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The small-scale spatial patterns in Allium oleraceum L. and A. vineale L. po-
pulations, both common European geophytes, were studied in four contrasting
habitats (meadow, scree, scrub and forest). Coefficient of dispersion indicated
marked clumped distribution of the individuals of both species in all habitats.
Pattern analysis revealed considerable differences in pattern both between
species studied and among populations of respective species studied. The
analyses clearly point at two distinct morphological features of both species
concerning dispersion, which affect pattern of their populations — formation of
daughter bulbs and that of aerial bulbils. Existence of ‘morphological’ patches
at low block size was a common feature of all A. vineale populations studied
regardless of habitat; the patchiness was caused by frequent production of
many daughter bulbs in close neighbourhood of the parent plant. In contrast,
variable and almost no remarkable small ‘morphological’ patches of A. ol-
eraceum, corresponding to clumps of plants originated from daughter bulbs,
were detected since daughter bulbs were frequently produced above ground
and thus embodied a potential to disperse to the longer distance from the par-
ent plant. Cluster dispersion of bulbils and their restricted dispersal distances
were responsible for occurrence of small patches and second-order patches in
most populations of both species.

Increase in mean square with increasing block size in the forest and shrub
populations of both species studied suggested heterogeneity at higher scales.
This heterogeneity was probably related to demography of species, environ-
mental heterogeneity and/or spatial dynamics of the tree and shrub canopy.
Disturbance could play important role in dispersal and the spatial structure
of populations of both species.

Key words: Allium, clumping, density, dispersion, pattern, two term local
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SMITH, 1979; KERSHAW & LOONEY, 1986). This
heterogeneity may be related to intrinsic growth

Small-scale spatial distribution of individuals is pattern and type of dispersal of the species, to
a universal feature of plant populations (GREIG- variation in environment, effect of competition
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with other species, and influence of animals (KER-
SHAW, 1973). Moreover, pattern of each population
is influenced by historical events, which may be
difficult to recognise (GREIG-SMITH, 1979).

Studying population ecology of two common
European geophytes — Allium oleraceumn and Al-
lium vineale — I found great differences in the stage
and size structure, reproduction and propagation
among populations from different habitats. Thus,
the impression arose that variable performance of
species studied under various environmental con-
ditions could affect their small-scale pattern in the
field.

Here I report results of pattern analysis
that were performed in four contrasting habitats
(forest, scrub, scree, meadow) where respective
species frequently occur. The analysis focused on
the following questions: (1) Do Allium oleraceum
and A. vineale show different small-scale spatial
distribution in contrasting habitats? (2) What is
the size of the patches/gaps in different habitats?
(3) Could the observed pattern be related to the
(a) morphology of the species, and (b) various per-
formance of species studied in the field?

Material and methods

Studied species

Allium oleraceum L. (subgen. Allium, sect. Codono-
prasum Reichenb.) is a bulbous herb with 1-4 leaves.
Leaves are linear to filiform, fistular in lower part and
sheathe the lower half of the scape. Populations con-
sist of single to two-leafed immature plants and three-
to four-leafed fertile ones, which usually produce one
non-dormant daughter bulb. Sexually mature plants
produce a loose lax umbel at the top of a scape with
a few of hermaphrodite, protandrous flowers (0-20),
a few or many bulbils (10-60) and persistent spathe.
Flower can potentially produce six seeds (HAKANSSON,
1963; STEARN, 1980).

Allium wvineale L. (subg. Allium, sect. Allium)
is a bulbous herb with 1-4 leaves. Leaves are sub-
cylindrical, fistular and sheathe the lower third to two
thirds of the scape. Like in A. oleraceum, the popula-
tions contain single to two-leaved immature plants and
three- to four-leaved fertile ones. Fertile plants usually
produce one to four dormant daughter bulbs. Sexually
mature plants produce a compact umbel at the top
of a scape with a variable number of hermaphroditic,
protandrous flowers (0-30) and bulbils (0-60) ranging
from umbels with only flowers to umbels with only bul-
bils. Flower can potentially produce six seeds. Spathe
is deciduous (RICHENS, 1947; STEARN, 1980).

Allium oleraceum and A. vineale share many sim-
ilar features: (a) they are similar in the habit and the
size, (b) they possess three modes of propagation —
besides sexual reproduction by seeds both species pro-
duce aerial bulbils and daughter bulbs, and (c¢) they
occur in wide range of habitats from dry grasslands
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and rocky ground to scrubs and forests, frequently to-
gether.

Study sites
Three populations of A. oleraceum from different habi-
tats were selected for this study:

(1) Scree: E Bohemia, Pfibylov; a population gro-
wing on nutrient-poor dry sliding marl slope in
open herb community (cover of herb layer: 25%)
dominated by Sanguisorba minor and Salvia ver-
ticillata (Salvio-Sanguisorbetum Studnicka 1980,
Bromion Koch 1926) near the village (420 m al-
titude);

(2) Scrub: E Bohemia, Voletice; a population do-
minated the understory of Frazinus ezcelsior-
Crataegus spp. semi-dry shrubs (cover of shrub
layer: 60%, herb layer: 50 %; Berberidion Br.-Bl.
1950) near the village (340 m altitude);

(3) Forest: C Moravia, Slatinice; a population sub-
dominated the understory of a Robinia pseudaca-
cia coppice (cover of three layer: 85%, shrub layer:
75%, herb layer: 60%; Chelidonio-Robinietum
Jurko 1963, Chelidonio- Robinion Hadag et Sofron
1980) in the valley of a brook near the village (270
m altitude).

Three populations of A. vineale from different habitats
were selected for this study:

(1) Meadow: E Bohemia, Sténec; a population occur-
ring in mesophilous meadow dominated by Ar-
rhenatherum elatius (cover of herb layer: 100%;
Arrhenatheretum elatioris Braun 1915, Arrhen-
atherion J. Braun 1915) near the village (340 m
altitude);

(2) Scrub: E Bohemia, Sténec; a population occur-
ring in the understory of a Prunus spinosa scrub
(cover of shrub layer: 90%, herb layer: 10%;
Berberidion Br.-Bl. 1950) near the village (340
m altitude);

(3) Forest: the same locality as (3) in A. oleraceum.

Methods

Density was estimated for each population by counting
plants in 30 to 120 randomly located quadrates, 0.25
m? each. The dispersion pattern was measured by s?/x
(i.e. coefficient of dispersion sensu BLACKMAN, 1942),
where 52 was a variance and z was the respective arith-
metical mean (GREIG-SMITH, 1983).

Three to six transects (further referred to as T1
~ T6 in the text) of 300 Ocm each were established
in May 1996 within each site studied. Density of A.
vineale in each of 300 (1 x 1 ¢cm) quadrates and that
of A. oleraceum in 150 (2 x 2 cm) quadrates along
each transect was recorded. HiLL’s (HILL, 1973) two
term local variance method (TTLQV) was applied for
analysing the transect data. An analysis was always
stopped at a block size 100 in the case of A. wineale
and 50 in the case of A. oleraceum to avoid decreas-
ing reliability with the decreasing number of averaged
terms (LEPS, 1990).



Table 1. Density (mean =+ s.d.) and coefficient of dispersion of A. oleraceum and A. vineale populations studied.
Difference between the observed ratio and unity was tested by means of a t-test (GREIG-SMITH, 1983).

A. oleraceum A. vineale
Scree Shrub Forest Meadow Shrub Forest
n = 30 n = 30 n =30 n =120 n = 46 n = 30
Density (ns. per 0.25 m2) 80.1£61.5 31.74+52.4 10.34+19.3 9.84+52.9 14.3:£32.6 81.51+160.2
Coeflicient of dispersion 47.3%%* 86.6%** 36.4%** 287.3%** 74.3%%* 338.9%**

xR P < 0.001
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Fig. 1. Pattern analysis of three populations of A. ol-
eraceum. A — scree, B — scrub, C — forest. Results of
analysis of transects established within respective pop-
ulations are shown.

Results

Density

Both species showed great variability in their den-
sities at the studied sites. While mean density of
A. oleraceum decreased in the direction from open
to shaded sites, the density of A. vineale showed

an opposite trend (Tab. 1). Coefficient of disper-
sion was significantly greater than one in all pop-
ulations, which indicated clumped distribution of
both species in the field (Tab. 1).

Pattern analysis

TTLQV revealed considerable differences in the
pattern both between species studied and among
populations of the respective species studied
(Figs 1, 2).

A. oleraceum. The scree population of A. olerace-
um did not show any distinct pattern. While any
marked peak was not detected in the T3, plain
peaks at block size ranged from 9 to 12 and 15 to
20 were detected in other transects. These peaks
correspond to gaps between aggregations of differ-
ent size of A. oleraceum.

Two scales of aggregation were detected by
TTLQV in the scrub and forest populations. The
picture (Fig. 1) suggests peak at the block size
3-4 (6-8 cm) in the T3 and T5 of scrub popula-
tion. The peak corresponds to patches of individ-
uals originated from clusters of bulbils growing on
shallow soil. In the forest, the peak at the block
size 4-5 (8-10 cm; T1, T2, T4) is not very dis-
tinct and corresponds to the basic ‘morphological’
patches composed of the clusters of plants origi-
nating from daughter bulbs. Less distinct peak at
the block size 14-18 (28-36 cm) detected in the
shrub population and peaks at the block size of
about 11-13 units (22-26 cm; T2, T3) and 18-21
units (36-42 cm; T'5) detected in the forest popula-
tion correspond to the second-order patches. Peak
at the block size 25 detected by analysis in the
scrub (T5) corresponds to gaps between aggrega-
tions of A. oleraceum.

A. vineale. Existence of ‘morphological’ patches at
low block size was a common feature of all popu-
lations studied (Fig. 2). In the meadow, TTLQV
suggested distinct peaks at the block size 5, 8,
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20 and 26, which correspond to ‘morphological’
clumps of this species. Less distinct peaks at the
block size 44 (T4) and 48 (T6) represent second-
order patches formed by closely situated two or
three clumps. In most transects, peaks at the block
size about 65 (T1), 75 (T1, T5) and 90 (T1, T2,
T6) were detected by the analysis and correspond
to the gaps between the second-order patches.

The pattern of A. vineale in the scrub was
very similar to that found in the meadow. TTLQV
recognised clear ‘morphological’ aggregations at
the block size 6-16. Pronounced peaks at block
size 34 and 24 were recognised in T1 and T2, re-
spectively. The peaks correspond to second-order
patches of two — three clumps separated by gaps
of the similar size. The peak at the size about
70 corresponds to gaps between the second-order
patches.

In the forest, TTLQV recognised pronounced
peaks at the block size ranging from 4 to 9
that correspond to ‘morphological’ clumps of this
species. Obscure peak at the block size 70-75
corresponds to gaps between patches variable in
size. Increase in the MS suggests heterogeneity at
higher scales.
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tions of A. vineale. A — meadow, B —scrub,
C - forest. Results of analysis of transects
established within respective populations
are shown.

Discussion

Influence of plant traits

Performed analyses clearly pointed to two dis-
tinct morphological features of both species stud-
ied that were reflected in their dispersion, which
in turn affect pattern of their populations: forma-
tion of daughter bulbs and that of the aerial bul-
bils. Both species indeed differ in many charac-
ters associated with daughter bulbs. Plants of A.
oleraceum produce sporadically one non-dormant
daughter bulb above(below)ground. Developing
daughter bulbs with long axis usually broke the
aboveground sheathing bases of the foliage leaves
due to the formation of the contractile roots and
bulb and elongation of covering leaves. Thus, there
is a potential to disperse to longer distances (5-
10 cm) from the parent plant since new daugh-
ter plant exhibits centrifugal growth. The daugh-
ter bulbs frequently fail to pull into the soil. Since
the physical connection between the mother plant
and daughter bulb decays in the summer, daugh-
ter bulbs are dispersed on the soil surface to cover
longer distances, especially on slopes. In contrast,
A. vineale produces up to four dormant daughter



bulbs below ground in close vicinity of the parent
plant (RICHENS, 1947; HAKANSSON, 1963). This
in part explains why the analysis detected variable
and almost non-distinct ‘morphological’ patches of
A. oleraceum that would correspond to clumps of
the plants that had originated from the daughter
bulbs, whereas pronounced clumps of A. vineale
occurred in all sites studied.

Since the propagation via daughter bulbs al-
lows the plants to spread only short-haul, seeds
and bulbils should play dominant role in the dis-
persion for longer distances. In dispersal experi-
ment with seeds and bulbils of A. vineale, RON-
SHEIM (1994) found out that most of bulbils and
seeds (> 90%) had fallen within 50 cm off the par-
ent plant in A. vineale. Moreover, clumped dis-
persal pattern was observed among bulbils in this
species (RICHENS, 1947; RONSHEIM, 1994). Ac-
cording to my field observations A. oleraceum ex-
hibits similar features although it produces only
very low or no seed-set and fewer bulbils than A.
vineale. Cluster dispersion of the bulbils and their
restricted dispersal distances are thus responsible
for the occurrence of (i) the small patches and
(ii) the second-order patches detected by TTLQV
in most of populations in both species. Moreover,
occasional setting of many seeds in A. wineale
(RICHENS, 1947; STEARN, 1980) and ability of the
seeds to travel farther than any of the bulbils (>
1 m; RONSHEIM, 1994) allow A. vineale effective
dispersion to a greater distance.

Effect of species demography, environment and
competition

Although both species occur in wide range of
habitats (DUCHOSLAV 2000, in press) the light is
the most decisive environmental factor influencing
their reproduction: A. vineale is mostly incapable
of flowering under closed canopy in contrast to the
(ir)regular sexual reproduction of 4. oleraceum in
the scrubs and forests. That is why populations of
A. oleraceum differ from those of A. vineale in the
absence of clear gaps with certain size between the
second-order patches. Moreover, bad performance
of A. vineale at shaded sites affects size of its ‘mor-
phological’ clumps that were found to be smaller
" in the scrub and forest compared to those in the
meadow.

Nevertheless, higher inequality in bulbil size
and apparently low mean dry-mass of bulbils
found in Alliurm plants growing in shaded habi-
tats decrease bulbil germination rate (KROCHMAL,
1952) and could give rise to lower probability
of establishment of juveniles from small bulbils
in the natural stands. Thus, the existence and

persistence of patches of Allium in forests and
scrubs is in part a function of the demography
of the species. Similar results were obtained by
BARKHAM (1992) in his experiments with Narcis-
sus pseudonarcissus.

Increase in MS with increasing block size
(Figs 1, 2) in the forest and scrub populations of
A. vineale and A. oleraceum suggests that there
is a pattern at higher scales. This heterogeneity
is probably related to environmental heterogene-
ity and/or spatial and/or temporal dynamics of
the tree and shrub canopy. Both species usually
form large (sparse) patches (ca 4-10 m in diame-
ter) in these habitats (DUCHOSLAV, unpublished
observations). The patches probably indicate ar-
eas of higher light intensity due to lower cover of
canopy at present or in the past. Tree-fall, tree
felling or poor local performance of shrubs and
trees could be the cause. Allium plants respond
immediately to increased light and many of them
produce bulbils and seeds in the next year follow-
ing the tree-fall. After canopy closure, population
growth is mostly limited to peripheral spreading
via daughter bulbs.

Disturbance could play an important role in
dispersal and spatial structure of populations of
both species. In contrast to other habitats, A. ol-
eraceum is patchily distributed in the scree: the
size of aggregation is clearly determined by en-
vironmental heterogeneity due to variable inten-
sity of erosion that causes movement of skeleton.
Moreover, clusters of the bulbils and the daughter
bulbs are broken apart and buried in the skeleton,
which further increase heterogeneity of the popu-
lation.

Occasional weak below-ground disturbance in
the case of A. oleraceum or even strong one (e.g.
ploughing, unearthing) in the case of A. vineale
can allow the populations to spread and cause
decreasing of intra- and interspecific competition,
which is quite intensive in relatively ‘stable’ habi-
tats even with above ground disturbance (e.g. in
meadow) (LAZENBY, 1961a, b). Remarkable oc-
currence of A. vineale in the neighbourhood of
trees in the orchards and plantations is just re-
lated to frequent unearthing of bulbs from the
ground by voles and to incomplete mowing around
trees that allow plants a complete reproduction.
In addition, production of many aerial bulbils
and dormant daughter bulbs are probably deci-
sive features allowing A. vineale to be a trouble-
some weed in arable land in several parts of the
world (RICHENS, 1947; ILTIS, 1949; HAKANSSON,
1963).
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