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Adaptations to different management regimes

Summary

Elymus athericus is a clonal grass dominating the high salt marshes. The last years it

has started to invade the low salt marshes as well. The dominance of a few species

such as E. at/zericus decreases the species diversity. Management regimes are applied

on nature areas to conserve or to increase species diversity.

The success of Elymus athericus can have two alternative explanations. Either this

species has a high phenotypic plasticity or it can genetically adapt to the conditions in

the new habitat.

In a situation of global change it becomes more important whether a species can cope

with changing conditions, because it will disappear if it cannot. On Schiermonnikoog,

an experiment is running during 30 years. The vegetation were grazed, mown or

untreated on different sites at the salt marshes. These treatments created a 'changing

environment' compared to the untreated parts. Applications of these treatments

created new strong selection pressures comparable to changes occurring through

global change. In spite of the phenotypic differences of the plants, which appeared

between these management regimes in the field, it does not necessarily mean that the

differences were genetic adaptations.

By using a common garden experiment, phenotypic and fitness-related traits where

analysed for Elymus athericus. 300 plants were used, originated from the different

sites and treatments of the experiment. During growing in a common environment,

differences in these traits were found between the treatments. This supposes the

fixation of various traits between the management regimes. Main result was that the

grazed and mown treatments are different from the control plants.

Selection occurred on shoot length, above-ground biomass and the total leaf area. The

plants reacted to this selection by producing small shoots, less biomass and less total

leaf area, if they were grazed or mown. On the opposite, E. athericus from the grazed

and mown areas produced more ramets. Within ecological time scale the plants thus

adapted to a new environment and showed a rapid evolution.
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Introduction

Antropogenic activities have been affecting all ecosystems in the landscape structure.

In consequence plant species communities changed in their compositions and in their

dispersal. If the habitat alters its conditions, a species can disappear or adapt. The

response to stresses of plant species is not equal. In contrast, long-lived perennial

species, such as trees and shrubs, turn over relatively slow (Chapin Ill et al. 1993).

At several habitats a few species dominate and others have vanished (Bockelmann

2000). This phenomenon often occurs in stressful environments. The velocity of

adaptation to stress-tolerant habitats of some populations can be relatively high. This

suggests that natural populations of some species may accommodate evolutionarily,

influenced by phenotypic and genetic adaptability to new environmental conditions

(Chapin III et al. 1993, Dietz et al. 1999). The evolution of genotypes adapted to these

environments could play a central role in plants' responses to global change and/or

warming (Potvin and Tousignant 1996).

Salt marshes

In the salt marsh three major processes currently alter the environmental

circumstances: Additional antropogenic nitrogen input, sea level rise and change of

land (Bockelmann 2000).

Salt marshes are habitats situated on the border between land and sea. Characteristics

for this environment are the frequently anoxic circumstances due to inundations; in

particular for the lower part salt marshes. Additionally, the influence of the sea reveals

itself also by the salt gradient decreasing towards the higher marsh sites.

Geographically spoken, the whims of the sea also cause that salt marshes do not exist

long. However, nowadays, in particular in the industrialised part of the world where

dykes sometimes can protect salt marshes (if they were not transformed into Polders),

these older plains can get maintained but they can lose species diversity as well. Old

salt marshes contain relative thick clay layers and a high rate of mineralization and

increasing sedimentation, resulting in a higher nutrient (in particular N) availability

(01ff et al. 1997). Eutrophication causes dominance of a few species.
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Vegetation dynamics and management

In young salt marshes, early successional halophytes like Lirnonium vulgare, Plantago

maritima, (Van Wijnen et a!. 1997), and Puccinellia maritima (Leendertse et al. 1997)

occur. Vegetation succession in salt marshes is probably caused among other things

by accumulation of nitrogen over time. When the salt marsh gets older the nutrient

availability increases and taller species like Artisemia maritima, Atriplex

portulacoides and Elymus athericus replace the former species by light competition

(01ff et al. 1997). Due to sedimentation, the elevation of the salt marsh is increasing.

The older stages of the salt marsh will be dominated by E. athericus (Bakker 1989,

01ff et al. 1997, van Wijnen and Bakker 1997). This succession occurs relatively fast

probably due to the sea level rise the last 20 years, which increases the sedimentation

rate on higher salt marshes (01ff et al. 1997). Although this phenomenon does not

occur in general, because other factors can be dominant in influencing the vegetation.

A successional series can be found at salt marshes along the mainland coast, showing

a zonation towards land. However, the zonation pattern in salt marshes on coastal

barrier islands with low accretion rates, rather reflects the variation in geomorphology

of the soil (van Wijnen et al. 1997). For this type of salt marsh the habitat is divided

into lower parts and upper (higher) parts of the salt marsh and sometimes a

intermediary part (Esselink et al. 2000). E. ar/zericus can dominate the higher salt

marshes and Atriplexportulacoides the lower parts (Leendertse et al. 1997), while

Elymus repeiis reached dominance in the brackish marshes at the mainland (Esselink

et a!. 2000). The dominance of a few species surpresses other plants resulting a

decrease of the species diversity. To maintain a great variety of life forms,

management regimes are used in different kinds of habitats (Bakker 1989). On

Schiermonnikoog a coastal barrier island of the Netherlands, experiments are taking

place to obtain more information on the vegetation structure after several years of

management. As the management regime is changed, than the habitat is changed as

well and plants have to adapt to survive the altered circumstances.

Two management regimes are mowing and grazing. The vegetation can be mown

periodically. This treatment has been utilised for taking out nutrients of the soil to

accomplish less trophic conditions. Cattle grazing also keeps the vegetation relatively

shorter, which can make the light competition less competitive. The effects of these

two are more or less similar (Van Wijnen et al. 1997).

7



Phenotypic plasticity and selection on Elyrnus athericus

Cessation of cattle grazing after years changes the composition of the vegetation

(Bakker 1989). Inevitably, decreased management allows vegetation succession to

continue to their climax state (although some criticise this formulation and mention

the concept succession-climax simplistic (Hobbs 1994, Fuhlendorf and Smeins

1997)). In lower parts of the salt marsh, the dominant plant species of the vegetation

can change from Puccinellia maritirna to Lirnonium vulgare into Atriplex

portulacoides (Leendertse et al. 1997) and even into Elymus athericus at several sites

(Bakker unpublished results, Bockelmann and Neuhaus 1999). On higher parts E.

athericus became dominant earlier than on lower parts, due to an average less

inundations and a thicker clay layer. Only on young barrier islands with a clay layer

thinner than 7 cm E. atliericus will not reach dominance (Van Wijnen et al. 1997).

Elyin us athericus on Schierinonnikoog

After cessation of grazing at Schiermonnikoog, the Netherlands, E. athericus; also

known in the literature as: Elytrigia atherica or Elymus pycnanthus (Van der Meijden

1996) extended the last 15 years in the upper salt marshes, frequently dominating

large areas (Bakker et al. 1989). The last years it also invades the lower salt marshes

(Bockelmann and Neuhaus 1999).

Elwnus athericus is a clonal grass and it is able to spread very fast in particular in

more homogeneous and nutrient rich conditions by means of vegetative reproduction

(Bockelmann 2000). Sexual reproduction is also common, flowers appear round June

and ripen till September or October. Plants can be found generally in estuaries, even

dunes and the entire maritime region in the Netherlands. The environmental

conditions vary from dry till wet, fresh till substantial salty soil (Van der Meijden

1996).

Phenotypic plasticity

One of the reasons why Elymus athericus can occur under such different

environmental conditions is its phenotypic plasticity. Phenotypic plasticity is

displayed by a lot of plants. This term indicates the ability of the species to produce

different phenotypes in response to different environments within one genotype
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(Bennington and McGraw 1995, Pigliucci and Schlichting 1998, Karban et al. 1999).

Phenotypic plasticity can be seen as a property of the reaction norm of a genotype

(Pigliucci and Schlichting 1998). However, morphological differences in traits of a

species because of the environment are hardly to distinguish from genetic differences

(Turelli 1988). Reciprocal transplant experiments revealed a clear picture that

morphological traits were most likely shaped by the environment whereas life history

traits were more strongly genetically programmed (Bennington and McGraw 1995).

Consequently, another possible response of plant populations to heterogeneous

environments is genetic adaptation resulting in the formation of distinct ecotypes

(Bennington and McGraw 1995). Adaptations such as salt tolerance, where distinction

can develop rapidly, indicate that only a few genes may be involved into adaptations

to new environments (Greipsson et al. 1997). However, genetic differentiation also

can occur when the gene flow is limited in the absence of adaptation or selection,

using genetic drift or inbreeding. To characterise the forces responsible for genetic

differences, it is necessary to quantify the strength of direct selection on that particular

trait (Bennington and McGraw 1995). Genetic differentiation through genetic drift or

inbreeding can be avoided by using large outcrossing populations.

Natural selection and evolution

Three conditions are necessary for natural selection to occur, namely; variation,

fitness differences, and inheritance. The first two are connected to phenotypic

differences and the latter one is the genetic response of a species or population

(Endler 1986). These conditions do not stand apart. The (phenotypic) variation that is

observed, can have consequences for the fitness. Advantages in fitness for certain

traits can be inherited (Bockelmann unpubl.). Selection, however, can contribute in

maintaining genetic variation, caused by the relative fitness differences in the

microhabitats (Prentice et al. 2000).

Survival of a population into changing circumstances can occur through plasticity or

genetic adaptations. It is hardly possible to determine the main process that is

involved in the expression of phenotypic traits in a population, just by looking in the

field.

Moreover, the contents of this adaptation can be unravelled: Which genotypes will be

involved into adaptation? The treatments probably are fixed for characters
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advantageous for their environment. The plants will not spend energy in making long

shoots if there is a selection on this trait. If plasticity is not sufficient enough, a

population has to adapt rapidly, to survive in new conditions.

Questions

If a species wants to maintain itself under changing circumstances, adaptation within

ecological time scales is required; rapid evolution. In the light of addition to global

change, it becomes increasingly interesting to determine adaptations a species can

undergo. In our case with respect to different management regimes, the next questions

can be asked in respect to Elyinus atizericus:

• Are phenotypical differences plastic or genetical?

• Does a short strong selection cause populations to differentiate genetically?

• In general: How do management treatments influence the clonal structure?

Considering prior field studies, I will try to make a hypothesis. A. C. Bockelmann

(unpublished results) found that plants from the control treatment were taller than the

other plants. If the phenotypic differences should be genetic, than plants from the

control plot would have the same differences when growing under homogeneous

conditions with plants from the grazed and mown plots. When no differences are

found, the traits should be considered plastic en no genetic differentiation was

occurred during the thirty years of management regimes.
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Methods

Site and samDling of the Dlants

The plants were obtained from a salt marsh on Schiermonnikoog, The Netherlands.

Originating from five different sites at the salt marsh, the plants did undergo three

treatments since 1971 namely; (cattle)Grazed, Mown (in June) and untreated

(Control). From each treatment twenty individuals were labelled and put in flowerpots

with potting compost on June 15th, 2000. Totally 300 flowerpots were situated close

to the field station "the Herdershut" on the island for 2,5 months to adapt to a

common environment, and to diminish the carry-over effect from the field. Plants

were occasionally watered. On June 27th, the plants were measured and clipped once.

Plants were transported to the Biological Centre in Haren in September.

The greenhouse experiment

After arrival at the Biological Centre in Haren, one tiller from each flowerpot was

transplanted into another larger pot with a mixture of sand and potting compost (1:1).

Each pot was given a unique number, corresponding with the numbers in a twin

investigation (Roos Veeneklaas). The aim of her project is to compare the impact of

Adantations to ,ffrpnt rnmniopment reims

A corn mon garden

SchiermonnikOOg

-- *- *uc\ )EAA

Fig. 1. Map of the site of
Schiermonnikoog. Area B
contained site 1 till 5. (After
Bakker 1989)
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different management regimes in genetic structure. Results can be compared in the

future.

The plants were divided into six subgroups ('blocks') with different label colours. Each

label colour indicates two rows on the greenhouse table (red, pink, white, green, blue

and orange). After clipping and after each measurement, the pots were placed at

different places on the greenhouse bench to strive to the common environment. This

control was done to notice possible gradients of e.g. light intensity and water

availability.

Water was given twice a day using sprinklers (at 10:00 p.m. and 4:00 a.m. for 1

minute, for additional information about the greenhouse, see appendix). In addition,

extra light was given after one week (appendix). After two weeks in the greenhouse the

plants were clipped till 2 a 3-cm above the soil surface. From one week after clipping

onwards, the following parameters were measured once a week (for a period of six

weeks):

-number of ramets

-number of leaves from the largest tiller (the largest tiller seen after the first

measurements)

-width (mm) and length (cm) of each leaf from the largest tiller

-total length of the genet (cm).

I choose not to use the total shoot length of the largest tiller in the pot, but the total

shoot length of the whole genet in one flowerpot. A large part of the data will be

nevertheless the same. To ensure that not all parameters were dependent from one

tiller, I preferred to do it this way.

A piece of red drinking straw was used to mark the largest tiller from the first

measurement; the other tillers got a straw of any other colour.

The pots were harvested nine weeks after the last clipping and three weeks after the

last measurement. The dry weight of the above-ground and below-ground biomass was

measured.
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Statistical analysis

Homogeneity was estimated by the Levene's test (SPSS) with visual support by

plotting the means against the variances. If the highest variance is higher than the

lowest by a factor of 10, the variances will not be homogeneous (Reusch 1999).

The data was transformed to achieve homogeneity of variances as follows:

Measurements (root biomass, leaf length and width, and total length) were transformed

logarithmically.

The total leaf area a (cm2) was estimated by multiplying the sum of the transformed

leaf length C (cm) and leaf width D (mm) by the triangle formula:

a = (CI2)*(DIl0)

Countings (ramets and leaves) were square root transformed.

The relative growth rate was calculated by:

A1-A 'lii

A= total length (cm)

n= week

n+1= the week after week n

t= days between the measurement

In addition, the biomass shoot/root ratio was calculated.

Data were analysed with SPSS 9.0.1. (SPSS mc, Chicago). ANOVA (Zar 1999) was

used to analyse differences between the phenotypic traits week by week for the sites,

treatments and colours. Repeated Measurements ANOVA was used to see any

difference between the factors over the whole time period. Tukey's (Zar 1999) test was

used to distinguish the factor that causes the significance.

The statistical models included the independent fixed factors: site, treatment and the

interaction between them. A block factor was added to control for heterogeneous

conditions in the greenhouse (see above).

Estimated means and standard errors were calculated and entered into Sigmaplot 2000

6.00 (SPSS Inc. Chicago) to visualize.
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The next abbreviations can be mentioned in the results: C = Control, G = Grazed, and

M = Mown. Thus, 3G = plant originated from site 3 with a grazed management regime.

Clonal structure variation

Site

Three years ago individuals were taken from 24 different areas at Schiermonnikoog.

These plants were put into dense patches of 2 by 1 metres, containing a mix of 1/3 sand

and 2/3 potting soil, at the experimental garden in Haren. The patches were left

untreated for three years, using only the weather as nutrient supplier. The number of

ramets, shoot colonies and rhizome length were determined.

Mapping

By means of a grid of 2 by 1 metres with meshes of 20 by 20 centimetres, the clonal

structures in the patches were mapped.

14



Adaptations to different management regimes

Results

Homogeneity of variances

Levene's tests showed that the sample sizes were heterogeneous concerning the mean/

variance distribution. This was also visible in the mean/variance plots where the

variance increased with the mean (Fig. 2). Although the factor between the highest

variance and the lowest variance was less than 10 in the plots, transforming the

following variables increased the reliability of the results for the following parameters:

ramets, total length, and leaf length and width. I could not find any heterogeneity of

variances for the leaf number. However, the leaf data were transformed as well as a

precaution.

140

120

100

80

•60
40

20

0

-20

90

80

70

60
U

50

40

30

20

10

08

0.7

0.6

0.5

0.4

0.3

02 -

Fig.2.Meanl variance comparison for the parameters: ramet number, leaf number, total

shoot length, and total leaf area (after six weeks). The means and variances were pooled

over treatments together (n= 6*4= 24). Excluding the leaf means and variances, they were also

pooled over all sites together (n= 6*6= 36).
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Phenotypic plasticity and selection on Elv,nus athericus

The analyses of the above-ground biomass and below-ground biomass were also

accomplished after plotting the means and variances. The graphical analysis of the

shoot biomass (above-ground) gives a plot not showing a clear regression and the

extreme variances do not differ by a factor 10, either by a factor —5. In contrast, the

root biomass (below-ground) showed a steeper slope and the highest and lowest

variance differ by the factor 10. Therefore, the transformed data of the root biomass

will be used for analysis. The shoot biomass will be analysed with the original data

(Fig. 3).

5000 1600

1400

4000
1200

3000 4'lOOO
C C

V 800

2000

1000
400

200

0 0
60 80 100 120 140 160 180

mean mean

Fig. 3. Mean/variance comparison of the shoot and root biomass. To ensure sufficient

samples were obtained to approach a reliable picture, the values were pooled over all

site*treatment together (n=16).

The relative growth rate was composed from the transformed data. After the

transformations, the homogeneity was tested again using Levene's tests for all factors.

No heterogeneity could be found any longer.

Growth and fitness parameters

I tested differences between the factors for each week separately (see appendix). To

avoid confusion through detailed results, I mainly interpreted the results of the

Repeated Measurements tests.
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Table 1: Differences between sites and treatments (Repeated Measurements ANOVA):

(site, df=4; treatment df=2; site/treatment df=8, and block df=5) * = p<O.lO; ** = p<0.05 and

= p<o.o1.

F Rame t number Leaf number Total shoot Total leaf area

length

Source of MS F MS F MS F MS F

variance

Site 1.242 1.223 0.340 3.461" 0.256 2.897" 0.0121 2.212'

Treatment 4.619 4.675'" 0.139 1.370 1.461 18.331'" 0.09353 19.145"

Site'treatment 1.120 1.135 0.148 1.549 0.091 1.203 0.002953 0.615

Block 0.429 0.412 0.0432 0.432 0.185 2.023' 0.005646 1.183

Site differences

Looking at the measured means for the total shoot length in natural populations in the

field (before the first clipping), differences were found between site 4 and 1 respective

2. The plants at site 1 and 4 produced significantly longer shoots than at site 2.

However, in the common garden experiment only site 3 and 4 differed in shoot length.

The Elyinus athe ricus-pl ants at site 4 produced longer shoots than site 3. Other than in

the field site, site 3 had a lower number of leaves per tiller than site 1 and 2 in the

experiment. Site 3 also differed from site 4 in the total leaf area; the plants have a

smaller leaf surface than site 4 (Table 1). Conversely, according to the relative growth

rate, the plants in site 3 could grow faster than in site 2 (Fig. 4. and Table 2).
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Fig. 4. Site means for the total length, number of leaves of one tiller, total leaf area and

the relative growth rate (± 1SSE). Site 1 n=50, site 2 n=54, site 3 n=47, site 4 n=52, site 5

n=48. Significance is shown two fold. Different characters express significant differences

(p<O.O5). The plots, which lie the furtherst apart from each other, differ in the graphs 'relative

growth rate' and 'total (shoot) length'. Week—i is not exactly one week before the plants were

clipped, but the measurements of the plants on the field. The dotted line indicates the moment

of clipping.

Although the sites differed in total length and total leaf area, this effect seemed to

decline from week 2. However, starting at week 5, the differences appeared again and

in particular the total shoot length different between sites (see ANOVA tables in the

appendix).
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Treatment differences

The plants originating from the grazed treatments showed relatively the highest

number of ramets per pot right after getting them out the field. After clipping twice, the

plants from the control group were unable to produce the same number of ramets as the

control and 'grazed' in the greenhouse. The control group also showed a significant

higher total length and a total leaf area. Although the total length from the field data

displayed a larger total length for the control, plants from the mowing section were

smaller than the control group, but larger than the grazed section (Fig. 5, see

discussion).
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Already in week 1 the treatments show significant differences in the numberof ramets,

total length and total leaf area. Continuing until week 6, these F values remain high.

(see ANOVA tables in the appendix).
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Phenotypic plasticity and selection on Elvmus athericus

Site*treatmeflt

The relatively growth rate is the only variable were an interaction between the site and

treatment occured. After a Tukey test, differences between 3G on one hand and 4M,

2C, and 2M appear. 30 has a higher relative growth rate compared to the others. 4M

has the lowest (Fig. 6).

0.25

' 0.20 :
—U- 20

0.15-

: o.io
0
O.05 -
c 0.00
0I-

-0.05
1-2 2-3 3-4 4-5 5-6

weeks after clipping

Fig. 6. The relative growth rate means from the separate site*treatments (± 1 SSE). 1C

n=17, IG n=17, 1M n=15, 2C n=13, 2G n=20, 2M n=19, 3C n=19, 3G n=15, 3M n=13, 4C

n=16, 4G n=17, 4M n=18, SC n=14, 50 n19 and SM n=16. The grey coloured lines indicate

significant differences. * = p<O.lO and ** = p'zO.O5.

Block

Although block differences were found for total length, and below-ground biomass,

they were not significant. Moreover, the differences decreased during the experiment.

As shown in Fig.7, the group with the white labels seemed to have had a lower

relative growth rate compared to the green and blue labelled pots. The differences

looked extreme in the beginning of the measure period and decreased during the six

weeks (Fig. 7).
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1-2 2-3 3-4 4-5

weeks after clipping

Fig. 7. The block means of the relative growth rate (± 1 SSE). Red n=45, pink n=41,

white n=40, green n=4 1, blue n=46, and orange n=44. The coloured plots indicate an

inclination to differ from each other.

The only significant differences were found between blue and orange in week 4-5.

The plants with a blue label had a higher growth rate than the pots with an orange

label (Table 2).

Table

df =5).

2. T

**
=

he F valu

p<O.O5

es for the rdative growth rate between the Iabel colours (every week,

Weeks

F

1-2

1.589

2-3

1.269

3-4

1.629

4-5

2.462**

56
1.122

MS 0.01800 0.00386 0.00151 0.00255 0.00059

Biomass

Site, treatment and block

Differences on above-ground biomass were found between the control and mown

group. Similar results were found for the below-ground biomass, except a minor

trend.

Site 3 seemed to produce less shoot biomass en less root biomass compared to site 5.

It is obvious that the plants in site 3 have shorter shoots, less total leaf area, less

leaves and less shoot and root biomass than the other sites, during the time in the

greenhouse.
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Fig. 8. Site and treatment means for the shoot and root biomass (± 1 SSE). Site 1 n=50,

site 2 n=54, site 3 n=47, site 4 n=52, site 5 n=48. The means between data of site 3 and 5

(shoot and root) indicates an trend. Significant differences (p<O.O5) were indicated with

different characters.

No differences were found for the shoot/root ratio. Neither site, treatment,

site*treatment nor block had influence on the allocation of the plant to invest the

energy in shoot or root.

Table 3. Anova results: The F values of the shoot and root biomasses, shoot/ root ratio and

the relative growth rate between the different factors. (Site n=25 1; treatment n= 252;

site/treatment n=25 1, and colour n=257)
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00
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site

F

Shoot

Root

site

1.843

2. 131*

treatment

8.652***

2.537*

Site*treatment

0.778

1.0 10

(transformed)

Shoot/root

Block

2.452**

1.685

1.064 1.348 1.4 16 1.189
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Clonal structure variation

Grids were made for the determination of the clonal structure for 24 patches.

Unfortunately, the data could not be analysed, due to a lack of time.
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Discussion

Methods

Before I am going to discuss the factorial differences, I want to make some remarks

concerning the methods.

Carry-over effects

To overcome carry-over effects from the field, the Elymus athericus plants from the

natural population were clipped twice and after transmission to a larger pot, only one

tiller was placed into a new flower pot. Despite these efforts, hidden errors could

occur. When repeatedly the same tiller was placed into a larger pot, some could have

more or less rhizome mass. This can be essential in the acclimatisation period, the

first weeks in the greenhouse. The plants with more rhizomes can have a better start

than the plants with fewer rhizomes in the measuring period.

By clipping, the plant shoots should all be reduced to 2-3 cm above the soil surface.

Nevertheless, the differences from starting points could be important. Although E.

athericus produced new ramets after clipping most of the time, sometimes the same

clipped ramet continued growing, which could influence the results.

In addition, measuring itself can damage the plant relevantly. By transporting them

towards the site of measurement and back, with all precautions, some leaves were

torn off, sometimes leaving an underestimation in the data. Some were even eaten by

snails. Despite all the efforts, the damaged leaves were lost, because it was

impossible to find out which leaf came from which pot.

Block factor

Precautions were made to avoid differences between treatments through

inhomogeneous conditions in the green house. I let the plants grow in the direct

proximity of each other to ensure a homogeneous environment. After each

measurement the plants rotated and were put in an alternating spot on the greenhouse

bench. Despite the trends and the differences for different variables during the first

week, the sites rotating together (colour groups) seemed to be reasonable common

afterwards. Only in week 4 (for total shoot length) and week 5 and 6 (for total leaf

area) the factors were almost significant. For the relative growth rate (4-5), I would
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suggest that the changing circumstances in the greenhouse had different impact on the

different blocks.

The water regime was changed to an automatic sprinkler system and the regulation

was switched to the winter regime between the third and fourth measurement.

Although the circumstances were the same for all plants, reactions of the plants could

be different.

To my mind, the relative growth rate differences should be the most reliable variable

for detecting gradients in light intensity or water availability. Summarising over the

whole experimental period, a clear difference was only visible between block 'red'

and block 'green'. However, the site 'green' contained a lot of plants from site

3/treatment G(razed) and site 1/treatment M(own) while 'red' had no plants from

these management regimes. 3G and 1M had the highest means for relative growth

rate. Therefore, I think that differences were due to the plant's heterogeneity and not

due to light intensity or water availability gradients (see appendix)

Statistics

One remark has to been made for the statistical analyse. Although repeated

measurements were used for each factor, problems can appear. When using 5 sites

and 3 treatments within these sites, it is justified to unite all sites to analyse the

treatments, normally. However, chances for finding plants that are genetically similar,

are relatively higher in one site/management regime than by looking over one site.

However, the Repeated Measurement ANOVA tests gave no significance for the

interaction site*management regime, indicating no effect to the other tests.

Differences between sites

Comparison between the natural and the experimental populations

In the field site 2 has relatively the shortest shoot length, whereas the plants from the

same site did not differ from other sites in the common environment. The differences

in the total shoot length in the field are thus due to the environmental conditions. This

can be interpreted as typical example of phenotypic plasticity (Bennington and

McGraw 1995). Another example is site 1, where a plastic reaction occurs as well.

Although the plants produced longer shoots than site 2 in the field, in the greenhouse

there were no differences between them.
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Whether plants differ in leaf number production in the greenhouse, the production of

leaves in the field has no differences; the ecosystem should canalise this character by

selection on the phenotype. All the various genotypes could adapt via phenotypic

plasticity.

Differences between the sites in the common environment experiment

The results suggested that site 3 is always inferior to at least one other site for almost

every trait (Fig. 4). Looking at the map of the orientations of the sites, it suggests that

the second creek nearby site 3 could have a great impact on the genetical adaptation

of Elymus athericus partly due to the relatively low elevation (Roos Veeneklaas,

unpublished results). The species might have had to adapt to the relatively severe

conditions nearby the creek. Van Wijnen et al (1997) presented the vegetation

development of the area between 1971 and 1995. According to their maps, E.

athericus dominated in the area around site 3 already in 1971, while other plant

communities were dominant at other sites, there E. atlzericus colonised several years

later. The explanation for the differences between site 3 and the other sites could

therefor be that populations of site 3 had therefore more time for a potential habitat

adaptation (Endler 1986).

Differences between management regimes

Comparison between the natural and the experimental populations

Ranets

Plants from the grazed management regime are capable to produce more ramets than

the other two treatments on Schiermonnikoog. In the experiment 'grazed' only differs

from the control. Apparently, the plants from the 'grazed' and 'mown' treatments

both shows a genetically fixed trait in producing more ramets, although the 'mown'

plants do not display this trait in the field. In this case, however, it is probably more a

stress factor. Immediately after the removal out of the field, the plants were put in

pots. These removals brought sometimes severe violence to the ramets, tearing up

occasionally complete genets. When cattle is grazing, probably more than the shoot

will be eaten, or at least; the chance that the rosette can be damaged could not be

excluded, while the mown plants only lose their shoots. Thus, the transplantation had

the same (stress) effect than the grazing cattle, the production of ramets is a reaction
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to this stress that is in case of the 'grazed' and 'mown' plants genetically fixed, but

not for the controlls.

After this rough assumption, there could be another more simple explanation. In

particular, the plants in the grazed management regime were small after passing by of

cattle. Sometimes they were hardly to get them out of the soil. Afterwards it was

impossible to obtain only one ramet, so occasionally two or three ramets were put in a

pot. Regrettably, notes were not made of this event; thus it is hardly to prove whether

the ramet 'starting point' had overestimated the ramet measuring, a few days later.

Total shoot length

The phenotypic differences did not agree with prior results (Bockelmann unpubl.).

Whether she found differences between the control group and the treatments, this

experiment showed significance for all three management regimes. The tallest group

is the control part, where no regime was applied and the plants can grow undisturbed

relatively. The above-ground biomass of the mown section will be reduced

periodical, reducing the total shoot length as well. The plants can grow until the next

mow event occurs. Grazed plants however are subject to the whims of the cattle.

Before the plants can even produce a reasonable length, they will be grazed again, in

particular when the cattle density is high. After diminishing all the heterogeneous

conditions in the greenhouse, only the control group distinguishes itself with a larger

total length. The passing by of cattle could influence the differences between the prior

results and these findings, although this is highly speculative.

Biomass

The control group differed with the mown group and the grazed group. Thus,

differences of above ground biomass are genetically fixed. Root biomasses did not

differ, merely having a trend between control and mown. After the calculation that

there is no difference in the shoot] root ratio, it is not safe to speak of plasticity on the

biomass in the field.

Differences between the management regimes in the common environmental experiment

The first striking element is the significance, which appears immediately in the first

measurements of ramets, total length, and total leaf area. Every week the significance

continues and subsequently the Repeated Measurements confirmed the findings. The
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control group produced less ramets, more total leaf area, longer shoots, and more

shoot biomass compared to the other management regimes during the experiment.

Interaction between site and management regime

Analyses for site/management showed little significance. Only the relative growth

rate showed a difference between plot 3G and 4M, 2M and 2C. 3G relatively grew

faster than the others did. Although there was no difference found between the

treatments for relative growth rate, it is striking seeing only site 3G having the

highest growth rate. However, a combination of factors can have made the plants to

'decide' to develop a high turnover. Notwithstanding, plot 3G stands on a low salt

marsh, where normally the turnover is relative high (Dietz et al. 1999), the severe

influence of the creek and the grazing could have strengthened this trait.
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Conclusion

Despite all the little 'misfits', the analyses did not showed poor results. The strength

of this experiment is the large sample size, where abnormalities can be compensated.

During the 30 years of management regimes (grazing and mowing), the populations

of Elymus athericus in the experimental plots have genetically adapted themselves to

the changing circumstances from the untreated control group. In a habitat where E.

athericus constantly is under pressure to be eaten or mown, selection will disfavour

large shoots, higher (above-ground) biomass and a large total leaf area.

In contradiction, E. athericus from the grazed and mown areas produced more

ramets. It is probably more advantageous to put energy into asexually reproduction

when there are bare opportunities to produce flower.

The number of leaves seems to be not a genetically fixed phenotypic trait between the

treatments, yet differences were found between sites. It suggest that the sites were

genetically fixed by the number of leaves. Conversely, the field data gave a

homogeneous group over all sites, indicating to selection on phenotypes. Regardless

the genotype, the plants produced all the same number of leaves over all sites.
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Appendix

ANOVA tables

site

Phen t' flic ni at cit \ ind selection on E!vnus athericus

Df = 4 Ramet number Leaf number Total shoot Total leaf area

length

Week MS F MS F MS F MS F

0.0234 0.179 0.0817 0.190 0.0887 2.005' 0.000296 1.397

2 0.112 0.860 0.0461 0.799 0.04239 1.115 0.001183 2.079'

3
0.157 0.854 0.074 1.207 0.0506 2.098' 0.001658 1.582

4 0.481 1.668 0.0662 1.119 0.0298 1.361 0.002424 1.649

5
0.659 2.118' 0.0483 1.533 0.0498 3.706" .008843 3.978"

6 0.551 0.220 0.135 4 128" 0.02806 3.023" 0.003486 1.292

treatment

Df = 2 Ramet number Leaf number Total shoot Total leaf area

length

Week MS F MS F MS F MS F

0.285 2.224 0.06860 1.292 0.384 9.121" 0.002442 12.432"

2 0.3% 3.076" 0.04519 0.784 0.555 16.368" 0.06932 12.985"'

3
0.773 4 35" 0.14100 2 332' 0.521 25.420'" 0.01 166 11.975"

4
0.776 2710' 0.03785 0.639 0.202 3.851" 0.01735 12.807"

1.163 3.768" 0.03574 1.127 0.162 12.611" 0.03785 18.459"

6 1.732 4.643" 0.05683 1.666 0.093 10.496" 0.03384 13.741"
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site*treatmeflt

Sr

Df = 8 Ramet number Leaf number Total shoot Total leaf area

length

Week MS F MS F MS

0.04676

F

1.142

MS

0.0001566

F

0.805

1
0.141 1.090 0.06312 1.206

2
0.0702 0.535 0.03996 0.684 0.03 177 0.942 0.0003136 0.601

3
0.156 0.865 0.06555 1.085 0.0172 0.860 0.0007999 0.831

0.406 1.446 0.02473 0.409 0.03506 1.768' 0.0004084 0.299

5
0.368 1.211 0.03712 1.185 0.01985 1.665 0.001946 1.004

6
0.587 1.605 0.04655 1.451 0.01477 1.757' 0.001702 0.689

Block

Df = 5 Ramet number Leaf number Total shoot Total leaf area

length

Week MS F MS F MS F MS F

0.213 I 0.09344 1.789

2
0.153 1.178 0.06146 1.077 0.06652 1.749 0.0008443 1.540

3
0.093 0.499 0.03161 0.514 0.04541 1.859 0.0005351 0.538

4 0.305 1.044 0.02056 0.348 0.04191 1.908' 0.000796 0.590

0.038 0.116 0.03210 1.017 0.02473 1.760 0.002756 1.349

6
0.133 0.336 0.02282 0.669 0.00982 1.027 0.003555 1.533
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Green house conditions

Summertime (May- October)

The regulation system worked from 6:00 a.m. until 9.00 p.m.

Light on: <5 KLux

Light off: >6 KLux

Shadow screen open: <6 KLux

closed: > 7 KLux

Temperature regulation between 17-20° C.

Winter period (Oktober1m Maym)

Light on: <8 KLux

Light off: >10 KLux

Shadow screen open: <10 KLux

____________closed:

>1 lKLux

Temperature regulation: between 17-23°C.

Water availability:

23 litre/hour for each sprinkler 4 0,38 dllmin

For 260 plants 4 sprinklers (75 cm distance between 2 sprinklers)40.38*4 1,52 dliter

aquadest for the whole group 41.9/260 0.58 ml for each pot.
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Distributio,z populations in the greenhouse

Each pie indicates the distribution of the plants in each block. Thus, a lot of plants,

originated from 1C, can be found in the green block. Most of the plants from 2M can

be found in the red block etc.
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_________
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IIIJ pink
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