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ABSTRACT: We report that an eelgrass bed Zostera marina L. 
at the h a n d  Islands, northern Baltic Sea, is dominated by a 
single genotype which extends over an area of approximately 
160 X 40 m. In total, 47  individuals were sampled and geno- 
typed for 6 highly polymorphic microsatellite loci. Forty-four 
of the ramets revealed the same 6-locus genotype, including 3 
identical heterozygous loci. They were thus assigned to the 
same genet (= clone). To our knowledge, it represents the 
largest marine plant identified thus far. Based on estimates of 
horizontal rhizome growth rates, this clone may be more than 
1000 yr old. The remarkable phenotypic plasiticity of a single 
genotype which dominates this site illustrates that there is 
no simple one-to-one relationship between genetic diversity 
and population persistence in changing and stressful environ- 
ments. 
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Seagrass meadows comprise a major component of 
many coastal environments throughout the world (den 
Hartog 1970). Most of the approximately 60 seagrass 
species reproduce both sexually through seeds and 
vegetatively by rhizome branching and the formation 
of new leaf shoots. Any individual emerging from a 
seed (a genet or clone sensu Harper 1977) may thus 
give rise to secondary shoots, or ramets. Because in 
many seagrass species rhizome connections break 
after a few years, the identification of ramets and 
genets is only possible using genetic markers. An 
assessment of the contribution of clonal growth within 
seagrass beds is essential for subsequent analysis of 
inbreeding, or population differentiation, as large 
amounts of clonal growth will bias the outcome of such 
studies. 
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Information on clonal diversity in seagrass popula- 
tions has been hampered in the past by low variability 
of traditional genetic markers such as allozymes (De 
Heij & Nienhuis 1992, Capiomont et al. 1996, Waycott 
et al. 1996, Schlueter & Guttman 1998). Recent reports 
using DNA-based genetic markers suggest that the 
clonal structure in seagrass beds varies within and 
among species. Among the largest clones identified 
are those in Posidonia australis which are 16 m in 
diameter (Waycott 1995). In 6 Mediterranean popula- 
tions of Posidonia oceanica, data presented by Procac- 
cini & Mazella (1998) allow an estimate of the maximal 
genet sizes encountered based on microsatellite poly- 
morphism. They found identical multi-locus genotypes 
in 3 to 4 neighbouring plants sampled at 7 m intervals, 
suggesting a maximal clone size of approximately 
30 m. In a western Baltic population, Reusch et al. 
(1999b) found that genets of eelgrass Zostera marina 
attained a diameter of 17 m, corresponding to an  esti- 
mated age of 67 yr, using the ?-locus microsatellite 
genotype of 80 mapped ramets. 

Material and methods. The subtidal eelgrass Zostera 
marina L. bed is situated in the northern Baltic Sea 
(Fig. 1). Using SCUBA, 18 leaf shoots were sampled 
randomly at Hinderbengtsviken, h a n d  Islands, central 
Baltic Sea in a midbed area of 20 (perpendicular to 
shore) X 40 m (parallel to shore) at  a depth ranging 
from 2.5 to 3.5 m (September 1998). The minimal dis- 
tance between samples was 1 m. Another 29 plants 
were collected 1 mo later at 5 m intervals along a tran- 
sect line, 160 m in length, spanning the upper to lower 
distributional limit of the meadow (1.2 to 4.5 m depth). 
Note that 5 positions along the transect were not sam- 
pled because they fell on bare substratum. 

To assign ramets to genets we used microsatellite 
loci, the most polymorphic genomic markers present to 
date (Jarne & Lagoda 1996). Samples were genotyped 
for 6 loci (Zosmar CT-3 and GA-2 to GA-6, Genbank 
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Fig. 1. Study site at Hinderbengtsviken (H), &and Islands, 
central Baltic Sea (position 60" 10' N, 20" 32' E). The site is ex- 
posed to south-westerly winds, has a sandy substratum and 
salinities fluctuate between 6 and 7%. Annual temperatures 

range from 0 to 20°C 

accession-nos. AJ009898-9904, Reusch et al. 1999a). 
The 6 chosen loci represent 67 alleles, are not linked 
and follow Hardy-Weinberg-equilibrium in 8 other 
Baltic and North Sea populations (Reusch et al. 1999b, 
Reusch unpubl. data). 

Plant collection, DNA-extraction, and PCR-amplifi- 
cation followed the method outlined in Reusch et al. 
(1999a) with the only modification that we used fluo- 
rescent end-labelling of forward primers instead of 
radioactive labelling. The PCR-products were then 
visualised on an ABI-377 automated sequencer (Perkin- 
Elmer, Fig. 2). Positive (clone) and negative controls 
(no template) were always included. An internal lane 
size standard was used for determination of allele size 
(Fig. 2). 

Results and discussion. A single genotype was found 
to dominate (Table 1). All 18 mid-bed samples and 26 
of the 29 plants along the 160 m transect belonged to 
the genotype 'A'. Along the transect, only 3 ramets 
collected at intermediate positions displayed 2 addi- 
tional genotypes ('B' and 'C'), differing by 1 and 4 

Fig. 2. Example of microsatellite genotyping of Zostera ma- 
nna using the products of a fluorescently labelled duplex- 
PCR visualized on an AB1 377 automated sequencer (Perkin- 
Elmer). The x-axis gives the fragment size in base pairs (bp); 
y-axis is the fluorescent signdl in arbitrary units. (a) Heterozy- 
gous genotype of the dominant clone 'A' at &and Islands for 
the loci Zosmar GA-2 (dark gray) and GA-3 (light gray). Allele 
sizes are 169/171 bp and 133/134 bp, respectively. (b) For 
comparison, a double homozygous genotype from Falken- 
stein, a different western Baltic population (Reusch et al. 
1999b). Black peaks are size markers at 139, 150 and 160 bp 

alleles, respectively, from the dominant genotype 'A' 
(Table 1). The similarity among the 3 genotypes identi- 
fied suggests that they are sibs, or half sibs. The domi- 
nant genotype was heterozygous at 3 of the 6 loci 
examined (example for 2 loci in Fig. 2). It is therefore 
not possible that episodical sexual reproduction of 
flowers within this genet is responsible for a lateral 
expansion because any recombination would lead to 
segregation into both homozygous and the heterozy- 
gous genotype at each of the 3 loci according to 
Mendel's fundamental law of genetics (Mendel 1866). 
Accordingly, the probability that 44 identical hetero- 
zygous genotypes originated from sexual reproduction 
is infinitesimal small. Using an exact test (Raymond 
& Rousset 1995) we calculated the likelihood that the 
observed triple heterozygous excess resulted from re- 
combination as 2 X 10-". 

Table 1. Microsatelhte genotypes of 47 eelgrass Zostera marina samples at &and Islands, central Baltic Sea. Allele sizes are in 
base pairs 

Genotype Frequency Microsatellite locus Zosmar 
CT-3 GA-2 GA-3 GA-4 GA-5 GA-6 

A 44 118/118 169/171 133/134 l7  0/170 156/156 108/112 
B 2 118/118 169/171 131/133 170/170 156/156 10W1 12 
C 1 106/116 169/169 133/333 1?0/1?0 156/156 108/112 
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Based on 48 replicate frame samples of 25 X 25 cm 
placed haphazardly inside the meadow, we extrapo- 
lated the shoot density and biomass of the dominant 
genet. Extending over an area of approximately 160 X 

40 m = 6400 m2, it comprises some 2 X 106 shoots and 
weighs about 7000 kg (above and below ground 
fresh mass), making it the largest genet of any marine 
plant so far identified. Because the meadow measures 
approximately 200 m parallel to the shore, the actual 
clone size may be even larger. Assuming a mean hori- 
zontal spread of the meadow edge of 10 cm yr-' 
(Reusch et al. 1994) we estimate the age of this genet to 
be between 800 and 1600 yr, depending on the chang- 
ing directionality of the meadow edge. Among marine 
benthic plants, only the brown seaweed Ascophyllum 
nodosum may reach similar life spans with a projected 
age of hundreds of years (Aberg 1992). 

Previous studies have also reported genetic unifor- 
mity in Zostera marina and other seagrass species at 
the population level, sometimes over scales of hundreds 
of kilometres (Z,  manna: De Heij & Nienhuis 1992; 
Posidonia oceanica: Capiomont et al. 1996; Arnphibolis 
antarctica: Waycott et al. 1996; Thalassia testudinum: 
Schlueter & Guttnlan 1998). While such uniformity does 
not preclude that clones are of a very large size, above 
data represent no conclusive evidence that clones are, 
in fact, of such extended sizes. In particular when using 
allozymes it is likely that genets are in reality much 
smaller because the genetic markers used are not vari- 
able enough at the population level. DNA-based ge- 
netic markers such as RAPD (random amplified poly- 
morphic DNA) and RFLP (restriction fragment length 
polymorphism) are more variable and are well suited 
for excluding genetic identity, i.e. for demonstrating 
that genotypes are different. However, when the re- 
search goal is to assess the maximal genet size and thus 
clonal identity, they have the disadvantage that they 
are dominantly/recessively inherited. Hence, it is im- 
possible to decide whether identical genotypes belong 
to the same genetic individual, or whether the studied 
population is fixed for the chosen EZAPD-primer or 
restriction sites on the DNA. To conclusively demon- 
strate that given identical genotypes arose from clonal 
spread, one needs to detect genetic variation at the 
level of the individual (i.e. heterozygosity) using a 
genetic marker which is inherited in a codominant 
fashion, such as microsatellites. Since heterozygosity 
would give rise to different genotypes within the 
population under sexual reproduction, data of this type 
are not prone to false conclusion of genetic identity. 

The local predominance of a single clone may be due 
to limited sexual recruitment or to clonal competition 
acting over long time intervals (Eriksson 1993). The 
available information on sexual reproduction in the 
h a n d  archipelago suggests that flowering or fruit 

bearing plants are rare (Bostrom 1995). Accordingly, 
during 3 yr at our study site, flowering plants com- 
prised only a very small fraction of the total population 
(C. Bostrom unpubl. data). While it is clear that sexual 
reproduction is presently limited, it will never be 
known whether there were more genotypes during the 
initial colonisation of the site. 

Seagrass meadows recycle nutrients, protect the sub- 
stratum against erosion and serve as nursery grounds 
for many commercially important species. Worldwide 
declines of seagrass beds is of great concern to policy 
makers because of their vital contribution to ecosystem 
services (Short & Wyllie-Escheverria 1996, Costanza et  
al. 1997). The persistence of plant populations in the 
face of changing environments has been attributed to 
their genotypic and genetic diversity (Montalvo et al. 
1997). Where genetic diversity is dimished or lost, the 
population is hypothesised to be more vulnerable to 
extinction (Ellstrand & Elam 1993). The fact that our 
ancient Baltic clone lacks measurable genetic diversity 
presents us with an apparent paradox: long-term eco- 
logical persistence under extreme and fluctuating en- 
vironmental conditions. The Baltic is only 4000 yr old 
with its present-day salinity and has undergone drastic 
alterations in ice cover, salinity and temperature in the 
past millenlum-the estimated lifetime of the domi- 
nant clone. Moreover, the Hinderbengtsviken site has 
experienced isostatic land lift of 3 to 5 m in the same 
period (Winterhalter et  al. 1981). Given the present 
slope of the shore at  the site, this translates to a net dis- 
placement of the clone by 50 m seawards during the 
past 1000 yr in order to compensate for the relative 
drop in sea level. Finally, the dominant clone grows in 
a water depth from 1.2 to 4.5 m with concomittant 
effects on light, sedimentation, wind exposure and ice 
scour. That there is no clonal niche differentiation (e.g. 
Silander 1979) despite such a strong environmental 
gradient is unexpected. 

The remarkable plasiticty of a single genotype which 
dominates this meadow is a cautionary tale for judging 
the importance of genetic diversity. There may be no 
simple one-to-one relationship between genetic diver- 
sity and population survival in changing and stressful 
environments. Theoretical models of long-term popu- 
lation dynamics even predict that towards the extreme 
edges of the distributional range of a species, clonally 
growing individuals may outcompete those investing 
more into sexual reproduction (Peck et al.. 1998). It 
would be interesting to test these models in seagrasses. 
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