.50
release (T6thmérész, 1993b) and the finite and
infinite versions were discussed in the previous
section.

The input of the samples' identity number also
has changed a little (Fig. 3); it provides more
information. Besides the total number of samples
the file name and the label of the data set are also
displayed on the screen.
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File Name : demo-2.dat
Label : Demo data for NuCoSA; DEMO-2. DAT.
There are 20 sample units.

How many curves do you want to draw (less than or cqual o 4) ?
3

Please type the identity number of the sample sites:
3

212
3. 1R

Fig. 3. The screen of identity number inpul of the compared
sample sites,

Datafiles distributed with DivOrd

There are some changes in the demo files
distributed with the program. All the previously
distributed demo files can be found, just their name
has changed and there are some new ones. This was
motivated by a standardization; now, all the demo
files are identical with the files of the NuCoSA
package (Tothmérész, 1993a).

There are 5 files distributed with the package.
DEMO-1.DAT file contains a data set of 10 by 18
size. DEMO-2.DAT contains a data set of 20 by 56
size. DEMO-3.DAT is a data set of 10 by 20 size;
this data set is a truncated version of the
DEMO-4.DAT data set, which was registered at the
"Rejtek Project”" Research Area (Tothmérész, 1989).
It describes the changes of the vegetation along a
transect and the vegetation is extremely low in
diversity in the first half of the plot while it is more
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diverse in the second half. DEMO-5.DAT file is one
of the data sets presented in the paper of the 1.50
release (Tothmérész, 1993b).
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Zs. Erdei, B. Téthmérész and A. Erdei
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Abstract. We present a linear algorithm to calculate the diversity of species combinations (or
"species list - number of plots" diversity) for completely random communities in an indirect
spatial series analysis. It serves as a null model to compare completely random multispecies
patterns to real ones which are cbserved on the field. An efficient algorithm to derive explicitly
all the possible species combinations and their frequencies is also proposed. Turbo Pascal
algorithms to IBM-compatible PC's and results about the running time of the algorithms are also
presented.

Keywords: spatial statistics, indirect spatial series analysis, null model.

Zs. Erdei, B. Téthmérész, Ecological Institute, Kossuth L. University, Debrecen, POBox 71, H-
4010 Hungary; A. Erdei, Student of Computing Science, Eétvés L. University, Budapest

Introduction

A spatial point pattern is a set of locations
within a region of interest, which have been
generated by some unknown mechanisms (Diggle,
1983). Communities of sedentary organisms, like
plants, typically can be viewed as multispecies
point patterns. Sometimes the "multidimensional
point pattern”" terminology is used which is rather
confusing. Nowadays the multi-type point pattern
terminology also tends to be more popular. In
mathematics and biomathematics the period of the
last 20 years was the golden age of pattern analysis
of one- and two-species patterns (Greig-Smith,
1983; Kershaw, 1964). However, hardly any
attention was paid to multispecies point patterns.

Juhasz-Nagy developed a brand new way of
analyzing multispecies point patterns from the 60-s
onward (Juhasz-Nagy, 1963, 1967, 1976; Juhasz-
Nagy and Podani, 1983; Podani et al., 1993). He
was especially interested in the partial and multiple
association of species in a community. The methods
developed by him needs large sample size and a lot
of computations (Bartha, 1990; Szollat and Bartha,
1991).

Analyzing one-species spatial point patterns the

hypothesis of complete spatial randomness (CSR)
has crucial importance. This asserts that (i) the
number of individuals in any finite region follows a
Poisson distribution and (ii) given n individuals x;
(i=1,..,n) in a region, the x;'s are independent
random sample from a uniform distribution on a
region. CSR acts as a dividing hypothesis between
patterns which are classifiable as regular or
aggregated.

Using a multi-species CSR hypothesis we can
derive the spatial characteristics of a random multi-
species community and we can use this one just as
in the case of the one-dimensional pattern; i.e. we
can compare the characteristics of a random
community to the actual one studied on the field.

In this paper we propose an effective algorithm
to calculate  the multi-species random
characteristics, especially the "species list - number
of plots" diversity. We also studied the computing
time for an algorithm which explicitly calculate all
the possible species lists and we proved that without
an efficient algorithm it is very easy to waste
inordinate computing time even for very small
communities. Throughout he paper we use
synonymously the terms "species lists", "floristic
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composition" or "species combinations”.
General description of the algorithm

The abundance wvector of a community is
denoted by n=(n;,n,,...n;...,ng), where n; is the
abundance of the i-th species of the community. N=
1; is the total number of individuals. When the CSR
hypothesis is wvalid then the distribution of
individuals in the sampling plots can be described
by a Poisson distribution. Thus the probability that
we find zero individual of the i-th species in a plot
is

pln; =0)=q, =exp(-A;), ;= i m
where t is the plot size and A is the total studied
area. This was recognized very early by the
botanists (Stevens, 1935). Clearly,

Pi =1"f}:
is the probability that we find at least one individual
of the species i in a randomly chosen sample plot of
size A.

For a multi-species community the probability
of the floristic composition vectors can be
calculated as a multiplication of the probability of
presence and/or absence of the species:

[L=pr: P2l = P Y= pii)- (1= ) ()
where the species 1,...,1 are present 'md species

i+1,...,S are absent in the plot. There are 2° possible
species list vectors and evidently

2=t
y
e’
The "species list - number of plots" diversity,
H(” ), for a community of S species is defined as

5
H(2%)= Zy(ﬂvl%ﬂ\.) @)
VE,
where the summation is taken from | to
1992).

It is evident that a direct calculation of (3) is
very time- consummg because the computing time is
increased by 2% as S increases. We prove, however,
that there is a linear algorithm to calculate (3). Fora
community having species S+1, the "species list -
number of plots" diversity can be calculated in the
following way when the diversity H(S) of a
community having S species is known:

5 )
2° (Czaran

H(ZHI )= H(z-" ) + ps+1 logpsﬂ T (1 _prl-l )10&1 _p.H-I )

= —Z {p; logp; +(1— - it (4)

=1

p;iYog(l
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Evidently

H(2")= plogp, +(1- p)log(l—py) (5)

Proof of (4) is in the appendix. The computing
time of our algorithm to calculate (3) increases
linearly with 8.

Algorithm implementations

Two functions are presented. CSR_Lin_Div and
CSR_Diversity. The source code is written in
Borland's Turbo Pascal 7.0.

Sfunction CSR_Lin_Div calculates and returns
the Shannon diversity of the species combinations
for CSR pattern without the calculation of the
species combinations and it has a linear growth of
running time as S increases. All the indirect spatial
statistics can be calculated using this procedure
which are related to the "species list - number of
plots"  diversity; e.g, florula  evenness,
distinctiveness, etc. It is defined as data_type
which is an extended variable in the presented
subroutine. We propose to use extended variables
because the rare species combinations have very
small contribution to the overall “species list -
number of plots” diversity.

Junction CSR_Diversity presents all the species
combinations and their 1e11t1ve flequencws, thus the
computing time grows with 2% as S increases. This
procedure may be useful when the species
combinations are directly utilized; e.g. in the case
of global space series analysis (Téthmérész, 1994b).

Both functions return the "species list - number
of plots" diversity in logarithm of 2; it can be
modified easily in the source code. The program
can be run in most 286, 386, and 486 IBM
compatible PCs with or without built-in
mathematical coprocessor. Although input data
information provided through a keyboard in an
interactive fashion is nice, it is more convenient and
efficient to read all input information from a file. In
the driver to the procedures we did not present any
special data input-output procedures.

Major scalars and vectors

The major scalars and vectors are summarized
next.

message = A label to remember what data set
is used during the calculations.

Species = Total number of species of the
studied community.

plot_size = Area of the sample plots in
standard units.

total_size = Area of the whole study area in

standard units.
n = The abundance vector of the studied
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community; i.e. nfi] is the number of individuals
of the i-th species.

Jfunction CSR_Lin_Div:

lambda = Parameter of the Poisson
distribution; average number of the species in the
plots which size is plot_size.

Rel_Fr = A matrix with two rows. In the first
row (Rel_Fr[i,0]) are the relative frequencies of the
plots where the species i is missing and in the
second one {Rel_Frfi,1]) are the relative frequencies
of the plots where the species i is present.

function CSR_Diversity:

SC_Frequency = Relative frequency of the
species lists or species combinaticns.

ListStr = The species combinations are in this
string variable in a "0/1" form, where "0" means
that the species where missing from the plot while
"1" means that the species where present.

Case demonstration

3-species community
plot size = 0,2000000000
relative frequency  Species Combination

6,69044737400155E-0008 000
5.87218293072251E-0004 100
3.27824225584282E-0006 010
2.87730209078975E-0002 110
2.21158009230573E-0006 001
1.94109633362172E-0002 101
1.08364880634898E-0004 011l
9.51114875855356E-0001 111

Diversity of Species Combinations :
Hl= 0.3342899617
H2 = 0.3342899617

d-specics community
plol size = 0.2000000000

relative frequency Species Combinalion
3.98324036839300E-0007 0000
3.27931257830673E-0003 1000
5.60018268143305E-0006 0100
4.61050496820707E-0002 . 1100
2.12988347416320E-0006 0010
1.7534853589488 1 E-0002 1010
2.99448073486243E-0005 0110
2.46528891835199E-0001 1110
8.72303062951313E-0007 0001
7.18147573802028E-0003 1001
1.22640264063998E-0005 0101
1.00966982495757E-0001 1101
4.66430269431993E-0006 0011
3.84001593674454E-0002 1011
6.55771300596408E-0005 0111
5.39881823753949L-0001 1111

Diversily of Species Combinations :
Hl= 1.8796904272
H2= 1.8796%04272

Fig. 1. Example runs for the 3-species and 4-species communities;
plot size is 0.2 unit.
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The run of the program is demonstrated on a
small data set to make it possible to recalculate the
result by tedious work using a pocket calculator.
Actually, the three species community is identical
with three dominant species of the shrub community
of the NE-slope of the "Rejtek Project" Research
Area while the four species community is from the
plateau area (Tothmérész, 1994a). The aim of the
case demonstration is to illustrate the performance
and output of the program, and not to thoroughly
solve a biological problem. We tried to keep the
format of the output as simple as possible. The

3-species community
plot size = 0.1000000000
relative frequency  Specics Combination

2.58658991222063E-0004 000
2.39753088544691E-0002 100
1.57031523756926E-0003 010
1.45553773810097E-0001 110
1.25080600209370E-0003 001
1.15938209128305E-0001 101
7.59362632263790E-0003 011
7.03859299653606E-0001 111

Diversity of Species Combinations :
H1 = 1.3339804687
H2= 1.3339804687

4-gpecics community

plot size = 0.1000000000
relative frequency  Species Combination
6.31129176032372E-0004 0000
5.66376310894350E-0002 1000
1.81805573292660E-0003 0100
1.63152606173046E-0001 1100
9.58904632099549E-0004 0010
R.60522518452213E-0002 1010
2.76225871013929E-0003 0110
2.47885529206502E-0001 1110
4.96091787129072E-0004 0001
4,45193546629410E-0002 1001
1.42906167532580E-0003 0101
1.28244218529046E-0001 1101
7.53735892254506E-0004 00l1
6.76403770029278E-0002 1011
2.17124150184361E-0003 0111

1.94847552383130LC-0001 1111

Diversity of Species Combinalions ;
Hl= 2.8694720582
H2 = 2.8694726582

Fig. 2. Example runs for the 3-specics and 4-species communitics;
plot size is 0.1 unit.

output is arranged into two blocks or columns. The
first block contains the relative frequency of the
species combinations. The second one contains the
species list of the plots. "0" means that the species
were absent and "1" means that the species were
present. Thus "0000" means that the plot was
empty; i.e. there were no one species present in the
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sample plot. "1000" means that the first species was
present and the others were absent. "0100" means
that the second species was present while the others
were absent, etc.

The cutput is presented in the Fig. 1 for the plot
size of 0.2. In the case of three-species community
the relative frequency of the "full" plots, where all
the species are present is 0.9511. In the case of four-
species community it is 0.5399. The diversity of
species combinations is especially low for that plot
size in the case of three-species community.

For the plot size of 0.1 the output is presented
in the Fig. 2. The diversity of species combinations
is much higher this case, although the plots where
all the species of the community were present are
still dominant.

Source Code of the Algorithms

{SN+,E+}
Program Lincar_Algorithm;
Consl Ln2=0.6931471R056;
Muax8peciesN = 256; {max num of species }

Type
StringL. = String[159];
data_type = extended;
IntRowVeclor = array[ 1..MaxSpeciesN] of integer;

var
message : StringL;
species : integer;
HI, H2, plot_size, lotal_size: dala_type;
n : IntRowVeclor;
{ >

function CSR_Lin_Div(
plot_size, total_size : data_lype;
Species : integer;
var n : intRowVeetor) : data_lype;

var i tinteger;
lambda, sum_piLOGpi : data_type;
Rel_Fr :array[1.MaxSpeciesN,'0"..'1"] of extended;

begin
{ Calculation of the relative frequency of the plots where species
I where absent
(Rel _Fifi,'0']} and present (Rel_Fr[i,'1) }
for i:=1 to species do begin
lambda:=n[i]*{plot_size/total_size);
Rel_Fifi,'0"):=exp(-lambda);
Rel_Fi[i,'1']:==1.0-Rel_Fr[i,'0");
end;
{--- End of calculation of relative frequencies
{ Calculation of the "Species Combination - Number of Plots" }
{ diversity by the linear algorithm. 1
sum_piLOGpi:=0.0;
for i=1 to species do begin
sum_pilogpi=sum _pilogpi
+Rel_F1fi,0'*In(Rel_F1[i,0']y/In2
FRel_Fr{i/1T*ln(Rel_Fii,17)n2;
end;
CSR_Lin_Div:=-sum_piLOGpi;
end;

{
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function CSR_Diversity(plot_size,
total_size : data_type;
Species : integer;
var n : intRowVeclor) : data_type;

var
ListStr : Siring;
i,i flt : integer;
lambda, 8C_Frequency,
sum_pilLOGpi : data_type;
Rel_Fr :array[1..MaxSpeciesN,'0%.'1'] of extended;

begin
{ Calculation of the relative frequency of the plots where }
{ species 1" where absent (Rel_Frf1,0']) and }
{ present (Rel Fr{i,'1']) }
for i:=1 to species do begin
lambda:=n[i]*(plot_size/tolal_size);
Rel_Frfi,'0']:=exp(-lambda};
Rel_Fili17=1.0-Rel_Fr[i,0");
end;
{ e End of ealculation of relative frequencies. --------" H
{ Generation of all the species combinations and their }
{ relative frequencies, The species combinations are in t
{ the "ListaStr" string in a "0/1" form, where “0" means that }
{ the species where missing from the plot while 1" means }
{ that the species where present. }
{ The relative frequency of a species combination is }
{ in the "SC_Frequency” variable. }
sum_piLOGpi:=0.0;
ListStr:=",
for i+=1 to species do
ListStr:=ListStr+0';
i_fl:=0;
repeal
SC_Frequency:=1.0;
for i=1 to specics do
SC_Frequency:=SC_Frequency
*Rel_Frfi,ListSte[i]];
sum_piLOGpi:=sum_piLOGpi
18C_Frequency*LN(SC_Trequency);

}
{ Print a species combination and its relative frequency. }
writeLn(SC_Frequency,' 'ListStr);
{ - }
ine(i_flt);

inc(ListSti[1]); { increment the first binary digit }
i=1;
while (ListSte[i]="2") AND (i<species) do begin
dec(ListStr{i],2); { setup '0' because of overflow }
ine(i); { increment the next binary digit }
inc(ListStr[i]);
end;
until (ListSti{species}='2"); { all species combinations are
counted }
CSR_Diversity:=-sum_piLOGpi/In2;
end;
{ i
procedure Datalnput;
begin
{Number of individuals of the dominant shrubs on the NE-slope:}
message:="3-specics community”; species:=3;
n[1]:=1135; n[2]:=489; n[3]:=441;
{Number of individuals of the dominant shrubs on the plateau:}
{
message:='4-species community'; species=4;
n[1]:=1127; n[2]=339;
n[3]=231; n[4]:=145;
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plot_size = 0.Z;
{ plot_size =@0.L; §
total_size = 25;

end;

BEGIN
Datalrrpst;
writeLng writeLag
writeLnfmessage];
writeLn{" plot size=", plot_size 2010}
writeLn{'rclstive frequency  Species Combination’);
writeLn(" %

H1:=CSR Lim Div{plat sizc, total_sizc, Species, n);
H2:=CSR_Diversity{Plat_Size, total_stzc, Species, n);

writeLn;, )
writeLn{ Dirvenstty of Specics Combinations =)
writeln{" I =",HF :20:10)
writeLn{" H2=", 12 20:10}%
readLn;
END.

Conclusiens

The algorithms presented in the paper are
appropriate for determining the diversity of species
combinations in the case of completely spatially
random multispecies communities. The function
CSR_Lin Div may be used when the species
combimations themselves are irrelevant. This is a
very fast linear algorithm. The function
CSR_Diversity may be used to identify all the
species combinations. This algorithm is, however,
very time-comsuming because the run-time grows
exponentially as the number of species of the
commumity grows. The code presented here is a
Turbo Pascal implementation of the procedures.
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; Appendlx

Cemmunity wikah be talculated
H(2*)= H(2))+p, log p, + (1 p,) log(1 - p,)
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Rear:anglhg the expression we géf ey ol
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thus

=H(2°)+ pyy 10g pysy + (1= poyi)log(l - pyy )
and we have proved the proposition.

Table 1. Example run-times of the caleulation of the diversity of species combination by direct caleulation of all the species

combinations

Number of IBM PC/XT AT/20 MHz 386DX/33 MHz + 486DX2/66 MHz

species 80387

10 42 minutes 4 minutes 10 seconds 1.6 second
20 6 weeks + 2 days 4 days + 8 hours 3 hours + 41 minutes | 2 minutes
30 183.5 years 18 years 30 weeks + | day 1 day + 22 hours
40 278'432 years 27'269 years 789 years 7 years + 16 weeks
50 422'000'000 years 41'300'000 years 1'100'000 years 10'073 years

. TISGIA;28
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SPATIAL ASPECTS OF VEGETATION DYNAMICS INDUCED BY
HERBICIDE DISTURBANCES IN A HUNGARIAN LOESS

GRASSLAND COMMUNITY

K. Viragh

Introduction

Virdgh, K. (1994): Spatial aspects of vegetation dynamics induced by herbicide disturbances in a
Hungarian loess grassland community. - Tiscia 28, 3-13.

Abstract. Major floristic changes induced by leaf-herbicides selective to dicots and monocots
and a comprehensive leaf-herbicide in an old perennial grassland community were studied for 10
years using permanent quadrates at 3 spatial microscales (at 400 cm? 1 m® and 5 m? plot sizes).
Great impact of spatial scale upon the detection of dynamic phenomena and recognition of
recovery tendency as well as the assessment of its degree was analyzed during the local
secondary microsuccessions following herbicide-disturbances.

Similarity analyses and principal coordinates ordinations were applied to measure the rate of
floristic change and to reveal trends in temporal variation of species composition, variability of
regenerative trajectories, as well as to estimate the degree of recovery at 400 cm®, 1 m* and 5 m?
plot sizes.

The results indicated significant differences in the variation of floristic composition and in the
rate of major floristic changes at small versus larger sizes of quadrates.

It was concluded that the different changes in spatial microheterogeneity of the originally
homogeneous stand of the community caused by the herbicide-disturbances strongly affected the
appropriate plot size for detecting grassland recovery-dynamics. The spatial heterogeneity
changes induced by the herbicides were especially critical in comparison of the different treat-
ments as well as in assessing the degree of recovery of the treated plots to control ones.

It was stated that the observable differences between floristic pattern at different spatial scales
would be the result of different degrees of spatial heterogeneity within the community.

A change of spatial scale (the size of experimental plots) brought forth, in fact, a new perception
of vegetation dynamic processes and the results also highlighted different aspects of species
abundance hierarchy.

Keywords: herbicide-disturbances, spatial scales, temporal floristic pattern.

K. Viragh, Institute of Ecology and Botany, Hungarian Academy of Sciences, H-2163 Vécratot,
Hungary

Leaf herbicides selective to dicots and
monocots, as well as a comprehensive herbicide

Spatial-scale dependence of grassland dynamics
as well as the influence of disturbances on different
biological organization levels and at different
spatial scales have been well-documented recently
(e.g.: Chaneton-Facelly, 1991; Collins and Gibson,
1990; Glenn-Lewin-Ver Hoef, 1988; Hogeweg et
al., 1985; Sousa, 1984; Thorhallsdéttir, 1990; White
and Pickett, 1985). This field study demonstrates
spatial aspects of grassland dynamics in a
community which was experimentally manipulated.

were applied using permanent plots in a species rich
old perennial grassland community in Hungary to
induce quick vegetation dynamic processes (Viragh,
1982). Major floristic and structural changes during
secondary successions and regeneration capability
of the community after herbicide disturbances were
studied. Using herbicides as disturbance agents was
very useful also from practical point of view. At
present application of herbicides in sward-farming
is a fairly general method for removal of weeds and
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for ifprovément 7 of 1 the ¥7sward. "
extirpatlon) as well.a ﬁfor tota,l desiructhn of the
vegetation in orderto’ re- Tlew, Tessow “the sward: So
some questions mostly regarding recovery,
important in my experiments, must be very
important for practice and cannot be answered
without taking the vegetation and population
dynamic processes into account.

At a local scale my controlled disturbance
experiments aimed to study the endogenous
dyramics, itemporal:

for a long time period and to examine how natural
cictoman-made - disturbances:‘impact -the:: species

coémposition’zand ~dynamic: behaviour : (resistance, &/~ -

_I‘écovery)' |df thé stu‘diecl conuﬁhnjty Populaﬁon

mlcrosucce_sswnal processes followma herbicide:
treatments of different types, -intensity :iand-

frequency were-analyzed for10 years. The effect of.:.

herbidide: treatments:con-thezcenological :similarity -
relatiéns; ~ras’ wetll (@s :the s-utility - of . different -
resemblance indices and multivariate analyses in
détecting = 'vegetation- temporal- changes : were >
reported by Viragh (1987a):
community= récovery - after:s disturbances: and:: its._
resistatice - against'= drought::were: - assessed: - by -
comparing -control :plots and: herbicide-disturbed -
plots' iwith! respect: to" major = floristic : changes -
(Virdgh, 1986;: 1987a; 1987b), -some' textural::and -
stiuctural “community attributes “(Viragh, = 1989%a; -

1991) and recovery:patterns-of populations-(Viragh,
Determination . “of ‘burjed:-'viable 'seed-
populations-in:thessoil (Viragh and: Gerencsér, 1989)::

1989b). .~

was also included in the investigation.

In vegetation dynamic studies examining the
effect of herbicide treatments;
methods is critical. The result of methodological

studies: has” been discussed’ in ‘azpreviousarticle -

(Viragh, 1987b). In addition, due to the different
effects of herbicides, choosing the appropriate size
of experimental plots for comparing many
treatments and for measuring the degree of recovery
istalsora 'véry cmc;al pomt The problems are the
fo owing: = silsw

: The herbicldes used caused dlfferentﬂhanges in
microheterogene__lty ‘of the: originally homogeneous
stand! ¥ They: altered:;:the.. 'species = hierarchy::‘by
changing :'the> rank-: ordér:: of:zsome - préviously
dominant: species:z:and i rincreasing:the :relative
impertanceofisubordinafesspecies (Viragh;:1989a). -
20w Selectivesherbicides; which killed: the tdicots
tepresented byocgmany:ospecies ‘but ‘with- low
abutidande rand :theother killed -thé-dominant-and
iriost abundant rmonocots] significantly:charged the

i

(selective ¥

“flotistic = fluctuation--of ~a::.
relatively intact loess steppe grassland community-

»i:plot sizes) andthe effect of si

' The: =degree :of

-the “selection - of =

rabundagcesdominance: relations among }he—spscw;
'I'he herhmdes also, p:Q{ucéd naller. ?, nd 1

- bare-ground surfaces in ‘different numbers; ¢Ausi
local spatial imicrohétbrogeneity: differgnces i tlle
study area. Later these topographical differences
due to the herbicide-disturbances, could also
increase with time because of the differential
growth of surviving populations as wellias’ the
differential rate and manner of colonizations with
various first colonizers.

S0 - anahfzmg uthe impact’ of .ispatial scales
apphed =upon: the: rrecoghition. - oft dynamic
phenomena was significant in the dlfferently
-disturbed community..” ol tngriad A
This: papet- analyses the tempr}lai
- ispecies-composition:at 3;-spatial::

--on-detection of TECOVErY: tendency: The slgniﬁcance

i—of: appropnf.te size -of -investigated- plots in the

companson of the, differently: d1sturbed commumty
;i for detecﬂng communify-recevery and nreasuring its
degree:is mainly emp11a51_ze_ci here:-cqone

The stucly aims tc answer -
questlons iz batnsthel afluss e

) How dlfferent view on: dynamlq phenomena
(d1re:ct1@n and rate-of floristic: change; the degree of
~1esponses--to- drought): and:~.dynamic:i processes
- (seasonal dynamics and recovery):may-be cbtained
by similarity- analyses.at different - plot sizes in the
intact and:herbicide-freated: community?-;
- =+=2) ' What is the effect ofi spatial sa_mp_l_e -scales on
'temporal floristic - patterns i+ in' ithes principal
~goordinates ordmatmn space and the -classification
space? - oi- i

3) What size of samp}ma plots can be
acceptable for detecting grassland recovery in this
'differentlydis’rurbédebmmuﬂity?:- TR

‘Material and Methods ;1;» =1 oo

A

Field experiments

Field study was carried out on a dry-situated
hill, at the southern foot of the Biikk Mountains
(NE-Hungary), about 200-300 m above:seadevelin
Hungary. The mean anmual temperature is 9 ©C, the
total - precipitation-i§ -about . 600-mm: .- The,goil is
browit :forest:soil.-of :chetmozem: ¢haracter;, formed
on-loess. The study: area is:in:a secondary.isteppe
community: -~ -Pulsatillo-Festicetum : - rupicolae;
formed: ‘a:veryi- fongtttime -ago imsnplace & of
deforestatmn It can be: consudered as the; ﬁna] stage

grasslands.m th_e_gi—ven -area;s Detaﬂed des_er_lp_t:loli @_f
this:community-and.the!sources!of richness ofiflora
are presented: in' previous:papers: Viragh (1982) and

TISCIA 28
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-fmrly

and the expeﬂments ran . for 10 years ini
stable: Pulsatillo-Festucetym: rupicolae: fcommumty
A‘chomogeiigous: stand.--of- this-ispecies - rich
community was select_efd_. for.: studies-of --local
secondary- succession, ke; Tegeneration processes
initiated by some herblclde treatments (Vu‘agh,
i982,,1986)_,. sl bon Hores 3o ros)

J
he enpenments'
summauzed bellow: .
1t oCONTROL e)cperlment i
=]t répresents vegetaﬂona] changes w1thout any
treatment : €

btz GAB@I\IL experzment {4 /

can‘ied out ares bneﬂy

the less dommant group, were
i ,mmednately after. spraying;, there was-a
pessﬂjlllty for.expansion of grasses and later for the
re-settlement of.some dicots.. .. - 5. ;

DALAPON experlment ( 12 kg{ha dose 70
kg/ha dose)

Dalapon: 2.2-dichloropropionic acid*”

The dominant monocots were killed ]eadmg to
large spots: of 'bare ground on “which some dicots
well spreadmg by vegeta’nve propagu[a became

Faci b}

was particularly’ recolonized from ::seeds and from
the sedge I_by vegetatlve p;OpaEula The secondary

localized secondary microsuccessions and
regeneration processes were initiated. Only the
species previously present .in the community

TISCIA28

returned... -But . the,. degvelopment;: of - vegetation
proceeded -step by step, by, the replagement
different. well-deﬁn coenostates. - -

Samphng ¢ ; )
5+ The experaments were manged m a random zed
bleck design with.5. replications per.treatment
field investigations were carried: out; twice .a,year. in
lm permanent plots with 5 repllcatlons covered
with a grid of 4x4 cm, as well as 20x20 cm units.
Presence - absence and percentage cover.of:each
species; visually .estimated, .were .mainl.
in a set of 400 cm? contaglo sul padrates (125 n

e‘{perlment

Remarks on the i eievanr plor SLZES

—  Maximum value nof . the . cover based
significant ISC and agg;regatxon sums of most of the
5pec1es was apparent at 400 n::m2 plot smze on the

of June, b_ut _‘rhe treatmént by “the two selectlve
herbicides of latger dose was r_e i

1980 respectively.
The 1nvest1gat10ns were perfonnqd

osition of treatel'i Uadrates

smnmanzed m a spec[es’ By qﬁadrates dat‘:'i"" :
(400 em’, 1 m’, 5 m®) for each’ pomt"‘of time 'and
each treatment Such a matrix represents the
operational unit (basic object) of multivariate

5
















































































































































