The Resilience and Resistance of Eelgrass to Short Term
Mechanical Pressures: a Review
by Michael Simons, July 2014, for the Boat Owners’ Response Group

1.1

Introduction
This report is largely based on a critical commentary of an assessment, in the report Tillin, Hull and
Tyler-Walters (2010), also referred to here as the MB0102 document, of the sensitivity of eelgrass to
mechanical pressures. These are defined in that report as “Shallow abrasion/penetration: damage to
seabed surface and penetration < 25mm”, also “Penetration and/or disturbance of the substrate
below the surface of the seabed > 25mm”, and the assessment in that report is of Very Low
resilience and No resistance.
The format of sections 2 and 3 of the present report is to test the hypothesis of the assessment in
Tillin, Hull and Tyler-Walters (2010), referred to after this as the Assessment*, against published
reports in the scientific literature. It thus represents a review of reports and papers relevant to the
resistance and resilience or (recovery) of eelgrass to mechanical pressures including boat anchoring,
digging, raking and shellfish dredging, and experimental digging up of biomass and experimental
cutting of shoots and rhizomes.
* or the MB0102 Assessment, or the MB0102 Matrix Assessment
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2.1

Published evidence vs the Assessment
“The MB0102 Assessment of No Resistance, Very Low Resilience and High Sensitivity is not
compatible with published evidence in at least 12 scientific papers.”
To develop this point we need first to draw attention to the criteria for the different levels of
assessment, as set out in the MB0102 document, Tillin, Hull & Tyler-Walters 2010, and then to
compare the Assessments against reported observed data in the scientific literature.

2.2

Resistance and Resilience
Levels of Resistance and Resilience are defined in the MB0102 document, pp 25 – 29.
(Next page, in dark blue).
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Table 5.2: Suggested resistance scale for sensitivity matrix (adapted from Hall
et al. 2008 and MarLIN)
Resistance

None

Low

Medium

High

Description
Key functional, structural, characterising species severely decline and/or
physico-chemical parameters are also affected e.g. removal of habitat
causing change in habitat type. A severe decline/reduction relates to the loss
of 75% of the extent, density or abundance of the selected species or habitat
element e.g. loss of 75% substratum (where this can be sensibly applied).
Significant mortality of key and characterising species with some effects on
physico-chemical character of habitat. A significant decline/reduction relates
to the loss of 25%-75% of the extent, density or abundance of the selected species or habitat
element e.g. loss of 25-75% substratum
Some mortality of species (can be significant where these are not keystone
structural /functional and characterising species) without change to habitat
type. The ‘some mortality’ referred to in Table 2 for medium resistance
relates to the loss of <25% of the species or element.
No significant effects to the physico-chemical character of habitat and no
effect on population viability of key/characterising species but may affect
feeding, respiration and reproduction rates.

Table 5.3: Resilience scale for sensitivity matrix
Resilience

Description

Very Low

Negligible or prolonged recovery possible; at least 25 years to recover
structure and function

Low

Full recovery within 10-25 years

Medium

Full recovery between 2- 10 years

High

Full recovery within 2 years

Full recovery is defined:
5.14 ‘Full recovery’ is envisaged as a return to the state of the habitat that existed
prior to impact. In effect, a return to a recognisable habitat and its associated
community. However, this does not necessarily mean that every component
species has returned to its prior condition, abundance or extent but that the
relevant functional components are present and the habitat is structurally and
functionally recognisable as the habitat of conservation concern.
5.15 It is noted that recovery to the pre-impact state may not take place for a
number of reasons, including regional changes in environmental conditions.
The assessment is therefore based on theoretical recovery rates, based on
traits and available evidence for a species population or habitat where the
activity has ceased.

2.3

Sensitivity
The Resistance and Resilience assessments are combined to give an assessment of Sensitivity:
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Resistance
Resilience
None
Low
Very Low
High
High
Low
High
High
Medium
Medium
Medium
High
Medium
Low
(The Sensitivity descriptors are in black).

Medium
Medium
Medium
Medium
Low

High
Low
Low
Low
Not sensitive

These different sensitivities are characterised in the MB0102 document as follows. They are quoted
in full as we will compare reports in the scientific literature against them.
Quoting Tillin, Hull & Tyler-Walters 2010 pp 27, 28:
5.18 The sensitivity categories can broadly be described as follows:
High Sensitivity - a feature is assessed as having high sensitivity where the
pressure causes severe or significant mortality of a species population (most
individuals killed). Habitat features are highly sensitive where the pressure
causes severe or significant mortality of key functional or structural species or
those that characterise the habitat, and/or causes changes in the habitat such
that environmental conditions are changed (e.g. the habitat type is changed).
If recovery is possible, the feature is anticipated to take > 10 years to recover
from the impacts caused by the pressure. An example would be a cold water
coral reef, which is highly likely to be demolished by bottom trawling and would
take in excess of a 100 years to recover its original extent and biodiversity.
Medium Sensitivity - features with medium sensitivity are those characterised
by medium resistance and no to low recovery or no to low resistance and
medium to high recovery. A possible example might be a muddy sand
assemblage with some minor structural components that would be damaged
by a single pass of a beam trawl followed by recovery within 2 to 10 years.
Low Sensitivity - features with low sensitivity are those with high resistance
or where recovery from any impacts caused by pressure is rapid, so that the
feature is recovered within two years from cessation of pressure causing
activity. An example would be removal of ephemeral algae (e.g. Ulva) from the
shoreline; species that would typically take 6-12 months to regain their original
cover.
Not Sensitive - features that are ‘not sensitive’ are those where resistance to
the pressure is high where there are no significant mortality of individuals or
changes to the habitat, and where recovery from any impact is complete within
2 years.

2.4

Compatibility of Sensitivity and Resilience Assessments with Published Observational
Evidence:
It is understood that the Assessment for “Shallow abrasion/penetration: damage to seabed surface
and penetration < 25mm”, also “Penetration and/or disturbance of the substrate below the surface of
the seabed > 25 mm.” is intended to be applied to leisure boat anchoring, and we note that the
Assessment of Sensitivity is High, so for the eelgrass habitat we would expect to see
severe or significant mortality of key functional or structural species or those that
characterise the habitat, and/or causes changes in the habitat such that environmental
conditions are changed (e.g. the habitat type is changed). If recovery is possible, the feature
is anticipated to take > 10 years to recover from the impacts caused by the pressure.
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We draw attention to a number of studies, below, where this is clearly not the case, or where
recovery from a variety of pressures, including ones highly relevant to anchoring, has taken place in
two years or less, indicating High Resilience and Low Sensitivity.

2.4.1 Case 1: Studland Bay
The above descriptors for High Sensitivity are not compatible with evidence reported in Axelsson et
al. (2012) (Axelsson, M., Allen, C. and Dewey, S. (2012). Survey and monitoring of seagrass beds
at Studland Bay, Dorset – second seagrass monitoring report. Report to The Crown Estate and Natural England by Seastar Survey Ltd, June 2012). In this report, methodical dived surveys were carried out in areas in which leisure boat anchoring has been continuing for more than 50 years. In the
survey carried out in October 2011, these areas were found to have dense eelgrass at 55% coverage with an average shoot density of 208 shoots per sq metre, which the report said was “typical for
the wider Weymouth and Portland area”. Full details of the observations are given in the Dive Logs
in the Appendix of that report.
In other words, the eelgrass beds which had been subject to decades of leisure boat anchoring
showed characteristics of the habitat typical of those for the broader surrounding area, and indeed
for eelgrass beds in general. Further, a set of historic aerial photographs shown at
http://boatownersresponse.org.uk/Aerial-1972-2011.pdf show steady bed expansion between 1985
and 2011, with the inshore edge of the bed expanding at a rate of 2 m per year.
There is no sign of “severe or significant mortality of key functional or structural species”, no sign of
change of habitat type, the only significant change being expansion of the area of habitat, the very
opposite of mortality. Thus the Assessment is not supported by these reports, in fact they refute the
Assessment.

2.4.2 Case 2: Recovery After Experimental Removal of Eelgrass
Ruesink et al (2012) ( Ruesink J.L., Fitzpatrick J.P., Dumbauld B.R., Hacker S.D., Trimble S.C.,
Wagner E.L., Wisehart L.M., Life history and morphological shifts in an intertidal seagrass following
multiple disturbances, Journal of Experimental Marine Biology and Ecology 424–425 (2012) 25–31 )
This report describes recovery after an extreme form of physical damage:

In July 2004, we removed above and below-ground eelgrass biomass from 10 2 × 2 m plots at
both Mill Channel (+0.3 m MLLW) and Peterson Station (−0.2 m MLLW). Ten plots in an adjacent
grid were tracked as eelgrass controls. We recorded shoot density in 0.25 m2 quadrats near the center
of each plot in July 2004, March, May, and June 2005, July 2006, and August 2007. During 2005
and 2006, we collected density information in an additional 0.25 m2 quadrat at one edge of the 2 × 2
m plots in the eelgrass-removal grid……..
After complete eelgrass removal in July 2004, 2 × 2 m gaps required 2 years for recovery (Fig. 1).
Gaps had significantly lower shoot density than controls in March, May and June 2005 but treatment
had no effect on shoot density in 2006 or 2007.
Complete recovery within two years indicates Low Sensitivity and High Resilience according to the
MB0102 Document descriptions. It is certainly not compatible with High Sensitivity (> 10 years to
recover).

(See Figure.on next page)
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2.4.3 Case 3 Another Recovery After Experimental Removal
Boese et al (2009) report the regrowth of 2 x 2 m plots which were denuded of eelgrass, rhizomes,
roots and all by raking them out. They measured the regrowth over a period of 34
months in an estuary in Oregon (Pacific Coast USA). Regrowth had extended to the centre of the
plots within 2 years, suggesting lateral growth of about 30 cm /yr in that case. The progress of the
regrowth is shown in Figure 1. (Next page).
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Each small square is of 25 cm edge and it will be seen that within one year regrowth had advanced
25 cm or more, which would mean recovery of a 50 cm denuded square within an otherwise
continuous bed within one year. Recovery of a 2 m edge denuded square took about 24 months.
Recovery time, hence resilience, is dependent on spatial extent of the damaged area, but on this
scale is still within 2 years.
Again a 2 year recovery time, hence Low Sensitivity, High Resilience

2.4.4 Case 4: Recovery from Raking and Digging in an Eelgrass Bed
Boese (2003) Boese, B L. EFFECTS OF RECREATIONAL CLAM HARVESTING ON
EELGRASS (ZOSTERA MARINA) AND ASSOCIATED INFAUNAL INVERTEBRATES: IN
SITU MANIPULATIVE EXPERIMENTS. AQUATIC BOTANY. Elsevier Science BV, Amsterdam,
Netherlands, 73:63-74.
Boese reports
“The effect of recreational clam harvesting on eelgrass (Zostera marina) was experimentally tested by

raking or digging for clams in experimental 1-m2 plots located in a Yaquina Bay (Newport, OR)
eelgrass meadow. After three monthly treatments, eelgrass measures of biomass, primary production
(leaf elongation), and percent cover were compared between experimental and control (undisturbed)
plots…….. Results indicated that clam raking did not appreciably impact any measured parameter. In
contrast, clam digging reduced measures of eelgrass cover, above-ground biomass and below-ground
biomass made one month after the last of three monthly treatments. Although differences between
control and treatment plots persisted ten months after the last clam digging treatment, these
differences were not statistically significant.”
In other words, raking did little or no damage. Digging did reduce eelgrass cover, but ten months
later the effect was statistically indistinguishable from control. See also 2.5.1 and 2.5.2 .
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From this study, the Resistance of eelgrass to the physical pressure of raking plots of 1 sq m
appears to be High, and the overall Sensitivity Low or even Not Sensitive. This could be considered
a shallow abrasion pressure. Digging (analogous to anchor action) did cause damage, but was fully
recovered in 10 months. In this digging case the Sensitivity is again Low, suggesting a Resilience
level of High, and most certainly not Low.

2.4.5 Cases 5 - 8 : Lateral Growth Rates
As shown by Boese et al (2009), and as is widely recognised in the literature, recovery of eelgrass
from damage is generally driven by lateral rhizome growth from adjacent undisturbed areas,
although seed germination may play a part. (In the case of wide-area damage without surviving
rhizomes, seed germination will be the main driver). If we consider the case of disturbance by leisure
boat anchors, the disturbed area is likely to be around 30 cm across, corresponding to the width of a
typical anchor blade. Thus a lateral growth rate of 15 cm per year should allow repair or regrowth
within twelve months, as lateral rhizome growth will occur from each side. A growth rate of 10 cm / yr
should repair a 40 cm wide feature within two years. Thus a lateral growth rate of 10 cm or more a
year should indicate High Resilience.
There are many measurements of lateral rhizome growth rates of eelgrass in the literature, we will
cite just four:
Olesen and Sand-Jensen (1994a), 16 cm /yr (range 0 – 31 cm /yr) in Denmark
Orth & Moore (1982) 15 cm over a 7-month growing season in Chesapeake Bay
Davis and Short (1997) 8 – 25 cm /yr in Great Bay, NH
-

and Neckles et al (2005) 12.5 cm /yr in Maquoit Bay, Maine

All these papers would suggest a High Resilience level for physically damaged eelgrass, and would
suggest the Assessment of Low or Very Low resilience is erroneous.

2.4.6 Cases 9 – 12: Rapid Recovery from Other Damage
There are a number of cases in the literature describing rapid recovery (1 or 2 years) of eelgrass
from wide-area non-mechanical damage:
Plus et al, 2003
Seagrass (Zostera marina L. ) bed recolonisation after anoxia-induced full mortality
Thau lagoon, southern France: complete destruction by
anoxic crisis, recovery in 9 months via rhizomes and seeds.
Jarvis & Moore, 2010
Recovery of Chesapeake Bay, USA, Zostera marina populations
following a large-scale decline - Recovered next year via seedlings, plus vegetative following
year
Lee et al, 2007
Recolonization of Zostera marina following destruction caused by a red
tide algal bloom...Jindong Bay in South Korea, bed completely re-established by germination from
the existing seed bank in less than a year, vegetative growth the next year
Greve et al (2005)
Rapid recolonisation of eelgrass in the summer of 2001 following an anoxia event in summer 2000 in
a Danish estuary. 96% of the recolonisation was by seedlings from the seedbank.
While these examples are for non-mechanical damage, they do illustrate the high levels of resilience
often shown by eelgrass.
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(Note: for this resilience to be possible, there must be either living rhizomes close by, or viable seeds
from the seedbank or broadcast from adjacent seeding populations. In the case of a broad-scale
pressure which persists for 2 years or more, such as pollution, high turbidity or disease (including the
wasting disease), these conditions for regeneration will probably not exist).

2.5

Resistance Assessment
The above section compared observed and reported Sensitivity data with the corresponding MB0102
Matrix Assessment of High Sensitivity, or in cases 2, 3, and 5 to 8, Resilience data with the MB0102
Assessment of Low or Very Low Resilience. Published data relating to Resistance is hard to find, so
comparing the extreme MB0102 Matrix Assessment of No Resistance to published data is more difficult. We can point to two possible indicators.

2.5.1 Case 4, above, Boese (2003), reported that that clam raking (as opposed to digging) “did not
appreciably impact any measured parameter” when measured four weeks after a series of three
raking treatments four weeks apart. It is reasonable to conclude that the eelgrass bed under test
showed a considerable level of Resistance to the shallow disturbance caused by raking. Shown
below are pictures of clam rakes and of a raked area in Yaquina Bay, Oregon, the location of Boese’s
study:

Left, clam raking in Yaquina
Bay
http://www.youtube.com/watch
?v=qGr22oEKeFs

Note: raking is more usually
done in shallow water, but
this picture shows the
impact
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The raking clearly falls under the descriptor in the MB0102 document of “Shallow abrasion /
penetration: damage to seabed surface and penetration, although the depth of penetration exceeds
the benchmark of less than 25 mm.
The MB0102 Matrix Assessment of Resistance to this pressure is None. The corresponding
description is:
Key functional, structural, characterising species severely decline and/or physico-chemical
parameters are also affected e.g. removal of habitat causing change in habitat type. A severe
decline/reduction relates to the loss of 75% of the extent, density or abundance of the selected
species or habitat element
The MB0102 Matrix Assessment of Resilience to this pressure is Very Low. The corresponding
description is:
Negligible or prolonged recovery possible; at least 25 years to recover structure and function
Yet Boese reports full recovery within four weeks!!
Clearly there is a major conflict between the Assessments and Boese’s report.
Boese’s treated plots measured 1x1 metre, and recovery over this distance in four weeks through
lateral rhizome growth is well beyond the limits of lateral growth reported in the literature (examples
are given earlier in this report). (And the MB0102 Assessment of Very Low Resilience would have
us believe that recovery would take 25 years or more!)
It is likely that the eelgrass is showing significant Resistance to the pressure: that while rhizomes
may be damaged by the raking, they remain largely buried in the substrate and capable of growth
and shoot production. Section 2.5.3 below is relevant to this.

2.5.2 The other experimental treatment applied in Boese’s study was clam digging in 1x1 m patches.
Here, the patches were statistically indistinguishable from control patches within 10 months. As the
pictures below show, clam digging is a severe treatment, and over one square metre gives far
greater damage than a leisure boat anchor ever could. Boese’s recovery times from the digging
indicate a level of Low Sensitivity, or even Not Sensitive, which according to the MB0102 indicators
in sections 2.2 and 2.3 show High Resilience with a Resistance level of at least Low or Medium, or
else a High Resistance. The pictures below illustrate the impact of clam digging in an eelgrass bed
in Yaquina Bay, Oregon.

Left and below, Clam digging
in Yaquina Bay
http://www.thymeoftaste.com
/2013/06/02/clamming-onthe-oregon-coast/
Note: it seems to be normal
practice to re-fill the hole
afterwards.
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2.5.3 A study on the related, smaller, seagrass, Zostera noltii, specifically addresses the question of
rhizome fragmentation by physical damage.

Population-level effects of clam harvesting on the
seagrass Zostera noltii
Susana Cabaço*, Ana Alexandre, Rui Santos, (2005) Inter-Research Marine Ecology Progress Series
v298, 123-129
http://www.int-res.com/abstracts/meps/v298/p123-129/
Abstract excerpts:
“The most common technique used to collect the clams consists of digging and tilling the sediment
with a modified knife with a large blade…..
Experimental harvest revealed a short-term impact on shoot density, which rapidly recovered to
control levels during the following month. An experimental manipulation of rhizome fragmentation
revealed that plant survival is reduced only when fragmented rhizomes are left with 1 intact
internode. Shoot production and rhizome elongation and production of fragmented rhizomes having 2
to 5 internodes were not significantly affected, even though growth and production were lower when
only 2 internodes were left. Experimental shoot damage at different positions along the rhizome had
a significant effect on plant survival, rhizome elongation, and production only when the apical shoot
was removed.”
These results can be summarised with reference to Fig. 2 from the paper:
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Rhizome fragmentation: rhizomes were cut to leave 1
- 5 modules, counting from the tip (apical shoot). The
severed plants were placed in perforated pots filled
with local sediment, then replaced in the seagrass
meadow.
Only 10% of the 1-module plants survived. 80 - 100%
of the 2 - 5 module plants survived.
Rhizome elongation and rhizome production rates
were lower in plants with 1 and 2 internodes,
compared to plants with 3 to 5 internodes, but no
significant effects of rhizome fragmentation (2 to 5
modules) were found in shoot production, internode
production, rhizome elongation, or rhizome
production rates

Shoot-cutting experiment: 20% of cut plants did
not survive.
No differences were found in the survival of plants
with 1 or 2 shoots severed. Plant survival was lowest when the apex shoot was cut off (20%).
The effects of cutting the apex shoot were severely adverse . On the other hand, no significant
effects were found when shoots other than the
apical were severed.

So, other than the 1-module case, rhizome fragmentation did not kill the rhizome structure, and
fragments having 2 - 5 internodes showed normal shoot production, internode production, rhizome
elongation, or rhizome production rates.
For cut shoots, removal of the apex shoot was very harmful, but no significant effects were found
when shoots other than the apical were severed.
These studies show that damage to shoots and rhizomes does not necessarily kill them, and that if
they remain in the sediment, they can continue to grow with normal productivity. Thus in the case of
Z. Noltii, the plants can show high resistance to physical damage. It is quite likely that Z. Marina has
similar resistance (although its growth rates are less than the rapidly growing Z. Noltii). This could
provide a mechanistic explanation of the high recovery rates of Z. Marina discussed in sections 2.5.1
and 2.5.2.
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3.1

Dependence of recovery on spatial extent of area affected
The resilience or recovery of eelgrass from physical damage is strongly dependent on the spatial
extent of the area impacted. The MB0102 Assessment takes no account of this whatever, which
makes the Assessment a logical impossibility.

3.1.1 The statement that recovery is dependent on the area impacted is supported by the following
considerations:
The MarLIN information from Annex H in Tillin, Hull and Tyler-Walters (2010) states
“Recovery is dependant on the size of the size of the area affected, so is set as
moderate, yielding a moderate sensitivity rating.”
The data of Boese et al 2009 (section 2.4.3 of this commentary) clearly show recovery or regrowth
of the denuded patches spreading in from adjacent undisturbed areas, thus 25 cm square patches
were being filled in within 6 - 10 months, 50 cm square patches within 16 months, and the whole 2x2
m square within 24 - 30 months. This is broadly consistent with the lateral rhizome growth rates of
15 - 20 cm/yr described in section 2.4.5.
Neckles et al 2005 studied the impact of commercial mussel dragging in Maquoit Bay, Maine - the
mussel dredges used there look rather like British scallop dredges but are much larger and heavier.
They state:
Dragging had disturbed 10% of the eelgrass cover in Maquoit Bay, with dragged sites ranging from
3.4 to 31.8 ha in size. Dragging removed above- and below- ground plant material from the majority
of the bottom in the disturbed sites. One year following dragging, eelgrass shoot density, shoot
height and total biomass of disturbed sites averaged respectively 2 to 3%, 46 to 61% and <1% that
of the reference sites. Substantial differences in eelgrass biomass persisted between disturbed and
reference sites up to 7 yr after dragging. Dragging did not affect physical characteristics of the
sediment. The pattern and rate of eelgrass bed recovery depended strongly on initial dragging
intensity; areas of relatively light dragging with many remnant eelgrass patches (i.e. patches that
were missed by the mussel dredge) showed considerable revegetation in 1 yr. However, by
developing recovery trajectories from measurements at sites disturbed in different years, we
projected that it would require a mean of 10.6 yr for recovery of eelgrass shoot density within the
areas of intense dragging characterizing most of the disturbed sites.
This is a very clear statement of the influence of spatial extent: in extensively dragged multi-hectare
sites a recovery time of a decade, but in areas with remnant patches having gaps more in the
metres scale (their fig.6) considerable re-vegetation within one year.
It is worth noting that even the heavily dragged multi-hectare sites showing a recovery time of about
10 years fall between Medium and High Sensitivity on the scale of Tillin, Hull & Tyler-Walters 2010
(section 2.3).

3.1.2 It is clear that recovery time, hence Resilience and Sensitivity, are strongly dependent on the spatial
extent of the area affected, thus it is impossible to assign a one-size-fits all sensitivity.
It would be perfectly possible to define a function relating recovery time to spatial dimensions, at
least up to the several metres scale, but this crude, inadequate and erroneous MB0102 Assessment
totally fails to do any such thing, just as it totally fails to take any account of the extensive scientific
literature which addresses the issues of eelgrass resilience, resistance and sensitivity.
It is also worth repeating that the simplistic MB0102 Assessment fails to provide any guidance as to
the relative impacts of the various specific pressures referred to in this Commentary, such as multihectare mussel dragging, large ships anchors, scallop dredging, total removal of above and below
ground biomass, clam digging, clam raking, and leisure craft anchors.
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4.1

Can data on other seagrass species be used as proxies for
Zostera marina?
With the exception of one paper on the closely related species Zostera noltii, this report has
specifically concentrated on Z. Marina. It has been the practice of some conservationists to cite
studies of anchor damage to the Mediterranean seagrass Posidonia oceanica as proxy evidence to
“prove” the vulnerability of Zostera marina to such damage. (There appear to be no credible reports
in the scientific literature showing anchor damage to Zostera marina). Can such comparisons be
valid?
There is an excellent primer on European seagrasses: European seagrasses: an introduction to
monitoring and management , ed. J Borum, CM Duarte, D Krause-Jensen and TM Greve (2004).
On p.13 they state the horizontal rhizome elongation rate for P. Oceanica to be just 2 cm/yr, as
against 26 cm/yr for Z. Marina. Their comparison of timescales for recovery from extensive area
wide mortality (as opposed to local short-term damage) is particularly revealing:
(P17)

Conclusion
European seagrass flora encompasses species
with slow-growing rhizomes (Posidonia oceanica),
and intermediate rhizomes expansion rates
(Cymodocea nodosa, Zostera marina, Z. noltii),
when compared with the range of clonal growth
rates displayed by seagrasses. The slow
horizontal rhizome elongation and branching rates
observed in P. oceanica forecast slow (from
centuries to millenia) recovery time scales for this
species. Conversely, the rates of horizontal
rhizome extension and branching frequency
quantified for the other European seagrasses
should allow recovery time scales of decades. In
addition to the differences in clonal growth rules
observed between European seagrass species,
their growth is able to adapt to environmental
change. Seagrass plasticity, however, differs
among species, C. nodosa being amongst the
most plastic species, and P. oceanica growth
being the least plastic.

Since a key factor in recovery of seagrasses from disturbance or damage is their resilience or
recovery rate, Posidonia oceanica would seem a remarkably poor proxy to inform us of the
robustness of Zostera marina to physical disturbance and damage. There are also very great
differences in the underlying rhizome structures of the two species - P. oceanica can form threedimensional reef structures of up to 3m height. Eelgrass stays flat, and its individual rhizome
segments have a short (ca. 2 yr) life span.
In seeking to learn lessons from other species it is clearly important to understand and take into
account their similarities and differences. Just because they are both called seagrass is not
sufficient.
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Footnote
Extensive studies have been carried out, on the east coast of the USA in particular, on the
restoration of eelgrass beds which have died off during the last century - usually through water
quality issues, such as pollution, land water run-off, eutrophication, and high turbidity. Efforts have
been made to re-establish the beds through seeding and transplantation. There is much evidence
relevant to regrowth of eelgrass which has not been drawn on in this report, but which may be useful
in more thorough studies.
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