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Abstract  

This paper concerns the effects on biodiversity of depletion 24 of the South African 

abalone Haliotis midae, which is a long-lived species with a large corrugated shell 

that provides a habitat for diverse benthic organisms. We compared community 

structure on H. midae shells with that on adjacent rock at three sites (Cape Point and 

Danger Point sites A and B), and at two different times of the year at one of these 

sites. Shells of H. midae consistently supported communities that were distinctly 

different from those on rock. In particular, three species of non-geniculate 

(encrusting) corallines, Titanoderma polycephalum, Mesophyllum engelhartii and 

Spongites discoideus were all found either exclusively or predominantly on shells, 

whereas another non-geniculate coralline, Heydrichia woelkerlingii, occurred 

almost exclusively on adjacent rock. The primary rocky substratum, however, 

supported a higher number of species than abalone shells. Possible reasons for the 

differences between the two substrata include the relative age, microtopography and 

hardness of the substrata; the abundance of grazers on them; and the relative age of 

different zones of the abalone shell, which support communities at different stages of 

succession. Diversity on shells was lowest in zones that were either very young or 

very old, in keeping with the intermediate disturbance hypothesis. The 

distinctiveness of shell epibiota will increase diversity despite having a lower  

diversity than that of adjacent rock. Decimation of H. midae by overfishing therefore 

has implications biodiversity conservation.  
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Introduction 

The South African abalone Haliotis midae Linnaeus is a commercially exploited 

species that is seriously threatened by overfishing due to poaching (Hauck and 

Sweijd 1999; Hauck 2009). Because this abalone is long-lived (Newman 1967, 1968), 

reaches high densities in pristine populations and has a large flat shell with irregular 

corrugations, it provides a habitat for a diversity of organisms. Since space on hard 

substrata is often limited, gastropod shells constitute an important secondary 

settlement substrate (Steneck1986; Warner 1997; Bell 2005; Ayres-Peres and 

Mantelatto 2010); the loss or depletion of H. midae may therefore have direct 

implications for biodiversity. This sentiment was echoed by Worm et al. (2006) who 

found a positive relationship between diversity and ecosystem health and reported 

that the elimination of species sabotages the stability and recovery potential of 
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marine ecosystems. Habitat complexity influences the distribution and abundance of 

mobile animals (Hacker and Steneck 1990). In particular, more species occur in a 

given area when the structure is comparatively complex (Dean and Connell 1987). 

Surface roughness (rugosity) and the availability of refuges on complex surfaces are 

often cited as factors influencing macroinvertebrate abundance (Gee and Warwick 

1994; Kraufvelin et al. 2006; Norderhaug et al. 2012). Alexander et al. (2009) 

identified refuge diversity as the measure that best explains spatial variability of 

invertebrate species richness. Gonzalez and Downing (1999) found that amphipod 

numbers increased in the presence of zebra mussels (Dreissena polymorpha), 

attributing this phenomenon to increased habitat complexity provided by the 

mussels, which they associated with a reduction in predation risk.  

 

Habitat complexity may also mitigate the effects of wave action (Dean and Connell 

1987; Norderhaug et al. 2012) and increase food supply (Marx and Hermkind 1985). 

Hacker and Steneck (1990) showed that tenacity and crypsis were important factors 

in habitat choice of the amphipod Gammarellus angulosus, both of these 

characteristics being enhanced by surface roughness. H. midae is a long-lived species 

(Branch and Branch 1981; Tarr 1989) and has a large shell with irregular 

corrugations. Because of their rugosity and complexity, abalone shells may naturally 

provide refuges between their ridges for algal sporelings and small mobile animals. 

Because of the latter, abalone shells may theoretically influence community diversity, 

either at the local, habitat level (a-diversity) or at larger, inter-habitat levels (b-

diversity) (Whittaker 1960).  

 

To determine the relative importance of shell microhabitat as secondary substrate, 

and thus its influence on localised biodiversity patterns, we compared epibiont 

communities developing on the shells of H. midae with those growing on adjacent 

primary rocky substratum. One of the reasons that the two substrata may support 

different communities is that shells will, on average, be younger than the rockface. 

Moreover, due to the nature of the shells’ development, different portions (zones) of 

the abalone shell will have attained different ages and will be exposed to differing 

levels of disturbance. This has implications for the types of organisms that are likely 

to occupy the shells, as the different zones will support different successional 

groupings of organisms. For example, non-geniculate (encrusting) corallines are 

generally inferior competitors for primary space (Steneck et al. 1991) due to their 

slow growth and are easily overgrown by foliar macroalgae 

(Steneck 1986; Eager 2010). High fecundity and an extended reproductive season, 

however, increase opportunities for encrusting corallines to occupy vacant space 

(Steneck 1986; Eager 2010). Thus, if primary space becomes available on newly 

formed shell, or is continually created by abrasion of parts of the shell, those portions 

of the shell should be dominated by thin crusts, whereas on older portions of the 

shell where space is likely to be limited, thick crusts should dominate, and on the 

oldest parts of the shell, foliose algae are likely to prevail.  
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Against this backdrop, we addressed two hypotheses. First, we tested whether 

communities on the shells of 

H. midae differ from those found on surrounding primary rocky substratum. If so, 

this would imply that abalone shells provide a unique habitat, thereby influencing 

biodiversity. Second, we tested whether there are differences in epibiont assemblages 

on different zones of the shells of H. midae.  

 

Methods and materials 

Sampling took place at three sites (Fig. 1): Cape Point (34_2002000S, 

18_2800900E) in January 2009, Danger Point sites A (3483704700S, 

1981704600E) and B (3483705200S, 1981705100E) in January 2009 and Danger 

Point site A in August 2009. At each site, divers using SCUBA randomly collected 

abalone and scrapings from the primary bedrock between abalone, at depths of 1–4 

m. Sample sizes constituted 20 abalone and 20 rock scrapings at Cape Point, 10 at 

Danger Point sites A and B in January, and 20 at Danger Point site A in August. 

 

Three different aspects were addressed using different subsets of the data. First, 

comparisons of community composition were based on the data for all three sites 

and for two different times at one of these (Danger Point A). Second, for detailed 

analyses of diversity, we examined only the samples taken at Cape Point in January 

2009 and at Danger Point A in August 2009 because the larger numbers of samples 

taken then allowed more robust statistical comparisons. These samples were used to 

make comparisons between rock and shell communities at each site, but not for 

comparisons between sites because of differences in sampling dates. Third, analyses 

of algal succession on the abalone shells were based on samples collected at Danger 

Point site A in August 2009. For all samples, the area of each abalone shell was 

estimated as the area of a circle (pr2), with the radius being calculated as r = 0.25 9 

(L ? W), where L and W are the length and width measured from shell edge to shell 

edge using a string stretched across the contour of the shell. Rock samples were 

scraped from 20 9 20 cm areas, with the intention of approximating the average area 

occupied by a reproductively mature abalone shell. In reality, the shells proved 

smaller than the rockscrapings, so the data were standardised per unit area for 

analyses. In the laboratory, the shells were scraped to remove all epibionts within 

each of the five shell zones as described below, and both the scrapings from the shells 

and those from the rocks were then sorted and all epibionts identified. Each epibiont 

was quantified by counting invertebrates and wet-weighing algae. Counts were later 

converted to wet weight by using conversions obtained by weighing subsamples of 

10–100 individuals, so that analyses could be based on a common unit (wet mass per 

unit area). For the successional study, the shells were divided into five zones (Fig. 2) 

and the abundance of algal species in each zone scored as percentage cover. Zones 1, 

2, 3, 4 and 5 ran successively from the youngest to the oldest portions of the shell. 

Zone 2 was additionally distinguished by the fact that it constituted a ‘disturbed’ zone 

where the shell is frequently rubbed against rocks (Chalmers 2002). 
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The areas of each of the five zones were approximately equal, except for the growing 

edge (Zone 1), which was half the area of the other zones. For comparison of diversity 

among zones (requiring equal areas among zones), samples taken in Zone 1 were 

randomly combined in pairs to constitute 20 samples of comparable area to those of 

other zones. Although statistical analyses of zones were based on the data for 

individual abalone, the data were averaged and expressed per unit area for 

presentation of the results. 

 

Statistical analyses 

Biomass data were first transformed using fourth-root transformation to reduce the 

importance of dominating species, and then subjected to Bray–Curtis similarity 

analyses. PERMANOVA tests (Primer version 6? With PERMANOVA, Clarke and 

Gorley 2006; Anderson et al. 2008) were performed to determine (1) whether the 

community structure of the organisms found on abalone shells differed from that 

found in rockscrapings and (2) whether community structure differed among shell 

zones. For tests of community structure between rock and shells, or between shell 

zones, one-way PERMANOVA designs were employed, with treatment (shell vs. rock; 

five shell zones) being the fixed factor. 

 

Cluster and multi-dimensional scaling (MDS) analyses were also undertaken, but as 

emergent patterns were similar for these two approaches, only the latter are 

presented. Simper analyses identified those species that contributed most to any 

differences among communities. 

 

The ‘Diverse’ procedure in Primer was employed to compare rock versus shell 

samples separately for Cape Point and Danger Point site A (August 2009), in terms 

of total number of species, total biomass, and Margalef’s (d0) and Shannon–Wiener 

(H0) diversity indices. These analyses were limited to within-site comparisons of 

rock versus shell, as comparisons among sites would have been invalidated by 

differences in the seasons when sampling was done. As the area of the individual 

rockscrapings (400 cm2) differed from that of the shells (which averaged 275 m2), 

the data required transformation for comparison. Transformation of biomass was 

simple: the data were expressed as wet weight per unit area (g 100 cm-2). Student’s t 

tests, or Mann–Whitney U tests (in cases where data did not meet the assumptions 

of equality of variance and normality required of a t test), were then undertaken for 

each species that occurred on both abalone shells and rockscrapings, to determine 

whether any differences in biomass existed. Statistica 9 was used for these tests. 

Comparisons of diversity, evenness and richness could not validly be undertaken in a 

similar manner because area affects these measures, and the area of rockscrapings 

was greater than that of abalone shells. Consequently, six randomly selected 

rockscrapings were discarded to reduce the total area of rockscrapings to a value 

comparable to that of all shell samples combined. As the resultant comparison was 

based on a pair of individual values (pooled diversity for all replicates), there was no 

variance in the data. An adjusted manual t test (as per Zar 1998) was consequently 
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performed to determine whether the diversity values between treatments were 

statistically different.  

 

The ‘Diverse’ procedure in Primer was also employed to determine the number of 

species present in each shell zone and the diversity per shell zone as per Shannon–

Wiener and Margalef’s diversity indices. One-way analyses of variance (ANOVA) 

were performed to test whether significant differences existed between substrata or 

among shell zone, with both regarded as fixed factors, and a set at 0.05. Unless 

otherwise stated, data are presented as means ±1 SE. 

 

Results 

Comparison of shell and rock communities MDS ordinations (Fig. 3) showed 

a clear distinction between shell and rock communities on all but one occasion 

[Danger Point site A in January 2009: Pseudo-F9 = 1.71, P(perm) = 0.06]; Danger 

Point site B in January 2009: Pseudo-F9 = 4.8, P(perm) = 0.001; Danger Point site A 

in August 2009: Pseudo-F19 = 8.5, P(perm) = 0.05; Cape Point in January 2009: 

Pseudo-F19 = 15.5, P(perm)\0.0001). 

 

Focussing only on the two data sets with large sample sizes (n = 20), Simper analyses 

affirmed these results, showing 84 % dissimilarity between shell and rock 

communities at Cape Point and 90.6 % dissimilarity at Danger Point site A. 

 

At Cape Point (Fig. 4a), the geniculate coralline red alga Jania cultrata and the foliose 

green algae Ulva spp. Were found only on shells. Two geniculate coralline red algae 

(Amphiroa capensis and Arthrocardia flabellata) and three non-geniculate coralline 

red algae (Titanoderma polycephalum, Spongites discoideus and Mesophyllum 

engelhartii) had significantly higher biomass on shells than on the adjacent rocky 

substratum. Only the non-geniculate coralline alga Heydrichia woelkerlingii was 

significantly more abundant on the adjacent rock than on shell. The species 

contributing most to the dissimilarity between shell and rock communities were the 

corallines A. capensis, A. flabellate and H. woelkerlingii. 

 

At Danger Point site A (Fig. 4b), several patterns emerged. First, as was the case at 

Cape Point, H. woelkerlingii was predominantly found on rock, although there was 

high variability in the data, while the other nongeniculate corallines (T. 

polycephalum, S. discoideus and M. engelhartii) were substantial contributors to the 

shell community and were comparatively rare on the adjacent rocky substratum. 

Second, relatively large species (ca. 20–100 mm), which included the hermit crab 

Paguristes gamianus, the winkle Oxystele sinensis, the sea cucumber Pseudocnella 

insolens and the green alga Codium stephensiae were predominantly associated with 

adjacent rocky substratum. Third, small species (ca. 1–5 mm) such as the gastropod 

Eatoniella nigra and small mobile crustacean grazers (several species of amphipods 

and isopods) were relatively equally distributed between the two substrata. 
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At Cape Point, neither biomass nor any of the two diversity indices were significantly 

different between the two substrata when all taxa were combined. However, when 

animals and algae were separated, the two groups exhibited opposite patterns, with 

all three indices being greater on rock than shell for animals (although significantly 

so in only one case), while the reverse was true for algae, with values being 

significantly greater on shell than rock in all instances (Fig. 5). At Danger Point site 

A, similar qualitative patterns emerged, although levels of significance differed. For 

animals and algae combined, all three indices were significantly greater on rock than 

shell. 

 

Similarly, for animals alone, values on rock were always significantly greater than for 

shell. For algae alone, biomass was not significantly different between the substrata, 

but the number of species was significantly greater on shell than rock (Fig. 6). 

Analyses of Margalef’s Index (data not shown) revealed the identical trends and 

patterns of significance as the data for number of species. 

 

Algal succession on shell zones 

Significant differences in community structure existed among zones on the abalone 

shells [Pseudo-F4,19 = 4.722, P(perm) = 0.001], and pairwise PERMANOVA tests 

showed that these were attributable to zones 5 and 4 being significantly different 

from one another and from other zones (P\0.01 in all cases). 

 

Simper analysis indicated that the species contributing 90 % to the difference in 

communities among shell zones were coralline algal species (Fig. 7). In Zone 1, the 

youngest zone on the growing edge of the shell, the dominant species was the thin 

non-geniculate coralline alga M. engelhartii, occupying 20.6 % of the zone. In Zone 2, 

the disturbed zone where the shell was rubbed against rock, the non-geniculate 

encrusting coralline alga, T. polycephalum, was the most abundant algal species, 

occupying 32.0 % of the zone. Zones 3–5 were dominated by the geniculate coralline 

alga A. flabellata, which occupied as much as 36.9 % of the zone. However, in zones 3 

and 4, other species of coralline contributed more evenly to the per cent cover 

abundance. The total number of species, Margalef’s index and the Shannon–Wiener 

index of diversity (Fig. 8) were lowest in zones 1, 2 and 5 and highest in zones 3 or 4. 

All indices were significantly different among zones (number of species F4,19 = 2.68, 

P = 0.04; Margalef’s index F4,19 = 2.69, P = 0.04; Shannon–Wiener index F4,19 = 

6.44, P\0.001). 

 

Discussion 

Molluscs such as abalone that have a large foot and possess fixed home scars 

physically occupy space on rocky substratum, but their shells provide an alternative 

habitat. Our central finding was the detection of significant differences in community 

structure between shell and rock substrata, which were consistent between sites and 

times. Both biomass and diversity were consistently greater on rock than shell for 

animals whereas the opposite was true for algae. 
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When the two were considered together, the outcome depended on the relative 

contributions of algae and animals. In general, shell communities were characterised 

mostly by algae whereas rocky substratum was characterised mainly by 

invertebrates. These results clearly demonstrate that abalone shells increase habitat 

diversity and habitat complexity by providing an alternative, secondary habitat for a 

host of organisms. They confirm the finding of a number of previous studies (e.g. 

Steneck 1986; Warner 1997; Bell 2005; Smyth and Roberts 2010), but we are the first 

to demonstrate this for the abalone H. midae.  

 

With one notable exception (H. woelkerlingii), coralline algae, and in particular non-

geniculate corallines, benefitted from their association with abalone shells. 

Additionally, distinct successional patterns emerged from the manner in which 

corallines were distributed across the abalone shells. Of the non-geniculate 

corallines, M. engelhartii, a relatively fast-growing species, was clearly the pioneering 

species. Given the comparatively poor ability of thin, fast-growing crusts to compete 

by overgrowth, they generally require free space (Steneck 1986; Maneveldt and Keats 

2008) such as that provided by recent shell growth or physical disturbance. 

Conversely, geniculate corallines, specifically A. flabellata, were the climax species on 

abalone shells, dominating the older, less disturbed zones. Competitive superiority 

among encrusting algae is achieved when one species overgrows another, with 

thicker crusts generally being competitively superior to thinner crusts (Steneck 1986; 

Steneck et al. 1991; Keats and Maneveldt 1994; Keats et al. 1994; Maneveldt and 

Keats 2008). If space is seldom renewed and thus becomes limiting (as in older, 

undisturbed shell zones), thicker, slowergrowing, competitively superior crusts 

should become more abundant (Maneveldt and Keats 2008). T. polycephalum and S. 

discoideus are comparatively thick, slower growing species that are competitively 

superior to M. engelhartii, and so understandable these thicker species dominated 

over M. engelhartii in comparatively older zones. S. discoideus is also a common 

occupant of the shells of another gastropod, the winkle O. sinensis (Maneveldt, 

unpublished data). 

 

There are several possible reasons for the differences between communities on shells 

and rocks. Firstly, H. midae can be considered a foundation species as defined by 

Bruno and Bertness (2001, p. 201), that is, a species that creates ‘a spatial refuge 

from environmental stress and/or predation, which can increase the fitness of 

individuals occupying the habitat and can positively affect populations of associated 

species’. H. midae facilitates species diversity by increasing the heterogeneity of the 

environment and providing a secondary substratum for settlement. Its shell surface 

is highly rugose with radiating ridges, so it is likely to provide refuge for the 

sporelings of algae, where they will be relatively free from grazing. Traits such as 

density, cover and morphological complexity can all influence the ability of 

facilitators to benefit other species (Bruno and Bertness 2001). The importance of H. 

midae as a foundation species is increased by the fact that it is comparatively large 

and long-lived, and aggregates at high densities (Newman 1967, 1968). Secondly, H. 
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midae shells are softer and more porous than adjacent rock and can therefore also be 

inhabited by boring organisms such as Polydora spp. Shell borers use chemo-

mechanical means of boring into shells through abrasive action using either radulae 

or bristles on shell softened by acid; most are unable to bore into primary bedrock 

(Haigler 1969). In our study, the shell borers Polydora spp. were found only on H. 

midae shells, contributing to species richness there. Thirdly, because the shell 

constitutes part of a living, growing organism, different positions on the shell will 

differ in age, offering opportunities for species characteristic of different stages of 

succession to occupy different parts of the shell. Moreover, taken as a whole, the shell 

will be younger and more transient than the rock face. Both factors will provide more 

opportunity for algae at a range of successional stages, whereas the stable rock face is 

more likely to be dominated by a smaller suite of climax species (Connell and Slatyer 

1977). 

 

Diversity is likely to be affected by substratal stability (Worm et al. 2006), which will 

be influenced by (a) the longevity of the structure, (b) frequency of disturbance and 

(c) intensity of the disturbance. H. midae can survive for at least 30 years (Newman 1968), 

but primary bedrock is older by many orders of magnitude. Consequently, H. midae 

shells may support a higher proportion of early successional species, particularly as 

portions of the shell will be very young. To a certain extent, disturbance will be linked 

to age, as the likelihood of disturbance will increase with age. However, Zone 2 of the 

shell spans a range of ages but would have been consistently the most disturbed 

portion because it is rubbed against adjacent shells and rocks. Frequent, low-

intensity disturbances have been shown to increase biodiversity (Lubchenco and 

Menge 1978; Sousa 1979a, b). Both predation and grazing affect biodiversity in this 

manner (Flint and Goldman 1975; Menge 1976). Where grazer densities are high and 

grazing is intense, biodiversity is decreased (Hargrave 1970; Maneveldt et al. 2009). 

Thus, highest biodiversity is found at intermediate levels of disturbance (Lubchenco 

and Menge 1978). As mentioned above, H. midae shells provide a refuge where 

grazing will be less intense than that on adjacent rocky substratum. This will reduce 

the extent to which algal succession is interrupted on the abalone shell. 

 

Overall, diversity increased and then decreased with the age of the different zones. 

The youngest portions of the shell were generally dominated by a single pioneer 

species, yielding low diversity. Zones of intermediate age housed a more even spread 

of species and thus a greater diversity. Thicker, competitively superior climax species 

of corallines dominated on older zones of the abalone shells, decreasing the 

biodiversity. This is in keeping with an initial build-up of diversity as colonisation 

proceeded and then a decline as a few species became increasingly dominant, as 

Connell and Slatyer (1977) have recorded for boulder fields. The resultant pattern 

follows that of the intermediate disturbance hypothesis (Connell and Slatyer 1977; 

Connell 1978; Sousa 1979b) in being domed; but the underlying causes are different. 

Rather than being related solely to the frequency and intensity of disturbance, 

diversity in our study was also influenced by the age of the substratum, with low 
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diversity values on very young surfaces where colonisation is at an early stage, 

highest values on surfaces of intermediate age where succession has progressed 

further but competition has not reached a point where some species have ousted 

others, and lowest diversity on the oldest portions where competitive overgrowth and 

shading reduce diversity once again. It was anticipated that Zone 2 would have lower 

species diversity than Zone 1 due to the greater level of disturbance in Zone 2. This 

was, however, not the case as species in Zone 2 were more uniformly abundant, 

whereas Zone 1 was dominated almost exclusively by M. engelhartii. This may be 

because disturbance in Zone 2 is not sufficient to eliminate T. polycephalum. In 

support of this view, Steneck (1986) reported that thick crusts were the most 

disturbance resistant of the three morphological states he described for encrusting 

corallines. 

 

Conclusions 

Haliotis midae shells influence diversity in various ways. First, in terms of a-

diversity, H. midae shells do not have greater biodiversity than adjacent primary 

rocky substratum. Secondly, due to the presence of distinct species assemblages on 

abalone shells, the combined presence of both shells and rock will add to the local b-

diversity, so that collectively they enhance local community diversity. Thirdly, 

because portions of abalone shells are young or disturbed by abrasion, they provide 

opportunities for early colonists that would otherwise be excluded by competition. 

Given that H. midae once occupied up to 50 % of primary rocky substratum in areas 

occupied by pristine populations, its decimation by overfishing clearly has 

community-level implications over and above the effects on stock sustainability.  
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Captions for figures: 

 Fig. 1: Map of the south-west coast of South Africa, indicating (1) the geographic 

range of Haliotis midae 

 from Cape Columbine on the west coast to Port Elizabeth on the south coast, (2) the 

commercial fishing 

zones A-G, and (3) the sampling sites at Cape Point and Danger Point (insets). 

 

Fig. 2: Abalone shell zonation patterns. Zone 1 is the youngest portion of the shell 

and Zone 5 the oldest. 

 Zone 2 constitutes an area that is abraded by rubbing against rocks or other shells. 

 

Fig. 3: MDS ordination between shell and rock community structure at (a) Danger 

point A in January, (b) 

 Danger Point B in January, (c) Danger Point A in August and (d) Cape Point in 

January. Each data point 

 represents one sample; n = 10 per treatment for (a) and (b) and 20 for (c) and (d). 

 

Fig. 4: Average biomass (g100 cm-2 484 + 1SE; n = 20) of species found on shell 

and on rock at (a) Cape Point 

 and (b) Danger Point. Mann-Whitney U tests: *** P < 0.0001, ** P < 0.001 and * P < 

0.05; + indicates 

 species that were present on one substratum and absent on the other. Error bars are 

+1SE; “abs” refers to a 

 species‟ absence. 

 

489 Fig. 5: Characteristics of communities on abalone shell and adjacent rock at 

Cape Point in January 2009: (a)Biomass, (b) Total number of species, (c) Shannon-

Wiener diversity index, for all species combined (left), 

 animals (centre) for algae (right). Statistical significance for adjusted t-tests (t) and 

Mann-Whitney U tests 

 (U), * P < 0.05, ** P < 0.001, ***P < 0.0001, ns = not significant. Error bars are 

+1SE. Error bars are not 

 indicated for total number of species, Margalef‟s species richness and Shannon-

Wiener diversity index as 

 data were pooled (see Methods), and thus there was no variance in the data. 

 

 Fig. 6: Characteristics of communities on abalone shell and adjacent rock at Danger 

Point site A in August 

 2009: a) Biomass, (b) Total number of species, (c) Shannon-Wiener diversity index, 

for all species combined 

 (left), animals (centre) and algae (right). For further details see caption to Fig. 5. 

  

Fig. 7: Percentage cover of the most abundant algal species in each shell zone, 

arranged from the youngest to 
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501 the oldest zone. Error bars are +1SE. 

 

 Fig. 8: Diversity of communities among shell zones represented by (a) the total 

number of species, (b) 

 Margalef‟s species richness index, and (c) Shannon-Wiener diversity index. Error 

bars are +1SE. 
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