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Abstract
Assessing the influence of habitat patch dynamics on faunal communities is a growing area of interest within marine ecological
studies. This study sets out to determine fish assemblage composition in Zostera marina (L.) meadows and ascertain how habitat
structural complexity and seascape structure (i.e. composition and configuration of habitat patches) influenced these assemblages in
the northern Baltic Sea. Using ten seascapes (600 m in diameter), the fish assemblage was surveyed both in summer and autumn
using beach seine. We found that the fish assemblage was clearly dominated by sticklebacks, followed by pipefish and with a
general absence of larger piscivorous species. Biomass of fish did not differ between seasons, and low-level carnivores dominated
the trophic structure. Overall, at the larger seascape-scale in summer, the proportion of bare soft sediment showed a negative
relationship with fish biomass, while diversity of patches was found to exhibit a positive association with fish biomass. At the
smaller habitat scale, both seagrass shoot height and density had a negative influence on fish biomass in both seasons. This study
outlines new knowledge regarding how the mosaic of habitat patches shape seagrass fish assemblages in the northern Baltic Sea.
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Introduction

Exploring spatial heterogeneity in the marine landscape, and
the influence on faunal communities, is of particular signifi-
cance within seascape ecology, which can offer knowledge at
multiple scales regarding species-ecosystem dynamics
(Pittman et al. 2011). Variations in the spatial patterning of

underwater habitats, thus altering physical and ecological pro-
cesses, can contribute to changes in marine communities
(Costa et al. 2018). Mobile organisms like fish are particularly
sensitive, as many species need multiple habitats or patches
over a varying spatial range throughout their life stages
(Gillanders et al. 2003). Importantly, investigating complex
trophic structure and interactions at a broader seascape scale
in relation to ecological processes has been rarely studied (see
e.g. Valentine et al. 2007; Heck et al. 2008) but is highly
important to understand cross-habitat exchange and species-
environment relationships.

Seagrass is often studied in a seascape ecology context
since it dominates many coastal areas (Boström et al. 2006);
however, they are also sensitive to human-induced distur-
bances and have declined in many areas worldwide
(Waycott et al. 2009). Seagrass habitats form meadows which
provide many ecological functions, such as foraging grounds,
shelter and nursery grounds for fish (Jackson et al. 2001; Heck
2003). At varying spatial and temporal scales, studies have
investigated impacts from fine-scale habitat structural effects
up to large-scale geographical influences on seagrass fish
communities (e.g. Jackson et al. 2006; Gullström et al. 2008;
Staveley et al. 2017; Scapin et al. 2018).
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In the brackish Baltic Sea, the dominating seagrass species
Zostera marina is found in patchy meadows confined to
wave-exposed shores. It generally grows at 2–6-m depth and
rarely more shallow as they are displaced by competition with
freshwater angiosperms and charophytes (e.g. Baden and
Boström 2001; Boström et al. 2014). The role of brackish
seagrass as habitat for fish is relatively little studied, especially
with regard to a landscape ecology approach; therefore, it is of
relevance to explore patterns of these important environments
in relation to the fish community, particularly as this habitat is
priority for conservation.

This study aims to address how the seascape structure, in
terms of composition and configuration of habitat patches,
influences fish assemblages in seagrass meadows of the
Baltic Sea. Specifically, we set out to (i) quantify distribution
patterns of fish in seagrass meadows in the Baltic Sea in sum-
mer and autumn, (ii) assess how the effects of habitat and
seascape structure vary with trophic level status, and (iii) de-
termine the influence of a mosaic of patches on the seagrass
fish assemblage at a seasonal scale.

Material and methods

This study was conducted in ten seascapes (600 m in diame-
ter) in the Södermanland archipelago situated in the northern
Baltic Sea proper (Fig. 1). All investigated sites had a central
Z. marina meadow, but differed in composition and configu-
ration of the surrounding seascape. As we were working in a
complex archipelago environment, a 600-m seascape was
chosen as to ensure the inclusion of shallow water habitats
and the assumption of capturing most fish species’ home
range (Pittman et al. 2004; Staveley et al. 2017). The study
area is representative for the northern Baltic proper, with an
archipelago of islands and skerries and seagrass meadows
occurring mainly in wave-exposed sites with sandy substrate.
The salinity in the area is around 6, which is at the salinity
tolerance limit of seagrass plants (Boström et al. 2014).

In each seascape, seagrass shoot density and height in the
central seagrass meadow were estimated to determine habitat
structure (Fig. 1; Online Resource 1) during the summer (June–
July), while at the same time, assessment of the broader-scale
seascape structure was performed using drop video surveying,
GIS and spatial pattern metrics (see Staveley et al. 2017 for
detailed methodology). To assess the composition of the sea-
scape, proportion of habitats (i.e. Z. marina, bare soft sediment),
mean patch size of all patches found in each seascape and
Shannon’s diversity index (measure of patch/habitat diversity)
were used as predictor variables. The total edge of patches
within each seascape was used as a predictor of seascape con-
figuration (Fig. 1). In addition to the above habitats, the follow-
ing were also categorized: soft sediment with mixed vegetation,
rock, rock with mixed vegetation and blue mussel bank.

However, due to ensuring enough variation in habitat patches
throughout the seascapes (as well as limiting the number of
predictor variables), only the proportion of Z. marina and bare
soft sediment were chosen for analyses.

To determine the fish assemblage in each focal seagrass
meadow, beach seine fishing was conducted at one occasion in
summer (June–July; time of day: 09:00–17:00) and one occasion
in autumn (October; time of day: 09:00–15:00) 2017. All fish
were identified (species identification keys see Kullander et al.
2012), counted, measured to the nearest mm, and released back
into the sea. If more than 50 individuals of a species were caught,
we only measured 50 randomly sampled individuals, which we
expect gives a reasonable representation of the size distribution
of that species at the site. To achieve accurate fish species’ bio-
mass, the area (100 sm2) of each beach seine haul was calculated
usingGPS positioning (see Staveley et al. 2017 formore detailed
information on fishing methods and quantification). Fish bio-
mass was calculated (based on weight) per species and seascape
for each season. In cases with subsamples, data for additional
fish were calculated based on themean of the subsample.Weight
for each measured individual fish was calculated based on
species-specific length-weight models from FishBase (Froese
and Pauly 2018) and standardized by net area. When species-
specific information was lacking for a species, length-weight
data was calculated at the genus or family level. Each individual
was assigned a life stage (i.e. adult/juvenile) and trophic level
(according to FishBase), based upon measured and averaged
length. Life stage was based on information for each species
length at maturity from FishBase, and where information was
lacking, juveniles were assigned if they were ≤ 1/3 of their max-
imum recorded length (Nagelkerken and van der Velde 2002).
Trophic levels were grouped into categories (omnivore or low-,
mid- or high-level carnivore; adapted from Fishbase) to best
represent the different levels found in the fish assemblage
(Table 1). Response variables representing the fish assemblage
were low-level, mid-level and high-level carnivore biomass, as
well as total and juvenile biomass. The omnivore category was
not tested as a separate model as the sole species Alburnus
alburnus (Common Bleak) was only found in a few seascapes.

To test for seasonal differences between species’ biomass, a
Wilcoxon rank sum test was performed in R (R Development
Core Team. 2018). Relationships between the habitat and sea-
scape predictor variables upon the fish assemblage structure
(biomass) in both summer and autumn were investigated using
partial least squares (PLS) regressions (Wold et al. 2001) in
SIMCA v. 13.0.3 (UMETRICS). Potential predictor correla-
tions were performed and are shown in Online Resource 2.

Results

From the fish surveys, 11 species were identified from > 3000
individuals from both seasons (Table 1; Online Resource 3).
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In the summer, total fish biomass (m−2) was about six times
higher compared with the autumn, whilst total fish density
(m−2) was approx. three times higher in the summer (see
Online Resource 3 for detailed species densities per season).
The three-spined stickleback Gasterosteus aculeatus was

dominated in biomass in both seasons (Fig. 2a). Regarding
trophic level structure, there was a dominance of low-level
carnivores in both seasons (Fig. 2a). No significance was de-
tected between total biomass in summer and autumn (W = 26,
p = 0.075). Though, some trends in species biomass between

Table 1 List of species assigned
to trophic level and category Family Species Trophic level Trophic category

Cyprinidae Alburnus alburnus 2.7 Omni

Gasterosteidae Gasterosteus aculeatus 3.3 Low

Gobiidae Gobiusculus flavescensb 3.2 Low

Syngnathidae Nerophis ophidionb 4 Mid

Percidae Perca fluviatilis 4.4 High

Pleuronectidae Platichthys flesus 3.3 Low

Gobiidae Pomatoschistus sp. 3.2 Low

Gasterosteidae Pungitius pungitiusa 3.3 Low

Gasterosteidae Spinachia spinachiab 3.5 Low

Syngnathidae Syngnathus typhle 4.3 High

Zoarcidae Zoarces viviparus 3.5 Low

a length-weight calculation based at genus level
b length-weight calculation based at family level

Omni, omnivore; Low, low-level carnivore; Mid, mid-level carnivore; High, high-level carnivore
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Fig. 1 Location of the study seascapes in the Baltic Sea (top) and visualization of the habitat and seascape structure predictor variables used in the study
(bottom). Coastline: ©Lantmäteriet



seasons can be seen for some fish species (e.g. G. aculeatus,
mean values of 116 and 14 kg ha−1 during summer and au-
tumn, respectively) (Fig. 2a). The proportion of juveniles
(mainly G. aculeatus specimens) was substantially higher in
the autumn (46%) compared with the summer (2.7%).

Results from the PLS analyses showed that of the tested
predictor variables, all were retained in more than one model
(Table 2). The proportion of bare soft-sediment habitat was an
important factor negatively affecting all parts of the tested fish
assemblage variables (i.e. low-level, mid-level and high-level
carnivore biomass and total and juvenile biomass), particularly
in the summer (Fig. 2b; Table 2). In contrast, the Shannon’s
diversity index showed a positive relationship to most fish as-
semblage variables (i.e. low-level carnivore biomass and total

and juvenile biomass) in the summer (Fig. 2b; Table 2). Total
edge showed a positive relationship to some variables (i.e. total
biomass and low-level carnivore biomass) in the summer, but a
negative relationship to other variables (i.e. total and juvenile
biomass) in the autumn.With regard to the smaller-scale habitat
structure (i.e. shoot height and density), both of these variables
revealed negative relationships with high-level carnivores in
both seasons, while only shoot height had negative relation-
ships with total and juvenile biomass in the autumn (Fig. 2b;
Table 2). All PLS models showed good predictability (cross-
validated variance > 0.05), and the cumulative fraction of all
predictor variables combined explained between 41 and 87%
(depending on response variable) of the variation, which indi-
cated a very good fit of the models (Table 2).
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Fig. 2 a Jitter plot of the trophic level of the fish species caught in
summer (n = 9) and autumn (n = 7). Circle size represents total biomass
for all seascapes per season. Examples of some fish species are shown;
from top to bottom: Syngnathus typhle, G. aculeatus, and A. alburnus; b
Example seascape illustrating how habitat and seascape structure was
related to various parts of the fish assemblage in each season. Negative

and positive relationships are indicated by (−) and (+), respectively. The
light grey area defines land; dark grey, rock; blue, blue mussel bank;
brown, rock with mixed vegetation; orange, bare soft sediment; light
green, soft sediment with mixed vegetation and dark green, Zostera
marina. Fish drawings are published with permission from the Swedish
Species Information Centre (ArtDatabanken), SLU



Discussion

In this study, seagrass habitat structure, habitat patch diversity,
total edge and bare soft-sediment habitat had a significant
influence on seagrass fish assemblage biomass. Within the
fish assemblage, the meso-predator G. aculeatus was clearly
dominated, while larger predatory fish were seldom found.

From the PLS analyses, the area of Z. marina habitat in the
seascape as well as mean patch size did not generally show a
significant relationship with the different fish variables.
Nonetheless, the negative relationships with seagrass shoot
height and density, together with the positive influence of patch
heterogeneity (Shannon’s diversity index), suggest that the
Z. marina habitat itself in the Baltic Sea may not have the same
functional role with regard to the fish assemblage as in others
parts of the world (e.g. Jackson et al. 2006; Staveley et al. 2017;
Scapin et al. 2018). For example, in the study by Staveley et al.
(2017), seagrass was often the dominant structurally complex
vegetation type in the shallow water sites; therefore, perhaps
implying that the reliance on the abundance of the Z. marina
habitat on the Swedish west coast is higher for the fish commu-
nity compared with meadows in the Baltic Sea, where a

multitude of other vegetation types is within close proximity
which can suit the needs for mobile fish species. Likewise, some
species found in this study may not express a high degree of
specific habitat or patch attachment (such as presented here by
the positive relationship to Shannon’s diversity index) as what
might be observed for other fish species in Z. marina meadows
elsewhere. For example, G. aculeatus migrates from the more
open pelagic parts of the Baltic Sea to the coastal environments in
spring and summer to spawn (Bergström et al. 2015), which was
seen by the 10-fold higher biomass in the summer compared
with the autumn. In particular, as the amount of bare soft sedi-
ment had a negative influence on fish, this suggests that a higher
biomass of fish would be found in seagrass meadows with less
unvegetated and more structurally complex habitats in the sur-
rounding seascape. This further postulates that G. aculeatus is
not linked to any specific species of submerged aquatic vegeta-
tion as such, but rather to the structure of the shallow coastal
system (Perry et al. 2018a; Gagnon et al. 2019), particularly at
certain times of year (i.e. early summer for spawning).

This study showed that G. aculeatus had by far the highest
biomass of all fish species found in Z.marina habitat in both sum-
merandautumn.ThedensityofG.aculeatushasincreasedstrongly

Table 2 Data summary of PLS
models for summer and autumn Response variable Coefficient Ry

2cum Q2

Summer

Total biomass Bare soft sediment − 0.186 0.407 0.216

Shannon’s 0.206

Total edge 0.196

Juvenile biomass Bare soft sediment − 0.235 0.624 0.262

Shannon’s 0.271

Low-level carnivore biomass Bare soft sediment − 0.195 0.410 0.243

Shannon’s 0.202

Total edge 0.166

Shoot density − 0.146
Mid-level carnivore biomass Bare soft-sediment − 0.229 0.946 0.697

Zostera 0.650

High-level carnivore biomass Bare soft sediment − 0.302 0.683 0.454

Shoot density − 0.314
Shoot height − 0.214

Autumn

Total biomass Total edge − 0.332 0.668 0.393

Shoot height − 0.323
Patch size 0.240

Juvenile biomass Total edge − 0.418 0.512 0.064

Shoot height − 0.370
High-level carnivore biomass Bare soft sediment − 0.324 0.821 0.727

Shoot density − 0.319
Shoot height − 0.344

Ry
2 cum is the cumulative fraction of all predictor variables (i.e. explained variation) andQ2 is the cross-validated

variance which needs to be > 0.05 to be significant. Note: low- and mid-level carnivore biomass models for the
autumn were not generated
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in Baltic Sea coastal areas; a recent study reported a 45-times in-
crease from1980 to2011 in the centralBaltic Sea (Bergströmet al.
2015). In Z. marina meadows on the Swedish west coast, this
species has also increased substantially in the past few decades
and is now one of the most abundant fish found in these habitats
(Baden et al. 2012; Staveley et al. 2017; Perry et al. 2018b).

The large increase ofG. aculeatus and othermeso-predators in
coastal areas has been suggested to be linked to the drastic decline
in larger predatory fish, such asGadus morhua and Salmo trutta
(Erikssonetal.2011;Badenetal.2012;Bergströmetal.2015).We
also found very few top predators in the seagrassmeadows in our
study,whichmay in part reflect the poor situation for several large
predatory fishspecies in theBalticSea.Themain largepiscivore in
the open Baltic, Gadus morhua, has declined dramatically (e.g.
Österblom et al. 2007) and has become a rare coastal visitor in
the northernBaltic Sea. Coastal piscivores such asPerca fluviatils
andEsox lucius have also declined in some areas, including in the
northern Baltic Sea (Ljunggren et al. 2010; Östman et al. 2016).
However, it is also possible that larger predatory fish relymore on
other vegetationhabitats, for instance reeds (Phragmitesaustralis;
Kallasvuo et al. 2011) andmeadowsof freshwater angiosperms in
shelteredbays,thanonZ.marinahabitatsinthisregionoftheBaltic
Sea. Further investigation in seagrass meadows would be neces-
sary throughout this region specifically during twilight and night
hours togain amore comprehensive assessment of the fish assem-
blage, particularly as predatory fish are known to visit seagrass
meadows during these times to predate (Shoji et al. 2017).

For G. aculeatus, shallow coastal areas act as nursery habitat
(for instance, as described in Bergström et al. 2015). We show
that Z. marina meadows seem to be included in the nursery
habitat of this species as nearly half of the fish assemblage com-
prised of juvenile fish in the autumn (resulting from earlier
spawning of G. aculeatus). In contrast, the coastal fish species
P. fluviatilis and Rutilus rutilus do not seem to use this as nursery
habitat, which is in line with what has been shown previously for
these species, as they mainly spawn in sheltered bays that warm
up early in the spring (e.g. Snickars et al. 2010; Sundblad et al.
2011). To further investigate the nursery hypothesis, at ameadow
(Heck 2003) or larger interconnecting seascape (Nagelkerken
et al. 2015) scale, other habitats (e.g. bare soft sediment, fresh-
water vegetation) and their associated fish community would
need to be assessed (e.g. Perry et al. 2018a) as well as further
investigation into ecological connectivity in the Baltic Sea.

Here,we focused on a landscape patchmosaic perspective and
did not explicitly investigate the effects of environmental condi-
tions (e.g.water transparency,wave exposure, salinity).However,
we acknowledge that this could play a part in determining spatial
andtemporalvariationsinfishdistributionsandhabitatusageinthe
Baltic Sea, as other studies have indicated (Sundblad et al. 2014;
Snickars et al. 2014).Nonetheless, in this study, exposure, salinity
and Secchi depth likely vary little between the investigated sites.

Results from this study give new information on habitat spatial
patterning associating to fish biomass in the Baltic Sea. In the

Z. marina habitats, high biomass of G. aculeatus concurs with
findings from other coastal habitats. The findings also show the
importance of considering both small- and large-scale variables
(from10smtokm)whenassessingdriversof fish inshallowwater
environments. Further knowledge is still needed on the functional
and ecological role of these important yet vulnerable seagrass
habitats, which can be transposed into management plans and
conservation strategies toaidmarinestewardship in theBalticSea.
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