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ABSTRACT
Burningham, H. and Knight, J. 2020. Biological zonation and bedrock strength on a high energy granite
shore platform. In: Malvárez, G. and Navas, F. (eds.), Global Coastal Issues of 2020. Journal of Coastal
Research, Special Issue No. 95, pp. 23-28. Coconut Creek (Florida), ISSN 0749-0208.
www.JCRonline.org

Many studies have shown that downwearing of rock shore platforms results from interactions between biological
and geomorphological processes, but the relative roles of biological, lithological and external (wave hydraulic
action) in shaping rock shore platforms have not been examined in detail. This is important, however, because
surface organisms can both increase and decrease rates of platform downwearing by biological weathering and
bioprotection, respectively. This study presents biological and geomorphological results from a high energy
shoreline in northwest Ireland. Here, the 50-100 m wide granite shore platform has a slope of ~1:6 and extends
from 7-9 m above the level of mean high water springs to ~2 m below mean low water. Organisms attached to
the bedrock surface were surveyed by the quadrat method along two shore-normal topographic transects. At
each quadrat site, bedrock hardness was measured using an Equotip instrument. Results show clear ecological
zonation that can be directly related to the tidal frame. There is very little evidence for cross-shore changes
in bedrock hardness. Elevation is the most significant driving factor for the presence of different species, but
bedrock hardness is only associated with the abundance of specific species such as barnacles, demonstrating
complexity in biogeomorphological relationships at local scales.
ADDITIONAL INDEX WORDS: Algae, bedrock hardness, Ireland, lichen, rock coast, shore platform.

INTRODUCTION
Rocky shoreline ecosystems are significant areas of high
biodiversity globally (Fenberg and Rivadeneira, 2019; Silliman
et al., 2011) and are also significant because of the role of rocky
coasts in mediating the effects of ongoing climate change, storms
and sea-level rise (Harley and Helmuth, 2003; Jackson and
McIlvenny, 2011). The physical properties and ecosystems of
rocky shorelines are closely linked to the nature of the bedrock
surface and other geological properties such as bedrock structure
and geochemistry (Ramos et al., 2016; Wilding et al., 2010).
Several studies have described the biological zonation of lichen,
algae and other organisms such as barnacles across rock platforms,
demonstrating a clear and genetic relationship between position in
the tidal frame and different biological assemblages (Chappuis et
al., 2014; Konar et al., 2009; Munroe and Noda, 2009; Sheard,
1968). Despite this intuitive relationship to the bedrock substrate,
few studies have explored the detailed relationship between rock
surface ecosystems and the nature of the rock surface itself. For
example, Stafford et al. (2015) showed that rock surface aspect
and microtopography influence the microclimate that in turn
controls physiological stress of surface ecosystems. Ramos et
al. (2016) used multivariable analysis and logistic regression to
show how coastal geomorphology, aspect and lithology control
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distinctive macroalgae communities on the exposed rock coasts of
northern Spain. Several studies have also examined the ecology of
rocky shorelines around the UK and Ireland (Blight et al., 2009;
Burrows et al., 2002; Davenport and Davenport, 2005; Firth and
Crowe, 2008, 2010; Healy, 1996; Jackson and McIlvenny, 2011;
O’Connor, 2010), but these have focused on the description of
species assemblages and not their link to substrate properties.
The aim of this study is to describe the relationship between
shore platform biological zonation and the physical properties
of the platform, in particular bedrock strength. The motivation
behind this study is that rocky shore organisms have the potential
to decrease bedrock strength (by bioweathering) and to increase
bedrock strength (by bioprotection). The interplay between these
different potential outcomes has not been explored in detail
(Coombes et al., 2013). This study contributes to this debate by
presenting detailed field evidence for rock surface ecosystems and
hardness values from a study site in northwest Ireland.
STUDY AREA
Rocky shorelines are common in northwest Ireland, influenced
by the presence of hard granite bedrock and high-energy wave
and macrotidal regimes that result in high rates of abrasion
and shoreline change (Thébaudeau et al., 2013). Several
studies highlight the role of bedrock geology and structure on
contemporary coastal features (Burningham, 2008; Cooper,
2006). Northwest Ireland was also strongly affected by Quaternary
glacial erosion and sea-level change, and thus can be classified
as a paraglacial coastline (Knight and Harrison, 2018). Although
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many coastal elements can be considered as relict paraglacial
features (Knight and Burningham, 2014, 2015), there is less
understanding of contemporary processes along rocky coasts and
their controls (Cullen and Bourke, 2018; Knight and Burningham,
2011). The Atlantic-facing granite rock platform on the north
shoreline of Gweebarra Bay (between Trawenagh and Falchorrib:
Figure 1) has been examined with respect to boulder dynamics
(Knight and Burningham, 2011) but these shorelines also contain
diverse ecosystems existing on bedrock surfaces (Sheard, 1968).
In detail, Trawenagh Bay is underlain by Dalradian-age biotite
granite (Long and McConnell, 1999) and has a mesotidal regime
(1.6 m neap and 3.5 m spring tidal range) with mean annual
offshore wave height of 2.9 m. The rock shoreline under study is
1.2 km long and faces southwest towards the open Atlantic.
METHODS
Biological organisms attached to the shore platform surface
were surveyed within 50x50 cm quadrats along 4 transects, two
covering the immediate supra- (to ~6.5 m above mean sea level
(MSL)) and intertidal platform to around mean low water neaps (i
and ii in Fig. 1), and the other two the higher (6.0-10.5 m above
MSL) supratidal (iii and iv in Fig. 1). Sampling sites were spaced
at 3-5 m intervals along the transects and specifically avoided
rock pools. Species presence and % abundance was recorded in
each quadrat, as was bedrock surface hardness using an Equotip
instrument. This instrument has been previously used on similar

Figure 1. (A) Location of study site in northwest Ireland, (B) detailed
location of Gweebarra Bay and the Falchorrib-Trawenagh shoreline, (C)
the shore platform digital surface model and transect positions i-ii and iiiiv, and (D) the offshore wave rose.

dry, smooth coastal bedrock surfaces (Knight and Burningham,
2019; Viles et al., 2011). At each point, 50 surface rebound
measurements were taken (n=1700 in total), avoiding bedrock
structures, areas of surface flaking, and obscuring vegetation
growth. Both species’ relationships and Equotip values were
then examined quantitatively using standard methods. Sample
sites were positioned using a dGPS with ±3 cm accuracy. Shore
platform topography was acquired during a separate UAS survey
of the site using dGPS defined ground control points for 3D
control. Structure-from-motion photogrammetry (Smith et al.,
2016) was undertaken and used to generate a DSM at 0.1 m spatial
resolution, with a 3D RMSE of 0.05 m; topographic profiles were
extracted for the surveyed transects.
RESULTS
Bedrock Surface Hardness
Equotip values are plotted according to distance, and thus
position in the tidal frame, along transects i-ii and iii-iv (Figures.
2A, 3A). Results from all transects show that the shore platform
has a relatively uniform slope of ~1:6 that does not show any
significant change in angle at different elevations above and

Figure 2. Topographic profiles (A) along transects i (left) and ii (right),
showing Equotip hardness values (B), species richness (C), lichen (D)
and other (E) species abundance for key taxa (lichen - Verrucaria maura,
Ramalina siliquosa, Tephromela atra, Xanthoria ectaneoides, Caloplaca
crenularia, Lichina confinis, Rhizocarpon reductum., Pyrenocollema
halodytes; seaweed - Monostroma sp., Ceramium sp.; plants - Armeria
maritima; and animals - Mytilus edulis, Patella vulgata, Littorina sp.,
Chthamalus montagui). Shaded zone on panels B-E highlights the
intertidal zone.
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Figure 4. Physical properties of the Falchorrib-Trawenagh shoreline.
(A, B) Bedrock structures giving rise to variations in granite surface
topography, (C) different lichen species covering the rock surface, (D)
granite surface weathering features.

Figure 3. Topographic profiles (A) along transects iii (left) and iv (right),
showing Equotip hardness values (B), species richness (C) and lichen (D)
species abundance for the taxa listed in Fig. 3.

below the intertidal zone. Slight variations in the profile can be
attributed to structural control on the disposition of the granite
bedrock surface (Figure 4).
In detail, Equotip rebound values along the transects show
remarkably similar values but with large variance in repeat
measures at each site (Figures 2B, 3B). Although variability
between adjacent points is evident, no systematic patterns can be
identified with respect to the positions of highest astronomical
tide (HAT) or mean high water springs (MHWS). The median
rebound Leeb value for the supratidal zone of i/ii (within about
4 m of the maximum tide level (Max WL)) was 353, compared
with 323 in the intertidal zone; but at iii/iv, the higher supratidal
zone had a median was 316. At the 99% confidence level, there
was a significant difference in Equotip rebound values between
the inter- and low supratidal zones (χ=8.2, p<0.01), but not
between low and high supratidal (χ=3.78, p=0.052) or inter- and
high supratidal (χ=1.08, p=0.3). This suggests that the hardness of
the low supratidal zone is distinctly greater than that of the more
seaward or landward surfaces.
Species Diversity and Spatial Patterns
Ecological results for the transects are shown in Figures 2C-E
(i-ii) and 3C, D (iii-iv). In terms of overall species diversity,
both sites show similar and uniform patterns with 6-8 species
commonly recorded. Across transects i-ii, there is a clear transition
in lichen, plant, seaweed, and animal assemblages between the
supra- and intertidal zones (Figure 2D, E). Some species such

as the supratidal lichen Ramalina siliquosa or intertidal mussel
Mytilus edulis are only present in specific zones, whereas the
lichen Verrucaria maura is more prolific (Figure 4C) and present
across a wide band above and below the high water shoreline.
Individual species reach up to 60% abundance per quadrat,
which is particularly notable where V. maura or the barnacle
Chthamalus montagui dominate the platform surface. Across the
high supratidal zone (transects iii-iv), the coastal plant Armeria
maritima is commonly found occupying discrete depressions or
fractures in the rock surface. Overall, there is a clear zonation
of species relative to a land-sea, topographic gradient, but that
marine species perhaps occupy a broader vertical range here than
the tidal frame (as defined by tide observations at the Aranmore
gauge, ~12 km northwest of the site) would otherwise define.
Cross-correlation between different biological and physical
properties of the shore platform surface shows some statistically
significant positive and negative correlations (Figure 5).
There are positive and co-dependent relationships between the
lower intertidal animal and seaweed species M. edulis, Patella
vulgata (limpet), Chthamalus montagui (barnacle), Littorina
sp. (periwinkle) and Ceramium sp. (red algae) which all
exhibit negative (albeit weak) correlations with the green algae
Monostroma sp. Most lichen species are also negatively correlated
with these intertidal creatures due to their mutual separation
across the tidal frame, however the marine lichen Pyrenocollema
halodytes is strongly correlated with C. montagui as both are
specifically found lower in the tidal frame. Lichen species are
variably correlated; Ramalina siliquosa (a fruticose lichen) and
Xanthoria ectaneoides (a foliose lichen) show the strongest
positive relationship, and are both common coastal lichen found
on siliceous rocks as is Tephromela atra (a crustose lichen).
Of the physical factors examined, elevation is positively related
to several lichen species, but most significantly to Rhizocarpon
reductum (a crustose lichen commonly found on siliceous rocks)
which clearly prefers the higher elevations. Elevation is negatively
correlated with P. halodytes, a species of lichen that prefers
calcareous surfaces, and here on a granite (siliceous) platform
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Figure 5. Cross-correlation between biological (abundance of the key
species referred to in Fig. 3) and physical properties (slope, elevation,
median and interquartile range in Equotip value) of the shore platform
[* indicates correlations that are significant at the 99% confidence level].

occupies the surfaces of shell organisms such as C. montagui and
both are found low in the tidal frame. Elevation is significantly
positively correlated with A. maritima, the coastal plant found in
the higher supratidal zone, and significantly negatively correlated
with the marine animals M. edulis, P. vulgata, Littorina sp. and
C. montagui.
C. montagui and P. halodytes are the only biological organisms
to show a significant (in this case, negative) relationship to Equotip
values; specifically that surfaces with increased abundance of
these species have lower Equotip rebound values and surfaces
with decreased abundance have higher rebound values. Neither
bedrock hardness nor local variance in hardness are specifically
correlated with either elevation of platform surface slope.
DISCUSSION
This study shows that covariability between different rocky
shoreline species, and between individual species and rock
surface properties, is highly variable (Figure 5). Based on species
composition within individual quadrats (Figures 2D, E, 3D), most
species do not show significant relationships or co-dependencies,
suggesting that they do not occupy narrow environmental niches.
C. montagui and P. halodytes are an exception to this in that the
marine lichen P. halodytes has a specific preference for calcareous
surfaces that, in siliceous coastal rock environments, are only
found on the shells of marine organisms. Individual species only
appear to dominate at certain topographic positions, such as the
barnacle C. montagui on the upper foreshore, and the black lichen
V. maura within the wave splash zone. This is consistent with
previous studies where individual species occupy a relatively
wide elevational range (Sheard, 1968). Elevation range is likely
expanded on exposed coastlines due to the potential reach of wave
runup and splash. Many studies show that species assemblages
are strongly controlled by elevation, determining inundation/
exposure period and microclimate (e.g., Chappuis et al., 2014;
Davenport and Davenport, 2005; Harley and Helmuth, 2003; Sorte
et al., 2019). These environmental stresses are also influenced by
site-specific factors of wave exposure and thus coastal aspect

(Lindegarth and Gamfeldt, 2005; Ramos et al., 2016; Stafford et
al., 2015), and microscale variations in shoreline topography and
weathering patterns (Firth and Crowe, 2010). Although results
suggest that species diversity tends to increase with elevation,
with lower concomitant dominance by any one species (Figures
2, 3), there is no significant difference in richness between
zones or correlation with elevation. The biological associations
here suggest some complexity in relationships between species
and environment. Martins et al. (2008) and Konar et al. (2009)
found statistical relationships between lower elevation but not
higher elevation species, and increasing ecosystem patchiness
with increased elevation. External environmental controls and
intrinsic ecosystem dynamics can thus drive complex patterns and
scale-dependency in rock shoreline ecosystems (Underwood and
Chapman, 1998).
Rock surface hardness can help inform on the interactions
between these external and intrinsic controls. Several previous
studies show how mechanical erosion by waves can remove
a weathered rock carapace, exposing harder rocks beneath
(Matsumoto et al., 2018), and such removal and transport of large
bedrock blocks has been described by Knight and Burningham
(2011) on the Falchorrib-Trawenagh shoreline. Increased wave
erosion around the position of HAT on flat shore platforms can
result in higher Equotip values when compared to other positions
higher or lower in the tidal frame (Knight and Burningham, 2019).
The absence of significant variations in Equotip values observed
in this study (Figures 2B, 3B) likely reflects a more uniform spread
of wave energy across this rectilinear sloping rock shoreline, but
may also capture the role of runoff from the hinterland over the
higher platform elevations. Some lower Equotip values recorded at
and below MHWS may reflect bioweathering of the rock surface,
in particular by the barnacle C. montagui which occupies this
environmental niche (Crisp et al., 1981). In summary, although
position in the tidal frame can be considered as a first-order
control on both rock surface hardness and ecosystems when based
on prevailing views in the literature, field evidence shows this is
not correct. Surface hardness values vary little with elevation, and
cross-correlation between species abundance values shows more
complex relationships between different species and shoreline
properties. This highlights the interconnections between external
and intrinsic factors in influencing rocky shore ecosystems.
CONCLUSIONS
Analysis of rocky shore ecosystems and rock surface properties
from an exposed Atlantic-facing shoreline in northwest Ireland
reveals complex interrelationships between these components.
Species assemblages reflect internal ecosystem dynamics as well as
interactions with the rock substrate. The role of surface organisms
in variously bioweathering and bioprotecting the substrate impacts
in turn on rock surface properties. The Equotip values measured
in this study are remarkably uniform irrespective of tidal frame
position, suggesting that wave erosion, and possibly runoff, are
important in removing any surface weathered material, producing
hard, uniform substrates. There is also evidence for bioweathering
by intertidal crustacea and mollusca below MHWS, resulting in
lower surface hardness values. These relationships highlight the
complexity of ecology-substrate patterns. Further, this evidence
also suggests that biogeomorphic interactions on rocky shorelines
may be more widespread and complex than previously thought.
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