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Plasticity of life characteristics 
in two different populations of Plantago maritima  L. (*)

C. W. P. M. Blom
Institute for Ecological Research, Department o f  Dime Research. 

Weevers’ Duin, Duinzoom 20a, 3233 EG Oost voor ne. the Netherlands,

SUMMARY

A study was made o f  the nature o f  differences in life history characteristics o f  two neighbouring 
populations o f  Plantago maritima L. occurring in a salt marsh in the Netherlands.

A population o f  short-lived individuals whose reproduction was mainly generative was observed 
in high-lying, nearly ungrazed zones on sandy soil. A contrasting population o f  long-lived plants o f  
P. maritima with a mainly vegetative reproduction was found in lower-lying grazed zones on a sandy 
clay soil.

The effects o f  the different soil types, differences in grazing intensity, inundation and salinity o f  
both habitats on the percentage and rate o f  emergence, establishment, growth and reproduction o f  
P. maritima were investigated.

It was shown that the life history characteristics o f  both populations were determined by the 
environmental factors occurring in both habitats.

It is postulated that the differences in life history characteristics between both populations were 
more likely to be due to phenotypic plasticity than to genetic variation.

K e y - w o r d s : Plantago maritima - Phenotypic plasticity - Population ecology.

R É S U M E

Une étude a été faite sur la nature  des différences dans les cycles biologiques de deux populations 
voisines de Plantago maritima L. rencontrées dans une zone littorale salée des Pays-Bas.

Une population d ’individus « à vie courte » dont la reproduction est essentiellement sexuée a été 
observée dans les zones élevées non pâturées sur sol sableux.

Une population différente de P. maritima « à vie longue » à reproduction essentiellement végéta
tive se rencontre dans les parties basses pâturées, sur sol sablo-argileux.

On a étudié le rôle des différents types de sols, de l’intensité du pâturage, de l ' inondation  et de la 
salinité des deux habitats  dans l’émergence, l’établissement, la croissance et la reproduction de 
P. maritima.

On a pu montrer que les cycles biologiques des deux populations sont déterminés par les fac
teurs écologiques caractérisant les deux habitats.

On en déduit que les différences entre les deux populations sont dues plutôt à une plasticité 
phénotypique q u 'à  des variations d 'o rd re  génétique.

(*) Grassland Species Research G roup ,  Publ. No. 66.
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378 C. W .  P. M. BLOM

IN T R O D U C T IO N

This s tudy was initiated as pa r t  o f  a m ultid isc ip linary  project on the re la t ionsh ip  
between d em o g rap h ic ,  physiological an d  genetic p ropert ies  o f  Plant ago species 
an d  the characteris t ics  o f  their en v ironm en t .  In this project the differences in life 
h is tory  between and  with in  live Plantago species occu rr ing  in the  N e th e r lan d s  a re b e in g  
studied  ( V a n  d e r  A a r t ,  1979).

C hanges  in en v iro nm en ta l  c ircum stances  may lead to changes  in the life h istory  
charac teris t ics  o f  individual plants .  In this respect,  va r ia t ion  between indiv iduals  
within one p o p u la t io n  is an  im p o r ta n t  p h e n o m e n o n .  T w o  features  can be d is tinguished. 
T he  first one  is the genetic variabili ty  an d  the second the pheno typ ic  plasticity, 
which results in a m o rpho log ica l  plasticity based on var ia t ion  in physiological 
processes (e. g. B r a d s h a w ,  1965; S t e a r n s ,  1976; S o l b r i g  ct a/., 1979; A n t o -  
n o v i c s  & L e v i n ,  1980). Differences in life h is tory  charac ter is t ics  found  between ind i
viduals f rom  different p o p u la t io n s  o f  P. lanceolata L. can be generally  ascribed  to 
plasticity ( W a r w i c k  & B r i g g s ,  1979; K u i p e r  &  K u i p e r ,  1979), while in the case o f  
P. major L. differences between individuals  a re  m ain ly  genetic ( K u i p e r ,  1982). However, 
genetic differences between individuals  o f  P. lanceolata within a p o p u la t io n  have also 
been found  ( V a n  D a m m e  &  V a n  D e l d e n ,  1982). These differences refer to bo th  
nuclear and  cy top lasm atic  genes.

In traspeciiic  differences have been studied  in m any  salt m arsh  plants.  F o r  exam ple ,  
S h a r r o c k  (1967) show ed th a t  the differences in leaf fo rm s o f  two p o p u la t io n s  o f  
Halimione portulacoicles (L.) Aellen a re  genetically de te rm ined .  Intraspeciiic  varia t ion  
in Suaecla maritime! (L.) D um . w'as d e m o n s t ra te d  by B o u c a u d  (1962), in Aster tri- 
polium L. by G r a y  (1974), in Limonium vulgare Mill, by B o o r m a n  (1967), in Salicornia 
europaea L. and  Plantago maritima by J e f f e r i e s  (1977) and  in Puccinellia maritima 
Huds. by G r a y  &  S c o i t  (1980).

T he  main p u rp o se  o f  the  presen t  s tudy  was to investigate the n a tu re  o f  the re la ti
vely large differences in life charac ter is t ics  between tw o n e ig h b o u r in g  p o p u la t io n s  o f  
P. maritima occurr ing  at K w ade  H o e k — a salt m arsh  on the island o f  G o e ree  (the 
N e th e r lan d s )— on two hab ita ts  which differed in soil type, tidal influences and  grazing 
intensities. P re l im inary  studies on a llozym e varia t ion  an d  m orpho log ica l  ch a ra c te 
ristics indicated tha t  the differences between the tw o P. maritima p o p u la t io n s  p ro b ab ly  
had no genetic basis ( V a n  D i j k  & V a n  D e l d e n ,  1981 and  H. V a n  D i j k ,  p e rs o n a lc o m -  
m unica tion) .  G r e g o r  (1938, 1939) and  G r e g o r  &  L a n g  (1950) described differences 
between p o p u la t io n s  o f  P. maritima f rom  different areas .  In Britain, these a u th o rs  
d is tinguished three  ecotypes, occurr ing  in distinct areas.

T he  present s tudy tests the hypothesis  th a t  the differences in life h is tory  c h a ra c 
teristics o f  the two ne ighbour ing  P. maritima p o p u la t io n s  a re  based on pheno typ ic  
plasticity. T he  env ironm en ta l  factors  caus ing  differences in life charac ter is t ics  were 
studied . Field and  lab o ra to ry  experim en ts  were pe rfo rm ed  to investigate the e m e r
gence o f  seeds land ing  in bo th  habita ts .  F u r th e rm o re ,  the com bined  and  separa te  effects 
o f  t ram p ling ,  c lipping and  in u nda t ion  on the es tab lishm ent,  g row th  and  rep ro d u c t io n  
were investigated.

M A T E R I A L S  A N D  M E T H O D S
The study area

The nature reserve Kwade Hoek (e. 315 ha) is situated on the island o f  Goeree in the southwest 
o f  the Netherlands. The vegetation o f  this tidal area ranges from halotypic communities on heavy
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clay soils to communities growing on inland dunes with a sandy soil. The boundaries between the 
communities o f  some sites are quite distinct because o f  the presence o f  tidal creeks, whereas on the 
more interior sites the transition is more gradual as has also been described for other salt marshes 
by R a n w e l l , 1972; B e e f t i n k , 1975, 1977; M a h a l l  &  P a r k , 1976. From M a y  to October part o f  
Kwadc Hoek is grazed by cows. Phytosociological studies as well as species distribution in relation to 
edaphic factors were made by W e s t h o f f  et a/., 1961 and by B e e f t i n k , 1975, 1977. Population I o f  
Plantago maritima mainly occurs in the Armerion maritimae community. Other important taxa o f  
this grazed community  are Giaux maritima L., Juncus gerardii Loisl., Festnca rubra L., Aster tripo- 
lium L. and Artemisia maritima L. Population II o f / 3, maritima occurs in low numbers at transitions 
between this community  and the Saginetum maritimae community with Sagina maritima G. Don, 
Plantago coronopus L., Cochlearia danica L., Honckenya peploides (L.) Ehrh., Centaurium littorale 
(Turner) Gilmour, Sagina nodosa (L.) Fenzl. and Festuca rubra L. These transitions are found on a 
sandy soil with c. 4.4 mg Cl “ per 100 g dry soil, whereas the Armerion maritimae community is found 
on sandy clay soils containing c. 1,195 m g C I~  per 100 g dry soil.

Population I occurs in lower zones with a layer o f  sandy clay in the upper soil with individuals 
with an estimated age o f  more than ten years. These plants propagate mainly vegctatively and only a 
few seedlings can be found. The mortality o f  these seedlings is very high. There is intensive grazing 
by cattle and regular flooding in these zones.

Population 11 is at the edge o f  the inner dunes. This zone is flooded only when the tide is extremely 
high and is seldomly grazed by cattle. In winter the grazing by rabbits is relatively high. In this 
upper zone with a sandy soil the individuals o f  P. maritima are short-lived. The estimated age is 
about  three years. The reproduction o f  these plants in the field was observed to be mainly by seed 
which germinated rapidly, and established easily.

The distance between population I and population II is about 300 m. In 1970 a dam was built 
in a neighbouring estuary with the result that the high-water mark at Kwade Hoek increased. It is 
probable that since then population II o f  P. maritima has become established in the upper parts in 
the area.

Sowing experiments in the field

To get an impression o f  the germination and establishment o f  P. maritima in the field (Kwade 
Hoek), seeds were sown in four series o f  three plots (50 cm x 25 cm) each at the end o f  April 1980. 
These seedlings were observed for three successive years. Scries A was situated in the direct su r round 
ings o f  population II at the edge o f  the inner dunes, series D on a cattle path which was intensively 
trampled, series C near a creek at a site flooded during each high-tide period and series D on the site 
o f  popula tion  I, in a relatively dense vegetation layer. Scries A , B. and D were flooded only during 
extremely high tides. On each plot 100 seeds, collected in the preceding year, were sown in a regular 
pattern at a depth o f  0.5 cm. In the zones o f  series A, B, and C the naturally occurring numbers of  
P. maritima were relatively low (0-5 individuals per square metre). In series D c. 20 individuals per 
square metre were observed, and more rosettes per individual were sometimes found. The seedlings 
were mapped once a month, and after emergence o f  the plants the sowing patterns were generally 
clearly visible.

In August o f  three successive years the numbers o f  leaves, the length o f  the longest leaf, the 
propagation and mortality o f  the sown plants were recorded. In each zone the spontaneous emergence 
o f  P. maritima was observed at reference plots.

Since no significant differences in germination, seed weight, and cotyledon length were found 
between both populations, a mixed sample o f  seeds from both populations was used in all experiments.

Laboratory tests on the effects o f  soil type and salinity on germination

P. maritima seeds were placed on the sandy clay soil from the site o f  population I and on the sandy 
soils from the site o f  population II. Two layers o f  both soil types were tested: 0.2 cm and 3-10 cm, 
respectively. This experimental lay-out was chosen because in the field, soil is often disturbed by an i
mals, which may result in the seeds being moved vertically in the soil.

The seeds used were stored at 5° C for 2 years; triplicate tests with 50 seeds each were performed
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in the greenhouse (18° C, photoperiod 18 hours). The moisture content o f  the clay and sandy soils 
was maintained at 30 % and 18 % by weight, respectively.

In this experiment a reference test on filter paper was added. In a separate experiment sandy soils 
were moistened with the following concentrations o f  seawater: 100 % (1.78 % C l - ), 50 %, 25%, 
12.5 % and 0 %, respectively. The moisture content o f  the substrate was maintained at 18 % by 
weight.

Grazing simulation experiments in the laboratory

a) Pot experiments with single plants.
In order to investigate two effects o f  grazing on development and reproduction o f  P. marítima, 

clipping and trampling separately and in combination were studied. The following treatments were 
applied to individual plants.

— Weekly clipping at a height o f  5 cm above the soil surface.
—  A trampling treatment for 5 seconds with a pressure o f  0.25 kg/cm2 once a day. L i d d l e  (1975) 
found similar values for the vertical forces applied to the ground by man.
— Weekly clipping combined with daily trampling.
—  Control plants, no treatment.
The treatments started six weeks after sowing. All series consisted o f  20 plants, grown separately 

in one-litre pots filled with a sandy substrate. Nutrient conditions were optimal. Light intensity at plant 
level was about 33 W /cm 2. Each week, the length o f  the longest leaf, the number o f  leaves, the num ber 
o f  flowering plants, the number o f  spikes, and the number o f  daughter rosettes were determined.

b) Pot experimentsv with turves.
In a separate experiment the effects o f  trampling on P. marítima seedlings growing in the vege

tation were investigated. For this aim, turves o f  20 cm x  20 cm x  25 cm (thickness) from the site of  
population I (cattle-grazed area o f  Kwade Hoek) were collected and placed in pots in the greenhouse 
(soil moisture 25 % by weight). Fifty seedlings a week old were planted in the turves. After 10days 
the number o f  seedlings was reduced to 25 individuals per pot in such a way that the remaining seedl
ings were distributed uniformly over the turf. A trampling treatment, comparable  with that o f  the 
former experiment (single plants in pots) was applied. A reference series without trampling was added. 
The tests were carried out in duplicate; once a fortnight the surrounding vegetation in the turves 
was clipped to the same height as the Plantago plants. Each week, the numbers o f  dead seedlings, the 
length o f  the longest leaf per plant, the numbers o f  leaves per plant and the number o f  flowering plants 
were determined.

Simulation o f  inundation

To study the effects o f  regular Hooding with sea water, the following experiment was carried 
out in the greenhouse. The various treatments started six weeks after germination.

—  Every other day soils with P. marítima were saturated with sea water by capillary rise for 
four hours. On the intermediate days the soils were watered with fresh water to prevent the accu
mulation o f  salt in the upper soil layers. Once every fortnight sea water was poured over the 
soil, until the soil was saturated. This treatment was carried out to simulate high tide.
— In a control series fresh water was used instead o f  sea water.
Both series consisted o f  20 plants, grown separately in one-litre pots filled with a sandy substrate. 

Nutrient conditions were optimal.
In this test the light intensity at plant level was 28 W /m 2. The sea water originated from the North- 

sea at the Kwade Hoek.
Plant characteristics were determined in the same way as in the grazing simulation tests.

Sowing experiments in the f ie ld
RESULTS

T able  I shows the species co m p o s i t io n  o f  the P. maritima  sowing plots  a t K w ade  
Hoek. T he  percen tages  em erged  a n d  dead  seedlings o f  P. maritima  in the first year
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T a b l e  I. — Description o f  the vegetation o f  sowing plots at Kwade Hoek.
Per species the percentages o f  cover are given. The descriptions were made in August o f  1980.

Plantago m aritim a .............................
Plantago coronopus ...........................
Car ex arenaria ....................................
Honckenva peploides .........................
Festuca ru b r a .......................................
Atriplex hast a t a ..................................
Spergularia media ................................
Poa pratensis.........................................
Juncus gerardii....................................
Salicornia europaea ...........................
Puccinellia maritima ...........................
G/aux maritima ....................................
Aster tripolium ....................................
Tota l  c o v e r ...........................................
Maximum hcight o f  herb layer. . . .
— not present

Edge of  
inner 
dunes

A

Cattle
path

B

Edge
of

creek
C

Cattle- 
grazed dense 

vegetation 
D

5-10
•

<  5 —— ■ 10-15
5-10 --- --- <  5
5-10 --- --- ---

10-15 <  5 --- ---
<  5 --- --- 25-30
5-10 --- --- <  5
<  5 5-10 <  5 ---

10-15 <  5 --- ---
--- --- <  5 65-70
--- <  5 --- ---
--- --- 35-40 ---
--- --- 40-45 25-30
--- --- --- <  5
60 20 80 100

5-15 cm 5 cm 5 cm 5 cm

are  given in figure 1. In all p lots the first seedlings were visible three  weeks after 
sowing. In the highest-lying zone (series A) g e rm in a t io n  occurred  th ro u g h o u t  the 
season. At the end o f  the season no significant differences in em erged an d  dead 
seedlings were observed  between the plots o f  series A. On the cattle  pa th  (series B ) 
the to tal em ergence o f  P. maritima  was a b o u t  10 %  in each of the th ree  plots. A small 
wave o f  secondary  em ergence  in plots Bu and  £ m was observed in A ugust  (fig. I ). 
At the end o f  the season all p lan ts  from  sown seeds were dead. On the regularly 
flooded plots (series C, fig. 1), em ergence occurred  soon after  sowing. T he  total 
em ergence  o f  P. maritima  in p lot C IM was significantly lower (P <  0.05) than  tha t  in 
p lo ts  C, and  C N. In the first m o n th s  after  sowing, the m orta l i ty  o f  P. maritima  in the 
p lo ts  a long  the creek was lower th an  th a t  o f  the p lants  sown on the cattle pa th  
(series B). However,  a long  the creek (series C) nearly all the seedlings died off in 
A ugust.  D ue to  the daily flooding, the soil o f  series C  was very m arshy. T he  roots  o f  
m any  seedlings were evidently knocked  loose frequently . T ram p lin g  by cows re in 
forced this p h en o m e n o n .  In the  dense vegetation  layer o f  series D up to 20 ” u o f  the 
sown seeds em erged  as seedlings. D ur ing  the season the m orta l i ty  o f  the p lants  in 
the plots  D,| an d  D m was relatively low (fig. 1). In these grassy plots the p lants  were 
able to  m a in ta in  them selves relatively well. M ore  flowering p lants  were found in the 
high-lying zones w hereas  P. maritima  rep ro d u ced  mainly  vegetatively in the dense 
vegeta tion  layer o f  series D (table II). A t this site the m orta l i ty  was significantly 
lower th an  in the  high-lying zone. T he  em ergence  o f  seedlings in the reference plots 
was very low. A m ax im um  o f  4 na tura l ly  occurr ing  seedlings was observed in the 
reference plots.

Laboratory tests on the effects o f soil type and salinity on germination
Figure  2 shows the em ergence o f  P. maritima on sandy  clay an d  sandy  soils from 

p o p u la t io n s  i and  II, respectively. N o  germ ina tion  was found  in the upper  sandy

Vol.  4 (18), n° 4 - 1983
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T ahlf. II. — Some demographic characteristics o f  Plantago maritima measured in August o f  three 
successive years. In 1980 seeds were sown on plots at the edge o f the inner dunes (series A. site 
o f  population II) and on plots on cattle-grazed zones (series D, sire o f  population I) in the salt 
marsh Kwade Hoek (the Netherlands).

1980 1981

Mean Mean
Mean length Mean length °/O 0O

number o f  longest number of  longest flow plants Morta
o f  leaves leaf o f  leaves leaf ering with lity
per plant (m m) per plant (mm) plants rosettes (%)

Al 5.0 ±  0.4 19.1 ±  4.1 8.2 ±  1.3 68.1 ±  3.1 66.7 0 47.1
Alt 4.6 ±  0.3 15.2 ±  1.4 6.9 ±  0.8 72.3 ±  5.4 55.6 0 41.9
A 111 5.2 ±  2.3 11.7 ±  1.9 8.1 ±  3.5 65.7 ±  2.9 60.0 0 70.6

D, 2.8 ±  0.3 48.5 ±  8.4 5.4 ±  0.4 40.4 ±  2.7 0 40.0 16.7
Oil 1.9 ±  0.2 21.4 ±  1.4 5.2 ±  0.3 61.5 ±  2.9 0 25.0 13.3
d i i i 2.1 ±  0.2 16.7 ±  0.9 5.2 ±  0.4 51.3 ±  2.6 0 12.5 33.3

1982

Mean 
number 

o f  leaves 
per plant

Mean 
length 

o f  longest 
leaf 

(mm)

°/O
flow
ering
plants

°/O
plants
with

rosettes

M orta
lity
(%)

A t 7.1 ±  1.4 70.1 ±  4.2 75.0 0 55.6
A n 5.8 ±  1.1 67.7 ±  2.8 83.3 16.7 66.7
A m 6.7 ±  0.9 63.9 ±  3.3 50.0 0 60.0

» , 5.4 ±  0.5 38.8 ±  2.7 0 75.0 20.0
o „ 2.4 ±  0.2 21.6 ±  2.9 22.2 66.7 25.0
D,„ 4.5 ±  0.3 31.3 ±  2.7 16.7 5.0 37.5

F i g . I. — Scries A. Germ ination and mortality o f  Plantago maritima sown on the edge o f  the inner 
dunes at Kwade Hoek (Goeree, the Netherlands). The percentages o f  emerged plants are given 
in relation to the numbers o f  seeds sown. The percentages o f  dead individuals were calculated 
with reference to the numbers o f  seedlings which emerged in the preceding period.

Series B. Germination and mortality o f  Plantago maritima sown on a cattle path.

Series C. Germination and mortality o f  Plantago maritima sown near a creek, Hooded during each 
high-tide period.

Series D. Germ ination  and mortality o f  Plantago maritima sown near a creek. Hooded only during 
extremely high tides.

(22)  N um ber o f  emerged or dead seedlings.
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clay layers ot 0-2 cm. T he  salin ity  in the  u p p e r  sandy  clay layer was high ( 1,195 m g Cl 
per 100 g d ry  soil) an d  in the  lower sandy  clay layers relatively low (490 mg Cl 
per 100 g d ry  soil). It should  be noted  th a t  in the san d y  soil no differences in g e rm in a 
tion behav iou r  were found  between the u ppe r  an d  lower layer. T he  salinity  in bo th  
o f  these layers was very low (4.4 mg Cl per 100 g dry soil). F u r th e rm o re ,  the  stepwise 
ge rm ina t ion  in the s a n d \  soil was no t  observed  in the lower sandy  clay soil.

time (days)

F i g . 2. —  T h e  g e rm in a t io n  o f  Plantago maritimei o n  s a n d y  clay soils a n d  on  s a n d y  soils.

• -------•  s a n d y  soil ( f rom  0-2 cm  d ep th ) ,

▲-------A san d y  clay soil ( f rom  3-10 cm dep th ) ,

o ------ o controls in Petri dishes on filter paper with distilled water,

I 2 S. E.

It is obv ious  tha t  the g e rm in a t io n  rate  d u r in g  the first period  o f  the test was 
considerab ly  lower on the sandy  soil th a n  on the  sandy  clay soil. At the end o f  the 
test no significant differences in the to tal  n u m b ers  o f  germ ina ted  seeds were observed 
between sandy  soil an d  the lower sandy  clay soil. T ab le  i l l  show s the percen tages  o f  
em erged P. maritima seedlings on sandy  soils at different C l “ concen tra t ions .  Percen
tages o f  25 %  sea w ater  an d  m ore  caused a significant decrease  in emergence.

T a b l e  I I I .  —  Final percentages o f  the emerged Plantago maritima seedlings
after 21 days on sandy soils with different salinity levels.

Salinity as percentage Emerged seedlings
o f  sea water (1.78 °0 CI~) (mean percentage ±  S. E.)

100 0
50 7.6 i 5.2
25 66.0 ±  4.6
12.5 78.0 ± 2.6
6.25 89.0 ± 1.0
0 86.7 ± oori

Grazing-simulation experiments in the laboratory

a) Pot experiments with single plants.
In o rd e r  to  es t im ate  the b iom ass  o f  the u p per  pa r ts  o f  the P. maritima plants ,  

the  n u m b er  o f  leaves per p lan t  as well as the length  o f  the  longest leaf was m easured
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(fig. 3 a , />). F o rm e r  experim en ts  with Plantcigo species show ed tha t  the m ultip lica tion  
o f  these values gives an  es t im ate  o f  the b iom ass  ( N o e  &  B l o m ,  1982). At the end 
o f  the test the  a p p ro x im a te d  b iom ass  o f  t ram p led  p lan ts  was significantly higher 
(P <  0.05) th an  th a t  o f  the con tro l  series (fig. 4 a). This was caused mainly by a 
significant increase in the  n u m b ers  o f  leaves per p lan t in the t ram p led  series (fig. 3 a). 
T he  length o f  the longest leaves o f  t ram p led  p lan ts  being significantly less th an  tha t  
o f  p lan ts  in the con tro l  series (fig. 3 b). This  p h e n o m e n o n  was also found  for t ram p led  
P. major p lan ts  ( V a n  H e e s w i j k  & B l o m ,  1981). In the series in which the leaves were 
cut,  no increase  in the n u m b ers  o f  leaves per p lan t  was found  (fig. 3 a).

In the t ra m p led  series a n d  in the con tro l  a b o u t  95 ° () o f  the p lants  had form ed 
d a u g h te r  rosettes  at the  end of the experim ent.  C o m p a re d  with the con tro l  p lan ts  the 
m ean  n u m b e r  o f  rosettes  per individual was significantly higher in the t ram pled  
series (fig. 4 b).

In co n tra s t ,  the n u m b e r  o f  flowering p lan ts  was significantly higher in the 
co n tro ls  (85 % )  th an  in the t ram p led  g ro u p  (64 % ),  w hereas the m ean n u m b er  o f  
spikes per p lan t  was significantly the highest in the t ram p led  series (1 1.4 spikes per 
p lan t  c o m p a re d  to 8.6 in the controls) .  In none o f  the o th e r  t rea tm en ts  (clipping and  
t r a m p l in g  com bined  with clipping) did the p lants  flower or rep roduce  vegetatively.

b) Pot experim ents with turves.
A vegeta tion  analysis  o f  the turves is given in table IV. Due to the t ram p lin g  

t re a tm e n ts ,  in the  turves relatively m any  seedlings died off in the first weeks o f  the 
exper im en ts  (in the  dup lica te  tests: 59 %  and  66 % ,  respectively; 0 %  in the controls) .

T a b l e  IV. — Description o f  the vegetation o f  turves collected from the cattle-grazed area at the salt 
marsh Kwade Hoek. The percentages o f  soil coverage o f  the species are given before the planting 
o f  Plantago maritima seedlings and after the planting and trampling treatment at the end o f  the 
test (14 weeks). Since only small differences between the duplicate series occurred, one description 
is given from  each o f  the controls as well as o f  the trampled series.

Control series Trampled series

before
planting

after
planting

before
planting

after
planting

Juncus g era rd ii .............. 35-45 35-45 35-45 15-25
G/aux m aritim a .............. 25-35 35-45 25-35 5-15
Agrostis stolonifera . . . . 25-35 55-65 15-25 25-35
Festuca rubra 45-55 35-45 35-45 5-15
Plantago maritima......... 5-15 15-25 5-15 <  5
Plantago coro nopu s . . . . <  5 5-15 --- ---
Car ex dis tans .................. --- <  5 --- ---
Centaurium pulchellum. <  5 <  5 <  5 ---
Aster tr ip o liu m .............. <  5 --- --- ---
Trifolium fragiferum  . . . --- --- <  5 ---
— not present

In o rd e r  to get an  im pression  o f  the course  o f  the b iom ass p roduc t ion ,  the num bers  
o f  leaves as well as the length o f  the longest leaf per p lan t  were de te rm ined  du r ing  the 
exper im en t  (fig. 5 a , b). In the con tro ls  the a p p ro x im a te d  b iom ass p roduc t ion  o f  the 
P. maritima  p lan ts  was significantly higher th an  in the t ram p led  turves (fig. 6), which
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t ime (weeks)

Fig. 3 a , b. — The effects o f  clipping and trampling on the mean numbers o f  leaves per plant (a) 
and the mean length o f  the longest leaf (b) o f  Plan lago mar it ima plants grown separately in pots 
in the greenhouse.

A ------ A clipping treatment,
o ------ o trampling treatment,
A ------ A combined trampling and clipping,
• ------ •  controls,

I 2 S. E.

was caused mainly by the fact tha t  the leaves o f  the t ram p led  p lan ts  were relatively 
small (fig. 5 b ). T he  n u m b e r  o f  leaves rem ained  behind tha t  o f  the con tro l  
p lan ts  (fig. 5 a). In this exper im en t  only in the con tro l  series flowering P. maritima  
plan ts  were observed . F low ering  s ta r ted  af te r  a b o u t  7 weeks and  a t  the end o f  the 
test less th a n  10 %  o f  the  p lan ts  flowered, each  p lan t  with only a few spikes. In both  
series no d a u g h te r  rosettes  were found .
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F i g . 4 a, b. — The effects o f  clipping and trampling on biomass production (a) and on the mean 
numbers o f  daughter rosettes per plant (b) o f  Plantago maritima grown separately in pots in 
the greenhouse. The biomass is approximated by the multiplication o f  the mean numbers o f  
leaves per plant (//) and the length o f  the longest leaf per plant (/).

A ------ A clipping treatment,
o ------ o trampling treatment,
▲------ ▲ combined clipping and trampling,
• ------ •  controls,

I  2 S. E.
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t ime ( w e e k s )

F i g . 5 a, b. —  T h e  effects o f  t r a m p l in g  o n  the m ean  n u m b e r s  o f  leaves (a) a n d  o n  the  m ean  l e n g th  
o f  the longest  leaf  o f  Plantago maritima plan ts  g row n  in tu rves  in the g reenhouse .

o 0 t r a m p led  turves,

•  con t ro l  turves,

1 2 S. E.

time (weeks)

F i g . 6. —  T h e  effects o f  t r a m p l in g  on  b io m ass  p ro d u c t io n  o f  Plantago maritima g ro w n  in turves  f rom  
a salt  m arsh .  T h e  b iom ass  is a p p r o x im a te d  by the m ul t ip l ica t ion  o f  the  m ean  n u m b e r s  o f  leaves 
per  p lan t  (//) a n d  the m ean  length o f  the longest  leaf  per  p lan t  ( /) .

o 0  t r am p led  turves,

•  con tro ls ,

1 2 S. E.

Simulation o f  inundation in the laboratory

Figure 7 a, b show s the n u m b ers  o f  leaves as well as the length o f  the  longest 
leaf per inunda ted  P. maritima  p lant.  F igure  8 a shows the a p p ro x im a te d  b iom ass  
p ro d u c t io n  d u r in g  the experim ent.  At the end o f  the exper im en t  no significant d iffer
ences were found  between the a p p ro x im a te d  b iom ass  o f  the sea w ater  p lan ts  an d  th a t  
o f  the p lan ts  inunda ted  with fresh w ater  (controls) .  However, the ra te  o f  b iom ass  
p ro d u c t io n  du r ing  the  first seven weeks was higher in the con tro l  series. In the first 
per iod  o f  this exper im en t the  increase in b iom ass  o f  the fresh w ater  p lan ts  could  be 
especially ascribed  to the increase in the length o f  the leaves (fig. 7 /?), w hereas  in the
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10 14 18
t ime (weeks)

F i g .  7 a , b .

time (weeks)

The effects o f  inundation with sea water as well as with fresh water on the mean num-

o

bers o f  leaves per plant (a) and on the mean length o f  the longest leaf (b) o f  Plantago maritima 
plants grown separately in pots in the greenhouse.

— o inundated with sea water,
— •  inundated with fresh water (controls),

I 2 S. E.
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subsequen t  period  (from  10 weeks) a m arked  increase in the n u m b e r  o f  leaves was 
found  (fig. 7 a). In the second period the n u m b e r  o f  leaves as well as the  size o f  the 
leaves o f  the sea w ater  p lan ts  increased s trongly . Between bo th  series no significant 
differences were found  in the n u m b ers  o f  p lan ts  with d a u g h te r  rosettes ,  bu t  a t  the 
end o f  the experim en t  the sea w ater  p lan ts  show ed significantly m ore  rosettes  per 
p lan t th an  the con tro ls  (fig. 8 b). A t the end o f  the test only few p lan ts  flowered and  no 
significant differences were observed  between bo th  series in m ean  n u m b ers  o f  
flowering p lan ts  an d  in m ean n u m b ers  o f  spikes per plant.
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Fig. 8 a , b. —  The effects of  inundation with sea water as well as with fresh water on the biomass 
production (a) and the mean number o f  daughter rosettes per plant (b) o f  Plantago maritima 
grown separately in pots in the greenhouse. The biomass is approximated by the multiplication 
o f  the mean numbers o f  leaves per plant (//) and the mean length o f  the longest leaf (/).

o 0 inundated with sea water,
•  inundated with fresh water (controls),
1 2 S. E.

DISCUSSION

F ro m  the results o f  the sowing exper im en ts  in the field it may be concluded  tha t  
the em ergence  o f  P. maritima  seedlings can occur relatively quickly, but the n u m b e r  
o f  seedlings th a t  survive, is low (fig. 1). These results  a re  in acco rd an ce  with studies 
on the fate o f  seeds in the field a n d  the es tab l ishm en t  o f  seedlings. T he  g e rm in a t io n  
and  survival o f  sown grass land  species is a lso generally relatively low under  field 
cond it ions  (e. g. S a g a r  &  M o r t i m e r ,  1977; B l o m ,  1978). G e rm in a t io n  o f  P. maritima  
occurs  in sandy  soil as well as in sandy  clay soil. As the ge rm ina tion  tests in the la b o 
ra to ry  d e m o n s t ra te d ,  ge rm in a t io n  o f  P. maritima  was inhibited  at relatively high 
N aC l-co n cen tra t io n s  which can  be found  in u pper  soil layers o f  f looded salt m arshes.

Increased inh ib it ion  o f  the ge rm ina t ion  o f  seeds o f  this species when the salinity 
was increased was also found  by P o m a  (1922). B i n e t  (1964) d e m o n s tra te d  th a t  a 
p re t re a tm e n t  with salt w ater  caused an  increased ge rm in a t io n  o f  fresh seeds, which 
was also found  with, for exam ple ,  Glaux maritima  by R o z e m a  (1975). M an y  a u th o rs  
have rep o r ted  tha t  the highest ge rm ina t ion  o f  h a lophy tes  occurs  m ost frequently  
u n d e r  freshw ater  co nd i t ions  (e. g. R o z e m a ,  1975; F r e i j s e n ,  1971; T r e m b l i n
&  B i n e t ,  1982); the ge rm ina t ion  capacity  o f  only a few species seems to im prove  under  
sea w ater  co nd it ions  (<?. g. U n g a r ,  1962; M a y e r  & P o l j a k o f f - M a y b e r ,  1982; 
B o o r m a n ,  1968).
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Heavy t ra m p l in g  an d  daily  f looding with sea w ater  a re  p robab ly  im p o r ta n t  causes 
o f  seedling m orta l i ty  as can be seen in the sowing experim ents  in the field on cattle  pa ths  
an d  at sites a long  creeks (fig. 1). J f r l i n g  (1981) show ed tha t  the survival o f  the seedl
ings o f  P. maritima d ep en d s  s trongly  on the m ic ro to p o g ra p h y  o f  the soil. M orta li ty  
due  to  in u n d a t io n  has been ascribed  to  light deficiency an d  to  toxic effects o f  H 2S. 
How ever,  adu lt  p lan ts  o P. maritima are  to le ran t  o f  in u n d a t io n  with sea w ater  (fig. 8). 
These results a re  in acco rd an ce  with the observa t ions  o f  C o o p f r  ( 1982). O n open  sandy 
soils (series A) an d  in grazed dense  vegetation  layers in the salt m arsh ,  seedling e s ta 
b l ishm en t was relatively high (series D ). Seedling em ergence  increased after  periods o f  
rainfall,  which u n d o u b te d ly  resulted in a decrease  in the salinity o f  the soil. However, 
a m ark ed  difference in survival was observed  (table  II). On the open  sandy  soil the 
P. maritima indiv iduals  (p o p u la t io n  II, series A) consisted  o f  profusely flowering 
short-lived plants.  Long-lived p lan ts  which rep roduced  vegetatively occurred  on the 
grazed sites (p o p u la t io n  I, series D). T he fo rm a t io n  o f  d au g h te r  rosettes  (series D) 
was p robab ly  caused by t ra m p l in g :  in the g reenhouse  experim ents ,  t ram pling ,  too , 
resulted in the  occu rrence  o f  d a u g h te r  rosettes. A  relatively high survival o f  P. maritima 
seedlings in dense grazed salt m arshes  was also found  by J e r l i n g  & A n d f r s s o n  (1982). 
These  a u th o r s  observed  tha t  seedling survival d ep ended  to a large extent on the a m o u n t  
o f  light. D ue to grazing, the vegeta tion  is low an d  perm its  light to reach the seedlings. 
In the field at sandy  plots under  non-com peti t ive  an d  nearly u n tram p led  condit ions ,  
only few p lan ts  fo rm ed  side-rosettes ,  whereas c o m p a ra b le  tests in the greenhouse  
resulted in genera tive  as well as vegetative rep ro d u c t io n .  These different reactions are  
p ro b ab ly  caused by differences in nu tr ien t  cond it ions  ( S o e k a r j o ,  1981). F u r th e r  
s tudies on the effect o f  different nu tr ien t  levels on re p ro d u c t io n  are  in progress.

In the  g raz ing-s im ula t ion  experim en ts  on turves, t ram p lin g  t rea tm en ts  caused a 
cons ide rab le  loss o f  seedlings. At the end o f  the test c. 60 %  o f  the t ram p led  seedlings 
were dead ,  w hereas  all con tro l  p lan ts  had survived. These results a re  in acco rdance  
with the findings in the field on plots s i tua ted  on a cattle  path . A lower seedling 
m orta l i ty  was observed  in the dense vegetation  in the field with m o d era te  t ram p lin g  
by cattle. In an  earlier  s tudy seedlings o f  P. coronopus a p p e a re d  to be very susceptible 
to  t r a m p l in g  followed by the seedlings o f  P. lanceolata ( B l o m ,  1977). P. major seedlings 
were the  m ost res is tan t  to this factor. T he  susceptibili ty  o f  P. maritima seedlings to 
t ra m p l in g  seems to  be between th a t  o f  P. coronopus an d  P. lanceolata. However, 
fu l l-g row n p lan ts  o f  P. maritima in the field (series D) as well as in pots  in the g reen 
house  show ed  a h igher resistance to  tram pling .  Similar results were found  for P. coro
nopus ( B l o m ,  1977): adu lt  p lan ts  o f  this species a re  also resistant to tram pling .

In teresting  differences were observed  between surviving p lants  g ro w in g sep a ra te ly  
in po ts  a n d  those  g row ing  with o thers  in turves. In the turves the b iom ass  p roduc t ion  
o f  t ram p led  p lan ts  was significantly lower than  tha t  o f  the contro ls .  In the first stage 
o f  the pot exper im en ts  no significant differences were observed , whereas a t  the end o f  
the  test the a p p ro x im a te d  b iom ass  o f  the t ram p led  p lan ts  becam e significantly higher 
th an  th a t  o f  the con tro ls .  A p p a ren t ly ,  the  com peti t ive  effects o f  the su r ro u n d in g  
vegeta tion  to g e th e r  with the  effects o f  t ra m p l in g  caused the reduced grow th  o f  the 
t ra m p led  Plantago plan ts  in the turves. In the field experim ents ,  a reduced b iom ass 
p ro d u c t io n  o f  P. maritima was also found  in the zones with the dense vegetation 
layer (table II). The  results o f  these series o f  exper im en ts  prove again  th a t  a direct 
t ran s la t io n  o f  results o b ta in ed  in tests carr ied  o u t  in the g reenhouse  with p lants  
g row ing  separa te ly  in pots  to the real s i tua tions  in the field is very dangerous .  E xpe
r im ents  pe rfo rm ed  with turves can be a valuable  link between bo th  s i tua tions ,  and  
may help to give a correc t  in te rp re ta t ion  o f  the behav iou r  o f  p lants  in the field.
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F u r th e rm o re ,  these series o f  exper im en ts  proved  th a t  the differences in life c h a ra c te 
ristics between individuals  o f  the tw o p o p u la t io n s  o f  P. m aritim a  at the  salt m arsh  
K w ad e  H oek are  mainly based on different biotic a n d  ab io tic  factors. In all experim ents  
seeds from  the  sam e seedpool were used. T ram p lin g  an d  in u n d a t io n ,  co m bined  with 
the  presence o r  absence o f  su r ro u n d in g  p lan ts  resulted in individuals  differing in 
such charac te r is t ics  as em ergence, seedling es tab lishm ent,  adu lt  survival, g row th  
a n d  fo rm  o f  re p ro d u c t io n .  It is likely th a t  under  field cond it ions ,  in a regularly 
f looded salt m arsh ,  with the activities o f  wild an d  dom estic  grazing  an im als ,  seeds 
o f  P. maritima  f rom  different sites will be d ispersed  over large surfaces which leads 
to  m ix tures  o f  seeds from  the different zones (cf. J e r l i n g ,  1982). Nevertheless m ark ed  
differences in d e m o g ra p h ic  charac ter is t ics  between p o p u la t io n s  a re  observed  in the 
field. T he  experim en ts  described in this p a p e r  ind icate  th a t  these s tr ik ing  differences 
are, to a large extent,  based on p heno typ ic  plasticity.

G r e g o r  &  L a n g  (1950) pos tu la ted  th a t  the E u ro p ean  sea p lan ta in  is highly 
variab le  an d  tha t  few local p o p u la t io n s  entirely  lack genetic  individuality . T he  present 
s tudy  suggests th a t  local differences between life h is tory  charac teris t ics  o f  two neigh
b o u r in g  p o p u la t io n s  o f  P. maritima  a re  p ro b ab ly  caused by pheno typ ic  physiological 
a d a p ta t io n  on different en v iro n m en ta l  cond it ions .  In spite  o f  the co n tra s t in g  types o f  
selection, no ind ica t ion  o f  genetic differences between both  p o p u la t io n s  exists a t  the 
m o m en t .  This p h e n o m e n o n  is p ro b a b ly  caused on the one  h an d  by the  small d is tance  
between bo th  p o p u la t io n s  in the field an d  on the o th e r  by the fact th a t  the  es tab lish 
ment o f  p o p u la t io n  II occu rred  only a b o u t  ten years ago. However, it is possible 
th a t  in the long-te rm  selection between the  grazed an d  the scarcely grazed p o p u la 
t ions  o f  P. maritima  may lead to genetic d ifferen tia tion  (cf. J e f f e r i e s ,  1977).
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