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Abstract 

Fully protected marine reserves are important tools for fisheries management and 

conservation, and can aid the recovery of degraded marine benthic communities. In this 

study the species richness, abundance and diversity of the benthic community was assessed 

inside and outside the Lamlash Bay No Take Zone; a fully protected marine reserve 

established in 2008 in the Firth of Clyde, Scotland. Benthic communities were investigated 

using photoquadrat based sampling and SCUBA. 480 photo-quadrats were collected on 12 

transects inside the reserve, whilst 428 were collected on 11 transects outside the reserve. 

Natural habitat variation caused by depth, physical habitat complexity and dominant 

substrate type was factored in by matching transects inside and outside the reserve based 

on these characteristics and performing paired analyses. The results indicated that overall 

species richness, mean colonial species richness and the mean abundance of solitary species 

was significantly greater inside the No Take Zone than outside, but that there was no 

difference in the Shannon-Weaver Species Diversity index (H’) or species evenness. Within 

these overall trends, taxonomic distinctions revealed that the combined species richness of 

bryozoans & hydroids and sponges & tunicates was significantly greater on sites inside the 

protected area than on unprotected sites. The occurrence of corallinaceous red algae was 

also significantly greater in protected sites. This suggests that the establishment of marine 

reserves can rapidly increase the biological habitat complexity created by some colonial 

epifaunal species.  
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Introduction 

Marine ecosystems worldwide face a variety of increasingly severe anthropogenic 

threats, including over-exploitation, habitat degradation and climate change (Halpern et al., 

2008; Fenburg et al., 2012). These threats can result in a number of impacts, such as 

reductions in the abundance, diversity and biomass of species (Jennings & Kaiser, 2000), 

alterations to trophic interactions and marine food webs (Pinnegar et al., 2000), and a loss 

of ecosystem functioning and associated services (Worm et al., 2006). Whilst the ultimate 

underlying cause of these threats is the burgeoning global population and its associated 

development, predicted to reach 9 billion by the middle of the century (Godfray et al., 

2010), the most frequently studied proximate cause of both overexploitation and habitat 

degradation in marine environments has been fishing (Sainte-Marie et al., 2011). It is 

therefore unsurprising that marine protected areas (MPAs) – which often prohibit the 

extraction of marine organisms to some degree – are frequently used as tools for both 

conservation and fisheries management (Halpern, 2003; Roberts et al., 2005).  

Marine reserves and their benefits 

Whilst in theory upholding a commitment to “enhance the conservation of marine 

resources” (Lubchenco et al., 2003, p. S3), MPAs vary in both the nature of activities they 

prohibit and the level of enforcement they afford (Allison et al., 1998). This variability in 

regulation is likely to limit the conservation value of some, but not all, MPAs (Lester et al., 

2009). Stricter protection is offered by fully protected marine reserves, or no-take zones, 

which form a special subset of MPAs, and are defined as ‘‘areas of the ocean completely 

protected from all extractive and destructive activities..’’ (Lubchenco et al., 2003, p. S3). 

Marine reserves therefore top the hierarchy of types of MPA on the basis of protection 

afforded, and concordantly offer the greatest benefits to marine ecosystems (Leser et al., 

2009).   

 The benefits of protection from anthropogenic activities can be manifested in a number 

of different ways. Studies have shown that closing areas to fishing can result in rapid 

increases in the biomass, diversity and abundance of marine organisms (Halpern et al., 

2003), as well as increasing overall productivity (Lubchenco et al., 2003) and improving 
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juvenile survival (Beukers-Stewart et al., 2005). The size and abundance of commercially 

exploited species can also increase in fished areas adjacent to the marine reserve via the so 

called spill-over effect (Roberts et al., 2001), whereby individuals migrate out of the reserve 

and can then be targeted by fisheries (e.g. Kelly & MacDiarmid, 2003). In addition, 

reproductive potential is typically greater inside marine reserves (Roberts et al., 2001), and 

among fish species this is likely to be a consequence of greater numbers of larger, longer 

lived and exponentially more fecund individuals (Gell & Roberts, 2003).  Adult spill-over 

from marine reserves can be supplemented by this greater reproductive potential, which 

facilitates the export of larvae and juveniles to adjacent, fished areas, and can consistently 

replenish populations depleted by fishing (Lubchenco et al., 2003; Lester et al., 2009).  

A key advantage of marine reserves as tools for conservation and fisheries management 

is that they protect the entire ecosystem, as opposed to traditional measures, such as catch 

quotas, which are typically aimed at a single species (e.g. Pauly, 2002). This reflects a 

growing shift in management priorities towards ecosystem based fisheries management,  

which acknowledges the need for a more holistic approach (e.g. Zhou et al., 2010) that can 

avoid many of the ecologically destructive effects of fishing on non-target species (Halpern 

et al., 2010). The implementation of complete, top down protection through marine 

reserves permits the recovery of all organisms within marine ecosystems, as well as the 

trophic interactions between them (Halpern et al., 2010). This may also translate into 

benefits for fisheries via the maintenance of more complete ecosystems, which could have 

positive effects on commercially important target species (Howarth et al., 2011).  
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Figure 1a: Diagram of otter bottom trawl, 
showing trawl doors & rock hopper gear 

Figure 1b: Diagram of ‘Newhaven’ scallop dredge 
commonly used in UK scallop fisheries 

 

 

Source: Watling & Norse (1998) Source: Boulcott & Howell (2011) 

 

Destructive fishing and its effects on the benthic community 

The protection of benthic habitats from mobile fishing gears such as scallop dredges and 

bottom trawls is an important contributing factor to the effectiveness of marine reserves 

(e.g. Sumaila et al., 2000). Bottom trawls typically use heavy trawl doors (in the case of otter 

trawls) or beams to hold the mouth of the trawl open, which can weigh several tonnes 

(Watling & Norse, 1998). They are often fitted with ‘rock-hopper’ gear – heavy rubber or 

steel rollers (see Figure 1a) - which allow them to be dragged over rough terrain that would 

otherwise snag the nets, and which effectively leaves very few areas of the seabed globally 

out of reach of the bottom trawl (Roberts et al., 2002). Scallop dredges (see figure 1b), 

consist of toothed steel frames fitted with chainmesh bags, which rake through the top 

layers of the seabed to sift out scallops (Watling & Norse, 1998).  

Unsurprisingly, given their size and the nature of their use, the effects of both bottom 

trawls and dredges on marine benthic communities are largely destructive (Jennings & 

Kaiser, 2000; Kaiser et al., 2002). Collie et al. (1997) have reported significantly reduced 

abundance, biomass and diversity of colonial epifauna in sites disturbed by bottom trawls 

off the Georges Bank when compared with undisturbed control sites. The epifauna in 

question included hydroids, bryozoans and tubeworms, and these were observed to provide 

a complex habitat for various benthic macrofauna including shrimps, mussels, brittle stars 
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and small fish (Collie et al., 1997). In addition, many of these benthic macrofauna were later 

found in the stomachs of commercially important demersal fish species in the area, 

highlighting the significance of the benthic habitat and organisms (Collie et al., 1997).  

Similar trends have also been observed in European waters. Hinz & Kaiser (2009) 

reported significantly reduced infaunal and epifaunal species richness and abundance along 

a gradient of increasing bottom trawl intensity for the Norway lobster (Nephrops 

norvegicus) in the Irish Sea, whilst North Sea beam trawls of an experimental area resulted 

in a decrease in density for some benthic organisms of up to 65% (Bergmann & Hup, 1992). 

Extensive bottom trawling is also thought to result in an increase in the abundance of 

scavenging species due to greater food availability, which is linked to organisms damaged or 

killed by trawls and discards (Duineveld et al., 2007). Scallop dredging has been implicated 

in a reduction in biomass of maerl, a corallinaceous red algae which is known to offer 

important habitat complexity, (Howarth et al., 2011), of up to 70% relative to control sites 

(Hall-Spencer, 2000). Other studies have recorded large numbers of molluscs, crustaceans 

and echinoderms damaged or killed by experimental dredges (Eleftheriou & Robertson, 

1992), whilst Bradshaw et al. (2002) recorded greater habitat heterogeneity in undredged 

areas.  

The role of the marine benthic community  

Concern about the state of the benthic community arises because of its fundamental role 

in marine ecosystems. The presence of three dimensional physical structures such as 

pebbles, cobbles and boulders, which can all be disturbed by mobile fishing gears, provide a 

heterogeneous habitat with many ecological niches (Bradshaw et al., 2002; Garcia-Charton 

et al., 2004). In turn this physical habitat complexity supports biological habitat complexity, 

and typically supports a variety of colonial epifauna such as bryozoans, hydroids and 

tunicates (Bradshaw et al., 2002). Bradshaw et al. (2003) have noted that epifaunal hydroids 

with an upright growth form can significantly boost species diversity in the Irish Sea. These 

epifauna are thought to be especially vulnerability to damage from mobile fishing gears, due 

to their fragile growth forms and susceptibility to smothering by the sediment stirred up by 

trawls (Bradshaw et al., 2000).  
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A physically and biologically complex benthic habitat can provide shelter, food and 

attachment surfaces for other species (Watling & Norse, 1998; Wood et al., 2012). Marine 

habitat complexity is significantly correlated with both species richness and biomass (Airoldi 

et al., 2008), and is also positively linked to the recruitment of many species (Roberts & 

Polunin, 1991; Bradshaw et al., 2002). As a result, many areas of especially complex marine 

benthic habitat, such as maerl (Corallinaceae spp.) and seagrass (Zostera spp.) beds, are 

thought of as nursery grounds, as they tend to be highly productive and contribute 

significantly to the survival and growth of juveniles, and their export into surrounding areas 

(Howarth et al., 2011). It is only by the prohibition of destructive fishing practices such as 

dredging and trawling that benthic communities can fulfil their ecological roles to the full, 

and full protection through marine reserves currently represents one of the best ways to do 

this.   

Marine reserves in the UK 

Despite recommendations that 30% of UK waters should be protected (RCEP, 2004), 

there are just three marine protected areas with full no take zone protection in the UK, 

covering just 0.01% of its waters (Guardian, 2012). These are at Lundy in the Bristol Channel, 

at Flamborough Head on the Yorkshire coast and in Lamlash Bay on the Isle of Arran, in the 

Firth of Clyde. This study is focussed on the last of these, the Lamlash Bay No Take Zone 

(referred to hereafter as NTZ), the establishment of which was the culmination of a long 

campaign by the Community of Arran Seabed Trust (COAST), a community run, not-for-

profit organisation which represents the environmental concerns of Arran residents. The 

NTZ received full legal protection via the Inshore Fishing (Prohibition on Fishing) (Lamlash 

Bay) (Scotland) Order in September 2008, which prohibited the removal of any marine 

organism from the designated area, thus covering both recreational and commercial 

fisheries. Table 1 lists the objectives of the Lamlash Bay NTZ.  
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Table 1: Objectives of the Lamlash Bay NTZ 

1 To promote the recovery of maerl beds (various species of coralline red algae; typically 
Lithothamnion corallioides, Lithothamnion glaciale and Phymatolithon calcareum) and to 
regenerate ecosystems in a heavily degraded marine environment.  

2 To provide an economic boost to the local economy by attracting visitors and diving based 
tourism. 

3 To provide boosts to fisheries in the area by allowing stocks to recover, and through the spill-
over of these stocks into adjacent non-protected areas. 

Source: COAST (2012) 

The state of the Clyde marine environment 

The 1st NTZ objective in Table 1 refers to a heavily degraded marine environment; this is 

the Firth of Clyde, which contains the Lamlash Bay NTZ, and has been the site of decades of 

intensive fishing using mobile gears (Thurstan & Roberts, 2010). The majority of stocks have 

been so overfished that only two commercially viable fisheries remain; one dredging for 

scallops (the king scallop Pecten maximus and, to a lesser extent, the queen scallop 

Aequipecten opercularis) and one using bottom trawls to catch Nephrops norvegicus 

prawns, and these now dominate landings by both biomass and value (Thurstan & Roberts, 

2010). Even amongst different bottom trawl fisheries, the fine mesh size typically used in 

Nephrops norvegicus bottom trawling is widely acknowledged to make it particularly 

indiscriminate with regard to bycatch, with one study in the Clyde reporting 9kg of discards 

for every 1kg of Nephrops (Bergmann et al., 2002a). Whilst scallop and Nephrops fisheries 

may currently be commercially viable, there is concern that this is at the expense of the 

entire Clyde marine ecosystem (Thurstan & Roberts, 2010). Repeated bottom trawling can 

render large areas of seabed incapable of supporting anything but the target Nephrops, and 

such monocultures can be vulnerable to disease and lack resilience to environmental change 

(Roberts, 2009).  

Aim 

Bearing in mind the significant role benthic communities play in the marine ecosystem, 

this study is chiefly concerned with aspects of the 1st objective of the Lamlash Bay NTZ 

(Table 1). The principal aim is to compare the benthic communities inside and outside the 

Lamlash Bay NTZ, and to determine if there are significant differences in abundance, species 

richness and diversity. 
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Materials & Methods 

Study site 

Lamlash Bay is located on the eastern side of the Isle of Arran, in the Firth of Clyde, North 

Ayrshire, Scotland (see Figure 2), and the 2.67 km2 NTZ is located in the northern part of the 

bay (Figure 3). The seabed is generally dominated by mud, sand and broken shell (Axelsson, 

2009), although boulder slopes and sublittoral rocks do exist along the northern and 

southern coastlines of the bay and around Holy Isle. Areas of mixed sediments such as rock, 

cobbles and boulders occur on the seabed throughout the bay (Duncan, 2003). As noted in 

the aims of the NTZ, biological substrata of particular interest are maerl beds (Corallinaceae 

spp.), which have been reported in the north of Lamlash bay, alongside seagrass beds 

(Zostera spp.) (Duncan, 2003). Maximum depths within Lamlash bay are around 43m below 

chart datum (Axelsson, 2009), but these are recorded outside the NTZ, with the maximum 

depth within the protected area ranging between 0 and 29m (Howarth et al., 2011).  

Figure 2: Lamlash Bay and (inset) location of Arran within the Firth of Clyde and Scotland 

 
Source: Axelsson et al. (2009) 
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Sampling 

The comparison of the benthic 

communities within and outside the 

NTZ was achieved using photoquadrat 

based sampling along line transects 

during June, July and August of 2011. 

Advantages of this technique are that it 

is a relatively efficient way to collect 

large amounts of data, which can be 

analysed later, and which provide a 

lasting visual record of the study site 

(Leujak & Ormond, 2007; Van Rein et 

al., 2011). As an alternative to semi-

quantitative, observation based 

methods, which can be influenced by 

diver subjectivity, photo-quadrats are a 

useful long term monitoring solution 

(Van Rein et al., 2011).  

The locations of transects were chosen based on prior knowledge of substrate and depth 

(from Howarth et al., 2011) and were selected to ensure as equal representation of 

different physical environmental factors inside and outside the NTZ as possible. Figure 4 

shows the distribution of all transects within and outside the NTZ, whilst Table 2 lists the 

physical characteristics of each of the sites. Note that the denotation ‘MPA’ refers to 

transects on sites located in the area of a proposed MPA, but which have not actually 

received any protection, and thus for the purposes of this analysis can be grouped with 

‘OUT’ sites, which are outside the NTZ. These can jointly be compared with ‘NTZ’ transects, 

which are located within in the boundaries of the NTZ.  

   

Figure 3: Boundaries of the Lamlash Bay NTZ 

Source: Axelsson et al. (2009) 
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Figure 4: Location of transect sites inside and outside the NTZ 

 
Source: Howarth et al. (2011) 
 

Table 2: Physical characteristics of transect sites 

Transect Depth/m Predominant substrate Physical habitat complexity* 

MPA 1 17.8 Sand No 
MPA 2 15.6 Mud Yes 
MPA 3 21.9 Sand No 
MPA 4 17.5 Sand Yes 
MPA 5 24.0 Sand Yes 
MPA 6 26.6 Mud No 
NTZ 3 10.7 Dead maerl No 
NTZ 4 18.2 Sand No 
NTZ 5 14.3 Mud Yes 
NTZ 7 8.1 Kelp No 
NTZ 8 19.0 Sand Yes 

NTZ 10 20.0 Sand No 
NTZ 11 18.6 Mud No 
NTZ 12 12.0 Sand Yes 
NTZ 13 12.6 Dead maerl No 
NTZ 14 15.7 Sand No 
NTZ 16 12.8 Mud Yes 
NTZ 21 19.5 Mud Yes 
OUT 1 20.0 Mud Yes 
OUT 4 16.0 Dead maerl Yes 
OUT 6  16.5 Mud Yes 
OUT 8 25.8 Mud Yes 

OUT 10 20.0 Dead maerl No 

*This refers to the presence or absence of pebbles, cobbles or boulders
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Transect sites were located based on GPS coordinates from Howarth et al. (2011), and a 

50m leaded line laid at each site, taking care to lay the transect along the same depth 

contour. Once set, tension was then applied to the transect line to ensure that it was 

straight, and therefore that the survey distance was the same for each transect. A 1m2 

quadrat was then placed at marked 5m intervals along the transect line by a team of divers 

using SCUBA. The placement of the quadrat over the transect line, in conjunction with 

markings at 50cm on each side of the quadrat, allowed for the 1m2 quadrat to be split into 

four 0.25m2 quadrats (see Figure 5a & 5b), which could then be photographed individually 

at a reduced distance relative to the entire quadrat, increasing the detail in each of the 

resultant images (after Leujak & Ormond, 2007).  

Photographs were taken using a Canon Powershot S95 digital camera in a Canon WP-

DC38 housing. Lighting, where required, was provided by two Ikelite Pro LED V8 underwater 

video lights. In shallow water (less than 15m depth), we used an underwater green water 

colour correction filter and ambient light. Images were shot in RAW format to allow for 

correction of white balance, exposure and contrast in post-processing. 

A total of 908 0.25m2 photoquadrats are used in this study, comprising 480 from 12 

transects inside the NTZ and 408 from 11 transects outside the NTZ. The discrepancy in 

numbers of photoquadrats, over and above the amount expected from one less transect 

outside the NTZ, can be attributed to the physiological constraints imposed by diving 

decompression limits at some sites, which limited survey time.  

Figure 5a: Placement of 1m2 quadrat Figure 5b: Example of 0.25m2 quadrat 

  
Source: own work 
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Analysis 

During analysis, a distinction was made between discrete solitary organisms and colonial 

benthic epifauna (see Table 3). The consolidation of bryozoans with hydroids and sponges 

with colonial tunicates was because of the difficulties of working with large number of zero 

values when analysing taxa individually, but also reflects broad similarities in functional role 

and growth habit (e.g. Gili & Coma, 1998).  

The distinction between colonial and solitary species was necessary because of the 

difficulties involved in measuring the abundance of colonial epifauna. Initial attempts to use 

percentage cover by overlaying a series of randomly distributed points using the software 

Coral Point Count with Excel Extensions, (see Kohler & Gill, 1996) were unsuccessful, due to 

the extremely low proportion of a typical photoquadrat that was covered by colonial 

epifauna, and thus the low likelihood of a randomly distributed point falling upon any 

colonial species in the image. This technique works well in situations which have a high 

proportional cover of colonial species, mostly notably tropical coral reefs, but has also been 

used successfully on a heterogeneous temperate boulder slope (Van Rein et al., 2011). 

However, its application in a largely sedimentary & degraded environment such as this may 

be of limited value.  

Table 3: Distinction of taxonomic groups in colonial and solitary categories 

Taxonomic group Growth habit Examples 

Macroalgae Colonial Heterosiphona japonica, Corallinacea spp. 
Bryozoans & hydroids Colonial Electra pilosa, Nemertesia antennia 
Sponges & colonial tunicates Colonial Clavelina lepadiformis , Halichondria panicea  
Anemones Solitary Cerianthus lloydi, Sagartia elegans 
Molluscs Solitary Turritella communis, Arctica islandica 
Echinoderms Solitary Asterias rubens, Astropecten irregularis 
Crustaceans Solitary Balanus spp., Liocarcinus depurator 
Annelids Solitary Pomatoceros spp., Chaetopterus spp. 

 

Instead, therefore, for each 0.25m2 quadrat, total species richness and abundance were 

recorded for solitary species. This allowed for the measurement of diversity for each 

transect via the Shannon-Weaver diversity index, as well as species evenness using a simple 

extrapolation from this (see Table 4). For colonial species, only species richness was 

recorded, for the reasons outlined above, which prohibited the calculation of diversity 

indices.  
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Table 4: Calculation of Shannon-Weaver Diversity Index & Evenness Index 

Diversity index Formula 
Shannon-Weaver Diversity Index 

               

 

   

 

 
Evenness Index          

 
Where s=species richness & Pi

 = proportion of individuals of species i in the community 

 

Overall trends 

The overall species richness, colonial species richness, abundance of solitary species and 

diversity/evenness of solitary species inside and outside the NTZ were compared using t-

tests, or the non-parametric equivalent, the Mann-Whitney U test, where appropriate. In 

addition, the mean summed abundance of three recognised scavenger species, Liocarcinus 

depurator, Cancer pagarus and Asterias rubens (after Bergmann et al., 2002b) inside and 

outside the NTZ was also compared in order to test the hypothesis that a greater 

abundances of these species outside the NTZ might reflect increased food availability from 

trawl or dredge damaged organisms and detritus. Given its recognised importance in 

providing habitat complexity and prominent position in the agenda of COAST, the overall 

mean density of Corallinaceae spp. was also compared inside and outside the NTZ.  

Habitat pairings 

In order to account for possible variation in species richness, abundance and diversity 

attributable to habitat variation, a set of habitat pairs, each consisting of one site inside the 

NTZ and one site outside the NTZ, was constructed based on the physical characteristics of 

each transect site identified in Table 1. Formation of the pairs was based upon preliminary 

tests to establish whether any of the environmental variables (depth, habitat complexity 

and predominant substrate – see table 2) had an effect upon: 

1) Species richness of both colonial and solitary species across all transects 

2) Abundance of solitary species across all transects 

The results of this preliminary analysis can be seen in Table 5. A significant effect was 

only observed for the effect of depth upon species richness (see Figure 6). 11 habitat pairs 

were thus constructed primarily on the basis of depth (see Appendix A for details). As the 
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total number of transects was uneven (n=23), the transect NTZ 7, which had a substrate 

predominantly consisting of kelp, was excluded from this part of the analysis.  

The resultant habitat pairs were then allowed tested using paired t-tests (or Wilcoxon 

matched pairs signed rank tests if parametric assumptions were not met).  For each test, we 

also tested was significantly effective using correlation coefficients. As well as looking at the 

overall trends within paired analyses, we also examined the effect of NTZ protection on 

each of the taxonomic distinctions listed in Table 3.  

Table 5: Results of preliminary analysis to determine habitat pairings 

Description Statistical test  Result 

Species richness v depth Linear regression R2 =0.42, 22 d.f, p=0.0009* 
Species richness v substrate type Kruskal-Wallis H=0.69,n1=4, n2=9, n3=9 p=0.7079 
Species richness v habitat complexity Mann-Whitney U U=48, n1=11, n2=12, p=0.2805 
Solitary abundance v depth Linear regression R2 =0.04, 22 d.f, p=0.3396 
Solitary abundance v substrate type Kruskal-Wallis H=0.20, n1=4, n2=9, n3=9 p=0.9062 
Solitary abundance v habitat complexity Mann-Whitney U U=65, n1=11, n2=12, p=0.9755 

*denotes a significant result at the 95% significance level 
 

Figure 6: Effects of depth on species richness across all transects 
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Results 

Overall trends in species richness, abundance & diversity 

NB: * denotes a significant result at the 95% significance level (p<0.05). 

Overall mean species richness per 0.25m2 quadrat was significantly within the NTZ than it 

was outside (see Figure 7).  This trend was repeated for mean colonial species richness 

(Figure 8). The mean abundance of solitary species was also significantly higher within the 

NTZ than outside (Figure 9).  
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Figure 7: Mean species richness of both colonial 
and solitary species per 0.25m2 quadrat inside 
(NTZ) and outside (OUT) the no take zone (error 
bars represent +/- standard error of the mean). 
 
Mann Whitney U, U=66051, n1=480, n2=428, 
p=<0.0001* 
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Figure 8: Mean species richness of colonial 
species per 0.25m2 quadrat inside (NTZ) and 
outside (OUT) the no take zone (error bars 
represent +/- standard error of the mean). 
 
Mann Whitney U, U=53226, n1=480, n2=428, 
p=<0.0001* 
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Figure 9: Mean abundance of solitary species per 
0.25m2 quadrat inside (NTZ) and outside (OUT) 
the no take zone (error bars represent +/- 
standard error of the mean). 
 
Mann Whitney U, U=86006, n1=480, n2=428, 
p=<0.0001* 
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After refining this abundance data to select just the three principal scavenging species 

(after Bergmann et al., 2002), a significant difference was not observed in the mean number 

of individuals per 0.25m2 quadrat (Figure 10). However, the mean incidence of Corallinaceae 

spp. per 0.25m2 quadrat was significantly higher within the NTZ than outside (Figure 11).  
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Figure 10: Mean summed abundance of Asterias 
rubens, Liocarcinus depurator & Cancer pagarus 
(selected scavenging species) per 0.25m2 
quadrat inside (NTZ) and outside (OUT) the no 
take zone (error bars represent +/- standard 
error of the mean). 
 
Mann Whitney U, U=98672, n1=480, n2=428, 
p=0.0985 

N
TZ

O
U
T

0.0

0.1

0.2

0.3

Zone

M
e
a
n

 o
c
c
u

re
n

c
e

 p
e
r 

q
u

a
d

ra
t

 

Figure 11: Mean occurrence of Corallinacea spp. 
Per 0.25m2 quadrat inside (NTZ) and outside 
(OUT) the no take zone (error bars represent +/- 
standard error of the mean).  
 
Mann Whitney U, U=82988, n1=480, n2=428, 
p=<0.0001* 

Neither mean Shannon-Weaver species diversity nor mean species evenness per transect 

differed significantly between transects inside and outside the NTZ (see Figures 11 & 12). 
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Figure 12: Mean Shannon-Weaver diversity 
index score for solitary species per transect 
inside (NTZ) and outside (OUT) the no take zone 
(error bars represent +/- standard error of the 
mean). 
 
Unpaired t-test, t=0.2130, 21 d.f., p=0.8334 
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Figure 13: Mean Shannon-Weaver Evenness 
score for solitary species per transect inside 
(NTZ) and outside (OUT) the no take zone (error 
bars represent +/- standard error of the mean). 
 
Unpaired t-test, t=0.0893, 21 d.f., p=0.9297 

 

Results from habitat pair analyses 

Overall, with the inclusion of habitat pairs, the total species richness was significantly 

greater for transects inside the NTZ as opposed to those outside (Figure 14), as was the 

colonial species richness (Figure 15).  
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Figure 14: Species 
richness for each 
transect inside (NTZ) 
and outside (OUT) the 
no take zone, by 
habitat pair. 
 
Paired t-test, t=3.113, 
10 d.f., p=0.0110* 
 
Significantly effective 
pairing: yes 
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Figure 15: Mean 
colonial species 
richness per 0.25m2 
quadrat for each 
transect inside (NTZ) 
and outside (OUT) the 
no take zone, by 
habitat pair (error bars 
represent +/- standard 
error of the mean). 
 
Paired t-test, t=2.761, 
10 d.f., p=0.0201* 
 
Significantly effective 
pairing: yes 

 

Following the incorporation of the habitat pairs the effect of NTZ protection on the mean 

abundance of solitary species was no longer significant (Figure 16), despite the overall trend 

of greater abundance of solitary species inside the no take zone observed in Figure 10.  
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Figure 16: Mean 
abundance of 
solitary species per 
0.25m2 quadrat for 
each transect inside 
(NTZ) and outside 
(OUT) the no take 
zone, by habitat 
pair (error bars 
represent +/- 
standard error of 
the mean). 
 
Paired t-test, 
t=0.5435, 10 d.f., 
p=0.5987 
  
Significantly 
effective pairing: 
yes 

 

There was no significant difference observed between Shannon-Weaver diversity index 

scores (Figure 17) and the Shannon Evenness scores, when tested in habitat pairs (Figure 

18).  
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Figure 17: Shannon-
Weaver diversity 
index scores for each 
transect inside (NTZ) 
and outside (OUT) 
the no take zone, by 
habitat pair.  
 
Paired t-test,  
t=0.004870, 10 d.f., 
p=0.9962 
 
Significantly 
effective pairing: no 

1 2 3 4 5 6 7 8 9 10 11

0.0

0.2

0.4

0.6

0.8

1.0
NTZ

OUT

Habitat pair

S
h

a
n

n
o

n
-W

e
a
v
e
r

 E
v
e
n

n
e
s
s

 

Figure 18: Shannon 
Evenness scores for 
each transect (NTZ) 
and outside (OUT) 
the no take zone, by 
habitat pair. 
 
Paired t-test, 
t=0.4453 df=10, 
p=0.6656 
 
Significantly 
effective pairing: no 
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Taxonomic distinctions & habitat pairings 

Of the 8 taxonomic distinctions, significant differences in paired analyses were observed 

for two groups; hydroids & bryozoans (Figure 19) and sponges & colonial tunicates (Figure 

20). There was no significant difference observed in paired analyses for macroalgae, 

anemones, molluscs, echinoderms, crustaceans and annelids (see Table 6).  
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Figure 19: Mean 
summed species 
richness per quadrat of 
bryozoans & hydroids 
for each transect inside 
(NTZ) and outside 
(OUT) the no take 
zone, by habitat pair 
(error bars represent 
+/- standard error of 
the mean). 
 
Wilcoxon matched 
pairs signed rank test, 
W=48, d.f.=10, 
p=0.0322 
 
Significantly effective 
pairing: yes 
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Figure 20: Mean 
summed species 
richness per quadrat of 
sponges & colonial 
tunicates for each 
transect inside (NTZ) 
and outside (OUT) the 
no take zone, by 
habitat pair (error bars 
represent +/- standard 
error of the mean).  
 
Wilcoxon matched 
pairs signed rank test, 
W=43, d.f.=10, 
p=0.0078 
 
Significantly effective 
pairing: yes 
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Table 8: Non significant results from taxonomic distinctions and habitat pairings 

Taxonomic group Test used Result Effective pairing 

Macroalgae Paired t-test t=2.118 df=10, p=0.0602 
 

Yes 

Anemones Wilcoxon matched pairs 
signed rank test 

W=4, d.f.=10, p=0.8984 
 

No 

Molluscs Wilcoxon matched pairs 
signed rank test 

W=46, d.f.=10, p=0.0508 No 

Echinoderms Paired t-test t=0.3189 df=10, 0.7564 Yes 

Crustaceans Paired t-test t=0.9901 df=10, p=0.3455 No 

Annelids Paired t-test t=0.7301 df=10, p=0.4821 No 

 

Discussion 

The general trends of greater overall species richness, greater colonial species richness 

and greater abundance of solitary species inside the NTZ may suggest a recovery of the 

benthic community inside the NTZ relative to outside.  

Regarding the use of species richness as a metric, some studies have shown that whilst 

habitat protection can increases species richness (e.g. Halpern, 2003), frequent disturbance 

can also increase localised species richness relative to undisturbed areas (e.g McCabe & 

Gotelli, 2000), with peak species richness often hypothesised to occur at intermediate levels 

of disturbance (Kondoh, 2001). Therefore, one might expect species richness to be higher in 

areas outside the no take zone, which are subject to disturbance from fishing. That we did 

not observe such trends, and that species richness was consistently greater inside the NTZ in 

our study, could either indicate that levels of disturbance outside the NTZ failed to achieve 

this intermediate state, or that NTZ protection is having a positive effect.  

The lack of a significant difference in Shannon-Weaver diversity and species evenness 

between transects in the NTZ and transects outside is perhaps not unexpected. In a similar 

study using photographs of trawl disturbed benthic communities, Collie et al., (1997) 

reported that species evenness (an extrapolation of diversity) was greater at disturbed sites, 

and hypothesised that this could be attributed to regular disturbance from mobile fishing 

gear preventing a species becoming numerically dominant, as often happens eventually via 

ecological succession. The significantly greater occurrence of Corallinaceae spp. inside the 

no-take zone is encouraging, however it possible that this not a consequence of NTZ 
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protection.  As the preservation of maerl beds is a key objective of the NTZ, and that Duncan 

(2003) observed the presence of maerl in the north of Lamlash Bay prior to the 

establishment of the NTZ, it is conceivable that the boundaries of the NTZ simply encompass 

areas of greater existing natural maerl occurrence.  

That scavenger abundance did not differ significantly between the NTZ and outside could 

have been a consequence of the relatively small size of the NTZ (2.67km2). Scavenging 

species are typically relatively mobile, with the adult common starfish (Asterias rubens) 

recorded moving across distances of 10km (MARLIN, 2012). It is therefore possible that the 

three scavenging species studied frequently cross the boundaries of the NTZ. This 

movement could be driven by on the one hand the potentially increased food availability 

outside the NTZ, deriving from trawl or dredge damaged organisms or detritus (as noted by 

Duineveld et al., 2007), whilst on the other the increased species richness of colonial 

organisms inside the NTZ noted in this study, which increase the habitat complexity.  

The power of the habitat pair analyses is obviously dependent upon how effectively the 

11 habitat pairs were constructed. Logistical constraints and natural variability combine to 

mean that it is effectively impossible to find precise microhabitat matches inside and 

outside the NTZ. However, that pairing was significantly effective in just 53% (7/13) of our 

paired analyses indicates our process of habitat pair construction needs improvement, 

assuming that there is variation in richness, diversity and abundance between microhabitats 

(which seems highly likely).  In addition, that we did not observe a significant effect of 

habitat complexity or predominant substrate type on benthic species richness or abundance 

when constructing the habitat pairs (see Materials and Methods) is not in accordance with 

much of the literature (e.g. Watling & Norse, 1998; Airoldi et al., 2008; Kaiser & Jennings, 

2009) and suggests that greater differentiation between habitats at a finer scale may be 

needed to reveal trends.  

Regarding this greater differentiation between habitats, we also constructed species 

accumulation curves (for solitary species) for 3 randomly selected transects (Figure 21). A 

reduction in the number of quadrats per transect from 40 to 30 (25%) would still typically 

result in >80% of the original species richness observed. Whilst this is not ideal, a 
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redistribution of sampling effort towards sampling a greater variety of habitats at finer 

resolution would likely prove to be more valuable ultimately.    

 

 

Figure 21: Species 
accumulation plots for three 
randomly selected transects. 
The plateauing demonstrates 
that a redistribution of 
sampling effort could be 
worthwhile.   

 

The lack of significant relationships observed for the effect of NTZ protection on a 

number of taxonomic groups should be interpreted caution, as an overwhelmingly 

substantial proportion (89.11%) of individuals recorded belonged to one of four generalist 

taxa; Cerianthus lloydi , Pomatoceros spp., Balanus spp., and Turritella communis. Therefore 

this may have masked trends in the abundance of other species within the taxonomic 

groups that contained these numerically dominant taxa.  

The results obtained for the increased species richness of both hydroids/bryozoans and 

tunicates/sponges are encouraging, as these fragile epifauna are particularly vulnerable to 

trawl damage (Bradshaw et al., 2002), and provide important habitat complexity (e.g. Wood 

et al., 2012).  

The single biggest limitation of the study was almost certainly our inability to quantify the 

abundance of colonial species as percentage cover (see Materials & Methods). This 

restricted our analysis to the use of presence or absence data for each species per 0.25m2 

quadrat. While it is true that with a large sample size (n=908 in this study), presence or 

absence data can act as a proxy for abundance, it is not a true representation. We also 

experienced some difficulties with lighting on the photographs at deeper sites (usually over 

15m). This was likely a consequence of the use of video lights, which typically create a 
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relatively narrow field of illumination. A wider angle of illumination could potentially be 

obtained by using a conventional strobe (as in Van Rein et al., 2011). Photoquadrat based 

methods also face inherent limitations when it comes to accurately characterising 

communities dominated by bushy colonial epifauna such as macroalgae, which may shade 

species below, and infaunal or cryptic species (Pech et al., 2004; Van Rein et al., 2011).  It is 

therefore possible that in these situations photoquadrat surveys would need to 

supplemented with diver observations (for macroalgal shading) or sediment core sampling 

(for infaunal species). An additional serious limitation is the absence of baseline data for the 

study area collected prior to the establishment of the NTZ. This would have facilitated a 

before and after comparison; an approach which typically allows conclusions to be drawn 

with the greatest confidence.  

A possible reason why a more pronounced recovery of benthic communities inside the 

NTZ was not observed could be the time scale involved. The data in this study was collected 

after just under 3 years of protection (NTZ established September 2008). Even after 25 years 

of NTZ protection in the Leigh Marine Reserve in New Zealand, studies have indicated that 

benthic communities are still changing in abundance and composition (Shears & Babcock, 

2003). For artificially disturbed sites in the North Sea, Kaiser et al., (1998) have reported that 

physical trawl disturbance was no longer evident after 6 months, but that benthic 

community recovery took longer. It is possible that benthic recovery in the Lamlash Bay NTZ 

may be reduced due to limited larval production in the Clyde as a whole, given the level of 

environmental degradation (e.g. Thurstan & Roberts, 2010), however this seems unlikely 

given the dispersal potential of the majority of marine invertebrates (Grantham et al., 

2003). 

In summary, we would suggest that the results of this study indicate greater species 

richness of all species and a greater overall abundance of solitary species within the Lamlash 

Bay NTZ. Taxonomic distinctions suggest that there was a greater species richness and 

occurrence of bryozoans, hydroids, sponges, tunicates and Corallinaceae spp., which are 

important in providing benthic habitat complexity. However, our attempts to control for 

habitat variation by using paired analyses were not entirely successful, and it is therefore 

difficult to attribute these observed trends entirely to NTZ protection, as they could instead 

be a consequence of habitat variation.  Further differentiation of habitat a finer scale may 
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be needed to conduct further paired analyses in this way. Future monitoring of the benthic 

environment in the Lamlash Bay NTZ will also be important in determining longer term 

trends in recovery. Overall, however, the results obtained here are encouraging, and 

suggest that benthic communities in temperate marine reserves can display rapid positive 

responses to habitat protection, supporting the continued calls for further protection of UK 

waters using no take zones.  
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Appendix A: Habitat pairings 

Habitat 
pair 

NTZ 
Transect Depth/m 

Dominant 
substrate  

Habitat 
complexity 

Out 
Transect Depth/m 

Dominant 
substrate 

Habitat 
complexity 

1 NTZ 10 20 Sand No MPA 6 26.6 Mud No 

2 NTZ 21 19.5 Mud Yes OUT 8 25.8 Mud Yes 

3 NTZ 8 19 Sand Yes MPA 5 24 Sand Yes 

4 NTZ 11 18.6 Mud No MPA 3 21.9 Sand No 

5 NTZ 4 18.2 Sand No OUT 1 20 Mud Yes 

6 NTZ 14 15.7 Sand No OUT 10 20 Dead maerl No 

7 NTZ 12 12 Sand Yes MPA 1 17.8 Sand No 

8 NTZ 3 10.7 Dead maerl No OUT 4 16 Dead maerl Yes 

9 NTZ 13 12.6 Dead maerl No OUT 6  16.5 Mud Yes 

10 NTZ 5 14.3 Mud Yes MPA 2 15.6 Mud Yes 

11 NTZ 16 12.75 Mud Yes MPA 4 17.5 Sand Yes 



31 
 

 


