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ABSTRACT

In this paper I use the different measures of species mobility to describe the fine small-scale dynamics of cal-
careous grassland built mainly by perennial species and developed in the highly heterogeneous habitat of calcare-
ous rocks. The community showed the low dynamics on a plot-scale (100 m?) and a high one on the scale of 1 m2.
However, the studied species differed greatly in calculated indices: turnover rate, (T; 6-64), residence time (RT;
0.5-21.8 y) and carousel time (CT; 4-420 y) as well as the observed tendency to persistence on the spots (PER-
SIST) and their re-colonisation (AGAIN). This allowed to distinguish the three groups of species: (1) “core spe-
cies” characterized by high frequency and low T and high CT and RT values, which determine the low dynamics
of a community on the plot scale, (2) species with intermediate mobility rate and (3) the group with high mobility
rate. The observed cumulative frequencies of all the studied species (CF,,) were much lower than expected under
the random re-assignation model (CF,). Moreover, they were also lower than those predicted by random immi-
gration model (CF). The results showed that the “complex carousel” model rather than “single carousel” one
explained better the small-scale dynamics of calcareous grasslands.
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53

INTRODUCTION

The knowledge about non-directional spatial and tempo-
ral changes in the community is not only essential for
understanding a plant community function, but also for de-
termining the baselines for studies on long-term responses
of comunity to environmental changes (Palmer and Rusch
2001). These changes can be associated with: weather con-
ditions (year-to-year weather fluctuations, especially the
periodical occurrence of extreme conditions, such as seve-
re drought, flooding etc., Grubb 1988; Huber 1994; Rusch
and van der Maarel 1992; van der Maarel and Sykes 1997),
formation of empty spaces convenient for colonization by
species (van der Maarel and Sykes 1997), ecological cha-
racteristics of plants which form a community (van der
Maarel and Sykes 1993; Tamm et al. 2002), regional spe-
cies pools (number of potential colonizers; Glenn and Col-
lins 1992).

Species-rich plant communities which seem stable and
homogenous on a large scale appear to be very mobile on
a smaller one (van der Maarel and Sykes 1997; Herbén et
al. 1993; Sykes et al. 1994; Klime§ 1999), particularly in
dry species-rich grasslands, built mainly by annuals and
biennials (van der Maarel 1996). In the “carousel model”,
as proposed by van der Maarel and Sykes (1993, 1997), all
species present in the community “move around” the com-

munity and eventually reach all microhabitats in a relative-
ly short time. These authors introduced the term “cumulati-
ve species richness”, i.e. the number of species occurring
in the area over a series of consecutive years, and “cumula-
tive frequency”, i.e. the sum of plots in which species
occurred during the study period.

The carousel model was aimed to explain how do diffe-
rences in pattern of mobility between species forming the
community promote the coexistence of a high species
number even in a small area (Rusch and van der Maarel
1992; van der Maarel and Sykes 1997). The results of ma-
ny theoretical studies, such as patch — coexistence models
(Caswell and Cohen 1991) or models based on cellular au-
tomata (Czaran and Bartha 1992), confirmed that species
coexistence was promoted by interspecific differences in
spatial mobility. However, the field research by Herbén et
al. (1994) and lately Otsus and Zobel (2002) showed that
although the studied grasslands were composed of coexi-
sting species with high and low mobility, it was impossible
to determine whether this variation underlied the species
richness of these grasslands.

Palmer and Rusch (2001) pointed out that the develop-
ment of a general model of fine-scale dynamics was hinde-
red by confusion of terms and the use of different types of
indices to assess the mobility. They developed direct esti-
mates of carousel time, residence time and expected cumu-
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lative frequency and tested their interrelationships with the
other indices used in the literature.

In this study I used the measures of species mobility de-
veloped by Rusch and van der Maarel (1992) and Palmer
and Rusch (2001) to elaborate the model of dynamics of
species-rich calcareous grasslands in southern Poland, do-
minated by perennial species and characterized by a high
spatial heterogeneity. The interrelationships between the
measured estimates and calculated indices of species mobi-
lity were also explored. In addition, I made an attempt to
estimate the mobility patterns of chosen calcareous gras-
sland species and their role in community dynamics.

METHODS

Study site

The study was carried out in the Ojcow National Park,
southern Poland, in the years 1997-2001. The study area
lies in the southern part of the Krakéw-Czestochowa
Upland [19°20” E; 50°13° N]. The xerothermic grasslands
form small patches on steep, rocky, calcareous slopes of
the Pradnik valley, where they are accompanied by shrubs
and trees. They are of both natural and semi-natural origin
and represent Origano-Brachypodietum pinnati Medw.-
Korn. and Korna$ 1963 and Koelerio-Festucetum rupicolae
Kornas 1952 communities. The investigated patch of gras-
sland is situated on SW steep slope, inclined 45-50° The
substratum is Jurassic limestone covered with loess where
shallow soils of rendzina type have developed.

The preliminary studies have shown that this grassland is
very rich in species. In the period 1997-2001, the number
of species per 100 m? was 95, and per 1 m? — 15-32. The
mean sod height ranged from 12 to 20 cm and the mean
dry biomass was 150-350 g/m?.

The estimated pool of xerothermic and thermophilous
species of the “Grodzisko” rock, where the study plots ha-
ve been established, was 108 vascular plants species (55%
of the total “xerothermic pool” of the Ojcéw National Park
(the classification of xerothermic species followed Micha-
lik 1979).

The site is characterized by strong thermal contrasts: in
summer the air temperature reaches even 60-70°C (Klein
1974), whereas in winter the vegetation is subject to a free-
ze because of the shallow snow cover. The lowest mean
temperature was recorded in 1997. The mean annual preci-
pitation varied from 730.0 mm in 1999 to 874.4 mm in
1998 (Partyka 2003).

Calcareous grasslands on “Grodzisko” had been maintai-
ned since the 13th century by extensive grazing, mainly by
cows, sheep and goats, and sometimes mowing. As the re-
sult of cessation of this traditional management in the
1960s, many xerothermic grassland patches have been
overgrown with trees and shrubs. Additionally, many of
them were planted with Pinus sylvestris L. (nomenclature
after Flora Europaea; Tutin et al. 1964-1995) and Fraxinus
excelsior L. Since the 1980s calcareous grasslands have be-
en given active protection in the ONP. They are maintained
mainly by regular cutting of trees and shrubs.

Field methods

In 1996 I established 100 1x1 m plots in 10 parallel
transects (10 contiguous plots per each of transects). They
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were separated from each other by 2.5 m wide belts. The
investigated plot is included in a wider experiment aimed
to examine the influence of different active protection mea-
sures on the biodiversity of calcareous grasslands and
a chance of restoring them. I studied the species mobility
pattern only in a scale of 1 m2. The community dynamics is
strongly scale-dependent; therefore, the results obtained in
my study can be related only to the scale of 1 m2.

Since 1997, at the end of June in five consecutive years,
the presence of all vascular plant species have been detec-
ted in these plots, using with a wooden 1x1 m frame. For
the purpose of the present research I selected 34 species,
typical of calcareous grasslands, but with different life hi-
stories and occurring with different frequency in the stu-
died plot. Their ecological characteristics are shown in Ta-
ble 1.

Species mobility measures

To estimate the pattern of dynamics of the selected spe-
cies I used the chosen mobility indices which can be found
in the literature. Their review and characteristics are shown
in Table 2. The number of quadrates in which the given
species appeared (/) and disappeared (E) throughout the
study period was counted. Additionally, I noted the number
of quadrates where a species appeared for the first time
(NEW), the quadrates where species re-appeared after ini-
tial extinction (AGAIN) and — quadrates, which were occu-
pied continuously during the whole study period (PER-
SIST). This last value is not identical with “persistence”,
a term commonly used in the literature, estimated on the
basis of qualitative measure of point autocorrelation in ti-
me (Herbén et al. 1993; Palmer and Rusch 2001). Species
is considered extinct when present (it forms aboveground
parts) in i-/ year and absent in 7 year. It was not examined
whether a given species survived as underground organs;
however, most of the re-appearances were probably the ef-
fect of re-sprouting after the dormancy period. For each
species the mean frequency (P) and the mean cumulative
frequency (CF . van der Maarel and Sykes 1993, 1997)
were estimated. The values /, E and P were used to calcula-
te the turnover rate (T; Rusch and van der Maarel 1992),
the direct estimates of residence time (R7T) and carousel ti-
me (CT), as proposed by Palmer and Rusch (2001).

To compare the mobility of the studied species between
years a CA analysis was used with the CANOCO package
(ter Braak and Smilauer 2002). The values of I, E, NEW,
AGAIN and PERSIST, directly measured for each species
in the field in consecutive years, were used in this model.
Then, the species were classified among groups with diffe-
rent mobility rates, determined on the basis of T, RT and
CT values, calculated for all the study period. A hierarchi-
cal clustering, Ward’s method with city-block (Manhattan)
distance, was used (Lep$ and Smilauer 2000).

To explore the interrelationships between the species
mobility indices, an r-Pearson correlation was used.

Direct measures of cumulative frequency under null-model

Cumulative frequency is one of the most commonly used
indices for estimation of species mobility. In many publi-
cations, the researchers often compare the observed cumu-
lative frequency (CF ;) with the predicted one for a hypo-
thetical plant community where random shifting of all the
species is expected (Geisselbrecht-Taferner et al. 1997; van
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der Maarel and Sykes 1997; Klime§ 1999; Palmer and Ru- 26
sch 2001). *ax
Van der Maarel and Sykes (1997) considered the three 24 exk
possible models of frequency accumulation of species: (1) o b
random accumulation — based on yearly random allocation E 22
of species occurrences, (2) minimal accumulation — occur- 2
. . o 20
rences of species are always in the subplots where the spe- S E
cies was found earlier unless there is an increase in frequ- 2 18
ency and new plots have to be included, (3) maximal accu- 8 |:
mulation — species are located always into new plots until 51;3_ 16
all plots are occupied. In the light of the results of studies @ I %SD
in plant communities dominated by perennials and occur- 14 O =SE
ring in the heterogenous environment, the random accumu-
lation model (elaborated for communities built mainly by 12
. . .. . 1997 1998 1999 2000 2001
annuals and biennials), seems unrealistic. However, it is years
a good null hypothesis for testing to what extent does the
observed species dynamics differ from randomness (Kli-
mes§ 1999; Palmer and Rush 2001). o,
In the random immigration model, as proposed by Pal- = s b
mer and Rush 2001, the species tend to persist in the pre- g 19
viously occupied locations but all the empty locations are 5 a
equally available for colonization. They proposed a simple = § 17
direct method of calculating the cumulative frequency 2%
expected under random reassignment and random immi- § S 15
gration models. These indices were used in the presented = c:-;
paper to elaborate the model of calcareous grassland dyna- 31 |:
mics (Table 2). g ., o iof
S -+ Mean
9
RESULTS AND DISCUSSION 1997 1998 1999 2000 2001
years
Changes in the species richness
The analysed calcareous grassland was very stable on 34
plot scale (100 m?). The mean total number of vascular
plant species per 1 m? ranged from 17.2 in 1997 to 20.7 in L %
2001 and those of Festuco-Brometea class, from 13.0 in o
1997 to 16.1 in 1999 (Fig. 1). At the same time, the mean '% é 26 ]
cumulative species richness increased from 17.2 to 30.1. E 2
The statistically significant (P<0.001; Wilcoxon match-pair 3 'F:J 2
test) changes in species number occurred only during the 59
years 1997-2000. However, the detailed analysis of the in- 23
vestigated plot revealed a high species mobility on the qua- g 18 [ | +SD
drat scale (1 m2). It confirmed a frequently observed decli- 0 +SE
ne in the species mobility rate with an increase in the sam- 14 o Mean
ple area (Herbén et al. 1993, Klime$ 1999, Pirtel and Zo-
bel 1995). 1997 1998 19936ar52000 2001

Mobility characteristics ) . N -
Fig. 1. Mean and mean cumulative species richness/1 m?2. The significant

As shown in Table 3, the species under study differed differences (Wilcoxon’s match-pair test) with the preceding year are
greatly in all the mobility characteristics tested. The values shown.
Abbreviations

Life history: A — annual, M — monocarpic perennial (of duration of 2 years or, usually more), P — polycarpic perennial. Raunkiaer’s life forms: Chw —
woody chamaephyte, p — semiparasite. Regenerative strategy: seasonal regeneration by seed, lateral vegetative spread (offsets remaining attached to the
parent for a long period, usually for more than one growing season), Dispersal type: ane-ball — ballanemochory (released from plant by wind), ane-meteo —
meteoanemochory (able to fly), aut-ball — ballautochory (spread by mechanisms of turgescence or dessication), zoo-epi — epizoochory (transported by
attachment to animals), zoo-endo — endozoochory (transported within animal intestines), zoo-dys — dyszoochory (seeds are intentionally eaten by preda-
tors), zoo-stom — zoostomatochory (myrmecochory; dispersed by ants). Dispersal potential: telechory — long-range dispersal, engychory — short-range dis-
persal. Clonal growth type: A. Root-derived organs of clonal growth: Trifolium pratense type, Alliaria petiolata type, Rumex acetosella type, Ranunculus
ficaria type; B. Stem-derived organs of clonal growth. Ba. Long-lived stems: Lycopodium annotinum type, Festuca ovina type, Rumex obtusifolius type,
Rumex alpinus type, Dactylis glomerata type, Aegopodium podagraria type. Bb. Short-lived stems: Fragaria viridis type, Caltha palustris type, Asperula
odorata type. Bc. Below-ground tubers: Calystegia sepium type, Lycopus europaeus type, Adoxa moschatelina type, Corydalis solida, Colchicum autum-
nale type, Corydalis cava type, Bulboschoenus maritimus type, Galanthus nivalis type, Omnithogalum gussonei type, Tulipa sylvestris, Allium montanum
type. Literature: 1 — Hensen (1997), 2 — Grime (2001), 3 — Thompson et al. (1997), 4 — Grime et al. (1995), 5 — CLO-PLA1, Klimes et al. 1997.
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TABLE 2. Review of mobility measures used
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where: / — immigration events; E — extinction events; i — immigration rate (probability of occupying an empty plot per year), e — extinction rate (probabili-
ty of an occupied plot becoming empty in the next year), p — equilibrum frequency, expressed as a proportion of sites or quadrats, N — is the number of
sites (in my case quadrats); P, — initial frequency of the species, p, is the frequency in year 7 and 7, — is the immigration rate in year 7.

Mobility measure

Description

Turnover
(Rush and van der Maarel 1992)

Residence time

Relative Residence Time
(Geisselbrecht-Taferner et al. 1997,
van der Maarel E., Sykes M. T. 1997; Klimes 1999):

Carousel Time

Relative Carousel Time

Cumulative frequency
(van der Maarel, Sykes, 1993, 1997)

Sum of immigration and extinction events
T=I+E
The average time species spent on the microsite (in years)

1
RT= —
e

The average time species spent on the microsite under random reassig-
ment model

RRT= 1=P
e

Length of time untill all sites but one is occupied by particular species [in
ears
years]  log(N) ~log(1 ~ P,)
log(1 —1)

Length of time untill all quadrats but one is occupied by particular species
under random reassigment model:

CT=

log(1 - p)
log(1 —1)

Proportion of quadrats occupied by a species since the start of the study

RCT=

The direct measure of expected CF under random reassignment model
(species are randomly re-assigned to microsites; Palmer & Rush 2001):

CF(RR)=1-TI(1 -p)
The direct measure of expected CF under random immigration model (the
species tend to persist in previously occupied location but all the empty

location are equally available for colonization; Palmer & Rush 2001):

CFRD=1 - (1 - P)II(1 -i)

of turnover rate ranged from 6 for Allium senescens L. ssp.
montanum (F.W. Schmidt) Holub. and Stachys officinalis
(L.) Trevis., to 68 for Seseli libanotis (L.) W.D.J. Koch.
The calculated values of the carousel time were similar to,
and in some cases smaller than those obtained by Palmer
and Rush (2001). A reason for this disparity was probably
the smaller number of quadrates (“seats in the carousel”).
However, the obtained values showed that the time which
was needed for the full carousel turnover in the investiga-
ted small patch of calcareous grassland (100 m?) was diffe-
rent. It ranged from 4 to more than 400 years and residence
time from 0.5 to over 21 years (Table 3), which allowed
one to distinguish the three groups of species, characteri-
zed by low (A), intermediate (B) and high mobility rate (C;
Fig. 2). The matrix species (core species; Herbén et al.
1993; Sykes et al. 1994; constant species, van der Maarel,
Sykes 1997) with high frequency, high values of RT and
CT greater than 100 years, and low turnover were assigned
to the first group. Its typical representatives were Festuca
rupicola Heuff., Carex pediformis C.A. Mey and Brachypo-
dium pinnatum (L.) P. Beauv. The matrix species are long-
lived and in spite of the high diaspore production they re-
produce mainly in a vegetative way (Fig. 2, Table 1). In the
research carried out in the Ukrainian steppe by Vorontzova
and Zaugolnova (1985) the individuals of Festuca rupicola
reached 30-80 years of age and were characterized by

a slow growth and small changes in the size of tussocks
over a many-years’ period. The long-term observation of
the permanent study plots in calcareous grassland in Bohe-
mian Karst, dominated by Festuca vallesiaca Schleich. ex
Gaudin i Carex humilis Leyss. (Hroudova and Prach 1994),
confirmed the high stability of this community connected
with the life-histories of these species. The low mobility
rate of the highly expansive grass Brachypodium pinnatum
(Bobbink and Willems 1987, Table 3), in spite of its high
frequency, resulted probably from microhabitat heteroge-
neity within the investigated plot. The very low values of
mobility indices of Galium boreale L., Stachys officinalis
L. and Geranium sanguineum L., resulted from their low
frequency in the studied community and unsuitable habitat
conditions. A distinct subgroup was formed by species ty-
pical of calcareous rocks vegetation: Allium sennescens
subsp. montanum, Thymus praecox Opiz, Thesium lino-
phyllon L., Koeleria macrantha (Ledeb.) Schult. and He-
lianthemum nummularium (L.) Mill. subsp. obscurum
(Celak.) Holub, which had a very low dynamics rate
(CT=57.8-72.6, Fig. 2).

Group B consisted of species with intermediate mobility
(CT=26-50; T=21-40, Fig. 2), occurring in both rock gras-
slands and xerothermic grasslands, such as: Stachys recta
L., Salvia verticillata L., Potentilla heptaphylla L., Medi-
cago lupulina L., Phleum phleoides (L.) H.Karst. and
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Fig. 2. Species mobility groups distinguished on the basis of species turnover (7) and carousel time (CT) values. The A-C symbols denote the species with

low, intermediate and high mobility respectively.

Dianthus carthusianorum L. Most of them have long-lived
below-ground stems, that is why their vegetative growth is
usually very slow (Table 1).

Group C comprised species with the highest mobility ra-
tes, such as Ranunculus bulbosus L., Sanguisorba minor
Scop., Coronilla varia L., Euphorbia cyparissias L., Seseli
and Scabiosa ochroleuca L. With the exception of the first
two species, the high RT and CT values can be explained
by their clonal growth type (“Rumex acetosella” and “Ae-
gopodium podagraria” type, Klimes et al. 1997.). In addi-
tion to vegetative re-sprouting, the persistent seed bank in
the soil plays a significant role in the reproduction of some
species belonging to this group (Ranunculus bulbosus, Eu-
phorbia cyparissias) (Table 1).

Species mobility in plant communities is a very compli-
cated process, because the observed pattern of species mo-

bility is often only broadly related to life forms, clonal
growth type, or life strategies of the studied species, parti-
cularly in the group with the lowest mobility (Klime$
1999). However, Herbén et al. (1993), Law et al. (1993)
and Tamm et al. (2002) showed a correlation between the
mobility of species and the clonal growth type. These dif-
ferences are probably the result of different scales in which
the mobility of species was measured. The size of plots (1
m?) used in my research is much larger than the size of in-
dividuals of the majority of species (with the exception of
Seseli libanotis). As a result, it was impossible to notice so-
me changes connected with vegetative growth.

Mobility of species in years
The CA analysis of measured characteristics, as similar
to the classification based of the T, CT i RT indices (Fig.
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3), showed a distinct group of species which had a tenden-
cy to persist in a spot throughout all the study period. Ho-
wever, it also clearly showed the year-to-year changes in
immigration and extinction rates. Most of the new coloni-
zations of quadrates occurred in the second, third and fifth
year (I1, 12 and 14 respectively, Fig. 3). Moreover, these
species showed a decline in frequency in the 1999/2000
period (E3). The smallest group was formed by such spe-
cies as Dianthus carthusianorum, Verbascum chaixii ssp.
austriacum, Allium oleraceum or Asperula cynanchica,
which colonized new sites in the fourth year (I3), but sho-
wed a strong decline in frequency in the second year of the
study (E1). These changes were related to the year-to-year
climatic changes during the study period, especially to
changes in the mean annual precipitation (Baba, unpubli-
shed data). In all the study period an increase in the immi-
gration rate of species was related to the colonization of
new sites rather than re-colonization of the previously
occupied species, which can be explained by microsucces-
sional changes in a community as a result of species com-
petition processes.

The model of mobility of calcareous grassland

As it was expected, the observed cumulative frequency of
all the species under study was much lower than that expec-
ted under the random reassignment model (Fig. 4). Like
Klimes (1999), van der Maarel and Sykes (1997) and Pal-
mer and Rush (2001), T also observed that the species had
a tendency to occupy a given square for all the study period.
It was obvious, because the investigated grassland was do-
minated by polycarpic perennial species. It was noticeable
that the observed cumulative frequency of more than half of

the investigated species was lower than it could be expected
under the random immigration model; most of the species
fell below the curve (Fig. 4). It was rather the result of the
staying of species in a given place for the whole study pe-
riod than the re-appearance in the previously occupied site.
Some exceptions were Fragaria viridis Duchesne, Vinceto-
xicum hirundinaria Medik., Poa compressa L., Galium al-
bum Mill. subsp. album and Euphorbia, of which the pat-
terns of dynamics almost exactly fitted this model.

The interrelationships between the mobility indices

Contrary to Palmer and Rusch (2001), I did not find sta-
tistically significant dependencies between the number of
newly colonized quadrates by a given species and their me-
an frequency in the plot (r=0.220; p=0.211, r-Pear-
son’s correlation coefficient), mean cumulative frequency
(r=0.302; p=0.08) and persistence of species in a quadrate
(r=-0.06; p=0.730). The colonization rate of new quadrates
significantly influenced the time of residence in a quadrate
(RT; r=-0.302, p=0.03; RRT; r=-0.386; p=0.03) and simul-
taneously the time of full carousel turnover (CT; r=0.480,
p=0.004; RCT; r=0.473, p=0.005).

As it was expected, the more frequently the species
occurred, the higher was the probability of its persistence
in the previously occupied spot (r=0.921, p=0.0001). These
species showed also a weak tendency to colonize the pre-
viously occupied patches (r=0.334, p=0.05). At the same ti-
me the species with low frequency showed a high rate of
space release. These results are contradictory to Caswell
and Cohen (1991) and Rusch and Palmer’ (2001) results,
which showed no correlation between free space creation
and species abundance. No significant correlation between
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the immigration rate and space release (r=0.279; p=0.110)
was found, although some species: Thymus praecox, Sta-
chys recta, Ranumculus, Scabiosa ochroleuca and Medica-
go lupulina showed simultaneously high values of / and E.
The duration of “full carousel turnover” was negatively
correlated with immigration rate (r=-0.553, p=0.001), tur-
nover (r=-0.602, p=0.001) and residence time (r=-0.581,
p=0.0001). The last value depended also on the number of
repeated colonizations (r=-0.520, p=0.001). Turnover rate,
apart from the strictly numerical dependency on / and E,
showed a strong negative correlation with carousel time
(CT) and the mean time of persistence in quadrats (RT)
(r=-0.489, p=0.003). A positive correlation of turnover
with a mean cumulative frequency (r=0.353, p=0.04) was
found; however, it did not significantly depend on the me-
an frequency (r=0.280, p=0.108).

CONCLUSIONS

The carousel model, as described by van der Maarel and
Sykes (1993, 1997), with the only one “turnaround circle”
does not fully explain the dynamics of the studied calcare-
ous grassland. The results showed that the few matrix spe-
cies had a very slow dynamics rate and seemed to determi-
ne the low dynamics of whole community on the plot sca-
le. Some species, such as Galium boreale or Allium monta-
num, tended to move only within the particular parts of the
plot, while others (for example Euphorbia cyparissias, Co-
ronilla varia or Allium oleraceum) were able to “move aro-
und” the whole plot. The “complex carousel”, as proposed
by Maslov and van der Maarel (2000), in which these two
types of species dynamics are included, was more explicit
in the explanation of dynamics of the calcareous gras-
slands. However, since the measured indices of species
mobility are strongly dependent on year-to-year changes,
a long-term study is needed to get better parameters for the
model.
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