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SYNTHESIS 

Ecologists are increasingly realizing that the properties of individual species are essential to 

promote and maintain ecosystem functioning (Pawar et al. 2015). The ability of species to 

affect ecosystem properties and processes can be assessed through analyses of their functional 

traits, which reflect behavior and morphophysiology (Díaz and Cabido 2001, Pawar et al. 

2015). By using trait-based approaches, ecologists can relate species assemblage structure to 

environmental variability and thus explore their potential implications for ecosystem function 

(Díaz and Cabido 2001, Bremner et al. 2006a, Mouillot et al. 2013). As a result of increasing 

concern regarding the effects of worldwide losses in biodiversity on ecosystem function and 

services (Cardinale et al. 2012, Hooper et al. 2012), trait-based instead of taxonomical 

approaches are getting more and more common in the ecological literature. 

Environmental variability and trophic and non-trophic biological interactions play a 

major role in shaping macrobenthic assemblages in sedimentary systems (Gray and Elliott 

2009). Macrobenthos are important secondary and tertiary producers in marine food webs, 

and are major drivers of sediment-related processes (Ambrose 1984, Braeckman et al. 2010, 

Mermillod-Blondin 2011). Macrobenthic species have different capacities to affect physical 

and biogeochemical properties of marine bottoms and can directly shape the sedimentary 

matrix (Kristensen et al. 2012). 

This thesis aimed to investigate how macrobenthic function is affected by 

environmental variation and assemblage composition in shallow soft bottoms, by using trait-

based approaches. Five studies were carried out to address the following research questions: 

(1) How do natural and human-induced environmental gradients affect the functional 

diversity of macrobenthic assemblages? (2) Can we use functional trait distributions of 

species assemblages to assess environmental status? (3) How do changes in species 

composition relate to functional diversity and potential changes in ecosystem functioning? (4) 

Does habitat complexity favor functional trait diversity? (5) Can functionally important 

species such as habitat-forming species and ecosystem engineers induce functional cascades 

by determining the function of associated assemblages? 
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My main findings are listed as follow: 

 

A. Macrobenthic functional diversity changes predictably along an organic enrichment 

gradient 

A field survey to assess the relationship between macrobenthic functional diversity and 

organic enrichment in the subtropical Paranaguá Bay, Brazil (Chapter 2) showed that the 

macrobenthic trait structure changes predictably across sites with different contamination 

levels. Such trends were mostly driven by changes in species abundances, demonstrating the 

need for abundance-based analyses to detect changes in potential community function caused 

by pollution. Both functional diversity and trait composition varied along a pollution gradient. 

Most notably, at contaminated sites functional divergence was lower than at unpolluted 

reference sites. Also, the AMBI benthic quality index (AZTI Marine Biotic Index), which is 

based on species life history traits, indicated a poorer environmental health at the 

contaminated sites. This indicates that a contamination gradient effectively imposes 

restrictions to the establishment of species with certain combinations of functional traits. 

Thus, abundance-based functional diversity indices and Biological Trait Analyses (BTAs) are 

useful and informative tool to assess impacts of organic pollution in macrobenthic 

assemblages, with high potential for application in environmental assessment and monitoring.  

 

B. Changes in species composition driven by increases in alien species affect 

macrobenthic functional diversity 

A survey based on a 15-year data series from the Dutch Wadden Sea (Chapter 3) revealed that 

increases in the number and biomass of alien species reshaped macrobenthic assemblage 

structure in one of the analyzed sites, and caused major increases in overall species richness 

and functional diversity. The establishment of large-sized bivalves such as the reef-forming 

oyster Crassostrea gigas and the infaunal razor clam Ensis directus rearranged the 

assemblage trait space, promoting increased functional divergence. The increasing dominance 

of E. directus also promoted decreases in species diversity and changed the assemblage 

bioturbation potential, indicating potential changes in assemblage function on sediment-

related processes such as increasing instability, resuspension, and nutrient exchange. This 

highlights that we need to develop functional indices based on better mechanistic connections 

to actual ecosystem processes to better assess consequences of changes in macrobenthic 

assemblages for the functioning of benthic systems. 
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C. Changes in seagrass complexity can affect sediment related functions by determining 

the distribution of bioturbating species 

An assessment of the effects of Zostera marina meadows on macrobenthic functional 

structure along the northern hemisphere (Chapter 4) revealed that seagrasses have a large 

impact on functionally relevant macrofauna, resulting in indirect effects on the potential 

function of the macrobenthic community. The presence of seagrasses increased species 

richness and functional diversity, although negative effects were observed at high levels of 

seagrass above-ground biomass and shoot length. Epifauna and shallow-living infauna were 

favored by seagrasses, especially at low to medium levels of above-ground biomass, 

suggesting that higher bioturbation related processes occur in the shallow layers of the 

sediment, such as sediment resuspension. At the same time, seagrass presence decreased 

deeper-living bioturbators. This indicates that the foundational role of seagrass may induce a 

functional cascade, in which effects on sediment processes by the meadows themselves are 

mediated by changing the functional composition of bioturbating macroinvertebrates. 

Therefore, we highlight the need for seagrass conservation not solely for their own ecosystem 

engineering attributes, but also for their role as facilitators of other functionally relevant 

organisms. 

 

D. Macrobenthic functional identities determines microphytobenthic production in tidal 

flats 

A second field survey in Paranaguá Bay, Brazil (Chapter 5), revealed that a gradient in 

macrobenthic trait composition correlates with variation in microphytobenthic biomass, 

diversity, and species composition across estuarine sectors. This trait gradient varied from 

highly bioturbating infauna at the outer sector to non-bioturbating epifauna at the inner 

estuarine sectors. Changes in microphytobenthic species composition reflected different 

tolerances of microalgal species to bioturbation. The bell-shaped trend depicted by 

microphytobenthic biomass and diversity along such bioturbation gradient suggests that 

macrobenthic bioturbating activity might promote microphytobenthos at intermediate levels 

of bioturbation. However, four multivariate indices for measuring functional diversity of the 

macrobenthos (FRic, FEve, FDiv, and FDis) had a poor performance in explaining variation 

trends in microphytobenthic structure. Our results indicate that, instead of functional 

diversity, the functional identities of the macrobenthic species, expressed by species with 

different capacities to bioturbate the substrate, control the microphytobenthos in this estuarine 

system. These results lead us to develop a field experiment in the Dutch Wadden Sea (Chapter 
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6) to assess the effect of one functionally relevant species, the reef-forming mussel Mytilus 

edulis, on microphytobenthic production. This species was chosen due to its effects on 

sediment stabilization and for limiting bioturbation within the mussel beds. Aggregations of 

mussels increased microphytobenthic biomass strongly, confirming the importance of these 

sediment stabilizing bivalves for primary production on intertidal flats 

 

CONCLUDING REMARKS 

This thesis demonstrates that shifts in the structure of macrobenthic assemblages in marine 

soft-bottom coastal systems related to biological structures, natural environmental gradients 

and human-induced disturbances; all relate to predictable changes in trait distributions and 

potential functions of the macrofauna communities. The changes in macrobenthic functional 

trait structure driven by such factors has clear implications for the functioning of sedimentary 

systems; and for the methods we need to use to assess environmental health. 

Chapter 2 showed the potential of trait-based approaches to assess impacts of organic 

pollution on macrobenthic assemblages, giving clues about the general health status of the 

benthic environment. Decreases in functional diversity indices in contaminated sites reflected 

the deleterious effects organic pollution on species with certain trait combinations. Chapter 3, 

however, described that alien species promoted rearrangements in assemblage trait structure, 

which increased the functional diversity, but also changed the potential function of the 

macrobenthic community. This study highlights that increases in functional diversity only 

describes the variety of functional types present in the assemblage. Thus, functional diversity 

indices are a valuable exploratory tool to assess the general state of an assemblage when 

facing disturbances that act on the community by selecting for a limited set of traits; but they 

cannot be directly translated to specific changes in ecosystem functioning caused by shifts in 

species composition. Therefore, we need to be careful and motivate predictions using a 

mechanistic framework based on ecological theory, when we use functional diversity indices 

to asses environmental quality. 

Chapter 4 confirmed the foundation effect of Zostera marina meadows on the 

belowground community across the northern hemisphere by increasing the general 

assemblage taxonomic and functional diversity. Interestingly, indirect effects of the meadows 

have the potential to promote sediment resuspension by facilitating shallow-living infauna 

that contribute to bioturbation-related processes in the uppermost sediment. The potential 

functional consequences of such functional cascade mean that indirect effects of seagrass on 

infauna function, may weaken their well-recognized direct engineering effect of promoting 
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sediment stability. However, further investigations are necessary to unveil how much of these 

potential effects translate in real function for the system. 

 Chapter 5 and 6 highlight the importance of macrobenthic structure for primary 

production in tidal flats. Chapter 5 showed a relation between macrobenthic functional 

identities and microphytobenthic variation. A gradient of increasing bioturbation, presumably 

reflecting sediment disturbance rates, explained changes in microphytobenthic assemblages, 

suggesting that sediment stability is the controlling factor for microphytobenthos. Chapter 6 

tested and confirmed this affirmation experimentally, and also highlight that key species in 

macrobenthic assemblages – such as ecosystem engineers – are essential drivers of ecosystem 

functions in soft sediment habitats. Therefore, analytical tools such as biological traits 

analysis, bioturbation potential indices, or focusing on functionally relevant species or 

functional identities, represent reliable approaches to assess the functional relationships 

between macrobenthos and the actual function in sedimentary ecosystems. 
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CONCLUSIONS 

1. Low benthic environmental quality driven by organic enrichment hinders the 

establishment of macrobenthic species with specific functional traits, resulting in 

assemblages with differentiated trait composition and decreased functional diversity. 

2. Trait-based approaches are a reliable way to assess general effects of organic pollution 

on the macrobenthos. Both biological trait analysis and multivariate functional 

diversity are good analytical tools to analyze changes in macrobenthic structure across 

organic contamination gradients, although biomass- and abundance-based analysis can 

differ. 

3. Changes in assemblage structure driven by establishing alien species can drive major 

changes in macrobenthic functional diversity. These changes can drive increased 

bioturbation potential, and have implications for ecosystem functioning in sedimentary 

systems. 

4. Increased habitat complexity driven by seagrasses can promote sediment-related 

functions by favoring the establishment of shallow-living macrobenthic bioturbators. 

5. Functionally relevant macrobenthic species can promote microphytobenthos either by 

increasing sediment bioturbation or by sediment stabilization via flow attenuation. 

6. Functionally relevant species can promote functional cascades by favoring the 

establishment of organisms that perform other functions. In the cases addressed in this 

thesis, seagrasses promote shallow-living infauna and indirectly mediate bioturbation-

related processes; macrobenthic bioturbation drives primary producers by affecting 

microphytobenthic structure; and mussel beds promote primary production by 

favoring microphytobenthos. 

7. Functional diversity indices are useful as an exploratory tool or to assess general 

effects of disturbances or gradient on macrobenthic structure; while biological traits 

analysis or focusing in functional identities represent a better approach to assess the 

general functional effects of the macrobenthos on ecosystem structure and processes. 
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