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Summary 

 

An experimental trial was undertaken by Plymouth University Marine Institute within 

Falmouth Harbour, UK, with the aim of assessing the impact of extracting and re-laying the 

top 30 cm of maerl habitat on the sediment structure and associated faunal assemblage 

within the maerl matrix. All fieldwork was undertaken between 12th September 2012 and 1st 

August 2013 within an area of the harbour where a planned capital dredge programme has 

been proposed. 

Six sites were located within the study area between 4-7 m depth (Chart Datum); five were 

located on dead maerl matrix (the dominant habitat in the area) and one in an area with live 

maerl fragments on the substratum surface (Site 6). Each site had two conditions: a 

manipulated Treatment area where maerl was excavated and re-laid and a Control area, 

each divided to allow three sampling sessions (baseline, 5 weeks and 44 weeks after re-lay). 

At each site two 5x5x0.3 m plots were excavated using a Backhoe dredger, the maerl stored 

on a barge for 12 hours and then re-laid using the Backhoe and checked by SCUBA divers. 

Core samples (10 cm diameter, 25 cm depth) were obtained by divers from each condition at 

each time interval, three for sediment analysis and five for infauna analysis from each plot; 

12 photoquadrats were also taken. Sediment cores were split in two (upper 10 cm, lower 15 

cm) and processed to obtain substratum variables (particle size, maerl structure and organic 

content), whilst the fauna from each core were sorted, identified and enumerated. Live maerl 

fragments and any epifauna were counted from photoquadrats. 

PERMANOVA was used to test for differences between infauna and habitat response 

variables using a 2-factor BACI design (condition, time), with Time x Condition being 

interpreted in order to assess change and recovery.  

Prior to full analysis, Control conditions were analysed to assess whether the site with live 

maerl present had different sediment and faunal characteristics. There was no evidence this 

site was particularly distinct from dead maerl sites and so all were analysed together.  

Analysis of sediment variables revealed that the only changes were related to the loss of fine 

material during the mechanical re-laying process. The only relevant significant results were 

for the lower portion of the cores (>10 cm), with the Treatment condition having significantly 

larger particle size for Weeks 5 and 44. Maerl structure was maintained, but due to the 

reduction in fine sediment, the interstitial spaces within the sediment actually significantly 

increased for Weeks 5 and 44. Small amounts of live maerl (maximum 4.41 thalli/m2) were 

present on the surface of Site 6 at baseline, but were not recorded again in Weeks 5 and 44 

within the Treatment condition. 

The response of the infauna showed a comparatively consistent pattern, with a significant 

decrease in number of taxa and abundance in Treatment conditions at Week 5 and then an 

increase by Week 44 so that no significant difference between Treatment and Control was 

evident. Around 45 % of taxa and individuals were lost between baseline and Week 5, but by 

Week 44 there was no difference between Control and Treatment conditions. Analysis of 

assemblage composition followed the same pattern, with a significant difference in Week 5 

between Treatment and Control, but no such significant difference apparent by Week 44, 

indicating the same suite of species were present in both conditions. Biomass of molluscs, 
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crustaceans and echinoderms did not vary significantly through the course of the trial, but 

there was a significant difference in annelid biomass between Treatment and Control 

conditions in Week 5 that was maintained through to Week 44. This represented the only 

notable significant difference in faunal assemblage at Week 44.  

The trial demonstrated that removing and replacing the top 30 cm of the maerl habitat is 

technically feasible and whilst some differences in the habitat structure following re-laying 

were evident, associated with loss of fine sediment, this did not seem to affect the habitat 

quality enough to prevent re-colonisation of infauna. By 44 weeks after re-laying the dead 

maerl matrix, the diversity, abundance and species composition of infauna was not 

significantly different between Treatment and Control conditions.  
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1. Introduction 

 
Falmouth Harbour, south west UK, falls within the Fal and Helford Estuaries SAC under the 

EC Habitats Directive (Council Directive 92/43/EEC). Maerl beds occur in an area of the 

seabed that Falmouth Harbour Commissioners (FHC) hope to dredge in order to deepen the 

channel. Dredging of harbours and docks to deepen access conditions is a long established 

marine environment disturbance. Dredging can induce extreme changes and may 

significantly alter ecological pathways (De Grave and Whitaker 1999). Over time, the 

resulting community may be able to return to original abundance levels but the structure and 

internal integrity of the habitat may never recover (McCauley et al. 1977). De Grave and 

Whitaker (1999) found that benthic infauna at a dredged site with a muddy-maerl sediment 

matrix exhibited higher levels of stress than the control site. Furthermore, there was a high 

abundance of omnivorous crustaceans in the dredged area compared to the higher 

abundance of filter-feeding bivalves in the controlled area. This was thought to be as a result 

of the relative instability of the sediment and the increased turbidity due to dredging 

operations. 

 

Maerl is a term for unattached coralline red algae. Maerl beds can be made up of live or 

dead thalli or a varying mixture of both, and can form extensive beds at depths up to 40 m 

(OSPAR 2010). Maerl beds are structurally complex habitats with a three-dimensional 

structure (Hall-Spencer 1998) and are thus analogous to seagrass beds or kelp forests 

(BIOMAERL 1999). They support a rich biodiversity (Barbera et al. 2003), particularly 

molluscs (Hall-Spencer 1998), crustaceans and annelids (Bosence 1979; Barbera et al. 

2003). They also act as nursery grounds for commercially important species of fish, crabs 

and scallops (Kamenos et al. 2004a; Kamenos et al. 2004b), including queen scallops 

Aequipecten opercularis (Hall-Spencer 1998). 

 

Maerl beds are of particular international conservation interest; they are listed under Annex 1 

of the Habitats Directive and are a UKBAP Priority Habitat. Despite their ecological and 

economic importance, they are under threat from anthropogenic impacts, including 

extraction, offshore dumping and land reclamation (Barbera et al. 2003). Dredging Falmouth 

Harbour could therefore severely impact the maerl itself and the associated benthic infauna 

(Hall-Spencer & Moore 2000), with the potential of impact on live maerl adjacent to the 

dredged area (Hall-Spencer 2012) due to live maerl being highly intolerant of smothering, 

changes in suspended sediment and physical disturbance (Tyler & Hiscock 2005). Hall-

Spencer and Moore (2000) investigated the impacts of scallop dredging on live maerl 

communities and found that dredging led to a greater than 70 % reduction of live maerl thalli. 

Furthermore, no sign of recovery was found over four years of monitoring.  

 

In order to mitigate such impact of the proposed dredging, FHC are proposing to 

mechanically excavate the top 30 cm layer of the maerl (primarily dead maerl matrix in this 

part of the Fal), store it and re-lay it in back in the channel after it has been dredged. This is 

to help reduce dredging effects from ‘major adverse impact’ to ‘minor adverse residual 

impact’ and allow eventual recovery of the associated assemblage.  
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Habitat translocation is the process of moving substrates with any animals and vegetation 

that remain associated with them in order to rescue habitats that would be lost due to, for 

example, changes in land use (Anderson 2003). Hodgson (1989) documented the key 

issues in habitat translocation: i) minimising damage to the principal species involved, ii) the 

re-establishment of fauna and flora in the receptor site, and iii) the provision of suitable after-

care in order to minimise loss of value or scientific interest. 

 

Box (2013) noted the lack of systematic evaluation and documentation in existing projects 

involving habitat translocation. Translocation has resulted in few successful establishments 

of sustainable populations (Sheller et al. 2006); fewer than half of 421 translocation efforts 

surveyed by Griffith et al. (1989) and Wolf et al. (1996) were successful. No data exist on the 

recovery of translocated maerl beds; however assessments on the ecological consequences 

of disposing of dredged material show that those communities within the sites generally have 

poorer fauna abundance (Bolam et al. 2006). 

 

To assess whether the proposed excavation and re-lay of maerl is feasible and what impacts 

it will have on the habitat and the associated organisms Plymouth University Marine Institute 

undertook an experimental trial. The trial focuses on changes that have occurred as a result 

of the excavation and re-laying of maerl from the physical structure of the habitat to the 

associated benthic assemblage. It aims to determine the initial impact of the re-laying to the 

structure of the maerl bed and that associated assemblages, and to assess the potential for 

recovery by resampling the re-laid maerl 44 weeks afterwards. The questions that this trial 

addresses are listed in Table 1.1. 
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Table 1.1 Questions that will be answered by this maerl excavation and re-lay trial. “Inference space” 

is how widely results can be extrapolated from the experimental design. 

Questions to be answered following translocation trial 
(agreed in consultation with ISAP) 

Relevance to 
dredging the 
channel 

Inference space (1- 
specific parts of the 
channel, 2- channel 
as a whole, 3 - wider 
environment) 

   Infauna and epifauna     

      

Does translocation of maerl affect the associated fauna 
(number of taxa, abundance of organisms, infaunal 
phylum biomass, species assemblage composition) and 
habitat variables (mean particle size, maerl structure, 
organic content and proportion of live maerl)? Are the 
observed effects detectable after 44 weeks?   

High 3 

      

Are faunal assemblages (number of taxa, abundance of 
organisms, infaunal phylum biomass, species 
assemblage composition) different between live and dead 
maerl? 

High 1 

      

Does translocation of dead maerl affect fauna (number of 
taxa, abundance of organisms, infaunal phylum biomass, 
species assemblage composition) differently than 
translocation of live maerl? 

High 1 

      

Spatial comparison     

      

Are observed effects consistent across the different sites 
sampled across the channel? 

High 2 

 

2. Methods 

 

Study area and experimental design 

 

Falmouth Harbour (Figure 2.1), located in south west UK, is a sheltered site which hosts 

large maerl beds. Within the study area these were predominantly dead maerl beds, with 

smaller areas containing live maerl particularly to the south of the planned dredge area 

(Sheehan et al. 2012). The tidal range is 6 m. A BACI design was used with six sites: five 

dead maerl sites (Sites 1-5) and one site where live maerl was known to occur (Site 6), 

which were selected from a geo-referenced towed High Definition video survey undertaken 

in November 2011 and February 2012 (Sheehan et al. 2012; Figure 2.1). All sites were 

located between 4-7 m Chart Datum (see Appendices, Table A5). Each site contained two 

conditions: a manipulated Treatment area where the maerl was excavated and re-laid (T) 

and a Control area (C) (Figure 2.2). Each condition was subdivided into three areas which 

would be sampled once for one of the three sampling sessions: Week 0 (baseline before 

maerl re-lay), Week 5 (five weeks after maerl re-lay) and Week 44 (44 weeks after maerl re-

lay). This ensured that the three sampling sessions were independent from each other 
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(Figure 2.3). For each sampling time, Treatment and Control conditions were located a 

minimum of 20 m apart.   

 

 
Figure 2.1 Map of Falmouth Harbour showing the locations of each of the Sites (1-6) and the 

conditions within each site (T = Treatment, C = Control). 

 

 
Figure 2.2 Trial Experimental design. Time 0 is before dredge event. Time 5 and 44 are number of 

weeks from trial dredge event. Condition T = Treatment, C = Control. Sites 1-5 are dead maerl sites 

and Site 6 is a site with live maerl. For each time and condition (Plot), each site contains five 

replicates for infaunal cores and three replicates for habitat response measures (maerl structure, 

mean particle size and organic content); 12 photoquadrats were taken to enumerate live maerl cover 

and any epifauna. 
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Figure 2.3 Example of a site. Dark grey is the Treatment condition post removal and replacement of 

live maerl (‘After Impact’), the hatched area corresponding to pre-removal and replacement of the 

maerl (‘Before Impact’). Light grey is the Control condition (‘Control’). The blue belt is an area greater 

than 20 m to ensure that the two environmental conditions were independent from each other.  

 

 

Maerl extraction and re-lay 

 

The maerl was extracted and re-laid between 24th- 27th September 2012. The maerl was 

extracted from the six sites across the proposed dredge area (Figure 2.1). At each site, two 

5 x 5 x 0.3 m (w x l x h) Plots were excavated using a Backhoe dredger to be sampled after 

5 or 44 weeks. A multipurpose dredging pontoon ‘GPS Arnaud Regis’ with spuds and 4 point 

mooring was used and a tug ‘GPS Zeepia’ powered the barge and dredging pontoon and 

moved them into position (Figure 2.4a). Once in the correct location, the dredging pontoon 

deployed its two spuds to maintain its position. Accurate positioning was achieved using 

‘Hypack’ digital dredge system (provided by Del Norte Technologies) to the Backhoe dredger. 

In conjunction with this, an RTK base station was set up to monitor and automatically adjust 

the equipment to allow for the rise and fall of the tides and enable precision to 2 cm accuracy. 

The maerl was stored in separate compartments for each 5 x 5 x 0.3 m Plot on the hopper 

barge in approximately 1 m deep sections for 12 hours (Figure 2.4b). This represented the 

time that it would be stored on a barge before it could be re-laid in the scenario of the 

proposed capital dredge. Sections were created using purpose-built plywood inserts. Fresh 
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seawater was pumped over the stored maerl to provide survivable conditions for any living 

maerl and the associated fauna. Dissolved oxygen was monitored in the stored maerl using 

an O2 sensor (YSI 6600 sonde).  

After 12 hours, the maerl was returned to the Plot where it was extracted. The Backhoe 

dredger removed the maerl from the storage container and, guided by the dredge control 

software, re-laid the maerl and spread to a layer as close as possible to the original depth.  

The first re-lay involved locating a 5 x 5 m steel frame (Figure 2.4c) that ensured perfect 

redeployment of the maerl. However, it inhibited the ability of the dredgers to re-lay the maerl 

accurately and so, once the method of re-laying had been proved and checked by SCUBA 

divers and on board scientist (Dr Emma Sheehan) through the live video communications 

attached to the diver, the relocation proceeded without the steel frame. After the maerl was 

redeployed at each Plot, SCUBA divers confirmed that the Plot had been refilled. To aid 

future relocation of the Plots, divers inserted a 1 m steel eye-bolt (Figure 2.4d) with floating 

rope and fishing floats into the centre of each Plot. Eye-bolt markers were removed at the 

end of the trial.  

 
 

 

  

Figure 2.4 Photos of the maerl extraction and re-lay: a) multipurpose dredging pontoon ‘Arnaud Regis’ 

and tug ‘Zeepia’, b) hopper barge used to store the maerl for 12 hours, c) 5 m x 5 m steel frame, d) 1 

m steel eye-bolt marker used to aid relocation of Plots. 

 

Sample collection 

 

Week 0 sampling was carried out a week before the trial dredge from 12th-14th September 

2012, Week 5 sampling from 30th October-1st November 2012 and the Week 44 sampling 

from 30th July-1st August 2013. Sampling was carried out on the boat ‘Pendennis’ skippered 

by Leon Kemp (Figure 2.5a). On the first sampling session (Week 0) in September 2012 sea 

b) a) 

c) d) 
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temperature ranged from 15.6–16.7 °C with an average of 16.2 °C and salinity ranged from 

32.1-34.8 PSU with an average of 33.8 PSU. The second sampling session (Week 5) in 

October 2012 saw sea temperatures ranging from 12.5-13.4 °C with an average of 12.9°C 

and salinity ranged from 32.8-34.2 PSU with an average of 33.7 PSU. On the final sampling 

session (Week 44) in August 2013, sea temperature ranged from 16.5-19.1 °C with an 

average of 17.6 °C and salinity ranged from 34.3-34.8 PSU with an average of 34.6 PSU. 

Recorded water depth across the sites during sampling ranged from 1.5-8.4 m. 

 

 

  

   
 

Figure 2.5 Photos of sample collection: a) The vessel ‘Pendennis’ used to collect samples, b) SCUBA 

divers linked by live communications to vessel, c) 50 cm x 50 cm metal frame base used to take 

photos of seabed, d) corer used to take fauna and sediment samples. 

 

SCUBA divers (Falmouth Divers) collected maerl core samples and seabed images at pre-

defined randomly selected points (Figure 2.6) using a compass and a line with 1 m and 2 m 

points marked. Randomly selected points were different for each site and condition. SCUBA 

divers were linked to the surface by live communications so instructions could be given 

(Figure 2.5b). 

 

The photos were taken first using a camera set upon a metal frame that had a 50 cm x 50 

cm base to give a 0.25 m2 field of view (Figure 2.5c). Then the fauna and sediment cores 

were collected using a bespoke stainless steel corer that collected a 10 cm diameter x 25 cm 

long core, giving a volume of 1964 cm3 (Figure 2.5d). 

a) b) 

c) d) 
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The diver pushed the corer into the sediment, by twisting it side to side, holding onto the 

handles, ensuring that the jaws were open. Once the handles of the core were pushed flush 

to the sea bed, sponge bungs were inserted into the top and bottom of the core and the jaws 

were closed. The fauna cores were placed in labelled bags and fixed in 10 % borax-buffered 

formalin until processing. The sediment cores were split into two bags and frozen. The top 

half of the core (~0-10 cm) was put into one bag and the bottom half (~11-25 cm) into a 

second bag to be analysed separately. 

 

 
Figure 2.6 An example of a dive plan used to provide randomly generated locations of where photos 

and cores should be taken. 

 

 

Infauna sample processing 

 

Cores were sieved through a 0.5 mm Endecott sieve under a fume hood. For ease and 

accuracy of picking out the fauna, the sample was then sieved through 2 mm and 1 mm 

Endecott sieves and split into ‘large’ (≥ 2 mm), ‘medium’ (1 mm-1.9 mm) and ‘small’ (0.5 

mm-0.9 mm) samples and placed in white trays (Figure 2.7). Specimens were then 

systematically picked out of the trays and placed into labelled glass vials filled with 70 % 

ethanol for identification. Specimens were identified by an independent consultancy (Marine 

Ecological Surveys). They used a Wild Heerbrugg M3 dissection microscope and a Nikon 

compound microscope to identify fauna to the lowest taxonomic level possible. The 

abundance of each species in each sample was recorded, as was the biomass of each 

phylum. 
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Figure 2.7 Fauna sample processing: a) ‘large’ ≥ 2 mm sediment, b) ‘medium’ 1 mm – 1.9 mm 

sediment, c) ‘small’ 0.5 mm – 0.9 mm sediment, d) fauna being picked out of trays. 

 

 

Sediment analysis 

 

Samples were thawed prior to processing and a subsample was taken for each of the 

following analyses. The top half and the bottom half of the core were analysed separately. 

 

Particle size analysis (PSA) 

Laser diffraction and sieves were used to measure particle size. Particles <1 mm were 

measured using low angle laser diffraction, with a Malvern Mastersizer 2000 laser particle 

sizer (software version 5.6). Two sets of lenses were employed, a 1000 mm lens for the size 

range of 4-2000 µm and a 45 mm lens for the size range of 0.1-80 µm. Samples were 

dispersed in a 0.1 % sodium hexametaphosphate solution and sonicated for 30 seconds. 

The average of five runs measured from the 1000 mm lens data was blended with one 

reading from the 45 mm lens.  

 

To obtain the dry weight of the larger fractions, >1 mm and <1 mm sediment was split into 

two beakers and dried in a drying oven set at 60 °C (Figure 2.8). The dry weight of sediment 

<1 mm was measured once the sediment had fully dried. Sediment fractions >1 mm were 

dried and sieved through Wentworth sieves in half phi (ɸ) intervals to get the dry weight of 

each grain size parameter. Laser diffraction data and sieve data were combined in Excel and 

variables such as mean grain size calculated. 

 

 

b) a) 

c) d) 
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Figure 2.8 Sediment split into: a) <1 mm and b) >1 mm before being dried for PSA.  

 

Maerl structure 

Maerl structure was measured by quantifying the interstitial space in the sediment sample. A 

250 ml measuring cylinder was filled with 100 ml of sediment. 100 ml of water was poured 

on top of the sediment and left for 15 minutes to allow suspended sediment particles to settle. 

The volume was then recorded and converted into percentage interstitial space available 

within the sample. For example, if the volume of sediment and water is 160 ml, then 40 ml of 

the water was able to drain through the sediment. Therefore, that sample had 40 % 

interstitial space. 

 

Organic content 

Subsamples were placed in pre-weighed crucibles and dried in a drying oven set at 60 °C for 

24 h. The dry weight was recorded before the samples were put in a furnace for combustion 

at 450 °C for 4 h. Once cool, the samples were then weighed again to determine the ash-

free dry weight and thus calculate organic content through loss on combustion. 

 

Photo analysis 

 

Live maerl thalli abundance and epifaunal abundance 

 

Epifauna present on the benthos in each photo were recorded and identified to the lowest 

possible taxonomic level. The abundance of live maerl thalli in each photo was also recorded. 

Each piece of live maerl was recorded to give abundance of live maerl thalli per quadrat. The 

field of view was noted as sometimes not all of the 50 cm x 50 cm camera frame could be 

seen in the photo. Live maerl was therefore presented as abundance of live thalli per m2. 

 

  

a) b) 
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Statistical analyses 

 

Permutational Multivariate Analysis of Variance (PERMANOVA, Anderson 2001) in the 

software package PRIMER v6 (Anderson, 2001; Clarke and Warwick 2001) was used to test 

for differences between infaunal and habitat response variables.  

 

Dead vs live maerl. 

 

Only one site contained some live maerl (0-4.41 pieces per m2). To assess whether this site 

was inherently different to the other sites based on faunal and habitat response variables, 

multivariate analyses were used to compare the Controls between sites. Cores were 

averaged for each Plot (5 x cores for Fauna; 3 x cores for Habitat variables). The habitat 

composition (Particle size Top, Particle size Bottom, Maerl structure Top, Maerl structure 

Bottom, Organic content Top, Organic content Bottom) was compared using a 1 factor 

PERMANOVA between all six sites. Four replicate Controls were used from each site: 

Control at Week 0, Treatment at Week 0, Control at Week 5 and Control at Week 44. 

PAIRWISE tests in PERMANOVA were used to determine statistically significant differences 

between sites. MDS was used to visualise relative differences in habitat composition 

between sites. 

 

This analysis was then repeated for composition of the associated infaunal assemblages.     

 

Fauna and sediment analyses 

A two factor BACI design was used. Both factors were fixed. The factor Time had three 

levels (Week 0, Week 5 and Week 44) and was compared to condition, which had two levels 

(Treatment vs Control) with six replicate sites. Cores were averaged for each Plot (5 x cores 

for Fauna; 3 x cores for Habitat variables). Univariate measures (Fauna: Number of taxa, 

Abundance, Phylum specific biomass; Habitat: Particle size Top, Particle size Bottom, Maerl 

structure Top, Maerl structure Bottom, Organic content Top, Organic content Bottom) were 

Log (x+1) transformed and similarities were based on Euclidean distance.  

 

Multivariate Assemblage composition data were square root transformed. As joint species 

absences were important to consider between conditions in this case, data were ‘zero 

adjusted’ by adding a dummy value of 0.1 (Clarke et al. 2006). Without the dummy value, 

Bray-Curtis would not consider samples equally devoid of species as similar, such as 

species that had been removed and replaced.  

 

For this BACI design only significant differences between the Time x Condition interaction 

were further interpreted using Pairwise tests in PERMANOVA in order to assess impact and 

recovery trends over time. Observed differences between condition in the absence of a Time 

x Condition interaction could only be interpreted as spatial differences. Observed differences 

between time in the absence of a Time x Condition interaction were also not further 

interpreted as there were no prior hypotheses regarding (seasonal) change over time that 

was not related to the trial.  
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Photo analysis 

Due to few observations of epifauna within the photoquadrats, no analyses were undertaken. 

Results are presented in a table. Live maerl was only observed in Site 6 at Week 0 and so 

no analyses were meaningful. Results are presented in a graph. 

 

3. Results 

 

a. Analysis of seabed characteristics 

Preliminary sediment analysis 

A preliminary test to see whether there was a significant difference in habitat composition 

between the Control conditions of Sites 1-5 (dead maerl) and Site 6 (live maerl present) 

showed that while sites were different to each other overall (P < 0.01; Table 3.1a), the 

pairwise tests showed that the only Sites 1 and 5, and Sites 1 and 6 (both P < 0.05; Table 

3.1b) were significantly different. Site 6 was not significantly different from Site 2, 3, 4 or 5. 

The nMDS plot shows that Site 6 is no more distinct than any other site (Figure 3.1). 

Therefore, for the habitat analyses, Site 6 was analysed with the other sites.  

 

 

Figure 3.1 nMDS plot showing the degree of similarity in habitat composition response variables 

(mean particle size, maerl structure and organic content) between Control conditions from each Site 

(1-6). 
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Table 3.1 Results of a) PERMANOVA for the comparison of habitat variables between Control 

conditions from each site. Four replicates were used for each site; Control condition at Week 0, 

Treatment condition at Week 0, Control condition at Week 5 and Control condition at Week 44 and b) 

Pairwise tests for factor Site. Data were square root transformed and analyses were conducted using 

Bray Curtis similarity. Bold type denotes a significant result (P < 0.05). 

a)      

Source          df SS MS         F        P 

Site Si 5 50.32 10.06 2.06 0.006 

Residual 18 87.68 4.87           

Total 23 138            

      

b)      

Groups         t        P    

1, 2 1.30 0.20    

1, 3 1.56 0.11    

1, 4 1.34 0.14    

1, 5 2.07 0.028    

1, 6 1.83 0.031    

2, 3 0.52 0.94    

2, 4 0.98 0.39    

2, 5 1.54 0.12    

2, 6 1.18 0.31    

3, 4 1.17 0.26    

3, 5 1.43 0.11    

3, 6 1.56 0.12    

4, 5 1.53 0.12    

4, 6 1.33 0.15    

5, 6 1.53 0.08    

 

Particle size analysis 

Top 

There was no Time x Condition interaction (P > 0.05; Table 3.2a), indicating no significant 

changes relevant to the survey hypotheses. There was, however, a significant difference in 

mean particle size between conditions (P < 0.01; Table 3.8a). Across all weeks, the mean 

particle size of the top half of the sediment was greater in the Treatment than the Control. 

The greatest difference in mean particle size in the top half of the sediment was in Week 5 

(Treatment = 3113.23 ± 356.44 mm, Control = 1801.96 ± 176.86 mm; Figure 3.2a). 

Bottom 

There was a Time x Condition interaction (P < 0.01; Table 3.2b). Pairwise tests showed that 

the two conditions were significantly different from each other in Week 5 and Week 44 but 
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not in Week 0 (Table 3.2c). In Weeks 5 and 44 the mean particle size of the bottom half of 

the sediment in the Treatment was significantly greater than the Control (Figure 3.2b). 
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Figure 3.2 Mean particle size (mm ± SE) of sediment samples at Week 0, Week 5 and Week 44 in 

the Treatment (T) and Control (C), a) shows mean particle size of the top half of the sediment sample 

and b) shows mean particle size of the bottom half of the sediment sample. Asterisks show significant 

differences at P<0.05. 

 

* * 
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Table 3.2 Results of a) PERMANOVA to compare the mean particle size of the top half of the 

sediment samples in response to the fixed factors Time Ti (Week 0, 5 and 44) and Condition Co 

(Treatment or Control), b) PERMANOVA to compare the mean particle size of the bottom half of the 

sediment samples in response to the fixed factors Time Ti (Week 0, 5 and 44) and Condition Co 

(Treatment or Control), and c) Pairwise tests for the interaction Time x Condition for the bottom half of 

samples. Data were Log (x+1) transformed and analyses were conducted using Euclidean distance. 

Bold type denotes a significant result (P < 0.05). 

a)       

Source df SS MS F P  

Time Ti 2 0.52 0.26 2.84 0.08  

Condition Co 1 1.05 1.05 11.35 0.0015  

Ti x Co 2 0.26 0.13 1.40 0.26  

Residual 30 2.77 0.092    

Total 35 4.60     

       

b)       

Source df SS MS F P  

Time Ti 2 0.36 0.18 1.89 0.17  

Condition Co 1 1.51 1.51 15.84 0.0007  

Ti x Co 2 1.33 0.66 6.94 0.003  

Residual 30 2.87 0.0956    

Total 35 6.07     

       

c)       

 0 5 44 

Groups t P t P t P 

C, T 0.55 0.60 4.99 0.0023 3.98 0.0019 

 

Maerl structure 

Top 

There was no Time x Condition interaction (P > 0.05; Table 3.3a). There was, however, a 

significant difference in percentage interstitial space between conditions (P < 0.05; Table 

3.3a). In Week 0, there was a higher percentage interstitial space in the top half of the 

sediment in the Control condition than the Treatment. However, in Week 5 and 44, the 

percentage interstitial space was higher in the Treatment than the Control (Figure 3.3). 

Bottom 

There was a significant Time x Condition interaction (P < 0.01; Table 3.3b). Pairwise tests 

showed that the two conditions were significantly different from each other in Week 5 and 

Week 44 but not in Week 0 (Table 3.3c). The percentage interstitial space in the bottom half 

of the sediment was higher in the Treatment condition than the Control across all weeks. 

Percentage interstitial space also increased in the Treatment condition from Week 0 to Week 
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44 (Week 0 = 31.39 ± 2.29 %, Week 5 = 40.33 ± 2.05 %, Week 44 = 43.78 ± 2.26 %; Figure 

3.3). 
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Figure 3.3 Percentage interstitial space (% ± SE) within sediment samples at Week 0, Week 5 and 

Week 44 in the Treatment condition (T) and the Control condition (C),  a) shows volume of interstitial 

space in the top half of the sediment sample and b) shows volume of interstitial space in the bottom 

half of the sediment sample. Asterisks show significant differences at P<0.05. 

* * 
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Table 3.3 Results of a) PERMANOVA to compare the percentage interstitial space in the top half of 

the sediment samples between the fixed factors Time Ti (Week 0, 5 and 44) and Condition Co 

(Treatment or Control), b) PERMANOVA to compare the percentage interstitial space in the bottom 

half of the sediment samples in response to the fixed factors Time Ti (Week 0, 5 and 44) and 

Condition Co (Treatment or Control), and c) Pairwise tests for the interaction Time x Condition for 

bottom half of the sample. Data were Log (X+1) transformed and analyses were conducted using 

Euclidean distance. Bold type denotes a significant result (P < 0.05). 

a)       

Source df SS MS F P  

Time Ti 2 0.11 0.053 0.38 0.74  

Condition Co 1 0.71 0.71 5.05 0.02  

Ti x Co 2 0.78 0.39 2.77 0.06  

Residual 30 4.20 0.14    

Total 35 5.79     

       

b)       

Source df SS MS F P  

Time Ti 2 6.49E-2 0.0325 0.18 0.36  

Condition Co 1 1.17 1.17 38.72 0.0001  

Ti x Co 2 0.37 0.1 6.10 0.006  

Residual 30 0.91 0.0302    

Total 35 2.51     

       

c)       

 0 5 44 

Groups t P t P t P 

C, T 0.59 0.57 6.16 0.0016 6.08 0.0021 

 

Organic content  

Top 

In the top half of the sediment sample, there was no Time x Condition interaction (P> 0.05; 

Table 3.4). There was, however a significant difference in organic content between 

conditions (P < 0.05; Table 3.4a). Across all weeks, the organic content of the top half of the 

sediment was higher in the Control than the Treatment (Figure 3.4). 

Bottom 

The bottom half of the sediment showed similar results to the top half and there was no 

interaction between Time and Condition (P > 0.05; Table 3.4b). There was a significant 

difference in organic content between conditions (P < 0.01; Table 3.4b). As with the top half 

of the sediment, the organic content of the bottom half of the sediment was higher in the 

Control than the Treatment condition across all weeks (Figure 3.4).  
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Figure 3.4 Organic content (% ± SE) of sediment samples at Week 0, Week 5 and Week 44 in the 

Treatment (T) and Control (C), a) shows organic content of the top half of the sediment sample and b) 

shows organic content of the bottom half of the sediment sample. 
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Table 3.4 Results of a) PERMANOVA to compare the organic content of the top half of the sediment 

samples in response to the fixed factors Time Ti (Week 0, 5 and 44) and Condition Co (Treatment or 

Control), b) PERMANOVA to compare the organic content of the bottom half of the sediment samples 

in response to the fixed factors Time Ti (Week 0, 5 and 44) and Condition Co (Treatment or Control). 

Data were Log (X+1) transformed and analyses were conducted using Euclidean distance. Bold type 

denotes a significant result (P < 0.05). 

a)      

Source df SS MS F P 

Time Ti 2 1.43E-2 7.15E-3 0.51 0.62 

Condition Co 1 6.12E-2 6.12E-2 4.39 0.045 

Ti x Co 2 7.61E-3 3.81E-3 0.27 0.77 

Residual 30 0.42 1.40E-2   

Total 35 0.50    

      

b)      

Source df SS MS F P 

Time Ti 2 6.23E-2 3.12E-2 2.52 0.10 

Condition Co 1 0.27 0.27 22.12 0.0001 

Ti x Co 2 7.38E-3 3.68E-3 0.30 0.74 

Residual 30 0.37 1.24E-2   

Total 35 0.72    

 

 

b. Analysis of associated faunal assemblage. 

 

Preliminary infauna analysis 

A total of 41,172 individuals were found in the infauna samples. These were identified to 347 

taxa from 16 phyla (see Appendices, Table A1). Over the whole trial, 151 Annelida taxa were 

identified, as well as 91 Arthropoda, 64 Mollusca and 14 Echinodermata taxa. 27 taxa were 

found from the remaining 12 Phyla: Porifera, Cnidaria, Nemertea, Nematoda, Turbellaria, 

Chaetognatha, Sipuncula, Echiura, Bryozoa, Phoronida, Hemichordata and Chordata. 

Generally, the number of taxa (see Appendices, Table A2) and the total number of 

organisms (see Appendices, Table A3) in each Phylum in the Treatment condition 

decreased in Week 5 and then increased again in Week 44. The Phylum Annelida consisted 

of 88 taxa in the Treatment condition in Week 0 which decreased by 36 % to 56 taxa in 

Week 5. Week 44 saw a 30 % increase in number of taxa to 80. The number of Mollusca 

taxa halved from 36 to 18 over Weeks 0 to 5. By Week 44 there had been a subsequent 49 % 

increase in number of taxa. 

A preliminary test to see whether there was a significant difference in infauna found in the 

Control conditions of Site 6 (live maerl) and Sites 1-5 (dead maerl) showed that sites were 

different from each other overall (P < 0.01, Table 3.5a). Pairwise tests showed that the only 

sites that were not significantly different from each other were Sites 1 and 3, 2 and 3, and 

Sites 3 and 4 (all P > 0.05, Table 3.5b). The nMDS plot and pairwise tests show that Site 6 
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was not any more distinct than the other sites in the trial (Figure 3.5). Therefore, there is no 

justification to view Site 6 differently in terms of its infaunal assemblage, so it was included in 

the main faunal analyses alongside Sites 1-5. 

 

 

Figure 3.5 nMDS plot showing the degree of similarity in infauna assemblages between control plots 

from each site. 

 

Number of taxa 

There was a significant Time x Condition interaction (all P < 0.01; Table 3.6a). Pairwise tests 

showed that there was no significant difference between the Control and the Treatment 

conditions at Week 0 (P > 0.05; Table 3.6b). However, following the trial dredge, in Week 5 

there were significantly less taxa in the Treatments compared to Controls (P < 0.01; Table 

3.6b) and there were less taxa in the Treatment condition (Treatment = 53.66 ± 5.96; Control 

= 94.17 ± 2.43; Figure 3.6). By Week 44, the number of taxa in the Treatment condition 

increased (Figure 3.6) and there was no significant difference between conditions (P > 0.05; 

Table 3.6b).  
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Table 3.5 Results of a) PERMANOVA for the comparison of infauna between Control conditions from 

each site. Four replicates were used for each site; Control condition at Week 0, Treatment condition 

at Week 0, Control condition at Week 5 and Control condition at Week 44 and b) Pairwise tests for 

factor Site. Data were square root transformed and analyses were conducted using Bray Curtis 

similarity. Bold type denotes a significant result (P < 0.05). 

a)      

Source df SS MS F P 

Site Si 5 6957.4 1319.5 2.12 0.0001 

Residual 18 11838 657.67  
 

Total 23 18796   
 

      

b)      

Groups         t        P    

1, 2 1.32 0.0313    

1, 3 1.30 0.0526    

1, 4 1.59 0.0264    

1, 5 1.60 0.0292    

1, 6 1.34 0.0295    

2, 3 1.02 0.4548    

2, 4 1.37 0.0275    

2, 5 1.51 0.0288    

2, 6 1.69 0.0332    

3, 4 1.12 0.2894    

3, 5 1.31 0.0307    

3, 6 1.70 0.0324    

4, 5 1.21 0.0269    

4, 6 1.87 0.0285    

5, 6 1.53 0.0271    
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Figure 3.6 Mean number of taxa ± SE per core taken at Week 0, Week 5 and Week 44 in the 

Treatment (T) and Control (C). Asterisk shows significant difference at P<0.05. 

Table 3.6 Results of a) PERMANOVA for the number of infaunal taxa in response to the fixed factors 

Time Ti (Week 0, 5 and 44) and Condition Co (Treatment or Control), and b) Pairwise tests for the 

interaction Time x Condition at Week 0, 5 and 44. Data were Log (X+1) transformed and analyses 

were conducted using Euclidean distance. Bold type denotes a significant result (P < 0.05). 

a)       

Source df SS MS F P  

Time Ti 2 0.76 0.38 15.69 0.0001  

Condition Co 1 0.25 0.25 10.20 0.0026  

Ti x Co 2 0.78 0.39 16.04 0.0001  

Residual 30 0.73 2.42E-2    

Total 35 2.51     

       

b)       

 0 5 44 

Groups t P t P t P 

C, T 1.12 0.30 5.52 0.003 9.09 0.93 

 

Total abundance 

There was a Time x Condition interaction (P < 0.01; Table 3.7a). Pairwise tests showed that 

there was no significant difference between the number of organisms for the two conditions 

* 
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at Week 0 or at Week 44 (both P > 0.05; Table 3.7b). Following the dredge trial in Week 5, 

however, there were significantly fewer organisms in the Treatments than the Controls (P < 

0.05; Table 3.7b) (Treatment = 155.1 ± 24.18 per core, Control = 281.8 ± 24.74 per core; 

Figure 3.7).  
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Figure 3.7 Mean abundance of organisms ± SE per core for samples taken at Week 0, Week 5 and 

Week 44 in the Treatment (T) and Control (C). Asterisk shows significant difference at P<0.05. 

Table 3.7 Results of a) PERMANOVA for the abundance of infaunal organisms in response to the 

fixed factors Time Ti (Week 0, 5 and 44) and Condition Co (Treatment or Control), and b) Pairwise 

tests for the interaction Time x Condition at Week 0, 5 and 44. Data were Log (X+1) transformed and 

analyses were conducted using Euclidean distance. Bold type denotes a significant result (P < 0.05). 

a)       

Source df SS MS F P  

Time Ti 2 0.20 9.85E-2 0.93 0.40  

Condition Co 1 5.91E-3 5.91E-3 5.60E-2 0.82  

Ti x Co 2 1.74 0.87 8.27 0.0018  

Residual 30 3.16 0.11    

Total 35 5.11     

       

b)       

 0 5 44 

Groups t P t P t P 

C, T 1.57 0.15 3.09 0.01 1.69 0.12 

 

* 
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Infaunal phylum biomass 

The biomasses of the four major phyla were analysed separately; Mollusca, Arthropoda, 

Echinodermata and Annelida. 

The biomasses of the phyla Mollusca, Arthropoda or Echinodermata did not significantly 

change as a result of the study (all P > 0.05; Table 3.8a, b, c). 

Table 3.8 Results of a) PERMANOVA to compare the biomass of the phylum Mollusca between the 

fixed factors Time Ti (Week 0, 5 and 44) and Condition Co (Treatment or Control), b) PERMANOVA 

to compare the biomass of the phylum Arthropoda between the fixed factors Time Ti (Week 0, 5 and 

44) and Condition Co (Treatment or Control) and c) PERMANOVA to compare the biomass of the 

phylum Echinodermata between the fixed factors Time Ti (Week 0, 5 and 44) and Condition Co 

(Treatment or Control). Data were Log (X+1) transformed and analyses were conducted using 

Euclidean distance. Bold type denotes a significant result (P < 0.05). 

a)      

Source df SS MS F P 

Time Ti 2 1.86 0.93 0.85 0.44 

Condition Co 1 2.40 2.40 2.18 0.15 

Ti x Co 2 4.13 2.06 1.87 0.17 

Residual 30 33.03 1.10   

Total 35 41.42    

      

b)      

Source df SS MS F P 

Time Ti 2 0.16 7.85E-2 0.56 0.66 

Condition Co 1 8.15E-2 8.15E-2 0.58 0.53 

Ti x Co 2 0.37 0.19 1.32 0.28 

Residual 30 4.21 0.14   

Total 35 4.81    

      

c)      

Source df SS MS F P 

Time Ti 2 1.87E-2 9.34E-3 0.86 0.57 

Condition Co 1 1.29E-2 1.29E-2 1.19 0.35 

Ti x Co 2 2.46E-2 1.23E-2 1.14 0.34 

Residual 30 0.32 1.08E-2   

Total 35 0.38    

However, there was a Time x Condition interaction in the biomass of the phylum Annelida 

(both P < 0.01: Table 3.9a). Pairwise tests showed that there was no significant difference 

between conditions at Week 0 (P > 0.05; Table 3.9b). However, at both Week 5 and Week 

44 there was a significant difference between conditions (both P < 0.01; Table 3.9b). There 

was a lower infaunal biomass of Annelida in the Treatment than the Control in Weeks 5 and 

44 (Week 5: Treatment = 0.06 ± 0.01 g per core, Control = 0.53 ± 0.13 g per core, Week 44: 

Treatment = 0.16 ± 0.02 g per core, Control = 0.39 ± 0.05 g per core; Figure 3.8).  
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Figure 3.8 Infaunal biomass of the phylum Annelida (g ± SE per core) at Week 0, Week 5 and Week 

44 in the Treatment (T) and Control (C). Asterisks show significant differences at P<0.05. 

Table 3.9 Results of a) PERMANOVA to compare the biomass of the phylum Annelida between the 

fixed factors Time Ti (Week 0, 5 and 44) and Condition Co (Treatment or Control), and b) Pairwise 

tests for the interaction Time x Condition at Week 0, Week 5 and Week 44. Data were Log (X+1) 

transformed and analyses were conducted using Euclidean distance. Bold type denotes a significant 

result (P < 0.05). 

a)       

Source df SS MS F P  

Time Ti 2 2.85E-2 1.42E-2 1.39 0.27  

Condition Co 1 0.27 0.27 26.08 0.0001  

Ti x Co 2 0.22 0.11 10.79 0.0002  

Residual 30 0.31 1.02E-2    

Total 35 0.82     

       

b)       

 0 5 44 

Groups t P t P t P 

C, T 0.50 0.62 4.51 0.0025 5.01 0.0047 

 

 

 

* * 
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Assemblage composition 

There was a significant Time x Condition interaction (P < 0.01; Table 3.10a). Pairwise tests 

showed that there was no significant difference in assemblage composition between 

conditions in Week 0 (P > 0.05; Table 3.10b). However in Week 5, following the dredge trial, 

there was a significant difference between Treatment and Control (P < 0.01; Table 3.10b). 

By Week 44, there was no longer a significant difference between conditions (P > 0.05; 

Table 3.10b). The nMDS plot shows that the Control samples are similar to each other 

across all weeks. On the other hand the Treatment samples were more dissimilar to each 

other, especially in Week 5 (Figure 3.9). 

 

Figure 3.9 nMDS plot showing the degree of similarity in assemblage composition between the 

Treatment (T) and Control (C) over time (Week 0, Week 5 and Week 44). 

 

SIMPER analysis was carried out to assess the taxa that defined dissimilarity between 

conditions. In Week 5, Treatment and Control are significantly different from each other and 

had an average dissimilarity of 45.33 %. Data from the SIMPER analysis shows that the top 

three contributing species to this dissimilarity were the amphipods Leptocheirus tricristatus, 

Socarnes erythrophthalmus and Orchomene similis contributing to 32.77 %. 8.82 % and 

7.19 % of the dissimilarity, respectively. 
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Table 3.10 Results of a) PERMANOVA for the comparison of assemblage composition between the 

fixed factors Time Ti (Week 0, 5 and 44) and Condition Co (Treatment or Control), and b) Pairwise 

tests for the Time x Condition interaction at Week 0, Week 5 and Week 44. Data were square root 

transformed and analyses were conducted using Bray Curtis similarity. Bold type denotes a significant 

result (P < 0.05). 

a)       

Source df SS MS F P  

Time Ti 2 6632.7 3316.4 4.67 0.0001  

Condition Co 1 2176.8 2176.8 3.06 0.0002  

Ti x Co 2 3910.6 1955.3 2.75 0.0001  

Residual 30 21317 710.57    

Total 35 34037     

       

b)       

 0 5 44 

Groups t P t P t P 

C, T 0.88 0.80 2.53 0.0026 1.22 0.11 

 

 

c. Photo analysis 

 

Abundance of live maerl thalli 

There was a negligible amount of live maerl found in Sites 1-5, therefore only Site 6 was 

used to measure the abundance of live maerl thalli. In Week 0, there was similar abundance 

of live maerl thalli in the Treatment as the Control. However, following the dredge trial there 

were no live maerl thalli present on the surface in the Treatment photos in Week 5 or Week 

44 (Figure 3.10). 

 

Presence of epifauna 

A total of only 11 taxa from six phyla was observed in the photos. There were four taxa from 

Arthropoda, three from Mollusca, and one each from Cnidaria, Annelida, Echinodermata, 

and Chordata (see Appendices, Table A4). 

There were not enough individuals observed to carry out any statistical analysis (n=68 

across the whole survey). 
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Figure 3.10 Abundance of live maerl thalli (per m
2
 ± SE) in Site 6 at Week 0, Week 5 and Week 44 in 

the Treatment (T) and Control (C).  

 

 

 

4. Conclusions: assessment of the questions to be answered 

 
Overall the responses of the infaunal community to the trial were comparatively consistent: 

the majority of measures showing a significant decrease in Week 5, but then a recovery to 

pre-trial levels by Week 44. This was despite changes occurring in the habitat condition, 

where there was a loss of fine material from the maerl matrix, but significant changes were 

generally most apparent in the deeper half of the sediment (>10 cm). The habitat structure 

and associated invertebrate assemblage within the site containing live maerl were not 

notably more distinct than the dead maerl sites and the assemblage did not respond any 

differently from the other sites. 

 

This section revisits the original questions set out for the trial (Table 1.1) in order to provide 

answers from the results. 
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Infauna and epifauna 

  

Does translocation of maerl affect the associated fauna (number of taxa, abundance of 

organisms, infaunal phylum biomass, species assemblage composition) and habitat 

variables (mean particle size, maerl structure, organic content and proportion of live maerl)? 

Are the observed effects detectable after 44 weeks?   

 

Habitat variables. 

 

The major changes to the habitat structure resulted from a loss of fine sediment during the 

extraction and re-laying process, resulting in an increase in mean particle size within the 

Treatment condition; in terms of the Time-Condition interaction, this was only significant for 

the lower half of the core, but still remained after 44 weeks. There was no such significant 

interaction for organic content. The actual maerl structure seemed to remain relatively intact; 

there was an increase in percentage interstitial space within the Treatment condition 

(significant interaction only with the lower half of the core) suggesting the gaps between 

maerl fragments were maintained, the increase in space due to the reduction in fine 

sediment to fill these spaces. Some maerl thalli were present scattered over the bed surface 

at the start of the trial in Site 6 (maximum 4.41 fragments/m2), but none was recorded from 

photos in Weeks 5 or 44 within the Treatment condition.  

 

Associated fauna 

 

The overall number of taxa and number of individuals (abundance) followed the same trend. 

Conditions were not different at Weeks 0 and 44, but were significantly different at Week 5. 

This indicates a loss of fauna due to the extraction and re-laying process, but that diversity 

and abundance had returned to Control condition levels by Week 44. Relative to Controls at 

Week 5, the fauna loss equates to 45 % of abundance and 44 % of diversity, 

suggesting >50 % of organisms potentially survived the process or very quickly recolonised. 

There were, however, no significant changes to the overall biomass of Mollusca, Crustacea 

and Echinodermata across the study, perhaps indicating that the larger individuals of these 

groups remained present at 5 and 44 weeks. The biomass of Annelida did alter significantly, 

however, with significant decreases in Weeks 5 and 44 indicating that this phylum may be 

more vulnerable to the mechanical effects of the trial process, perhaps unsurprising given 

the other three groups have forms of hard body parts to give protection. However, this 

change in biomass did not affect increases in the overall abundance or diversity of the fauna 

by Week 44.  

 

There was also a significant change in the assemblage composition at Week 5, reflecting the 

diversity and abundance changes, when Treatment assemblages were significantly different 

to Controls. However, there were not differences between assemblages at Weeks 0 and 44, 

indicating that the recovery of diversity and abundance was not due to the colonisation of 

different taxa, but a return to a community that was similar to that existing pre-trial.  

 

For this trial, it can be stated that the mechanical stresses associated with extraction and re-

laying removed approximately half the fauna, but that all measures of the assemblage 

recovered by Week 44 except annelid biomass.  
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Are faunal assemblages (number of taxa, abundance of organisms, infaunal phylum 

biomass, species assemblage composition) different between live and dead maerl? 

 

Analysis of habitat variables and the infaunal assemblage within Controls indicated some 

degree of spatial variability, but nothing that suggested Site 6 (where live maerl was present) 

was particularly distinct from the other dead maerl sites. For the habitat structure, Site 6 was 

only different to Site 1 (as was Site 5), whereas for the assemblage most sites were different 

from each other. Site 6 was not especially distinct from the other five sites. We have no 

evidence from the limited scale of the trial to suggest there are major differences in faunal 

assemblages or habitat character between the dead maerl sites within the trial area and the 

sites containing live maerl fragments.  

  

Does translocation of dead maerl affect fauna (number of taxa, abundance of organisms, 

infaunal phylum biomass, species assemblage composition) differently than translocation of 

live maerl? 

 

As there was no distinct differences between the communities within the dead maerl matrix 

and the site with some live maerl, analysis was undertaken together. Site 6 did not behave in 

any unique way within our analysis, following the same pattern of assemblage change 

observed in Sites 1-5.  

  

Spatial comparison 

  

Are observed effects consistent across the different sites sampled across the channel? 

 

Whilst there was much spatial variation in the initial infauna assemblages across the channel 

(only three site pairings were not significantly different), directions and extent of change 

followed very similar patterns for all sites. There was clear clustering of sites by time rather 

than sites remaining separate. There is no evidence to suggest spatially inconsistent 

patterns of response. 
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Appendices 

 
Table A1 List of all phyla and associated taxa identified during infauna sample processing. 

Phylum Taxa Phylum Taxa 

PORIFERA Porifera  Nereiphylla rubiginosa 

 
Sycon ciliata  Pterocirrus macroceros 

 
Cliona  Lacydonia miranda 

CNIDARIA Stauromedusae  Glyceridae (juv) 

 
Campanulariidae  Glycera 

 
Edwardsiidae  Glycera alba 

 

Sertularella  Glycera fallax 

 
Actinaria  Glycera lapidum 

NEMERTEA Nemertea  Goniadidae (juv) 

NEMATODA Nematoda  Glycinde nordmanni 

TURBELLARIA Turbellaria  Goniadella gracilis 

CHAETOGNATHA Chaetognatha  Goniada maculata 

SIPUNCULA Golfingiidae (juv)  Sphaerodorum gracilis 

 
Golfingia elongata  Gyptis propinqua 

 
Golfingia vulgaris  Hesiospina similis 

ECHIURA Thalassema thalassemum  Ophiodromus flexuosus 

ANNELIDA Pisione remota  Ophiodromus pallidus 

 
Polynoidae  Syllidia armata 

 
Subadyte pellucida  Syllidae 

 
Alentia gelatinosa  Eusyllinae 

 
Harmothoe extenuata  Eurysyllis tuberculata 

 
Harmothoe imbricata  Haplosyllis spongicola 

 
Harmothoe pagenstecheri  Syllis (Type D) 

 
Harmothoe mariannae  Syllis (Type E) 

 
Malmgrenia  Trypanosyllis coeliaca 

 
Malmgrenia arenicolae  Amblyosyllis formosa 

 
Malmgrenia darbouxi  Eusyllis assimilis 

 
Malmgrenia ljungmani  Eusyllis blomstrandi 

 
Malmgrenia mcintoshi  Exogone naidina 

 
Pholoe inornata (sensu Petersen)  Exogone verugera 

 
Phyllodocidae  Brania clavata 

 
Pseudomystides limbata  Sphaerosyllis bulbosa 

 
Anaitides longipes  Sphaerosyllis hystrix 

 
Anaitides mucosa  Sphaerosyllis taylori 

 
Eteone longa  Sphaerosyllis tetralix 

 
Eulalia mustela  Parapionosyllis minuta 

 
Eumida bahusiensis  Autolytus 

 
Eumida sanguinea  Myrianida fasciata 

 
Notophyllum foliosum  Xenosyllis scabra 

 
Paranaitis kosteriensis  Odontosyllis gibba 

 
Pionosyllis lamelligera  Chaetopteridae 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=1269
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Phylum Taxa Phylum Taxa 

 
Syllis armillaris  Caulleriella bioculata 

 
Nereididae (juv)  Chaetozone gibber 

 
Eunereis longissima  Dodecaceria 

 
Platynereis dumerilii  Flabelligera affinis 

 
Neanthes irrorata  Cirriformia tentaculata 

 
Nephtys (juv)  Macrochaeta 

 
Nephtys kersivalensis  Capitella 

 
Pareurythoe borealis  Mediomastus fragilis 

 
Euphrosine borealis  Notomastus 

 
Eunice vittata  

Pseudonotomastus 
southerni 

 
Marphysa bellii  Clymenura 

 
Nematonereis unicornis  Praxillella affinis 

 
Lumbrineris aniara  Asclerocheilus intermedius 

 
Lumbrineris cingulata  Scalibregma celticum 

 
Lumbrineris latreilli  Polygordius 

 
Lysidice ninetta  Protodrilidae 

   Octobranchus lingulatus 

 
Scoletoma magnidentata  Terebellides stroemi 

 
Ophryotrocha  Trichobranchus glacialis 

 
Protodorvillea kefersteini  Neoamphitrite affinis 

 
Schistomeringos neglecta  Pista cristata 

 
Schistomeringos rudolphi  Lysilla nivea 

 
Paradoneis eliasoni  Polycirrus 

 
Paradoneis lyra  Sabellidae 

 
Aonides oxycephala  Sabellidae (juv) 

 
Aonides paucibranchiata  Sabellaria spinulosa 

 
Boccardiella ligerica  Jasmineira caudata 

 
Laonice bahusiensis  Chone dunerificta 

 
Malacoceros girardi  Chone # A 

 
Minuspio multibranchiata  Megalomma lanigera 

 
Polydora caeca  Megalomma (juv) 

 
Polydora caulleryi  Serpulidae 

 
Polydora ciliata  Serpula vermicularis 

 
Dipolydora caulleryi  Hydroides norvegica 

 
Dipolydora coeca  Spirobranchus 

 
Prionospio fallax  Spirobranchus lamarcki 

 
Prionospio banyulensis  Spirobranchus triqueter 

 
Pseudopolydora antennata  Spirorbidae 

 
Pseudopolydora paucibranchiata  Tubificoides benedii 

 
Pseudopolydora pulchra  Tubificoides pseudogaster 

 
Spio sp. ARTHROPODA Grania 

 
Spiophanes bombyx  Achelia echinata 

 Cirratulidae (juv)  Verruca stroemia 

 Aphelochaeta marioni  Copepoda 

 
Caulleriella alata  Ostracoda 
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Phylum Taxa Phylum Taxa 

 Nebaliidae  Leptocheirus hirsutimanus 

 Sarsinebalia urgorrii  Leptocheirus tricristatus 

 
Gastrosaccus normanii  Microdeutopus versiculatus 

 
Mysidacea  Sunamphitoe pelagica 

 
Heteromysis formosa  Crassicorophium bonnellii 

 
Apherusa bispinosa  Caprella acanthifera 

 
Pontocrates arenarius  Phtisica marina 

 
Westwoodilla caecula  Gnathiidae (female) 

 
Gitana sarsi  Gnathiidae (juv) 

 
Leucothoe  Gnathia vorax 

 
Leucothoe incisa  Anthura gracilis 

 
Leucothoe procera  Conilera cylindracea 

 
Stenothoe monoculoides  Eurydice pulchra 

 
Metaphoxus simplex  Janira maculosa 

 
Parametaphoxus fultoni  Idotea 

 
Orchomene humilis  Astacilla longicornis 

 
Orchomene similis  Microjaera anisopoda 

 
Orchomenella nana  Athelges paguri 

 
Socarnes erythrophthalmus  Pleurocrypta 

 
Tmetonyx similis  Tanaidacea 

 
Austrosyrrhoe fimbriatus  Leptognathia breviremis 

 
Iphimedia perplexa  Leptognathia manca 

 
Perionotus testudo  Leptognathia paramanca 

 
Liljeborgia kinahani  Apseudes latreillii 

 
Listriella mollis  Cumacea 

 
Atylus vedlomensis  Apseudes talpa 

 
Dexamine spinosa  Cumella pygmaea 

 
Dexamine thea  Nannastacus 

 
Guernea coalita  Nannastacus unguiculatus 

 
Melitidae  Athanas nitescens 

 
Abludomelita gladiosa  Hippolytidae 

 
Cheirocratus (female)  Thoralus cranchii 

 
Gammarella fucicola  Paguridae (juv) 

 
Animoceradocus semiserratus  Anapagurus hyndmanni 

 
Maera grossimana  Galathea intermedia 

 
Maera othonis  Pagurus bernhardus 

 
Ampithoe ramondi  Pisidia longicornis 

 
Gammaropsis cornuta  Liocarcinus (juv) 

 
Gammaropsis lobata  Liocarcinus pusillus 

 
Gammaropsis maculata  Xantho pilipes 

 
Ericthonius (female)  Pilumnus hirtellus 

 

Ericthonius punctatus MOLLUSCA Leptochiton cancellatus 

 
Cheirocratus  Lepidochitona cinerea 

 
Aoridae (female)  Callochiton septemvalvis 

 

Leptocheirus hirsutimanus  Acanthochitona crinita 
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Phylum Taxa Phylum Taxa 

 
Tectura testudinalis  Arcopagia crassa 

 
Emarginula rosea  Venus verrucosa 

 
Gibbula magus  Dosinia (juv) 

 Gibbula tumida  Dosinia exoleta 

 Gibbula cineraria  Tapes rhomboides 

 Tricolia pullus  Chamelea striatula 

 Pusillina inconspicua  Venerupis senegalensis 

 Rissoa lilacina  Clausinella fasciata 

 Rissoa parva  Timoclea ovata 

 Bittium reticulatum  Hiatella arctica 

 Lacuna vincta  Azorinus chamasolen 

 Alvania beanii  Veneridae (juv) 

 Alvania cancellata  Gouldia minima 

 Alvania punctura  Mya (juv) 

 Alvania semistriata BRYOZA Tubulipora 

 Manzonia crassa  Immergentia suecica 

 Obtusella intersecta  Ramphonotus minax 

 Onoba aculeus  Amathia lendigera 

 Onoba semicostata  Aetea anguina 

 Caecum glabrum  Scruparia chelata 

 Calyptraea chinensis PHORONIDA Microporella ciliata 

 Crepidula fornicata  Phoronis 

 Euspira pulchella ECHINODERMATA Ophiuroidea (juv) 

 Lamellaria latens  Ophiothrix fragilis 

 Cerithiopsis barleei  Amphiuridae 

 Cerithiopsis tubercularis  Amphiura filiformis 

 Eulima bilineata  Amphiura chiajei 

 Hinia incrassata  Amphipholis squamata 

 Mangelia coarctata  Psammechinus miliaris 

 Raphitoma linearis  Cucumariidae (juv) 

 Brachystomia eulimoides  Leptosynapta 

 Aplysia punctata  Leptopentacta elongata 

 Striarca lactea  Leptosynapta inhaerens 

 Glycymeris glycymeris  Leptosynapta minuta 

 Onchidoris  Echinoidea (juv) 

 Archidoris pseudoargus  Echinocyamus pusillus 

 Chrysallida decussata HEMICHORDATA Enteropneusta 

 Mytilidae (juv) CHORDATA Ascidiacea (juv) 

 Modiolarca tumida  
Branchiostoma   
lanceolatum 

 Anomiidae (juv)   

 Diplodonta rotundata   

 Kurtiella bidentata   

 Goodallia triangularis   

 Parvicardium scabrum   
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Table A2 Total taxon richness for all phyla in the Treatment (T) and Control (C) conditions over 

Weeks 0, 5, 44. 

Phylum 
Week 0 Week 5 Week 44 

T C T C T C 

Annelida 88 97 56 84 80 87 
Arthropoda 61 63 45 56 54 52 
Mollusca 36 34 18 37 35 37 
Echinodermata 5 5 2 8 6 5 
Porifera 2 1 0 2 1 0 
Cnidaria 1 2 0 1 0 3 
Nemertea 1 1 1 1 1 1 
Nematoda 1 1 1 1 1 1 
Turbellaria 0 0 0 1 0 0 
Chaetognatha 0 0 0 1 0 0 
Sipuncula 1 2 1 2 2 2 
Echiura 1 1 0 1 1 1 
Bryozoa 2 2 0 2 2 0 
Phoronida 0 1 0 1 1 0 
Hemichordata 1 1 0 1 1 1 
Chordata 0 1 0 0 1 1 

 
 

 

Table A3 Total abundance of organisms for all phyla in the Treatment (T) and Control (C) conditions 

over Weeks 0, 5 and 44. 

Phylum 
Week 0 Week 5 Week 44 

T C T C T C 

Annelida 1253 1220 238 1413 977 1328 
Arthropoda 5435 3905 3589 5319 4340 2673 
Mollusca 571 401 136 417 879 585 
Echinodermata 140 80 34 188 335 179 
Porifera 5 3 0 7 4 0 
Cnidaria 1 1 0 1 0 7 
Nemertea 28 23 9 15 71 48 
Nematoda 39 27 1 24 8 25 
Turbellaria 0 0 0 1 0 0 
Chaetognatha 0 0 1 0 0 0 
Sipuncula 55 47 24 68 95 57 
Echiura 4 1 0 2 2 4 
Bryozoa 6 2 0 2 3 0 
Phoronida 0 1 0 2 1 0 
Hemichordata 4 2 0 6 2 4 
Chordata 0 1 0 0 1 1 
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Table A4 List of all phyla and associated taxa identified during photo analysis. 

Phylum Taxa 

CNIDARIA Anemone spp. 

ANNELIDA Chaetopterus variopedatus 

ARTHROPODA Cancer pagurus 
 Liocarcinus depurator 
 Inachus spp. 

MOLLUSCA Aequipecten opercularis 
 Gibbula spp. 
 Bivalve spp. 

ECHINODERMATA Marthasterias glacialis 

CHORDATA Goby spp. 

 

Table A5 Depths (m) of site locations. 

 

Site/Condition Depth (m) below CD 
 

1 Control 4.5 
1 Treatment 4.0 
2 Control 4.8 
2 Treatment 4.8 
3 Control 5.5 
3 Treatment 5.0 
4 Control 4.0 
4 Treatment 5.2 
5 Control 5.8 
5 Treatment 5.4 
6 Control 6.9 
6 Treatment 5.1 

 

 

Table A6 Noteworthy species records from species analysis. 

 

Week 0 Notes  

Crepidula fornicata is an alien in the UK 

Alvania cancellata is listed as nationally scarce 

Crassicorophium bonnellii is a cryptogenic species 

Perionotus testudo is listed as nationally rare 

Austrosyrrhoe fimbriatus is listed as nationally rare. 

 

Week 5 Notes  

Austrosyrrhoe fimbriatus and Perionotus fimbriatus are nationally rare.  

Crepidula fornicata is an alien in the UK and Crassicorophium bonnellii is cryptogenic. 

 

Week 44 Notes 

Austosyrrohe fimbriatus is Nationally Rare 

Perionotus testudo is Nationally Rare 

Crassicorophium bonnellii is Cryptogenic 

Crepidula fornicata is an alien in the UK 


