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Problem

The EU Water Framework Directive is a Community leg-

Abstract

The EU Water Framework Directive is a Community legislative instrument in
the field of environmental protection that establishes a common framework for
keeping water quality at a favourable level. To implement the directive, classifi-
cation systems need to be established that allow detection of human impacts at
early stages and, thus, more effective management of coastal communities. Due
to the spatial variability of communities, however, the results of any assessment
are highly dependent on the selection of data. In this study we identified local
spatial scales in which variability of macrophyte communities was maximised,
quantified links between observed patterns of sediment types and communities
and estimated how selection criteria impacted the outcome of the assessment
of indicator class value in four different communities of the Northern Baltic
Sea. The main findings of the study were that: (i) there were no clear local spa-
tial scales in which the variability of benthic communities was maximised; (ii)
hard-bottom communities were better predicted by the spatial arrangement of
sediment characteristics than soft-bottom communities; (iii) the selection of
method had no effect on the estimates of macrophyte cover and indicator class;
but (iv) method impacted independently of habitat type on error estimates of
macrophyte cover and indicator class. To conclude, in such homogeneous and
low diversity macrophyte communities it is preferable to use methods that
result in lower error estimates of algal coverage and, thus, result in lower
uncertainties of estimates in the water quality class.

developed and intercalibrated to be useable in the classifi-
cation system (Anonymous 2000). The choice of indica-

tors and assessment method depends on the spatial

islative instrument in the field of environment protection
that establishes a common framework for keeping water
quality at a favourable level. To implement the directive,
classification systems need to be established that allow us
to assign each waterbody one of five ecological quality
classes. This classification system has to be developed
using mainly biological indicators (Water Quality Ele-
ments). Submerged Aquatic Vegetation is one of those
Quality Elements and relevant indicators have to be
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patterns of the pressures and communities involved.

To identify the most important governing factors one
needs to determine the scales at which communities have
the largest variability and where the links between envi-
ronmental and biotic patterns are the strongest (Platt &
Denman 1975; Steele & Henderson 1994). Benthic com-
munities have high structural variability at a multitude of
scales and this variability is closely linked with physical
setting. Therefore the mapping studies should incorporate
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the relevant scales of variability to understand factors and
processes generating patterns in biotic and abiotic com-
ponents of ecosystems (Menge & Olson 1990; Levin 1992;
Karlson & Cornell 1998). To quantify marine biodiversity,
conserve marine ecosystems and assess impacts of human
activities, understanding the spatial distributions of biota
at local scales (10s or 100s of metres) is important for
coastal management (Kotta et al. 2008c).

To date a number of quantitative methods have been
developed to map benthic macrophyte communities at the
local scale. Except for one study (Leujak & Ormond 2007),
earlier studies have failed to provide any clear guidance as
to which method is to be preferred. With the introduction
of digital video cameras with greatly improved resolution,
filming and assessing benthic communities along transects
has become an increasingly practical and popular method
(Murdoch & Aronson 1999; Riegl ef al. 2001; Houk & Van
Woesik 2006; Bucas et ai 2007). In general, the accuracy
and precision of methods is dependent on the investment
of resources but the resources are generally limited or
fixed. Sample size is often the dominant factor in deter-
mining precision. If the sample size is too low, the study
will lack the precision to provide reliable answers to the
questions it is investigating. If the sample size is too large,
time and resources will be wasted, often for minimal gain.
Absolute accuracy and precision are not our ultimate goal;
rather, an analysis of how data selection affects the out-
come of water quality assessment is needed. Nevertheless,
it is essential that the preferred method allows detection of
already small changes in community structure {i.e. has low
error estimate) and therefore can be used by the early
warning systems.

In this study we: (i) attempted to identify local spatial
scales at which the variability of benthic communities is
maximised; (ii) quantified links between observed pat-
terns of sediment types and communities; and (iii) esti-
mated whether and how the criteria of data selection
impacted the outcome of the assessment of indicator class
value in four different communities of the Northern Bal-
tic Sea. Our hypotheses were as follows: (i) the spatial
patterns of macrophyte communities strongly reflect the
patterns of seabed sediment, (ii) the communities that are
more heterogeneous are more sensitive to the criteria of
data selection and (iii) random sampling should produce
better estimates of distribution of key species and com-
munities as compared to uniform sampling.

Material and Methods

The study was carried out in four shallow water
communities of the Eastern Baltic Sea in summer 2007
(Fig. 1). The

semi-enclosed sea. There exists a strong salinity gradient

Baltic Sea is a geologically young
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from west to east. Sand, silt and clay sediment prevail
and hard substrata are usually found in shallow and
exposed bays. Due to the prevalence of clay substrate and
strong wave action, the water transparency is often very
low, while the low salinity and strong seasonality in
temperature and light conditions result in the number of
aquatic plant species inhabiting the Northern Baltic Sea
being small (Kotta et al. 2008a,b).

Using a remote underwater video device we estimated
the spatial patterns of benthic vegetation and inverte-
brates in four different communities of the Northern Bal-
tic Sea. The camera was set at an angle of 35° below
horizontal to maximise the field of view and the range of
the forward view was about 2 m in clear waters. The
camera sled was towed from a 5-m-long boat 1 m above
the sea floor at an average speed of 50 airs“l. Real-time
video was captured with a digital video recorder. Depth
and navigational data (from GPS) were recorded at 1-s
intervals during camera deployments.

The four different communities investigated were: (i)
bladder wrack Fucus vesiculosus, (ii) the red alga Furcellar-
ia lumbricalis, (iil) the eelgrass Zostera marina, (iv) other
higher plants (Potamogeton spp., Myriophyllum spicatum).
The former two communities rely on hard substrate and
the latter two on soft substrate.

For each community five transects of 87.5 m length
were videotaped. In each transect the coverage of different
sediment type (rock, boulders, pebbles, gravel, sand), ben-
thic macrophyte and invertebrate species were estimated
(i) in a continuous video mode and (ii) in a still picture
mode based on 35 photographs taken with a step of
2.5 m. Additionally, the coverages were also estimated
based on 5, 10 and 20 photographs selected using either
uniform or random sampling of the respective pool of 35
photographs. The coverages were then averaged over tran-
sect and selection criteria, resulting in five replicate cover
estimates of each community and selection criteria. These
replicates were used later in statistical data analyses. A
mean of sediment, algal and invertebrate coverages of all
frames provided a baseline within the video technique
when estimating the precision of different methods
(Weinberg 1981; Leujak & Ormond 2007).

The ratios of annual to perennial macroalgae and of
annual algae to Z marina are potential indicators of
high
known to favour the growth of ephemeral flora (Sand-
1991; Kotta et al 2000; Pedersen &
Snoeijs 2001). The group of annual algae often includes

eutrophication, as nutrient concentrations are

Jensen & Borum

ephemeral species such as Chaetomorpha linum, Clado-
phora glomerata, Pilayella littoralis and Ectocarpus sp. and
sheet-formed species such as Ulva lactuca. Typically, they
have thin tissues capable of fast rates of nutrient uptake
and growth; they are relatively short-lived and represent
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Baltic Proper

Fig. 1. Map of the studied transects in the
NE Baltic Sea.

the so-called r-strategy of population growth. In contrast
to the annual species, perennial species are slow-growing,
often have thicker and more complex tissues and are rep-
resented by, for example, the genera Fucus, Furcellaria
and Laminaria. Although the division into annual and
perennial types is straightforward in many cases, there are
some species that do not fit this classification scheme.
Nevertheless, this indicator is used in several schemes of
water quality assessment, especially in cases where more
traditional indicators (eg depth penetration of vegeta-
tion) is not applicable due to substratum limitation or
shallowness of coastal areas. In the Mediterranean area
this indicator is used either independently or is incorpo-
rated into different index calculations (e.g. Orfanidis et al
2001; Juanes et al. 2008). The indicator is often calculated
as the share of perennial (or annual) species to total vege-
tation cover or biomass. In Estonia the indicator is calcu-
lated as the coverage of species and divided into five
classes: high (share of perennial macroalgae >72%), good
(72-45%), moderate (45-27%), poor (27-9%) and bad
(<9%) (Anonymous 2008).

Factorial anova (Statistica version 8.0) and anosim
(rr1MER version 6.1) analyses were used to test for signifi-
cant differences in the coverage of key species and com-
munities among observation methods. Dissimilarities
between each pair of algal and invertebrate cover esti-
mates along transects were calculated using a zero-

adjusted Bray-Curtis coefficient and dissimilarities
between each pair of sediment cover estimates along tran-
sects were calculated using Euclidean distance. The scat-
terplot between the obtained dissimilarity matrixes of
coverages and the respective point distances of samples
was used as a proxy of the scale-specific spatial variability

in sediment characteristics and community cover.
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Results
Altogether, 16 taxa were identified. Most species were

observed in Zostera marina (9) and F. vesiculosus (8)
community. The mean coverage of community-forming
species (i.e. Z. marina, other higher plants, F. vesiculosus,
F. lumbricalis) exceeded 40% (Table 1).

The scatterplots between the point distances of samples
and dissimilarity matrixes of coverage (ie. community
variability) show that there were no clear local spatial
scales in which the variability of benthic communities was
maximised (Fig. 2). Hard bottom communities were less
patchy compared to soft bottom communities. Fucus vesi-
culosus and F. lumbricalis communities tended to be rela-
tively homogeneous through the range of the studied
spatial scales. The spatial pattern of Z. marina and other
higher plant communities largely varied along transects.
These scatterplots also show that some transects had the
largest variability at 20 or 50 m (indicating that the patch
size of macrophyte communities was on average either 20
or 50 m). The variability of other communities either
increased with spatial scale or, similarly to hard-bottom
communities, did not vary with spatial scale (Fig. 2).

Changes in sediment characteristics largely explained
the spatial arrangement of F. vesiculosus and F. lumbricalis
communities on hard bottom. However, Z. marina and
other higher plant communities on soft bottoms were
weakly related to the spatial patterns of sediment charac-
teristics (Fig. 2).

Different sampling frequencies and distributions had
no effect on the mean estimates of the key species
(Fig. 3), community coverage and the indicator -class
(anova and anosiv P > 0.05) (Table 2). However, dif-
ferent sampling frequencies and distributions produced
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Table 1. Average coverage of benthic macrophyte and Invertebrate species found In the Investigated communities.

taxa

Ceramium tenuicorne (Kiitzing) Waern
Chara sp.

Chorda filum (Linnaeus) Stackhouse
Cladophora glomerata (Linnaeus) Kiitzing
Cladosiphon zosterae (J. Agardh) Kylln

Fucus vesiculosus Linnaeus

Furcellaria lumbricalis (Hudson) J.V. Lamouroux

Myriophyllum spicatum Linnaeus
Pilayella littoralis (Linnaeus) Kjellman
Polysiphonia sp.

Potamogeton pectinatus Linnaeus
Potamogeton perfoliatus Linnaeus
Sphacelaria arctica Harvey

Zostera marina Linnaeus

Balanus improvisus Darwin

Mytilus trossulus Gould
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Fig. 2. Left column: variability of the
20 40 60 80 100 macrophyte communities (Bray-Curtls
dissimilarities) through the range of studied
spatial scales. Right column: scatterplots of
the dissimilarities of sediment characteristics
and benthic macrophyte communities
R2=0.2203 assessed separately for each pair of samples
In a transect: R, linear correlation coefficient
between the studied variables. Community

(]
Odm code Is as follows: A, Fucus vesiculosus; B,
4 60 8

20 0 100

Furcellaria lumbricalis; C, Zostera marina; D,
Sediment pattern other higher plants.
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Video 5 5 10 10 20 20
U R u R U R

Fig. 3. Average coverage of key species (%) with SE according to dif-
ferent sampling frequencies and distributions applied. Treatments:
video, estimates based on continuous video, S, 10, 20 and 35 indicate
the number of photographs included; U, uniform sampling; R, random
sampling. Community code is as follows: A, Fucus vesiculosus; B, Fur-

cellaria lumbricalis; C, Zostera marina; D, higher plants.

different error estimates. The cover estimates in a still
picture mode based on 35 or 20 photographs had signifi-
cantly lower error compared to other sampling rates.
Similarly, the indicator class estimates in a continuous
video mode and in a still picture mode based on 35 pho-
tographs had significantly lower error compared to other
sampling rates (Fig. 4).
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Table 2. Summary of the factorial anova analysis of the effect of
sampling methods and community types on the evaluation of water
indicator classes and key species coverage. Significant effects are indi-

cated in bold.
effect SS DF MS F P

key species coverage

method 893 7 128 0.31 0.948

habitat 466 3 155 0.38 0.770

method x habitat 9305 21 443 1.08 0.381
key species coverage (absolute values)

method 8803 7 1258 6.41 0.000

habitat 2260 3 753 3.84 0.011

method x habitat 4120 21 196 1.00 0.467
indicator classes

method 287 7 41 0.27 0.964

habitat 951 3 317 2.09 0.104

method x habitat 1499 21 71 0.47 0.976
indicator classes (absolute values)

method 2024 7 289 3.54 0.002

habitat 508 3 169 2.08 0.106

method x habitat 908 21 43 0.53 0.953

Current effect: F(7, 128) = 3.5457, P = .00162
Vertical bars denote + standard errors

BC BC BC BC

AB

35 Video u5

Current effect: F(7, 128) = 6.4148, P = .00000
Vertical bars denote + standard errors
30

25

20
BC

10 A€

35 Video u5

Fig. 4. Deviation in the estimates of indicator class and key species
coverage for different sampling frequencies and distributions applied.
A, B, C indicate different homogeneous groups (Fisher LSD post-hoc
test).
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Discussion

The main findings of the study were that (i) there were
no clear local spatial scales in which the variability of
benthic communities was maximised; (ii) hard-bottom
communities were better predicted by the spatial arrange-
ment of sediment characteristics than soft bottom com-
munities; (iii) the selection of method had no effect on
the estimates of macrophyte cover and indicator class,
but (iv) impacted independently of community the error
estimates of macrophyte cover and indicator class.

In the Northern Baltic Sea bottom substrate is very het-
erogeneous and often characterised by mixed sediments.
Different substrate types are found either within very
small areas (e.g. patches of sand or stones that do not
exceed 50-200 cm in diameter) or, alternatively, different
sediment types are mixed at the same location (e.g mix-
ture of clay, sand and pebbles) (Kotta ef al. 2008a,b). Our
results suggest that the cover values of true hard-bottom
species ie. F. vesiculosus and F. Ilumbricalis clearly
reflected such sediment heterogeneity. By far the strongest
correlations between the cover of different substrate types
and the patterns of macrophyte communities were
observed in F. vesiculosus community. The availability of
light and mineral nutrients is known to play a crucial
role, with upwelling, turbulence, turbidity and grazing
intensity as secondary factors in regulating the distribu-
tion of macroalgae (Field et ai 1998). The availability of
hard substrate is a prerequisite for the establishment of
the macroalgal species found in the study area and other
limiting factors are known to have minor effects on the
macroalgal communities in the study area (Kotta & Orav
2001; Eriksson & Bergstrom 2005; Kotta et ai 2006;
Orav-Kotta et al. 2009).

On the other hand, there was only a weak link between
sediment heterogeneity and soft-bottom macrophyte com-
munities. It is likely that wave exposure rather than sedi-
ment characteristics determine the distribution of true
soft-bottom macrophyte species. Large waves may cause
considerable resuspension of sediments and result in pro-
longed periods of poor light conditions (Madsen efai
2001) but, similarly, they may exert a mechanical distur-
bance of the benthic communities (Demie et ai 2003,
Kotta et al. 2007; Schiel & Lilley 2007).

It is plausible that the weak effects of the choice of
methods can be attributed to the homogeneous distribu-
tion of benthic macrophyte communities in the study
area and to the small range of scales investigated. Only a
few transects on soft sediments were characterised by the
patchy distribution of the key macrophyte species. Pro-
viding the low diversity of macrophyte communities in
2008a,b) already, a few

observations may capture the pattern of macrophyte

the study area (Kotta efal
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communities and provide accurate estimates of their
parameters.

Earlier studies have shown that the variance of esti-
mates decreases (and precision increases) with increasing
sample size when sampling units are scaled up to stan-
1985).
Similarly, in our study the precision of the estimate

dard units for comparison (Elliot 1979; Morin

increased with sample size. Besides, the precision of dif-

ferent and distributions varied

depending on the variable considered (cover of key spe-

sampling frequencies

cies versus indicator class value). Observation that was
based on a continuous video mode resulted in large vari-
ability of estimates of the coverage of dominant macroal-
gal species (F. vesiculosus, F. lumbricalis and higher
plants) compared to still picture mode. On the other
hand, both video and still picture mode precisely cap-
tured the cover patterns of annual and perennial algae.
This may be due to more clumped distribution (reflected
in the greater variance of estimates) of the dominant spe-
cies in relation to the broader categories such as perennial
and annual species. In such macrophyte clumps an aver-
age speed of 50 cm-s“1 was too high to capture the pat-
terns of dominant macrophytes precisely.

To implement the EU WFD we need to build monitor-
ing strategies that provide data with sufficient statistical
(Anon

2003a,b). When measuring biological indicators a large

confidence and develop efficient indicators
amount of monitoring data is needed to reach this level
of confidence. This goal is often difficult to achieve due
to the limitation of resources. Currently evaluated tech-
niques enable us to produce high amounts of data with
acceptable quality, enabling the development of adequate
assessment schemes.

To conclude, our estimates in a continuous video
mode and in a still picture mode based on 35 and 20
photographs produced less variable results compared to
other methods. In any long-term monitoring programme
a high precision (ability to detect differences) is more
important than high accuracy (ability to detect true
1987).

uncertainties of estimates, these methods should be pre-

value) (Andrew & Mapstone While reducing
ferred in the mapping of benthic macrophyte communi-
ties or in the assessment of water quality in the relatively
homogeneous environments of the Northern Baltic Sea.
When a method can only detect large changes, then it is
often too late to undertake remedial actions.
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