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Abstract  

Hierarchically scaled surveys were carried out on beds of the brown mussel Perna perna (Linnaeus) on the South coast 

of South Africa. The object was to assess spatial and temporal variations in the complexity of mussel beds and to 

investigate relationships between mussel bed complexity and mussel recruitment. Complexity was divided into three 

components: physical complexity; demographic complexity; associated biota. A series of variables within each 

component were recorded at two different scales (10 and 50 cm) within nested quadrats on three separate occasions. 

The nested ANOVA design explicitly incorporated spatial scale as levels of the ANOVA. These scales were: shores 

(areas 1 km in length separated by 25 km); transects (areas 20 m in length separated by 100s of meters); 50×50-cm 

quadrats separated by meters and 10×10-cm quadrats separated by cm) This approach was intended to generate 

hypotheses concerning direct associations between recruitment and complexity versus co-variation due external 

processes. Three main questions were addressed: (1) At what scale does each variable of complexity exhibit greatest 

significant variation? (2) At these scales is there similar ranking of variables of complexity and recruitment? (3) Within 

this/these scales, is there any significant relationship between the variables measured and mussel recruitment? On two 

occasions (Nov. 97 and Mar. 98) the majority of variables showed greatest significant variation at the transect-scale. On 

a third occasion (Oct. 97) most variables showed greatest significant variation at the quadrat-scale and the site-scale. 

On all occasions a markedly high percentage of the variation encountered also occurred at the smallest scale of the 

study, i.e., the residual scale of the ANOVA analyses. Some similarity in the ranking of variables occurred at the 

transect scale. Within the transect-scale, there was little indication of any relationship between variables of complexity 

and recruitment. Relationships were inconsistent either among transects or among sampling occasions. Overall, the 

results suggest that a high degree of variation in mussel bed complexity consistently occurs at very small scales. High 

components of variance generally also occur at one or more larger scales; however, these scales vary with season. 

Mussel recruitment does not appear to be directly affected by complexity of mussel beds. Instead it appears external 

factors may influence both complexity and recruitment independently. In addition recruitment may influence 

complexity rather than vice versa.  
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1. Introduction 

The complexity of rocky shores has long been recognised (Stephenson and Stephenson, 1949; Stephenson and 

Stephenson, 1972; Field and Griffiths, 1991; Russel, 1991) but only recently has the explicit incorporation of spatial 

and temporal scale into studies been recognised as a key requirement to understanding the dynamics of ecological 

systems and managing them adequately ( Frost et al., 1988; Levin, 1992; Underwood and Petratis, 1993; Schneider, 

1994; Archambault and Bourget, 1996; Underwood and Chapman, 1998; Thrush et al., 1999). Mussel beds are one of 

the most prominent and well researched features of rocky shores and are frequently an informal human resource ( Seed, 

1976; Suchanek, 1985; Lasiak and Dye, 1989; Lasiak, 1991; Lasiak and Barnard, 1995). Mussel beds are intrinsically 

complex, in terms of their demography, physical structure, associated biota and interactions ( Dayton, 1971; Paine and 

Levin, 1981; Suchanek, 1985; Whitman, 1985; Sebens, 1991; Suchanek, 1992; Lintas and Seed, 1994; Alvarado and 

Castilla, 1996; Kostylev, 1996). In addition, superimposed on this intrinsic complexity is the complexity of scale. 

Structural, demographic and biotic variations in mussel beds are apparent from biogeographic scales to scales of 

centimeters.  

Mussel beds around the coast of southern Africa exemplify such spatial variation, with huge changes in structural 

complexity, dominant mussel species and associated fauna and flora as one moves around the coast (Stephenson and 

Stephenson, 1972; Van Erkom Schurink and Griffiths, 1990; Field and Griffiths, 1991; Branch and Branch, 1993; 

Harris et al., 1998). On the West coast, extensive, multi-layered mussel beds and mosaics are formed by Choromytilus 

meridionalis and the invasive Mytilus galloprovincialis. On the South and East coasts the warm water Perna perna 

forms mono-layered beds, mosaics and patches. In the last 5 years, M. galloprovincialis has begun to spread from the 

West on to the South coast, again as mono-layered beds (McQuaid and Phillips, 2000). This biogeographic transition in 

mussel and other rocky shore species assemblages along these coasts has been associated with variation in 

oceanographic and climatic conditions and nearshore productivity ( Bustamante et al., 1995; Bustamante and Branch, 

1996; Harris et al., 1998). At smaller scales great variation in mussel bed complexity is apparent ( McQuaid and 

Branch, 1984; McQuaid et al., 1985; Lasiak and Dye, 1989; Lasiak and Barnard, 1995; McQuaid et al., 2000, pers. 

obs.). Smaller scale variation ranges from inter-shore to intra-shore scales and is associated with differences in human 

exploitation, rock substratum and wave exposure. However, in ecological studies variation at cm- and m-scales often 

becomes merely the residual, unexplained or random variation in analyses. Temporal variation in mussel beds and their 

associated species is also apparent with a continual turnover of individuals, combined with periods of high recruitment, 

or mass mortality, due to storms or sand inundation and fluctuations in interactions between species ( Van Erkom 

Schurink and Griffiths, 1991; Harris et al., 1998; McQuaid and Lindsay, 2000).  
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In order to understand the dynamics of the relationships between the different aspects of complexity, we need to 

describe explicitly the dominant scales of variation in mussel beds, and to identify the processes underlying variation in 

complexity at each scale. Studies elsewhere in the world have suggested several possible interactions. Increased 

structural complexity in mussel beds (in terms of patch size and/or mussel size structure) has been associated with 

enhanced biotic diversity or species richness in mussel beds (Suchanek, 1985; Tsuchiya and Nishihira, 1986; Suchanek, 

1992; Lintas and Seed, 1994; Kostylev, 1996). Potential limitation of settlement of planktonic larvae within mussel 

beds due to the filter feeding by adults and other mussel bed biota has also been suggested ( Thorson, 1946; Bayne, 

1964; Tsuchiya and Nishihira, 1986). Conversely, mussel beds may enhance the settlement and recruitment of certain 

species, including themselves, by providing a greater number of suitable settlement or recruitment sites ( Suchanek, 

1985; Alvarado and Castilla, 1996; Seed, 1996; Harris et al., 1998). Lastly, there may be a strong and direct influence 

of settlement and subsequent recruitment on the generation and maintenance of the structural and demographic 

complexity of adult mussel beds.  

In a biogeographic study around the southern African coast, Harris et al. (1998) found a highly significant correlation 

between recruitment intensity and adult density of mussels, based on mean values from 10×10-cm quadrats. Highest 

recruitment occurred at locations where adults formed complex multi-layered beds. Whether complexity enhanced 

recruitment or vice versa or whether both complexity and recruitment were related to some other external factor was 

not determined. Furthermore, Lasiak and Barnard (1995) suggested that Perna perna may not undergo large scale 

secondary settlement (c.f. Bayne, 1964), and that recruitment of mussels may be heavily dependent on primary 

settlement into existing mussel beds. It seems likely that, in southern Africa, variations in nearshore and onshore 

productivity at a biogeographic scale are probably related to variation in both mussel bed complexity and mussel 

recruitment. At smaller scales, the intrinsic complexity of mussel beds may have significant effects on localised 

recruitment intensity.  

In the present study, both the spatial scales of variation in complexity of Perna perna beds on the South coast and the 

relationship between recruitment and complexity were explored on three separate occasions. The intrinsic complexity 

of mussel beds was split into three components: physical structure; demographic structure (both for mussels); and 

associated biota. Variations in these components and their relationships with recruitment of mussels were investigated 

in a hierarchically and explicitly scaled manner. Three main questions have been addressed. (1) At what scale does 

each variable of complexity exhibit greatest significant variation? (2) At these scales is there similar ranking of 

variables of complexity and recruitment? (3) Within this/these scales, is there any significant relationship between these 

variables and recruitment?  

The aim was to distinguish between direct associations between recruitment and variables of complexity from co-

variation. Statistical analyses of association, both at the scale of greatest significant variation and within this scale 

allow some distinction to be made. At the scale of greatest significant variation, similar ranking of variables may result 
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from either co-variation or a direct association. If a correlation between these variables also occurs within scales of 

significant variation, a direct association could be inferred. A lack of correlation would point to co-variation or an 

effect of recruitment on complexity at the larger scale. Where variables do not show similar ranking at the scale of 

significant variation but do show correlation within that scale a direct association may also be inferred at the smaller 

scale. Obviously, where neither similar ranking nor correlation occur no relationship is suggested. Lastly, without 

further investigation coincidental relationships cannot be ruled out. This approach is thus used for hypothesis 

generation rather than as a method for testing causality.  

2. Materials and methods  

2.1. Design  

Hierarchically scaled surveys based on a nested ANOVA design were carried out in October 1997, November 1997 and 

March 1998 on the South coast of South Africa. The timing coincided with expected periods of high settlement and/or 

subsequent recruitment for this coast, based on previous studies (Van Erkom Schurink and Griffiths, 1991; Lasiak and 

Barnard, 1995; Harris et al., 1998, unpublished data). The design ( Fig. 1) incorporated two exposed rocky shore sites; 

Port Alfred (PA) (33°37′30S; 26°52′30E) and Dias Cross (DC) (33°43′00S; 26°37′45E), each 1 km in length and 

approximately 25 km apart. The Dias Cross site is a platform of aeolian dune rock, which is relatively soft and has little 

topographic relief at the m-scale, but is frequently pitted at the cm-scale. In comparison, the Port Alfred site consists of 

ridges of quartzitic sandstone, which is relatively hard and has much more complex and varied topography at scales of 

cm to 10s of meters. Both sites are typical of exposed rocky shore types in this region. Within each site there were one 

to three transects (X, Y, Z) each 20 m long, separated by 100s of meters, parallel to the shoreline and lying over the 

mid-zone of a mussel bed. Variation in relative exposure, height and m-scale topography occurred among transects. 

This variation was classified subjectively a priori. Along each transect there were between three and five large (50×50 

cm) quadrats (numbered 1–5) positioned at one of 40 possible locations at random. Within each large quadrat there 

were three small (10×10 cm) quadrats (a, b, c) positioned at one of 25 possible locations at random on each occasion 

(Fig. 1). The same transects were used each time but different 50-cm quadrats were used in each survey because of the 

destructive sampling carried out at the smallest scale. Although ideally a balanced design of sampling would have been 

used, the short duration of spring low tides and degree of wave exposure of the sites limited the replication possible at 

any scale. Replication of transects and large quadrats thus varied between sampling occasions according to the 

available time, but maximised the information gained for these scales ( Fig. 1). This lead to the design of sampling in 

October and November being unbalanced at the site level, with two transects within one site and one transect within the 

other.  
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Fig. 1. Schematic design of hierarchically scaled surveys carried out in October 1997, November 1997 and March 

1998. Number of replicates (and names where appropriate) at each scale on each occasion are given and the positions 

of surface profiles L and M are shown with respect to direction towards the sea.  

 

2.2. Sampling  

For the three defined components of complexity (physical structure, demographic structure and associated biota), 

representative variables were chosen for measurement within each of the 10- and 50-cm quadrats (Table 1). Seventeen 

variables were recorded from the 10-cm quadrats (Table 1) which were sampled destructively after recording structural 

variables, such as bed height, form of cover and percentage cover in situ. Eight variables were recorded in situ within 

the 50-cm quadrats, including percentage cover of mussels within different size/age classes ( Table 1). Two further 

variables mean recruits to mussel bed and mean recruits to algae, were calculated for this scale from data for 10-cm 

quadrats within each 50-cm quadrat. This allowed a more detailed analysis of the relationship between recruitment and 

complexity at the 50-cm scale. Two diagonal surface profiles (L and M) were recorded using customised contour 

gauges for each small and each large quadrat (Fig. 1), using 1 mm resolution for the small quadrats and 1-cm resolution 
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for the large quadrats. The profiles were scanned onto PC and the fractal dimension (D) for each profile calculated by 

the linear divider method (Kostylev, 1996; Hastings and Suighara, 1993) using image analysis software (Sigma Scan 

Image 1.20.09). This provided measures of the surface topographic complexity of the mussel bed. Resultant fractal 

dimensions for each quadrat were analysed separately rather than taking a mean value since variation within quadrats 

was considerable. It seemed possible that directional variation in topographic complexity might occur given the 

standardised orientation of the profiles measured with respect to the ocean, and thus prevailing wind and wave 

conditions. The contribution of mussel recruits and settlers to measurements of topography and percentage cover was 

very small. Their effects on these variables (apart from percentage cover of recruits within 50-cm quadrats) was 

considered negligible.  

Table 1. Variables within three components of mussel bed complexity recorded within 10- and 50-cm quadrats 
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Destructive samples were collected as two sub-samples: (i) mussel bed and attached biota and (ii) biota 

attached/located elsewhere within the quadrat. Frequently algae formed the dominant substratum in the latter sub-

sample. Mussels>10 mm in length were cleaned of attached biota, and the byssus removed. The byssus was later 

checked for juvenile mussels. Individuals were sexed and meat and shells were dried separately to constant weight at 

60°C. These two variables were used as indications of biomass and volume, respectively. The length of dried shells was 

measured using image analysis of video relayed images on a PC. All mussels of <10 mm were measured by hand, using 

vernier calipers or an eyepiece micrometer with a dissecting microscope. These small individuals were not included in 

the dry meat and dry shell mass estimations. Mussel abundance was calculated for each of four size classes): adults 

(>30 mm); sub-adults (>10–30 mm); recruits (>1–10 mm); settlers (<1 mm) (Hops, 1990; Lasiak and Barnard, 1995; 

Harris et al., 1998; McQuaid and Lindsay, 2000). Recruits as defined here were all late plantigrades, whereas settlers 

were early to late plantigrades (c.f. Lasiak and Barnard, 1995). Foliose algae from each sub-sample were identified and 

dried to constant weight after washing and thoroughly checking for small mussels. All other biota were identified to the 

lowest possible taxonomic resolution and presence/absence recorded. For the analysis, species richness of biota, mussel 

settler and recruit abundance within each sub-sample were recorded and coded as ‘species on’, ‘settlers to’ or ‘recruits 

to’ mussels or as ‘species on’, ‘settlers to’ or ‘recruits to’ algae/elsewhere ( Table 1).  

2.3. Analysis  

To identify the scales at which greatest significant variation occurred, the continuous variables recorded for each small 

quadrat and each large quadrat were analysed using Hierarchical (nested) and one-way ANOVA. Although ANOVA is 

considered robust (Zar, 1996), transformed data (ln(x+1)) were used, since analysis revealed non-normality and 

heterogeneity of variance in all cases. Components of variance were calculated for each variable at each scale including 

the scale of the replicate 10- or 50-cm quadrats from nested ANOVA analyses. Since the design of the study was 

unbalanced in October and November (with only one transect at the Port Alfred site), complete analyses of the data 

with time incorporated as a factor could not be carried out. To allow comparison of the data from the 10-cm quadrats 

between all three sampling occasions, two-level nested ANOVA (Eq. 1) were used to examine variation at the transect 

and 50-cm quadrat-scale, and one-way ANOVA were used to examine variation at the site-scale. In addition in March 

the balanced design allowed all scales to be analysed together using three-level nested ANOVA ( Eq. 2). Scales of 

greatest significant variation for the data from 50-cm quadrats were investigated using one-way ANOVA at each scale 

for all sampling occasions as well as nested two-level ANOVA ( Eq. 3) for March. 

Xjkl=μ+Tj+Q(T)k(j)+ jkl     (1) 
 
Xijkl=μ+Si+T(S)j(I)+Q(T(S))k(j(I))+ ijkl   (2) 
 
Xijk=μ+Si+T(S)j(I)+ ijk     (3) 
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where X is the variable of complexity or recruitment being analysed, μ is the overall mean, Si is the effect of the ith site, 

Tj or T(S)j(I) is the effect of the jth transect, Q(T)k(j) or Q(T(S))k(j(I)) is the effect of the kth 50-cm quadrat and ijk or ijkl 

is the error term or residual. The residual is equivalent to the variation within and between 10-cm quadrats.  

To test for the effects of greater replication at the 50-cm quadrat scale in October (five 50-cm quadrats were sampled 

rather than three), two-level nested ANOVA’s using transects and three randomly chosen quadrats within each were 

employed (Eq. (1), above). In addition, one-way ANOVA’s of standard deviations of each variable at the transect level 

among sampling occasions were calculated.  

The categorical variable, ‘form of cover’ was used to provide a qualitative description of differences at the site and 

transect levels for each sampling occasion.  

To examine relationships between recruitment and complexity within the identified scales of greatest significant 

variation, bivariate correlations (Spearman’s rank), with a Bonferroni corrected level of α were calculated. Correlations 

were only carried out where the number of replicates (n) within a scale was greater than or equal to 5. Several other 

more powerful analytical techniques were used during the investigation of these data (e.g., partial correlations, stepwise 

linear regression, partial canonical correspondence analysis, and partial redundancy analysis). These tested both linear 

and unimodal relationships, and worked either within scales of significant variation, or else worked on pooled data but 

detrended the overlying larger scale variability in the initial phase of analysis. However, in all cases the results were 

remarkably similar to those from the much more straightforward bivariate correlations. Thus, only the results from 

these correlations are presented.  

3. Results  

3.1. Scales of variation  

3.1.1. Ten-cm quadrat data  

Variance components and nested ANOVA analyses (Fig. 2) indicated four clear trends. (1) Variance associated with 

the site scale was rarely high. (2) During October, most variables recorded exhibited greatest significant variation at the 

scale of 50-cm quadrats. (3) During November and March most variables exhibited greatest significant variation at the 

scale of transects. (4) On all occasions, most variables also exhibited a large component of variation at the scale of 

replication, the 10-cm quadrat scale. In several cases, particularly in March and for variables associated with 

settlement/recruitment, this small-scale variance was greater than, or equal to, the variance components calculated for 

larger scales.  
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Fig. 2. Variance components for each variable of complexity, at each scale on each sampling occasion using the 10-cm 

quadrat data (October 97, filled bars; November 97, clear bars; March 98, hatched bars). Asterisks denote scales of 

significant variation (P<0.05) from two-level nested ANOVA analyses for October an November and three-level nested 

ANOVA analyses for March. Figures are divided into the three components of complexity: (a) structural variables; (b) 

demographic variables; and (c) variables of associated biota. Variance components for October and November at the 

site scale could not be calculated.  

 

 



 

 

 

 
 
Fig. 2. (continued) 
 
 

     

 

 

 

 

 

 

 

 

 

 



 

 

 

 
 
 

Fig. 2. (continued) 
 
 
 

The combination of one-way and two-level ANOVA analyses used to compare all sampling occasions frequently 

indicated significant variation (P<0.05) at both the site and transect scales for November and March. For March this 

was clarified by three-level nested ANOVA analyses, which determined that this variation was in fact due to variation 

at the transect scale. Although no such analysis was possible for November, it seems likely that again site scale 

variation indicated by one-way analyses was actually due to variation at the transect scale.  



Two-level nested ANOVA using three randomly chosen quadrats for October indicated that the occurrence of 

significant variation at the quadrat level was not due to greater replication at this level in October. Again most variables 

showed greatest significant variation at the quadrat level. Furthermore, one-way ANOVA of standard deviations 

indicated that a similar amount of variation was encompassed within this level on each sampling occasion. No 

significant differences between sampling occasions were found for any variable (P>0.05).  

More detailed examination of variance components, taking into account differences between possible range and units of 

measurement of the variables, within each component of complexity, reveals further patterns (Fig. 2). In general, 

demographic variables had higher values for variance components than either structural variables or variables of 

associated biota. The only variables that showed a notable component of variance at the site scale in March were 

recruits to mussels, and sub-adults. Recruits and settlers to algae showed particularly high relative variance in March at 

the 10-cm scale. Highest values of settlement and recruitment were recorded on this sampling occasion. The structural 

variables bed height and fractal dimensions L and M, had very low values of variance relative to their potential range, 

suggesting similar topographic relief of mussel beds within the areas sampled. The remaining two structural variables, 

percentage cover of mussels and shell mass (an indication of volume) had higher variance component values. 

Percentage cover showed persistently high variance components at the 10-cm scale, and at the 50-cm scale in October. 

Although shell mass variance was also consistent at around 0.4 at the 10-cm scale in October and November, greatest 

variance occurred at the 50-cm and transect scales, respectively. Variables of associated biota other than species on 

algae/elsewhere generally had low variance component values, suggesting similar numbers of species associated with 

mussels and similar algal cover within areas sampled.  

Post-hoc comparisons at scales of greatest significant variation for each month revealed two general features (Table 2). 

Firstly, examination of the transect and site-scale variation in November suggested that for many variables, significant 

variation at both scales was due to higher values within transect PAX. Since only one transect represented the Port 

Alfred site for this month, the validity of site-scale differences cannot be confirmed. Given their absence in March, it 

seems unlikely. Secondly, at the transect-scale in March, significant differences for several variables showed similar 

ranking between transects. Often significantly higher values occurred at transect PAZ and to some extent PAY and 

DCY and/or significantly lower values at transect DCZ. Nevertheless, the trend was not universal and the other 

transects did not fit into a consistent ranking. During October transects rarely differed and there was no consistent 

ranking of quadrats. No further analysis was carried out for the October data collected at the 10-cm quadrat-scale.  
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Table 2. Post-hoc Tukey HSD multiple comparisons between transects using the data from 10-cm quadrats 
 

 
 

 
 
 

3.1.2. Fifty-cm quadrats  

Variance components and two-level nested ANOVA for March (Fig. 3) indicate that when there was significant 

variation it was at the transect scale. However, less than half of the variables showed significant variation at any scale. 

Again a relatively large component of variation also occurred at the smallest scale, in this case the 50-cm quadrat-scale. 

One-way ANOVA for each of the variables at each scale confirmed that most variables showed greatest significant 
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variation at the transect scale in March, whilst in October and November approximately equal numbers of variables 

showed significant variation at each scale (Table 3).  

 

 

 

Fig. 3. Variance components for each variable of complexity, at each scale using the 50-cm quadrat data from March 

98. Asterisks denote scales of significant variation (P<0.05) from two-level nested ANOVA analyses.  
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Table 3. F values and associated significance (P) for one-way ANOVA analyses carried out at the transect scale and at 
the site scale for variables of complexity recorded within 50-cm quadrats 
 

 
 

 
 

Graphical examination of the 50-cm data for March (Fig. 3) and post-hoc tests for all occasions ( Table 4) highlight 

interesting comparisons with the results from 10-cm quadrats. Taking units of measurement and possible range into 

account, variance components for demographic variables and those associated with foliose algae were generally 

considerably higher than variables of structural complexity or species richness (Fig. 3). Total percentage cover and 

percentage cover of sub-adults, adults and large adults and species richness showed similar patterns of variance, with 

highest levels at the 50-cm replicate scale. Percentage cover of recruits showed similar variance at both the 50-cm and 

transect scales but variance values were all low. Mean recruits to mussels and to algae (calculated from the 10-cm data) 

showed different patterns, with greatest variance at the site scale for the former, and greatest variance at the transect 

scale for the latter. These patterns are in fact similar to those found for the 10-cm quadrat analysis, as might be 

expected, but highlight the effect of removing the important 10-cm variation by taking mean values. Both recruits to 

algae and percentage cover of algae showed a similar pattern; greatest variance occurred at the transect scale. 
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Table 4. Post-hoc Tukey HSD multiple comparisons between transects using data from the 50-cm quadrats 

 

 

At the site-scale for all sampling occasions, significant variation was due to higher values at Port Alfred compared to 

Dias Cross. At the transect-scale in October and November, transect PAX frequently ranked highest for variables 

related to mussels and transect DCX ranked highest for those associated with algae, although often no significant 

variation was found. In March, PAZ frequently showed highest values, often with DCY and PAY. However, DCX 

again had the highest rank value for foliose algae. On most occasions, DCZ had the lowest rank value.  

The categorical variable, form of cover was examined graphically at both transect and site-scales using data from the 

10- and 50-cm quadrats. Differences in forms of cover, both between sites in general, and between transects are 

apparent from data at each scale (Fig. 4). At the site-scale Port Alfred had a much greater proportion of continuous 

cover, with or without gaps, than Dias Cross, whereas Dias Cross was dominated by patches and scattered individuals 

at both scales. A similar pattern can be seen at the transect-scale, although variation both within transects between 

sampling occasions and between transects within sampling occasions is more apparent, especially for Port Alfred. 

Transect PAX, unlike the other two transects sampled on all three occasions, showed a relatively high degree of 

temporal variation. With reference to the general ranking found for the continuous variables, DCZ often ranked lowest 
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and was consistently dominated by patches and scattered individuals, whereas transects which tended to rank highest 

showed a greater variety of cover forms. In general, as might be expected, more variation in cover forms is apparent 

within transects from the 10-cm data.  

 

Fig. 4. Percentage frequency of each of the four cover forms for sites and transects on each sampling occasion from 10- 

and 50-cm quadrat data. Where cover forms are as follows: (A) continuous cover; (B) continuous cover with gaps; (C) 

patches of three or more individuals; and (D) scattered individuals. 

 

3.2. Correlations between recruitment and complexity  

Bivariate Spearman’s rank correlations were used to examine the relationships between variables of recruitment and 

variables of complexity, within the scale of significant variation for each sampling occasion. For the 10-cm quadrat 

data, correlations were carried out at the transect-scale for November and March (Table 5). Since greatest significant 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#tbl5#tbl5


variation in October occurred at the quadrat-scale (n=3), correlations could not be calculated for this occasion using this 

analysis. Results shown as the frequency of significant positive or negative correlations between either recruits or 

settlers to mussels or recruits or settlers to algae and the variables of complexity indicate that, within the transect-scale, 

there was little correlation. Only 21 significant correlations occurred from a possible 558 (16 variables for recruitment 

and 15 variables for settlement and nine transects). Moreover, in the majority of cases there was no consistency in 

correlations. The only notable correlations were those between (a) recruits to algae with species richness in algae and 

(b) the dry mass of algae elsewhere. Examination of the raw data, however, indicates that several of these few 

correlations are due to a high number of zero values for both variables within particular transects. Furthermore, it seems 

likely that correlations with species richness are coincidental, both recruits and species richness being correlated with 

algal biomass.  

 

Table 5. Frequency of Bonferroni corrected significant positive and/or negative bivariate correlations between variables 

of mussel recruitment/settlement and variables within the three components of mussel bed complexity within the 

transect scale for November and March using 10-cm data 

 

 

For the 50-cm quadrat data, correlations were carried out at the transect-scale for October only since replication at this 

scale during November and March was not sufficient to allow analysis. As with the 10-cm data, there was little 

evidence of correlations between the recruitment variables (percentage cover recruits, mean recruits to mussels and 

mean recruits to algae) and complexity. From the three transects, only two correlations out of a possible 81 (three 



transects and nine variables per recruitment variable) were significant. These were between mean recruits to mussels 

and percent cover of large adults (rs=1, d.f.=4, P<0.001) for transect DCX, and between percent cover of recruits and 

fractal dimension L (rs=−1, d.f.=4, P<0.001) for DCZ. Although, both of these correlations are ecologically feasible, in 

each case there was no evidence of similar correlations at the other two transects. Examination of the raw data suggests 

that these relationships were influenced by outliers rather than reflecting a general trend.  

For quadrats with either type C or type D form of cover, correlations between patch size and recruitment within those 

quadrats were assessed. For the 10-cm data from November and March and for the 50-cm data from October, this was 

carried out at the transect-scale. No significant correlations were found between recruitment to mussels and patch size 

from either data set.  

In all, these results provide no evidence of a direct relationship between recruitment of Perna perna to mussel beds and 

the complexity of those mussel beds, whether in terms of physical structure, demographic structure or associated biota. 

Nevertheless, there is some evidence for an association between algal biomass and recruitment of mussels to algae. No 

consistent or strong association was found between any variable of complexity and any variable of recruitment to 

mussels using this or any of the other techniques mentioned in Section 2.  

4. Discussion  

Associations between habitat complexity and recruitment may reflect different types of interactions. Direct interactions 

may occur where either complexity limits recruitment, or recruitment limits complexity. Alternatively recruitment and 

complexity may be indirectly associated, being limited by the same external forcing processes or the association may 

be coincidental, being brought about by different forcing processes acting on each. The primary aim of the present 

study was to distinguish between possible direct effects of mussel bed complexity on mussel recruitment and these 

other types of associations. A descriptive approach was used, recording spatial and temporal variation in variables 

associated with complexity and recruitment over a hierarchy of scales. Three main questions were addressed. (1) At 

what scale(s) does each variable of complexity exhibit greatest significant variation? (2) At these scales is there similar 

ranking of variables of complexity and recruitment? (3) Within these scales, is there any significant relationship 

between these variables and recruitment?  

The answers to these questions are very clear. From the results of ANOVA analyses and variance components values 

calculated from them, in October 1997 greatest significant variation in the majority variables of complexity occurred at 

the quadrat-scale, whereas in November and March 1998 greatest significant variation occurred at the transect-scale. In 

addition on all occasions for the majority of variables a large component of variation also occurred at the smallest scale 

of resolution for each analysis (i.e., 10 or 50 cm). Possible site-scale variation for November seems likely to be an 

anomaly associated with the separate analysis of the site-scale, due to the unbalanced design on this occasion.  
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Within the scales of greatest significant variation, correlations between these variables of complexity and recruitment to 

mussels were in most cases lacking, and where they did occur they were inconsistent. Thus, these analyses do not 

support the existence of a direct effect of mussel bed complexity on recruitment. Some indication of a relationship 

between recruitment to algae and algal biomass was found but even this was tenuous. Furthermore, since it is not yet 

clear whether mussels settling and recruiting to algae ever contribute to the adult mussel population (Lasiak and 

Barnard, 1995; Lindsay, 1998), such a relationship may be irrelevant to adult population dynamics.  

Post-hoc multiple comparisons highlighted a degree of similarity in the ranking of transects. This suggests either 

indirect associations, variables of both complexity and recruitment being limited by some external forcing factor most 

apparent at an intra-shore-scale (i.e., in line with the transect-scale of this study), or alternatively a direct effect of 

settlement/recruitment on complexity at this larger scale.  

4.1. Patterns of complexity: scales of variation and associations  

The scales of greatest variation identified in this study are not inconsistent with the results of the other rocky shore 

studies either in South Africa or elsewhere (Menge and Menge; Lasiak and Barnard, 1995; Archambault and Bourget, 

1996; Kostylev, 1996; Underwood and Chapman, 1996; Harris et al., 1998; Blanchard and Bourget, 1999). Although, 

Harris et al. (1998) suggested a correlation between recruitment and complexity, the resolution of their data is at a scale 

in line with the transect-scale of this study. If, for this study, correlations are carried out on data pooled from all 

transects rather than within each transect, a similar phenomenon results. This is an artifact caused by similarities in 

ranking of variables between transects.  

Small-scale variation such as that occurring at the 10- and 50-cm quadrat scales is also evident in other studies; 

frequently as high residual variation or large standard deviations around a mean (for example: Menge, 1978a; 

Suchanek, 1979; Okamura, 1986; Petratis, 1990; Lasiak and Barnard, 1995; Tokeshi and Romero, 1995; Kostylev, 

1996; Hunt and Scheibling, 1998). In most of these studies scale is dealt with implicitly, only a few studies have 

examined and documented small-scale variation explicitly (e.g., Hunt and Scheibling, 1995; Archambault and Bourget, 

1996; Bendetti-Cechi et al., 1996; Underwood and Chapman, 1996; Blanchard and Bourget, 1999). Its occurrence is 

not wholly surprising, since ultimately all interactions take place between individual organisms. Such heterogeneity is 

thus likely to reflect individual scale biotic processes and interactions; e.g., predation, growth, competition, mortality, 

recruitment as well as the interaction of individuals with small-scale abiotic processes and features such as topography 

and hydro-dynamics. Such small-scale (cm) topographic effects are often apparent on the shore (McQuaid, pers. obs). 

The importance of small-scale heterogeneity within our study was reflected by the lack of significant variation for data 

collected at the 50-cm scale in comparison to that collected at the 10-cm scale. The greater variation described by the 

categorical variable ‘form of cover’ at the smaller scale provides additional evidence. Notably percentage cover 
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variables and species richness associated with mussels consistently showed much greater levels of variance at the 

smallest scales, perhaps reflecting the importance of small-scale processes or features to these variables.  

Lasiak and Barnard (1995) examined settlement and recruitment to mussels and algae at two replicate sites only 50 m 

apart. The sites and their proximity to one another are again of a similar scale to the transect locations used in this 

study. Although the sites showed similar seasonal trends of settlement and recruitment, they differed significantly from 

each other during periods of high recruitment, indicating an interaction between scales of variation and time. A similar 

interaction was found here. In October significant variation of most variables occurred at the 50-cm quadrat-scale, 

whereas in November and March this occurred at the transect-scale. Analyses confirmed that this change in the scale of 

variation was not due to the change in replication at the 50-cm quadrat level between sampling periods, therefore it 

must be assumed to reflect real change in the scales of variation of complexity. The variance component values confirm 

this transition in scale dependence with sampling occasion. A further example of such a temporal shift in scale-

dependence is apparent for some of the demographic variables. In November, meat dry mass, adults, females and sub-

adults exhibited greatest variance at the transect scale. In March variance at the transect scale was much lower, and the 

relative contribution of 10-cm scale variation was thus increased. This was also apparent to some extent for structural 

variables. Thus, although greatest significant variation occurred at the transect scale in both November and March, the 

pattern of partitioning of variance on these two occasions differed markedly. Mechanisms for these temporal variations 

in spatial patterns cannot be inferred from our data. They may reflect seasonal demographic processes, such as 

recruitment, growth and/or mortality of dominant secondary substratum species such as mussels or algae. Such patterns 

would be comparable with the patch dynamics described for mussel bed communities elsewhere in the world ( Paine 

and Levin, 1981; Sousa, 1984; Hunt and Scheibling, 1995; Petratis, 1995; Tokeshi and Romero, 1995).  

In the present study the greatest levels of algal abundance, settlement and recruitment were all recorded during March. 

In November lowest settlement and recruitment values and intermediate levels of algal abundance occurred. 

Recruitment to algae exhibited a further temporal shift, with extremely high relative values of variance at the 10-cm 

scale in March, compared to the two previous sampling occasions. The coupled effect of higher levels of settlement and 

recruitment and higher levels of algal abundance in March compared to October and November may contribute to this, 

but cannot explain it fully. Interestingly, recruitment to mussels showed similar levels of variance both at the 10-cm 

scale and at one or more larger scales, whilst settlers to mussels had highest variation at the 10-cm scale on all 

occasions and larger scale variation was only noteworthy in March. This might reflect some density dependent effect 

on scales of variance with respect to settlement on mussels. Such patterns have been reported for barnacle settlement 

(Raimondi, 1990; Noda et al., 1998). The pattern of variance with scale for recruitment to mussels would conversely 

seem to be independent of density. This change in pattern and apparent uncoupling of settlement from recruitment 

could reflect post-settlement processes, such as mortality or relocation of individuals. Alternatively, since the range in 

size of individuals encompassed by recruits (1–10 mm) was much greater than that for settlers (<1 mm), the pattern 

may reflect the cumulative results of several settlement events.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib34#bib34
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib53#bib53
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib53#bib53
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib72#bib72
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib28#bib28
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib55#bib55
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib81#bib81
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib58#bib58
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib50#bib50


4.2. External forcing processes and effects of recruitment on complexity  

Significant scales of variation were consistent while variables showed similar ranking between areas. These facts, 

coupled with the lack of correlation found within these scales between components of complexity and recruitment, 

suggest that recruitment and complexity may be independently influenced by similar external forcing factors and/or 

that complexity is directly affected by recruitment. The present study does not allow these two types of interaction to be 

distinguished and it seems possible that both may take place.  

An effect of settlement and recruitment on the complexity of mussel beds seems to be an obvious relationship. Such 

relationships are widely recognised under the title of supply-side ecology and have been documented for a variety of 

marine invertebrates with a pelagic juvenile phase (Connell, 1985; Gaines and Roughgarden, 1985, Lewin, 1986; 

Roughgarden et al., 1987; Delafontaine and Flemming, 1989; Underwood and Fairweather, 1989; Sutherland, 1990; 

Minchinton and Sheibling, 1991; Satchell and Farrell, 1993; Hunt and Hunt). The strength of the relationship will, 

however, depend on the role and strength of post-settlement and post-recruitment processes such as mortality, 

resettlement or migration due competition, predation, food supply or abiotic factors (e.g., exposure to radiation, 

turbidity) ( Connell, 1985; Roughgarden et al., 1988; Underwood and Fairweather, 1989; Hurlbut, 1991; Menge, 1991; 

Woodin, 1991; Rodriguez et al., 1993; Olafsson et al., 1994; Gosselin and Qian, 1997).  

Transects with the greatest levels of recruitment in this study seemed to have overall a greater range in types of mussel 

cover at resolutions of 10 and 50 cm. Factors that are likely to affect these features and the community dynamics of 

mussel beds, are topography and hydrodynamics. These factors may affect both complexity and recruitment variables 

directly, potentially leading to co-variation or may indirectly affect complexity because of their effect on settlement and 

recruitment (Roughgarden et al., 1987; Delafontaine and Flemming, 1989; Pineda, 1991; Gaines and Bertness, 1992; 

Shepherd et al., 1992; Hunt and Hunt). The a priori, subjective classification of the transects in terms of wave exposure, 

height and topographic complexity at the meter scale, suggests that those transects with greatest complexity and 

recruitment were more exposed and/or topographically complex than the others, so that the amount (frequency and 

extent) of ‘wave splash’ they received was greater. Seed and Suchanek (1992) presumed that the relationship between 

growth and period of tidal immersion for Mytilus edulis was affected by local variation in the degree of wave splash. In 

addition, several other authors have recorded differences in mussel beds and other rocky shore characteristics, 

associated with wave exposure and topography (McQuaid and Branch, 1984; Underwood and Denley, 1984; Gaylord et 

al., 1994; Alvarado and Castilla, 1996; Bustamante and Branch, 1996; Schoch and Dethier, 1996; McQuaid et al., 2000; 

McQuaid and Lindsay, 2000). However many of these studies examined effects at larger scales (e.g., between shores) 

and dealt with much greater ranges of variation in wave exposure and topography. Other studies have documented cm- 

and m-scale effects of topography on hydrodynamics and thus the biota and biological processes of both intertidal and 

subtidal environments ( Bourget et al., 1994; McCormick, 1994; Breitburg et al., 1995; Harvey et al., 1995; Gregoire et 

al., 1996; Cusson and Bourget, 1997; Guichard and Bourget, 1998; Reusch, 1998). In this study both shores used have 
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previously been classified as exposed ( McQuaid and Lindsay, 2000) in a South African context. Thus, it seems that 

more subtle, intermediate-scale (10s to 100s of meters) variation in the physical attributes of rocky shores may be 

important to the dynamics of the biological processes that structure them. Surge channels provide a clear example of 

such topography/hydrodynamic related variability at these scales ( Denny et al., 1992; Dayton, pers. com.)  

The overall picture presented by these results is one of heterogeneity at the smallest cm-scale, probably determined by 

inter-individual biotic and abiotic interactions. At one or more larger scales there is convergence to relative 

homogeneity, but patterns of homogeneity may differ between areas. These scales of convergence vary with season and 

are probably influenced by variations in topography and hydrodynamics and the effects of these features/processes on 

the population dynamics and interactions of mussels with other organisms.  

References  

Alvarado, J.L. and Castilla, J.C., 1996. Tridimensional matrices of mussels Perumytilus purpuratus on intertidal 

platforms with varying wave forces in central Chile. Mar. Ecol. Prog. Ser. 133, pp. 135–141.  

Archambault, P. and Bourget, E., 1996. Scales of coastal heterogeneity and benthic intertidal species richness, diversity 

ands abundance. Mar. Ecol. Prog. Ser. 136, pp. 111–121.  

Bayne, B.L., 1964. Primary and secondary settlement in Mytilus edulis L. (mollusca). J. Anim. Ecol. 33, pp. 513–523.  

Bendetti-Cechi, L., Nuti, S. and Cinelli, F., 1996. Analysis of spatial and temporal variability in interactions among 

algae, limpets and mussels in low-shore habitats on the West Coast of Italy. Mar. Ecol. Prog. Ser. 144, pp. 87–96.  

Blanchard, D. and Bourget, E., 1999. Scales of coastal heterogeneity: influence on intertidal community structure. Mar 

Ecol. Prog. Ser. 179, pp. 163–173.  

Bourget, E., DeGuise, J. and Daigle, G., 1994. Scales of substratum heterogeneity, structural complexity, and the early 

establishment of a marine epibenthic community. J. Exp. Mar. Biol. Ecol. 181, pp. 31–51.  

Branch, G. and Branch, M., 1993. In: The Living Shores of Southern Africa (6th Edition ed.),, Struik publishers, Cape 

Town.  

Breitburg, D.L., Palmer, M.A. and Loher, T., 1995. Larval distributions and the spatial patterns of settlement of an 

oyster reef fish: responses to flow and structure. Mar. Ecol. Prog. Ser. 125, pp. 45–60.  

Bustamante, R.H. and Branch, G.M., 1996. Large scale patterns and trophic structure of southern African rocky shores: 

the role of geographic variation and wave exposure. J. Biogeogr. 23, pp. 339–351.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib42#bib42
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bib15#bib15
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib1#bbib1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib2#bbib2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib3#bbib3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib4#bbib4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib5#bbib5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib6#bbib6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib7#bbib7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib8#bbib8
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib9#bbib9


Bustamante, R.B., Branch, G.M., Eekhout, S., Roibertson, B., Zoutendyk, P., Schleyer, M., Dye, A., Hanekom, N., 

Keats, D., Jurd, M. and McQuiad, C., 1995. Gradients of intertidal primary productivity around the coast of South 

Africa and their relationships with consumer biomass. Oecologia 102, pp. 189–201.  

Connell, J.H., 1985. The consequences of variation in initial settlement vs. post-settlement mortality in rocky intertidal 

communities. J. Exp. Mar. Biol. Ecol. 93, pp. 11–45.  

Cusson, M. and Bourget, E., 1997. Influence of topographic heterogeneity and spatial scales on the structure of the 

neighbouring intertidal endobenthic macrofaunal community. Mar. Ecol. Prog. Ser. 150, pp. 181–193.  

Dayton, P.K., 1971. Competition, disturbance and community organization: the provision and subsequent utilization of 

space in a rocky intertidal community. Ecol. Monogr. 41 4, pp. 351–389.  

Delafontaine, M.T. and Flemming, B.W., 1989. Effects of larval settlement, topography and wave action on the 

establishment of the intertidal barnacle Tetraclita serrata Darwin. In: Ryland, J.S. and Tyler, P.A., Editors, 1989. 

Reproduction, Genetics and Distributions of Marine Organisms 23rd European Marine Biology Symposium, , Olsen 

and Olsen, Denmark, pp. 363–371.  

Denny, M., Dairiki, J. and Distefano, S., 1992. Biological consequences of topography on wave-swept rocky shores: I. 

Enhancement of external fertilization. Biol. Bull. 183, pp. 220–232.  

Field, J.G. and Griffiths, C.L., 1991. Littoral and sublittoral ecosystems of southern Africa. In: Mathieson, A.C. and 

Nienhuis, P.H., Editors, 1991. Ecosystems of the World 24. Intertidal and Littoral Ecosystems, Elsevier, Amsterdam, 

pp. 323–346.  

Frost, T.M., DeAngelis, D.L., Bartell, S.M., Hall, D.J. and Hurlbert, S.H., 1988. Scale in the design and interpretation 

of aquatic community research. In: Carpenter, S.R., Editor, 1988. Complex Interaction in Lake Communities, Springer, 

New York, pp. 229–258.  

Gaines, S.D. and Bertness, M.D., 1992. Dispersal of juveniles and variable recruitment in sessile marine species. 

Nature 360, pp. 579–580.  

Gaines, S. and Roughgarden, J., 1985. Larval settlement rate: a leading determinant of structure in and ecological 

community of the marine intertidal zone. Proc. Natl. Acad. Sci. USA 82, pp. 3707–3711.  

Gaylord, B., Blanchette, C.A. and Denny, M.W., 1994. Mechanical consequences of size in wave swept algae. Ecol. 

Monogr. 64 3, pp. 287–313.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib10#bbib10
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib11#bbib11
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib12#bbib12
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib13#bbib13
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib14#bbib14
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib15#bbib15
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib16#bbib16
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib17#bbib17
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib18#bbib18
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib19#bbib19
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib20#bbib20


Gosselin, L.A. and Qian, P.-Y., 1997. Juvenile mortality in benthic marine invertebrates. Mar. Ecol. Prog. Ser. 146, pp. 

265–282.  

Gregoire, Y., Bourget, E. and Verrette, J., 1996. Deposition of planktonic invertebrate larvae on simple and complex 

substrata in flume flows. Mar. Ecol. Prog. Ser. 135, pp. 89–100.  

Guichard, F. and Bourget, E., 1998. Topographic heterogeneity, hydrodynamics and benthic community structure: a 

scale-dependent cascade. Mar. Ecol. Prog. Ser. 171, pp. 59–70.  

Harris, J.M., Branch, G.M., Elliot, B.L., Currie, B., Dye, A.H., Mcquaid, C.D., Tomalin, B.J. and Velasquez, C., 1998. 

Spatial and temporal variability in recruitment of intertidal mussels around the coast of southern Africa. S. Afr. J. Zool. 

33 1, pp. 1–11.  

Harvey, M., Bourget, E. and Ingram, R.G., 1995. Experimental evidence of passive accumulation of marine bivalve 

larvae on filamentous epibenthic structures. Limnol. Oceanogr. 40 1, pp. 94–104.  

Hastings, H.M. and Suighara, G., 1993. In: Fractals A Users Guide For the Natural Sciences (2nd Edition ed.),, Oxford 

University Press, London.  

Hops, J.M., 1990. The effect of industrial and domestic effluents on the settlement, growth, reproduction and mortality 

of the brown mussel, Perna perna, in an outlet of the Papenskuil river, Algoa Bay, South Africa. M.Sc. thesis, 

University of Port Elizabeth. RSA.  

Hunt, H.L. and Scheibling, R.E., 1995. Structure and dynamics of mussel patches in tide pools on a rocky shore in 

Nova Scotia, Canada. Mar. Ecol. Prog. Ser. 124, pp. 105–115.  

Hunt, H.L. and Scheibling, R.E., 1996. Physical and biological factors influencing mussel (Mytilus trossulus, M. edulis) 

settlement on a wave-exposed rocky shore. Mar. Ecol. Prog. Ser. 142, pp. 135–145.  

Hunt, H.L. and Scheibling, R.E., 1996. Physical and biological factors influencing mussel (Mytilus trossulus, M. edulis) 

settlement on a wave-exposed rocky shore. Mar. Ecol. Prog. Ser. 142, pp. 135–145.  

Hunt, H.L. and Scheibling, R.E., 1998. Spatial and temporal variability of patterns of colonization by mussels (Mytilus 

trossulus, M. edulis) on a wave exposed rocky shore. Mar. Ecol. Prog. Ser. 167, pp. 155–169.  

Hurlbut, C.J., 1991. Community recruitment: settlement and juvenile survival of seven co-occurring species of sessile 

marine invertebartes. Mar. Biol. 109, pp. 507–515.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib21#bbib21
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib22#bbib22
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib23#bbib23
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib24#bbib24
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib25#bbib25
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib26#bbib26
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib27#bbib27
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib28#bbib28
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib29#bbib29
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib30#bbib30
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib30a#bbib30a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib31#bbib31


Kostylev, V., 1996. Spatial heterogeneity and habitat complexity affecting marine littoral fauna. PhD Thesis. Goteburg 

University, Sweden.  

Lasiak, T., 1991. The susceptibility and/or resilience of rocky littoral molluscs to stock depletion by indigenous coastal 

people of Transkei, southern Africa. Biol. Conserv. 56, pp. 245–264.  

Lasiak, T.A. and Barnard, T.C.E., 1995. Recruitment of the brown mussel Perna perna onto natural substrata: a 

refutation of the primary/secondary settlement hypothesis. Mar. Ecol. Prog. Ser. 120, pp. 147–153.  

Lasiak, T. and Dye, A., 1989. The ecology of the brown mussel Perna perna in Transkei, southern Africa: implications 

for the management of a traditional food resource. Biol. Conserv. 47, pp. 245–257.  

Levin, S.A., 1992. The problem of pattern and scale in ecology. Ecology 73 6, pp. 1943–1967.  

Lewin, R., 1986. Supply-side ecology. Science 234, pp. 25–27.  

Lintas, C. and Seed, R., 1994. Spatial variation in the fauna associated with Mytilus edulis on a wave-exposed rocky 

shore. J. Molluscan Studies 60 2, pp. 165–174.  

Lindsay J., MSc Thesis 1997/98.  

McCormick, M.I., 1994. Comparison of field methods for measuring surface topography and their associations with a 

tropical reef fish assemblage. Mar. Ecol. Prog. Ser. 112, pp. 87–96.  

McQuaid, C.D. and Branch, G.M., 1984. Influence of sea temperature, substratum and wave exposure on rocky 

intertidal communities: an analysis of faunal and floral biomass. Mar. Ecol. Prog. Ser. 19, pp. 145–151.  

McQuaid, C.D., Lindsay, T.L., 2000. The effect of wave exposure on growth and mortality rates of the mussel Perna 

perna: bottom-up regulation of intertidal populations. Mar. Ecol. Prog. Ser. (in press).  

McQuaid, C.D., Phillips, T.E., 2000. Limited wind driven dispersal of intertidal mussel larvae: in situ evidence from 

the plankton and the spread of the invasive species Mytilus galloprovincalis in South Africa. Mar. Ecol. Prog. Ser. (in 

press).  

McQuaid, C.D., Branch, G.M. and Crowe, A.A., 1985. Biotic and abiotic influences on rocky intertidal biomass and 

richness in the southern Benguela region. S. Afr. Tydskr. Dierk. 20 3, pp. 115–122.  

McQuaid, C.D., Lindsay, J.R., Lindsay T.L., 2000. Interactive effects of wave exposure and tidal height on population 

structure of the mussel Perna perna Linnaeus. Mar. Biol. (in press).  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib32#bbib32
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib33#bbib33
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib34#bbib34
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib35#bbib35
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib36#bbib36
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib37#bbib37
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib38#bbib38
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib39#bbib39
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib40#bbib40
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib41#bbib41
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib42#bbib42
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib43#bbib43
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib44#bbib44
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib45#bbib45


Menge, B.A., 1978. Predation intensity in a rocky shore intertidal community. Effect of an algal canopy, wave action 

and desiccation on predator feeding rates. Oecologia 34, pp. 17–35.  

Menge, B.A., 1978. Predation intensity in a rocky shore intertidal community. Relation between predator foraging 

efficiency and environmental harshness. Oecologia 34, pp. 1–16.  

Menge, B.A., 1991. Relative importance of recruitment and other causes of variation in rocky intertidal community 

structure. J. Exp. Mar. Biol. Ecol. 146, pp. 69–100.  

Minchinton, T.E. and Sheibling, R.E., 1991. The influence of larval supply and settlement on the population structure 

of barnacles. Ecology 72 5, pp. 1867–1879.  

Noda, T., Fukushima, K. and Mori, T., 1998. Daily settlement variability of the barnacle Semibalanus cariosus: 

importance of physical factors and density-dependent processes. Mar. Ecol. Prog. Ser. 169, pp. 289–293.  

Okamura, B., 1986. Group living and the effects of spatial position in aggregations of Mytilus edulis. Oecologia 69, pp. 

341–347.  

Olafsson, E.B., Peterson, C.H. and Ambrose, W.G., 1994. Does recruitment limitation structure populations and 

communities of macro-invertebrates in marine soft-sediments: the relative significance of pre and post settlement 

processes. Oceanogr. Mar. Biol. Annu. Rev. 32, pp. 65–109.  

Paine, R.T. and Levin, S.A., 1981. Intertidal landscapes: disturbance and the dynamics of pattern. Ecol. Monogr. 51 2, 

pp. 145–178.  

Petratis, P.S., 1990. Direct and indirect effects of predation, herbivory and surface rugosity on mussel recruitment. 

Oecologia 83, pp. 405–413.  

Petratis, P.S., 1995. The role of growth in maintaining spatial; dominance by mussels (Mytilus edulis). Ecology 76 4, 

pp. 1337–1346.  

Pineda, J., 1991. Predictable upwelling and the shoreward transport of planktonic larvae by internal tidal bores. Science 

253, pp. 548–551.  

Raimondi, P.T., 1990. Patterns, mechanisms, consequences of variability in settlement and recruitment of an intertidal 

barnacle. Ecol. Monogr. 60 3, pp. 283–309.  

Reusch, T.B.H., 1998. Differing effects of eelgrass Zostera marina on recruitment and growth of associated blue 

mussels Mytilus edulis. Mar. Ecol. Prog. Ser. 167, pp. 149–153.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib46#bbib46
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib47#bbib47
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib48#bbib48
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib49#bbib49
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib50#bbib50
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib51#bbib51
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib52#bbib52
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib53#bbib53
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib54#bbib54
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib55#bbib55
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib56#bbib56
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib58#bbib58
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib59#bbib59


Rodriguez, S.R., Ojeda, F.P. and Inestrosa, N.C., 1993. Settlement of benthic marine invertebrates. Mar. Ecol. Prog. 

Ser. 97, pp. 193–207.  

Roughgarden, J., Gaines, S.D. and Pacala, S.W., 1987. Supply-side ecology: the role of physical transport processes. 

In: Grey, J.H. and Giller, P.S., Editors, 1987. Organisation of Communities. Past and Present, Blackwell Scientific 

Publications, Oxford, UK.  

Roughgarden, J., Gaines, S. and Possingham, H., 1988. Recruitment dynamics in complex life cycles. Science 241, pp. 

1460–1466.  

Russel, G., 1991. Vertical distribution. In: Mathieson, A.C. and Nienhuis, P.H., Editors, 1991. Ecosystems of the World 

24: Intertidal and Littoral Ecosystems, Elsevier, Amsterdam, pp. 43–65.  

Satchell, E.R. and Farrell, T.M., 1993. Effects of settlement density on spatial arrangement in four intertidal barnacles. 

Mar. Biol. 116, pp. 241–245.  

Schneider, D.C., 1994. In: Quantitative Ecology, Spatial and Temporal Scaling (1st Edition ed.),, Academic Press, San 

Diego, CA.  

Schoch, C.G. and Dethier, M.N., 1996. Scaling up: the statistical linkage between organismal abundance and 

geomorphology in rocky intertidal shorelines. J. Exp. Mar. Biol. Ecol. 201, pp. 37–72.  

Sebens, K.P., 1991. Habitat structure and community dynamics in marine benthic systems. In: Bell, S.S., McCoy, E.D. 

and Mushinsky, H.R., Editors, 1991. Population and Community Biology Series 8, Habitat Structure: the Physical 

Arrangement of Objects in Space, Chapman and Hall, London, pp. 211–234.  

Seed, R., 1976. Ecology. In: Bayne, B.L., Editor, , 1976. Marine Mussels: Their Ecology and Physiology, Cambridge 

University Press, Cambridge, pp. 13–65.  

Seed, R., 1996. Patterns of biodiversity in the macroinvertebrate fauna associated with mussel patches on rocky shores. 

J. Mar. Biol. Assoc. UK 76, pp. 203–210.  

Seed, R. and Suchanek, T.H., 1992. Population and community ecology of Mytilus. In: Gosling, E., Editor, , 1992. The 

Mussel Mytilus: Ecology, Physiology, Genetics and Culture, Elsevier, Amsterdam, pp. 87–169.  

Shepherd, S.A., Lowe, D. and Partington, D., 1992. Studies on southern Australian abalone (genus Haliotis) XIII: 

larval dispersal and recruitment. J. Exp. Mar. Biol. Ecol. 164, pp. 247–260.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib60#bbib60
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib61#bbib61
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib62#bbib62
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib63#bbib63
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib64#bbib64
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib65#bbib65
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib66#bbib66
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib67#bbib67
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib68#bbib68
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib69#bbib69
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib70#bbib70
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib71#bbib71


Sousa, W.P., 1984. Intertidal mosaics: patch size, propagule availability and spatially variable patterns of succession. 

Ecology 65 6, pp. 1918–1935.  

Stephenson, T.A. and Stephenson, A., 1949. The universal features of zonation between tide-marks on rocky coasts. J. 

Ecol. 37, pp. 289–305.  

Stephenson, T.A. and Stephenson, A., 1972. In: Life Between Tide-marks On Rocky Sores, W.H. Freeman, San 

Francisco.  

Suchanek, T.H., 1979. The Mytilus californianus community: studies on the composition, structure, organisation and 

dynamics of a mussel bed. PhD Thesis, University of Washington, USA.  

Suchanek, T.H., 1985. Mussels and their role in structuring rocky shore communities. In: Moore, P.G. and Seed, R., 

Editors, 1985. The Ecology of Rocky Coasts, Columbia University Press, New York, pp. 70–96.  

Suchanek, T.H., 1992. Extreme biodiversity in the marine environment: mussel bed communities of Mytilus 

californianus. N.W. Environ. J. 8 1, pp. 150–152.  

Sutherland, J.P., 1990. Recruitment regulates demographic variation in a tropical barnacle. Ecology 71 3, pp. 955–972.  

Thorson, G., 1946. Reproduction and larval development of Danish marine bottom invertebrates. Meddr. Kommn. 

Danm. Fisk. Havunders. Ser.: Plankton 4, pp. 1–53.  

Thrush, S.F., Lawrie, S.M., Hewitt, J.E. and Cummings, V.J., 1999. The problem of Scale: Uncertainties and 

implications for soft-bottom marine communities and the assessment of human impacts. In: Gray, J.S. et al., 1999. 

Biogeochemical Cycling and Sediment Ecology, Kluwer Academic Publishers, The Netherlands, pp. 195–209.  

Tokeshi, M. and Romero, L., 1995. Filling a gap: dynamics of space occupancy on a mussel-dominated subtropical 

rocky shore. Mar. Ecol. Prog. Ser. 119, pp. 167–176.  

Tsuchiya, M. and Nishihira, M., 1986. Islands of Mytilus edulis as a habitat for small intertidal animals: effect of 

Mytilus age structure on the species composition of the associated fauna and community organization. Mar. Ecol. Prog. 

Ser. 31, pp. 171–178.  

Underwood, A.J. and Chapman, M.G., 1996. Scales of spatial patterns of distribution of intertidal invertebrates. 

Oecologia 107, pp. 212–224.  

Underwood, A.J. and Chapman, M.G., 1998. A method for analysing spatial scales of variation in composition 

assemblages. Oecologia 117, pp. 570–578.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib72#bbib72
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib73#bbib73
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib74#bbib74
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib75#bbib75
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib76#bbib76
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib77#bbib77
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib78#bbib78
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib79#bbib79
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib80#bbib80
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib81#bbib81
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib82#bbib82
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib83#bbib83
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib84#bbib84


Underwood, A.J. and Denley, E.J., 1984. Paradigms, explanations and generalizations in models for the structure of 

intertidal communities on rocky shores. In: Strong, D.R., Simberloff, D., Abele, L.G. and Thistle, A.B., Editors, 1984. 

Ecological Communities: Conceptual Issues and the Evidence, Princeton University Press, pp. 151–180.  

Underwood, A.J. and Fairweather, P.G., 1989. Supply-side ecology and benthic marine assemblages. TREE 4 1, pp. 

16–20.  

Underwood, A.J. and Petratis, P.S., 1993. Structure of intertidal assemblages in different locations: how can local 

processes be compared. In: Ricklefs, R.E. and Schultz, D., Editors, 1993. Species Diversity in Ecological Communities. 

Historical and Geographical Perspectives, University of Chicago Press, pp. 39–51.  

Van Erkom Schurink, C. and Griffiths, C.L., 1990. Marine mussels of southern Africa — their distribution patterns, 

standing stocks, exploitation and culture. J. Shellfish Res. 9 1, pp. 75–85.  

Van Erkom Schurink, C. and Griffiths, C.L., 1991. A comparison of reproductive cycles and reproductive output in 

four southern African mussel species. Mar. Ecol. Prog. Ser. 76, pp. 123–134.  

Whitman, J.D., 1985. Refuges, biological disturbance and rocky subtidal community structure in New England. Ecol. 

Monogr. 55 4, pp. 421–445.  

Woodin, S.A., 1991. Recruitment of infauna: Positive or negative cues?. Am. Zool. 31, pp. 797–807.  

Zar, J.H., 1996. In: Biostatistical Analysis (3rd Edition ed.),, Prentice-Hall, New Jersey, USA.  

 

 

 

 

 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib85#bbib85
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib86#bbib86
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib87#bbib87
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib88#bbib88
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib89#bbib89
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib90#bbib90
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib91#bbib91
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-42H1S7K-1&_user=736737&_coverDate=03%2F15%2F2001&_rdoc=1&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235085%232001%23997429997%23233296%23FLA%23display%23Volume)&_cdi=5085&_sort=d&_docanchor=&view=c&_ct=13&_acct=C000040938&_version=1&_urlVersion=0&_userid=736737&md5=557588252a29a3282eaad58cd443e984&artImgPref=F#bbib92#bbib92

