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Life forms and life strategies in

Nanocyperion communities from the

Netherlands Frisian Islands

H.J. During

Vakgroep Vegelatiekundeen Botanische Oecologie, Heidelberglaan2, 3584 CS Utrecht

SUMMARY

Nanocyperion communities (s.l.) are considered here as “warp-and-woof”communities;the Nano-

cyperioncomponents are described separately as synusiae. On the Netherlands Frisian Islands, four

main synusiae have been recognized. Raunkiaer life form spectra show few differences between the

communities. Life strategy spectraof the Nanocyperion synusiae, based on systems forphanerogams

(modified after Bakker 1966) and bryophytes, yield the clearest patterns. A comparison of the

ecology of the communities and an interpretation of the spectra in terms of avoidance of stress or

competition suggest that inundations and standing crop of the communities are the main factors

determiningthe distribution ofthe synusiae. Winter inundations overrule the influence ofdifferences

in productivity level, which becomes prominent in drier situations.

1. INTRODUCTION

In The Netherlands the Nanocyperion has been studied by Diemont et al.

(1940). Since then, these communitieshave become very rare, like elsewhere in

W. and Central Europe, though on the Netherlands Frisian Islands several of

them are still fairly well represented.
The communitiesare found at the margins of lakes and ponds, on sand banks

in rivulets, in dune valleys, in ditches in moist arable fields. They also occur in

situations with a rather high level of “disturbance” such as drinking places of

cattle, car tracks, paths, and grazed parts of salt-marshes. They belong to the

“warp-and-woof communities” sensu Tuxen & Lohmeyer 1962; in such com-

munities the warp componentis outcompeted quickly or destroyed annually, but

it maintains itselfby shifting to other, regularly occurring, suitable microsites in

the phytocoenosis (shuttle succession (“Pendelsukzession”) sensu Tuxen &

The communitiesof thealliance Nanocyperion flavescentis are characterized

by a group of consistently very small, hapaxanthous plants and a considerable

numberof bryophytes.

Life form and life strategy systems are meant to reflect certain adaptations to the

habitatofthe plants (e.g., Raunkiaer 1904, 1934,Iversen 1936, MacArthur&

Wilson 1967, Grime 1979). The choice of the system used determines to a large

extent, which informationis yielded by spectra showing the proportion of life

form or life strategy categories in communities. Theaim of this paper is to show

that insight in the ecology of Nanocyperion communities may be gained by

turning to life strategies focusing on life cycle period, regeneration and

colonisation.
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Westhoff 1963). This shifting component may conveniently be described as a

synusia sensu Barkman (1973).

In the well-known system of Raunkiaer (1904, 1934) life forms are distin-

guished mainly on the place of the meristematic tissues relative to the soil

surface (Whittaker 1962). In this system, most ofthe Nanocyperion species are

Therophytes, while the biennials belong to the Hemicryptophytes. In the r-K

continuumof MacArthur& Wilson (1967), the hapaxanthous species all more

or less have an r-strategy (emphasis on reproduction); an assessment of the

reproductive effort per timeunit might be worthwhile, but this has not yet been

done. In the system of Grime (1974, 1979) they all belong to the stress-tolerant

ruderals.

I prefer to use a refined subdivision of the hapaxanths made by Bakker

(1966), which is based mainly on shortest life span, stage ofdevelopment during

winter, occurrence of seed dormancy, and vernalisationrequirements. The last

two characteristics are not known for all species involved and winter annuals s.l.

hardly occur in the communitiesstudied here.

Bryophytes are not easily accomodated in any life form system presented so

far. In most systems they all fall into one or two categories. In the Raunkiaer

system as elaborated by Ellenberg& Müller-Dombois( 1967) for example, the

bryophytes are divided into bryo-therophytes and bryo-chamaephytes. Recently

During (1979) tried to distinguish some categories of bryophyte life strategies

based on the colonizing species groups of the Lauwerszee area in The Nether-

lands (Joenje & During 1977).

This system (table 2) comprises the categories fugitives (F). colonists (C),

annual shuttle species (Ab), short-lived shuttle species (Sb), long-lived shuttle

species (L), and perennials (Pb).

2. MATERIAL AND METHODS

Table3 summarizes 102 vegetation relevés, each ( 10-)25-100 dm2
,

made mainly

in August-October 1971 and August 1979. A few records made in the summers

of 1966, 1967, 1968, 1975, and 1976 are included. Cover-abundance measures

were estimated using Braun-Blanquet classes as refinedby Barkman et al. ( 1964).
Also general ecological data were estimated by eye, such as a description of the

surroundings, grazing and trampling intensity, salt influence, and soil profile,

including (in 1971 only) pH at c. 1 cm and c. 8 cm depth.

The relevés were classified by hand sorting of the relevé table.

Here only a synoptical table is presented, giving frequency valuesand median

cover valuesofthe species for each community ; ifaspecies was foundin only one

relevé of a community, the frequency class is left out. Species occurring in three

relevés or less are not listed. On the basis ofthe relevés made all over the atlantic

dune area (During 1973) and literaturedata (e.g., Philippi 1968, Pietsch 1973),
it was decided which species belong to the Nanocyperion synusiae. These 22

species are listed separately at the head of the table. For calculation of the life

form and life strategy spectra the cover-abundance values were transformed
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according to Westhoff & Van der Maarel (1973).

The system of phanerogam life strategies used here is a modification of the

system of Barker (1966). I have altered Bakker’s system slightly by combining

some groups. Moreover, I addedthe category ofpauciennials (Pa) for short-lived

species which may flower once, or occasionally also a few times, such as Sagina

nodosa, Samolus valerandiand Carex serotina ssp. pulchella. In more southerly
countries also Scirpus setaceus may be reckoned to this category. All other

groups have been taken together as perennials (P; see table 1).
As to bryophytes in the Raunkiaer life form system, I have included the

bryo-hemicryptophytes distinguished by Ellenberg& Muller-Dombois(1967)

in the bryo-chamaephytes, since the plants remain green and alive throughout
the resting season. In the system of During (1979), the category of the colonists

Table 1 . Life strategies ofphanerogams(mainly a simplified version ofthe system of Bakker 1966).

Table 2. Bryophyte life strategies with their characteristics according to During (1979).

Symbol Shortest Stage of development Hapaxanth/ Categories of

life span duringwinter pollakanth Bakker (1966)

El 1 j-4 months “summer dress” or Al, 2

(ephemerals) leaf rosette hapaxanth

E2 seed A3

Al 1 year

(annuals)

seed (summer annuals)

leaf rosette (winter

hapaxanth BI, 2

A2 annuals) B3, 4, 5

B 2 years

(biennials)

1st year seed;

2nd year leaf rosette

or buds onroot apices

hapaxanth Cl, 2, 3

Pa l-few years various, often leaf pollakanth; in the
_

(pauciennials) rosette field often hapaxanth
due to environmental

constraints

P several years

(perennials)

various pollakanth

Category Fugitives

(F)

Colonists

(Cf+Cv)

Annual

Shuttle

Species

(A)

Short-

lived

Shuttle

Sp. (S)

Long-

lived

Shuttle

Sp. (L)

Perennials

(P)

Life span (years) <1 few few many many

Reproductive effort high high high moderate low low

Innovations absent present absent present present present

Vegetative reproduction absent common rare or rare or common common

absent absent

Spore size < 20 pm < 20 pm > 20 pm > 20 pm > 20 pm < 20 pm
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contains two subcategories which are treated separately here: species which

frequently reproduce both sexually and asexually (CO. and species which sporu-

late only very seldom and reproduce nearly exclusively by means of vegetative

propagules (Cv.). Many species of the last subcategory are in a sense “pseudo-
annuals” since they often die off in the harsh season, leaving only gemmae

and/or tubers. Lichens and algae, which occur occasionally in the Nanocyperion

communities, have been included here in the Cv category (for the sake of

simplicity, they have been classified as Ch-br in the Raunkiaer spectra, too).

Now the comparison of the strategy systems used here for phanerogams and

bryophytes yields the following picture: F (bryophytes) has no counterpart in the

other system; Ab is comparable to El, E2, Al, and A2 of the phanerogams; Sb

and Cf together may be compared to Pa (I do not know any strictly biennial

bryophytes); and Cv, L, and Pb are similar to P. It seems worthwhile to study

spectra of the communities according to both strategy systems, as supposedly

differentecological adaptations may be reflected.

Names of phanerogams are according to Heukels-Van Ooststroom (1977);

bryophyte nomenclaturefollows Grolle(1976) for hepatics and Margadant&

During (1976) for mosses.

3. RESULTS

3.1. Communities

The releves of the Frisian Islands can be classified into four maincommunities,

each of which is subdivided (table 3). Since a full treatment of the Nanocyperion

communitiesof the dunes is not yet available, I will use here provisional names

only. For each synusia, the subdivisions and ecology are briefly mentioned.

A. Centaurio-Saginetum moniliformis

Ecology: on the upperparts of(frequently grazed) salt-marshes and in drierparts

of young dune valleys; on sandy soil, layer of humus rather thin or absent, pH c.

6.

Subdivision: on the basis of the availablematerial the synusia itselfis not easily

subdivided. However, the companion species clearly fall into two groups, by

which the releves from the salt-marshes (Al) are readily separated from those of

the dune valleys (A2).

B. Bryum marratii-synusia

Ecology: on grazed salt-marshes and in wet parts of youngdune valleys, nearly

always near a high dune system. Probably, the high soil water table in the dune

system causes the soil on the adjacent salt-marsh or dune valley to be rather

constantly moist, and (on the salt-marshes) to desalinate rather quickly after

inundationsby the sea (cf. Westhoff& Morzer Bruyns 1956). The humus layer

is well developed, especially on the salt-marsh; the pH is c.6.

Subdivision: This rare synusia may be subdividedinto a species-poor form ofwet
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dune valleys (Bl) and a form with Cicendia filiformis and some Centaurio-

Saginetum species on the salt-marshes (B2); Centaurium littorale especially is

rather frequent, but seldom if ever reaches the flowering stage.

C. Juncus mutabilis- Cicendiafiliformis synusia

Ecology: On wet to moist places in youngsecondary dune valleys, often mingled
with Littorellion species. Humus layer hardly developed; the pH is c. 4-4.5.

Nowadays virtually confined to anthropogeneous habitats such as skating lanes

in the dunes or places in wet dune valleys where sods have been cut.

Subdivision: Within the synusia, a rather species-rich form (Cl) may be re-

cognized which occurs on places with slightly higher pH and probably soil

nutrient status (often with more human influence), and a species-poor form of

more acid and nutrient-poor localities with abundant Juncus mutabilis and

Fossombroniafoveolata (C2).

D. Radiola linoides synusia

Ecology: On rather dry, open sites in secondary dune valleys, on paths and in car

tracks in the dunes, also on car tracks and grazed upperparts of the salt-marshes,
whereinundationwith salt water is rare. The sandy soil bears a moderately thick

humus layer; the pH is c. 4.5-5.

Subdivision: The synusia shows considerable variationand can be divided into

five subgroups. The first of these (Dl) occurs in car tracks and on paths on acid

soils without salt influence. The very species-rich relevés of D2 share the

species groups of Dl and D3; this subgroup is restricted to the young

dune valleys of Vlielandand open spots in older dune valleys, without grazing'

trampling, or salt influence. The pH is intermediatebetween that of D1 and D3.

The subgroup D3 occurs in open spots which may be caused by grazing, tram-

pling, or cutting of sods. Salt influence is rare. The pH is slightly higher than in

the foregoing subgroups. D4and D5 are restricted to the uppermostparts ofsalt-

marshes, on heavily grazed or trampled sites. In D4, Centaurium littorale is

frequent, but flowers seldom. Ecologically, this subgroup is related to B2. D5 is

an impoverished form of the synusia at slightly more salt-influenced, trodden

places with higher pH.

3.2. Spectra
The Raunkiaer life form spectra (table 4) of the communitiescomprising bryo-

phytes and phanerogams are rather similar, in spite of the large floristic differ-

ences between them. The hemicryptophytes are consistently dominant, and the

bryo-chamaephytes are prominent, too. All communities show a rather large

proportion of therophytes compared to other dune vegetations (cf. Westhoff

1947); in community C, this proportion of therophytes is greatest. C and D

are characterizedby a (small) contributionofbryo-therophytes. The“drier” com-

munitiesA and D have slightly more geophytes and chamaephytes.
The phanerogam life strategy spectra (table 5) show slightly more differen-

tiation. Community C stands out with a high proportion of ephemerals. The



492 H. J. DURING

Table 4. Raunkiaer life form spectra of the communities, based on all species.

Table 5. Phanerogam life strategy spectra of the communities, based on all phanerogam species.

Table 6. Life strategy spectra of the bryophytes in the communities, based on all bryophyte species.

Table 7. Combined life strategy spectra of the Nanocyperion synusiae.

Community A B C D AÍ A2 Bí B2 Cl C2 D1 D2 D3 D4 D5

Th-Br _ _ 1.3 1.7 _
'
_ — _ 0.8 2.0 0.7 3.3 2.9 0.2 _

Ch-Br 23.3 25.4 27.9 29.0 23.5 23.3 27.6 22.8 29.4 25.9 30.9 37,1 27.1 25.6 20.8

Th 14.4 12.8 22.4 13.0 17.8 10,6 11.8 13.9 24.6 19.4 10.7 7.9 13.7 17.6 19.8

G 3.9 2.2 0.2 1.8 1,9 6.1 3.6 0.6 - 0.6 0.7 2.5 2.7 1.2 1.9

H 53.2 56.7 45.3 48.2 54.8 51.3 53.4 60.6 43.8 47.3 47,4 40.7 48.6 53.7 51.2

Ch 4.6 2.9 2.5 5.9 1.4 8.0 3.6 2.1 1.4 4.0 9.0 8.2 4.4 1.7 6,3

Ph 0,6 - 0.4 0.4 0.6 0.7 - - - 0.8 0.6 0.3 0.6 - -

Community A B C D AÍ A2 Bl B2 Cl C2 Dl D2 D3 D4 D5

El 0.5 0.2 4.6 1,0 0.4 0.5 _ 0.4 3.8 5.5 _ _ 2.2 1.4 0.8

E2 5.3 8.5 22.0 8.5 5.8 4.8 5.8 11.5 26.3 16.2 8.3 5.6 8.4 9.1 13.1

AÍ 11.7 8.4 5.1 9.3 14.7 8.5 10.4 6.2 5.0 5,1 7.3 7.7 9.0 12.9 11.1

A2 2.5 0.3 -

B 2.6 2.2 0.2 1.3 3.8 1.3 0.7 3.8 - 0.4 1.2 1.4 1.3 2,8 0.8

Pa 11.7 16.9 6.4 10.7 10.7 12,8 15.5 18.5 9.8 2.0 7.6 10.0 10.5 13.8 16.3

P 66,9 63.8 61.7 69.1 62.1 72.1 67.6 59.6 55.1 70.8 75.6 75.3 68.6 59.7 57.9

Community A B C D Al A2 BI B2 Cl C2 Dl D2 D3 D4 D5

F
_ _ 0.8 _ _ _ _ _

_ 2.0
_ _ _ _ _

Ab - - 3.7 5,4 - - - - 2.7 5.1 2.1 8.3 9.7 0.9 -

Sb 34.2 23.5 0.8 9.5 33.5 35.1 31.1 13.0 1.4 - 4.9 7.2 6.9 25.3 13.6

Cf 17.3 18.6 16,8 22,5 15.1 19,6 16.1 22.1 7.5 30,6 25.6 24.7 23.2 9.5 30.3

Cv 12.8 w 35.3 29.4 15.1 10.3 - 2.6 40.4 27.6 39.8 32,6 22.1 22.2 22.7

Pb 35.7 56,8 42.6 33.2 36.3 35.0 52.8 62.3 48.0 34.7 27.6 27.2 38.1 42.1 33.4

Synusia A B C D Al A2 BI B2 Cl C2 Dl D2 D3 D4 D5

Ab
_ _

3.5 6.9
_ _ _ _

2.4 5.8 2.7 13.7 13.7 0.8
_

Sb 28.1 23.8 - 6.6 24.3 33.3 33.3 16.9 - - 4.0 - 3.4 20.6 -

Cf
- -

1.2 9,8 - -
-

- - 3.4 16.2 17.7 5.0 4.9
-

Cv 10.7 2.0 33.1 30.2 8.7 13.3 - 3.4 35.3 28.7 36.2 42.9 28.1 19.0 20,3

E2 19.9 45.5 51.2 24.6 19.4 20.7 38.1 50.8 53.3 47.1 23.5 13.7 27.7 23.5 44.6

Al 18.8 18.8 11.0 19.0 21.4 15.3 28.6 11.9 9.0 15.0 16.5 12.0 18.7 23.9 32.4

B 9.0 9.9
-

2.6 11.6 5.4
- 17.0 - -

0.9
-

2.2 7.3 2.7

Pa 13.5 - 0.3 14.6 12.0 - - - - -
-

1.2
- -
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“drier” communitiesA and D (mainly D4 and D5) have more summer annuals,

biennials and pauciennials. Community B is intermediate in most respects,

though here the proportion of pauciennials is highest.

The bryophyte life strategy spectra {table 6) show more pronounced differ-

ences. Community C is not outstanding here. C and Dl-3 are characterized by

the annual shuttle species and the colonists, whereas A, B, and D4 are rich in

short-lived shuttle species, and D5 is intermediatein these respects.

When spectra are calculated of the Nanocyperion synusiae only using a

combinationof bryophyte and phanerogam life strategies (table 7), the pattern

comes out even clearer. The summer ephemerals (E2) show a clear optimum in

the “wet” synusiae B and C. The biennials (Centaurium littorale only) con-

centrate in A, B2 and D4, and the pauciennials (Sagina nodosa only) are re-

stricted to A. Both biennials and pauciennials are correlated positively with the

short-lived shuttle bryophytes, negatively with the annual shuttle bryophytes

and the colonists.

4. DISCUSSION

Fundamentally, the life strategy of hapaxanths may be characterized as “avoi-

dance” of stress or competition (Grime 1979), and in this they are opposed to the

tolerance of perennials. The hapaxanths may be divided into:

I. strategies for mainly avoiding seasonal stress, the winter for summer annuals,

the dry summer months for winterannuals; A1, A2. Many bryophytes of the Cv

category come close to the Ab group in this respect.

II. strategies for mainly avoiding competition, either on a very short time scale

(ephemerals), or on a longer time scale (biennials). Pauciennials show much

resemblance to thebiennials. In The Netherlands, the summer ephemerals avoid

both competition and seasonal stresses, but dueto the short summer they rarely

have more than one or two generations per year, which makes them resemble

annuals closely. In the communities treated here, the stress-avoiding strategies

E2, A1, Ab (+ partly Cv) are concentrated in the synusiae of Juncus mutabilis—

Cicendia filiformis and Radiola linoides, while the categories B, Pa and Sb are

more or less restricted to the Centaurio-Saginetum and the Bryum marratii

synusia.

All Nanocyperion hapaxanths remain very small and grow slowly. In viewof

their longer growing season, the annuals probably grow at an even slower rate

than the ephemerals. The biennials and pauciennials should produce enough

organic matter during the first growing season to survive at least one season of

stress, and in the subsequent year produce a considerable amount of seeds (cf.
Hart 1977). Besides, they generally grow to a slightly larger size in the first year

thanthe shorted-livedspecies. Consequently, both ephemerals and biennialswill

grow faster than the annuals treated here. It may be expected, therefore, that

annuals may occur in even less productive communities than the categories. In

the present study, nutrientstatus ofthe soil and productivity of the communities

have not been determined, but pH-values and comparison with literature data
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(Keener 1972, Jefferies1977, Joenje& Wolff 1979) are circumstantialevidence.

When considering the combined strategy spectra of the Nanocyperion syn-

usiae from these view-points, the following tendencies emerge.

Centaurio-Saginetum: in this synusia, the groupof biennials and pauciennials
dominates strongly. This is in accordance to its habitat: young, moderately

productive, seldom inundated habitats in dune valleys or potentially highly

productive salt-marshes (Ketner 1972) which are grazed or disturbed by winter

storms; the high pH also points in this direction.

Bryum marratiisynusia: characterized by acombinationof short-lived shuttle

species, ephemerals, summer annuals, and (seldom flowering) biennials. This

diversity in life strategies is the more remarkable, since both the synusia and the

community as a whole are rather poor in species. It is found in productive sites

which are grazed intensively and may be inundatedsometimes in winter. High

pH and soil moisture availability also indicate a high productivity level.

Juncus mutabilis - Cicendia synusia: characterized by a high proportion of

annualsand ephemerals. The sites are inundatedfor a long time during winter.

The fertilityof the wet to moist substrate, slightly enriched by the inundations, is

apparently high enough to allow the ephemerals to complete their life cycle. In

the species-poor subgroup C2, with very low pH and little or no disturbance,
annuals become more prominent.

Radiola linoides synusia: here, the annuals (Al, Ab, Cv partly) reach their

highest values, though ephemerals still abound.The synusia is met with on drier,

acid, soils with high humus contents and low soil fertility. The subgroup D4

resembles B2 both in habitatand strategy spectrum. The ecological differences

between these two communities remain as yet unclear.

The general tendency is, that in moist to wet situations stress-avoiding strat-

egies dominate(E2, A1), and B and Sb (ifpresent) rarely reach the flowering c.q.

sporulating stage. The main seasonal stress is here constituted by winterly

inundations resulting in a short growing season, lower soil temperatures in

spring, and bad aerationof the soil. Indrier sites, the strategies Sb, Cv, B, and Pa

become more prominent and standing crop differences are reflected more

strongly in the spectra. Here the main seasonal stress is winter cold.

In conclusion, it may be stated that a comparison of plant communitieson the

basis oflife strategies of the species may lead to the generation of hypotheses on

theenvironmentalaspects and the functioning of thesecommunitiesas well as on

the main limiting factors determining these ecosystems. In a warp-and-woof

community, it is likely that the “shuttle-synusia” and the perennials are deter-

mined by different ecological factors due to differences in rooting depth and

responses to seasonally induced stresses (cf. Werger 1978). This is clearly re-

flected in their strategy spectra.

It may be worth while to establish a combined system in which colonizing

strategies as well as life cycle period and avoidance type are reflected. The

ecological value of the system would be optimized especially, if the other criteria

used by Barker (1966) could be incorporated for both plant groups. These

criteria, i.e. occurrence of seed dormancy and vernalisation requirements are
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important adaptations to seasonal stress and do occur in some bryophyte groups

(During 1979). Their relative importance and distribution over the bryophyte

taxa remains as yet unknown.

Severalof the communities treated here belong to the most species-rich vege-

tations ofthe dunes. This high diversity cannot be explained satisfactorily by the

corridor model of Grime (1979), since the stands often adjoin vegetations with

approximately the same productivity level but a much lower diversity. In both

this corridor model and the hypothesis of Grubb (1977) concerning the par-

titioning ofthe regeneration niche, a suppression ofdominancein the vegetation

is important for the existence ofa high diversity in certain vegetations. This point

is elaborated in a more general hypothesis of species diversity presented by

Huston (1979), which culminates in a two-dimensional model relating species

diversity to frequency of population reduction and rate of competitive displace-

ment. Beside the frequency of the population reduction, its distribution over the

seasons and its predictability will also have influence on diversity (cf. Grubb

1977). Animal effects are very important in this respect (cf. Whittaker 1977).

Though it is not yet possible to place exactly specific communitieson the axes

in the model, the general trends indicatethat the Nanocyperion communitiesare

in good accordance to Huston’s predictions; the highest diversity occurs at

rather low levels of growth rates and population reduction frequencies, and at

higher growth rate levels a higher frequency of population reduction through

grazing and seasonal climatic effects is necessary for the establishmentof the

Nanocyperion shuttle community which is partly responsible for the local raise

in diversity (cf. tables 3, 7).
Careful fieldobservations may yield more informationon the applicability of

Huston's model; a rigid testing of his hypothesis will require field experiments in

which the effects are studied ofharvesting of the production and trampling, both

at different frequencies and intensities, upon diversity of species and of life

strategies in the community.
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