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Abstract 

Increasing human populations are causing rocky breakwaters to become common 

features along coastlines. However, knowledge is scarce about the role of breakwaters as 

intertidal habitat. This study is the first to investigate the assemblage ecology of habitat 

found on rocky breakwaters compared to natural rocky intertidal areas in the North 

Atlantic coast of North America so that the potential effects of artificial rocky structures 

can be understood. Percent coverage of macro-algae and macro-invertebrates were 

quantified on breakwaters near Arisaig, in the Southern Gulf of St. Lawrence (sGSL) to 

investigate possible temporal confounds in the main study, from June-August 2010. No 

significant differences were seen over the months for richness and abundance data, and 

June differed from the July and August for community composition. Then, percent 

coverage of sessile biota was quantified at exposed and sheltered areas on breakwaters 

and natural rocky shores along 430 km of the sGSL. Richness and abundance in sheltered 

areas of breakwaters were both less than in sheltered areas of natural rocky areas. 

Breakwaters had significantly different community composition compared to natural 

rocky shores and between wave exposed and sheltered areas. Semibalanus balanoides 

were more abundant on natural rocky shores than breakwaters and were found in higher 

abundance at exposed areas than sheltered areas. Ulva intestinalis had higher abundances 

on breakwaters than natural rocky shorelines and U. intestinalis, Fucus spp. and 

Ascophyllum spp. had higher abundances in sheltered areas than exposed areas of 

breakwaters. This study showed that biotic communities on breakwaters are substantially 

different than the surrounding natural rocky shores throughout the sGSL. 
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Chapter 1 

General Introduction 
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Introduction 

Artificial coastal protection structures have become a common attribute of any 

area of coastline inhabited by humans. Overall, there are more than 400 artificial rocky 

structures in the southern Gulf of St. Lawrence of which 140 are breakwaters. They are 

constructed to reduce erosion, prevent flooding, and stabilize coastal areas as well as 

provide a safeguard for commercial and recreational human activities (Bohnsack & 

Sutherland 1985, Pickering et al. 1998, Bacchiocchi & Airoldi 2003, Blockley 2006). 

While beneficial in many regards, the structures cause varying scales of ecological 

changes. 

Currently, more than 60% of the human population is living in coastal areas and 

this is projected to increase to over 75% by 2030 due to population expansion and our 

affinity for coastal regions (EEA 2006, Airoldi & Beck 2007). Climate change 

predictions for increased severity of meteorological events and sea-level rise are 

furthering this demand for artificial rocky structures (Collins et al. 1994, Glasby & 

Connell 1999, Thompson et al. 2002, Bacchiocchi & Airoldi 2002, Martins et al. 2008). 

Increased urbanization coupled with climate change in coastal areas will result in an 

increased need for artificial rocky structures to protect shorelines (Vaselli et al. 2008). 

While the number of artificial rocky structures introduced into coastal 

environments is growing, very little is known about how they function as habitat for 

plants and animals, and specifically how they compare to the surrounding habitat (Bulleri 

2006, Pister, 2009, Bulleri & Chapman 2010). In order to manage and sustain healthy 

ecosystems, it is crucial to understand how anthropogenic disturbances alter communities 

of organisms. 
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I focused on breakwaters as the target artificial rocky structures for this study. 

Breakwaters are structures commonly constructed of natural boulder material or human

made alternatives, and are created to bear the force of wave-energy and protect human 

development and activities (Southward & Orton 1954, Denny & Wethey 2001, Jonsson et 

al. 2006, Pister 2009, Bulleri & Chapman 2010). A breakwater structure's slope, angle to 

shore, location, and nearby water depth may create an increased amount of wave energy 

(Pister 2009). Breakwaters create a sheltered area that is heavily influenced by 

anthropogenic activities from industrial, recreational, and commercial use (Glasby & 

Connell 1999, Bulleri & Chapman 2010). The age of the structure, periodic maintenance 

and disruption, and rock type may prevent artificial rocky structures from ever being a 

static system akin to a natural rocky intertidal area and may influence richness, 

abundance, and community composition (Karlson 1978, Hawkins et al. 1983, Pinn et al. 

2005, Moschella et al. 2005, Bulleri & Chapman 2010). 

There is limited published research focusing on artificial rocky structures despite 

the crucial need to understand the ecological significance of artificial habitat 

introductions in coastal environments (Southward & Orton 1954, Glasby & Connell 

1999, Hawkins et al. 2002, Chapman & Bulleri 2003, Bulleri 2005, Chapman & Bulleri 

2010). Many researchers have pointed out that more research is needed to create effective 

environmental management planning and conservation policies surrounding artificial 

rocky structures (Thompson et al. 2002, Airoldi & Beck 2007, Branch et al. 2008, Bulleri 

& Chapman 2010). The current attitude towards the impact of artificial rocky structures 

in marine environments is conflicted. Some research supports breakwaters as adequate 

habitat for biota in the intertidal zone (Thompson et al. 2002, Branch et al. 2008), while 
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other research has shown that artificial rocky structures cause the destruction of coastal 

habitat and alter patterns in composition and abundances of benthic organisms (Bertasi et 

al. 2007, Colosio et al. 2007, Bertasi et al. 2009). However, most research has either 

focused on subtidal artificial reefs in heavily urbanized areas (Baine 2001, Bacchiocchi & 

Airoldi 2002, Bulleri & Chapman 2005, Bulleri & Chapman 2009) or the health of a 

specific species on artificial rocky structures (Fahrig & Merriam 1994, Dooley & Bowers 

1998, Moreira et al. 2006). These structures are built along the physical coastline for 

human activities, not with the objective of attracting target species (Bulleri 2005), 

enhancing intertidal habitat (Bulleri & Chapman 2009), or mitigating human impact 

(Raymundo et al. 2007). The first step in understanding how breakwaters function as 

habitat for marine intertidal species is to investigate the communities present on 

breakwaters and compare ecological characteristics of this community to the natural 

rocky intertidal habitat found nearby. 

This project was the result of a request from Small Craft Harbours (SCH), 

Department of Fisheries and Oceans Canada (DFO) to Oceans and Science Branch (Gulf 

Region) DFO for advice on how breakwaters function in the coastal environment. SCH 

was frustrated that constructing breakwaters was considered destruction of fish habitat, 

requiring habitat compensation under the harmful alteration, disruption, and destruction 

of fish habitat (HADD) in the Fisheries Act of Canada. A literature review determined 

that there was no local research on how breakwaters functioned as intertidal habitat and 

that it was an issue across Canada, so this project was devised. Similar research is now 

being conducted in Newfoundland (R Gregory, Northwest Atlantic Fisheries Centre, 

St.John's, NFLD), and has been initiated in British Columbia (S Macdonald, West 
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Vancouver Lab, BC). 

Objectives 

The goal of my thesis was to investigate the marine intertidal habitat created by 

breakwater structures along the southern Gulf of St. Lawrence. The outputs of this 

research help understand ecological changes associated with artificial rocky structures 

and serve as a foundation to develop appropriate and practical mitigation and 

compensation measures for anthropogenic ecosystem disruption along coastlines. 

The first data chapter (Chapter II) is an ecological study of the change in biotic 

communities on breakwater habitat from June to August 2010. All data were collected 

from a group of six breakwaters located between Bailey Brook and Cribbon' s Point, 

Nova Scotia. The objectives of Chapter II were to describe any change in taxa richness, 

abundance, and community composition among sessile algae and invertebrates in the 

intertidal zone over the time period of sampling. Due to the large spatial range of the 

southern Gulf of St. Lawrence, sites for the main study could only be sampled once over 

the course of the field season. Sampling a small group of sites (n=6) multiple times 

within a selected region central to the overall study provided insight into any temporal 

variation possibly confounding the results of the main study (Chapter III). The analyses 

for this investigation included both univariate ANOVA designs for determining 

differences in richness and abundance for the sampling months, and multivariate analyses 

to determine differences in community composition between the months. 

The objective of the second data chapter (Chapter III) was to provide insight into 

the differences in sessile biotic communities on breakwaters compared to natural rocky 
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intertidal zones. Natural rocky intertidal areas were chosen because they represent the 

habitat most inherently similar to rocky breakwaters. All data were collected in the 

southern Gulf of St. Lawrence between Cap-Pele, New Brunswick and Pleasant Bay, 

Nova Scotia between June and August 2010. Taxa richness, abundance, and community 

composition were investigated as the main ecological descriptive measurements. 

Univariate ANOV A designs were used to investigate differences in tax.a richness and 

abundance data. Multivariate analyses were used to investigate for differences in 

community composition. 

Chapter IV provides a brief general discussion and overview of what has been 

accomplished in this thesis and how this research should progress in the future. The 

results of this study contribute to the scarce knowledge base regarding how artificial 

rocky structures affect coastal marine ecosystems and how the habitat created by 

breakwaters compares to surrounding natural rocky areas; both areas still in the first 

stages of scientific study. 

Data in Chapter III are presently being prepared for publication in the primary 

literature with data in Chapter II as a supporting appendix. Authors include Jordan 

Musetta-Lambert, Dr. Simon Courtenay, Dr. Ricardo Scrosati, Dr. Myriam Barbeau, 

Elise Keppel, and Marc Skinner. I contributed to study design, carried out the data 

collection and analysis and prepared the manuscript. Drs. Courtenay, Scrosati and Marc 

Skinner assisted with project design, Elise Keppel assisted with data collection and Dr. 

Barbeau contributed to data analysis. All authors contributed to manuscript preparation. 
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Chapter 2 

Temporal analysis of sessile intertidal communities on breakwaters in the Southern 
Gulf of St. Lawrence, 2010 
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Abstract 

Rocky breakwaters are a common feature in coastal environments but little is 

known about their impact on fish habitat. In preparation for a study of intertidal habitat 

for sessile organisms on rocky breakwaters throughout the southern Gulf of St. Lawrence, 

a preliminary study was carried out to determine whether significant changes occurred in 

biota attached to the rocks over the months June - August 2010. Percentage cover of 

macro-algae and macro-invertebrates was quantified on six breakwaters sites near the 

Arisaig area in mainland Nova Scotia once per month. Using a mixed-model ANOV A, it 

was found that taxa richness and total abundance (percent cover) did not differ over 

months over and above site-specific variation. However, multivariate analysis, 

PERMANOV A followed by SIMPER, showed a difference in community composition 

between June and the later months. The brown alga, Scytosiphon simplicissimus, was 

more abundant in June than in July or August, and barnacles, Semibalanus balanoides, 

and sea lettuce, Ulva intestinalis, were less abundant. This study showed that the biotic 

community on breakwaters of the southern Gulf of St. Lawrence is stable during the 

months of July and August. 
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Introduction 

Marine ecosystems have been disrupted globally by human population growth and 

the resulting demand for coastal infrastructure (Lotze et al. 2006). Over 60% of the 

human population is living along coastlines including some of the world's largest cities, 

and this proportion is expected to increase to over 75% with future population growth and 

human's affinity for coastal regions (EEA 2006). Hard structures are being constructed to 

safeguard industrial activities, tourism and recreation, residential areas, and to control 

fishing activities (Bohnsack & Sutherland 1985, Pickering et al. 1998, Bacchiocchi & 

Airoldi 2002, Bulleri & Chapman 2010). Numerous types of artificial structures, 

including coastal armoring, breakwaters and jetties, are physically displacing large areas 

of natural coastline. They are common features of both rural and urban communities and 

are therefore an increasingly common habitat type in the intertidal zone (Russell et al. 

1983, Davis et al. 2002, Chapman & Bulleri 2003, Airoldi et al. 2005, Airoldi & Beck 

2007, Bulleri & Chapman 2010). Predictions suggest a significant increase in artificial 

marine infrastructure in the near future to deal with increased frequency and severity of 

storm events associated with global climate change (Collins et al. 1994, Michener et al. 

1997, Glasby & Connell 1999, Bacchiocchi & Airoldi 2002, Vaselli et al. 2008, Bulleri & 

Chapman 2010). 

To date, the assessment of the ecological functioning of artificial rocky structures 

introduced into the coastal marine environmental has been largely ignored (Turner et al. 

1969, Davis et al. 1982, Chou 1997, Glasby & Connell 1999, Bacchiocchi & Airoldi 

2002). Understanding the ecological functioning of these artificial habitats compared to 

natural rocky intertidal areas is of critical importance for marine ecosystem management. 
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Physical displacement and fragmentation of natural habitats by artificial structures can 

cause a loss of indigenous flora and fauna and colonization by new assemblages of algae 

and invertebrates, which may have impacts on biota along coastlines (Connell 2000, 

Glasby 1999, Page et al. 1999, Relini et al. 1998, Wolfson et al. 1979, Bacchiocchi & 

Airoldi 2002). 

An important precursor to effective environmental management is to understand 

how ecological communities vary over temporal and spatial scales (Andrew & Mapstone 

1987, Wiens 1989, Barry & Dayton 1991, Schneider 1994, Home & Schneider 1995, 

Underwood et al. 2000, Herman & Y sebaert 2002). The objective of the study described 

in this chapter was to determine if there were any quantitative temporal changes in the 

macro-invertebrate and macro-algal communities present on breakwaters throughout the 

summer months. This information was required in order to identify a sampling period 

during which biotic communities on breakwaters of the southern Gulf of St. Lawrence are 

stable and can be compared in a larger study (Chapter III). 

Hypotheses 

In the present study, I asked the following question and related hypotheses: Does 

temporal variation exist in community composition, richness, and abundance 

measurements amongst the summer months-the time frame used to complete the larger, 

spatial investigation comparing breakwaters to natural rocky intertidal areas at exposed 

and sheltered areas? My null hypothesis states that intertidal community composition, 

richness, and abundance do not differ significantly throughout the sampling season. To 

test this prediction, I conducted a preliminary sampling of six breakwaters in the Arisaig 

region of Nova Scotia monthly from June to August and then conducted univariate and 
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multivariate analyses on the collected data. I selected breakwaters to study in this area 

because they were representative of those throughout the entire sGSL. Taxa richness and 

abundance (percent coverage) were chosen due to their importance in describing the main 

traits of communities because they directly influence productivity, community stability, 

and susceptibility to invasion (Hooper et al. 2005, Duffy et al. 2007, Gamfeldt & 

Hillebrand 2008, Scrosati et al. 2011 ). Community composition was selected to 

investigate because it can reveal more complex community changes that may remain 

undetected in statistical analyses on richness and abundance data (Clarke & Warwick 

2001, Scrosati et al. 2011 ). 

Materials and Methods 

Study sites 

The Southern Gulf of St. Lawrence is a semi-enclosed body of water connecting 

the Atlantic Ocean with the St. Lawrence River (Loring & Nota 1973). The coastline is 

largely composed of sand, mud, stable volcanic bedrock, and sandstone (Loring & Nota 

1973, Wade et al. 1997, Hanson 2009). The sGSL is the southernmost limit of sea-ice, 

which can be found throughout the winter months through to May in some years 

(Koutitonsky & Bugden 1991, Gilbert & Pittigrew 1997, Brown et al. 2001, Hanson 

2009). 

Sampling sites were selected from an inventory of breakwaters in the southern 

Gulf of St. Lawrence that was compiled for this project with the help of the Department 

of Fisheries and Oceans, Gulf Region. Breakwaters selected were composed of 

homogeneous natural boulder material (0.5 m x 0.5 m or greater in size per boulder) 
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because this is the most common building material in current and planned breakwaters in 

the southern Gulf. (P. Macdonald, DFO-SCH, Antigonish NS, pers. comm.). 

This study concentrated on six breakwaters in the Arisaig region within close 

proximity to accommodation and laboratory facilities, and was located along 90 km of 

well-documented coastline (Scrosati & Heaven 2007) between Caribou Ferry (45°44'27. 

40''N, 62°40'56. 32"W) and Cribbon's Point (45°45'26. 08''N, 61 °53'54. 04"W) (Figure 

2.1 ). Criteria for selecting breakwaters included similar rocky construction and lack of 

nearby significant effiuent from fish plants or other industrial facilities, to prevent 

anthropogenic impacts and other confounding variables from influencing results of 

specific sites. 

In the southern Gulf of St. Lawrence, Scrosati and Heaven (2007) showed that 

biotic richness in the mid-intertidal and low-intertidal zones are similar, and greater than 

at the higher intertidal elevations. The vertical gradients of intertidal habitats directly 

influence the zonation of species composition due to abiotic stress associated with 

temperature, desiccation, irradiance, and osmotic potential (Raffaelli & Hawkins 1996, 

Menge & Branch 2001, Scrosati & Heaven 2007). Highest elevations are harshest, being 

exposed for the longest duration to the air (Bertness 2007). The lowest part of the 

intertidal zone is difficult to sample due to the brief window of opportunity for sampling. 

For these logistical reasons, sampling was restricted to the mid-intertidal zone at each site 

as in the studies of Scrosati & Heaven in 2007 and 2008. The mid-intertidal boundary 

was measured as half of the elevation from the highest mean tidal height as calculated by 

online chart data. The mid-intertidal zone was measured approximately 0.9 m down from 
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the high tidal mark on sampling sites. The tidal amplitude in this region was 

approximately 2.0 m (waterlevels.gc.ca, tbone.biol.sc.edu). 

Annually, regional surface seawater temperature ranges between -1.4 °C and 18.2 

°C with salinity at 28.4 to 30.6 ppt based on monthly averages (Fisheries & Oceans 

Canada 2007, Scrosati & Heaven 2007). Throughout the winter months, intertidal 

temperatures under the ice foot have been measured between -2.4 °C and -1.1 °C 

(Scrosati & Eckersley 2007). 

Sampling design 

Percent coverage of sessile algal and invertebrate species were sampled from both 

exposed and sheltered sides of six breakwaters in the Arisaig region from late June to late 

August 2010. Exposed sides were defined by areas facing the open ocean while sheltered 

sides were sections of the breakwater facing shore, which are protected from wave action 

in summer and ice scour in winter (Figure 2.2). Percent coverage of each species was 

quantified in the field because it is a relatively efficient, non-destructive form of sampling 

from which richness, defined as the total number of species in an area, and abundance, 

defined as the relative amount of a species in a particular ecosystem, can be easily 

calculated (Heaven & Scrosati 2008). 

A 50-m transect was used to define the sampling range at each of the wave

exposed and sheltered areas of each study site. Along this 50-m transect, 8 randomly 

allocated 625 cm2 (25x25 cm) quadrats were sampled. The random allocation of the 

quadrats and placement of transects were chosen using predetermined sets of numbers 

corresponding with distances along the breakwater structures (Random.org). Rock faces 

with inclination between 20-80 ° were sampled and microhabitats such as tide pools and 
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shaded crevices were excluded as outlier habitats. The sampling apparatus was a metal, 

square frame with 100 divisions delineated by mono filament line. Organisms were 

identified to species, or genus when unequivocal identification in the field was not 

possible, using field guides, a taxonomic key and lab prepared guides (Gosner 1978, 

Pollock 1998, Villalarad-Bohnsack 2003). If a species was present in less than 1 % of the 

quadrat, it was given the arbitrary value of 0.5 % (Scrosati & Heaven 2007). 

Univariate data analysis 

A three-way analysis of variance (ANOVA) was used to test for differences in 

richness (number of taxa/quadrat) and abundance (total percent coverage/quadrat) of 

macroalgae and macroinvertebrates on all breakwaters. The analysis included a time 

factor, a site factor, and an exposure factor. "Time" (T;) and "exposure" (Ej) are fixed 

factors with 3 levels and 2 levels, respectively, and "site" (Sk) is a random factor with 6 

levels. The effect of time was tested against the mean square of the interaction between 

"site" and "time", the effect of exposure was tested against the mean square of the 

interaction between "site" and "exposure", the effect of the interaction between "time" 

and "exposure" was tested against the mean square of the three-way interaction between 

"time", "exposure" and "site". "Site" and the other interactions were tested against the 

residual mean square error. The statistical linear model for the temporal ANOVA is: 

Temporal ANOVA: XiJklm = Ti+ Ej + Sk + T;~ + SkEj + SkT; + T;E_;Sk + em(iJklJ 

An a =0.05 level was used to determine significance in the analysis. Assumptions 

of normality of residuals and homogeneity of variance were investigated. Normality was 
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visually assessed using a probability plot and was met. Cochran's test showed that 

homogeneity of variance was not met. A log-transformation was applied to data to meet 

this assumption, and a constant value of 1 was added to deal with the presence of zeros in 

the data set. The assumption of independence of data was achieved by ensuring that all 

quadrats were randomly selected and not duplicated. Any significant results found for the 

factors containing the random variable "site" were overlooked to assess fixed main 

effects and the interactions between fixed factors. Significant interactions involving 

"site" do not preclude interpretation of fixed main effects (time, exposure) and their 

interaction. Interactions with the random factor "site" are used as the error terms 

( denominator of the F-ratio of the fixed factors), so any test for the fixed main effects or 

their interactions their factors is actually testing for a significant effect over and above the 

variation due to both the residual and the interaction term (Quinn & Keough 2002). 

Since the random factor "site" and interactions with "site" were significant, I 

explored time and exposure effects at each site using two-way ANOV As. Hence, this 

analysis included a "time" (T;), an "exposure" (Ej) factor, and an interaction between 

"time" and "exposure". For a significant "time" x "exposure" interaction, simple effects 

tests were performed by separate one-way ANOVAs. For a significant "time" effects, 

factor levels were compared with Tukey's honestly significant difference (HSD) tests 

(Howell 2002). 

Multivariate data analysis 

Plymouth Routines in Multivariate Ecological Research (Primer v6) Software 

with the permutational multivariate analysis of variance (PERMANOVA) add-on was 

used for all multivariate statistical analysis (Anderson 2001, Clarke & Warwick 2001, 
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Anderson 2005, Clarke & Gorley 2006). All factors remained the same as the univariate 

analysis described above. Analyses were conducted on percent coverage data collected at 

each sampling site and exposure during the three time periods. I fourth-root transformed 

all data to deal with over-dispersion of values, to down-weight the high abundance 

species, and to allow rare species to contribute more (Field et al. 1982, Clarke & 

Warwick 2001). A Bray-Curtis similarity matrix was constructed for all percent coverage 

data (Bray & Curtis 1957). 

I first used a three-way PERMANOV A model, identical to the ANOV A model 

used above, to investigate differences in community composition over the three time 

periods. Pairwise comparisons were used for significant "time" effects. Non-metric 

multidimensional scaling (nMDS) was used to display multivariate patterns seen in the 

percent coverage data for the three months with all sites combined. The nMDS plots were 

accepted if stress values were less than 0.20, indicating that the plotted data ordination is 

not misleading and the information about the overall structure is an accurate depiction of 

point separation (Clarke and Warwick 2006). Given the significant effect of"site" and 

interactions with "site", I also generated nMDS plots for each site to determine if the 

monthly patterns were overall representative, or if differences were largely found in only 

a few sites. 

I then used the similarity percentage routine (SIMPER) to determine which 

species were causing dissimilarities and similarities among the three months (Clarke & 

Warwick 2001 ). I pooled data over "site" and "exposure" for SIMPER analyses because 

"exposure" and "time" x "exposure" were not significant, and "site" was a random factor. 

SIMPER analyses decompose the average Bray-Curtis dissimilarities between all pairs of 
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samples into percentage contributions for each species, and then the species are listed in 

decreasing order of percentage contributions to within group similarity and between 

group dissimilarity (Clarke & Warwick 2001). 

Results 

Univariate data analysis 

Altogether, abundance (percent coverage) from a total of 48 species (33 algal and 

15 invertebrate) was counted throughout the three sampling times during June, July, and 

August 2010 (Tables 2.1-2.4). Fucoid algae were present at all sites and both exposures 

during June and July and were only missing at one exposed site in August The green 

algae Ulva intestinalis was abundant throughout all months, but was 1.8x more abundant 

at sheltered than exposed areas (Tables 2.1, 2.2). Semibalanus balanoides was the most 

abundant invertebrate and was found at all sites and both exposure during July and 

August, but was only found at 50% of sheltered sites during June (Tables 2.3, 2.4). 

Overall, when the six breakwaters were considered together, taxa richness did not 

differ significantly among months in either exposed or sheltered areas (Table 2.5; Figure 

2.3). However, taxa richness did have a significant site effect and interactions between 

the fixed factors and "site". In a further analysis of the effects of time and exposure 

within each site no consistent pattern was seen among breakwaters in either sheltered or 

protected areas (Table 2.7; Figure 2.4). 

Like richness, abundance (percent coverage) of biota did not differ significantly 

over the months sampled when aU six breakwaters were considered together (Table 2.6; 
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Figure 2.5), and analyses of time differences within each breakwater showed no 

consistent patterns (Table 2.8; Figure 2.6). 

Multivariate data analysis 

PERMANOV A analyses showed that species composition changed significantly 

over time during the study period (Table 2.9). Post-hoc pair-wise comparisons showed 

that the significant difference in community composition was found between the month 

of June and July, and June and August (Table 2.10). There was no significant difference 

in community composition during the period of most intensive sampling of sessile 

organisms on breakwaters, between July and August. No significant exposure effect was 

seen in community composition (Table 2.9). 

The nMDS configuration resulting from the abundance dissimilarity matrix 

showed a large degree of overlap occurring between July and August sample times, while 

June is a separated grouping showing more dissimilarity from the other two months 

(Figure 2. 7). The nMDS plots for each site showed distinct grouping that resembled the 

overall nMDS plot (Figure 2.8). 

SIMPER showed the average similarity was 26 % within June, 29 % within July, 

and 25 % within August. The species Scytosiphon simplicissimus, a long-stranded brown 

algae commonly referred to as sausage weed, contributed the most to within-group 

similarity of breakwaters during June. Semibalanus balanoides, the common barnacle, 

contributed the most to within-group similarity for July and August (Table 2.11 ). Fucus 

spp. contributed the second most to within-group similarity for all three months. 

The overall average dissimilarity between June and July was 87 % and between 

June and August was 89 %. The major difference was found to be that Scytosiphon 
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simplicissimus was more abundant, while Semibalanus balanoides was less abundant in 

June compared to July and August (Tables 2.12). July and August also had a higher 

abundance of Ulva intestinalis than June. Fucus spp. was very close in abundance in all 

three months (Table 2.12). 

Discussion 

Little information exists on the community structures of artificial rocky structures 

(Chapman & Bulleri 2003, Airoldi & Bulleri 2011), and what there is remains conflicted 

on the question of habitat value. The present study of six breakwaters detected no 

significant difference in richness or abundance of sessile biota among the months of June, 

July and August, over and above site-specific variation. Some site-specific temporal 

differences were detected on both wave-exposed and sheltered sides, but there was no 

common pattern over all six sites. This is consistent with trends found by Connell and 

Glasby (1999), and Chapman and Bulleri (2003), who both found that taxa differed from 

location to location ( on seawalls) to a greater extent than through time. 

Site-specific variation 

Richness and abundance may differ over times among sites due to site-specific 

characteristics that were not controlled for in the present study. Site attributes including 

angle of artificial structure to currents, availability of appropriate microhabitats, degree of 

water circulation, type of surrounding habitat, and amount of shading from sunlight are 

known to affect richness and abundance (Bulleri & Chapman 2009). For many marine 

species, the dispersion of larvae or propagules occurs along shorelines using ocean 

currents (Bacchiocchi & Airoldi 2003 ). Artificial rocky structures may disrupt the 
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dispersion of larvae or propagules to different extents depending on how they obstruct 

waves and current regimes along shorelines (Bulleri & Chapman 2009). 

The differences seen in richness and abundance from site to site may have been 

due to differences in wave-action resulting from the angle of artificial structures to 

shoreline currents, the frequency of passing boats, and the degree of shelter the structures 

are provided by nearby bays and coastline features (Chapman & Bulleri 2003). Wave

action is well known to affect the distribution of intertidal biota (Underwood 1981, 

Bertness 2007). Wave exposure can reduce survival of intertidal biota by directly 

damaging the organisms due to force (Menge 1978, Underwood 1999, Bertness 2007). I 

had considered measuring wave energy at each study site, to incorporate this factor as a 

co-variate, but preliminary trials showed such measurement to be logistically impractical. 

Anthropogenic disturbances 

Level of human disturbance was another site-specific characteristic that was 

difficult to control, although sites were selected to be at least 5 years of age to allow 

adequate time for intertidal communities to develop on the breakwaters. Maintenance, 

fisheries operations and recreational activities all varied between sites and represent 

potential influences on richness and abundance (Bulleri & Chapman 2009). Moschella et 

al. (2005) found that human activities represented a major cause for disturbance on 

artificial rocky structures, affecting abundance and dynamics of the whole assemblage by 

disturbing successional processes that generally lead to more diverse, complex 

communities. Multiple studies have shown that higher levels of human disturbance cause 

increasing dominance of early, opportunistic, colonizing species such as ephemeral, 

filamentous algae (Bacchiocchi & Airoldi 2003, Burcharth et al. 2007). Further 

23 



consideration of the level of human disturbance may help explain site differences in 

future studies. 

Temporal variability: Beyond site-specific variation 

A significant difference in community structure was detected by PERMANOV A 

for the month of June compared to the other months, but no significant difference was 

detected between July and August. For research regarding biotic community composition 

on breakwaters within the southern Gulf of St. Lawrence, the recommendation from this 

study would be to sample within the July-August period during which community 

changes were not observed. 

Bulleri and Chapman (2003, 2004) studied community composition and relative 

abundance over multiple temporal scales, from April to July and over two years, 

comparing breakwaters, seawalls, and natural reference sites. Their findings suggested 

that the assemblages and relative abundances on rocky breakwaters were not consistent 

throughout location of sampling or over the two-year temporal range, and that no clear 

pattern was evident for any of the taxa they studied. While my study reflected a much 

shorter time frame that did not agree with their temporal effects, the inconsistencies seen 

with the significant site effect agree with their studies. Sessile community structure seems 

to be affected much more by site-specific characteristics than by the time frame that was 

chosen to sample. 

Temporal variability: implications 

Identifying scales of variability in time is required to understand processes and 

patterns in biotic and abiotic ecosystem components (Levin 1992). In this study, 

understanding the temporal scale is a necessary step in the scientific process. The lack of 
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significance in temporal variation over July and August allowed sampling of a greater 

number of sites over a larger geographic range while providing confidence in the 

interpreted results (in Chapter III). 

Since "site" was considered a random factor and the interaction between "site" 

and "time" is denominator to test the effect of time, the main effect of time is 

interpretable (Quinn & Keough 2002). Testing for the main effect of time is, therefore, 

testing for variation over and above the variation due to the interaction and the residual. 

Although site-specific variation was explored to thoroughly investigate all of the results, 

temporal variation and the "time" effect over and above site variation is the pivotal goal 

of this chapter. 

Temporal study incorporated into this study allowed for a one-time comparison 

between breakwaters constructed at different times with different degrees of human 

disturbance and maintenance regimes. Long-term monitoring of community structure and 

incorporating breakwater history would be necessary to determine overall temporal 

patterns that exist. Most of the species studied in the region have life cycles influenced by 

wave exposure and ice scour and the time sampled coincided with peak productivity and 

biodiversity in the intertidal zone, which explains the lack of difference in communities 

between July and August (Bertness 2007). 

Variability in community structure 

Multivariate analyses detected differences in community composition that were 

not reflected by richness and abundance measures. The nMDS ordination plots suggested 

that community composition differed clearly for the month of June compared to July and 

August (Figures 2.7, 2.8). The main differences in community composition between 
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sample times resulted from only a few influential species (Table 2.12). Scytosiphon 

simplicissimus, sausage weed, was identified as the main contributing species to the 

discriminating dissimilarity in community composition between June and the other two 

months being abundant during June but virtually absent in July and August (Table 2.1, 

2.2). Seasonal distributions in New Hampshire have shown similar patterns for the related 

species S. lomentaria, which reached a peak in abundance during late spring through 

early summer, but decreased substantially in abundance by August (Shannon et al. 1988). 

S. simplicissimus is especially abundant in unstable areas of the intertidal zone where 

loose boulders, mixtures of sand and rock, and ice scour are present (Lobban & 1984, 

Shannon et al. 1988). 

Semibalanus balanoides, the common barnacle, had high coverage on all sites 

throughout June and July, but was lower in abundance during August. It represents an 

important organism in natural rocky intertidal communities, being the first to colonize in 

the first year of habitat formation, or after severe storm or ice scouring events 

(McKindsey & Bourget 2001 ). Barnacle abundance was higher at exposed than sheltered 

areas during the three months of sampling and constituted the main characterizing 

invertebrate species of the breakwaters (Table 2.3-.4). This finding agrees with the 

repeatedly observed patterns elsewhere of greater abundance of barnacles on wave

exposed areas of breakwaters compared to wave-sheltered areas (Bacchiocchi & Airoldi 

2003, Bulleri & Airoldi 2005, Moschella et al. 2005, Gacia et al. 2007). In the southern 

Gulf of St. Lawrence, barnacles are subject to annual die-offs as a result of winter ice 

scour, so a considerable proportion of the barnacles sampled during the summer months 

are spring recruits (Heaven & Scrosati 2008, MacPherson et al. 2008, Scrosati & Heaven 
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2008). This potentially explains the increase in abundance and presence of barnacles 

from June into July. 

Breakwaters that were sampled usually created a semi-enclosed region with very 

sheltered conditions inside. The highest abundance of barnacles was consistently found at 

exposed areas. The barnacle abundance may have decreased in the sheltered areas 

because of the reduction in water flow, constant human activities and resulting higher 

turbidity that create a habitat that may function differently than natural rocky shores 

(Bulleri & Chapman 2004, Clynick 2007, Vaselli et al. 2008, Bulleri & Chapman 2010). 

Exposed areas of breakwaters have similar environmental and physical stressors without 

the human-related interferences. Another reason there could be a higher abundance of 

barnacles at exposed areas compared to sheltered areas may be that barnacles in exposed 

areas gain a yearly competitive advantage over other species due to their small size, 

strong attach-ability, and hard shell, which would allow them to survive ice scour 

conditions better than other species (Scrosati & Heaven 2008). 

Conclusions 

The conclusions generated from this study provide a baseline for future studies 

attempting to compare biota on artificial rocky structures over temporal ranges. With no 

significant time effect detected over the six breakwaters studied, sampling during July 

and August would be recommended for future ecological studies within the marine 

intertidal region in the southern Gulf of St. Lawrence. This is consistent with 

recommendations and sampling regimes followed in other studies throughout the region 

(Heaven & Scrosati 2008, Keppel 2012). 
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Table 2.1. Mean abundance of algal taxa (% coverage ± 1 SE, n=48 quad.rats) and 
presence of algae (presence/absence within a site, n=6 sites) across a temporal gradient 
(June, July, August) on exposed areas of six sites within the Arisaig region. Zero 
abundance is represented by blank spaces. Categories left at genus level (Ceramium spp., 
Cladophora spp., Fucus spp., Polysiphonia spp.) are the total mean abundance of the 
component categories indented below them. Presence (Pres.) is calculated from number 
of times a species appears within the total sites (n=6); therefore, presence is counted once 
per site. 
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Taxon June Ex:gosed July Ex12osed Augyst Ex:gosed 

Pres. % Cover Pres. % Cover Pres. % Cover 

Ascophy/lum nodosom 1 0.04±0.04 1 0.03±0.02 
Ceramium spp. 3 0.53±0.22 

Ceramium cimbricum 0.01±0.01 
Ceramium nodulsum 1 0.52±0.21 

Ceramium (Unknown) 

Chondrus crispus 0.01±0.01 2 0.03±0.02 

Chord a filum 

Chordaria flagellfformis 2 0.50±0.28 

Cladophora spp. 5 0.76±0.49 2 0.03±0.02 3 0.15±0.11 
Cladophora rupestris 2 0.14±0.11 

Cladophora sericea 1 0.01±0.01 2 0.03±0.02 1 0.01±0.01 
Cladophora (Unknown) 4 0.75±0.49 

Dark Brown Algal Crust 5 1.00±0.38 2 1.21±0.08 
Dark Green Algal Crust 1 0.01±0.01 3 9.21±3.14 2 1.75±0.70 

Elachista fucicola 3 0.8±0.63 4 6.25±2.69 3 2.24±0.76 
18.81±4.6 11.13±3.0 

Fucus spp. 6 6 6 4 5 15.74±4.11 

Fucus serratus 3 3.20±2.14 2 1.38±0.85 3 1.17±0.56 
Fucus spiralis 6 3.20±2.02 I 0.17±0.17 

Fucus vesiculosus 2 0.03±0.01 2 9.02±2.89 3 13.75±3.99 
12.39±4.1 

Fucus (Unknown) 4 0 6 0.73±0.37 4 2.10±0.96 

Halothrix lumbricalis 3 0.73±0.51 0.02±0.02 1 0.66±0.33 
Hildenbrandia rubra 0.03±0.02 5 1.53±0.65 6 6.03±1.93 

Light Green Algal Crust 

Petalonia fascia 1 0.02±0.02 1 0.01±0.01 

Petalonia zosterifolia 2 0.05±0.02 1 0.13±0.13 2 0.96±0.36 

Polyides rotundus 1.00±0.58 1 0.01±0.01 

Polysiphonia spp. 4 2.73±1.19 3 1.96±0.90 

Polysiphonia elongata 2 1.95±0.90 

Polysiphonia lanosa 1 0.01±0.01 

Polysiphonia (Unknown) 4 2.73±1.19 

Porphyra spp. 2 0.83±0.54 

Scytosiphon lomentaria 1 0.01±0.01 
26.75±4.0 0.08±0.0 

Scytosiphon simplicissimus 6 1 1 6 

Ulva intestinalis 4 6.01±2.51 5 4.75±1.32 5 5.55±1.57 

Ulva lactuca 5 1.57±0.51 5 11.63±4.01 
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Table 2.2. Mean abundance of algal taxa (%coverage± 1SE, n=48 quadrats) and 
presence of algae (presence/absence within a site, n=6 sites) across a temporal gradient 
(June, July, August) on sheltered areas of six sites within the Arisaig region. Zero 
abundance is represented by blank spaces. Categories left at genus level ( Ceramium spp., 
Cladophora spp., Fucus spp., Polysiphonia spp.) are the total mean abundance of the 
component categories indented below them. Presence (Pres.) is calculated from number 
of times a species appears within the total sites (n=6); therefore, presence is counted once 
per site. 
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Taxon June Sheltered July Sheltered Augyst Sheltered 

Pres. % Cover Pres. % Cover Pres. % Cover 

Ascophyllum nodosom 1 0.02±0.02 2 1.27±0.95 1 2.10±0.93 

Ceramium spp. 3 0.36±0.26 0.01±0.01 

Ceramium cimbricum 1 0.01±0.01 

Ceramium nodulosum 

Ceramium (Unknown) 3 0.36±0.26 

Chondrus crispus 0.08±0.08 1 0.02±0.02 0.01±0.01 

Chorda fl/um 6.73±2.61 

Chordaria flagelliformis 

Cladophora spp. 2 2.08±1.52 2 0.18±0.10 2 0.04±0.03 

Cladophora rupestris 0.16±0.10 2 0.04±0.03 

Cladophora sericea 1 0.01±0.01 

Cladophora (Unknown) 2 2.08±1.52 

Dark Brown Algal Crust 4 2.63±1.22 I 2.48±1.16 

Dark Green Algal Crust 1 0.06±0.06 2 0.04±0.02 

Elachista fucicola 1 1.19±0.77 3 2.67±0.80 5 1.51±0.48 

Fucus spp. 6 18.58±3.28 6 21.91±3.55 6 17.99±3.60 

Fucus serratus 3 3.90±1.50 1 0.25±0.25 

Fucus spiralis 4 0.21±0.11 4 5.63±2.39 3 9.02±2.83 

Fucus vesiculosus l 0.01±0.01 4 15.15±3.24 4 8.48±2.80 

Fucus (Unknown) 5 14.46±3.28 6 3.67±0.88 3 0.23±0.08 

Halothrix lumbricalis 3 1.52±0.82 1 0.01±0.01 

Hildenbrandia rubra 5 3.92±0.96 6 13.19±2.79 

Light Green Algal Crust 1 0.83±0.60 

Peta Ionia fascia 1 0.01±0.01 

Petalonia zosterifolia 1 0.01±0.01 1 0.06±0.06 

Polyides rotundus 

Polysiphonia spp. 0.14±0.14 1 0.02±0.02 

Polysiphonia elongata 

Polysiphonia lanosa 

Polysiphonia (Unknown) 1 0.14±0.14 1 0.02±0.02 

Porphyra spp. 2 0.22±0.16 

Scytosiphon lomentaria 1 0.01±0.01 

Scytosiphon simplicissimus 6 16.61±2.36 

Ulva intestinalis 3 1.77±1.18 5 8.46±2.24 4 17.99±3.60 

Ulva lactuca 3 1.15±0.63 3 1.94±0.60 
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Table 2.3. Mean abundance (% coverage ± 1 SE, n=48 quadrats) and presence 
presence/absence within a site, n=6 sites) of invertebrate taxa across a temporal gradient 
(June, July, August) on exposed areas of six sites within the Arisaig region. Zero 
abundance is represented by blank spaces. Presence is calculated from number of times a 
species appears within the total sites (n=6); therefore, presence is counted once per site. 

Taxon June ExRosed July Exnosed August Exnosed 
Pres. %Cover Pres. % Cover Pres. %Cover 

Asterias vulgaris 
Buccinum undatum 1 0.02±0.01 
Dynamena pumila 4 5.21±1.45 3 0.14±0.09 
Electra pilosa 
Gammarellus angulosus 1 0.01±0.01 1 0.02±0.14 
Gammarus annulatus 2 0.07±0.03 1 0.01±0.01 
Gammarus finmarchicus 1 0.29±0.17 
Gammarus oceanicus 1 0.01±0.01 
Hyale nilssoni 3 0.31±0.02 
Jaera marina 6 0.52±0.09 
Littorina littorea 4 0.15±0.05 6 0.29±0.04 6 0.48±0.07 
Littorina obtusata 2 0.3±0.02 2 0.03±0.02 2 0.05±0.02 
Littorina saxatilis 2 0.05±0.04 2 0.04±0.02 
Mytilus edulis 1 0.01±0.01 2 0.14±0.09 3 0.05±0.02 
Neomolgus littoralis 1 0.82±0.73 
Semibalanus balanoides 6 8.19±2.44 6 27.34±3.64 6 16.93±2.61 
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Table 2.4. Mean abundance(% coverage± 1SE, n=48 quadrats) and presence 
(presence/absence within a site, n=6 sites) of invertebrate taxa across a temporal gradient 
(June, July, August) on sheltered areas of six sites within the Arisaig region. Zero 
abundance is represented by blank spaces. Presence is calculated from number of times a 
species appears within the total sites (n=6); therefore, presence is counted once per site. 

Taxon June Sheltered July Sheltered Augyst Sheltered 
Pres. % Cover Pres. % Cover Pres. %Cover 

Asterias vulgaris 1 0.01±0.01 1 0.04±0.04 
Buccinum undatum 
Dynamena pumila 5 2.69±0.73 2 0.88±0.38 
Electra pilosa 2 0.02±0.01 1 0.01±0.01 
Gammarellus 
angulosus 1 0.01±0.01 1 
Gammarus 
annulatus 1 0.01±0.01 
Gammarus 
finmarchicus 1 0.04±0.04 
Gammarus 
oceanicus 1 0.01±0.01 1 0.01±0.01 
Hyale nilssoni 1 0.01±0.01 
Jaera marina 6 1.77±0.46 1 0.01±0.01 
Littorina littorea 3 0.06±0.02 5 0.92±0.14 6 0.77±0.14 
Littorina obtusata 1 0.06±0.02 3 0.13±0.01 2 0.02±0.01 
Littorina saxatilis 1 0.04±0.04 2 0.02±0.01 3 0.13±0.01 
Mytilus edulis 1 0.03±0.02 1 0.01±0.01 3 0.13±0.01 
Neomolgus 
littoralis 2 0.02±0.01 
Semibalanus 
balanoides 3 5.60±1.90 6 18.63±2.31 6 14.73±2.55 
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Table 2.5. Results of a three-way ANOV A examining differences in taxa richness(# of 
species per quadrat; 8 quadrats per transect) at wave-exposed and wave-sheltered areas of 
six breakwaters over three time periods in summer 2010 (June, July, and August). Taxa 
richness was a measurement of the total number of species detailed in eight 625 cm2 

quadrats along each transect. Data were log transformed after a constant value of 1 was 
added. Significant p-values are represented in bold. 

Dependent Variable: 

Source of variation 

Time 

Exposure 

Site 

Time X Exposure 

Site X Time 

Site X Exposure 

Site X Exposure X Time 

Error 

Richness 

df 

2 

1 

5 

2 

10 

5 

10 

252 

Mean 
Square /-ratio p-value 

0.242 1.65 0.24 

0.006 0.01 0.932 

0.625 23.42 <0.0001 

0.125 1.47 0.276 

0.146 5.49 <0.0001 

0.69 25.87 <0.0001 

0.086 3.21 0.001 

0.027 
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Table 2.6. Results of a three-way ANOV A examining differences in abundance (% 
coverage) at wave-exposed and wave-sheltered areas of six breakwaters over three time 
periods in summer 2010 (June, July, and August). Species abundance was estimated as 
the total percent coverage estimated for all species combined in eight 625 cm2 quadrats 
along each transect. Significant p-values are represented in bold. 

Dependent Variable: Abundance 

Mean 
Source of variation df S9uare /-ratio t-value 

Time 2 677.315 0.07 0.934 

Exposure 1 1077.64 0.07 0.805 

Site 5 33515.305 28.49 <0.0001 

Time X Exposure 2 4497.81 1.72 0.227 

Site X Time 10 9815.16 8.34 <0.0001 

Site X Exposure 5 15904.784 13.52 <0.0001 

Site X Exposure X Time 10 2608.311 2.22 0.017 

Error 252 1176.566 
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Table 2.7. Results for statistical analyses examining differences in richness(# of taxa per 
quadrat; 8 quadrats per transect) for each site in the Arisaig region. Two-way ANOVAs 
were completed for each site. Then, one-way ANOV As for each exposure (E) were used 
to investigate any significant interaction terms from the two-way ANOVAS. Tukey's 
Honestly Significant Difference (HSD) pair-wise comparison tests were used whenever a 
significant main-effect of time (T) was present. Data were log transformed after a 
constant value of 1 was added. Significant and interpretable p-values are represented in 
bold. 
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De~endent Variable: Richness 
Analysis per site HSD n-values 

Source of Mean June- June- July-
variation d[ square F-ratio ,e-value Jul~ Aug Aug 

Caribou Ferry 
2-WayANOVA T 2 0.071 3.05 0.058 

E l 0.013 0.54 0.465 
TxE 2 0.125 5.41 0.008 
Error 42 0.023 

1-Way ANOVA Exposed 
T 2 0.164 10.26 0.001 0.008 0.621 0.001 
Error 21 0.015 
Sheltered 
T 2 0.075 1.07 0.213 
Error 21 0.045 

Bailey's Brook 
2-Way ANOVA T 2 0.379 13.73 <0.0001 0.309 <0.00 0.014 

E 1 0.477 17.26 <0.0001 
TxE 2 0.027 0.98 0.385 
Error 42 0.028 

Arisaig 
2-WayANOVA T 2 0.262 16.95 <0.0001 

E 1 2.481 160.38 <0.0001 
TxE 2 0.106 6.83 0.003 
Error 42 O.o15 

1-WayANOVA Exposed 
T 2 0.301 12.96 <0.0001 0.875 0.001 <0.000 
Error 21 0.023 
Sheltered 
T 2 0.034 2.64 0.110 0.276 0.106 0.844 
Error 21 0.013 

Livingstone's Cove 
2-Way ANOVA T 2 0.093 2.30 0.113 

E I 0.191 4.70 0.036 
TxE 2 0.219 5.39 0.008 
Error 42 0.041 

I-Way ANOVA Exposed 
T 2 0.047 1.02 0.376 
Error 21 0.046 
Sheltered 
T 2 0.248 6.28 0.007 0.008 0.036 0.781 
Error 21 0.040 

Ballantyne's Cove 
2-Way ANOVA T 2 0.147 9.32 0.001 0.159 0.083 0.001 

E 1 0.060 3.80 0.058 
TxE 2 0.038 2.41 0.102 
Error 42 0.016 

Cribbon's Point 
2-Way ANOVA T 2 0.081 2.95 0.063 

E 1 0.392 14.28 <0.0001 
TxE 2 0.008 0.29 0.753 
Error 42 0.027 
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Table 2.8. Results for statistical analyses examining differences in abundance (percent 
coverage) for each site in the Arisaig region. Two-way ANOVAs were completed for 
each site. Tukey's Honestly Significant Difference (HSD) pair-wise comparison tests 
were used whenever a significant main-effect of time (T) was present. Significant and 
interpretable p-values are represented in bold. 
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De~endent Variable Abundance 
HSD o.-values 

Analysis per Source of Mean June- June- July-
site variation d[_ sguare F-ratio e-value Julr August August 

Caribou Ferry 
2-Way ANOVA T 2 356 0.15 0.857 

E 1 8125 3.51 0.068 

TxE 2 5702 2.47 0.097 

Error 42 2312 

Bailey's Brook 
2-Way ANOVA T 2 22183 22.00 <0.0001 0.157 <0.0001 <0.0001 

E I 2670 2.65 0.111 

TxE 2 268 0.27 0.768 

Error 42 1008 

Arisaig 
2-Way ANOVA T 2 4587 6.31 0.004 0.807 0.066 0.226 

E 1 41389 56.88 <0.0001 
TxE 2 548 0.75 0.477 

Error 42 727 

Livingstone's 
2-Way ANOVA T 2 330 0.57 0.569 

E I 3468 5.99 0.019 
TxE 2 368 0.64 0.534 

Error 42 579 
Ballantyne's 
Cove 
2-Way ANOVA T 2 16750 9.47 0.001 0.932 0.001 0.003 

E 1 2530 1.43 0.238 

TxE 2 3372 1.91 0.161 

Error 42 1768 
Cribbon's 
Point 
2-Way ANOVA T 2 16750 4.62 0.015 0.04 0.068 0.971 

E 1 2530 8.75 0.005 

TxE 2 1409 1.39 0.261 

Error 42 1015 
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Table 2.9. Results of PERMANOVA analysis examining temporal variation in 
community composition across three time periods in the Arisaig region at six sites with 
two wave-exposure levels (sheltered and exposed) as variables. Data were fourth-root 
transformed. All significant p-values are in bold. Pair-wise comparisons were conducted 
for significant results for the Time factor to see how months varied (See Table 2.10) 

PERMANOV A table of results 

Mean 
Source of variation df S9uares Pseudo-/ l!_-value {perm} 

Time 2 l.14E+05 17.83 0.001 

Exposure 1 1.I3E+04 1.16 0.361 

Site 5 l.94E+04 22.95 0.001 

Time X Exposure 2 2.12E+03 0.419 0.916 

Site X Time 10 6.40E+03 7.57 0.001 

Site X Exposure 5 9.77E+03 11.55 0.001 

Site X Exposure X Time 10 5.06E+03 5.98 0.001 

Residuals 252 8.46E+02 

Total 287 

Table 2.10. Pairwise comparisons for PERMANOVA results analyzing temporal 
variation between June and July, June and August, and July and August for six 
breakwater sites and two wave-exposure levels (sheltered and exposed). All significant p
values are in bold. 

Term=Time 

Months analyzed 
June, July 
June, August 
July, August 

t l!_-value (perm) 
4.85 0.001 
4.93 0.001 
1.21 0.235 

Unique 
permutations 

970 
963 
977 
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Table 2.11. Summary of SIMPER results examining average abundance ( as percent 
coverage) of community defining species at each sample time (June, July, August) across 
six breakwaters, each species contribution to within-group similarity, and the cumulative 
sum (%) of the species contributions with a cut-off of -90%. Average similarity was 
calculated at n=8 quadrats and data were pooled over sites and exposure because both 
'exposure' and 'time' x 'exposure' were not significant and site is a random factor (Table 
2.9). 

Average 
Abundance Contribution Cumulative 

Taxon {% cover} {%} {o/o} 
June 

Scytosiphon 
simplicissimus 21.54 61.44 61.44 
Fucus spp. 18.77 22.21 83.66 
Semibalanus balanoides 6.92 6.37 90.02 

Average similarit~: 26.11 % 
July 

Semibalanus balanoides 23 64.18 64.18 
Fucus spp. 16.56 18.55 82.72 
Ulva intestinalis 6.66 7.64 90.36 

Average similaritt: 28.89% 
August 

Semibalanus balanoides 15.84 46.37 46.37 
Fucus spp. 16.96 21.82 68.19 
Hildenbrandia rubra 9.63 13.55 81.74 

Ulva intestinalis 11.34 8.82 90.55 

Average similaritt: 24. 74% 
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Table 2.12. Summary of SIMPER analysis for temporal sampling conducted in the 
Arisaig region at six sites over June, July, and August during summer 2010. Detailed 
average abundance of species causing dissimilarities between groups (months), species
specific contributive totals (% ), and resulting cumulative contribution (90% cut-off) are 
included. Percentage values refer to the percent contribution from each species to within 
group similarity. Data were pooled over site and exposure because both 'exposure' and 
'time' x 'exposure' were not significant and site is a random factor (Table 2.9). 

Average Abundance 
Taxon (% cover} Contribution (%} Cumulative (%} 

June Jul! 
Semibalanus balanoides 6.92 23.00 23.61 23.61 
Scytosiphon s implicissimus 21.54 0.04 20.61 44.22 
Fucus spp. 18.77 16.56 20.4 64.63 
Ulva intestinalis 3.90 6.66 8.93 73.56 
Dark Green Crust 0.01 4.64 4.93 78.49 
Elachista fucicola 1.00 4.49 3.44 81.93 
Dynamena pumila 3.97 0.05 2.64 84.57 
Hildenbrandia rubra 0.03 2.74 2.48 87.05 
Chorda filum 0.00 3.36 2.22 89.27 
Jaera marina 1.30 0.02 1.54 90.81 

Average dissimilaritl: 87.40% 
June August 

Fucus spp. 18.77 16.96 20.48 20.48 
Scytosiphon simplicissimus 21.54 0.00 20.21 40.69 
Semihalanus halanoides 6.92 15.84 17.68 58.37 
Ulva intestinalis 3.9 11.34 10.91 69.28 
Hildenbrandia rubra 0.03 9.63 8.16 77.44 
Viva lactuca 0.00 6.79 4.69 82.12 
Dynamena pumila 3.97 0.09 2.60 84.72 
Po(vsiphonia spp. 1.45 0.99 2.26 86.98 
Elachista fucicola 1.00 1.92 2.07 89.04 
Dark Green Crust 0.01 0.91 1.72 90.76 

Average dissimilarity: 88.58% 
Julr August 

Semibalanus balanoides 23.00 15.84 24.13 24.13 
Fucus spp. 16.56 16.96 22.4 46.53 
Ulva intestinalis 6.66 11.34 14.7 61.23 
Hildenbrandia rubra 2.74 9.63 10.04 71.27 
D. G. Crust 4.64 0.91 6.81 78.08 
Ulva lactuca 1.36 6.79 6.27 84.35 
Elachista fucicola 4.49 1.92 4.41 88.76 
Chorda filum 3.36 0.00 2.51 91.27 

Average dissimilaritl: 74.64% 
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Figure 2.1. Map of Arisaig region and six breakwater sites selected for the temporal 
sampling regime. Exposed and sheltered sides of breakwaters were sampled in June, July 
and August of 2010. Breakwaters: a- Caribou Ferry; b - Bailey Brook; c -Arisaig; d
Livingstone Cove; e - Ballantynes Cove; f - Cribbons Pt. 
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Breakwater 

\ Exposed 

Sheltered 

Figure 2.2. Diagram of sample-site set up. Transects are 50 m in total and were sampled 
along both exposed and sheltered sides of each breakwater site (1 transect per side). A 
total of eight (n=8) 625 cm2 samples ( quadrats) were observed along each transect. 
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Figure 2.3. Mean (±1 SE, n=6 breakwaters x 8 quadrats per breakwater= 48) taxa 
richness for June, July, and August sampling times at both exposed and sheltered sites 
throughout the Arisaig region. No significant time effect was detected throughout the 
months. 
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Figure 2.4. Taxa richness across June, July and August 2010 for each of six sites near 
Arisaig. In each graph, letters indicate significant differences between monthly means 
(±1 SE, n=8 quadrats per breakwater) separately at each exposure level (Exposed, 
Sheltered). 
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Figure 2.5. Mean (±1 SE, n=6 breakwaters x 8 quadrats per breakwater = 48) percent 
cover for June, July, and August sampling times at both exposed and sheltered sites 
throughout the Arisaig region. No significant time effect was detected throughout 
months. 
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Figure 2.6. Abundance across June, July and August 2010 for each of six sites near 
Arisaig. In each graph, letters indicates significant differences between monthly means 
(±1 SE, n=8 quadrats per breakwater) separately at each exposure level (Exposed, 
Sheltered). 
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Figure 2. 7. A two-dimensional nMDS plot showing dissimilarity between community 
composition data sampled during June, July, and August of summer 2010 at six 
breakwater sites near Arisaig, Nova Scotia. Data were pooled over 'site' and ' exposure ' . 
Each symbol represents a single quadrat. 
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Figure 2.8 . Two-dimensional nMDS ordination plots for each of the six sites sampled in 
the Arisaig region to investigate temporal variation over June, July, and August 2010. 
Data were pooled over exposure. Each symbol represents a single quadrat. 
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Chapter 3 

Comparison of the intertidal sessile community on breakwaters and natural rocky 
environments along the southern Gulf of St. Lawrence 
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Abstract 

Rocky breakwaters are common features along populated coastlines; however, 

knowledge is scarce about their role as intertidal habitat. This study is the first 

investigation of the ecological significance of habitat found on rocky breakwaters 

compared to natural rocky intertidal areas in the western North Atlantic marine 

environment. Percent coverage of sessile biota was quantified at exposed and sheltered 

areas on established breakwaters ( >5 yrs) and natural rocky intertidal areas along 430 km 

of the southern Gulf of St. Lawrence coast. Richness and abundance in sheltered areas of 

breakwaters were both less than in sheltered areas of natural rocky areas. Breakwaters 

had significantly different community composition compared to natural rocky shores and 

between wave exposed and sheltered areas. Semibalanus balanoides was more abundant 

on natural rocky shores than breakwaters and was found at higher abundance at exposed 

areas than sheltered areas. Mytilus spp. had higher abundance at exposed areas of 

breakwaters than natural rocky sites, but the reverse was seen for sheltered areas. Ulva 

intestinalis had higher abundances on breakwaters than natural rocky shorelines, and 

three macroalgal species, U. intestinalis, Fucus spp. and Ascophyllum spp. had higher 

abundances in sheltered areas than exposed areas of breakwaters. This study showed that 

biotic communities on breakwaters are substantially different than the surrounding 

natural rocky intertidal sites throughout the southern Gulf of St. Lawrence. 
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Introduction 

Artificial coastal defense structures are common features in the intertidal and 

shallow subtidal marine environment near human settlements to protect and safeguard 

industrial, commercial, and recreational activities (Collins et al. 1994, Glasby & Connell 

1999, Bacchiocchi & Airoldi 2002, Bulleri & Chapman 2010, Airoldi & Bulleri 2011 ). 

These structures will become increasingly abundant to deal with growing coastal human 

populations, the heightened threat of severe meteorological events, and sea level rise due 

to climate change (Carter & Draper 1998, Cabanes et al. 2001, Thompson et al. 2002, 

Lotze et al. 2006, Bulleri & Chapman 2010, Airoldi & Bulleri 2011). 

There is limited published research focusing on artificial rocky structures despite 

the importance of understanding the ecology of artificial habitat introductions and human 

modification to the coastal environment (Southward & Orton 1954, Glasby & Connell 

1999, Hawkins et al. 2002, Chapman & Bulleri 2003, Bulleri 2005, Chapman & Bulleri 

2010). There is a need to conduct more research to create effective environmental 

management planning and conservation policies surrounding artificial rocky structures 

(Thompson et al. 2002, Airoldi & Beck 2007, Branch et al. 2008, Bulleri & Chapman 

2010). The current attitude towards the impact of artificial rocky structures in marine 

environments is conflicted with some research showing that breakwaters constitute 

habitat for local biota (Southward & Orton 1954, Thompson et al. 2002, Branch et al 

2008), while other research regards artificial rocky structures as destroying habitat 

(Glasby & Connell 1999, Bulleri et al. 2005, Moschella et al 2005, Lam et al 2009). 

Recently, studies have shown that artificial rocky structures can cause a loss of 

coastal habitat and alter patterns of species composition and abundances of benthic 
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organisms (Bertasi et al. 2007, Colosio et al. 2007, Bertasi et al. 2009). However, most 

research regarding the ecological functioning of these structures focuses on subtidal 

artificial reefs in heavily urbanized areas (Baine 2001, Bacchiocchi & Airoldi 2002, 

Bulleri & Chapman 2005, Bulleri & Chapman 2009), or health of species in the 

fragmented portions of natural habitat (Fahrig & Merriam 1994, Dooley & Bowers 1998, 

Moreira et al. 2006). The lack of research surrounding artificial intertidal infrastructure is 

due to the fact that the structures are built for protection of the physical coastline for 

human activities, not with the objective of attracting target species (Bulleri 2005), 

enhancing intertidal habitat (Bulleri & Chapman 2009), or mitigating human impact 

(Raymundo et al. 2007). 

Although physically comparable to natural rocky intertidal areas, several studies 

suggest that artificial rocky structures create a range of differences in community 

composition, abundances and ecological processes compared to natural rocky intertidal 

areas (Glasby 1999, Connell 2000, Davis et al. 2002, Bacchiocchi & Airoldi 2003, Gacia 

et al. 2007, Miller et al. 2009, Airoldi & Bulleri 2011). These differences are partly due 

to the relatively young age of most breakwaters compared to natural rocky intertidal 

habitat, and the sporadically occurring maintenance causing physical disturbances by 

removing, adding and rearranging of breakwater structural material (Bulleri & Chapman 

2009). These factors contribute to the creation of an unstable environment, which may 

hinder the natural formation of a stable intertidal community (Karlson 1978, Hawkins et 

al. 1983, Pinn et al. 2005, Moschella et al. 2005, Bulleri & Chapman 2009). For my 

study, breakwaters were selected from a pool of sites at least five years in age; however, 
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maintenance effects were unable to be accounted for due to sporadic nature of these 

events over the years. 

At exposed areas of breakwaters and natural rocky shores, ice-scour and wave

exposure are two important environmental variables that have the ability to influence 

recruitment, size, abundance, and structure of intertidal communities of organisms 

(Denny 1995, Helmuth & Denny 2003, Heaven & Scrosati 2007). In the southern Gulf of 

St. Lawrence, ice scouring occurs when large pieces of sea ice move with currents, 

waves, tidal cycles and wind patterns along shorelines, both damaging and removing 

sessile organisms (Bergeron & Bourget 1986, Barnes 1999, Gutt 2001, Scrosati & 

Heaven 2006). Although these variables have been repeatedly examined in the southern 

Gulf of St. Lawrence (Scrosati & Heaven 2006, Scrosati & Eckersley 2007, Scrosati & 

Heaven 2007, Scrosati & Heaven 2008, Keppel 2012), they have yet to be measured on 

any artificial rocky structures. 

Breakwaters can create impacts on various spatial levels from entire stretches of 

coastlines down to the footprint of the structure. At a larger scale, breakwaters can disrupt 

shoreline water currents and prevent proper connectivity and dispersal of populations of 

organisms (Burcharth et al. 2007). On sedimentary bottoms, sand scouring and 

sedimentation can increase likelihood of higher rates of mortality in sessile species 

(Hawkins et al. 1983, Moschella et al. 2005, Bulleri & Chapman 2010). At the bay-scale, 

artificial rocky structures have the potential to shade nearby habitat reducing macrophyte 

and algal populations (Sanger et al. 2004) and the diversity in fish communities (Able et 

al. 1998) along with many other cascading effects. On the smallest geographic scale, the 

construction of an artificial rocky structure may displace natural habitat. In other 
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climates, breakwaters have been known to function as habitat favored by invasive species 

over native species (Wasson et al. 2005, Glasby et al. 2007, Tyrrell & Byers 2007, Pister 

2009). 

The southern Gulf of St. Lawrence ( sGSL) is made up of various coastal habitat 

types including soft-sediment shores of sand and mud, rocky beach shores, and rocky 

outcroppings of sandstone (Loring & Nota 1973). The focus of this investigation is on 

rocky intertidal areas because they most similarly reflect the physical attributes of rocky 

breakwaters. This study compared taxa richness (the number of species in a community), 

total abundance (the total percent coverage of all species in the sampled area), and 

community composition ( the assemblage of all species and their abundances over a given 

geographic area) between breakwaters and nearby natural rocky intertidal shores. 

Research on these components of breakwater habitat provides a necessary first step in 

understanding how breakwaters function within the marine intertidal ecosystem 

(Downing & Leibold 2002, Tilman et al. 2003, Sullivan et al. 2007, Heaven & Scrosati 

2008). This represents something that has yet to be completed in the North Atlantic 

marine environment of North America, and is the first step to understanding how to 

create artificial rocky structures that adequately mimic natural habitat. 

Hypotheses 

In the present study I am asking the following questions: 1) Do richness, 

abundance and community composition differ between breakwaters and natural rocky 

shores. 2) Do richness, abundance and community composition differ across areas of 

different wave exposure for breakwaters and natural rocky shores? 3) How does ice-scour 

change across wave exposures and between breakwaters and natural rocky shores? I 
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predicted that both wave-exposure levels and habitat type (breakwaters vs. natural) would 

have an effect on taxa richness, total abundance, and community composition. 

Specifically, I predict different community structure, including lower taxa richness and 

abundance, would be found on breakwaters than natural rocky areas. This prediction was 

developed from the proposed idea that breakwaters are structurally different in habitat 

quality than natural rocky shores. I also predict that wave exposed areas of breakwaters 

will have lower richness and abundance than wave sheltered areas of breakwaters 

because sheltered regions are influenced less by wave action and ice scour. To test the 

exposed vs. sheltered prediction, I measured ice scour to verify that potentially disruptive 

physical forces were present all year, with greater ice scour in the winter months and 

greater wave action in the summer months. 

Materials and methods 

Study Region 

The sGSL is a semi-enclosed body of water that connects the Atlantic Ocean with 

the St. Lawrence River and borders the shores of Prince Edward Island, Newfoundland, 

Quebec, New Brunswick, and Nova Scotia (Loring & Nota 1973). The sGSL is the 

southernmost limit of sea ice, which can be found throughout the winter months until 

May (Koutitonsky & Bugden 1991, Gilbert & Pittigrew 1997, Brown et al. 2001, Hanson 

2009). The area of the study covered a total of 430 km of coast and is considered one of 

Canada's most sensitive regions to sea level rise (Shaw et al. 1998a, Shaw et al. 1998b, 

Forbes et al. 2004). Sandstone, mud, sand, gravel, and exposed stable volcanic bedrock 

make up the majority of substrate found in the southern Gulf of St. Lawrence (Loring & 
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Nota 1973, Wade et al. 1997, Hanson 2009). In the southern Gulf of St. Lawrence, wave 

action is lower along the protected Northumberland Strait between Prince Edward Island 

and the mainland, and greater along the exposed eastern portion, along the Cape Breton 

coast (Keppel 2012). Study sites were located from the furthest west site, Cap-Pele 

(46°14'08.37"N, 64°15'44.13"W), on the partially sheltered Northumberland Strait to the 

furthest east site, Pleasant Bay (46°49'55.25''N, 60°47'52.77"W), on the exposed 

northern coast of Cape Breton, Nova Scotia (Figure 3.1 ). Surface water temperatures 

range from 15 to 20 °C from late spring to fall (Hanson 2009). Winter intertidal 

temperatures measured under the ice-foot range between -2.4 and -1.1 °C, with measured 

temperatures never falling below -7 °C (Scrosati & Eckersley 2007). Monthly salinity 

averages fall between 28.4 to 30.6 ppt (Fisheries & Oceans Canada 2007, Scrosati & 

Heaven 2007). Tidal amplitude is approximately 2.6 m at the furthest west sites and 1.4 

m at the furthest east sites (Keppel 2012). Scrosati and Heaven (2007) measured wave 

exposure through an index of wave velocity with a maximum average of 3 .4 mis in 

sheltered areas and 5 .2 mis in exposed natural areas of the Arisaig region, central to the 

overall study. 

Sampling Design 

Sampling occurred from late June through August 2010. A total of 18 breakwaters 

selected from a complete inventory of artificial rocky structures throughout the sGSL, 

created by the Gulf Region Department of Fisheries and Oceans, and 18 rocky intertidal 

areas from an inventory of 30 natural sampling areas were haphazardly chosen. 

Breakwater sites were deemed suitable for sampling if they were constructed of natural 

68 



rock material in large boulder form, were still partially submerged at low tide, had an 

exposed side facing the ocean and exposed to wave action, and a sheltered side facing the 

shore (Scrosati & Heaven 2008) (Figure 3.2). Well-established breakwaters at least 5 

years of age were included in the study; however, breakwaters are continuously changing 

systems due to anthropogenic disturbances such as maintenance and dredging, which may 

cause increased turbidity and disturb benthic organisms. Natural rocky intertidal areas 

were chosen to have both wave-exposed and wave-sheltered areas similar to the 

breakwaters. 

Intertidal species zonation is directly influenced by vertical environmental 

gradients associated with temperature change, desiccation, irradiance, and osmotic 

potential (Raffaelli & Hawkins 1996, Menge & Branch 2001, Scrosati & Heaven 2007). I 

sampled the mid-intertidal zone because it is exposed for a sufficient period of time and 

previous research along natural shorelines has shown that it has similar species richness 

to the low-intertidal zone (Scrosati & Heaven 2007, Scrosati et al. 2010) and higher than 

the harsh upper-intertidal zone (Bertness 2007). The mid-intertidal boundary was 

measured as half of the elevation from the highest mean tidal height as calculated by 

online chart data (waterlevels.gc.ca, tbone.biol.sc.edu). The mid-intertidal zone was 

measured approximately 1.3 m down from the high tidal mark on sampling sites at the 

furthest west sites and 0.7 m down from the high tidal mark on the sampling sites at the 

furthest east sites. 

Sessile invertebrates and algal species were sampled at wave-exposed and wave

sheltered areas of breakwaters and natural rocky shores. Percent coverage of each species 

was quantified in the field because it is a relatively efficient, non-destructive form of 
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sampling from which richness and abundance can be easily calculated (Heaven & 

Scrosati 2008). 

I aligned a 50m transect at the mid-intertidal elevation of both exposed and sheltered 

areas for each site. Along each transect, 625 cm2 (25 cm x 25 cm) quadrats were allocated 

at distances predetermined from a set of randomly generated numbers (Random.org). A 

total of 8 quadrats were placed along each transect at breakwaters and 4 were placed 

along each transect at natural rocky shores. Quadrat number differed because natural 

rocky shore data were taken from a complimentary study, for which replicate number was 

chosen to be 4 (Keppel 2012). I limited sampling to rock faces with a 20-80 ° inclination 

and excluded tide pools, shaded crevices, and other non-dominant habitats for logistical 

reasons. The quadrat consisted of a welded metal square frame divided into 100 

mono filament-delineated sub-quadrats to facilitate visual estimation of percent coverage. 

All organisms were identified to species or genus level and when unequivocal field

identification was not possible samples were taken for later identification using field 

guides, a taxonomic key and lab prepared guides (Gosner 1978, Pollock 1998, Villalarad

Bohnsack 2003). If a species was present in less than 1 % of the quadrat, it was given an 

arbitrary value of 0.5 % percent coverage (Scrosati & Heaven 2007). Some wave

damaged and unidentifiable species commonly had to be pooled into genus categories. 

Ice Scour 

Ice scour was measured at exposed and sheltered areas of breakwaters and natural 

rocky shorelines. Stainless steel rods measuring 0.318 cm (1/8 ") in diameter and 

approximately 8 cm in length were inserted 3 cm into rock at the sampling sites such that 
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5 cm of the rods were still exposed. Rods were installed in triplicate at exposed and 

sheltered areas of 9 breakwaters and 9 natural rocky sites that were haphazardly chosen to 

span the entire geographic range of the study. Site number was limited to 9 due to logistic 

hazards of working in the Northwestern Atlantic marine intertidal late in the year. Rods 

were secured to the rock with marine epoxy, Z-Spar®, both inside the drilled hole and 

around the rods at the substrate surface. Rods were installed before ice development, 

from late November to early December 2010 and were measured subsequent to ice 

melting. Severity of ice scour was measured as a function of the angle of deformation 

from the original position of the rods. The angle was measured from perpendicular to the 

rock face to the inclination angle of the rod. This is a modification to the field method 

developed by Scrosati and Heaven (2006) to quantify ice scour at local scales by 

measuring angle of deformation of steel cages over winter (Keppel 2012). 

Univariate analyses 

All statistical univariate analyses were completed using SYSTAT® 11.0 software. 

A three-factor mixed model analysis of variance (ANOVA) was used to test for 

significant differences in richness (number oftaxa/quadrat), abundance(% coverage/ 

quadrat) and ice scour (angle of deformation). The analysis included a "type" factor with 

two levels (breakwater and natural substrate), an "exposure" factor with two levels 

(exposed and sheltered), and a "Site" factor with 18 levels (18 breakwaters and 18 natural 

areas). "Type" (T;) and "exposure" (Ej) are both fixed factors, and "site" (Sk) is a random 

factor that was nested within "type". 
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The main effect "type" was tested against the mean square error of "site" nested 

in "type". The main effect "exposure" and the interaction between "type" and "exposure" 

were tested against the mean square of the interaction between "exposure" and "site" 

nested in "type. Any effect containing the factor "site" was tested against the residual 

mean square. The statistical linear model is: 

Significance of the analysis was evaluated at an a =0.05 level. Richness and 

abundance data were examined for the assumption of normality by constructing a 

probability plot of residuals (Underwood 1997). The assumption of homogeneity of 

variance was not met for richness data using Cochran's test, so a log-transformation had 

to be applied to data to meet this assumption (Quinn & Keough 2002). A constant value 

of 1 was added to the richness data to handle the repeated occurrence of zeros in the data 

set. I back-transformed richness data for graphical display and interpretation. The 

assumption of independence of data was achieved by ensuring that all quadrats were 

randomly selected and not duplicate, so that all observations were independent of each 

other. No transformations were required for the abundance data. 

Ice scour data did not meet the assumptions of ANOV A, even after 

transformation, but no transformation was applied. Ice scour data had a replication size of 

9 and ANOV A tests are robust to violations of assumptions for replication size higher 

than 5 (Underwood 1997, Keppel 2012). However, I interpreted significant effects with 

caution due to an increased type I error. 
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Any significant results found for the factors containing the random variable "site" 

were overlooked to assess fixed main effects to look at fixed effects. Significant 

interactions involving "site" do not preclude interpretation of fixed main effects (time, 

exposure) and their interaction. Interactions with the random factor "site" are used as the 

error terms ( denominator of the F-ratio of the fixed factors), so any test for the fixed main 

effects or their interactions their factors is actually testing for a significant effect over and 

above the variation due to both the residual and the interaction term (Quinn & Keough 

2002). Tukey's Honestly Significant Difference (HSD) tests were used to make pair

wise comparisons between "type x exposure" interactions for richness, abundance and ice 

scour data (Howell 2002). 

Multivariate analyses 

Plymouth Routines in Multivariate Ecological Research (Primer v6) software with 

the permutational multivariate analysis of variance (PERMANOVA) add-on was used for 

all multivariate statistical analysis (Anderson 2001, Anderson 2005, Clarke & Gorley 

2006). 

Analyses were conducted on percent coverage data from each sampling site for 

the entire geographic area. Before conducting any analyses, a fourth root transform was 

applied to abundance data (percent coverage estimates) to down-weigh the high 

abundance species and allow rare species to contribute more (Clarke & Warwick 2001). 

Bray-Curtis similarity matrices were constructed for all percent coverage data to quantify 

'percent similarity' between all abundance samples. 
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A three factor mixed model PERMANOV A design was used to investigate 

differences in community composition between the natural intertidal area and breakwater 

area at exposed and sheltered sides. The PERMANOV A design was the same as the 

mixed-model ANOV A used in the univariate analyses. I explored significant fixed factor 

interactions using a modified PERMANOV A design to test for a type effect within each 

exposure. I used post-hoc tests for pairwise comparisons between significant "type x 

exposure" interactions (Howell 2002). I used non-metric multidimensional scaling 

(nMDS) plots to visualize differences in community composition between breakwaters 

and natural habitat types for both exposed and sheltered areas separately. Data were 

averaged over "site" and overlaid vectors were applied to show correlations (Pearson 

correlation coefficients between taxa and MDS axes). The nMDS plots were accepted if 

stress values were less than 0.20, indicating that the plotted data ordination is not 

misleading and the information about the overall structure is reasonably accurate, but 

reliance should not be placed on detail in the plot (Clarke and Warwick 2006). 

The similarity percentage routine (SIMPER) was used to investigate community 

composition similarity at exposed sides of breakwaters vs. exposed sides of natural rocky 

intertidal zones and sheltered sides of breakwaters vs. sheltered sides of natural rocky 

intertidal zones. I also used SIMPER to investigate dissimilarity between exposed and 

sheltered areas within breakwater and within natural rocky intertidal zones. SIMPER 

analysis determines which species are most influential in assemblage characterization and 

differentiation (Clarke & Warwick 2001). 

Results 

Univariate analyses 
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Abundances (percent coverage) of a total of 62 species (32 algal and 31 

invertebrate) were recorded during the sampling period from June to August 2010 (Table 

3.1-.4). Only 45% of invertebrate species and 37% algal species found on natural rocky 

shores were also found on breakwaters (Tables 3.1-3.4). Abundance of biota was also 

lower on breakwaters than natural rocky shores ( 68% ). 

Taxa richness varied not consistently between exposed and wave-sheltered areas 

of breakwaters and natural rocky shores (Habitat Type X Exposure interaction, Table 3 .5; 

Figure 3.3). Richness was significantly lower at sheltered areas of breakwaters than 

sheltered areas of natural rocky shores (Table 3.6). A similar pattern was detected with 

total abundance (percent coverage) of biota (Habitat Type X Exposure interaction 

reported in Table 3.7; Table 3.8; Figure 3.4). There was no significant difference detected 

between exposed areas of breakwaters and natural rocky shores for both richness (Table 

3.6) and abundance (Table 3.8). Surprisingly, richness and abundance were not 

significantly different between sheltered and exposed areas of breakwaters (Table 3.5, 

3.7; Pairwise comparisons in Table 3.6, 3.8; Figure 3.3, 3.4), but abundance was higher in 

sheltered than exposed areas of natural rocky areas. 

Ice scour 

Exposure had a significant effect on ice scour, but type (breakwaters vs. natural 

rocky shores) had no significant difference (Table 3.9; Figure 3.5). 

Multivariate analyses 

Biotic communities on breakwaters differed from those on natural rocky shores 

within sheltered and exposed areas ( significant Type X Exposure interaction, Table 3 .1 O; 
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significant type effects within both wave-exposed and sheltered areas, Table 3 .11; 

pairwise comparisons, Table 3.12). 

The nMDS configuration comparing between exposed and sheltered areas showed 

distinct grouping between breakwaters and natural rocky shores (Figure 3.6). The nMDS 

configuration comparing between breakwaters and natural rocky shores showed distinct 

grouping for breakwaters, but was not as evident for natural rocky shores (Figure 3. 7). 

The average similarity within community composition amongst quadrats was an 

average of 2X greater at natural rocky shores than breakwaters. At exposed areas, the 

average similarity was 15% and 32%, respectively, for breakwaters and natural rocky 

shores. At sheltered areas, the average similarity was 19% and 35%, respectively, for 

breakwaters and natural rocky shores. (Table 3.13). Semibalanus balanoides contributed 

the most to within-group similarity at all exposure levels for both habitat types. 

Hildenbrandia rubra, the crustose red algae, and the Fucus spp. group were influential 

contributors to within-group similarity for exposed and sheltered areas of breakwaters 

(Tables 3.3-3.4, 3.13). 

Of the species contributing at least 5% to the difference between breakwater and 

natural rocky communities three were common to both exposed and sheltered areas: 

Semibalanus balanoides, Fucus spp., and Calothrix spp. (Table 3.14; Figure 3.6). 

Semibalanus balanoides and Calothrix spp. were less abundant on breakwaters than 

natural rocky shores in both exposed and sheltered areas. Semibalanus balanoides was 

60% more abundant in sheltered regions and 17% more abundant in exposed areas at 

natural rocky shores than breakwaters. In addition, Semibalanus balanoides was only 

found on 67% of the exposed areas of the sampled breakwater. Ulva intestinalis was 
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500X more abundant in exposed areas and 600X more abundant in sheltered areas at 

breakwaters than natural rocky shores. In exposed areas, Chordaria jlagelliformis was 

less abundant and Hildenbrandia rubra and Mytilus edulis were more abundant on 

breakwaters than natural shores. In sheltered areas, three algal species were all less 

abundant on breakwaters than natural rocky shores (Ascophyllum nodosum, Fucus spp. 

and Calothrix spp. ). Ulva intestinalis, Fucus spp. and Ascophyllum had higher 

abundances at sheltered areas than exposed areas of breakwaters (Table 3 .15; Figure 3. 7). 

The average dissimilarity between biotic communities in exposed and sheltered 

regions was higher on breakwaters (85%) than at natural rocky sites (73%) (Table 3.15; 

Figure 3. 7). Greater abundance of Semibalanus balanoides in exposed than sheltered 

areas contributed most to this difference in both habitat types. Fucus spp. and Ulva 

intestinalis, a conspicuous green alga, were next most important species contributing to 

between group dissimilarity at breakwaters and had a lower abundance at exposed areas 

than sheltered areas {Table 3.15). 

Discussion 

Abundance, richness and community composition of sessile biota on established 

breakwaters differed from those of rocky intertidal areas; however, the degree and scope 

of these differences varied between wave exposure areas. Significant differences were 

seen between breakwaters and natural shorelines at sheltered areas for richness, 

abundance, and at both sheltered and exposed areas for community composition. Overall, 

breakwaters had a lower mean richness and lower mean abundance than wave sheltered 

regions of natural rocky intertidal areas. This is a trend documented on artificial rocky 

structures in the Mediterranean (Bacchiocchi & Airoldi 2001, Bulleri & Chapman 2004, 
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Gacia et al. 2007), Australia (Underwood & Chapman 1998, Moreira et al. 2006), United 

States (Pister 2009), and in the Northern European Atlantic coast (Southward & Orton 

1954, Moschella et al. 2005, Pinn et al. 2005). 

No significant difference was seen between exposed and sheltered sides of 

breakwaters for both richness and abundance; however, natural rocky shores had 

significantly higher abundances at sheltered areas compared to exposed areas. This 

finding disagreed with my predictions that there would be a significant exposure effect 

for both richness and abundance at breakwaters. 

Environmental disturbances: wave exposure and ice scour 

The results for ice scour supported my prediction for exposure, but not for habitat 

type. Ice scour was significantly higher at exposed regions than sheltered regions for both 

breakwaters and natural rocky sites, which is consistent with findings regarding natural 

rocky shores from Scrosati and Heaven (2007), who used similar techniques. In addition, 

my research shows that there are no differences in ice-scour force on breakwaters and 

natural rocky shorelines. At the local scale, environmental stress operates on horizontal 

and vertical gradients to influence communities of intertidal organisms at natural rocky 

structures (Bertness 2007, Scrosati & Heaven 2007) and breakwaters (Southward & 

Orton 1954, Moschella et al. 2005). Ice scour and wave exposure play major roles in 

determining distribution of species in the southern Gulf of St. Lawrence (Underwood 

1999, Bertness 2007, Scrosati & Heaven 2007). On exposed areas, benthic organisms 

experience greater wave forces and ice scour (Scrosati & Heaven 2007) and as a result 

cause decreased survival rates (Schwenke 1971 ), dislodgement of sessile species (Hunt & 

Scheib ling 2001 ), decreased recruitment rates (Varlas 1990), physical damage to the biota 
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(Schwenke 1971 ), and decreased ability of species to attach to the substrate (Moschella. 

et al. 2005, Gacia et al. 2007). 

Wave exposure has previously been measured to be higher along breakwaters 

than natural rocky shorelines, resulting in an increased environmental pressure on species 

inhabiting artificial habitat (Pister 2009). In a future study, researching differences 

between wave-exposure on breakwaters and natural rocky shores would allow further 

understanding of the differences in this environmental factor throughout the region. 

Measuring wave energy is logistically difficult in the field at locations that are known to 

have high wave exposure; however, it has been successfully measured at natural rocky 

shores in the vicinity of this project. At natural rocky shores in the southern Gulf of St. 

Lawrence, Scrosati and Heaven (2007) measured mean maximum water velocity to be 

between 3.9 to 8.1 mis at exposed areas and between 2.9 and 4.1 mis at sheltered areas. 

At rocky north Atlantic coast sites, mean maximum water velocity was measured to be 

between 6.1 to 8.6 m/s at exposed areas, 3.9 to 8.8 mis at intermediate exposures, and 3.2 

to 5.6 mis at sheltered areas (Scrosati & Heaven 2007). Given the high water velocity at 

exposed sites in the southern Gulf of St. Lawrence, and the harsh winter conditions and 

ice scour occurring in most of southern Gulf of St. Lawrence, it is predicted that the 

exposed areas of breakwaters, like natural rocky shores, are highly stressful areas for 

marine intertidal sessile biota (Bertness et al. 2006, Scrosati & Heaven 2007). Higher 

richness at sheltered areas of natural rocky shores is consistent with a lower degree of 

physical stress from wave-protection and lack of intense ice scour, while low richness in 

exposed regions at natural rocky shores and breakwaters is consistent with a higher 

degree of physical stress in the southern Gulf of St. Lawrence (McK.indsey & Bourget 
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2001, Scrosati & Heaven 2006, Scrosati & Heaven 2007). Investigating the influence of 

environmental stress on intertidal communities at artificial rocky structures is an area that 

needs more research. 

Anthropogenic disturbances: Maintenance 

The abundance, richness, and community composition of intertidal communities 

are not solely influenced by natural environmental stressors. Even though I attempted to 

select established breakwaters for this study on which biota would have had at least 5 

years to establish a stable community, this might not have been the case at all sites. 

Human activities create a major source of disturbance for breakwaters that is not found at 

natural intertidal areas. Maintenance activities needed to both restructure and reinforce 

artificial rocky structures can have a severely negative impact on intertidal communities 

(Bacchiocchi & Airoldi 2003, Moschella et al. 2005). Airoldi and Bulleri (2011) found 

that regular maintenance on artificial structures caused a decrease in cover of several 

dominant intertidal species including mussels, Mytilus galloprovincialis, and oysters, 

Ostrea edulis and an increase in opportunistic ephemeral algae. Much of this human 

disturbance is focused on the sheltered interior regions of breakwater sites (Moschella et 

al. 2005). 

Anthropogenic disturbances: Sheltered regions 

Unlike in natural areas, sheltered areas of breakwaters must constantly deal with 

human activity, increases in turbidity (Bulleri & Chapman 2004; Clynick 2007; Vaselli et 

al. 2008; Bulleri & Chapman 2009), reduced water circulation (Zyserman et al. 2005) and 

wave protection (Underwood & Chapman 2006). Reduced water circulation and wave 

protection have both been shown to disrupt richness, distributions, and abundances of 
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organisms (Underwood & Jemakoff 1984, Bulleri & Chapman 2004; Clynick 2007; 

Vaselli et al. 2008; Scrosati & Heaven 2007), increase mortality rates (McQuaid & 

Lindsay 2000), alter settlement patterns (Abelson & Denny 1997; Martins et al. 2009), 

and increase siltation and entrapment of pollutants (Moschella et al. 2005, Gacia et al. 

2007). Two studies showed sheltered areas of artificial rocky structures lack bivalve 

species found on exposed sides and have speculated that it is due to suffocation of their 

filtration system from deposition of fine sediments (Dare 1976, Gacia et al. 2007). In 

accordance with Gacia et al. (2007) and Vaselli et al. (2008), I observed a layer of fine 

(<0.5 cm) sediment covering the sheltered regions at a number of the breakwaters. High 

sedimentation rates can cause a lower richness and favor opportunistic forms of algae 

(Vaselli et al. 2008). This may explain why Mytilus spp. was only found at two of 18 

sheltered areas for breakwater sites and 14 of 18 sheltered areas for natural rocky sites, of 

which they have been considered a representative species in the area (Dufour & Ouellet 

2007). At natural sites, Scrosati and Heaven (2008) suggest Mytilus spp. may be abundant 

at exposed areas because of increased oxygenation, food provisions, and decreased 

competition due to high levels of hydrodynamic forces creating inhospitable conditions 

for other organisms. 

Mytilus spp. was seen as an important species in discriminating the exposed 

regions of breakwaters from natural rocky sites. Abundance of Mytilus spp. on 

breakwaters was only 10% of what was found on natural rocky shores. Surprisingly, 

prevalence and abundance of Crassostrea virginica, the eastern oyster, did not differ 

between sheltered areas of breakwaters and natural rocky shores. In future construction 

plans, structurally increasing the number of sheltered crevices away from the direct 
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passage of water through breakwaters would increase water movement on wave-sheltered 

areas while promoting Mytilus spp. habitat (Moschella et al. 2005). 

Minimizing anthropogenic disturbances 

Reducing human disturbance of the habitat on breakwaters by minimizing 

maintenance and creating more stable structure has been postulated to allow colonization 

of rare and later successional species, increasing richness and abundance, reducing 

ephemeral algae, and enhancing economically valuable species such as shellfish 

(Moschella et al. 2005). Another suggestion to make human disturbance less noticeable is 

to design the breakwaters and other artificial rocky structures to function more like 

natural rocky habitat by including rock pools, increasing habitat surface complexity and 

area (Moschella et al. 2005). Creating artificial habitat that consists of biotic communities 

found on natural rocky shores may present added ecosystem services. Some of the 

organisms commonly found in abundance on natural rocky shores including barnacles 

and fucoid algae can create a protective layer that prevents weathering and damage to the 

human made artificial rocky structures (Coombes & Naylor et al. 2012, Naylor et al. 

2012). 

Community variation 

The multivariate analyses were able to detect differences in community structure 

that were undetected through measuring changes in richness and abundance by univariate 

analyses. SIMPER analyses identified species that contributed to similarities within and 

dissimilarities between habitat types and exposure areas. Rapidly colonizing invertebrates 

contributed the most to within-group similarity at exposed areas of breakwaters and, with 
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the exception of Semibalanus balanoides, macroalgal species contributed the most at 

sheltered regions. 

Semibalanus balanoides, the common barnacle, functioned as the most important 

species discriminating between breakwaters and natural rocky sites at exposed and 

sheltered areas. S. balanoides dominated natural and artificial shorelines, although it was 

found in higher abundances at natural sites. Barnacle populations are subjected to annual 

die offs due to waves and ice scour, but they reach maximum population size during the 

summer months (McKindsey & Bourget 2001, Heaven & Scrosati 2008), which aligned 

with my sampling period. 

S. balanoides was predominately found in higher abundances on areas exposed to 

wave action than in areas that were sheltered, which agrees with patterns seen by Jenkins 

(2005), Gacia et al. (2007), and Martins et al. (2009). Barnacle larvae have been observed 

at higher densities in sheltered areas due to physical transport processes including tidal 

pressure (Shanks 1986, Shanks & Wright 1987), winds (Hawkins & Hartnoll 1982, 

Mcconnaughey et al. 1992), and upwelling events (Roughgarden et al. 1988, Fairweather 

1991, Jenkins & Hawkins 2003). Therefore, barnacle abundance on sheltered shores is 

limited by post-settlement processes causing increased mortality and by being 

outcompeted for space by ephemeral algae (Jenkins & Hawkins 2003, Martins et al. 

2009), abundant in the areas without severe wave stress (Vadas et al. 1990, Bulleri & 

Airoldi 2005). Higher abundances of barnacles on exposed areas than sheltered areas has 

been well documented along natural rocky shorelines and may be additionally influenced 

in sheltered areas of breakwaters by their inability to catch larvae due to their disruption 

of current regimes and poor water circulation (Mullineaux & Butman 1991, Abelson & 
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Denny 1997, Martin et al. 2009). This would explain why barnacles are found at a higher 

number of sheltered sites than exposed areas of breakwaters (Tables 3.1, 3.2.) and had 

consistently lower abundance at sheltered areas, whereas these patterns were not seen at 

natural rocky areas (Table 3.2). The difference in S. balanoides abundance between 

breakwaters and natural rocky intertidal areas may be related to the levels of disturbance 

from wave exposure, ice scour and maintenance, as detailed earlier. 

Fucus spp., Calothrix spp. and Chordariaflagelliformis, common brown algae, 

were important algal species in discriminating between breakwaters and natural rocky 

intertidal areas at exposed regions. These species were found with higher average 

abundances at natural rocky intertidal areas than at breakwaters. C. flagelliformis has 

been observed as a characteristic species of exposed rocky regions of the southern Gulf of 

St. Lawrence (Heaven & Scrosati 2008). Fucus spp. is an important species in the 

intertidal because it has strong effects on community assemblage and species resilience 

by forming canopies that alleviate desiccation and thermal stress on understory species 

(Bruno et al. 2003), and by dominating any available space (Kiirikki 1996, Jenkins et al. 

2004, Valdivia 2011). The loss of these canopy forming algae can cause drastic changes 

to species richness in the assemblage by increasing space availability for colonization of 

other species (Jenkins et al. 2004), potentially causing an increase in abundance of 

opportunistic species, predominantly in disturbed environments with high nutrient loads 

(Eriksson et al. 2006, Bertocci et al 2010). 

Ulva intestinalis, green ephemeral algae, was an important species in 

discriminating between breakwaters and natural rocky intertidal areas at both exposed 

and sheltered regions, and in discriminating between exposed and sheltered sides at 
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breakwaters. Consistent with findings for ephemeral algae summarized by Airoldi & 

Bulleri (2011 ), Ulva spp. were found at higher abundances in sheltered areas than 

exposed areas of breakwaters. Bacchiocchi and Airoldi (2003) found that Ulva spp. is an 

opportunistic species amongst the earliest colonizers of artificial rocky structures that are 

newly constructed or cleared. Ice scour, wave action and regular maintenance cause 

clearing of breakwaters. While degree of ice scour was greater on exposed than sheltered 

regions of breakwaters, Fucus spp. as still found in sheltered areas. 

Contrasting with the high abundance of U. intestinalis on breakwaters, it was 

almost non-existent at natural rocky intertidal areas. High levels of nutrient inputs from 

commercial activities (i.e, fishing vessel output, fish processing plants, sewage, river 

runoff from agricultural land) may explain the abundance differences between the two 

habitat types and represent an area of study that should be incorporated in future studies. 

In other research, U. intestinalis has been found at greater abundances in areas with 

increased nutrient inputs, most commonly associated with sewage pollution (Chapman et 

al. 1995) and is used as a bio-indicator for eutrophic waters (Ho 1987). I observed that 12 

of the 18 breakwaters had some sort of fisheries operation, and all 18 breakwaters housed 

fishing vessels, which could suggest that there are a greater number of anthropogenic 

pollution sources at breakwaters compared to natural rocky shores along the southern 

Gulf of St. Lawrence. Large numbers of seabirds were also found at breakwaters and 

contributed a large quantity of excrement on and around the structures. Far less seabirds 

and excrement were present at natural rocky shorelines. The presence of seabirds may 

present another source of pollution that may affect the distribution and abundance of 

intertidal biota at breakwaters. 
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Conclusions 

Globally, some of the most serious threats to species diversity and community 

health are anthropogenic habitat modification and fragmentation (Sih et al. 2000, Airoldi 

& Beck 2007). Only 45% of invertebrate species and 37% algal species found on natural 

rocky shores were also found breakwaters (Tables 3.1-3.4). Breakwaters represented 68% 

of the abundance found on natural rocky shores. My results from this large-scale study 

demonstrate that breakwater habitat is structurally different from natural rocky intertidal 

areas, presenting potential management and environmental issues in coastal ecosystems. 

Intertidal assemblages on breakwaters represented a subset of the common local taxa 

found at natural rocky shore intertidal environments. 

Natural sessile intertidal communities represent a base in the marine food web for 

a much larger biotic community of organisms (Anderson et al. 1978, Dudley & Anderson 

1982, Wallace & Benke 1984, Pickering & Whitmarsh 1996). Many of the species, 

Mytilus edulis for example, that were less abundant on breakwaters than natural rocky 

intertidal areas are essential dietary staples of valuable commercial species in the area 

including the lobster fishery (Dufour & Ouellet 2007). Natural fish and crustacean 

abundance has been observed to significantly depend on sessile species for providing 

essential shelter for juvenile survival and from predation, waves, tidal forces, and 

desiccation (Hixon & Brostoff 1985, Relini et al 1994, Pickering & Whitmarsh 1997). 

Studying changes at the sessile invertebrate and algal level provides a necessary 

foundation for understanding ecosystem health and shaping environmental management 

standards. 

86 



This study was the first to examine the intertidal communities associated with 

breakwaters in the Northern Atlantic coast of North America. The comparison of 

intertidal biotic communities between breakwaters and natural rocky shores is a valuable 

first step towards understanding breakwater effects on natural marine ecosystems and 

assessing their ecological significance. The southern Gulf of St. Lawrence is considered 

one of Canada's most sensitive regions to sea level rise and severe storms that have 

caused many millions of dollars in damage to coastal tourism infrastructure, harbor 

facilities, residential areas, and shorefront properties (Shaw et al. 1998a, Shaw et al. 

1998b, Forbes et al. 2004). With these increasing erosion and flood risks, the need for 

more artificial rocky structures resonates strongly in the southern Gulf of St. Lawrence. 

Increased coastal artificial structures are acknowledged as a key source of pressure on 

conservation practices (Naylor et al. 2012). A comprehensive understanding of the 

ecological organism assemblages on artificial rocky structures will be crucial to design 

these structures to support natural communities and plan sound conservation strategies. 
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Table 3.1. Average abundance(% coverage± 1 SE) and presence of invertebrate taxa 
across the southern Gulf of St Lawrence on sheltered and exposed areas of breakwaters 
(n=l44 quadrats). Blank spaces represent zero abundance. Presence (Pres.) is calculated 
from number of times a species appears within the total number of sites (n=18); therefore 
presence is counted once per site. 

Invertebrates on breakwaters 
Sheltered Exnosed 

Taxon Common name Pres. Abundance Pres. Abundance 

Acmaea testudinalis Common tortoise limpet 
Asterias vulgaris Northern sea star 2 0.04±0.02 3 0.06±0.04 
Buccinum undatum Common whelk 
Ca/liopius laeviusculus Predatory amphipod 

Cancer irroratus Atlantic rock crab 
Carcinus maenas Green crab 
Clava multicornis Club hydroid 

Crassostrea virginica Eastern oyster 3 0.12±0.07 2 0.03±0.02 

Crucibulum striatum Striate cup-and-saucer 1 0.01±0.01 

Dynamena pumila Sea oak 2 0.24±0.02 2 0.01±0.01 

Electra pilosa Hairy sea-mat 2 0.01±0.01 1 0.01±0.01 
Gammarellus angulosus Amphipod 4 0.01±0.01 3 0.02±0.01 
Gammarus annulatus Amphipod 0.01±0.01 
Gammarus .finmarchicus Amphipod 

Gammarus oceanicus Baltic amphipod 0.01±0.01 
Hyale nilssoni Amphipod 0.01±0.01 
Hyale plumulosa Amphipod 

Jaera marina Little shore isopod 0.01±0.01 
Littorina littorea Common periwinkle 14 0.90±0.10 17 0.62±0.07 
Littorina obtusata Smooth periwinkle 3 0.01±0.01 5 0.240.01 

Littorina saxatilis Rough periwinkle 4 0.01±0.01 3 0.07±0.04 
Membranipora spp. Kelp encrusting bryozoan 
Mytilus edulis Blue mussel 2 0.01±0.01 9 4.62±1.08 

Neomolgus littoralis Red velvet mite 2 0.01±0.01 

Nucella lapillus Atlantic dog whelk 
Obelia spp. Jellyfish 

Semibalanus balanoides Northern rock barnacle 16 17.60±1.67 12 18.722.25 
Spirorbis spirorbis 

Uhlorchestia uhleri Amphipod 
Urticina jelina Northern red anenome 
worm#l 0.01±0.01 
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Table 3.2. Average abundance(% coverage± 1 SE) and presence of invertebrate taxa 
across the southern Gulf of St. Lawrence on sheltered and exposed areas of natural rocky 
intertidal areas (n=72 quadrats). Blank spaces represent zero abundance. Presence is 
calculated from number of times a species appears within the total number of sites 
(n= 18); therefore presence is counted once per site. 

Invertebrates on Natural Rocky Shores 

Sheltered Exgosed 
Taxon Common name Pres. Abundance Pres. Abundance 

Acmaea testudinalis Common tortoise limpet 2 0.01±0.01 

Asterias vulgaris Northern sea star 3 0.26±0.10 2 0.04±0.02 

Buccinum undatum Common whelk 3 0.05±0.02 

Calliopius laeviusculus Predatory amphipod 0.01±0.01 

Cancer irroratus Atlantic rock crab 2 0.06±0.04 

Carcinus maenas Green crab 0.01±0.01 

Clava multicornis Club hydroid 2 0.02±0.01 

Crassostrea virginica Eastern oyster 3 0.17±0.09 

Crucibulum striatum Striate cup-and-saucer 

Dynamena pumila Sea oak 8 2.46±0.84 2 0.06±0.03 

Electra pilosa Hairy sea-mat 3 0.22±0.11 1 0.01±0.01 

Gammarellus angulosus Amphipod 5 0.10±0.02 3 0.08±0.02 

Gammarus annulatus Amphipod 0.01±0.01 

Gammarus flnmarchicus Amphipod 6 0.09±0.02 0.01±0.01 

Gammarus oceanicus Baltic amphipod 

Hyale nilssoni Amphipod 2 0.01±0.01 

Hyale plumulosa Amphipod 1 0.01±0.01 

Jaera marina Little shore isopod 6 0.07±0.02 

Littorina littorea Common periwinkle 18 0.55±0.06 16 0.30±0.04 

littorina obtusata Smooth periwinkle 13 0.60±0.08 14 0.12±0.04 

Littorina saxatilis Rough periwinkle 13 0.19±0.03 11 0.19±0.02 

Membranipora sp. Kelp encrusting bryozoan 4 0.11±0.05 

Mytilus edulis Blue mussel 14 1.10±0.40 11 0.62±0.35 

Neomolgus littoralis Red velvet mite 3 0.06±0.02 

Nuce/la lapillus Atlantic dog whelk 4 2.86±1.20 0.01±0.01 

Obelia spp. Jellyfish 3 1±0.22 

Semibalanus balanoides Northern rock barnacle 18 26.86±2.65 18 32.90±3.74 

Spirorbis spirorbis 1 0.01±0.01 

Uhlorchestia uhleri Amphipod 0.01±0.01 

Urticina felina Northern red anenome 0.01±0.01 

worm #1 
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Table 3.3. Average abundance and presence of algal taxa (%coverage± 1SE) across the 
southern Gulf of St. Lawrence on sheltered and exposed areas of breakwaters (n=l44 
quadrats). Categories left at genus level (Ceramium spp., Cladophora spp., Fucus spp., 
Polysiphonia spp.) are the total mean abundance of the component categories indented 
below them. Blank spaces represent zero abundance. Presence (Pres.) is calculated from 
number of times a species appears within the total sites (n=l8); therefore presence is 
counted once per site. 
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Algae on Breakwaters Sheltered Exuosed 
Taxon Common name Pres. Abundance Pres. Abundance 
Ascophyllum nodosum Knotted wrack 5 1.89±0.85 1 3.68±1.43 
Blidingia minima Green algae 
Ca/othrix spp. Encrusting algae 2.27±1.11 l 0.11±0.09 
Ceramium spp. Forked red algae 0.01±0.01 3 2.63±0.68 

Ceramium cimbricum Forked red algae 0.01±0.01 0.01±0.01 
Ceramium nodulosum Forked red algae 0.17±0.07 
Ceramium (Unknown) .Forked red algae l 0.02±0.02 

Chondrus crispus Irish moss 3 0.32±0.21 5 0.16±0.06 
Chorda filum Sea lace 2.05±0.88 
Chordaria flagell(formis Black whip weed 3 0.18±0.10 
Cladophora rupestris Green algae 2 0.10±0.04 l 0.10±0.06 
C/adophora sericea Green algae 2 0.01±0.01 5 0.07±0.02 
Coral/ina ojjicinalis Branching coralline 
Dark green crust 4 1.05±0.54 6 3.59±1.11 
Dictyosiphon macounii Brown algae 
Elachista fucicola Tufted fringe 4 0.71±0.24 7 2.17±0.92 
Fucus spp. Bladderwrack 16 10.57±1.67 13 12.98±2.36 

Fucus serratus Toothed wrack 3 1.61±0.64 
Fucus spiralis Spiral wrack 5 2.48±0.96 3 0.40±0.20 
Fucus vesiculosus Bladderwrack 8 7.47±1.46 6 2.63±0.90 
Fucus (Unknown) Bladderwrack 13 0.62±0.15 14 0.02±0.01 

Green Crust 
Halisarca spp. 
Halothrix spp. 0.01±0.01 
Hildenbrandia rubra Red algal mat 14 3.93±0.82 15 4.43±0.65 
Petalonia fascia Sea petals 0.01±0.01 
Petalonia zosterijolia 3 0.15±0.12 2 0.08±0.06 
Polyides rotundus Goat tang 1 0.33±0.20 
Polysiphonia spp. Red algae 5 1.02±0.52 2 0.26±0.12 

Polysiphonia elongata Red algae 
Polysiphonia (Unknown) Red algae 5 l.02±0.52 2 0.26±0.12 

Pmphyra spp. Lori 0.43±0.22 4 0.97±0.35 
Saccorhiza dermatodea 
Scytosiphon lomentaria Brown tubeweed 

Scytosiphon simplicissimus Sausage weed l 0.03±0.02 
Sphacelaria cirrosa 
Ulva intestinalis Grass kelp 9 6.73±1.60 12 5.35±1.21 
Ulva lactuca Sea lettuce 5 0.40±0.21 8 2.70±1.03 
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Table 3.4. Average abundance and presence of algal taxa (%coverage± 1SE) across the 
southern Gulf of St. Lawrence on sheltered and exposed areas of natural rocky intertidal 
sites (n=72 quadrats). Categories left at genus level (Ceramium spp., Cladophora spp., 
Fucus spp., Polysiphonia spp.) are the total mean abundance of the component categories 
indented below them. Blank spaces represent zero abundance. Presence (Pres.) is 
calculated from number of times a species appears within the total sites (n=l8). 
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Algae Natural Shore Sheltered Exposed 
Abundanc 

Taxon Common name Pres. Abundance Pres. e 
Ascophyllum nodosum Knotted wrack 10 13.00±3.02 4 0.09±0.05 
Blidingia minima Green algae l 0.01±0.01 
Calothrix spp. Encrusting 8 3.60±0.93 8 7.31±1.95 
Ceramium spp. Red algae 2 0.22±0.14 3 0.34±0.15 

Ceramium cimbricum Red algae 
Ceramium nodulosum Red algae 

Ceramium (Unknown) Red algae 2 0.22±0.14 3 0.34±0.15 
Chondrus crispus Irish moss 10 2.55±1.10 8 0.28±0.08 
Chorda filum Sea lace 

Chord aria .ftagelliformis Black whip weed 8 6.31±2.41 
Cladophora rupestris Green algae 1 0.01±0.01 3 0.07±0.03 
Cladophora sericea Green algae 3 0.02±0.01 3 0.12±0.04 

Corallina ojficinalis Branching coralline 1 0.01±0.01 
Dark Green Crust 
Dictyosiphon macounii Brown algae 0.21±0.12 1 0.07±0.05 
Elachista fucicola Tufted fringe 8 1.14±0.40 7 0.20±0.07 
Fucus spp. Bladderwrack 17 22.64±3.28 15 7.65±2.28 

Fucus serratus Toothed wrack 7 4.38±1.62 3 .. 8±1.97 

Fucus spiralis Spiral wrack 5 5.33±1.80 
Fucus vesiculosus Bladderwrack 8 12.40±2.77 1 2.57±1.30 
Fucus (Unknown) Bladderwrack 6 0.51±0.33 13 1.27±0.39 

Green Crust 2 0.01±0.01 2 0.125±0.07 

Halisarca spp. 0.08±0.06 2 0.12±0.08 

Halothrix spp. 

Hildenbrandia rubra Red algal mat 9 1.40±0.36 4 1.97±0.56 

Petalonia fascia Sea petals 
Petalonia zosterifolia 0.01±0.01 
Polyides rotundus Goat tang 
Polysiphonia spp. Red algae 2 0.15±0.11 1 0.06±0.04 

Polysiphonia elongata Red algae 2 0.14±0.11 2 0.06±0.04 

Polysiphonia (Unknown) Red algae 0.01±0.01 

Porphyra spp. Lori 
Saccorhiza dermatodea 7 1.04±0.36 

Scytosiphon lomentaria Brown tubeweed l 0.01±0.01 
Scytosiphon simplicissimus Sausage weed 
Sphace/aria cirrosa 3 0.13±0.09 0.01±0.01 

Ulva intestinalis Grass kelp 0.01±0.01 0.01±0.01 

Ulva lactuca Sea lettuce 
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Table 3.5. Mixed-model ANOVA results examining differences between richness 
estimates of sheltered and exposed areas of 18 breakwater and 18 natural rocky intertidal 
sampling sites throughout the southern Gulf of St. Lawrence. Sites were sampled 
throughout June, July and August 2010. Data was log transformed and a constant value of 
1 was added. Significant and interpretable p-values are presented in bold. 

Dependent Variable: Richness 

Source of variation 
Type 
Exposure 
Exposure X Type 
Site(Type) 
Exposure X Site(Type) 
Error 

df 
1 
1 
1 

34 
34 

360 

Mean square 
6.671 
0.400 
1.485 
0.334 
0.216 
0.019 

j-ratio 
19.96 

1.85 
6.87 

17.36 
11.23 

p-value 
<0.0001 

0.183 
0.013 

<0.0001 
<0.0001 

Table 3 .6. Tukey HSD pairwise comparisons of richness data among habitat types and 
exposure levels. Significant p-values in bold. 

Matrix of pairwise comparison probabilities: 
Breakwater Exposed vs. Natural Exposed 
Breakwater Exposed vs. Breakwater Sheltered 
Natural Exposed vs. Natural Sheltered 
Breakwater Sheltered vs. Natural Sheltered 

p-value 
0.205 
0.714 
0.074 

<0.0001 
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Table 3.7. Mixed-model ANOVA results examining differences between abundance 
( calculated by percent coverage) estimates of sheltered and exposed areas of 18 
breakwater and 18 natural rocky intertidal sampling sites throughout the southern Gulf of 
St. Lawrence. Sites were sampled throughout June, July and August 2010. Significant 
and interpretable p-values are presented in bold. 

Dependent variable: Abundance 

Source of variation 
Type 
Exposure 
Exposure X Type 
Site(Type) 
Exposure X Site(Type) 
Error 

df 
1 
1 
I 

34 
34 

360 

Mean square 
67438 

9886 
43368 
13394 
5732 

794 

,I-ratio 
5.04 
1.73 
7.57 

16.86 
7.22 

p-value 
0.031 
0.198 
0.009 

<0.0001 
<0.0001 

Table 3.8. Tukey HSD pairwise comparisons of abundance (percent coverage) data 
among habitat types and exposure levels. Significant p-values in bold. 

Matrix of pairwise comparison probabilities: 
Breakwater Exposed vs. Natural Exposed 
Breakwater Exposed vs. Breakwater Sheltered 
Natural Exposed vs. Natural Sheltered 
Breakwater Sheltered vs. Natural Sheltered 

p-value 
0.963 
0.603 

0.08 
0.001 

Table 3.9. Mixed-model ANOVA results testing for an effect of habitat type (9 
breakwaters and 9 natural rocky sites) and exposure (wave-sheltered and wave-exposed) 
on ice scour along the southern Gulf of St. Lawrence over the 2010/20 I I-winter season. 
No data transformation. Significant p-values are presented in bold. 

Dependent variable: Abundance 

Source of variation 
Type 
Exposure 
Exposure X Type 
Site(Type) 
Exposure X Site(Type) 
Error 

df 
1 
1 
1 

16 
16 
72 

Mean square 
597.4 

88866.7 
1.8 

564.3 
592.3 
276.4 

,I-ratio 
1.059 

150.042 
0.003 
2.041 
2.143 

p-value 
0.319 

<0.0001 
0.957 
0.021 
0.015 
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Table 3.10. PERMANOVA results examining differences within community composition 
data for exposed and sheltered areas of 18 breakwaters and 18 natural rocky sites 
throughout the southern Gulf of St. Lawrence. Sites were sampled throughout June, July 
and August 2010. Significant and interpretable p-values are in bold. 

Source of variation df Mean sguare Pseudo-/ /!_-value (perm) 
Type 1 75145 6.40 0.001 
Exposure 1 23870 2.97 0.007 
TypeXExposure 1 22514 2.81 0.007 
Site(Type) 34 13091 14.84 0.001 
ExposureXSite(Type) 34 8918 10.11 0.001 
Error 360 882 

Table 3.11. PERMANOV A results examining differences within community composition 
data of 18 breakwaters and 18 natural rocky sites for separated exposed and sheltered 
areas throughout the southern Gulf of St. Lawrence. Sites were sampled throughout June, 
July and August 2010. Significant p-values are in bold. 

Exposed 
Source of variation 
Type 
Site(Type) 
Error 

Sheltered 
Source of variation 
Type 
Site(Type) 
Error 

df 
1 

34 
180 

df 
1 

34 
180 

Mean square 
43875 
11912 

814 

Mean square 
59763 
10244 

937 

Pseudo-[ 
4.11 

14.62 

Pseudo-[ 
6.48 

10.92 

/!_-value (perm) 
0.001 
0.001 

p-value (perm) 
0.001 
0.001 

Table 3.12. Pairwise comparisons of community composition data among habitat types 
and exposure levels. Significant p-values are in bold. 

Pairwise comparison 
Breakwaters Exposed vs. Natural Exposed 
Breakwaters Exposed vs. Breakwater Sheltered 
Natural Exposed vs. Natural Sheltered 
Breakwaters Sheltered vs. Natural Sheltered 

p-value 
0.002 
0.018 
0.001 
0.001 
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Table 3 .13. Summary of SIMPER results examining average abundance (percent 
coverage) of defining species at each habitat type ( 18 breakwaters & 18 natural rocky 
intertidal sites) across two exposure levels (sheltered & exposed), each species 
contribution (%) to within-group similarity, and the cumulative sum (%) of their 
contributions with a cut-off of -90%. Average similarities from within-groups indicated 
below cumulative contributions. 

Abundance Contribution Cumulative 
(% Cover) {%} (o/o} 

Breakwater 
Exposed 
Semibalanus balanoides 19.48 54.33 54.33 
Hildenbrandia rubra 4.43 13.25 67.59 
Fucus spp. 6.58 8.1 75.68 
Mytilus edulis 4.68 6.7 82.39 
Littorina littorea 0.62 5.79 88.17 
Ulva intestinalis 5.85 5.22 93.4 

Average similarity: 15.40% 
Sheltered 
Semibalanus balanoides 14.49 57.85 57.85 
Fucus spp. 11.07 18.6 76.45 
Hildenbrandia rubra 4.31 9.03 85.48 
Ulva intestinalis 7.48 6.23 91.71 

Average similarity: 18.44% 
Natural 
Exposed 
Semibalanus balanoides 35.9 82.13 82.13 
Calothrix spp. 9.69 8.05 90.17 

Average similarity: 31.69% 
Sheltered 
Semibalanus balanoides 29.36 50.6 50.6 
Fucus spp. 26.01 25.26 75.86 
Ascophyllum nodosum 24.13 15.38 91.24 

Average similarity: 34.69% 
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Table 3.14. Summary of SIMPER analysis for abundance data sampled throughout the 
southern Gulf of St. Lawrence. Exposed and sheltered areas were sampled on 18 
breakwaters and 18 natural rocky intertidal zones during the summer of 2010. Detailed 
average abundance of the six most influential species causing dissimilarities between 
breakwaters and natural rocky shorelines, species-specific contribution (% ), and the 
resulting cumulative contributions with a cut-off of ,...,90% are included. Average 
dissimilarities from between-groups indicated below cumulative contributions. 

Breakwaters vs Natural Contribution Cumulative 
sites Abundance (o/o cover} (%) (%) 

Breakwater Natural 
Ex(!osed areas 
Semibalanus balanoides 19.48 35.90 37.64 37.64 
Calothrix spp. 0.11 9.69 11.02 48.66 
Fucus spp. 6.58 7.65 10.51 59.17 
Chordaria flagelliformis 0.18 6.31 6.62 65.79 
Hildenbrandia rubra 4.43 1.97 5.50 71.29 
Mytilus edulis 4.68 0.62 5.18 76.46 
Ulva intestinalis 5.85 0.01 4.50 80.97 
Ulva lactuca 6.39 0.00 3.69 84.66 
Dark green crust 3.65 0.00 3.54 88.19 
Ascophyllum nodosum 4.37 0.10 2.85 91.05 

Average dissimilarity = 82.82% 
Sheltered areas 
Semibalanus balanoides 14.49 29.36 24.62 24.62 
Fucus spp. 11.07 26.01 22.68 47.3 
Ascophyllum nodosum 1.89 24.13 19.59 66.88 
Calothrix spp. 2.77 4.1 7.41 74.29 
Ulva intestinalis 7.48 0.01 5.78 80.07 
Hildenbrandia rubra 4.31 1.77 4.78 84.86 
Chondrus crispus 0.32 2.55 2.32 87.17 
Dynamena pumila 0.02 2.47 1.91 89.08 
Mytilus edulis 0.01 1.98 1.57 90.65 

Average dissimilarity= 79.90% 
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Table 3.15. Summary of SIMPER analysis for abundance data sampled throughout the 
southern Gulf of St. Lawrence. Exposed and sheltered areas were sampled on 18 
breakwaters and 18 natural rocky intertidal zones during the summer of 2010. Detailed 
average abundance of the six most influential species causing dissimilarities between 
exposed and sheltered areas, species-specific contribution (% ), and the resulting 
cumulative contributions with a cut-off of --90% are included. Average dissimilarities 
from between-groups indicated below cumulative contributions. 

Exposed vs. Sheltered Contribution Cumulative 
areas Abundance (% cover} (%) (%) 

Ex~osed Sheltered 
Natural sites 
Semibalanus balanoides 35.90 29.36 29.09 29.09 
Fucus spp. 7.65 26.01 21.01 50.10 
Ascophyllum nodosum 0.10 24.13 17.83 67.92 
Calothrix spp. 9.69 4.10 11.44 79.36 
Chordaria jlagelliformis 6.31 0.00 5.38 84.74 
Hildenbrandia rubra 1.97 1.77 2.57 87.31 
Chondrus crispus 0.28 2.55 2.11 89.42 
Dynamena pumila 0.32 2.47 1.97 91.40 

Average dissimilarity = 73 .4 7% 
Breakwaters 
Semibalanus balanoides 19.48 14.49 27.92 27.92 
Fucus spp. 6.58 11.07 15.25 43.17 
Ulva intestinalis 5.85 7.48 11.63 54.80 
Hildenbrandia rubra 4.43 4.31 10.14 64.93 
Myti/us edulis 4.68 0.01 6.45 71.38 
Dark green. crust 3.65 1.06 5.78 77.16 
Ascophyllum nodosum 4.37 1.89 4.85 82.01 
Ulva lactuca 6.39 0.40 4.44 86.45 
Littorina littorea 0.62 0.90 2.42 88.87 
Calothrix spp. 0.11 2.77 2.29 91.16 

Average dissimilarity = 84.52% 
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Figure 3.1. Study locations of 18 breakwaters and 18 natural rocky intertidal sites sampled 
throughout 430 km of the southern Gulf of St. Lawrence between Cap-Pele, New Brunswick 
(fmthest site west), and Pleasant Bay, Nova Scotia (furthest site east). Areas where sites are 
clustered are presented in separate maps below the main map for increased clarity (indicated by 
letter). 
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Figure 3.2. Typical conditions for sampling at breakwaters and natural rocky intertidal areas. 
Transects ( one per exposure area) are 50 m in length. A total of eight ( n=8) 25 cm x 25 cm ( 625 
cm2

) quadrats were observed along each transect at breakwaters and four (n=4) quadrats were 
observed along each transect at natural rocky sites. 
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Figure 3.3. Mean(± 1 SE for error bars) richness data from 18 breakwaters and 18 natural 

rocky shores. Each breakwater and natural shore was sampled on both exposed and 

sheltered faces using 25x25 cm quadrats along 50 m transects (8 quad.rats for 

breakwaters, 4 quadrats for natural shores). Letters above bars indicate significant 

differences based on Tukey's HSD for pairwise comparisons (Table 3.6). 
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Figure 3.4. Mean(± 1 SE for error bars) abundance data from 18 breakwaters and 18 

natural rocky shores. Each breakwater and natural shore was sampled on both exposed 

and sheltered faces using 25x25 cm quadrats along 50 m transects (8 quadrats for 

breakwaters, 4 quadrats for natural shores. Letters above bars indicate significant 

differences based on Tukey's HSD for pairwise compaiisons (Table 3.8). 

115 



-C 
o 60 
~ 
E 10 -£ 60 
(1} 

"'O 50 -0 
U) 
(l) 

~ 30 
O') 
(D 20 
:s 

0 

0 

Breakwater Natural 
Habitat Type 

• Exposed 
Shattered 

Figure 3.5. Mean(± 1 SE for error bars) ice scour data, based on angle of def01mation 

(degrees) of 8cm steel rods (n=27 rods) 0.318 cm ( 1/8 ") in diameter, set perpendicular 

from the rock surface, for habitat types and wave-exposure levels. Letters indicate 

significantly different comparisons based on ANOVA results (Table 3.9). 
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Figure 3.6. Two-dimensional nMDS ordination plots depicting differences in community 
composition between breakwaters (n=l8) and natural rocky shorelines (n=18) at exposed 

areas and sheltered areas separately. Each symbol represents a site. Vectors adjacent to 
each nMDS plot show Pearson correlations between taxon and the nMDS axes, depicting 
the direction of increased abundance across the nMDS graph. The circle indicates the 

maximum vector length (r= 1, parallel to one MOS axes) and correlations of r>0.6 with at 
least one nMDS axis are shown. 
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Figure 3.7. Two-dimensional nMDS ordination plots depicting differences in community 

composition between exposed areas and sheltered areas at breakwaters (n= 18) and natural 

rocky shorelines seperately (n= 18) at. Each symbol represents a site. Vectors adjacent to 

each nMDS plot show Pearson correlations between taxon and the nMDS axes, depicting 

the direction of increased abundance across the nMDS graph. The circle indicates the 

maximum vector length (r= 1, parallel to one MDS axes) and correlations of r>0.6 with at 

least one nMDS axis are shown. 

118 



General Discussion 
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Very few studies have focused on the influence of artificial rocky structures on 

distribution and patterns of sessile biota, which is surprising in light of the extensive 

research conducted to understand patterns, communities and organism distributions in the 

natural marine intertidal zone (Vaselli et al. 2008). Most current research has involved 

the functioning of subtidal artificial rocky reefs, because they are purposely constructed 

to aid in habitat conservation and compensation. Erosion and flooding are becoming 

increasingly severe issues, and severe storms are becoming more frequent (Bray & 

Hooke 1997, Valiela 2006, Airoldi & Beck 2007). The Intergovernmental Panel on 

Climate Change (IPCC) has predicted that the sea will rise from 0.18 to 0.59 m by 2100, 

inundating low-lying coastal regions, redistributing sediment and changing coastlines. 

(Airoldi & Beck 2007, Fitzgerald et al 2008). Habitat loss and coastal erosion could be 

naturally compensated by allowing disturbed areas to regress and relocate inland; 

however, to protect populated areas and associated human activities, an increasing 

number of rocky defense structures will have to be constructed (Chapman 2003, Airoldi 

& Beck 2007, Vaselli 2008). With proper design, combining aspects of engineering and 

ecological theory, artificial rocky structures may aid in sustaining natural intertidal 

communities in the future (Bacchiocchi & Airoldi 2003, Bulleri & Chapman 2010, 

Airoldi & Bulleri 2011). 

The two chapters of this thesis provide much needed information on human 

modifications in marine intertidal environments including insight on temporal and spatial 

variation in distribution patterns and abundance of sessile biotic communities. The main 

ecological measurements characterizing community stability, composition, productivity, 
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and vulnerability to factors of habitat modification include taxa richness, abundance, and 

community composition (Bertness 2007). I aimed to measure these at breakwaters and 

natural rocky shores in both wave sheltered and exposed areas. Understanding these 

components of breakwater ecosystems provides a necessary first step in understanding 

how breakwaters function within the marine intertidal ecosystem (Downing & Leibold 

2002, Tilman et al. 2003, Sullivan et al. 2007, Heaven & Scrosati 2008, Airoldi & Bulleri 

2011). 

Preceding the main study (Chapter III), a preliminary study was carried out to 

determine if there was significant temporal change throughout July and August for any of 

the ecological measurements of focus. Once per month (June, July, August) percentage 

cover of macro-algae and macro-invertebrates were quantified at the wave-sheltered and 

exposed areas of six breakwaters sites near the Arisaig area in mainland Nova Scotia, 

which was a central point to the overall spatial investigation. Univariate statistical 

approaches using a mixed-model ANOV A found that taxa richness and total abundance 

did not differ over months over and above site-specific significance. Multivariate 

analysis, PERMANOV A followed by SIMPER, showed a difference in community 

composition between June and the later months. The main difference was that the 

common barnacle, Semibalanus balanoides, was more abundant in July and August, and 

the brown algae, Scytosiphon simplicissimus, was more abundant in June than in July or 

August. For research regarding biotic community composition on breakwaters within the 

southern Gulf of St. Lawrence, the recommendation would be to sample within the July

August period during which community changes were not observed over and above site

specific significance. This recommendation was followed in the proceeding data chapter 
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(Chapter III). Any understanding of temporal changes outside of the months I sampled 

must be investigated before long-term projects of this nature are undertaken. 

For the main study (Chapter III), a group of 18 rocky breakwaters and 18 natural 

rocky shore sites throughout 430 km of the southern Gulf of St. Lawrence were studied to 

determine ecological significance of habitat found on rocky breakwaters compared to 

natural rocky intertidal areas. This study was the first of its kind in the Northwest Atlantic 

marine environment and in particular, the southern Gulf of St. Lawrence. Percent 

coverage of sessile invertebrates and algal species were quantified at exposed and 

sheltered areas of breakwaters and natural rocky intertidal areas. Differences in taxa 

richness and abundance were investigated using mixed model ANOVAs and significant 

differences were found between sheltered areas of the two habitat types. Multivariate 

analysis, PERMANOV A and SIMPER showed that breakwaters and natural rocky areas 

had significantly different community composition. Semibalanus balanoides were more 

abundant on natural rocky shores than breakwaters and were found at in higher 

abundance at exposed areas than sheltered areas. Mytilus spp. had higher abundance at 

exposed areas of breakwaters than natural rocky sites, but the reverse was seen for 

sheltered areas. Ulva intestinalis, Fucus spp., and Ascophyllum spp. had higher 

abundances at sheltered areas than exposed areas of breakwaters. Ulva intestinalis was 

the only one of these species to have higher abundances on breakwaters than natural 

rocky shorelines. This study showed that biotic communities on breakwaters were 

substantially different than the surrounding natural rocky intertidal sites throughout the 

southern Gulf of St. Lawrence. 

Although not the main case of my study, I made the attempt to implement the 
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results of the study into the environmental stress model (ESM) proposed by Menge and 

Sutherland (1987), further developed by Bruno et al. (2003), and primarily studied with 

supporting evidence in marine intertidal ecosystems (Scrosati & Heaven 2007, Heaven & 

Scrosati 2008, Scrosati et al. 2011 ). The ESM predicts richness within a community 

based on inter-specific interactions along a gradient of abiotic environmental forces 

including the above mentioned ice scour and wave-exposure (Menge & Sutherland 1987, 

Bruno et al. 2003). Low richness is predicted at highest environmental stress levels, due 

to high abiotic stress, and at lowest environmental stress levels, due to intense predation. 

Unlike other studies in the southern Gulf of St. Lawrence (Scrosati & Heaven 

2006, Scrosati & Heaven 2007, Scrosati et al. 2010), richness did not vary in the present 

study between wave-exposed and wave-sheltered sites for natural rocky shores or 

breakwaters. My study did not measure wave force and was conducted over a much 

larger geographic scale than previous studies. Keppel (2012) has observed that wave

fetch varied significantly throughout the geographic scale of the project, possibly 

explaining a more complex exposure relationship with richness, abundance, and 

community composition. Since wave-exposure levels have yet to be recorded at 

breakwaters in the region, predictions using the ESM cannot be reliably supported 

between exposure levels or over the geographic range of this study. However, breakwater 

and natural rocky shores are predicted to have similar abiotic stress from ice scour 

conditions in winter based on the lack of significant difference in exposure 

measurements. To expand the ESM to incorporate breakwater habitat more effectively, 

measures of wave exposure and human disturbance are required to make predictions 
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about the relationship between environmental stress and richness. Such an addition may 

help explain low taxa richness at wave-sheltered areas of breakwaters. 

Microhabitats such as tide-pools, crevices and overhanging ledges were excluded 

as outlier habitat in this study and have been excluded from other similar studies on 

artificial rocky structures, resulting in considerable gaps in knowledge about their 

ecological functioning. Microhabitats such as cracks and crevices create at least 50% of 

breakwaters surface area; however, much of this is found within the interior of the 

structure and is logistically difficult to sample, which is why it was excluded from this 

study. Future research projects should integrate microhabitats, as they may not function 

similarly to the habitat found on the visible outer surface of breakwaters. Microhabitat 

diversity at natural rocky shorelines has been observed to far exceed what is found on 

artificial rocky structures (V aselli 2008). While both habitats have comparable rocky 

faces, breakwaters lack microhabitats including tide-pools that provide refuge for 

juvenile development, protect against predators (Bulleri et al. 2005), and create homes for 

species sensitive to wave action and sand-scouring (Hawkins et al. 1983, Moschella et al. 

2005, Bulleri & Chapman 2010). Crevices and holes that are present on breakwaters 

usually act as a passageway for channeled water breaking on the exterior of the 

breakwaters; therefore they may function differently than at natural rocky intertidal areas. 

Moschella et al. (2005) found that experimentally manipulating artificial substrates to 

have more crevices and fractures, and creating rock pools, resulted in an increase in taxa 

richness and diversity. The lack of these features on artificial rocky structures created 

habitat only a limited number of species could cope with due to longer exposure time, 

desiccation, isolation (Raffaelli & Hughes 1978, Mak & Williams 1999; Chapman 2003 ), 
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and absence of topographic features that provide shelter from waves and predation 

(Fretter & Manly 1977, Undetwood & Chapman 1998, Moschella et al. 2005). This 

suggests that design changes may help breakwaters mimic natural rocky areas more 

closely. The lack of these microhabitats may help explain why richness and abundance 

were significantly lower overall at breakwaters than at sheltered regions of natural rocky 

shores, and why the community composition was significantly different at natural rocky 

shores and breakwaters. 

Another recommendation and future research requirement involves studying 

mobile consumers that are found near artificial rocky structures and how these 

populations compare to natural rocky areas. I began a preliminary study on fish 

communities by implementing a study design that incorporated studying the populations 

of fish at the breakwaters and at increasing distance outwards from the breakwater 

structure. A gradient design is needed because the community of fish a breakwater 

supports will be found beyond the immediate structure of the breakwater. Mobile 

consumers are much more resource intensive to study than a sessile community of 

organisms, and thus, are difficult to study at the geographic scale my project 

encompassed. An external preliminary study that grew from the research detailed in this 

thesis involved studying lobster density at breakwaters compared to natural subtidal reefs 

with the Department of Fisheries and Oceans lobster group (DFO Gulf Region). 

Preliminary observations showed that there was far fewer lobster at breakwaters than at 

adjacent natural rocky areas. An investigation into why these differences occurred and 

what the differences in habitat structures are could benefit understanding the ecological 
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significance of artificial rocky structures in marine environments. This idea could expand 

to study mobile fish populations around artificial rocky structures. 

Similar related research is now being conducted in Newfoundland (R Gregory, 

DFO), and in British Columbia (S MacDonald, DFO) to help provide a knowledge base 

that can be extrapolated to areas throughout Canada. While my research focused on the 

southern Gulf of St. Lawrence, the results have agreed with many studies throughout 

other parts of the world (Bulleri & Chapman 2003, Bacchiocchi & Airoldi 2003, Martins 

et al. 2009, Airoldi & Bulleri 2011). 

The results of this thesis have fulfilled the primary objectives of investigating the 

community ecology of breakwaters compared to natural rocky intertidal environments. 

Findings in the northern-western Atlantic are consistent with findings from other areas of 

the world (Chapman 2003, Chapman & Bulleri 2003, Vaselli et al. 2008, Martins et al. 

2009). Investigating comparisons between breakwaters and natural rocky shores over a 

short temporal scale, a large geographic range and various spatial scales within each 

habitat type and exposure ( exposed and sheltered areas) provides generality and 

applicability of the observed patterns for future research in this field. Breakwaters have a 

strong tendency to develop community assemblages of sessile organisms that are 

structurally and functionally different from natural rocky shores. This study adds 

important supporting evidence to existing research on artificial rocky structure ecology 

and represents the first of its kind in the northwestern Atlantic. Coastal environments 

represent valuable ecosystems that are central locations for human development. With 

continued use, resource exploitation, and lack of understanding, much of the valuable 

services and habitat these areas create could be lost. Proper environmental conservation 
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of marine ecosystems is a crucial factor in their future health, but without a proper 

knowledge base it will be unachievable. Above and beyond environmental management, 

artificial rocky structures will need to be constructed in the intertidal region, so 

understanding the ecological significance of the communities developing on these 

structures will be a major role in adaptive management planning of marine habitat. 

Investigating taxa richness, abundance, and community composition provides necessary 

understanding of marine intertidal communities and is required for creating suitable 

environmental management strategies (Underwood et al. 2000). 
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