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ABSTRACT
The paper presents results of a study on the response of species growing in experimental gaps in the patches
dominated by Carex acutiformis, C. cespitosa and Salix cinerea. The study was performed in a meadow area sub-
jected to the process of succession in the Reski Range in the Biatowieski National Park. Four patterns of seedlings
recruitment in the experimental gaps were distinguished: pattern I — great number of seedlings with high richness
of species, pattern Il — great number of seedlings with low richness of species, pattern III — low number of see-
dlings with great richness of species and pattern IV — low number of seedlings with low richness of species.
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INTRODUCTION

It has been many times suggested that dense vegetation
cover restricts the appearance and survivability of see-
dlings and thus affects the species turnover (Platt 1975;
Grubb 1977; Harper 1977; Gross 1984; Peart 1989).

According to some hypotheses on the role of gaps, the
free sites become regeneration niches and the appearance
of gaps stimulates the species diversity (sensu Grubb
1977). As verification of these hypotheses in the gaps ap-
pearing as a result of natural disturbances is not always po-
ssible, experimental studies are often conducted

This study was undertaken to verify the hypothesis of the
inhibiting role of the vegetation cover on development of
seedlings in favourable for this study conditions of the mo-
saic structure of vegetation in abandoned meadows. Ano-
ther aim of the study was to determine different patterns of
seedling recruitment in the experimental gaps.

In particular the following hypotheses have been veri-
fied.

1. Experimental gaps stimulate the activity of seeds in
the soil bank and therefore, many more seedlings appear in
the gaps than in the dense vegetation cover.

2. Because of the neighbourhood of a forest, seedlings of
forest species appear in the gaps.

3. The following four variants of the species composition
are expected to appear:

a) meadow species present before the gap appearance,

b) swamp species because of a neighbourhood of a river,

¢) macroforb and brushwood species because of advan-
ced succession,

d) species associated with disturbances (if the gaps are
treated as the effect of disturbances).

THE OBJECT OF STUDY

The study was performed in the years 1995-1998 in the
abandoned meadow in the Reski Range (15 ha) in the Bia-
towieski National Park. The Range lies in the north-we-
stern part of the Bialowieska clearing. Starting from 1972
it has been an object of study of the Biatlowieska Geobota-
nical Station.

The Narewka river valley at the section flowing through
the Range was deforested about 200 years ago (Falinski
1966). Till the 50s of the last century the meadows had be-
en regularly mown. Between the early 60s till 1978 the
meadows were gradually abandoned. For over 30 years in
this area spontaneous secondary succession has been obse-
rved. The meadows were abandoned at different times, so
different stages of succession represented by different ty-
pes of plant communities can be observed (Falinska 1991a,
2003).

In the early stages of succession some of the species ori-
ginally present on the meadows dominated some fragments
of the Range, e.g. there were fragments dominated by Ca-
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rex acutiformis, C. cespitosa and C. appropinquata or by
macroforbs with prevalence of such species as Filipendula
ulmaria, Lysimachia vulgaris and Lythrum salicaria.

METHODS

To study the effect of disturbances on the vegetation
structure and response of species, in the spring of 1995 th-
ree study plots of 30 m? have been selected for experimen-
tal study. The study plots were delimited in the patches do-
minated by different species:

« the plot in the patch with Carex acutiformis (A),

« the plot in the patch with Salix cinerea (B),

« the plot in the patch with Carex cespitosa (C).

Henceforth they will be referred to as plots A, B and C.

In each plot three transects of 10 in length and 1 m in
width have been delimited, so altogether 10 study plots in
each bigger plot. In each patch studied, dominated with
a different species, some plots have been subjected to two
types of disturbances (Fig. 1):

a) strong disturbance (I) — vegetation cover and a surface
layer of soil (15-20 cm deep) have been removed — this di-
sturbance corresponded to the effect of wild boar rooting,

a) The study area
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b) weak disturbance (IT) — the plants have been cut down
— this disturbance corresponded to mowing or browsing by
animals.

In each patch there have been a few control plots (0) sub-
jected to no disturbance.

The appearance of seedlings in the experimental and
control plots was carried out from August 1995 to October
1996. Each time before the observation the ramets of sed-
ges appearing in the study plots were counted and cut out.
In the results analysis the highest number of seedlings ap-
pearing in a given year was taken into account. In each plot
the number of seedlings (plants with a cotyledon and the
first leaves) was recorded. The seedlings were identified
with the help of the Csapody key (1968).

RESULTS

Patterns of seedlings recruitment in experimental gaps

On the basis of the number of seedlings and the number
of species represented in the pool of the seedlings in the
first (1995) and the second (1996) year after disturbances,
the following four patterns of seedlings recruitment were
distinguished (Fig. 2).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
10 mI I
< 150 m >
A C
I
b) The experimental plots
| Il 0 | 0 | Il 0

| - strong disturbance
Il — weak disturbance
0 — control plots

Jim

A — patch with Carex acutiformis
B — patch with Salix cinerea
C — patch with Carex cespitosa

Fig. 1. a) A scheme of the study area (1500 m?) divided into 15 squares of 10 m side, with 3 patches (A, B, C) delimited for the experimental study; b) a

scheme of experimental plots (30 m?) in different patches.
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Fig. 2. Patterns of the seedling recruitment in the experimental gaps simulating the effects of different disturbances.

Pattern I — great number of seedlings
with high richness of species

This pattern was noted in the two years of observation in
all patches after the weak disturbance (cutting down of
plants) and in the patch dominated by Carex acutiformis
(A) after the strong disturbance (Fig. 2). The greatest num-
ber of seedlings (above 10 thousands) were found after the
strong disturbance in the patch of Carex acutiformis (1995)
and after the weak disturbance in the patch of Salix cinerea
(1996).

The number of species in the pool of the seedlings varied
from 12 to 21. The seedlings in patch C represented the
greatest number of species both after the strong and the
weak disturbance, reaching from 17 to 21. The maximum
density of seedlings per 1 m? varied from 298 to 1477/m?,
while the minimum varied from 28 to 1029 seedlings/m?
(Table 1, Fig. 3).

The taxa most numerously represented were Salix sp.,
Lythrum salicaria and Juncus sp. The highest number of
Salix seedlings (10135) appeared in the gaps formed by
cutting down plants in patch B (Salix cinerea). Above 5
thousand seedlings were noted in patch A (Carex acutifor-
mis) after the strong disturbance and in patch C (Carex ce-
spitosa) after the weak disturbance. The greatest number of
seedlings of Juncus sp. (4650) was noted in the gaps in
patch A (Carex acutiformis) after the strong disturbance
(Fig. 2).

Pattern II — great number of seedlings
with low richness of species

This pattern of seedlings recruitment was observed only
in the second year (1996) after the strong disturbance in
patches A and C, dominated by sedges (Fig. 2). The num-
ber of seedlings varied from 1123 in patch C to 1409 in
patch A.

The number species represented in the pool of the see-
dlings was low from 6 to 9. The maximum density of see-
dlings per 1 m? was similar in both patches and varied
from 245 to 268 seedlings/m?, while the minimum varied
from 64 to 85 seedlings/m? (Table 1, Fig. 3). After either
type of disturbance, the most abundant was the appearance
of Lythrum salicaria seedlings.

Pattern III — low number of seedlings
with great richness of species

In the first year of the study (1995) this type of pattern
was observed in patch B after the two types of disturban-
ces, in patch A after the weak disturbance and in patch
C after the strong disturbance (Fig. 2). In the second year
this pattern was observed only in patch C after the weak di-
sturbance.

The number of seedlings was small and varied from 283
to 941, the number of species represented in the pool of the
seedlings was great and varied from 13 to 18 (Fig. 2). The
maximum density of seedlings varied from 39 to 212 see-
dlings/1 m?, while the minimum one — from 5 to 35 see-
dlings/1 m? (Table 1, Fig. 3).
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TABLE 1. The number of seedlings in the experimental and control plots in the years 1995-1996.
Number of seedlings in control plots (0)
Number of plots Number of seedlings Number
Patch Year . . .
with seedlings Total T+SE max min of species
Carex acutiformis 1995 9 61 6.77+2.5 21 1 5
A 1996 3 60 20.00+13.7 55 2 2
Salix cinerea 1995 9 53 5.88£1.2 11 3 7
B 1996 9 788 87.55+33.9 194 9 6
Carex cespitosa 1995 9 196 21.77+£3.9 68 7 8
C 1996 10 583 58.30+11.1 113 2 9
Number of seedlings in the gaps formed as a result of stronger disturbance (I)
Number of plots Number of seedlings Number
Patch Year . . .
with seedlings Total T+SE max min of species
Carex acutiformis 1995 10 10417+* 1041.70£182.7%* 1058 1029 14*
A 1996 10 1409%* 140.90+54.5%* 268 85 6
Salix cinerea 1995 10 283 28.30+3.0 39 17 13%*
B 1996 9 482 53.55+25.8 98 6 4
Carex cespitosa 1995 10 941 94.10£11.7 212 22 17%*
C 1996 10 1123% 112.30+34.1%* 245 64 9
Number of seedlings in the gaps formed as a result of weaker disturbance (II)
Number of plots Number of seedlings Number
Patch Year . . .
with seedlings Total T+SE max min of species
Carex acutiformis 1995 10 668 66.801+4.4 132 21 13*
A 1996 10 1303%* 130.30£18.3* 298 28 13%
Salix cinerea 1995 10 758 75.80+6.9 142 5 13%*
B 1996 10 104937 1049.30£291.6%* 1477 426 12%
Carex cespitosa 1995 10 5994 599.40£117.0%* 659 545 21%%
C 1996 10 737 73.70£5.3 135 35 18%#*

differences statistically significant: *P<0.05, **P<0.01

The most abundantly represented taxa were Lythrum sa-
licaria, Juncus sp., Galium sp. and grass species. The grea-
test number of Lythrum salicaria seedlings appeared in
patch C (Carex cespitosa) (412) after the strong disturban-
ce and in patch B (Salix cinerea) (241) after the weak di-
sturbance. The seedlings of Juncus sp. were most abundant
after the strong disturbance in patch C (Carex cespitosa)
(291). The greatest number of the seedlings of Galium sp.
(188) was noted in patch A (Carex acutiformis) after the
weak disturbance and the greatest number of grass species
(159) appeared in patch B (Salix cinerea) (Fig. 2).

Pattern IV — low number of seedlings
with low richness of species

This pattern was observed in control plots in all patches
in the two years of study and in patch B in the second year
of study after the strong disturbance (Fig. 2).

The number of seedlings varied from 53 to 788, and the
number of species in the pool of the seedlings was from 2
to 9. The maximum density of seedlings varied from 11 to
194 seedlings/1 m2, while the minimum varied from 1 to
15 seedlings/1 m? (Table 1; Fig. 3).

The most abundantly represented were the 6 taxa Lyth-
rum salicaria, Epilobium sp., Salix sp., Filipendula ulma-

ria, Juncus sp. and grass species. The seedlings of Salix
were most abundant (754) in the control plot in patch
B (Salix cinerea) while the grass seedlings were most
abundant (470) in patch B after the strong disturbance.

DISCUSSION

Diversity of the patterns of seedlings recruitment
after disturbances

On the basis of the response of the seed bank to changes
in the structure of communities Grubb (1977) distinguishes
three types of relationships between the appearance of see-
dlings of different species and the type of disturbances in
the vegetation structure: (1) the appearance of seedlings is
stimulated by disturbances, e.g. treading, animal pressure,
etc., (2) seedlings appear in a few years after the disturban-
ce, (3) seedlings of the species tolerating shading by trees
and shrubs appear, 4) the appearance of seedlings depends
on continuous disturbances (e.g. grazing).

As follows from the analysis of the results of our obse-
rvations, to the first group distinguished by Grubb (1977)
belong the seedlings of the majority of species that appea-
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Fig. 3. The density of seedlings in particular patches in the study plots and control plots in the years 1995-1996.

red in the gaps after the disturbances (Juncus sp., Lythrum
salicaria, Epilobium sp.). The second group — the seedlings
appearing a few years after disturbance — include the see-
dlings of Salix that appeared in the second year (1996)
after the weak disturbance and in the third year (1997) after
the strong disturbance (Borkowska 2001). These seedlings
most probably developed from the seeds from airborne di-
spersal. The third group of shade-tolerating species inclu-
des seedlings of different species of grasses appearing in
the gaps formed after the strong disturbance in patch B.
The fourth group could not have been distinguished as the
disturbances were inflicted only once. As follows from li-
terature data, the occurrence of large patches of annual
plants in forest communities e.g. Impatiens noli-tangere, is
a result of repeatable disturbances forming gaps colonised
by short-lived species (Falinska 1990).

It has been documented that the dense vegetation cover
is a factor restricting the appearance and survivability of
species in succession (Platt 1975; Grubb 1977; Harper
1977; Gross 1984; Peart 1989a), and thus restricting the
exchange of species. It has been also shown that formation

of gaps is the only or the main condition for the appearance
of new individuals in many communities, especially those
of dense vegetation cover (Remmert 1991). According to
Mc Clure and Lee (1993), the occurrence of gaps is a fac-
tor enhancing the richness of species and diversity of forest
communities.

The cessation of mowing of the Cirsietum rivularis mea-
dow in the Narewka River valley in Reski Range stimula-
ted the appearance of species characterised by the ability to
form large patches. The naturally and artificially formed
gaps were colonised by individuals of different species,
mainly forest ones (Falinska 1991b). As follows from the
study by Kotos (1997), a return to mowing after many ye-
ars of abandonment, leads to formation of gaps in the den-
se patches of sedges, in which plants of the species hitherto
inhibited mainly by swamp species, appeared. The mown
areas were colonised by meadow and forest species.

The results of our study confirm that cutting down plants
(the weak disturbance in our study) caused a return of mea-
dow species immediately after the disturbance. These re-
turning meadow species had earlier occurred sporadically
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in the vegetation cover, e.g. Lychnis flos-cuculi, Cirsium
palustre, Lathyrus pratensis. The seedlings of these species
had greater chances of appearing after the removal of the
vegetation cover than in undisturbed conditions. In two ye-
ars after the disturbance the meadow species were ousted
by the species that dominated in a given patch. A similar
response was noted by Pettit et al. (1995) and Sala (1988)
who observed the effect of grazing.

In the gaps formed by removal of plants and the upper
layer of soil (strong disturbance) in the first year (1995) the
number of species represented was high (13-17) and in the
next year it significantly decreased (3-4). The high number
of species in the pool of seedlings in 1995 indicates germi-
nation of the majority of seeds present in the soil, and in
the next year the seedlings came from the soil seed bank
(Lythrum salicaria in sedge patches and grasses in Salix
patch) and from airborne dispersal (Salix sp.).

The appearance of seedlings in many plant communities
is determined by formation of gaps. Many authors have in-
dicated that the soil seed bank gets activated on disturban-
ce of the vegetation structure (Fenner 1985; Grubb 1977,
Grime 1979; Harper 1977), which is confirmed by the re-
sults of this study. Eriksson (1989) has given three patterns
of seedling recruitment in population of clonal species: 1)
the pattern of repeated recruitment (regular appearance of
seedlings in the mature genets); 2) pattern of initial recruit-
ment (the appearance of seedlings only in the early phase
of colonisation); 3) pattern of seedling appearance facilita-
ted by wind seed dispersal. Let’s refer the patterns of see-
dlings recruitment proposed in this work to those proposed
by Eriksson (1989). Pattern 1 of repeated recruitment of se-
edlings is observed in all experimental gaps in all patches.
Pattern 3 according to Eriksson, that is the appearance of
seedlings facilitated by wind seed dispersal can be found
only for seedlings of Salix coming from the seeds brought
with the wind. On the basis of the results presented in this
paper it is impossible to distinguish the species whose see-
dlings appeared only in the early phase of colonisation
(2nd pattern according to Eriksson).

The colonisation success of a given species depends on
many factors, among others on the floristic combination,
space to be colonised, the competition from other colonists,
mode of reproduction, type of growth and length of life
(Grubb 1977; Falinska 1991a; Namura-Ochalska 1993).

Depending on the biological properties of the species do-
minant in a given patch, the effect of disturbances is diffe-
rent. It is interesting to note that the formation of gaps has
not resulted in the appearance of seedlings representing
species other than already present in the vegetation cover
during the study (Borkowska 1996, 1998). Results of this
study have shown that disturbances in the vegetation cover
has significantly increased the number of seedlings and the
number of species in all patches, relative to the undisturbed
areas.

The most abundantly represented in the gaps were the se-
edlings of the following species: Lythrum salicaria, Salix
sp., Juncus sp. and Epilobium sp. rarely met in natural me-
adow vegetation. There is every reason to suppose that the
germinating seeds of Lythrum salicaria, and Juncus sp. ca-
me from the soil seed bank (Borkowska 2001). Very high
number and frequency of Lythrum salicaria seedlings in the
Reski Range have been reported by Falifiska, Jankowska-
Btaszczuk and Szydtowska (1994).

Borkowska L.

Gaps as regeneration niches

In many communities it has been observed that each site
in biochora can be colonised by almost each species, de-
pending on the seeds appearing at this site at a given time.
The appearance of different species has been reported in
gaps formed in dense meadow vegetation cover, suggesting
that the formation of gaps determines the species diversity
of meadow communities (Rabotnov 1985a, 1985b).

In this study we assumed that experimental gaps in the
vegetation patches undergoing advanced secondary succes-
sion would trigger a mechanism of species exchange. We
expected that cutting down of plants (weak disturbance) or
removal of the vegetation cover and soil layer (strong di-
sturbance) would uncover safe sites for germination (Har-
per 1977), opening a chance of appearance of different spe-
cies, including meadow species present there 20 years ago.

However, the analysis of our results proved that the gaps
formed by removal of vegetation cover and soil layer in
patch B (Salix cinerea) do not play the role of regeneration
niches. This conclusion is supported by a) the number of
seedlings and the number of species in the pool of the see-
dlings was lower than on control fields, b) the species com-
position after the 4 years of the experiment was poorer than
at the initial state, c) the degree of the gap colonisation by
plants was the lowest in patch B (Salix cinerea) relative to
patches A and C, d) the spatial structure of the vegetation
was not reproduced. Thus, it can be assumed that the gap
was not a safe germination site (sensu Harper 1977) for se-
eds. The factors that might have contributed to restricting
the germination in patch B were: 1) long-term flooding in
the vegetation season, 2) shading by willows, 3) a small
number of seeds in the soil bank despite a great richness of
species (laboratory tests) (Borkowska 2001).

As indicated by many data, the species in communities
take part in a lottery to win the life space as gaps formation
is unpredictable and are colonised in a different way. Mo-
reover, the gaps playing the role of regeneration niches, as
suggested by Grubb (1977), not necessarily favour the spe-
cies richness as often they enhance the dominance of some
species e.g. Rubus sp. or Urtica dioica in disturbed forest
communities.

According to the results of this study, it is possible to re-
generate the species and spatial vegetation structure after
disturbances, but the gap formation as a result of disturban-
ces not always leads to enrichment of the species composi-
tion as indicated by (Sala 1988; Kotos 1997), but on the
contrary it may lead to a dominance of a single species.
Thus, our results do not confirm the hypothesis of Grubb
(1977) saying that moderate disturbances enhance floristic
richness. His hypothesis should rather be applied to the
number of species in the pool of seedlings of which only
a small group plays a determining role in colonisation of
free space Thus gaps are safe sites for germination for se-
eds (sensu Harper 1977) so stimulate the appearance of se-
edlings, which not always leads to regeneration of distur-
bed areas, and in particular to the return of the species ear-
lier present at a given site.

According to the dominant opinion the soil surface is
a sieve determining the percent of germinating seeds (Har-
per and Sagar 1953; Harper and White 1970). The authors
of this concept suggest that the safe sites for germination
are, among others, all kinds of hollows and depressions in
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the ground surface. The effect of such elements of the gro-
und sculpture has been observed in one-year species such
as Salicomia patula (Wilkon-Michalska 1976), Cerastium
semidecandrum (Symonides 1979), Verbascum thapsus
(Gross 1980), and in such perennials as Ranunculus bulbo-
sus and R. repens (Harper and Sagar 1953), Senecio rivula-
ris and S. umbrosus (Czarnecka 1995). For Puccinellia di-
stans the safe sites for germination seem to be moist de-
pressions in the ground, as in them the appearance of see-
dlings is abundant and they attain subsequent developmen-
tal stages (Lembicz 1995, 1998).

Restriction of germination and seedling appearance by
accumulated necromass of the same species (supposedly
toxic for the site) has been noted for Cirsium palustre (Bal-
legaard and Warncke 1985), Salicornia patula (Wilkon-
Michalska 1976) and Plantago major (Miao et al. 1991).
The smallest number of seedlings appeared in an undistur-
bed site although there were parts of the space totally devo-
id of plants. These free fragments can be treated as regene-
ration niches (sensu Grubb 1977), which did not contain
enough safe sites for germination (sensu Harper 1977).

Response of species to formation of experimental gaps

As follows from the results of our study, disturbances le-
ad a different effect depending on the species dominant in
a given patch. Interestingly, the formation of gaps did not
cause the appearance of seedlings of the species other than
those currently occurring in the vegetation cover (Borkow-
ska 1996, 1998, 2001). The results of the study have shown
that the disturbance of the vegetation cover significantly
increased the number of seedlings and the number of spe-
cies relative to that in the undisturbed vegetation.

The strongest response to disturbances showed two spe-
cies: Lythrum salicaria and Juncus sp., sporadically present
in undisturbed meadow vegetation. The data indicate that
the germinating seeds of Lythrum salicaria and Juncus sp.
came from the soil seed bank, which has been confirmed
by laboratory tests (Borkowska 2001). According to some
authors (Cook 1980; Milberg 1990; Roberts 1981; Thom-
pson 1987; Thompson et al. 1997) the appearance of the
seedlings of Juncus effusus, Lythrum salicaria, Rubus sp.
and Urtica dioica is related to the occurrence of free sites
for germination as a result of disturbances and to a long-ti-
me storage of the seeds of these taxa in the soil. The grea-
test number of Lythrum salicaria and Juncus sp. were no-
ted in patches A and C, while in patch B seedlings of these
species were sporadically observed due to the shading.

It was observed that the disturbed experimental plots in
all patches studied were colonised by the species sporadi-
cally occurring in the current vegetation cover. The gaps
made increased a possibility of appearance of meadow spe-
cies (e.g. Lychnis flos-cuculi, Myosotis scorpioides, Galium
sp. etc.). The results confirmed that infliction of all kinds
of disturbances stimulates the seeds from the soil seed
bank (Kjellson 1991; Harper et al. 1965; Roberts and Bod-
drell 1983; Van Der Valk and Davis 1978). In two years
after the experiment the majority of seedlings came from
the seed bank (e.g. Lythrum salicaria, Juncus sp. and mea-
dow species). In the following years the germination of se-
eds from airborne dispersal (e.g.. Salix sp.) increased (Bor-
kowska 2001).
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CONCLUSIONS

1. In all experimental gaps the number of species and
richness of species in the pool of seedlings was greater
than on the control plots.

2. The types of species represented in the pool of see-
dlings depend on the dominant species in a given patch and
on the type of disturbance.

3. Directly after the cutting down of plants (weak distur-
bance) in the gaps thus formed the meadow species, spora-
dically present in the current vegetation, appeared. After
two years they were ousted by the species dominant in
a given patch.

4. In the experimental gaps the most abundantly repre-
sented were the seedlings of Juncus sp. and Lythrum sali-
caria coming from the seed bank and those of Salix sp., co-
ming from airborne dispersal.

5. In all experimental plots the gaps formed as a result of
inflicted disturbance played a role of regeneration niches
(sensu Grubb 1977) — the species richness increased after
the study, the only exception were the gaps in patch B (Sa-
lix cinerea).
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