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ARTICLE INFO ABSTRACT

Keywords: Atlantic saltmarshes are widely recognised as important and productive estuarine habitats, yet their role in
Estuary supporting fish populations in northern Europe remains understudied. We used fyke and seine nets to assess fish
Fish assemblage assemblages at 14 sites across two estuaries in Carmarthen Bay, South Wales. Sampling took place in both
x‘izl;’;d saltmarshes and unvegetated estuarine shores monthly from October 2023 to September 2024. The age

composition of the catch was predominantly juvenile (83 %). Fish density was significantly higher in saltmarshes
(5972 ind/ha) compared to unvegetated shores (1806 ind/ha; p < 0.001). Six species were present in saltmarshes
across all seasons, including Atlantic herring (Clupea herrangus) and European flounder (Platichthys flesus) not
previously documented year-round in UK saltmarshes. Several species, were significantly more likely to be
caught within saltmarsh, including lesser sandeel (Ammodytes tobianus) and grey mullet species (Chelon ramada,
Chelon labrosus, Chelon aurata), while no species were significantly more likely to be caught in unvegetated
shores, demonstrating saltmarshes enhanced nursery function. In total, 19 fish species were recorded in salt-
marshes, representing the highest species richness documented for UK saltmarshes. Clear seasonal shifts in
community composition were observed, with peaks in European flounder (Platichthys flesus) in May, European
bass (Dicentrarchus labrax) in June and Atlantic herring (Clupea herrangus) in July, likely reflecting staggered
recruitment strategies that minimise competition during early life stages. These findings provide the first year-
round assessment of saltmarsh fish assemblages on the west coast of the UK and highlight the ecological
value of saltmarshes in supporting coastal fish communities.

Essential fish habitat
Habitat restoration

1. Introduction

Saltmarshes are dynamic and highly productive intertidal habitats,
that provide crucial ecosystem services such as flood protection, carbon
sequestration and nutrient cycling (Doolan and Hynes, 2023; King and
Lester, 1995; McKinley et al., 2018). These habitats also play a vital but
often overlooked role supporting fish production serving as nursery and
foraging grounds for many species of commercial and conservation
importance (Boesch and Turner, 1984; Taylor et al., 2018). At least
sixteen commercially important species and five conservation-sensitive
species have been recorded in European saltmarshes (Laffaille et al.,
2000a).

Maintaining any healthy fish stock relies fundamentally on
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successful recruitment rates (Caley et al., 1996). Fish are most vulner-
able as juveniles and must survive to adulthood to be able to contribute
to the stock (Heck et al., 2003; Jgrgensen and Holt, 2013). Nursery
habitats enhance fish populations by offering protection and foraging
opportunities favouring growth and development of juvenile fish
(Munro and Bell, 1997). Understanding these contributing habitats is
essential for effective fish population conservation (Beck et al., 2001). A
nursery habitat is defined as an area “where a species exhibits higher
than average 1) juvenile density, 2) growth, 3) survival or 4) movement
to adult habitat” (Beck et al., 2001; Ciotti et al., 2025; Lefcheck et al.,
2019).

Since the 1800s, England has lost more than 85 % of its saltmarsh
habitat (Green et al., 2021). The UK is projected to lose a further 5,262
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ha by 2060 (ONS and Defra, 2016). This dramatic decline, combined
with growing recognition of the habitats’ ecological value, has led to
saltmarsh being designated as both an Annex I habitat under the EU
Habitats Directive (transposed into UK law through the Conservation of
Habitats and Species Regulations, 2017) and a habitat of principal
importance under the Environment (Wales) Act 2016. These protections
have driven increased investment in saltmarsh restoration, making
comprehensive understanding of their ecological functions a key prior-
ity (Pétillon et al., 2023).

Saltmarsh fish assemblages are influenced by numerous biotic and
abiotic factors including tidal cycles, seasonal variability, freshwater
regime, grazing intensity, and site characteristics (de la Barra et al.,
2022; Hampel et al., 2004; Lafage et al., 2021; Laffaille et al., 2000a;
Veiga et al., 2006). For instance, intense grazing can alter invertebrate
composition, directly affecting prey availability and decreasing growth
rates of juvenile European bass (Laffaille et al., 2000b). Studies across
Ireland, UK, Netherlands, France, Portugal, and Spain consistently re-
cord core species including European bass (Dicentrarchus labrax), Euro-
pean flounder (Platichthys flesus), grey mullet (Chelon spp.), and gobies
(Pomatoschistus spp.) in saltmarsh habitats (Cattrijsse et al., 1994;
Koutsogiannopoulou and Wilson, 2007; Mathieson et al., 2000; Ribeiro
et al., 2012; Stamp et al., 2023). However, current understanding of
saltmarsh fish ecology in the UK shows significant geographic bias.
Research in southeast England, where tidal ranges rarely exceed 6 m and
wave exposure is relatively low, has documented up to 14 fish species
during summer months (Colclough et al., 2005; Freeman et al., 2024;
Green et al., 2009; Mathieson et al., 2000). Year-round assessments of
UK and Irish saltmarsh fish assemblages have been limited to Essex and
Dublin, both systems with moderate physical conditions (Green et al.,
2009; Koutsogiannopoulou and Wilson, 2007).

In contrast, western UK saltmarshes experience much greater tidal
fluctuations (up to 12 m) and higher wave energy (Burrows et al., 2009),
yet remain comparatively understudied. The limited research on west
coast fish assemblages, restricted to two seasonal sampling events in
Bangor, revealed that there is a tidal influence on species composition
but left year-round patterns unexplored (de la Barra et al., 2022). This
research gap is particularly significant given current conservation pri-
orities. With growing recognition of saltmarsh ecological importance
and increasing investment in habitat restoration (UK Centre for Ecology
and Hydrology., 2022; Wildfowl and Wetlands Trust, 2023), compre-
hensive understanding across diverse environmental conditions is
essential for effective conservation strategies.

We conducted a comprehensive assessment of fish communities
within South Wales, Carmarthen Bay’s estuarine high tide habitats,
comparing saltmarsh and unvegetated shores. Using seine nets and fyke
nets, completing monthly surveys over a year, we aimed to: 1) charac-
terise the saltmarsh fish assemblages for the first time in South Wales, 2)
quantify differences between fish assemblages in vegetated saltmarsh
habitats versus adjacent unvegetated shores to understand comparative
nursery functioning, and 3) determine fine-scale spatial and temporal
distribution patterns of fish species throughout Carmarthen Bay’s two
major estuarine systems (Loughor estuary and Three Rivers estuaries).

2. Methods
2.1. Study site

Carmarthen Bay, South Wales, United Kingdom is home to one of the
most varied assemblage of coastal features in the British Isles, with a
large tidal range of 8 m (May and Hansom, 2003). Carmarthen Bay is
designated as a Special Area of Conservation (SAC) partly due to the full
composition of Atlantic salt meadows species (Glauco-Puccinellietalia
maritimae), the presence of the saltmarsh species Salicornia spp. is also a
contributing factor to the designation (JNCC, 2015). Our study was
conducted across the two major estuarine systems in Carmarthen Bay:
the Burry Inlet (Loughor estuary) and the Three Rivers estuaries (Taf,
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Tywi and Gwendraeth estuaries). Loughor estuary contains 2886 ha of
saltmarsh while the Three Rivers estuaries contains 1134 ha (Fig. 1).
Saltmarshes in Carmarthen Bay make up 69 % of all Welsh saltmarshes
and 9 % of all UK saltmarshes (ONS and Defra, 2016).

Sampling sites were situated across five clusters: three clusters were
in saltmarsh (Crofty, Llanelli Wetlands, and Laugharne), and two clus-
ters were in unvegetated estuarine shores (Llanelli Beach and Ferryside)
(Fig. 1). A total of 14 sampling sites were established (8 saltmarsh, 6
unvegetated) across the five clusters, with the aim of deploying two
fykes at independent sites and a seine net at a third independent site per
cluster (Llanelli Wetlands only had one fyke netting site due to acces-
sibility). Sites were selected to represent two dominant high-intertidal
habitat types in the region: saltmarsh characterised by vegetated flats
and muddy creeks, and unvegetated estuarine shores consisting of high-
intertidal sand and mud banks. Sites were also selected based on
accessibility, maximum sampling coverage and spatial distribution
across the study area. Monthly sampling of all clusters were conducted
between October 2023 and September 2024. Naturally the sites were
exposed to differing environmental factors such as level of wave expo-
sure and freshwater input. Each saltmarsh cluster was exposed to
varying grazing regimes: Laugharne remained ungrazed, Llanelli WWT
experienced seasonal cattle grazing, while Crofty had year-round graz-
ing by cattle, sheep, and horses.

2.2. Fish sampling

Fish were sampled using a combination of beach seine netting and
winged fyke netting, to best capture the abundances and diversity of
species using the habitat (Crinall and Hindell, 2004; Franco et al., 2015).
Fyke nets are static and can be more effective at capturing benthic and
highly mobile species, but often low in abundance (Harrison-Day et al.,
2020). While seine nets are active nets targeting mid water species and
generally catching a higher abundance of fish, providing a quantitative
measure (Lyons, 1986).
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Fig. 1. The Three Rivers estuaries and Burry Inlet in Carmarthen Bay, South
Wales, United Kingdom. Sampling sites within saltmarsh habitats are shown in
red, and unvegetated shore sites in blue. Seine netting sites are marked with
circles, and fyke netting sites with stars. Each site cluster is labelled by name,
with the corresponding numbers of seine and fyke net samples completed be-
tween October 2023 and September 2024 indicated for each cluster. The extent
of saltmarsh within the bay is shown in dark grey, derived from data obtained
from DataMap Wales, an open-source geoportal maintained by Natural Re-
sources Wales. Contains Natural Resources Wales information © Natural Re-
sources Wales and Database Right. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of
this article.)
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Fyke nets were deployed in saltmarsh creeks. Each net had 5 m long
wings with 10 mm mesh, a D-ring trap (50 cm height) with 8 mm mesh,
and a cod end with 6.5 mm mesh (Colclough and Cucknell, 2018; Franco
et al., 2022). These mesh sizes were selected to effectively sample fish
across all size classes, including juveniles (Stamp et al., 2023).

Given the complex and diverse topography of saltmarsh, sampling
protocols were tailored to each fyke netting site. A set tidal height was
determined for each fyke net using a combination of in person obser-
vations and graphs obtained from https://tides4fishing.com/, this was
usually about 2 h before the high tide (Table S2). At unvegetated sites,
fyke nets were positioned to submerge at tidal heights matching those of
the adjacent saltmarsh sites in the same estuary, with wings set at 40°
angles.

Seine netting was conducted during high tide between fyke net
deployment and retrieval. To prevent pseudo-replication, seine sites
were positioned outside the drainage areas of fyke nets. Three replicate
hauls were carried out per site per month. Sampling used a 15m x 2 m
knotless mesh net (3 mm mesh size) within a 1-h window around high
tide (+30 min; Colclough and Cucknell, 2018). At saltmarsh sites, the
net was deployed in a semicircular shape from the shoreline over the
vegetated flat (not within creeks). One end was fixed on the shore while
the other was walked out to a maximum depth of approximately 1 m and
swept in an arc to land, with both ends hauled onto shore (Hahn et al.,
2007). At unvegetated sites, the same technique was applied over the
bare sandy or muddy bank. Due to site-specific constraints at Llanelli
WWT and Ferryside, sampling occurred during the flooding tide at the
nearest feasible time to high tide.

Captured fish were transferred to 40 L buckets and sampled using
hand nets. All fish were identified to species level, with fork length
measurements recorded for the first 15 individuals of each species using
a 60 cm WaterMark Ultimate Fish Board. Measured fish were immedi-
ately moved to recovery buckets containing 40 L of water before release
(Bertelli and Unsworth, 2014).

For each sample, we recorded species abundance, individual fork
lengths, sampling date, gear type, site location, and deployment timing.

2.3. Data analysis

Statistical analyses were primarily performed in R (Version 4.4.1; R
Core Team, 2024), with plots created using the ggplot2 package
(Wickham, 2016). Community composition analyses, including nMDS
ordinations and PERMANOVA tests, were conducted using PRIMER7
(version 7; Clarke and Gorley, 2015). Fyke netting data only contributed
to diversity values and qualitative analysis, data obtained from fyke nets
was not used in density estimates, as calculating the area sampled by a
fyke net is unreliable (Harrison-Day et al., 2020).

2.3.1. Density and diversity analysis

Seine haul area was calculated as approximately 36 square meters,
assuming the 15 m net length formed the arc length for the semi-circle
(Pierce et al., 1990). Density values were standardised to individuals
per hectare by dividing abundance by area sampled. Diversity was
calculated as Shannon’s diversity index as it accounts for both species’
richness and evenness (Ortiz-Burgos, 2016). All data were tested for
normality using Shapiro-Wilks tests (o« = 0.05). To compare total density
and diversity values between habitat types, non-parametric Wilcoxon
tests were employed due to non-normal distributions, and median values
are presented alongside.

2.3.2. Species specific habitat analysis

Mean densities were calculated from seine-net data only for each
species in each habitat to provide a descriptive summary of relative
abundance patterns, and are presented with standard error and the
length range of each species. Median values were not used, as the fre-
quency of zero counts across species rendered them uninformative for
comparative purposes. To assess habitat associations of different species,
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we analysed presence/absence data across saltmarsh and unvegetated
habitats (Neu et al., 1974). Abundance data were converted to binary
presence/absence (1/0) values for each seine netting event. Fisher’s
exact tests were performed for each species to determine whether their
occurrence differed significantly between habitat types, generating odds
ratios that indicated relative habitat preference. Odds ratios greater than
1 indicated higher occurrence in saltmarsh habitat, while values less
than 1 indicated higher occurrence in unvegetated. Statistical signifi-
cance was determined using p-values from the Fisher’s exact tests.

2.3.3. Investigating fish composition

To examine age composition of fish populations across habitat types,
individuals were classified as either juvenile or adult based on species-
specific length thresholds obtained from the literature (Table S3). The
proportion of juveniles and adults was calculated for each species within
both saltmarsh and unvegetated habitats. Results were visualised as
stacked bar charts displaying the percentage of juveniles and adults,
only species with more than 10 total counts from seine netting were
included in the visualisation. This contains both seine and fyke netting
data, as they may better target different life stages.

Community composition analyses were conducted using PRIMER?7.
These analyses were restricted to seine net data to maintain consistency
in abundance measurements. A Bray-Curtis similarity matrix was con-
structed and used to generate non-metric Multidimensional Scaling
(nMDS) ordinations.

PERMANOVA tests (999 permutations) were performed on the Bray-
Curtis matrices to assess the effects of habitat, site, and month on
community composition. The model included interaction terms for
habitat x month and site x month. PERMDISP was used to test for
differences in the variability of assemblage composition within groups.
The analysis revealed heterogeneous multivariate dispersions among
groups, even when data were transformed using square-root, fourth-
root, and log(x+1) transformations. We proceeded with PERMANOVA
analysis with cautious interpretation, using nMDS ordination plots
derived from the same Bray-Curtis similarity matrices to visually vali-
date the identified patterns (Anderson and Walsh, 2013), with stress
values reported to indicate goodness of fit.

For direct temporal comparison between habitats, monthly mean
densities for each species were standardised as a proportion of that
species’ maximum observed density across all samples. This approach
enabled visualisation of seasonal patterns while facilitating inter-species
comparisons independent of absolute abundance differences. Only spe-
cies with more than 100 total counts were included in the visualisation.

To analyse temporal patterns in fish community composition within
saltmarsh habitats, we aggregated abundance data by month. To
simplify analysis species with fewer than 50 total individuals captured
were grouped as “Others”. Monthly species composition was calculated
as the proportion of each species’ abundance relative to the total catch
for that month. Results were visualised as stacked bar charts showing the
percentage contribution of each species to the total catch across all
months (October 2023 through September 2024). This approach
allowed for examination of seasonal shifts in community structure
within saltmarsh habitats throughout the annual cycle.

3. Results
3.1. Habitat differences

We recorded 8525 fish from 21 species across 262 net deployments
(170 seine nets, 92 fyke nets) between October 2023 and September
2024 (Table S4). Of the 21 species, 19 occurred in saltmarsh habitats,
seven of them unique to saltmarsh, and 14 in unvegetated habitats, with
two unique species. Focusing on seine net data fish density and diversity
varied among habitat types (Fig. 2). Fish density was significantly higher
in saltmarsh (5972 ind/ha) than in unvegetated shores (1806 ind/ha)
(W = 4672, p < 0.001). Diversity was also higher in saltmarsh (0.637)
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Fig. 2. Box plot of fish density and b) diversity across saltmarsh (red) and unvegetated (blue) habitats, from monthly seine net samples from October 2023 to
September 2024. P values are included from Wilcoxon tests. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web

version of this article.)

than in unvegetated shores (0.478), but not significantly (W = 6914, p
= 0.06).

Habitat did not have a significant effect on overall fish assemblage
composition (Pseudo-F = 1.08, p = 0.3). Although fish communities
exhibited no distinct separation between habitats, composition was
considerably more variable in saltmarsh compared to unvegetated
(mean dispersion 1.1 and 0.8 respectively, PERMDISP, p < 0.05). This
pattern was visually supported by the nMDS ordination (stress = 0.19;
Fig. 4), which showed a similar central tendency for both habitats but a
greater spread of samples from saltmarsh.

3.2. Species habitat associations

Of the 15 species groups captured using seine nets, six were recorded
exclusively in saltmarsh, and an additional six were more abundant in
saltmarsh compared to unvegetated habitat (Table 1). In contrast,
greater pipefish were captured only in unvegetated habitats, while sand
smelt and sea trout exhibited higher densities in unvegetated. Three
species were significantly more likely to be caught in saltmarsh: grey
mullet (p = 0.028, OR = 2.04), lesser sandeel (p = 0.007, OR = ), and
three-spined stickleback (p = 0.001, OR = 13.47) (Table 2). No species
were significantly more likely to be caught in the unvegetated habitat
than in saltmarsh (Table 2).

3.3. Age structure

Combining both seine and fyke netting data juveniles comprised 83
% of all fish recorded during the study. Three species were observed
exclusively as juveniles: grey mullet, Atlantic herring, and lesser sandeel
(Fig. 3). European bass largely consisted of juveniles, with adults rep-
resenting just 0.5 % of individuals in the saltmarsh. The piscivorous fish
species European bass, European flounder, and sand smelt had a higher
proportion of adults in saltmarsh than in the unvegetated habitat.

Fyke netting caught higher proportions of adults than seine netting
(26 %-16 %: Fig. S1). The largest European bass caught in a seine net
was 33 cm, fyke netting captured a 55 cm European bass.
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Fig. 3. Representation of juvenile (dark colour) and adult (pale colour) showed
that species age compositions differed between a) unvegetated and b) saltmarsh
habitats. Empty bars reflect where no data was recorded for the species. Note
that there is a small proportion of adult European bass in saltmarsh (0.5 %) not
visible on plot. Species with less than 10 total counts were not included. Grey
mullet comprises three species (Chelon labrosus, Chelon ramada, and Chelon
aurata), while Goby spp. includes common goby (Pomatoschistus microps) and
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colour in this figure legend, the reader is referred to the Web version of
this article.)
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Fig. 4. Fish assemblage data are presented as an nMDS plot with Bray-Curtis
similarity. Data were recorded over 170 seine net samples in saltmarsh and
unvegetated habitats at five sites between October 2023-September 2024.

3.4. Seasonal patterns

Fish assemblages were significantly affected by season (Pseudo-F =
2.66, p = 0.001) and site (Pseudo-F = 2.91, p = 0.001). Seasonal changes
contributed 24 % of variation, while site differences explain 17 %. The
effects of season varied by site (Season x Site: Pseudo-F = 3.83, p =
0.001). PERMDISP found the site factor to be heterogenous (p < 0.05)
and season to be homogenous (p = 0.1).

Clear temporal patterns emerged, with pairwise tests revealing dif-
ferences in community compositions across all seasons (p < 0.01). The
greatest dissimilarity was observed between winter and summer (t =
4.71, p = 0.001), while winter and spring were most similar, though still
significantly different (t = 1.92, p = 0.006).

3.5. Habitat use over time

At the species level, temporal patterns in density exhibited habitat-
specific differences (Fig. 5). Peak densities occurred at different times
in saltmarsh and unvegetated habitats, with consistently higher relative
peaks recorded in saltmarsh. Mean relative densities remained low in
the unvegetated habitat throughout most of the year, with only grey
mullet and goby species exceeding 10 % of their maximum observed
density. In contrast, all species reached densities above 10 % of their

Table 1
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respective maxima in saltmarsh.

A pattern emerged in which abundance peaks tended to occur earlier
in saltmarsh than in unvegetated shores. For example grey mullet, goby
species, and European flounder, peaks in saltmarsh preceded those in
unvegetated habitats by a month. Although the unvegetated peak in
European bass occurred before the saltmarsh peak, closer examination
revealed this pattern still aligns with life-stage habitat preferences: the
May peak in unvegetated habitats comprised exclusively of European
bass between 5.5 and 11.5 cm, while the June saltmarsh peak consisted
predominantly (88 %) of much smaller individuals (1.2-3 cm). This size
distribution confirms these are different cohorts.

Saltmarsh assemblage composition varied throughout the year, with
no single species dominating across all months. Six species were recor-
ded in saltmarsh during all four seasons (Fig. 5c): grey mullet, Atlantic
herring, European bass, goby species, European flounder and three-
spined stickleback. Lesser sandeel exhibited a more seasonal pattern,
recorded exclusively between April and August. Goby species were most
prevalent in the winter months, comprising >45 % of the total catch
from November through February. Species composition shifted mark-
edly through spring and summer, with successive dominance of grey
mullet (March), lesser sandeel (April), European bass (June), and
Atlantic herring (July). The late summer and early autumn months
(August, September, and October) exhibited a more balanced assem-
blage, with no species exceeding 50 % of the total catch. The equivalent
monthly assemblage composition for the unvegetated habitat is pro-
vided in Fig. S2. As PERMDISP indicated significantly greater multi-
variate dispersion among saltmarsh samples, the saltmarsh assemblage
was retained as the primary focus in the main figure to illustrate the
higher compositional variability characteristic of this habitat.

4. Discussion

Our study is the first to examine the fish assemblages of saltmarshes
along the west coast of the UK, addressing a notable gap in our under-
standing of these habitats. We found that fish density was consistently
higher in saltmarshes than unvegetated estuarine shores, highlighting
their ecological value for coastal fish communities. Systematic sampling
revealed the highest fish diversity yet reported from a UK saltmarsh and
provided the first evidence of year-round residence by juvenile Atlantic
herring and European flounder.

4.1. Importance of saltmarshes for fish communities

Saltmarsh in Carmarthen Bay supported a three-fold higher fish

Summary of mean density and size ranges of each recorded species in seine hauls across saltmarsh and unvegetated habitats from October 2023-September 2024. Grey
mullet comprises three species (Chelon labrosus, Chelon ramada, and Chelon aurata), while Goby spp. includes common goby (Pomatoschistus microps) and sand goby

(Pomatoschistus minutus). Species are ordered by mean density in saltmarsh.

Species Saltmarsh Unvegetated

Mean density SE Length range N Mean density SE Length range N

ind/ha (cm) ind/ha (cm)
Atlantic herring (Clupea herrangus) 4869 +2737 3.2 -85 1823 299 +282 4.7 -9 71
Grey mullet (Mugilidae spp.) 3811 +775 1 —-18.7 1427 1570 +576 1.9 —44 373
European bass (Dicentrarchus labrax) 3309 +1341 0.3 -20.8 1239 1755 +507 1.5 -33 417
Goby (Pomatoschistus spp.) 2334 +623 0.8 ) 874 825 +283 1.6 —6.6 196
Lesser sandeel (Ammodytes tobianus) 887 +448 3.5 -10.8 332 0 +0 0
Three-spined stickleback (Gasterosteus aculeatus) 839 +408 1 -8.2 314 4 +4 4.5 —4.5 1
European flounder (Platichthys flesus) 483 +359 1.1 -32.5 181 42 +17 3 -11 10
European sprat (Sprattus sprattus) 104 +91 3.5 -7.6 39 0 +0 0
Sand smelt (Atherina presbyter) 40 +17 4.5 -11 15 126 +70 2.3 -9 30
European eel (Anguilla anguilla) 3 +3 8 -8 1 0 +0 0
Sea trout (Salmo trutta) 3 +4 12.2 —12.2 1 4 +4 24.6 —24.6 1
Fifteen-spined stickleback (Spinachia spinachia) 3 +5 1 0 +0 0
Topmouth gudegeon (Pseudorasbora parva) 3 +6 4.7 —4.7 1 0 +0 0
Worm pipefish (Nerophis lumbriciformis) 3 +7 1 0 +0 0
Greater pipefish (Syngnathus acus) 0 +0 0 17 +17 6.5 —-8.5 4
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Table 2

Habitat association between saltmarsh and unvegetated shores of 15 fish species
in Carmarthen Bay estuaries. Seine netting presence/absence data were analysed
using Fishers exact. Odds ratios are not shown for species that were only present
in one habitat, as this generates a ratio of infinity. Grey mullet comprises three
species (Chelon labrosus, Chelon ramada, and Chelon aurata), while Goby spp.
includes common goby (Pomatoschistus microps) and sand goby (Pomatoschistus
minutus). Species are ordered by mean density in saltmarsh (Table 1).

Species Odds Ratio  Direction P Value  Significance
Atlantic herring 2.64 Saltmarsh 0.133

Grey mullet 2.04 Saltmarsh 0.028 *
European bass 0.93 Unvegetated  0.875

Goby spp. 1.05 Saltmarsh 1.000

Lesser sandeel - Saltmarsh 0.007 *
Three-spined stickleback 13.47 Saltmarsh 0.001 *
European flounder 1.53 Saltmarsh 0.492
European sprat - Saltmarsh 0.158

Sand smelt 0.83 Unvegetated  0.780
European eel - Saltmarsh 1.000

Sea trout 0.63 Unvegetated  1.000
Fifteen-spined - Saltmarsh 1.000

stickleback

Topmouth gudegeon - Saltmarsh 1.000

Worm pipefish - Saltmarsh 1.000
Greater pipefish 0.00 Unvegetated  0.388

density than adjacent unvegetated habitat. Although overall diversity
and species composition did not differ significantly between habitats,
the saltmarsh assemblage was significantly more variable, with seven
species recorded exclusively in saltmarsh. These findings reinforce the
widely accepted ecological principle that structured estuarine habitats
like saltmarsh, seagrass, and mangroves enhance fish communities
respective to unvegetated habitats (Green et al., 2012; Whitfield, 2017).

Carmarthen Bay saltmarshes support high fish species richness
among UK saltmarshes. A total of 19 species were recorded, exceeding
the 14 species previously reported (Green et al., 2009). Six species were
present year-round, a higher number than those reported in Essex and
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eastern Ireland, which only recorded two and four species respectively
(Green et al., 2009; Koutsogiannopoulou and Wilson, 2007). Notably,
this includes the first evidence of Atlantic herring and European floun-
der using UK saltmarshes as year-round juvenile habitats. This elevated
species richness may reflect regional ecological differences, although it
could also be influenced by the high frequency sampling approach using
the combination of both seine and fyke netting, compared to more
limited sampling regimes employed in previous studies. In the Celtic
Sea, Baited Remote Underwater Video surveys of kelp and seagrass
habitats recorded 22 fish species in kelp and 36 in seagrass (Furness and
Unsworth, 2020). Our recorded richness for saltmarshes reached
approximately 86 % of that in kelp and 52 % of that in seagrass. Similar
patterns have been reported elsewhere, with saltmarshes supporting fish
assemblages comparable in density to macroalgal habitats but lower
than those of seagrass (Minello et al., 2003).

Across both habitats, juveniles heavily dominated the -catch,
consistent with the well-documented role of estuaries as nurseries
(James et al., 2019; Sheaves et al., 2006, 2015; Whitfield, 2020).
However, three species showed strong association with saltmarsh rela-
tive to the unvegetated estuarine shores. Among these, grey mullet and
lesser sandeel were recorded exclusively as juveniles, suggesting a
particularly important nursery function of saltmarsh for these species, as
reflected in their significantly higher juvenile presence (Beck et al.,
2001). These observations align with previous documentation that
saltmarshes provide important resources for juvenile fish (Franco et al.,
2010; Joyeux et al., 2017; Rogers et al., 1984; Whitfield, 2017). The
absence of any species associations with the unvegetated habitat in-
dicates that they offer comparatively limited value to juvenile fish in
Carmarthen Bay.

4.2. Role of saltmarshes for key species
In this study, lesser sandeel were found exclusively in saltmarsh,

despite the species being typically associated with soft, sandy substrates
suitable for burrowing (Htines and Bergstad, 2000). Our findings
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Fig. 5. Maximum total density for a seine haul was normalised to 1 to enhance visualisation of species specific density trends across all months in a) unvegetated and
b) saltmarsh habitats. Mean density for each month in each habitat was calculated as a proportion of the maximum total density. ¢) Monthly saltmarsh fish
composition proportionally. Grey mullet comprises three species (Chelon labrosus, Chelon ramada, and Chelon aurata), while Goby spp. includes common goby

(Pomatoschistus microps) and sand goby (Pomatoschistus minutus).
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suggest that juveniles may use nearby saltmarsh at high tide, potentially
for foraging or predator avoidance. Lesser sandeel are a key prey species
for a wide range of marine predators (Engelhard et al., 2014; Garcia--
Vernet et al., 2021; Staudinger et al., 2020), and their ecological
importance has recently led to the closure of the North Sea fishery (UK
Government, 2024). Sandeel have not previously been recorded in
saltmarshes within the British Isles (Green et al., 2009; Koutsogianno-
poulou and Wilson, 2007), suggesting that this may be the first evidence
of sandeel using saltmarsh habitats in the region. This may reflect
regional variation in habitat use, or alternatively, methodological dif-
ferences. Our seine net sampling targeted vegetated flats rather than
creek systems, and lesser sandeel were captured exclusively by this gear
type. This pattern may therefore reflect how sandeel use saltmarshes
rather than broader geographical trends.

Saltmarsh habitat also appeared particularly important for Atlantic
herring in Carmarthen Bay, with the species largely restricted to salt-
marsh throughout the study period, occurring in saltmarsh samples 11 of
the 12 months and in unvegetated habitat in only one month. Atlantic
herring were recorded exclusively as juveniles. A key distinction of UK
saltmarshes compared with other northern European systems is the
notable dominance of this species (Green et al., 2009), which is typically
recorded at lower abundances or absent elsewhere (Mathieson et al.,
2000). These differences likely reflect regional variation in Atlantic
herring population distributions and spawning grounds (Brunel and
Dickey-Collas, 2010; Haegele and Schweigert, 1985). Given that
Atlantic herring are among the UK’s most commercially important fish
species (Pauly et al., 2020; Peverley and Stewart, 2021), understanding
the role of saltmarshes in supporting their early life stages reinforces the
ecological and economic value of these habitats and highlights the need
to include them in broader fisheries management and conservation
strategies.

4.3. Fish assemblage drivers

The fish assemblage documented in this study broadly aligns with
patterns observed across the UK and continental Europe, where gobies,
grey mullet, and European bass consistently dominate (Cattrijsse et al.,
1994; Koutsogiannopoulou and Wilson, 2007; Lafage et al., 2021; Laf-
faille et al., 2000a; Veiga et al., 2006). Season and site emerged as the
primary drivers of community composition.

Site acted as a secondary determinant of fish community composi-
tion, suggesting that spatial heterogeneity among saltmarshes influ-
enced assemblage structure in Carmarthen Bay. This indicates that
recurring site-specific patterns may underlie the high compositional
variation observed across saltmarsh habitats. For example, lesser san-
deel were exclusively recorded at Laugharne, between April and August,
consistent with their known winter hibernation behaviour (van der
Kooij et al.,, 2008; Winslade, 1974). Similarly, a large influx of
post-larval European flounder was observed settling in creeks at Crofty
in May. These observations illustrate how seasonal life history traits,
local recruitment events, and estuarine connectivity may collectively
shape site-level community structures. As no two sites were exposed to
identical environmental conditions, site-specific differences likely
contributed to the observed spatial variability in fish assemblages
(Friese et al., 2018; Garcia et al., 2017; Laffaille et al., 2000a; Sheaves
and Johnston, 2008). Comparable patterns have been reported else-
where, with saltmarsh assemblages in Mont-Saint-Michel Bay also
strongly influenced by site characteristics (Lafage et al., 2021).

All seasons differed significantly from one another, reinforcing the
strong seasonal structuring of coastal fish assemblages (Laffaille et al.,
2000a; Maes et al., 2004; Selleslagh and Amara, 2008). Monthly sam-
pling revealed distinct temporal patterns, with different species reaching
peak abundance at specific times during spring and summer. These
staggered peaks align with known spawning and recruitment periods,
suggesting that many of these species may have evolved temporally
separated early life stages that minimises direct competition for
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resources, although sampling across multiple years would be needed to
verify this. Such temporal separation is particularly important during
critical developmental phases, when access to food and suitable habitat
can strongly influence survival rates, a pattern well documented in
estuarine systems worldwide (Day et al., 2012; Shuai et al., 2016;
Strydom, 2015). The timing of these shifts is consistent with established
life history strategies; for instance, lesser sandeel spawns in winter,
leading to peak juvenile abundance in April and May (Campanella and
Van Der Kooij, 2021), whereas European bass recruits slightly later,
reaching highest densities in June (Lincoln et al., 2024). While previous
studies have typically relied on quarterly or seasonal sampling, our
high-resolution monthly data reveal that coarser temporal approaches
may overlook finer-scale habitat use patterns. The rapid shifts observed
in species dominance highlight the dynamic nature of estuarine fish
assemblages and emphasise the importance of temporal resolution when
designing monitoring programmes. However, as with any sampling
regime, large incidental catches of schooling species such as mullet and
Atlantic herring may obscure true seasonal trends, reinforcing the need
for multi-year datasets to distinguish consistent temporal patterns from
short-term variability.

4.4. Age structured habitat use

Species density peaks showed clear temporal differences between the
two habitats, indicating both spatial and temporal partitioning. The
absence of synchronous density peaks between saltmarsh and unvege-
tated habitats for any species suggests these habitats serve different
purposes at various life stages. As fish develop, their habitat re-
quirements often shift, with many species moving to areas where
reduced structural complexity facilitates more efficient foraging by
larger individuals that are less susceptible to predation (Grgnkjer et al.,
2007; Perry et al., 2018). In our study, grey mullet densities peaked in
saltmarsh during August but in unvegetated shores during September.
For European bass, the saltmarsh peak represented young-of-the-year
fish, whereas the unvegetated peak corresponded to year-one in-
dividuals. This size-specific habitat partitioning demonstrates that fish
populations use multiple habitats sequentially as they develop, with
saltmarshes primarily supporting early developmental stages and
unvegetated shores accommodating larger juveniles; a pattern that un-
derscores the need to preserve habitat mosaics within connected estu-
arine seascapes (Nagelkerken et al.,, 2015; Perry et al., 2018).
Collectively, these findings provide strong evidence for life stage
dependent habitat-use patterns in coastal fish communities.

In apparent contrast to the ontogenetic habitat shift, we observed
higher proportions of adult carnivorous fish, including European bass,
European flounder, and sand smelt, in saltmarsh compared with the
unvegetated habitat. The presence of larger predatory fish in saltmarsh
may seem unexpected given the generally low levels of predation re-
ported for estuarine systems (Whitfield, 2020). However, larger pisci-
vores are known to use shallow marsh habitats (Rountree and Able,
1997) and are likely attracted to areas of high prey availability (Baker
and Sheaves, 2021). The traditional focus on saltmarshes as nursery
habitats may have led to an underrepresentation of adult predatory fish
in previous studies. Future research explicitly targeting adult use of UK
coastal nursery habitats would help clarify the extent to which these
environments also support larger predatory individuals.

4.5. Conclusions

Our study demonstrates that saltmarshes support higher density of
juvenile fish compared with adjacent unvegetated habitats. Clear
habitat preferences for saltmarsh were identified among several species.
While the importance of saltmarsh habitat for juvenile fish is evident,
our findings also reveal an ontogenetic shift in habitat use away from
saltmarsh towards unvegetated shores as fish increase in size, high-
lighting the ecological significance of habitat mosaics within estuarine
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systems for supporting multiple life stages.

This study provides the first year-round assessment of saltmarsh fish
assemblages on the west coast of the UK, including direct comparison
with adjacent unvegetated habitats, and contributes valuable baseline
evidence for the ecological value of saltmarshes. Future research into the
nursery function of saltmarshes and their connectivity with adult pop-
ulations will further enhance understanding of their contribution to
fisheries sustainability and coastal ecosystem functioning (Ciotti et al.,
2025).
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