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Abstract

Seagrass meadows are critical habitats supporting diverse epifaunal communities. Many studies
have explored epifauna biodiversity assemblage's changes across latitude gradients, yet the
drivers of species assemblages across small-scale environments remain poorly understood. This
study investigated how environmental drivers, such as nutrient inputs and seagrass structure,
influence epifaunal species assemblages across four environments within the UK seascape: island,
estuary, coastal, and lagoon. Multivariate analyses revealed significant differences in species
assemblages among environments where coastal and estuaries environments showed most
similarity but still significantly different (R = 0.045, p = 0.7%). Island sites supported significantly
higher species abundance (p = 3.66 x 107°) and greater seagrass metrics, whereas coastal
environments exhibited the lowest species richness (p = 0.0081) and lagoons showed lower
seagrass metrics. Using spearman rank correlation coefficient, nitrogen emerged as the most
influential driver (p = 0.33), where previous studies show indirect support for epifauna through
epiphyte growth and seagrass metabolic processes, whereas carbon was strongly associated with
seagrass growth and habitat formation (p = 0.286), enhancing protection for epifauna. Epiphyte
coverage showed no significant effect on species composition or richness (p = 0.210), suggesting
nitrogen’s broader ecological role outweighs direct food-source contributions. These findings
emphasize the importance of nutrient management and maintaining habitat structure to sustain
biodiversity and enhance ecosystem resilience. This study provides critical insights for
conservation and restoration strategies targeting seagrass meadows and their associated
communities and environmental settings. Insights could include pre-planned site monitoring by
taking nutrient readings to find ideal conditions for restoring and conserving seagrass meadows,
thereby giving more opportunity for seagrass growth and biodiversity promotion.
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Introduction

Seagrass meadows are highly productive ecosystems that support diverse communities of
organisms, shaped by the broad range of environments they inhabit. These habitats span climatic
zones from warm Indo-Pacific tropical waters to cooler Atlantic temperate regions (Short et al.,
2007). Despite these environmental differences, seagrass meadows often share similar food web
structures, with epifaunal organisms playing crucial roles as intermediaries in trophic transfers
(Coll et al., 2011; Park et al., 2013). Epifauna, which inhabits surfaces such as seagrass blades,
sediments, and hard substrates, are fundamental to the biodiversity and ecological function of
these ecosystems. They contribute to nutrient cycling and serve as prey for higher trophic levels,
underscoring their importance to seagrass meadow dynamics (Cui et al., 2021).

Ecosystem resilience may be influenced by top-down trophic interactions, wherein predators
regulate herbivore populations, potentially reducing grazing pressure on primary producers
(Paine, 1966; Field et al., 2006; Fortuna et al., 2024). In some marine environments, such as rocky
intertidal zones, evidence of top-down control has been demonstrated (Menge, 1992). For
seagrass ecosystems, predation on mesograzers can indirectly support seagrass health by
controlling algal overgrowth, highlighting the potential role of predators in maintaining ecological
balance under stress (Vierucci, 2009). In a study conducted in Northern Baltic Sea eelgrass
meadows, Gagnon et al. (2021) results showed the critical role of trophic pathways involving top
predators that regulate mesograzers, such as crustaceans and gastropods. These mesograzers
mitigate the effects of algal blooms resulting from nutrient input, with their functional
redundancy, where one group compensates for the loss of another, providing additional
resilience (Vierucci, 2009). This redundancy ensures that eelgrass meadows remain robust
against environmental stressors, such as nutrient-driven algal blooms and trophic modifications.

Broad scale analyses across the Northern Hemisphere have found that latitudinal gradients
significantly influence seagrass epifauna species composition and global biodiversity patterns
(Whalen et al., 2020; Duffy et al., 2022). Generally, species richness and abundance decline with
increasing latitude, reflecting complex interactions between environmental conditions and
habitat complexity (Reynolds et al., 2018; Gross et al., 2022; Gross et al., 2024). For example,
Reynolds et al. (2018) conducted a large-scale study on predation intensity across latitudinal
gradients in eelgrass meadows. They found that predation rates decreased with latitude, with
temperature gradients emerging as a significant predictor. Higher shoot densities in seagrass
meadows were also associated with reduced predation, likely due to the shelter they provide,
however unlike other variables in this study, this was not linked with changing latitude. These
findings suggest that cooler, higher-latitude regions support distinct epifaunal community
structures, shaped by reduced predation pressure and greater habitat complexity. This trend is
not unique to seagrass communities but also observed in kelp forests with urchin abundance



(Estes & Duggins, 1995), soft-sediment systems such as mudflats (Ambrose, 1991), and increased
latitude of freshwater lakes with a decrease fish predation and richer zooplankton community
(Jeppesen et al., 2003).

Similarly, Gross et al. (2022) explored crustacean communities, a key component of epifauna,
across latitudinal gradients in the Pacific and Atlantic Oceans. The findings revealed stronger
predation pressures at lower latitudes, while Pacific communities exhibited greater trait diversity
compared to the more clustered traits in the Atlantic. Higher epiphyte loads were linked to
increased trait clustering, potentially altering epifaunal interactions. These studies suggest the
influence of species interactions and environmental factors on epifaunal community composition
across biogeographic gradients.

While these studies highlight the impact of latitudinal gradients on biodiversity, they often
overlook the role of smaller-scale environmental variations. Seagrass meadows occur in diverse
environments such as estuaries, coasts, islands, and lagoons, each with distinct environmental
conditions that may influence species composition (Olsen et al., 2004). In the UK, Eelgrass
(Zostera marina), the most abundant seagrass species in much of the Northern Hemisphere
thrives in a range of environments, from muddy inshore waters of the Severn to the clear, deeper
waters oceanic influenced islands (Davison et al., 1998). Across this range, hydrodynamics,
intertidal emersion, light availability, nutrients, and salinity all fluctuate highly, influencing
sediment types and general biochemistry of the sites (Gerbersdorf & Wieprecht, 2014; Tolhurst
et al., 2020). Whilst we have some knowledge of how these pressures might influence the plants
(e.g primary production rate (Collier et al., 2017), root stability (Carr et al., 2012), and growth
(Cognat et al., 2018)), there exists limited understanding of how this variability influences the
biodiversity and food-web within these systems.

Estuaries offer a dynamic ecosystem characterized by high and consistent nutrient input from
terrestrial run-off, which promotes epiphyte growth and supports epifauna that depend on this
food source (Whitfield et al., 2022). However, the benefits of nutrient availability are offset by
stressors such as high turbidity, fluctuating salinity, and variable temperatures, leading to
complex and adaptive species compositions (Wotowicz et al.,, 2007; Henriques et al., 2017).
Conversely, island environments tend to have clearer waters and stable salinity, providing
optimal conditions for seagrass growth. Yet, lower nutrient availability can limit epifaunal
biodiversity, highlighting nutrient constraints in these regions (Gil et al., 2006; Anderson et al.,
2013). Coastal environments present moderate nutrient levels compared to islands, with wave
action reducing sediment accumulation and enhancing water clarity. These conditions promote
seagrass growth, creating suitable habitats for epifauna. However, high wave energy can uproot
seagrass, displacing epifauna and disrupting biodiversity (Reise, 2002). Lagoons, by contrast, are
sheltered environments with minimal wave energy, providing habitat stability for epifauna. This



sheltering effect can lead to nutrient buildup, causing eutrophic conditions and oxygen depletion,
which stress seagrass and epifauna communities (Han & Liu, 2014).

Understanding the influence of small-scale environmental changes on epifauna species
composition is crucial for understanding the complexity and variability of biodiversity within
seagrass meadows. These local environmental factors can significantly alter habitat quality,
resource availability, and species interactions, which are often masked in broad-scale
assessments (Ackerly, 2003). For example, the stressors in estuarine environments, such as
fluctuating salinity and high turbidity, may drive the selection of more stress-tolerant epifauna
species, creating distinct communities compared to the stable yet nutrient-limited island
environments (Henriques et al., 2017). Similarly, the moderate conditions of coastal waters may
favour generalist species, while lagoon habitats, despite their stability, could experience periodic
biodiversity declines due to eutrophication and oxygen depletion.

Shifts in environmental conditions, particularly nutrient loading, can significantly alter epifaunal
diversity in seagrass meadows. Increased terrestrial run-off in estuaries often leads to
eutrophication, reducing water clarity and oxygen levels, which damages seagrass habitat and
diminishes structural complexity essential for epifaunal assemblages (Macreadie et al., 2017).
Excess nutrients also promote algal overgrowth, further displacing seagrass and associated fauna
even if algal provides a food source for some epifauna (Asmul, 2024). Conversely, natural nutrient
inputs, such as deep-sea upwellings around islands, can enhance productivity and temporarily
boost food availability for filter feeders (Alongi, 2020). However, prolonged or intense
enrichment may still lead to ecological imbalance and reduced species evenness (Worm and
Duffy, 2003). Both anthropogenic and natural nutrient fluxes can drive significant changes in
epifaunal diversity.

This study aims to understand how smaller scale environmental changes affect epifauna seagrass
biodiversity. By conducting a unique analysis of eelgrass communities across a range of
environments integrating multivariate analyses with key environmental factors, this research will
assess how differences in seascape characteristics affect epifaunal richness and community
structure across diverse UK seagrass habitats.

Research questions:

(i) How do epifauna assemblages vary across four distinct environments within UK seagrass
habitats?

(ii) Do small-scale environment gradients drive dissimilarities in epifauna species
assemblages?

(iii) If any, what are the main environmental predictors for seagrass-associated epifauna
species composition?



By assessing small-scale environmental changes, we can better predict how shifts in
environmental conditions might alter epifaunal diversity and the overall resilience of seagrass
ecosystems. This fine-scale understanding is especially important for effective conservation
strategies, as it highlights the need for specific management approaches to protect these habitats
and their associated biodiversity.

Methods

Study site

The UK seascape falls under the temperate North Atlantic bioregion — the least diverse bioregion
in terms of seagrass species. Collectively, the North Atlantic bioregion contains five species of
seagrass, with the UK containing two out of the five species; Zostera Marina and Zostera noltii
(Short et al., 2007). The UK seascape varies in environments, where four distinct environments
were selected for this study; Lagoon, Estuary, Coastal, and Outer Island environments, to assess
epifauna assemblages in the UK seascape.

A total of 16 sites were selected for this study; four sites per environment. Sample sites were
selected from known established seagrass meadows across the UK seascape, with supporting
documentation and interactive maps such as seagrass spotter. Some justifications had to be
made for characterising some sample sites. Loch Craignish is a pseudo-estuary environment
where it could be classified as a coastal site, however, in this study, we classified it as an estuary
due to the site location and how far inland it was compared to other coastal sites as seen in
figure 1. Inland Sea A and B were classified as lagoon sites, while not technically lagoons, the
inland sea portrayed the same characteristics as lagoon environments. We used the Inland Sea
as lagoon sites due to the fleet lagoon being the only true lagoon inhabited by seagrass in the
UK, therefore, increasing sample size variability. Two sites; Thorness and Seaview, are both
located on the Isle of Wight but classified as coastal sites. While the Isle of Wight is an island, it
does not represent the same characteristics as other outer islands around the UK but more
resembles characteristics of coastal environments.
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Figure 1: Map of all the sample sites across the UK seascape, categorized by environmental
type. Seagrass and associated biodiversity data were collected from 16 distinct sites, classified
into four environments: Lagoon (diamond), Estuary (triangle), Coastal (star), and Island (circle).



Study design

The study design for this research is based on the premise of the Zostera Experimental Network
(ZEN) handbook section . Field surveys & collections: A.3. Field Survey — Epibiota, Epifauna and
Zostera Collections and B.3. Laboratory Processing of Plot Samples — Epifaunal Processing. We
built upon this methodology by investigating additional factors such as nutrient content and
seagrass parameters to see how the functional diversity of epifauna varies across different
environments. As suggested by the ZEN handbook, 20 samples are taken per site. However, using
previous data provided by ZEN, we could run a power-to-analysis statistical test with an 80%
confidence level with a significance level of 0.05. Findings show that we could reduce the 20
samples to 10 samples per site, without significant change.

Data collection

Sampling begins at the first point of contact with a seagrass meadow perpendicular to the
shoreline. Each sample is spaced a metre apart along a transect line. In each sample; five shoots
are cut just above the meristem within a 0.25m? quadrat, having a 200pum mesh size sample bag
flush over the seagrass blades. Bags are sealed (to avoid any epifauna escape) and labelled for
onshore processing. GPS coordinates and photos are taken for mapping and percentage cover
respectively. Samples are first processed as soon as possible, taking seagrass measurements
before drying and altering measurements, and to ensure no damage to epifauna tissue by
preserving it in 70% ethanol for later processing in the laboratory (See Woan Shian et al., 2016).

Habitat and Environmental data

Sheath length measurements were measured from where it was cut just above the meristem, to
allow regrowth, to the highest intact leaf sheath where leaf bundles surround it (Gaeckle et al.,
2006). If the meristem was not visible during seagrass collection due to the meristem being under
the sediment, sheath length measurements were measured where the shoot was cut at level
with the sediment to avoid uprooting the seagrass. The number of leaves was recorded per shoot
while taking the longest leaf width and length, from the top of the sheath to the tip of the blade.
The number of leaves, leaf length and width are used to approximate the surface area of each
shoot and show the growth metrics, conditions, and stressors of different environments.

To assess the nutrient levels, we can examine seagrass internal Carbon (C) and Nitrogen (N) ratios
by drying seagrass samples at 50°C for 24 hours. The dried seagrass is ground into a fine powder
and then sent to OEA labs for Carbon and Nitrogen analysis. We can measure the percentage
cover of epiphytes that grow on seagrass to get an overall visual health assessment of the
environment. A high abundance of epiphytes signifies nutrient-rich waters, potentially leading to
reduced oxygen levels and blocked sunlight, negatively impacting seagrass health (Brodersen et



al., 2015; Ralph et al., 2007). Using a 0.25m2 quadrate, we can determine the seagrass density
per sample, per site. We can use the density to determine the stability and health of the seagrass.

Identification

Identification of species collected was done through dichotomous keys using the Hayward and
Ryland (2017) Handbook of the Marine Fauna of North-West Europe. Species-level
identification was achieved by first keying out higher taxonomic categories that being either
Class, Order, or Family. Once a species was identified, a cross-check with global distribution,
habitat preference, and images was often researched to ensure we had made a correct
conclusion. Once we were satisfied with our taxonomical identification, we used the World
Register of Marine Species (WoRMs) to ensure the taxonomical names were up to date.

Data analysis

A two-way ANOVA was conducted to analyze species abundance and richness across different
environments, followed by the post hoc test TukeyHSD to identify significant pairwise
differences. Seagrass metrics were compared among environments using one-way ANOVA.
Similarly, environmental conditions such a C:N ratios and epiphyte coverage were analyzed
across environments using ANOVA. Various multivariate analyses were used to examine
changes in species assemblages across environments with incorporating environmental
(nutrient) and ecological factors (seagrass metrics). Non-metric multidimensional scaling
(nMDS) was used to visualize patterns of species similarity across sites, with a 50% similarity
threshold and a stress value of 0.17 indicating a reliable ordination. Analysis of Similarities
(ANOSIM) was performed to quantify the influence of environmental grouping on species
assemblages. Principal Component Analysis (PCA) was used to explore relationships between
seagrass metrics and environmental variables across environments. Finally, a RELATE analysis,
supported by Spearman’s rank correlation, was conducted to assess the correlation between
environmental/seagrass variables and epifauna community composition. All average values
were presented along with their standard deviation. All the analyses were done using PRIMER 7
and R, where statistical significance was determined at p < 0.05 (PRIMER-¢, 2025; RStudio
Team, 2023).



Results

Across all sampled sites, 50 distinct species were identified with a collective abundance of 397
individuals. Island sites showed the highest abundance with a total of 185 individuals and a
moderately high species richness of 21 species where Dynamene bidentate and Apherusa cirrus
contributed to 65% (120 individuals) of species observed. Coastal sites had the lowest species
abundance totaling 40 individuals with a richness of 16 species. Estuary sites show moderate
species abundance and the highest richness with 93 individuals and 24 species. Lagoon sites
showed the lowest species richness with 13 species with 79 individuals. Dexamine spinosa,
Pullilina sarsii, and Idotea chelpes were the most widespread species (5 unique sites each), in
contrast, 28 unique species were found at one site.
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Figure 2: The mean species abundance (top) and mean species richness (bottom) across all
sites, per quadrat, are categorized within their respective environment. Error bars represent

95% confidence intervals.



A two-way ANOVA examining species abundance across environments revealed a significant
effect of site (p = 1.13 x 107®). Post hoc Tukey HSD tests indicated that island sites differed
significantly from the other environments. The most significant difference was between Island
and Coastal sites (p = 4.3 x 107®), followed by Island-Lagoon (p = 0.004) and Island—Estuary (p =
0.012), as shown in Figure 2 (top). No other environment pairings showed significant
differences in species abundance. Similarly, ANOVA results for species richness indicated a
significant difference among environments (p = 1.18 x 1073). Post hoc comparisons revealed
that Coastal-Island (p = 1.4 x 1073) and Coastal-Estuary (p = 0.012) pairs were significantly
different, as illustrated in Figure 2 (bottom).

Malacostraca and Gastropoda showed the highest species richness with 21 species each, with
Malacostraca being the most abundant with 133 individuals. Gastropoda had 5 different orders
(Archaeogastropoda, Aplysiida, Caenogastropoda, Littorinimorpha, and Trochida) while
Malacostraca only had 3 different orders (Amphipoda, Decapoda, and Isopoda) shown in table
1. Gastropoda was widespread across all environmental types, with estuary being the most
predominant containing 13 different Gastropoda species. While Malacostraca was widespread,
only Microprotopus maculatus was observed in coastal environments. Pusillina sarsii was the
only species found across each environmental type as shown in Table 1.



Table 1: List of species that were found across all sample sites. Each species is categorized

under Class, then Order, and then species name and is shown which environments they were

found with the labels / (Island), C (Coastal), E (Estuary), and L (Lagoon). Species that were

unidentified due to genetics analysis needed (nematode ssp.) or damaged samples have been

excluded from this list.

Class: Bivalve
® Order: Cardiida
e Abra tenuis (Montagu, 1803) (C)
e Cerastoderma edule (Linnaeus, 1758) (E)

Class: Enteropneusta
Order: Enteropneusta incertae sedis
&  Saccoglossus ruber (Tattersall, 1905)

(1)

Class: Gastropoda
( Order: Archaeogastropoda
& Patella pellucida (Linnaeus, 1758) (E, /)
& Order: Aplysiida
& Aplysia punctata (Cuvier, 1803) (/)
(® Order: Caenogastropoda
@ Bittium reticulatum (da Costa, 1778) (C, E)
Order: Littorinimorpha
& Alvania puncture (Montagu, 1803) (C)
& Cingula trifasciata (). Adams, 1800) (C)
& Ecrobia ventrosa (Montagu, 1803) (L)
& Hydrobia acuta neglecta (Muus, 1963) (E)
& Lacuna crassior (Montagu, 1803) (C)
& Lacuna vincta (Montagu, 1803) (E)
& Littorina littorea (Linnaeus, 1758) (E, /)
& Littorina obtusata (Linnaeus, 1758) (C)
@ Littorina saxatilis (Olivi, 1792) (C, E, L)
& Melarhaphe neritoides (Linnaeus, 1758) (C)
& Obtusella intersecta (S. V. Wood, 1857) (E)
& Peringia ulvae (Pennant, 1777) (E)
& Potamopyrgus antipodarum (J. E. Gray, 1843)
(E)
Pusillina sarsii (Lovén, 1846) (C, E, I, L)
& Rissoa membranacea (). Adams, 1800) (C, E,
L)
@ Rissoella opalina (Jeffreys, 1848) (/)
Order: Trochida
& Steromphala pennanti (R. A. Philippi, 1851)
0]
& Steromphala umbilicalis (da Costa, 1778) (C,
E 1)

Class: Hexacorallia
] Order: Actiniaria
& Anemonia viridis (Forsskal, 1775) (C, E)

Class: Malacostraca
® Order: Amphipoda
& Apherusa cirrus (Spence Bate, 1863) (/)
& Corophium arenarium (Crawford, 1937) (L)
& Corophium multisetosum (Stock, 1952) (L)
& Dexamine spinosa (Montagu, 1813) (E, I, L)
& Ericthonius difformis (H. Milne Edwards, 1830) (/,
L)
& Gammarus locusta (Linnaeus, 1758) (/)
& Gammarus zaddachi (Sexton, 1912) (E)
@ Leptocheirus pilosus (Zaddach, 1844) (L)
® Microprotopus maculatus (Norman, 1867) (C, /)
& Nototropis swammerdamei (H. Milne Edwards,
1830) (E, /)
@ Nototropis  vedlomensis (Spence
Westwood, 1862) (E)
® Order: Decapoda
® Eualus gaimardii (H. Milne Edwards, 1837) (E)
& Rhithropanopeus harrisii (Gould, 1841) (E)
Order: Isopoda
@ Cleantis prismatica (Risso, 1827) (E, I, L)
& Dynamene bidentata (Adams, 1800) (/)
@ Idotea balthica (Pallas, 1772) (/)
@ Idotea chelipes (Pallas, 1766) (E, L)
& Idotea linearis (Linnaeus, 1767) (/)
& Idotea neglecta (G. O. Sars, 1897) (E)
& Idotea pelagica (Leach, 1816) (E)
& Lekanesphaera rugicauda (Leach, 1814) (L)

Bate &

Class: Polychaeta
Order: Eunicida
® Hyalinoecia tubicola (O.F. Mdller, 1776) (I, L)
® Order: Terebellida
@ Nicolea zostericola (Orsted, 1844) (/)
® Order: Phyllodocida
® Parexogone hebes (Webster & Benedict, 1884)
0




As well as species differences across sites, seagrass parameters and environmental conditions
varied. The longest leaf measured ranged from 40mm to 750mm, with the leaf sheath length
ranging from 5mm to 220mm. Leaf width (mm), number of leaves and percentage cover
averaged 3.28 £ 1.08 mm, 3.60 £ 1.01, and 52.92 + 28.69 % respectively as seen in Table 2.

Table 2: Seagrass parameters are shown with the respective range and average, with the lowest
and highest ranges sites included.

Parameter Range Lowest range site | Highest range | Average
site
Sheath Length | 5mm —220mm | Ramsey Fort Island 46.58 t+ 36.19
(mm) mm
Longest Leaf (mm) | 40mm — | Inland Sea B Fort Island 228.81 t
750mm 118.61 mm
Leaf Width (mm) Imm—7mm Fleet Lagoon A, |Skomer 328 + 1.08
Fleet Lagoon B Island, mm
Loch
Craignish
Percentage Cover | 4% - 95% Skomer Island Loch 52.92 t
(%) Craignish 22.50 %
Number of Leaves |[1-7 Orkney, Skomer | Loch 3.60+1.01
Island Craignish

Across sites, Island environments showed the highest averages for sheath length (55.48 +
40.60mm), longest leaf length (306.21 + 157.73 mm) and leaf width (4.02 + 0.96 mm) but had
the lowest average for seagrass percentage cover (26.93 + 27.30 %). Lagoon environments
showed the lowest average for longest leaf length (171.5 + 87.16 mm), leaf width (2.39 £ 0.71
mm), and number of leaves (3.39 + 0.96). Coastal environments showed the highest average
number of leaves (3.81 £ 0.94) while Estuaries showed the highest average seagrass percentage
cover (64.27 £ 22.0 %).

ANOVA results indicated significant differences among environments for seagrass
morphological traits, including leaf width, longest leaf length, and sheath length (all p < 2.2 x
107'¢). The number of leaves per shoot also showed a significant difference between
environments (p = 4.15 x 1077). In contrast, percentage cover did not differ significantly
between environments (p = 0.61). Post hoc comparisons using Tukey HSD tests were conducted
to identify which environment pairs contributed to these differences, with results summarized
in Table 3.



Table 3: Tukey HSD values for each combination of environments for different seagrass

parameters. Where * there is significance. No significance was found between any sites in

seagrass percentage cover

Environment Longest leaf p-|Leaf Width p-|No. of Leaves p-|Sheath Length p-
combination value value value value
Estuary-Coastal | 0.48 0.01* 0.01* 0.99
Island-Coastal 0.01* 0.01* 0.01* 0.01*
Lagoon-Coastal 0.01* 0.01* 0.01* 0.01*
Island-Estuary 0.01* 0.01* 0.01* 0.01*
Lagoon-Estuary | 0.01* 0.01* 0.07 0.01*
Lagoon-Island 0.01* 0.01* 0.01* 0.99

Significant differences were observed in seagrass parameters across environmental

combinations. Leaf width consistently differed across all pairwise comparisons whereas

seagrass cover showed no significant differences across any environment pairs. The number of

leaves and longest leaf also displayed significant variation in most comparisons, except for

Lagoon vs. Estuary (p = 0.066) for the number of leaves and Estuary vs. Coastal (p = 0.482) for

the longest leaf. Sheath length showed significance is most environment combinations besides
Estuary vs. Coastal (p = 0.999) and Lagoon-Island (p = 0.999).

Nitrogen contents ranged from 1.019% (Orkney) — 3.064% (Southend-on-Sea) with an average

of 1.84 £ 0.57% across all sites. On average Estuary environments had the highest nitrogen

content of 2.44 + 0.57% while Lagoon environments showed the lowest nitrogen content of

1.58 £ 0.12%. Both Coastal and Island sites showed an average content of nitrogen of 1.67 +
0.53 % and 1.67 + 0.47 % respectively. Carbon contents ranged from 26.69% (Inland Sea 2A) -
40.91% (Fort Island C) with an average of 32.09 + 3.16% across all sites. Island environments

showed the highest average carbon content of 33.56 + 3.69% while lagoon environments

showed the lowest average carbon content of 30.04 + 2.55%. Coastal and Estuary environments
showed the average carbon content to be 32.59 + 3.26% and 32.28 + 2.31% respectively.
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Figure 3: Carbon:Nitrogen (C:N) ratio for each environment where error bars are represented

by 95% confidence interval.

Performing an ANOVA test between C:N showed a significant difference between environments
(p =0.01). Further analysis using TukeyHSD showed a significant difference between Estuary —
Coastal (p = 0.02) and Estuary — Island (p = 0.02) as seen in Figure 3. These results suggest that
Estuary environments are more nutrient-rich than island and coastal environments.

Epiphyte percentage cover ranged from 0% to 75% with an average of 8.78 £ 13.89%. Out of
795 seagrass samples, 384 samples contained 0% epiphyte coverage; those that did showed an
average of 16.98 + 15.29%. Estuary and Lagoon environments tended towards a higher average
of epiphyte percentage coverage with 13.80 + 18.30% and 13.03 + 14.60% respectively while
Coastal and Island environments showed lower averages with 3.08 + 5.10% and 5.13 + 10.40%.
Macroalgae percentage cover ranged from 0% to 77% with an average of 11.42 + 12.72%. Island
environments had the highest average macroalgae cover at 19.90 + 13.70% followed by Coastal
environments at 14.60 + 12.80%. Lagoon environments showed the lowest average macroalgae
cover at 2.60 + 4.98% while Estuary environments had 8.50 + 10.50% average macroalgae

cover.

Species Composition

A non-metric Multi-Dimensional Scaling (nMDS) analysis was conducted to assess the similarity
in species composition across all sample sites, categorized by environmental types (Estuary,



Island, Lagoon, and Coastal). 2D and 3D configurations were explored over 50 iterations. The 2D
solution showed a stress value of 0.17 in 6 out of 50 iterations.
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Figure 4: A 2D nMDS ordination of sampling sites, grouped into their respective environments,
based on community composition. The ordination is derived from Bray-Curtis similarities at a
stress level of 0.17. The similarity was set at 50% with clustering analysis having a cophenetic
correlation coefficient of 0.980, showing a good representation of the original resemblance
data.

The nMDS ordination shows the variation in species composition across sampling sites in
different environments. Clustering at 50% similarity highlights groupings among the sites. Many
sites and environments show cross-over in similarity. Some individual clustering does occur in
island sites, estuary sites and lagoon sites as seen in Figure 4, however, coastal sites tend to mix
more often across all environments suggesting no distinct species composition.

A One-Way Analysis of Similarity (ANOSIM) was conducted to further analyse the differences in
species composition among four environmental groups. The global test revealed a sample
statistic (R) of 0.123, with a significance level of 0.1% (p = 0.001), indicating significant
differences in assemblage structure among the environments but is only explained by 12.3%
variability in species composition.



Table 4: Pairwise comparisons of species composition among environmental groups.

Comparison R-value Significance level (%) | Number > Observed
Estuary vs. Island 0.14 0.10 0
Estuary vs. Lagoon 0.11 0.10 0
Estuary vs. Coastal 0.04 0.70 6
Island vs. Lagoon 0.20 0.10 0
Island vs. Coastal 0.12 0.10 0
Lagoon vs. Coastal 0.13 0.10 0

The pairwise comparisons between environmental groups revealed significant differences in
community composition for most group pairs (table 4). However, Estuary vs. Coastal showed a
higher significance level (R = 0.04, p = 0.7%). suggesting a more similar species composition.
While different assemblages are significant across environments, further analysis is needed to
explain the remaining variability in species composition.

Environmental factors

The principal component analysis (PCA) of environmental variables across the study sites
extracted four principal components (PCs) that cumulatively accounted for 100% of the total
variation in the data. PC1 and PC2 together explained 77.40% of the variation, while the
addition of PC3 increased the cumulative variance and explained 100% of the variation. The
eigenvector loadings on each principal component revealed insights into the contributions of
the measured environmental variables (Surface, Epiphytes and C:N ratio) to each component as
seen in Table 5.

Table 5: The eigenvector values shown with the coefficient in the linear combinations of
variables making up PC’s

Variable PC1 PC2 PC3

Surface 0.395 -0.912 -0.114
Epiphytes -0.662 -0.197 -0.723
C:N ratio 0.637 0.361 -0.681

PC1 shows the eigenvector values for C:N ratio (0.637) has a strong positive contributing factor
whereas epiphytes (-0.662) showed a strong negative contributing factor seen in Table 5.
Estuary showed an average PC1 score of -1.292 indicating high nutrients and epiphytes,
followed by lagoon environments with a PC1 score of -0.310. Whereas the coastal environment
average score was 1.171 showing low nutrient input and epiphytes, island sites had a score of
0.679.



PC2, with an eigenvector value of -0.912 for surface area, indicates a strong negative
contribution of this variable (Table 5). Coastal environments, with an average PC2 score of
0.679, suggest lower surface area and nutrient availability. Island sites, with a score of -0.317, in
dicate higher surface area and relatively greater nutrient availability compared to coastal sites.
Lagoon environments, with a score of 0.546, are similar to coastal environments, while estuary
environments, with a score of -0.160, align more closely with island environments.
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Figure 5: PC1 and PC2 scores are used, due to 77.4% of the variation accounted for, to plot how
changes influence each site in their respective environments in terms of environmental factors.
The variable lines indicate that there is an increase in value.

As C:N ratio values increase, nutrient availability decreases. In Figure 5, values that tend
towards a higher C:N value, the lower epiphyte coverage there is. Estuary environments have
higher epiphyte coverage due to more nutrient availability (Nitrogen). As surface area
increases, many sites tend to have a higher C:N ratio shown in Figure 5, this is due to higher
values of Carbon for increased photosynthetic mechanisms.



Species assemblages' relation with environmental factors

Environmental and ecological factors (C:N ratio, Leaf surface area, and epiphytes) moderately
correlate (RELATE analysis) with species composition (p = 0.25). C:N ratio (and indicator of light
availability) was the most influential environmental factor explaining biological community
patterns, with a Spearman rank correlation co-efficient (p) of 0.33. Surface area and epiphyte
coverage had correlation co-efficient (p) of 0.29 and 0.21 respectively, indicating that while
these factors contribute to community structure, the C:N ratio is the dominant predictor.



Discussion

The findings of this study show significant differences between seagrass epifaunal species
assemblages across varied environmental settings within the UK seascape. Species abundance
was significantly higher in island sites compared to other environments, likely due to the stable,
isolated conditions that reduce anthropogenic, predation, and environmental pressures
supporting higher abundances (Francesco Ficetola & De Bernardi, 2004; Hein & Gillooly, 2011;
Mori et al., 2012; Jones et al., 2020). These results differ from other studies on seagrass
epifauna, which show no significant associations between environmental variables and
abundance patterns across small spatial scales (Murphy et al., 2021). However, due to these
reduced pressures, disproportionate shifts in epifauna abundance can occur, decreasing
resource availability and increasing competition, especially in predator-prey interactions (Bailey
et al., 2010; Ritchie & Johnson, 2009). With limited top-down trophic interactions, this may
result in reduced ecosystem resilience and unstable food web dynamics (Morozov et al., 2012)
where Jephson et al. (2008) showed that epifaunal grazers in seagrass meadows are top-down
controlled where larger predators and eutrophic conditions play an important role.

Species richness, however, was significantly lower in coastal environments compared to estuary
and island sites. Coastal environments experience higher exposure to anthropogenic stressors
such as increased boat traffic, anchoring and tourism than islands (Collins et al., 2010; Murphy
et al., 2019). These areas lack the sheltered conditions and nutrient input characteristic of
estuaries, where species have adapted to survive under specific environmental conditions
(McGarigal & Cushman, 2002). Lagoon environments showed no significant difference in
species abundance or richness compared to other sites. This suggests that, like coastal
environments, they are not biodiversity hotspots relative to estuaries and islands. This study
underscores that biodiversity hotspots within small-scale environments are influenced by a
combination of environmental factors, which are similar to other marine ecosystems such as
coral reefs (with temperature fluctuations) or mangroves (with salinity and rainfall changes)
(Mellin et al., 2010; Osland et al., 2017).

Species similarity analyses revealed similarity within environments due to low R values, where
coastal and estuarine environments showed the most similar species composition. Estuarine
and coastal share the most overlap in species similarities, which could be explained by their
biogeographical closeness, migration access, or similarities in habitat structure and
environmental drivers (Connor et al., 2019; Harrison & Whitfield, 2024). However, with a low
variability percentage (12.3%), these low R values are only showing a small portion of how
similar species composition is due environments alone. Other environmental (nutrient input
and epiphytes) and ecological (habitat structure) factors play a significant role in influencing
species composition. Looking at species level specimens, we found only one species, Pusillina



sarsii, was found across all four environments types out of the 50 observed species,
demonstrating the high dissimilarity in species composition between these environments. This
highlights the importance of niche differentiation, where species thrive under specific
environmental and ecological conditions, contributing to small-scale differences in assemblages
and community composition.

Environmental drivers can indirectly shape seagrass habitat complexity by limiting or promoting
seagrass growth through differences in light availability and nutrient input (Ralph et al., 2007).
Our results show that environmental factors in small-scale environments across the UK
seascape differ significantly. Nutrient input, often inversely related to light availability,
influences seagrass photosynthetic activities and growth (Dennison et al., 1993). High carbon
content in seagrass tissue indicates high light availability, as increased photosynthetic activity
creates a positive feedback loop with larger leaf surface areas (Enriquez & Pantoja-Reyes,
2005). Conversely, high nitrogen content correlates with lower light levels, which decreases
photosynthesis. High nitrogen levels can encourage epiphyte and algae blooms, reducing light
penetration and negatively affecting seagrass growth (Cambridge & McComb, 1984; Dennison
et al., 1993; Short & Wyllie-Echeverria, 1996; Ralph et al., 2006). Our results show that
environments with larger seagrass metrics had higher carbon content, lower nitrogen, and
fewer epiphytes, suggesting higher light availability and, consequently, higher photosynthetic
activity and seagrass growth.

Island environments significantly showed larger average seagrass metrics, coupled with the
highest carbon content and lower nitrogen content compared to estuary and coastal
environments. Island sites are less affected by terrestrial runoff and primarily receive nitrogen
from hydrodynamic mixing (Fabricius, 2005; Dahl et al., 2020). With lower nitrogen, seagrass in
island environments grows larger due to a higher carbon capacity (Liu et al., 2020). Estuary
environments, while showing higher nitrogen content, did not exhibit the lowest carbon
content or seagrass metrics. Estuaries experience varied nutrient loads from terrestrial runoff
and intertidal dynamics (Lee et al., 2006). Lagoon environments had the lowest average carbon
and nitrogen content and the lowest seagrass metrics, emphasizing that carbon is a stronger
driver of seagrass growth than nitrogen. Studies such as Liu et al. (2020) have shown that high
nitrogen levels can reduce carbon storage capacity and, in turn, seagrass growth, giving more
canopy cover for epifauna protection, reducing predator-prey interactions and increases
epifauna abundance (Chen et al., 2021). Our results reflect that island sites, with the highest
seagrass metrics, also supported the highest species abundance.

Nitrogen, however, shapes ecosystems by promoting epiphyte and algae growth, providing
stable food sources for mesograzers and other epifauna (Thornber et al., 2016). Our results
show that estuary environments had the highest average nitrogen percentage and epiphyte



coverage. While increased epiphyte coverage can negatively affect seagrass growth, it provides
food stability, allowing complex food-web dynamics to form and enhance ecosystem resilience
(Ralph et al., 2006; Horn et al., 2020). Estuaries did not support the highest species abundance
but did support significantly higher species richness compared to coastal environments,
demonstrating their role in supporting biodiversity. Habitat complexity and environmental
drivers can explain why certain species are present in specific environments and how small-
scale changes influence species assemblages and niche roles.

A higher leaf surface area provides more opportunities for site selection and offers increased
shelter and protection for epifauna (Sirota & Hovel, 2006). Our results indicate that leaf surface
area moderately contributes to epifauna community structure. Although not the most
influential factor, larger seagrass leaf areas were significantly associated with increased species
abundance and richness. Similar studies have reported that greater seagrass density and cover
enhance epifauna abundance (Schneider & Mann, 1991; Murphy et al., 2021), likely due to
reduced predator-prey interactions and the protective structure provided by seagrass
(Horinouchi, 2007; Farina et al., 2009). York et al. (2018) similarly highlighted the role of
heterogeneous seagrass habitats in shaping food webs through bottom-up processes, where
invertebrate prey influence consumer productivity and predator spatial patterns. Our results
revealed a significant increase in species abundance and richness, but this trend was not
specific to any environment, indicating that larger leaf area positively impacts small-scale
environments across the UK seascape. Increased leaf area is typically associated with higher
light availability and elevated photosynthetic rates (Hirose et al., 1997), producing more
internal carbon to support seagrass growth (Tanaka et al., 2008). This suggests that higher
carbon percentages may contribute to increased abundance in seagrass-associated epifauna.
However, our findings indicate that nutrient loads, particularly nitrogen, are a more significant
factor in shaping epifauna assemblages than carbon percentages.

With studies showing that increased carbon promotes seagrass growth and leaf area, which in
turns increase protection for epifauna and promotes species abundance (Schneider & Mann,
1991; Sirota & Hovel, 2006; Murphy et al., 2021). Our results showed that higher nitrogen ratio
played a more significant role in shaping epifauna composition. Internal nitrogen helps
maintain seagrass metabolic rates and contributes to productivity but can also stimulate
epiphyte and algae production, which serve as food sources for epifauna (Touchette &
Burkholder, 2007; Williams & Ruckelshaus, 1993; Jaschinski & Sommer, 2010). Although
increased nitrogen can help maintain productivity and metabolism for seagrass, the high
production of epiphytes can inhibit the growth of seagrass by blocking sunlight (Nelson, 2017).
Without epifauna grazers to reduce the cover of epiphytes, meadows would not be able to
sustain high nitrogen areas, demonstrating the ecological importance of epifauna (Prado et al.,
2007; McSkimming et al., 2015). Increased nitrogen levels around estuary and island sites were



reflected in significantly lower C:N ratios, significantly increased abundance and correlating
with higher epiphyte coverage in estuaries and macroalgae in islands. Interestingly, unusually
high nitrogen levels around islands sites like Ramsey, Fort Island, and Skomer were likely
influenced by seabird activity (Puffin breeding site around Skomer) and industrial runoff (Isle of
Man), contributing to nutrient enrichment (Wainright et al., 1998; Otero et al., 2018; Kazama,
2019). Conversely, Lagoon environments epifauna abundance significantly increased with
higher C:N ratios, demonstrated that seagrass cover was a stronger driver of epifauna
abundance than food reliability in these settings. These results indicate that nitrogen and
carbon are indirectly important for food-web stability, habitat complexity, and epifauna
assemblages. Increased carbon indirectly provides protection through increased seagrass
surface area for epifauna, while increased nitrogen indirectly provides a food source for
epifauna, allowing stable trophic transfer.

When there is an increase in nitrogen, epiphytes and macroalgae growth tend to follow, initially
creating an ideal food source for epifauna (Jaschinski & Sommer, 2010). However, if epiphytes
are not controlled, this can impair seagrass growth by blocking sunlight. Our results show that
epiphytes were the least significant factor contributing to species composition and showed no
significant effect on species abundance and richness across any of the environments. As
epiphyte growth is related to nitrogen inputs, this suggests that the observed significance in
species composition from increased nitrogen influences epifauna abundance not only through
food production but also by affecting other ecological factors. Alexandre et al. (2012) explored
the effects of elevated carbon dioxide (CO,) on seagrass growth, and their results showed that
CO; increased growth only when nitrogen levels were also elevated. These findings along with
our results underscore the importance of nitrogen for seagrass growth and provide insights into
why nitrogen is critical, having multiple contributing factors toward epifauna abundance and
species composition.

Our results indicate that nutrients play a more significant role in shaping epifauna assemblages
than carbon and surface area while epiphytes showed no significance. However, Gartner et al.
(2013) explored how habitat complexity shapes faunal communities, and their study found that
small-scale variation in habitat complexity was a bigger factor in canopy morphology than
larger-scale variation. The results also show that the structure of seagrass meadows was
equally important for epifauna abundance as food sources. We can conclude that species
assemblages in small-scale environments across the UK seascape significantly change, with
environmental drivers being the largest contributors to dissimilarity. Nitrogen had the largest
effect on species assemblages, acting as both an indirect food source for epifauna via epiphytes
and as a promoter of seagrass growth. Carbon was linked to increased surface area, both
significant factors contributing to increased epifauna abundance and richness, due to enhanced
canopy cover that provides protection. Finally, epiphytes showed no significant effect on



epifauna assemblages, suggesting that nitrogen has broader ecological implications in small-
scale environments. Further implications of these findings suggest that nutrient management,
especially nitrogen, could be a key factor in the conservation and management of seagrass
meadows. These results also highlight the importance of habitat structure in influencing
biodiversity, which may guide future restoration efforts, especially in areas impacted by
nutrient loading. Further research into understanding the connectivity between nutrients,
habitat complexity, and food sources could inform strategies for maintaining or enhancing
epifauna diversity and ecosystem stability across the UK seascape along with seagrass
restoration plans.



Conclusion

This study demonstrates significant differences in species assemblages across different
environments within the UK seascape, highlighting the critical role of environmental drivers in
shaping biodiversity. Island environments supported the highest species abundance and largest
seagrass metrics, likely due to their stable, isolated conditions with reduced anthropogenic and
environmental pressures. In contrast, coastal environments exhibited the lowest species
richness, likely influenced by increased exposure to stressors and limited habitat complexity.
Estuarine sites, with high nitrogen levels and epiphyte coverage, supported greater species
richness, emphasizing the importance of nutrient inputs in maintaining and increasing
biodiversity. Lagoon environments, however, showed no distinct patterns in species abundance
or richness, suggesting that their ecological role is less pronounced compared to other
environments.

Our results shows that nitrogen emerged as the most influential factor shaping species
composition, with previous studies demonstrating that nitrogen indirectly supports epifaunal
communities through enhanced epiphyte growth and stimulation of seagrass metabolic
processes. Conversely, carbon was strongly associated with larger seagrass surface areas, which
enhanced habitat complexity and provided structural protection for epifauna. The limited
significance of epiphyte coverage across environments suggests that nitrogen's broader
ecological influence outweighs its direct effects on epiphyte-driven food sources.

These findings show the importance of managing nutrient dynamics, particularly nitrogen
inputs, to sustain seagrass meadows and their associated biodiversity. Conservation efforts
should prioritize reducing anthropogenic nutrient runoff while maintaining habitat complexity
to enhance ecosystem resilience. Future research should focus on seasonal and regional
nutrient fluctuations, connectivity between environments, and the long-term impacts of
nitrogen and carbon dynamics on food-web stability. By understanding these relationships,
management strategies can better protect seagrass ecosystems and the biodiversity they
support in the UK seascape and beyond.



Appendix

#Data set up

Simpledata <- Species.richness.and.abundance.R[,-1]

#Anova and tukey test for abundance

X1 <- aov(Abundance ~ Environment+site, data = Simpledata)
summary(X1)

X2 <- TukeyHSD(X1)

print(X2)

install.packages("dplyr")

library(dplyr)

#Abundance
summary_data_Abundance <- Simpledata %>%
group_by(Environment) %>%
summarise(
mean_abundance = mean(Abundance),
SD_abundance = sd(Abundance),
n=n(),

Cl = qt(0.975, df = n - 1)* (SD_abundance / sqrt(n))

print(summary_data_Abundance)



#Richness
summary_data_Rich <- Simpledata %>%
group_by(Environment) %>%
summarise(
mean_Richness = mean(Richness),
SD_Richness = sd(Richness),
n=n(),

Cl = gt(0.975, df = n - 1)* (SD_Richness / sgrt(n))

print(summary_data_Rich)

#Graphs
install.packages("ggplot2")

library(ggplot2)

#Abundance

ggplot(summary_data_Abundance, aes(x = Environment, y = mean_abundance, fill =
Environment)) +

geom_bar(stat = "identity", width = 0.5) + # Adjust bar width here

geom_errorbar(aes(ymin = mean_abundance - Cl, ymax = mean_abundance + Cl), width = 0.1)
+ # Error bars

theme_minimal() +

labs( x = "Environment", y = "Mean Abundance")

#Richness



ggplot(summary_data_Rich, aes(x = Environment, y = mean_Richness, fill = Environment)) +
geom_bar(stat = "identity", width = 0.5) + # Adjust bar width here

geom_errorbar(aes(ymin = mean_Richness - Cl, ymax = mean_Richness + Cl), width =0.1) + #
Error bars

theme_minimal() +

labs( x = "Environment", y = "Mean Richess")

#Anova and tukeyHSD for Richness

X3 <- aov(Richness ~ Environment, data = Simpledata)
summary(X3)

X4 <- TukeyHSD(X3)

print(X4)

#Standard deviation for environmental data

#SD for Number of Leaves

Leaves_SD <- sd(Environmental.dataSNumber.of.leaves)

print(Leaves_SD)

SD_Leaves_Env <- Environmental.data %>%

group_by(Environment) %>%

summarize(sd_value = sd(Number.of.leaves, na.rm = TRUE))

print(SD_Leaves_Env)

#SD for Longest leaf



Long_SD <- sd(Environmental.dataSLongest.Leaf.Length..mm.)

print(Long_SD)

SD_Longest_Env <- Environmental.data %>%
group_by(Environment) %>%

summarize(sd_value = sd(Longest.Leaf.Length..mm., na.rm = TRUE))

print(SD_Longest_Env)

#SD for Leaf Width
Width_SD <- sd(Environmental.dataSLeaf.Width..mm.)

print(Width_SD)

SD_Width_Env <- Environmental.data %>%
group_by(Environment) %>%

summarize(sd_value = sd(Leaf.Width..mm., na.rm = TRUE))

print(SD_Width_Env)

#SD for Sheath lenght

Environmental.dataSSheath.Length..mm. <-
as.numeric(Environmental.data$Sheath.Length..mm.)

Sheath_SD <- sd(Environmental.dataSSheath.Length..mm.)

print(Sheath_SD)



SD_Sheath_Env <- Environmental.data %>%
group_by(Environment) %>%

summarize(sd_value = sd(Sheath.Length..mm., na.rm = TRUE))

print(SD_Sheath_Env)

#SD for epiphyte cover

Epip_SD <- sd(Environmental.dataSEpiphyte.cover....)

print(Epip_SD)

Epip_Mean <- mean(Environmental.dataSEpiphyte.cover....)

print(Epip_Mean)

SD_Epip_Env <- Environmental.data %>%
group_by(Environment) %>%

summarize(sd_value = sd(Epiphyte.cover...., na.rm = TRUE))

print(SD_Epip_Env)

Epip_Mean_Env <- Environmental.data %>%

group_by(Environment) %>%

summarise(

Nitrogen_Mean = mean(Epiphyte.cover...., na.rm = TRUE))

print(Epip_Mean_Env)



Epip_filtered <-
Environmental.dataSEpiphyte.cover....[Environmental.dataSEpiphyte.cover.... 1= 0]

Epip_Mean_Filtered <- mean(Epip_filtered)
print(Epip_Mean_Filtered)
Epip_SD_Filter <- sd(Epip_filtered)

print(Epip_SD_Filter)

#SD for seagrass cover

SeagrassCoverSSeagrass.Percentage.Cover <-
as.numeric(SeagrassCoverSSeagrass.Percentage.Cover)

Cover_SD <- sd(SeagrassCoverSSeagrass.Percentage.Cover)

print(Cover_SD)

SD_Cover_Env <- SeagrassCover %>%
group_by(Environment) %>%

summarize(sd_value = sd(Seagrass.Percentage.Cover, na.rm = TRUE))

print(SD_Cover_Env)

#Macro cover

SeagrassCoverSMacroalgae.Percentage.Cover <-
as.numeric(SeagrassCoverSMacroalgae.Percentage.Cover)

Macro_Mean <- mean(SeagrassCoverSMacroalgae.Percentage.Cover)

print(Macro_Mean)



Macro_SD <- sd(SeagrassCoverSMacroalgae.Percentage.Cover)

print(Macro_SD)

Macro_Mean_SD_Env <- SeagrassCover %>%
group_by(Environment) %>%
summarise(
Macro_Mean = mean(Macroalgae.Percentage.Cover, na.rm = TRUE),
Macro_SD = sd(Macroalgae.Percentage.Cover, na.rm = TRUE),

)

print(Macro_Mean_SD_Env)

#Nutrient

Nutrient_summary_data <- Nutrients %>%
group_by(Environment) %>%
summarise(
Nitrogen_Mean = mean(Nitrogen, na.rm = TRUE),
Nitrogen_SD = sd(Nitrogen, na.rm = TRUE),
Carbon_Mean = mean(Carbon, na.rm = TRUE),

Carbon_SD = sd(Carbon, na.rm = TRUE)

print(Nutrient_summary_data)

#C:N ratio

NutrientsSC_N_ratio <- NutrientsSCarbon / NutrientsSNitrogen



summary_data_Nutrients <- Nutrients %>%
group_by(Environment) %>%
summarise(
mean_Nutrient = mean(C_N_ratio),
SD_Nutrient = sd(C_N_ratio),
n=n(),

Cl = gt(0.975, df = n - 1)* (SD_Nutrient / sgrt(n))

install.packages("ggplot2")

library(ggplot2)

ggplot(summary_data_Nutrients, aes(x = Environment, y = mean_Nutrient, fill = Environment))
+

geom_bar(stat = "identity", width = 0.5) + # Adjust bar width here

geom_errorbar(aes(ymin = mean_Nutrient - Cl, ymax = mean_Nutrient + Cl), width =0.1) + #
Error bars

theme_minimal() +

labs( x = "Environment", y = "C:N ratio")

Nutrients_anova <- aov(C_N_ratio ~ Environment, data = Nutrients)

summary(Nutrients_anova)

Post_Nutrients <- TukeyHSD(Nutrients_anova)

print(Post_Nutrients)



#Manover attempt
attach(Environmental.data)

testl <- manova(cbind(Leaf.Width..mm., Longest.Leaf.Length..mm., Sheath.Length..mm.,
Number.of.leaves)

~ Environment)

summary(test1)

summary.aov(testl)

TukeyHSD(aov(Longest.Leaf.Length..mm. ~ Environment))
TukeyHSD(aov(Leaf.Width..mm. ~ Environment))
TukeyHSD(aov(Sheath.Length..mm. ~ Environment))

TukeyHSD(aov(Number.of.leaves ~ Environment))

detach(Environmental.data)

summary(aov(Seagrass.Percentage.Cover ~ Environment, data = SeagrassCover))

TukeyHSD(aov(Seagrass.Percentage.Cover ~ Environment, data = SeagrassCover))

#Graphs of Nitrogen and Carbon

library(dplyr)

install.packages("tidyr")

library(tidyr)



library(ggplot2)

Nutrient_plot_data <- Nutrient_summary_data %>%
pivot_longer(
cols = ¢(Nitrogen_Mean, Nitrogen_SD, Carbon_Mean, Carbon_SD),
names_to = ¢("Variable", "Stat"),
names_sep="_",
values_to = "Value"
) %>%

pivot_wider(names_from = "Stat", values_from = "Value")

ggplot(Nutrient_plot_data, aes(x = Environment, y = Mean, fill = Variable)) +
geom_bar(stat = "identity", position = position_dodge(width = 0.8), width = 0.6) +
geom_errorbar(
aes(ymin = Mean - SD, ymax = Mean + SD),
position = position_dodge(width = 0.8),
width = 0.2

) + # Error bars

labs(
x = "Environment", y = "Percentage (%)"

) +

theme_minimal() +

scale_fill_brewer(palette = "Set2")

#Stats for Nitrogen and Carbon

Anova_N <- aov(Nitrogen ~ Environment, data = Nutrients)



summary(Anova_N)

TukeyHSD(Anova_N)

Anova_C <- aov(Carbon ~ Environment, data = Nutrients)
summary(Anova_C)

TukeyHSD(Anova_C)
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Limited
Total £1898.58
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