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Functional identity and functional structure of a molluscan 
herbivore assemblage change drastically through algal 

succession  

M. A. Aguilera¹², S. A. Navarrete¹ 

¹ Estación Costera de Investigaciones Marinas, Las Cruces, and Center for 

Advanced Studies in Ecology and Biodiversity, Pontificia Universidad Católica de 

Chile, Casilla 114-D, Santiago, Chile. 

² Centro de Estudios Avanzados en Zonas Áridas (CEAZA), Facultad de Ciencias 

del Mar, Universidad Católica del Norte, Larrondo, 1281, Coquimbo, Chile.  

Despite the great interest in determining the functional structure and resilience of functional 
groups in natural communities, few studies have examined in which way the role and 
functional relationships among intertidal herbivores change during algal succession. 
Variation in algal traits that characterize different phases and stages of community 
succession are likely to influence the magnitude, direction of effects, and the level of 
redundancy and complementarity in these assemblages. Through a series of field and 
laboratory experiments we quantified changes in both the magnitude and direction of 
herbivore effects on early and late successional stages in central Chile. During the 
colonization phase (~0-3 months) of early succession, all herbivore had similar effects on 
the abundance of green ephemeral ulvoids. Once these algae were established (i.e. adult 
plants ~3-6 months) only one herbivore was able to control their abundance. During late 
succession, dominated by the corticated alga Mazzaella laminarioides, only Fissurella 
crassa reduced significantly adult plant biomass. Our results show moderate redundancy in 
effects of herbivores during the colonizing phase of early succession with high potential for 
compensation, which changes to a more complementary role on established algae and to a 
keystone effect during late succession. Differences in foraging behaviour, body size and 
buccal morphology of herbivores, altogether, likely account for variation in the effects 
through succession. Our study emphasizes the need to evaluate herbivores roles through 
different times of community succession and through experimental manipulations, to make 
even broad predictions about the resilience or vulnerability of intertidal assemblages to 
human disturbances. 
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Functional roles along a tidal gradient: effects of algal 
functional diversity and environmental stress on community 
structure and dynamics in southern New Zealand intertidal 

assemblages 

Alestra, T. and Schiel, D.R. 
 

Marine Ecology Research Group, School of Biological Sciences, University of 

Canterbury, Private Bag 4800, Christchurch, New Zealand.  

Intertidal habitats in southern New Zealand host diverse and highly structured algal 
communities, composed of a heterogeneous mosaic of species with different life histories 
and morpho-functional traits. On the basis of physical attributes and the way they use and 
compete for resources, we identified three functional groups: a basal layer of encrusting and 
turf-forming coralline algae, a sub-canopy containing small fleshy algae that form a 
secondary cover, and a canopy of large fucoid algae. We tested the nature and strength of 
interactions among the three functional groups and how these are modulated by the physical 
stress of the intertidal environment, by selectively removing all possible combinations of 
canopy, sub-canopy and basal layer at two shore heights. Removal of canopy and basal 
layer produced the most dramatic alterations in assemblage structure: these two groups play 
a pivotal role, exerting a strong influence over each other and affecting abundance and 
composition of the sub-canopy. The sub-canopy showed variable and complex responses to 
experimental manipulations, depending on the harshness of the environment. In the mid-
intertidal zone, most species depended on the presence of the canopy and were not able to 
tolerate its removal. In the low intertidal zone, many species rapidly took advantage of 
canopy removal, but the response of the system varied substantially depending on basal 
layer manipulation. Our results suggest that structure and dynamics of these assemblages 
are shaped by the degree of physical stress and by the abundance of few structure-forming 
species, which regulate resource availability and drive patterns of recruitment and growth of 
associated species. 
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What the heck is beta diversity, anyway? 

Anderson, M.J. 
 

New Zealand Institute for Advanced Study (NZIAS), Massey University, Albany 

Campus, Private Bag 102 904, North Shore Mail Centre, Auckland, New Zealand 

There has been a great deal of recent interest in the topic of ecological beta diversity. Just 
what is it and how can it be measured? To avoid achieving the status of a Hurlbertian "non-
concept", the meaning of beta diversity needs clarification. In this seminar, I will outline the 
dual fundamental concepts of beta diversity as (i) variation in community structure or (ii) 
turnover, and will also give a practical guide to appropriate statistical methods for modelling 
these. The flexibility of a concept with multiple meanings and interpretations can be an 
advantage, when navigated well. I will demonstrate analyses of beta diversity for gaining key 
insights into the salient patterns of ecological beta diversity in fish assemblages on 
temperate reefs at multiple scales across gradients in depth, latitude, longitude and through 
time, using data from New Zealand, Australia and North America. 
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Ostreopsis ovata blooms: an emergent phenomenon 
threatening temperate reefs 

Asnaghi, V.1, Mangialajo, L.2, Hewitt, J. E.3, Thrush, S.F.3, Castellano, 
M.1, Cattaneo-Vietti, R.1 and Chiantore, M.1 

 
1 Department for the Study of the Territory and of its Resources (DipTeRis) - 

University of Genoa (Italy) 
2 Laboratoire Ecosystèmes Côtiers Marins et Réponse aux Stress, EA 4228, 

Université de Nice-Sophia Antipolis (France) 
3 NIWA, Hamilton (New Zealand) 

Blooms of benthic dinoflagellates belonging to the tropical genus Ostreopsis have been 
reported in many temperate regions. In the Mediterranean Sea, the genus Ostreopsis has 
been recorded since the ó70s, but large bloom events have been reported only in recent 
years. The occurrence of harmful algal blooms (HABs), increasing worldwide in terms of 
frequency, magnitude and geographic distribution, represents a probably still 
underestimated threaten for temperate reefs communities, causing mass mortalities of 
marine organisms and, possibly, triggering changes in ecosystem functions and services. 
The factors involved in bloom occurrence are still debated: a relationship with sea water 
temperature has been highlighted in some areas, but other factors, such as wave exposure, 
nutrients and salinity, are also potentially involved. In order to describe Ostreopsis ovata 
bloom dynamics and provide a better understanding of factors involved in blooms, we 
collected a time series of data in Genoa (North-western Mediterranean), from summer 2006 
to summer 2010. Cell abundances in water column and on macrophytes were assessed 
throughout the year, concurrently with related physical and chemical features. We 
elaborated a predictive model, realizing multiple correlations between bloom magnitude 
(maximum cell concentration) and length (extent of the bloom event) and 
water/meteorological features; in an ecological, economic and sanitary perspective, this 
model could be used for O. ovata blooms prediction and may represent a good base for 
managers in the attempt of forecasting toxic events. 
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Genetic tests for the dispersal of barnacles across the south 
eastern Australian biogeographic barrier 

Ayre, D.J., Aguilar, L.A., Hidas, E.Z., Lathlean, J.A., Roberts, D.G. Perrin, 
C., and Minchinton, T.E. 

 
Institute for Conservation Biology and Environmental Management , School of 
Biological Sciences, University of Wollongong, Wollongong, New South Wales, 

Australia. 

The rocky intertidal fauna of south eastern Australia shows a change in community structure 
between the shores of Victoria and New South Wales reflects the impact of a major 
biogeographic barrier. The barrier includes the site of a past palaeogeographical barrier in 
the Bass Strait region, the Bassian Isthmus and is maintained at present by the 90 Mile 
Beach and the waning influence of the south flowing Eastern Australian Current. The barrier 
is believed to have been intermittently in existence for millions of years and in its current 
form for at least the last 10000 years. We have previously used mtDNA COI gene sequence 
information to test the assumptions that species showing little morphological differentiation 
truly form single panmictic populations that span the barrier and to determine if life-history is 
a good predictor of dispersal across the barrier. These genetic data together with the 
observed occurrence of ephemeral populations outside accepted ranges and reveal that a 
suite of south eastern Australian barnacle species appear to display widely differing abilities 
to cross the barrier. Here we use a combination of mtDNA and nuclear (microsatellite) data 
to determine whether the separation of northern and eastern lineages of the barnacle 
Catomerus polymerus are maintained by selection or restricted dispersal. 
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Anthropogenic pressures along the Portuguese coast: 
integrating information for MPA planning 

Batista, M.I.1, Henriques, S.1, Pais, M.P.1 and Cabral, H.N.1,2 

 
1 Centro de Oceanografia, Faculdade de Ciências da Universidade de Lisboa, 

Campo Grande, 1749-016 Lisbon, Portugal.  
2 Departamento de Biologia Animal, Faculdade de Ciências da Universidade de 

Lisboa, Campo Grande, 1749-016 Lisbon, Portugal. 

Anthropogenic pressures on the ocean have been increasing in the last decades, stressing 
the need for adequate management of ecosystem sustainability. The knowledge on location 
and intensity of human impacts on the marine ecosystems is thus critical to effective marine 
management and conservation. In the present study, a methodology to characterise human 
pressures on coastal areas was developed in order to be used in MPA processes. The 
method considers ten major threat categories and consists in four main steps: (i) main 
sources of impact are identified and located, by coastal sectors and impact categories (e.g. 
fishing, industrial activities); (ii) an index of pressure intensity is computed, using several 
metrics for each impact category; (iii) a social-economical indicator is calculated also by 
sector and impact category, in order to obtain the ratio among ecosystem damage and 
economical benefits of each impact category; (iv) the information obtained in the previous 
steps is integrated in a GIS together with spatial characterization of habitat categories 
(based on physical factors). An integrative map, including pressure distribution and intensity 
and level of habitat sensitivity, is the final output of the method. The application of the 
method developed in this study used data for the Portuguese coast, which is located in the 
Temperate Northern Atlantic marine ecoregion. The final map provides information on the 
most impacted areas and their proximity to ecological important sites. This approach will be 
a good decision-support tool in the design and management of future MPA. 
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Cross-shelf comparisons of NE New Zealand kelp forest 
communities provide insight into reef ecosystem function 

Beaumont, J.1, MacDiarmid, A.1 and Morrison, M.2 
 

1 National Institute of Water and Atmospheric Research, Private Bag 14-901, 
Kilbirnie, Wellington 6241, New Zealand. 

2 National Institute of Water and Atmospheric Research, Private Bag 99-940, 
Newmarket, Auckland 1149, New Zealand. 

Subtidal rocky reefs are a central element of near-shore coastal ecosystems around most of 
the New Zealand coastline, supporting diverse plant and animal communities that contain 
many species highly valued by humans. Many near-shore rocky reef systems in New 
Zealand are increasingly affected by human activities such as fishing and sedimentation 
from land-use changes. We investigated how some of these anthropogenic stressors 
influence the structure and functioning of rocky reef systems. The Hauraki Gulf, in north-
eastern New Zealand, was chosen as a study site due to the extensive history of marine 
research in the area, the presence of marine reserves and the availability of rocky reefs in a 
gradient from inshore (urbanised) areas to remote offshore islands. Anthropogenic sources 
of both carbon and nitrogen were apparent in many key reef species within the Hauraki Gulf, 
particularly at the more inshore of the study sites. A qualitative model suggested that the 
trophic cascade from urchin barrens to algal forests, mediated by the presence of urchin 
predators, inside marine reserves has low predictability of occurrence. Otolith chemistry 
results showed that key reef fish species, the predatory sparid Pagrus auratus (snapper) and 
the herbivorous girellid Girella tricuspidata (parore) inhabit low salinity estuarine 
environments as juveniles. This demonstrates the importance of knowledge of connectivity 
between habitats and the need to consider life histories of key taxa within marine reserves. 
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The influence of habitat on the spatial distribution of benthic 
communities: a case study with rock lobster 

Bellchambers, L.M.1, Evans, S.E.1 and Meeuwig, J.J.2 

 
1 Department of Fisheries, Western Australian Fisheries and Marine Research 

Laboratories, PO Box 20, North Beach WA, 6920, Australia 
2 The University of Western Australia, Centre for Marine Futures, 35 Stirling 

Highway, Crawley, WA, 6009, Australia 

Western rock lobster, Panulirus cygnus is distributed along the west coast of Australia from 
North West Cape to Cape Leeuwin. As a major benthic consumer this species is ecologically 
important and the target of substantial commercial and recreational fisheries. Previous 
research has focused on the biology of the species with little known about its ecology, 
specifically size specific habitat preferences. The present study addressed this gap by 
quantifying the relationship between the abundance and size of lobster and the habitats 
were they are found. Two methods of habitat classification were also assessed to determine 
cost effective options for long term monitoring. The lobster data used in this study were 
derived from the independent breeding stock survey at Jurien, Western Australia, while 
habitat data were derived from a towed video survey and a full coverage habitat map based 
on multibeam hydroacoustic data. Our results demonstrate that lobster abundance and size 
are driven by habitat, with 74% of the variation explained by a combination of Ecklonia and 
sponges. Secondly, the two different methods of habitat assessment provided comparable 
results, but have associated advantages and disadvantages in terms of cost, expertise 
required and outputs. Therefore, researchers have a range of tools to choose from 
depending on the outputs required. Therefore, both the amount and configuration of habitats 
influenced the abundance and size of lobster. Our research also illustrated that incorporating 
knowledge of the distribution and densities of preferred habitats is essential in designing 
long term monitoring programs to detect change. 
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Linking patterns and processes across scales: the application 
of scale-transition theory to algal dynamics on rocky shores 

Benedetti-Cecchi, L.1, Tamburello, L.1, Bulleri, F.2, Maggi, E.1, Gennusa, 
V.1 and Miller, M.3 

 
1University of Pisa 

2University of Sassari 
3University of South Carolina 

Understanding the link between patterns and processes across multiple scales is one of the 
greatest ecological challenges. Through the integration of population models, correlative 
analyses and experiments, scale-transition theory (STT) provides a powerful approach to 
address scaling problems in ecology. STT predicts the large-scale (e.g. regional) behaviour 
of a system on the basis of nonlinear population models describing local (e.g. patch-scale) 
dynamics and the interaction between these nonlinearities and spatial variation in population 
abundance. Here, we use SST to predict the dynamics of turf-forming algae on rocky shores 
of Capraia Island, in the north-west Mediterranean. We developed a model of algal turf 
dynamics that included the effects of logistic growth and local interactions with canopy algae 
(Cystoseira amentacea). The model was parametrized with field data from a canopy removal 
experiment and a hierarchical sampling design that provided estimates of spatial variances 
and covariances between turf and canopy cover at multiple spatial scales. The model was 
then used to scale-up the dynamics of algal turfs from the patch scale (plots of 50 x 50 cm) 
to the island scale (kilometres). The interaction between nonlinear algal growth and spatial 
variance in abundance emerged as a key term to translate the local dynamics of turf-forming 
algae from the plot to the island scale. These results illustrate how STT can be used to 
identify the relevant mechanisms that drive large-scale changes in an ecological 
assemblage and the data needed to link patterns and processes across multiple scales. 
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Vertical structure of very-nearshore temperate fish larval 
assemblages sampled with tow nets and light traps 

Borges, R.1,2, Serrão, E.1, Afonso, J.1, Vaz, J.1 and Gonçalves, E.2 

 
1CCMAR, Centre of Marine Sciences of the Algarve University, Campus Gambelas 

8005-139 Faro, Portugal.  
2 Eco-Ethology Research Unit, ISPA. R. Jardim Tabaco, 34. 1149-041 Lisboa, 

Portugal 

In the past decades the use of new sampling methods has allowed a better understanding of 
relevant ecological patterns during the pelagic larval phase of reef fishes which can be 
important in regulating these communities. Some of these studies have shown that 
fluctuations in larval supply can regulate replenishment patterns or that larval retention and 
self-recruitment close to natal reefs can be more frequent than previously thought. Much 
less is known on the occurrence and distribution of temperate perciform larvae close to the 
reefs as studies have been hampered by difficulties in sampling very-nearshore in these 
environments. We investigate vertical patterns in the composition of very-nearshore reef fish 
larval assemblages in the fully protected area of the Arrábida Marine Park, sampled with two 
methods during June 2008: plankton nets attached to an underwater scooter, and light traps. 
Most of the larvae captured with both methods were perciform species hatching from 
demersal eggs; furthermore, a small number of species dominated the assemblages. The 
vertical structure of the assemblages was similar with both methods: the tripterygiid T. 
delaisi dominated the surface samples both during the day and at night; while gobies were 
the most abundant larvae collected with both methods in the bottom samples. Larvae were 
found in different developmental stages and sizes with both methods deployed very close to 
the reefs, confirming previous studies and indicating local growth and development within 
the fully protected area of this Marine Park. 
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Consumer-resource interactions at the edge: ecological 
processes and biogeographic range limits in four intertidal 

species 

Broitman B.R., Valdivia N., Aguilera M., Gajardo J., Jeno K., and Cerda 
O. 

Centro de Estudios Avanzados en Zonas Aridas, Universidad Catolica del Norte, 

Larrondo 1281, Coquimbo, 1781421, Chile 

A narrow biogeographic transition zone is located along the coast of Central Chile ~30-32S. 
We studied two herbivore-algae pairs that inhabit the mid and low intertidal zones, 
respectively, and coexist only in this transition zone. Grazers find their poleward range limit 
and the algae find their equatorial range limit. We carried out field experiments using grazer 
enclosures and exclusion at a site where all species coexist. Results showed that low 
intertidal species interacted strongly and the chiton Enoplochiton niger was capable of 
inhibiting settlement of the bull kelp Durvillaea antarctica inside enclosure plots over 
experiments lasting >140 days. However, grazing by the limpet Scurria viridula in the mid 
intertidal zone facilitated the establishment of Mazzaella laminarioides. Field surveys over 
multiple sites showed that both invertebrate species decreased in density towards the edge 
of the range and S. viridula size distribution became skewed towards smaller individuals. 
Algal species showed no clear spatial pattern in density or size. Our results suggest that 
ecological interactions (i.e. grazing by chitons) seem to influence the equatorward edge of 
the range in D. antarctica. It is not clear what factors determine the range edge in M. 
laminariodes, but our field experiments and previous studies suggest short time positive 
effects of grazing by limpets. Recruitment limitation or physiological processes may 
influence the distribution of both invertebrates. Our results indicate that local ecological 
interactions cannot be overlooked as drivers in geographic range limits and need to be 
incorporated into species distribution modelling. 

        

  



17 
 

Water-tight solutions to engineering intertidal biodiversity in our 
cities  

Browne, M.A. 
 

Marine Biodiversity, Ecology & Evolution, School of Biology and Environmental 
Sciences, Science Centre West, University College Dublin, Belfield, Dublin 4, Ireland. 

 
Novel ecologically-informed engineering reduces loss of intertidal biodiversity on artificial 
shorelines. Increasing coastal urbanisation, growing populations and environmental impacts 
of climatic change, are causing ópristineô biodiverse intertidal habitat to be replaced with 
expensive, but necessary infrastructure. Experiments in Sydney Harbour manipulated the 
façades of featureless, species-poor seawalls by adding experimental habitats of varying 
size to mimic rock-pools at 2 different heights on the walls. Numbers of species increased by 
110 % in these engineered habitats and this biodiversity was further augmented by 
transplanting animals from natural rocky shores into these experimental rock-pools. These 
advances provide new insights about habitats essential for survival of organisms on 
seawalls and show how creating artificial habitats on infrastructure increases urban 
biodiversity.  
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Recruitment and survival of Fucus embryos:  Understanding 
physiological adaptation in an environmental context 

Brownlee, C.1, Rauh, N.1, Hawkins, S.J1,2, Hetherington, A.M.3 

1 Marine Biological Association of the UK,  
2 University of Southampton, UK,  

3 University of Bristol, UK 
 

Populations of fucoid algae show distinct distributions along gradients of tidal immersion in 
north temperate regions and have for many years provided a paradigm for studies of 
interactions between biotic and abiotic factors in determining species distribution patterns.  
We have studied the cell physiological adaptation mechanisms of three key fucoid algae 
(Fucus serratus, F, vesiculosus and F. spralis) with a particular focus on adaptation to 
osmotic stresses likely to predominate at different shore heights.  Physiological expereimnts 
indicate the these three closely related species employ fundamentally different strategies to 
cope with the extreme osmotic conditions in the intertidal which are consistent with the types 
of osmotic stress likely to be encountered.  We confirm that early developmental stages are 
particularly vulnerable to abiotic stress and that adaptive strategies have implications for 
resource allocation and resistance to biotic factors.  In order to relate these physiological 
observations to recruitment and survival rates in natural populations, we have developed 
high throughput image analysis tools to enable species-level identification of zygotes and 
embryos.  These studies enable supply and recruitment of different species to be assessed 
in the field and, coupled with manipulative field experiments, are providing new insights into 
the interactions between propagule supply, adaptive strategies and recruitment.   
 

 

 

 

 

 

 

 

 

 

 




