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GENERAL DISCUSSION 

 

In this 21st century, the far-reaching effects of anthropogenically induced global 

changes are undeniable. Biodiversity and species loss are highly discussed topics 

(Barnosky et al., 2011; Hoffmann et al., 2010) as we become aware of our impact on 

nature and search for measures to ‘(con)serve and protect’ what still remains. In order 

to do this, understanding the networks of interactions that structure communities and 

populations of species is vital. Research on habitat-forming species and facilitation 

cascades has gained momentum in the last decade as habitat-forming species and the 

networks they form represent compelling targets for the conservation of biodiversity 

and species abundances. However, while research on facilitative interactions has 

come a long way, knowledge of the mechanisms and species traits that drive 

facilitation remain limited. Additionally, a profound understanding of the factors that 

determine the spatial scale and strength of facilitative interactions is still lacking. 

 

This thesis aimed to address these knowledge gaps and found that: 

a. At large spatial scales, habitat-forming species facilitate other habitat-formers by 

ameliorating environmental stressors, making habitats more benign, while at 

small spatial scales they facilitate associated organisms by providing physical 

structure for attachment. 

b. The ecological function and species traits of primary and secondary habitat-

forming species are important drivers of community structure. 

c. A single habitat-forming species can simultaneously generate facilitation 

cascades that span both local and cross-habitat scales, increasing habitat 

connectivity. 

d. Primary habitat-forming species can result in secondary habitat-forming species 

interactions that are relatively insensitive to environmental gradients. 
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MECHANISMS OF FACILITATION 

 

Though once largely overlooked by ecological theories (Huston, 1979; Menge and 

Sutherland, 1987), there is a growing recognition of the important role positive 

interactions play in regulating ecosystem function and shaping community ecology 

(Bruno et al., 2003; Stachowicz, 2001). Due to anthropogenic activities, species 

habitats are being modified and lost at growing rates (Giam et al., 2010; Pimm, 

2008). Habitat-forming species have been increasingly utilized in conservation and 

restoration efforts as they can support high levels of biodiversity (Byers et al., 2006; 

Halpern et al., 2007), but the mechanisms by which facilitation takes place remain 

poorly understood. Prior to the implementation of habitat-forming species in 

management strategies, understanding how exactly habitat-forming species exert 

facilitative effects is a critical first step. 

 

A limited number of studies have focused on the mechanisms of facilitation. Studies 

in this thesis investigated the mechanisms through which different habitat-forming 

species exerted facilitative interactions in intertidal ecosystems (Chapters 2, 4 and 

5).  

 

Amelioration of stressors 

Studies in this thesis support that facilitation on large spatial scales, reaching over 

hundreds of meters, occurs via the mechanism of stress amelioration (Chapter 5). My 

results confirm earlier findings that water motion and sediment erosion are mediated 

by mussel reefs, facilitating organisms in their wake (Donadi et al., 2013a). 

 

Primary habitat-forming blue mussels Mytilus edulis form stable biogenic mussel 

reefs that consist of live mussels, (pseudo)faeces, shell debris and coarse materials 

on otherwise sedimentary intertidal flats. Mussels attach to neighbouring 

conspecifics by means of byssus threads and construct strong reefs that can last for 

multiple years and extend over many hectares (Nehls and Thiel, 1993; Suchanek, 

1978). The reefs protrude from the flat surroundings and create biological hotspots 

for organisms (Chapter 3; Commito et al., 2008; Norling and Kautsky, 2008; Saier, 

2002). In the wake of the mussel reef water motion and erosive power are mediated 

by the presence of the mussel reef (Donadi et al., 2013a, 2013b; Engel et al., 2017). 
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A manipulative experiment based on the addition or removal of common cockles 

Cerastoderma edule (Chapter 5) found that cockle survival rates were high at the 

leeward side of the mussel reef, hundreds of meters away, presumably due to the 

amelioration of environmental stressors, creating more benign conditions that 

improve cockle settlement, survival and recruitment. This long distance interaction 

facilitated the formation of cockle banks (Donadi et al., 2014) and increased infaunal 

abundances (Chapter 5). In contrast, around 93% fewer cockles were found on the 

bare surrounding tidal flat that remained uninfluenced by the mussel reef. Here 

cockles were most likely dislodged as a result of the relatively high sediment erosion 

rates (Donadi et al., 2013b; Gutierrez et al., 2003; Widdows and Brinsley, 2002), 

highlighting the importance of the mussel reef’s stress mediation for cockle survival. 

 

This study adds to a growing body of literature demonstrating how amelioration of 

environmental stressors by habitat-forming species facilitates other habitat-forming 

species (Gribben et al., 2019; Van de Koppel et al., 2015). Like mussel reefs, habitat-

forming mangroves facilitate other organisms on large spatial scales (Meynecke et 

al., 2008; Mumby and Hastings, 2008). On tropical coasts, mangrove trees absorb 

excess nutrients and trap sediments, thereby facilitating seagrass beds and corals 

hundreds of meters away by reducing the risk of smothering and burial (Gillis et al., 

2014; Van de Koppel et al., 2015). Subtidal oyster reefs can alter water flow and 

influence food resources and oxygen fluxes, thereby affecting surrounding 

suspension feeders (Lenihan, 1999). 

 

This thesis also suggests the importance of the density and size of structures created 

by habitat-forming species. An ostensible size reduction of these structures could 

possibly result in impoverishment of species richness and abundances hundreds of 

meters away. For example, considering the findings in this thesis, a reduction of 

mussel reef size might negatively affect the reef’s ameliorating effect on 

hydrodynamic conditions, decreasing the surface area of the more benign habitat 

created in the reef’s wake. Studies are needed to unravel the threshold of habitat-

forming species densities needed for amelioration of environmental stressors to take 

place. By increasing our knowledge on indirect interactions that reach over large 

spatial scales, the mechanisms that drive community structure and habitat formation 

can be further elucidated. 
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Provision of physical structure 

Studies in this thesis found that habitat-forming species facilitate associated 

organisms on small spatial scales of several centimeters by providing physical 

structures for attachment (Chapters 2 and 4). Both mussels and mangrove trees 

facilitate macroalgae through entanglement in their physical structure. 

 

Intertidal flats generally are sedimentary ecosystems with a limited amount of hard 

substrate available for attachment and growth (Kristensen et al., 2015; Norling and 

Kautsky, 2008; Wright et al., 2014). The protruding biogenic mussel reefs facilitated 

brown macroalgae Fucus vesiculosus f. mytili development through the 

entanglement of thalli in byssus threads produced by the mussels (Chapter 2). As F. 

vesiculosus lacks a holdfast and reproduces vegetatively via fractioned thalli 

(Albrecht and Reise, 1994), this macroalgae is found in low abundances on the open 

tidal flat area. Once it establishes on mussel reefs, however, it can form dense 

meadows that can cover entire mussel reefs (Albrecht and Reise, 1994; Andriana et 

al., 2020). In this study the physical structure provided by the mussel reef facilitated 

attachment and further development of this macroalgae, which in its turn promoted 

high abundances of epifauna (Chapter 5).  

 

The same mechanism of facilitation – provision of physical structure – was found to 

take place in mangrove forests. Here, macroalgae Hormosira banksii were trapped 

in the protruding aerial roots (i.e. pneumatophores) of the mangrove trees (Chapter 

4). H. banksii is a fucalean macroalga with free-floating fragments that can float into 

mangrove forests with the incoming high tide, subsequently getting trapped in 

protruding physical structure of the roots where it survives and sometimes 

reproduces via detached fragments (McKenzie and Bellgrove, 2008). The results of 

this study found facilitation of H. banksii by entanglement to be density-dependent; 

higher densities of aerial roots entangled more algae and subsequently facilitated 

greater abundances of invertebrates. These findings match with existing literature 

that has reported a greater retention of H. banksii with higher pneumatophore 

densities (Bishop et al., 2012). When associated organisms require a minimum 

density threshold of the habitat-forming species to be present, restoration efforts will 

not attain their full potential without taking these interactions into account. This 

knowledge gap should be addressed in future studies, as the positive effect of 
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additional physical structures on associated organisms has been reported in multiple 

habitats (Thomsen et al., 2018) and can be of great value for the success of restoration 

and conservations measures. However, the effects of added physical structures on 

associated organisms are not necessarily ubiquitously positive. H. banksii had a net 

positive effect on biodiversity, but certain invertebrate species were negatively 

affected. It is possible that the presence of H. banksii reduced opportunities for 

invertebrates to graze on the sediment surface below, but further research is needed 

to test this.    

 

Nevertheless, other studies have found that the physical structures of habitat-forming 

species can facilitate associated organisms in more ways than offering space for 

attachment alone. For example, large Pacific oysters provide refugia for blue mussels 

from predation by crabs and overgrowth by barnacles, as mussels actively move 

downwards in the oyster reef (Buschbaum et al., 2012, 2016). This way, Pacific 

oyster reefs can also protect mussels from extreme hydrodynamic conditions 

(Andriana et al., 2020). Other examples include nursery functions provided by 

mangrove tree structures (Mumby et al., 2004) and increased niche space provided 

by coral structures (Messmer et al., 2011). 

 

The abovementioned findings reinforce the idea that the positive effects of physical 

structures provided by habitat-formers are many-fold. Effects of habitat-forming 

species are expected to increase with increasing difference between the ‘engineered’ 

and the ‘baseline/structurally unmodified’ state of an ecosystem, irrespective of the 

ecosystem studied (Jones et al., 2010). For example, patches of mussels harbour 

higher species richness than the surrounding bare sediment (Chapter 3; Norling and 

Kautsky, 2008) and the presence of oyster reefs increases fish and crustacean 

abundances (Peterson et al., 2003). Mussel reefs and mangroves add hard structure 

to otherwise sedimentary environments, such that the extent to which they modify 

habitat structure compared to the baseline is large, as are their effects on community 

structure and biodiversity. 

 

Collectively the results of this thesis contribute to the growing realization that 

habitat-forming species exert large influences on community structure, both through 

positive direct and indirect interactions at a range of spatial scales. To successfully 
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capture all interactions at play, future studies should span multiple spatial scales so 

as to capture any long distance indirect interactions. Documenting both direct and 

indirect mechanisms of facilitation is important to gain a better understanding of 

ecosystem function at different spatial scales.  

 

 

EFFECTS OF SPECIES TRAITS ON FACILITATION 

 

To further elucidate the ways in which habitat-forming species facilitate other 

organisms, this thesis investigated the sensitivity of positive interactions to the traits 

of the habitat-forming species involved. At small spatial scales, where species were 

directly in contact with each other or overlapped in distribution, inter- and 

intraspecific trait variations were found to have strong effects on facilitative 

interactions and hence biodiversity and ecosystem function. 

 

Interspecific interactions 

This thesis found that two structurally similar primary habitat-forming species 

facilitated different associated species, due to differences in their attachment 

mechanism (i.e. basic ecological function). Habitat-forming blue mussels and Pacific 

oysters Magallana gigas (syn. Crassostrea gigas) can coexist and form mixed 

intertidal reefs (Andriana et al., 2020; Reise et al., 2017). Differences in ecological 

function between the two filter-feeding bivalves were investigated with a bio-

manipulation experiment (Chapter 2) with which the development of seaweeds on 

the primary habitat-formers was monitored on manually constructed small-scale 

reefs, dominated by either blue mussels or Pacific oysters. The results highlighted 

the interspecific trait differences in basic ecological function between blue mussels 

and Pacific oysters, as the shellfish facilitated different seaweed species. Pacific 

oysters promoted communities of green algae Ulva sp., while blue mussels facilitated 

the development of habitat-forming brown seaweeds Fucus vesiculosus f. mytili. F. 

vesiculosus thalli were attached via entanglement in the mussels’ byssus threads and 

supported high abundances of epifauna (Chapter 5). Pacific oysters do not produce 

byssus threads and therefore did not entangle F. vesiculosus thalli.  
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The results presented here are among the first to compare the facilitative effects of 

native and non-native primary habitat-forming species on facilitation cascades. The 

Pacific oyster originated in Japan and was first introduced into the Wadden Sea in 

1986 by a sea-based oyster farm near Sylt, Germany. Within 5 years the oysters had 

spread beyond the farm and were found on nearby mussel reefs (Reise et al., 2017). 

Studies have reported on the impacts of the Pacific oyster invasion in the Wadden 

Sea, describing both negative, neutral and positive effects: Kochmann et al. (2008) 

reported Pacific oysters and native blue mussels to differentially alter sediment 

characteristics and to facilitate different native infaunal and epifaunal species; certain 

bird species that feed on mussels experience negative influences of oyster presence 

on the mussel reefs while the mussels escaped predation (Buschbaum et al., 2016; 

Waser et al., 2016). 

 

The research in this study found a negative effect of non-native Pacific oysters on 

community structure resulting from their ecological function (Chapter 2). The green 

algae of the genus Ulva that were facilitated by the Pacific oysters are bloom-forming 

algae with a low structural complexity. F. vesiculosus on the other hand is a habitat-

forming species with a high structural complexity that promotes marine biodiversity, 

has an important nursery function and regulates the production of associated species 

(Eriksson et al., 2006a, 2006b, 2007). On intertidal flats it is a secondary habitat-

former that bolsters epifauna abundances on shellfish reefs (Chapter 5; Albrecht and 

Reise, 1994). These results show that non-native primary habitat-forming species can 

directly (e.g. via loss of F. vesiculosus) and indirectly (e.g. cascading effects on 

epifauna associated with F. vesiculosus) affect community structure and species 

abundances.  

 

These findings expand our current knowledge on the role of facilitative effects 

exerted by non-native species. Previous studies have investigated how native and 

non-native species, as secondary habitat-forming species, differentially exploit 

facilitative interactions with primary habitat-formers (Altieri et al., 2010). For 

example, non-native secondary habitat-forming seaweeds can invade primary 

habitat-forming seagrass beds or kelp forests, and subsequently benefit native 

invertebrate abundances via increased habitat complexity and/or food availability 

(Dijkstra et al., 2017; Thomsen, 2010). Noticeably, few if any studies have examined 
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the effects of non-native primary habitat-formers on native secondary habitat-

formers in the marine environment, as reported here in Chapter 2. These findings 

suggest that as our climate continues to change and introduction of alien species 

through human activities continue to increase (Naylor et al., 2001; Ruiz et al., 2000), 

invasive primary habitat-forming species can drastically change community 

structure and ecosystem function. It is trivial to note that introducing physical 

structures of any form will influence marine biodiversity compared to no physical 

structures at all, especially in a soft bottom system (e.g. Borst et al., 2018; Ramus et 

al., 2017). However, the studies in this thesis highlight that it is important to realise 

that differences in traits between habitat-forming species will promote different 

communities and functions (Chapter 2). Thus, more research is needed to determine 

species-specific ecological functions of primary habitat-forming species per habitat, 

with a particular emphasis on the role of non-native primary habitat-formers. In 

addition, it would be instructive if future studies would build on the above-presented 

results and increase the generality and implications of the study, e.g. by repeating it 

at other intertidal areas around the globe.  

 

Intraspecific interactions  

Just like trait variation between species, intraspecific trait variation can have strong 

effects on community structure and species interactions (Bishop et al., 2013; Bolnick 

et al., 2011; Des Roches et al., 2018). The research reported in Chapters 3 and 4 

investigated the effects of intraspecific trait variations in primary and secondary 

habitat-forming species and found habitat heterogeneity and niche availability to be 

increased. 

 

Intraspecific interactions between blue mussels can increase the number of available 

niches via spatial self-organization (Chapter 3). Scale-dependent facilitation (e.g. 

preventing dislodgement and predation) and competition (e.g. food depletion) 

between individual mussels results in patches with high or low densities of mussels 

(Van de Koppel et al., 2008). Findings in this thesis found that microhabitats on the 

mussel reef increased habitat heterogeneity on the reef as they harboured distinct 

hydrodynamic conditions and sediment characteristics, thereby increasing the 

number of available niches. The mussel reef, consequently, supported a higher 

infauna community diversity than the surrounding tidal flat (Chapter 3). This study 
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did not investigate whether the existing pools on the mussel reef were the direct result 

of spatial self-organization by the blue mussels or formed by environmental 

disturbances (e.g. wave impact). However, pools and inlets were slowly filled by 

mussels over a 3-year time period while new pools had formed elsewhere on the 

mussel reef (pers. observations), suggesting spatial self-organization as the driving 

mechanism of microhabitat formation on the reef. Previous studies have mainly 

focused on how intraspecific interactions can cause niche expansion for the species 

in question (Bolnick, 2001; Bolnick et al., 2011). However, the findings presented 

here suggest an indirect effect of intraspecific interactions on other associated 

organisms (e.g. niche creation/expansion for other species). Intraspecific interactions 

between individual mussels resulted in niche creation for diverse infaunal 

communities. These findings suggest that intraspecific interactions can indirectly 

affect biodiversity, calling for future studies to unravel these interactions further, e.g. 

in other habitat-forming species.      

   

This thesis also found intraspecific trait variation in both primary and secondary 

habitat-forming species to influence community structure. Variation in 

morphological traits led to increased niche space and facilitation cascade strength in 

mangrove forests (Chapter 4), where mangroves are primary habitat-forming species 

that facilitate a secondary habitat-forming species, the macroalga Hormosira banksii, 

which in turn promotes a focal community. Variation in the height of 

pneumatophores of mangrove trees affected the amount of Hormosira banksii 

biomass that was trapped. H. banksii biomass was found to increase with 

pneumatophore height, and the density of tall pneumatophores was a better predictor 

of trapped H. banksii biomass than pneumatophore density per se. The trapped H. 

banksii biomass added to the habitat complexity by providing additional physical 

structure. Subsequently, intraspecific differences in the structure provided by H. 

banksii affected biodiversity and species richness, with longer thalli and larger 

vesicles promoting invertebrate assemblages (Chapter 4), most likely via increased 

niche availability and the introduction of additional surface area for attachment and 

grazing (Bishop et al., 2012, 2013). These findings are consistent with previous 

documentations of the interactions between the primary and secondary habitat-

forming species in this ecosystem (Bishop et al., 2012, 2013; Hughes et al., 2014), 

and add to the understanding of the effects trait variations in primary and secondary 
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habitat-forming species have on biodiversity and facilitation cascade strength. The 

results in this thesis also show that intraspecific trait variation can have implications 

for restoration efforts that are based on the (re)introduction of primary or secondary 

habitat-forming species, or artificial mimics thereof. Without taking intraspecific 

trait variation into account, facilitation of secondary habitat-formers and associated 

species may fail because certain necessary habitat characteristics are not met. To 

further unravel the effects of trait variation future studies should focus on the effect 

of different age classes of primary and secondary habitat-forming species on 

associated organisms. Developing organisms are more likely to benefit from 

facilitation than adults as they may be more susceptible to environmental stressors, 

and usually developing organisms have underdeveloped traits that are yet to grow 

(e.g. pneumatophore and thalli length); therefore distinct age classes may facilitate 

different associated species or community compositions compared to their adult 

counterparts.  

 

Conservation efforts generally focus on maintaining or enhancing biodiversity, with 

little consideration of effects of intraspecific interactions and species traits. The 

results of this thesis clearly underline the relevance of intraspecific interactions and 

trait variations on community structure.  

 

 

SPATIAL SCALES OF FACILITATION 

 

When facilitative interactions between habitat-forming species overlap in space and 

time, a facilitation cascade can be formed where a primary habitat-forming species 

facilitates a secondary habitat-former, which promotes associated organisms (Altieri 

et al., 2007; Gribben et al., 2019). These interactions can occur on different spatial 

scales, reaching over short distances (Angelini and Silliman, 2014; Bishop et al., 

2009; Gribben et al., 2017; Zhang and Silliman, 2019) and long distances (Donadi et 

al., 2013a; Van de Koppel et al., 2015). Existing literature has mostly investigated 

small-scale, nested facilitation cascades, while studies on large-scale facilitation 

remain few. Studies in this thesis added to the growing recognition of the ubiquity 

of facilitation cascades by describing a network of facilitation cascades spanning 

multiple spatial scales (Fig. 1).  
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Fig. 1. Schematic (not to scale) overview of two spatially distinct facilitation 

cascades generated by a blue mussels. At small spatial scales, spanning centimeters 

(vertical arrows), mussel reefs facilitate F. vesiculosus which promotes epifaunal 

abundances. At large spatial scales, spanning hundreds of meters (horizontal 

arrows) mussel reefs ameliorate environmental conditions and facilitate cockles 

which in turn promote infauna abundances. Dashed lines represent indirect 

interactions.  

 

 

At small ‘within-habitat’ spatial, facilitative interactions between the primary 

habitat-forming species and secondary habitat-forming species occurred via direct 

contact between the different species (i.e. nested). Mussels and mangroves facilitated 

macroalgae by providing substrate for attachment and/or entanglement. The 

macroalgae, in their turn, served as additional substrate and increased habitat 

complexity and niche space, thereby promoting associated invertebrates (Fig. 1; 

Chapters 4 and 5). The effect of inter- and intraspecific trait variations on facilitative 

interactions between the studied habitat-formers underlined the importance of 

ecological function and morphology on the function of the facilitation cascades, 
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confirming the findings of previous studies (Albrecht and Reise, 1994; Bishop et al., 

2013; Wall et al., 2008).  

 

On the large ‘cross-habitat’ spatial scale studied in this thesis, the primary and 

secondary habitat-forming species did not overlap in their distribution, but were 

spaced hundreds of meters apart. Here facilitative interactions occurred via 

amelioration of harsh environmental conditions by the primary habitat-former. 

Mussel reefs mediated hydrodynamic stressors, indirectly creating a more benign 

habitat in their wake. Cockles had higher survival rates in the wake of the reef and 

formed high density cockle banks that, subsequently, facilitated infaunal abundances 

presumably by stabilizing the sediment and modifying resource conditions (Fig. 1). 

The long distance interaction between mussel reefs and cockles has been examined 

before (Donadi et al., 2013a, 2013b), however by expanding these studies to include 

possible facilitative effects of cockles on infauna richness and abundance a yet 

undocumented facilitation cascade was exposed. 

 

Furthermore, when looking at the facilitative effects of mussels, results in this thesis 

showed that a single primary habitat-forming species can simultaneously generate a 

multitude of facilitative interactions on different spatial scales, linking nested and 

long-distance facilitation cascades. These multi-spatial scale interactions suggest a 

higher degree of habitat connectivity on the intertidal flat than currently recognized.  

 

The notion of habitat connectivity generated by a single habitat-forming species is 

an interesting direction for future studies. The spatial scale of a study can determine 

whether the observed effects of a particular habitat-forming species are considered 

positive or negative. Mussel reefs negatively influence cockles in their close 

surroundings by competing for food resources (Donadi et al., 2013a; Kamermans, 

1993), but at larger spatial scales cockles are facilitated by the mediation of 

environmental conditions by the mussel reefs presence. To disentangle all 

interactions generated by habitat-forming species, studies have to look across habitat 

boundaries and incorporate multiple spatial scales. Comparing and connecting 

existing research on the effects of the same habitat-forming species studied on 

different spatial scales may also help to uncover habitat connectivity in other 

ecosystems.  
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ENVIRONMENTAL EFFECTS ON FACILITATION 

 

Despite the ubiquitous occurrence of facilitation cascades, few studies have 

quantified how the strength of facilitation cascades varies across environmental 

gradients (Crotty and Angelini, 2020; Gribben et al., 2019; McAfee et al., 2016). 

According to the Stress Gradient Hypothesis the role of facilitative interactions 

increases when the environment becomes more stressful (e.g. temperature, erosion, 

salinity), suggesting a shift from predominant negative biotic interactions under 

benign conditions to more facilitative interactions under harsh abiotic conditions 

(Bertness and Callaway, 1994; Menge and Sutherland, 1987). Numerous studies on 

positive interactions between species have tested this theory over the years 

(especially in terrestrial ecosystems, He et al., 2013) with contrasting results 

(Callaway, 2007; Lortie and Callaway, 2006; Maestre et al., 2005; Michalet et al., 

2014; but see Bulleri et al., 2011). For example: different model-based studies 

proposed a collapse of the effect of facilitative interactions in extremely stressful 

environmental conditions (Michalet, 2006; Verwijmeren et al., 2013); suggested that 

the theory is not applicable to resource gradients (e.g. water availability or nutrients) 

(Maestre et al., 2005; Michalet, 2007); or stated that facilitation is more prominent 

under moderately stressful conditions (Holmgren and Scheffer, 2010). Additionally, 

Bulleri et al. (2011) demonstrated that interaction strength between benefactor and 

beneficiary depended on complex interactions between different abiotic and biotic 

pressures, making it difficult to detect linear relations between facilitation intensity 

and single abiotic stressors in the field. Despite these controversies, the Stress 

Gradient Hypothesis remains a standing paradigm in community ecology.  

 

Findings in Chapter 4 of this thesis found that facilitative interactions within the 

mangrove ecosystem were relatively unaffected by the broader scale environmental 

context of the mangrove forest, suggesting that interactions involving secondary 

habitat-formers may be less sensitive to environmental variation than those involving 

primary habitat-formers. Hence these findings conclude that the Stress Gradient 

Hypothesis may not be directly applicable to facilitation cascades. When external 

conditions were ameliorated by the mangrove trees, the macroalgae became 

relatively insensitive to environmental gradients. It was expected that the macroalgae 

would further ameliorate conditions such as temperature and erosion, but sizeable 
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effects of the algae on these environmental variables were not detected. Invertebrate 

species richness, however, was greatly facilitated by the presence of the macroalgae. 

Both thalli length and vesicle size were found to affect invertebrate communities, 

suggesting that the macroalgae’s traits determined the strength of the facilitation 

cascade. These findings highlighted the importance of species traits in contrast to 

external environmental conditions when it comes to determining the strength of a 

facilitation cascade. This questions the predictive value and applicability of the 

Stress Gradient Hypothesis for facilitation cascade strength and occurrence. Certain 

habitat-forming species traits may vary predictably across environmental gradients 

and yield different predictions of facilitation cascade strength than the Stress 

Gradient Hypothesis would suggest (He et al., 2013). Additionally, it would be 

interesting to see whether the same results apply when the primary habitat-former 

does not play a major role in the amelioration of environmental stressors. Although 

not directly tested, the findings in this study (Chapter 4) suggest that the primary 

habitat-forming species (i.e. the mangrove trees) were ameliorating most of the 

temperature stress by providing shade, buffering the secondary habitat-forming 

species from high temperatures. 

 

Due to logistics, the research in this thesis did not consider multiple types of 

environmental gradients and focused on a relatively small latitudinal range. Future 

studies should consider larger and different environmental gradients in order to 

confirm current findings and to better understand how facilitation cascades might 

fare under global change. Additionally, whether the abovementioned results also 

apply to other facilitation cascades remains an open question. Thus, further research 

is needed on the interplay between environmental stressors and facilitation cascades 

across different systems and organism groups, to inform managers about the 

relevance of facilitation cascades in conservation; a not-so-trivial endeavour in the 

current times of global environmental changes. 

 

 

IMPLICATIONS FOR MANAGEMENT 

 

Understanding species interactions in our time of global environmental change is 

fundamental for the development of adequate conservation and restoration efforts at 
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their relevant spatial scales (Harley, 2011; Harmon et al., 2009; He et al., 2013). The 

growing recognition of the importance of positive species interactions on community 

structure and biodiversity has far-reaching implications for management strategies 

(Bruno et al., 2003; Halpern et al., 2007). The findings in this thesis emphasize the 

importance of taking into account the different mechanisms that are behind 

facilitative interactions, and the spatial scales over which facilitative interactions 

reach.  

 

The implications of the findings in this thesis for conservation and restoration 

management are three-fold. First, facilitative interactions and facilitation cascades 

were found to be highly sensitive to the inter- and intraspecific variation in the traits 

of primary habitat-forming species (Chapters 2, 3, 4 and 5). Especially the basic 

ecological function of species and the effects thereof on habitat heterogeneity and 

niche availability were highlighted. Therefore, it is critical that conservation and 

restoration projects that utilize facilitation processes understand which specific 

species traits influence interaction strength in order to assure that these are well-

provided and to optimize conservation strategies’ design.  

 

Second, facilitation cascades were found to simultaneously operate within and across 

habitat boundaries (Chapters 4 and 5). The connectivity between sea and coastal 

ecosystems found in this thesis, resulting from cross-habitat interactions on the 

intertidal flat, emphasizes that habitats are highly connected in a network of 

facilitation cascades. This poses challenging implications for conservation programs 

that will have to move beyond habitat-by-habitat protective measures and start 

incorporating a land- or seascape approach. A better understanding of habitat 

connectivity is needed to guarantee the preservation of these synergistic effects and 

ecosystem function by conservation management (Barbier et al., 2011). As 

conservation managers become more aware of the connectivity between habitats, 

restoration and conservation measures will become more complex and will have to 

reach over large spatial scales, encompassing whole seascapes, to include the 

positive interactions that are at play. For example, anthropogenic activities will have 

to be excluded from larger areas in order to protect the long distance interactions at 

play. Furthermore, the results in this thesis underlined the spatial effects of primary 

habitat-forming species on community structure, and suggest further empirical 
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research on long distance effects generated by habitat-forming species. This would 

lead to better spatial placement and use of habitat-forming species as conservation 

and restoration target-species. 

 

Third, facilitation cascades were found to operate across environmental gradients 

(Chapter 4), and varied little in magnitude across these, supporting the suggestions 

that positive interactions are effective management tools for buffering the effects of 

environmental change on biodiversity and community structure (Bulleri et al., 2018). 

Primary habitat-forming species can buffer secondary habitat-forming species and 

associated organisms from stressful conditions, but this will dependent on the 

facilitation cascade in question, thereby stressing the need for species-specific 

approaches. Also, intraspecific variation in morphological structure of both primary 

and secondary habitat-formers has to be taken into account when considering 

facilitation cascades as potential conservation or restoration tools, as intraspecific 

trait variations were found to determine the strength of facilitation cascades. The 

existing data paucity on the factors that determine facilitation cascade strength has 

to be complemented in order to use positive interactions to their full potential in 

conservation and restoration measures.  

 

In conclusion, the results from this thesis highlighted the importance of facilitative 

interactions and habitat connectivity on biodiversity and ecosystem function. In order 

to appropriately consider facilitative interactions in management, conservation and 

restoration initiatives need to take a seascape approach that extends beyond habitat 

boundaries. This calls for more collaboration between separate institutions and 

government departments as these will have to look beyond their own ‘habitat 

boundaries’ of expertise and work together to develop holistic management plans. 



 

147 
 

  



 

148 
 

  



 

149 
 

 
References



REFERENCES 

150 
 

  



REFERENCES 

151 
 

REFERENCES 

 

A 
Abdallah, F., Chaieb, M., 2012. The influence of trees on nutrients, water, light 

availability and understorey vegetation in an arid environment. Appl. Veg. 

Sci. 15, 501–512 

Abrams, P.A., 1995. Implications of dynamically variable traits for identifying, 

classifying, and measuring direct and indirect effects in ecological 

communities. Am. Nat. 146, 112–134 

Albrecht, A., Reise, K., 1994. Effects of Fucus vesiculosus covering intertidal mussel 

beds in the Wadden Sea. Helgoländer Meeresuntersuchungen 48, 243-256 

Albrecht, A.S., 1998. Soft bottom versus hard rock: community ecology of the 

macroalgae on intertidal mussel beds in the Wadden Sea. J. exp. mar. Biol. 

Ecol. 229, 85–109 

Altieri, A.H., Silliman, B.R., Bertness, M.D., 2007. Hierarchical organization via a 

facilitation cascade in intertidal cordgrass bed communities. Am. Nat. 169, 

195–206 

Altieri, A.H., Van Wesenbeeck, B.K., Bertness, M.D., Silliman, B.R., 2010. 

Facilitation cascade drives positive relationship between native biodiversity 

and invasion success. Ecology 91, 1269–1275 

Andersen, T.J., Lanuru, M., van Bernem, C., Pejrup, M., Riethmueller, R., 2010. 

Erodibility of a mixed mudflat dominated by microphytobenthos and 

Cerastoderma edule, East Frisian Wadden Sea, Germany. Estuar. Coast. Shelf 

Sci. 87, 197–206 

Anderson, M., Gorley, R.N., Clarke, K.R., 2008. PERMANOVA+ for PRIMER: 

guide to software and statistical methods 1, 1–218 

Andriana, R., van der Ouderaa, I., Eriksson, B.K., 2020. A Pacific oyster invasion 

transforms shellfish reef structure by changing the development of associated 

seaweeds. Estuar. Coast. Shelf Sci. 235, 106564 

Angelini, C., Altieri, A.H., Silliman, B.R., Bertness, M.D., 2011. Interactions among 

foundation species and their consequences for community organization, 

biodiversity, and conservation. Bioscience 61, 782–789 

Angelini, C., Silliman, B.R., 2014. Secondary foundation species as drivers of 

trophic and functional diversity: evidence from a tree–epiphyte system. 

Ecology 95, 185–196 

Anholt, B.R., Werner, E.E., 1995. Interaction between food availability and 

predation mortality mediated by adaptive behavior. Ecology 76, 2230–2234 

Arkema, K.K., Abramson, S.C., Dewsbury, B.M., 2006. Marine ecosystem-based 

management: From characterization to implementation. Front. Ecol. Environ. 

4, 525–532 

Asmus, R.M., Asmus, H., 1991. Mussel beds - limiting or promoting phytoplankton. 

Journal of Experimental Marine Biology and Ecology 148, 215-232 

 



REFERENCES 

152 
 

B 
Baird, D., Asmus, H., Asmus, R., 2004. Energy flow of a boreal intertidal ecosystem, 

the Sylt-Romo Bight. Marine Ecology-Progress Series 279, 45-61 

Baird, D., Asmus, H., Asmus, R., 2007. Trophic dynamics of eight intertidal 

communities of the Sylt-Romo Bight ecosystem, northern Wadden Sea. 

Marine Ecology-Progress Series 351, 25-41 

Báldi, A., 2008. Habitat heterogeneity overrides the species-area relationship. J. 

Biogeogr. 35, 675–681 

Barbier, E., Hacker, S., Kennedy, C., Koch, E., Stier, A., Silliman, B., 2011. The 

value of estuarine and coastal ecosystem services. Ecol. Monogr. 81, 169–193 

Barnosky, A.D., Matzke, N., Tomiya, S., Wogan, G.O.U., Swartz, B., Quental, T.B., 

Marshall, C., McGuire, J.L., Lindsey, E.L., Maguire, K.C., Mersey, B., Ferrer, 

E.A., 2011. Has the Earth’s sixth mass extinction already arrived? Nature. 471 

Bell, J.E., Bishop, M.J., Taylor, R.B., Williamson, J.E., 2014. Facilitation cascade 

maintains a kelp community. Mar. Ecol. Prog. Ser. 501, 1–10 

Bellwood, D.R., Hughes, T.P., Folke, C., Nyström, M., 2004. Confronting the coral 

reef crisis. Nature 429, 827–833 

Bertness, M.D., Callaway, R., 1994. Positive interactions in communities. Trends 

Ecol. Evol. 9, 191–193 

Bertness, M.D., Leonard, G.H., 1997. The role of positive interactions in 

communities: lessons from intertidal habitats. Ecology 78, 1976–1989 

Bertness, M.D., Leonard, G.H., Levine, J.M., Schmidt, P.R., Ingraham, A.O., 1999. 

Testing the relative contribution of positive and negative interactions in rocky 

intertidal communities. Ecology 80, 2711–2726 

Bishop, Melanie J., Kelaher, B.P., Alquezar, R., York, P.H., Ralph, P.J., Skilbeck, 

C.G., 2007a. Trophic cul-de-sac, Pyrazus ebeninus, limits trophic transfer 

through an estuarine detritus-based food web. Oikos 116, 427–438  

Bishop, Melanie J, Kelaher, B.P., Sharp, S.M., Verhoeven, M., 2007b. Dispersal of 

the estuarine gastropod Pyrazus ebeninus is only weakly influenced by 

pneumatophore density. J. Exp. Mar. Bio. Ecol. 340, 62–69  

Bishop, M.J., Morgan, T., Coleman, M.A., Kelaher, B.P., Hardstaff, L.K., Evenden, 

R.W., 2009. Facilitation of molluscan assemblages in mangroves by the 

fucalean alga Hormosira banksii. Mar. Ecol. Prog. Ser. 392, 111–122  

Bishop, M.J., Byers, J.E., Marcek, B.J., Gribben, P.E., 2012. Density-dependent 

facilitation cascades determine epifaunal community structure in temperate 

Australian mangroves. Ecology 93, 1388–1401 

Bishop, M.J., Fraser, J., Gribben, P.E., 2013. Morphological traits and density of 

foundation species modulate a facilitation cascade in Australian mangroves. 

Ecology 94, 1927–1936 

Blowes, S.A., Supp, S.R., Antão, L.H., Bates, A., Bruelheide, H., Chase, J.M., 

Moyes, F., Magurran, A., McGill, B., Myers-Smith, I.H., Winter, M., 

Bjorkman, A.D., Bowler, D.E., Byrnes, J.E.K., Gonzalez, A., Hines, J., Isbell, 

F., Jones, H.P., Navarro, L.M., Thompson, P.L., Vellend, M., Waldock, C., 

Dornelas, M., 2019. The geography of biodiversity change in marine and 



REFERENCES 

153 
 

terrestrial assemblages. Science 366, 339–345  

Bolnick, D.I., 2001. Intraspecific competition favours niche width expansion in 

Drosophila melanogaster. Nature 410, 463–466 

Bolnick, D.I., Amarasekare, P., Araújo, M.S., Bürger, R., Levine, J.M., Novak, M., 

Rudolf, V.H.W., Schreiber, S.J., Urban, M.C., Vasseur, D.A., 2011. Why 

intraspecific trait variation matters in community ecology. Trends Ecol. Evol. 

26, 183–192 

Borst, A.C.W., Verberk, W.C.E.P., Angelini, C., Schotanus, J., Wolters, J.W., 

Christianen, M.J.A., Van der Zee, E.M., Derksen-Hooijberg, M., Van der 

Heide, T., 2018. Foundation species enhance food web complexity through 

non-trophic facilitation. PLoS One 13, 1-15 

Bronstein, J.L., 2009. The evolution of facilitation and mutualism. J. Ecol. 97, 1160–

1170 

Brooker, R.W., Maestre, F.T., Callaway, R.M., Lortie, C.L., Cavieres, L.A., 

Kunstler, G., Liancourt, P., Tielbörger, K., Travis, J.M.J., Anthelme, F., 

Armas, C., Coll, L., Corcket, E., Delzon, S., Forey, E., Kikvidze, Z., Olofsson, 

J., Pugnaire, F., Quiroz, C.L., Saccone, P., Schiffers, K., Seifan, M., Touzard, 

B., Michalet, R., 2008. Facilitation in plant communities: The past, the 

present, and the future. J. Ecol. 96, 18–34 

Bruno, J.F., Bertness, M.D., 2001. Habitat modification and facilitation in benthic 

marine communities. Mar. Community Ecol. 201–218 

Bruno, J.F., Stachowicz, J.J., Bertness, M.D., 2003. Inclusion of facilitation into 

ecological theory. Trends Ecol. Evol. 18, 119–125 

Bulleri, F., 2009. Facilitation research in marine systems: State of the art, emerging 

patterns and insights for future developments. J. Ecol. 97, 1121–1130  

Bulleri, F., Cristaudo, C., Alestra, T., Benedetti-Cecchi, L., 2011. Crossing gradients 

of consumer pressure and physical stress on shallow rocky reefs: A test of the 

stress-gradient hypothesis. J. Ecol. 99, 335–344  

Bulleri, F., Klemens Eriksson, B., Queiró, A., Airoldi, L., Arenas, F., Arvanitidis, 

C., Bouma, T.J., Crowe, T.P., Davoult, D., Guizien, K., Iveš, L., Jenkins, S.R., 

Michalet, R., Olabarria, C., Procaccini, G., Serrão, E.A., Wahl, M., Benedetti-

Cecchi, L., 2018. Harnessing positive species interactions as a tool against 

climate-driven loss of coastal biodiversity. PLOS Biol. 1–19  

Burkholder, D.A., Heithaus, M.R., Fourqurean, J.W., Wirsing, A., Dill, L.M., 2013. 

Patterns of top-down control in a seagrass ecosystem: Could a roving apex 

predator induce a behaviour-mediated trophic cascade? J. Anim. Ecol. 82, 

1192–1202 

Burrows, D.W., 2003. The role of insect leaf herbivory on the mangroves Avicennia 

marina and Rhizophora stylosa. PhD Thesis 

Buschbaum, C., Lackschewitz, D., Reise, K., 2012. Nonnative macrobenthos in the 

Wadden Sea ecosystem. Ocean Coast. Manag. 68, 89–101 

Buschbaum, C., Cornelius, A., Goedknegt, M.A., 2016. Deeply hidden inside 

introduced biogenic structures – Pacific oyster reefs reduce detrimental 



REFERENCES 

154 
 

barnacle overgrowth on native blue mussels. Journal of Sea Research 117, 20-

26 

Buttger, H., Asmus, H., Asmus, R., Buschbaum, C., Dittmann, S., Nehls, G., 2008. 

Community dynamics of intertidal soft-bottom mussel beds over two decades. 

Helgoland Marine Research 62, 23-36 

Byers, J.E., Cuddington, K., Jones, C.G., Talley, T.S., Hastings, A., Lambrinos, J.G., 

Crooks, J.A., Wilson, W.G., 2006. Using ecosystem engineers to restore 

ecological systems. Trends Ecol. Evol. 21, 493–500 

 

C  

Callaway, R.M., 2007. Positive interactions and interdependence in plant 

communities. Springer, Dordrecht 

Cardinale, B.J., Palmer, M.A., Collins, S.L., 2002. Species diversity enhances 

ecosystem functioning through interspecific facilitation. Nature 415, 426–429 

Carrington, E., Moeser, G.M., Thompson, S.B., Coutts, L.C., Craig, C.A., 2008. 

Mussel attachment on rocky shores: the effect of flow on byssus production. 

Integrative and comparative biology 48, 801-807 

Christianen, M.J.A., van der Heide, T., Holthuijsen, S.J., van der Reijden, K.J., Borst, 

A.C.W., Olff, H., 2017. Biodiversity and food web indicators of community 

recovery in intertidal shellfish reefs. Biol. Conserv. 213, 317–324  

Christianen, M.J.A., Middelburg, J.J., Holthuijsen, S.J., Jouta, J., Compton, T.J., van 

der Heide, T., Piersma, T., Sinninghe Damsté, J.S., van der Veer, H.W., 

Schouten, S., Olff, H., 2017a. Benthic primary producers are key to sustain 

the Wadden Sea food web: stable carbon isotope analysis at landscape scale. 

Ecology 98, 1498-1512 

Ciutat, A., Widdows, J., Readman, J.W., 2006. Influence of cockle Cerastoderma 

edule bioturbation and tidal-current cycles on resuspension of sediment and 

polycyclic aromatic hydrocarbons. Mar. Ecol. Prog. Ser. 328, 51–64 

Ciutat, A., Widdows, J., Pope, N.D., 2007. Effect of Cerastoderma edule density on 

near-bed hydrodynamics and stability of cohesive muddy sediments. J. Exp. 

Mar. Bio. Ecol. 346, 114–126 

Clarke, P.J., 1993. Dispersal of grey mangrove (Avicennia marina) propagules in 

southeastern Australia. Aquat. Bot. 45, 195–204 

Clarke, R., Warwick, M., 1998. Quantifying structural redundancy in ecological 

communities. Oecologia 113, 278–289 

Cocheret De La Morinière, E., Nagelkerken, I., Van Der Meij, H., Van Der Velde, 

G., 2004. What attracts juvenile coral reef fish to mangroves: Habitat 

complexity or shade? Mar. Biol. 144, 139–145  

Commito, J.A., 1987. Adult-larval interactions: predictions, mussels and cocoons. 

Estuar. Coast. shelf Sci. 25, 599–606 

Commito, J.A., Boncavage, E.M., 1989. Suspension-feeders and coexisting infauna: 

an enhancement counterexample. J. Exp. Mar. Bio. Ecol. 125, 33–42 

Commito, J.A., Como, S., Grupe, B.M., Dow, W.E., 2008. Species diversity in the 

soft-bottom intertidal zone: Biogenic structure, sediment and macrofauna 



REFERENCES 

155 
 

across mussel bed spatial scales. J. Exp. Mar. Bio. Ecol. 366, 70–81 

Connell, J.H., 1978. Diversity in tropical rain forests and coral reefs. Science. 199, 

1302–1310 

Cornacchia, L., van de Koppel, J., van der Wal, D., Wharton, G., Puijalon, S., 

Bouma, T.J., 2018. Landscapes of facilitation: how self-organized patchiness 

of aquatic macrophytes promotes diversity in streams. Ecology 99, 832–847  

Cozzoli, F., Gjoni, V., Del Pasqua, M., Hu, Z., Ysebaert, T., Herman, P.M.J., Bouma, 

T.J., 2019. A process based model of cohesive sediment resuspension under 

bioturbators’ influence. Sci. Total Environ. 670, 18–30 

Cozzoli, F., Gomes da Conceição, T., Van Dalen, J., Fang, X., Gjoni, V., Herman, 

P.M.J., Hu, Z., Soissons, L.M., Walles, B., Ysebaert, T., Bouma, T.J., 2020. 

Biological and physical drivers of bio-mediated sediment resuspension: A 

flume study on Cerastoderma edule. Estuar. Coast. Shelf Sci. 241, 1-12 

Crain, C.M., Bertness, M.D., 2006. Ecosystem engineering across environmental 

gradients: implications for conservation and management. Bioscience 56, 

211–218 

Cramer, M.J., Willig, M.R., 2005. Habitat heterogeneity, species diversity and null 

models. Oikos 108, 209–218 

Crotty, S.M., Angelini, C., 2020. Geomorphology and species interactions control 

facilitation cascades in a salt marsh ecosystem. Curr. Biol. 30, 1562–1571 

Crotty, S.M., Bertness, M.D., 2015. Positive interactions expand habitat use and the 

realized niches of sympatric species. Ecology 96, 2575–2582 

Cruz-Angón, A., Baena, M.L., Greenberg, R., 2009. The contribution of epiphytes 

to the abundance and species richness of canopy insects in a Mexican coffee 

plantation. J. Trop. Ecol. 25, 453–463 

CWSS, 2010. Sylt declaration and 2010 joint declaration, 11th Trilateral 

Government Conference on the Protection of the Wadden Sea, 

Westerland/Sylt 18 March 2010. Common Wadden Sea Secretariat (CWSS), 

Wilhelmshaven, Germany 

 

D 
Dairain, A., Maire, O., Meynard, G., Richard, A., Rodolfo-Damiano, T., Orvain, F., 

2020. Sediment stability: can we disentangle the effect of bioturbating species 

on sediment erodibility from their impact on sediment roughness? Mar. 

Environ. Res. 162 

Das, S., Crépin, A.S., 2013. Mangroves can provide protection against wind damage 

during storms. Estuar. Coast. Shelf Sci. 134, 98–107 

Davidowitz, G., Rosenzweig, M.L., 1998. The latitudinal gradient of species 

diversity among North American grasshoppers (Acrididae) within a single 

habitat: a test of the spatial heterogeneity hypothesis. J. Biogeogr. 25, 553–

560 

Dayton, P., 1972. Toward an understanding of resilience and the potential effects of 

enrichments to the benthos at McMurdo Sound, Antarctica. Proc. Colloq. 

Conserv. Probl. Antarct. Lawrence, Kansas: Allen Press 



REFERENCES 

156 
 

Dayton, P.K., 1975. Experimental evaluation of ecological dominance in a rocky 

intertidal community. Ecological Monographs 45, 137-159 

Delany, J., Myers, A.A., McGrath, D., 1998. Recruitment, immigration and 

population structure of two coexisting limpet species in mid-shore tidepools, 

on the West Coast of Ireland. J. Exp. Mar. Bio. Ecol. 221, 221–230 

Des Roches, S., Post, D.M., Turley, N.E., Bailey, J.K., Hendry, A.P., Kinnison, M.T., 

Schweitzer, J.A., Palkovacs, E.P., 2018. The ecological importance of 

intraspecific variation. Nat. Ecol. Evol. 2, 57–64 

Dijkstra, J.A., Harris, L.G., Mello, K., Litterer, A., Wells, C., Ware, C., 2017. 

Invasive seaweeds transform habitat structure and increase biodiversity of 

associated species. J. Ecol. 105, 1668–1678  

Dittmann, S., 1990. Mussel beds - amensalism or amelioration for intertidal fauna? 

Helgoländer Meeresuntersuchungen 44, 335–352  

Donadi, S., Westra, J., Weerman, E.J., van der Heide, T., van der Zee, E.M., van de 

Koppel, J., Olff, H., Piersma, T., van der Veer, H.W., Eriksson, B.K., 2013. 

Non-trophic interactions control benthic producers on intertidal flats. 

Ecosystems 16, 1325–1335  

Donadi, S., van der Heide, T., van der Zee, E.M., Eklof, J.S., van de Koppel, J., 

Weerman, E.J., Piersma, T., Olff, H., Eriksson, B.K., 2013a. Cross-habitat 

interactions among bivalve species control community structure on intertidal 

flats. Ecology 94, 489-498 

Donadi, S., van der Zee, E.M., van der Heide, T., Weerman, E.J., Piersma, T., van 

de Koppel, J., Olff, H., Bartelds, M., van Gerwen, I., Eriksson, B.K., 2014. 

The bivalve loop: Intra-specific facilitation in burrowing cockles through 

habitat modification. J. Exp. Mar. Bio. Ecol. 461, 44–52  

Donadi, S., van der Heide, T., Piersma, T., van der Zee, E.M., Weerman, E.J., van 

de Koppel, J., Olff, H., Devine, C., Hernawan, U.E., Boers, M., Planthof, L., 

Klemens Eriksson, B., 2015. Multi-scale habitat modification by coexisting 

ecosystem engineers drives spatial separation of macrobenthic functional 

groups. Oikos 124, 1502–1510 

Dornelas, M., Gotelli, N.J., McGill, B., Shimadzu, H., Moyes, F., Sievers, C., 

Magurran, A.E., 2014. Assemblage time series reveal biodiversity change but 

not systematic loss. Science 344, 296–299  

Duke, N.C., Ball, M.C., Ellison, J.C., 1998. Factors influencing biodiversity and 

distributional gradients in mangroves. Glob. Ecol. Biogeogr. Lett. 7, 27–47 

 

E 
Eichhorn, G., Afanasyev, V., Drent, R.H., Van Der Jeugd, H.P., 2006. Spring 

stopover routines in Russian Barnacle Geese Branta leucopsis tracked by 

resightings and geolocation. ARDEA 94, 667–677 

Engel, F.G., Alegria, J., Andriana, R., Donadi, S., Gusmao, J.B., van Leeuwe, M.A., 

Matthiessen, B., Eriksson, B.K., 2017. Mussel beds are biological power 

stations on intertidal flats. Estuar. Coast. Shelf Sci. 191, 21–27  

Eriksson, B.K., Johansson, G., 2005. Effects of sedimentation on macroalgae: 



REFERENCES 

157 
 

species-specific responses are related to reproductive traits. Oecologia 143, 

438-448 

Eriksson, B.K., Rubach, A., Hillebrand, H., 2006a. Biotic habitat complexity 

controls species diversity and nutrient effects on net biomass production. 

Ecology 87, 246-254 

Eriksson, B.K., Rubach, A., Hillebrand, H., 2006b. Community dominance by a 

canopy species controls the relationship between macroalgae production and 

species richness. Limnol. Oceanogr. 51, 1813-1818 

Eriksson, B.K., Rubach, A., Hillebrand, H., 2007. Dominance by a canopy forming 

seaweed modifies resource and consumer control of bloom-forming 

macroalgae. Oikos 116, 1211-1219 

Eriksson, B.K., Ljunggren, L., Sandstrom, A., Johansson, G., Mattila, J., Rubach, A., 

Raberg, S., Snickars, M., 2009. Declines in predatory fish promote bloom-

forming macroalgae. Ecological Applications 19, 1975-1988 

Eriksson, B.K., Westra, J., Gerwen, I. Van, Weerman, E., Zee, E. Vander, Heide, T. 

Vander, Koppel, J. Van de, Olff, H., Piersma, T., Donadi, S., 2017. 

Facilitation by ecosystem engineers enhances nutrient effects in an intertidal 

system. Ecosphere 8, 1–12 

Eriksson, B.K., Hillebrand, H., 2019. Rapid reorganization of global biodiversity. 

Science 366, 308–309  

Eschweiler, N., Christensen, H.T., 2011. Trade-off between increased survival and 

reduced growth for blue mussels living on Pacific oyster reefs. Journal of 

Experimental Marine Biology and Ecology 403, 90-95 

Estes, J.A., Palmisano, J.F., 1974. Sea otters: their role in structuring nearshore 

communities. Science 185, 1058–1060 

Estes, J.E., Smith, N.S., Palmisano, J.F., 1978. Sea otter predation and community 

organization in the western Aleutian Islands, Alaska. Ecology 59, 822–833 

 

F 
Feller, I.C., Lovelock, C.E., Berger, U., McKee, K.L., Joye, S.B., Ball, M.C., 2010. 

Biocomplexity in mangrove ecosystems. Ann. Rev. Mar. Sci. 2, 395–417 

Firth, L.B., Thompson, R.C., White, F.J., Schofield, M., Skov, M.W., Hoggart, 

S.P.G., Jackson, J., Knights, A.M., Hawkins, S.J., 2013. The importance of 

water-retaining features for biodiversity on artificial intertidal coastal defence 

structures. Divers. Distrib. 19, 1275–1283 

Firth, L.B., Schofield, M., White, F.J., Skov, M.W., Hawkins, S.J., 2014. 

Biodiversity in intertidal rock pools: Informing engineering criteria for 

artificial habitat enhancement in the built environment. Mar. Environ. Res. 

102, 122–130 

Fitzsimons, J.A., Branigan, S., Gillies, C.L., Brumbaugh, R.D., Cheng, J., 

DeAngelis, B.M., Geselbracht, L., Hancock, B., Jeffs, A., McDonald, T., 

McLeod, I.M., Pogoda, B., Theuerkauf, S.J., Thomas, M., Westby, S., zu 

Ermgassen, P.S.E., 2020. Restoring shellfish reefs: global guidelines for 

practitioners and scientists. Conserv. Sci. Pract. 1-11 



REFERENCES 

158 
 

Flach, E.C., 1996. The influence of the cockle, Cerastoderma edule, on the 

macrozoobenthic community of tidal flats in the Wadden Sea. Mar. Ecol. 17, 

87–98 

Flowers, T.J., Colmer, T.D., 2008. Salinity tolerance in halophytes. New Phytol. 179, 

945–963 

Fogel, B.N., Crain, C.M., Bertness, M.D., 2004. Community level engineering 

effects of Triglochin maritima (seaside arrowgrass) in a salt marsh in northern 

New England, USA. J. Ecol. 92, 589–597 

 

G 
Gerard, V.A., 1984. The light environment in a giant kelp forest: influence of 

Macrocystis pyrifera on spatial and temporal variability. Mar. Biol. 84, 189–

195 

Giam, X., Bradshaw, C.J.A., Tan, H.T.W., Sodhi, N.S., 2010. Future habitat loss and 

the conservation of plant biodiversity. Biol. Conserv. 143, 1594–1602 

Gillis, L.G., Bouma, T.J., Jones, C.G., van Katwijk, M.M., Nagelkerken, I., Jeuken, 

C.J.L., Herman, P.M.J., Ziegler, A.D., 2014. Potential for landscape-scale 

positive interactions among tropical marine ecosystems. Mar. Ecol. Prog. Ser. 

503, 289-303 

Gillis, L.G., Jones, C.G., Ziegler, A.D., van der Wal, D., Breckwoldt, A., Bouma, 

T.J., 2017. Opportunities for protecting and restoring tropical coastal 

ecosystems by utilizing a physical connectivity approach. Front. Mar. Sci. 4, 

1-7 

Gilman, E.L., Ellison, J., Duke, N.C., Field, C., 2008. Threats to mangroves from 

climate change and adaptation options: A review. Aquat. Bot. 89, 237–250 

Gingold, R., Mundo-Ocampo, M., Holovachov, O., Rocha-Olivares, A., 2010. The 

role of habitat heterogeneity in structuring the community of intertidal free-

living marine nematodes. Mar. Biol. 157, 1741–1753 

Gribben, P.E., Kimbro, D.L., Verges, A., Gouhier, T.C., Burrel, S., Garthwin, R.G., 

Cagigas, M.L., Tordoff, Y., Poore, A.G.B., 2017. Positive and negative 

interactions control a facilitation cascade. Ecosphere 8, 1–14 

Gribben, P.E., Angelini, C., Altieri, A.H., Bishop, M.J., Thomsen, M.S., Bulleri, F., 

2019. Facilitation cascades in marine ecosystems: A synthesis and future 

directions. Oceanogr. Mar. Biol. 57, 127–168 

Gutierrez, J.L., Jones, C.G., Strayer, D.L., Iribarne, O.O., 2003. Mollusks as 

ecosystem engineers: the role of shell production in aquatic habitats. Oikos 

101, 79–90 

 

H 
Hairston, N.G., Smith, F.E., Slobodkin, L.B., 1960. Community structure, population 

control, and competition. Am. Nat. 421–425 

Halpern, B.S., Silliman, B.R., Olden, J.D., Bruno, J.P., Bertness, M.D., 2007. 

Incorporating positive interactions in aquatic restoration and conservation. 



REFERENCES 

159 
 

Front. Ecol. Environ. 5, 153–160 

Hansen, J.P., Wikström, S.A., Axemar, H., Kautsky, L., 2011. Distribution 

differences and active habitat choices of invertebrates between macrophytes 

of different morphological complexity. Aquat. Ecol. 45, 11–22 

Harley, C.D.G., 2011. Climate change, keystone predation, and biodiversity loss. 

Science 334, 1124–1127 

Harmon, J.P., Moran, N.A., Ives, A.R., 2009. Species response to environmental 

change: impacts of food web interactions and evolution. Science 323, 1347–

1350 

He, Q., Bertness, M.D., Altieri, A.H., 2013. Global shifts towards positive species 

interactions with increasing environmental stress. Ecol. Lett. 16, 695–706  

Heiss, W.M., Smith, A.M., Probert, P.K., 2000. Influence of the small intertidal 

seagrass Zostera novazelandica on linear water flow and sediment texture. 

New Zeal. J. Mar. Freshw. Res. 34, 689–694 

Herbert, R.J.H., Humphreys, J., Davies, C.J., Roberts, C., Fletcher, S., Crowe, T.P., 

2016. Ecological impacts of non-native Pacific oysters (Crassostrea gigas) 

and management measures for protected areas in Europe. Biodiversity and 

Conservation 25, 2835-2865 

Hoffmann, M., Hilton-Taylor, C., Angulo, A., Böhm, M., Brooks, T.M., Butchart, 

S.H.M., Carpenter, K.E., et al., 2010. The impact of conservation on the status 

of the world’s vertebrates. Science 330, 1503–1509.  

Holmgren, M., Scheffer, M., 2010. Strong facilitation in mild environments: the 

stress gradient hypothesis revisited. J. Ecol. 98, 1269–1275 

Honeywill, C., Paterson, D.M., Hagerthey, S.E., 2002. Determination of 

microphytobenthic biomass using pulse-amplitude modulated minimum 

fluorescence. Eur. J. Phycol. 37, 485–492  

Hughes, A.R., Gribben, P.E., Kimbro, D.L., Bishop, M.J., 2014. Additive and site-

specific effects of two foundation species on invertebrate community 

structure. Mar. Ecol. Prog. Ser. 508, 129–138 

Hunt, H.L., Scheibling, R.E., 2001. Predicting wave dislodgment of mussels: 

variation in attachment strength with body size, habitat, and season. Mar. 

Ecol. Prog. Ser. 213, 157–164 

Hurd, C., Harrison, P., Bischop, K., Lobban, C., 2014. Seaweed ecology and 

physiology. Cambridge University Press, Cambridge 

Huston, M., 1979. A general hypothesis of species diversity. Am. Nat. 113, 81–101 

 

J 
Jeffrey, S.W., Humphrey, G.F., 1975. New spectrophotometric equations for 

determining chlorophylls a, b, c1 and c2 in higher plants, algae and natural 

phytoplankton. Biochem. und Physiol. der Pflanz. 167, 191–194 

Jenkins, S.R., Hawkins, S.J., Norton, T.A., 1999. Interaction between a fucoid 

canopy and limpet grazing in structuring a low shore intertidal community. 

Journal Of Experimental Marine Biology And Ecology 233, 41-63 

Jones, C.G., Gutiérrez, J.L., Byers, J.E., Crooks, J.A., Lambrinos, J.G., Talley, T.S., 



REFERENCES 

160 
 

2010. A framework for understanding physical ecosystem engineering by 

organisms. Oikos 119, 1862–1869  

Jones, C.G., Lawton, J.H., Shachak, M., 1994. Organisms as Ecosystem Engineers. 

Oikos 69, 373–386 

Jones, C.G., Lawron, J.H., Shachak, M., 1997. Positive and negative effects of 

organisms as physical ecosystem engineers. Ecology 78, 1946–1957 

 

K  

Kamermans, P., 1993. Food limitation in cockles (Cerastoderma edule (L.)): 

Influences of location on tidal flat and of nearby presence of mussel beds. 

Netherlands J. Sea Res. 31, 71–81  

Kangeri, A.K., Jansen, J.M., Barkman, B.R., Donker, J.J.A., Joppe, D.J., Dankers, 

N.M.J.A., 2014. Perturbation induced changes in substrate use by the blue 

mussel, Mytilus edulis, in sedimentary systems. Journal of Sea Research 85, 

233-240 

Kaspar, H.F., Gillespie, P.A., Boyer, I.C., MacKenzie, A.L., 1985. Effects of mussel 

aquaculture on the nitrogen cycle and benthic communities in Kenepuru 

Sound, Marlborough Sounds, New Zealand. Mar. Biol. 85, 127–136 

Kawai, T., Tokeshi, M., 2007. Testing the facilitation-competition paradigm under 

the stress-gradient hypothesis: decoupling multiple stress factors. Proc. R. 

Soc. B Biol. Sci. 274, 2503–2508 

Kersen, P., Kotta, J., Bučas, M., Kolesova, N., Deķere, Z., 2011. Epiphytes and 

associated fauna on the brown alga Fucus vesiculosus in the Baltic and the 

North Seas in relation to different abiotic and biotic variables. Mar. Ecol. 32, 

87–95 

Kochmann, J., Buschbaum, C., Volkenborn, N., Reise, K., 2008. Shift from native 

mussels to alien oysters: Differential effects of ecosystem engineers. J. Exp. 

Mar. Bio. Ecol. 364, 1–10 

Koivisto, M.E., Westerbom, M., 2010. Habitat structure and complexity as 

determinants of biodiversity in blue mussel beds on sublittoral rocky shores. 

Mar. Biol. 157, 1463–1474  

Komyakova, V., Munday, P.L., Jones, G.P., 2013. Relative importance of coral 

cover, habitat complexity and diversity in determining the structure of reef 

fish communities. PLoS One 8, 1–12 

Kon, K., Kurokura, H., Tongnunui, P., 2010. Effects of the physical structure of 

mangrove vegetation on a benthic faunal community. J. Exp. Mar. Bio. Ecol. 

383, 171–180 

Kotta, J., Orav, H., Sandberg-Kilpi, E., 2001. Ecological consequence of the 

introduction of the polychaete Marenzelleria cf. viridis into a shallow-water 

biotope of the northern Baltic sea. J. Sea Res. 46, 273–280 

Kotta, J., Herkül, K., Kotta, I., Orav-Kotta, H., Lauringson, V., 2009. Effects of the 

suspension feeding mussel Mytilus trossulus on a brackish water macroalgal 

and associated invertebrate community. Mar. Ecol. 30, 56–64 

Kraan, C., Piersma, T., Dekinga, A., Koolhaas, A., Van Der Meer, J., 2007. Dredging 



REFERENCES 

161 
 

for edible cockles (Cerastoderma edule) on intertidal flats: short-term 

consequences of fisher patch-choice decisions for target and non-target 

benthic fauna. ICES J. Mar. Sci. 64, 1735–1742 

Kraan, C., Van Gils, J.A., Spaans, B., Dekinga, A., Bijleveld, A.I., Van Roomen, M., 

Kleefstra, R., Piersma, T., 2009. Landscape-scale experiment demonstrates 

that Wadden Sea intertidal flats are used to capacity by molluscivore migrant 

shorebirds. J. Anim. Ecol. 78, 1259–1268  

Kraan, C., Aarts, G., Meer, J. Van Der, Piersma, T., 2010. The role of environmental 

variables in structuring landscape-scale species distributions in seafloor 

habitats. Source Ecol. Ecol. 91, 1583–1590 

Kristensen, L.D., Stenberg, C., Støttrup, J.G., Poulsen, L.K., Christensen, H.T., 

Dolmer, P., Landes, A., Røjbek, M., Thorsen, S.W., Holmer, M., Deurs, M. 

V, Grønkjær, P., 2015. Establishment of blue mussel beds to enhance fish 

habitats. Appl. Ecol. Environ. Res. 13, 783–798 

 

L 
Laegdsgaard, P., Johnson, C.R., 1995. Mangrove habitats as nurseries: unique 

assemblages of juvenile fish in subtropical mangroves in eastern Australia. 

Mar. Ecol. Prog. Ser. 126, 67–81  

Lanham, B.S., Poore, A.G.B., Gribben, P.E., 2020. Facilitation cascades create a 

predation refuge for biodiversity in a novel connected habitat. Ecosphere 11, 

e03053 

Legendre, P., Andersson, M.J., 1999. Distance-based redundancy analysis: testing 

multispecies responses in multifactorial ecological experiments. Ecol. 

Monogr. 69, 1–24 

Lenihan, H.S., 1999. Physical-biological coupling on oyster reefs: how habitat 

structure influences individual performance. Ecol. Monogr. 69, 251–275 

Levin, S.A., Paine, R.T., 1974. Disturbance, patch formation, and community 

structure. Proc. Natl. Acad. Sci. U. S. A. 71, 2744–2747 

Levin, S.A., 1976. Population dynamic models in heterogeneous environments. 

Annu. Rev. Ecol. Syst. 7, 287–310 

Lewis, F.G., Stoner, A.W., 1983. Distribution of macrofauna within seagrass beds: 

an explanation for patterns of abundance. Bull. Mar. Sci. 33, 296–304 

Li, B., Cozzoli, F., Soissons, L.M., Bouma, T.J., Chen, L., 2017. Effects of 

bioturbation on the erodibility of cohesive versus non-cohesive sediments 

along a current-velocity gradient: a case study on cockles. J. Exp. Mar. Bio. 

Ecol. 496, 84–90 

Liancourt, P., Le Bagousse-Pinguet, Y., Rixen, C., Dolezal, J., 2017. SGH: Stress or 

strain gradient hypothesis? Insights from an elevation gradient on the roof of 

the world. Ann. Bot. 120, 29–38 

Lilley, S.A., Schiel, D.R., 2006. Community effects following the deletion of a 

habitat-forming alga from rocky marine shores. Oecologia 148, 672–681  

Lortie, C.J., Callaway, R.M., 2006. Re-analysis of meta-analysis: support for the 

stress-gradient hypothesis. J. Ecol. 94, 7–16 



REFERENCES 

162 
 

Lotze, H.K., Reise, K., Worm, B., Van Beusekom, J., Busch, M., Ehlers, A., 

Heinrich, D., Hoffmann, R.C., Holm, P., Jensen, C., Knottnerus, O.S., 

Langhanki, N., Prummel, W., Vollmer, M., Wolff, W.J., 2005. Human 

transformations of the Wadden Sea ecosystem through time: a synthesis. 

Helgoländer Meeresuntersuchungen 59, 84–95 

Løvas, S.M., Tørum, A., 2001. Effect of the kelp Laminaria hyperborea upon sand 

dune erosion and water particle velocities. Coastal Engineering 44, 37-63 

Luo, Z., Tang, S., Li, C., Fang, H., Hu, H., Yang, J., Ding, J., Jiang, Z., 2012. 

Environmental effects on vertebrate species richness: testing the energy, 

environmental stability and habitat heterogeneity hypotheses. PLoS One 7 

 

M  

MacArthur, R.H., MacArthur, J.W., 1961. On bird species diversity. Ecology 42, 

594–598 

MacArthur, R.H., Wilson, E.O., 1967. The theory of island biogeography. Princeton 

University Press, New Jersey, USA 

Maestre, F.T., Valladares, F., Reynolds, J.F., 2005. Is the change of plant-plant 

interactions with abiotic stress predictable? A meta-analysis of field results in 

arid environments. J. Ecol. 93, 748–757  

Manson, F.J., Loneragan, N.R., Skilleter, G.A., Phinn, S.R., 2005. An evaluation of 

the evidence for linkages between mangroves and fisheries: a synthesis of the 

literature and identification of research directions. Oceanogr. Mar. Biol. an 

Anu. Rev. 43, 485–515 

Markert, A., Wehrmann, A., Kröncke, I., 2010. Recently established Crassostrea-

reefs versus native Mytilus-beds: Differences in ecosystem engineering 

affects the macrofaunal communities (Wadden Sea of Lower Saxony, 

southern German Bight). Biological Invasions 12, 15-32 

Marzinelli, E.M., Leong, M.R., Campbell, A.H., Steinberg, P.D., Vergés, A., 2016. 

Does restoration of a habitat-forming seaweed restore associated faunal 

diversity? Restor. Ecol. 24, 81–90 

Mattson, J., Linden, O., 1983. Benthic macrofauna succession under mussels, 

Mytilus edulis L (Bivalvia) cultured on hanging long-fines. Sarsia 68, 97-102  

McAfee, D., Cole, V.J., Bishop, M.J., 2016. Latitudinal gradients in ecosystem 

engineering by oysters vary across habitats. Ecology 97, 929–939  

Mcintire, E.J.B., Fajardo, A., 2014. Facilitation as a ubiquitous driver of biodiversity. 

New Phytol. 201, 403–416 

McKenzie, P.F., Bellgrove, A., 2008. Dispersal of Hormosira banksii 

(Phaeophyceae) via detached fragments: Reproductive viability and 

longevity. J. Phycol. 44, 1108–1115 

Meager, J.J., Williamson, I., Loneragan, N.R., Vance, D.J., 2005. Habitat selection 

of juvenile banana prawns, Penaeus merguiensis de Man: testing the roles of 

habitat structure, predators, light phase and prawn size. J. Exp. Mar. Bio. Ecol. 

324, 89–98 

Menge, B.A., Sutherland, J.P., 1987. Community regulation: variation in 



REFERENCES 

163 
 

distribution, competition, and predation in relation to environmental stress and 

recruitment. Am. Nat. 130, 730–757. 

Menge, B.A., 1995. Indirect effects in marine rocky intertidal interaction webs: 

patterns and importance. Ecol. Monogr. 65, 21–74 

Messmer, V., Jones, G.P., Munday, P.L., Holbrook, S.J., Schmitt, R.J., Brooks, A.J., 

2011. Habitat biodiversity as a determinant of fish community structure on 

coral reefs. Ecology 92, 2285–2298 

Meynecke, J.O., Lee, S.Y., Duke, N.C., 2008. Linking spatial metrics and fish catch 

reveals the importance of coastal wetland connectivity to inshore fisheries in 

Queensland, Australia. Biol. Conserv. 141, 981-996 

Michalet, R., 2006. Is facilitation in arid environments the result of direct or complex 

interactions? New Phytol. 169, 3–6 

Michalet, R., 2007. Highlighting the multiple drivers of change in interactions along 

stress gradients. New Phytol. 173, 3–6 

Michalet, R., Le Bagousse-Pinguet, Y., Maalouf, J.P., Lortie, C.J., 2014. Two 

alternatives to the stress-gradient hypothesis at the edge of life: the collapse 

of facilitation and the switch from facilitation to competition. J. Veg. Sci. 25, 

609–613 

Michalet, R., Pugnaire, F.I., 2016. Facilitation in communities: underlying 

mechanisms, community and ecosystem implications. Funct. Ecol. 30, 3–9 

Moberg, F., Folke, C., 1999. Ecological goods and services of coral reef ecosystems. 

Ecol. Econ. 29, 215–233 

Moeser, G.M., Leba, H., Carrington, E., 2006. Seasonal influence of wave action on 

thread production in Mytilus edulis. The Journal of experimental biology 209, 

881-890 

Montserrat, F., van Colen, C., Provoost, P., Milla, M., Ponti, M., van den Meersche, 

K., Ysebaert, T., Herman, P.M.J., 2009. Sediment segregation by biodiffusing 

bivalves. Estuar. Coast. Shelf Sci. 83, 379–391 

Moran, M.J., 1985. The timing and significance of sheltering and foraging behaviour 

of the predatory intertidal gastropod Morula marginalba Blainville 

(Muricidae). J. Exp. Biol. Ecol. 93, 103–114 

Mortensen, S., Bodvin, T., Strand, Å., Holm, M., Dolmer, P., 2017. Effects of a bio-

invasion of the Pacific oyster, Crassostrea gigas (Thunberg, 1793) in five 

shallow water habitats in Scandinavia 

Mumby, P.J., Edwards, A.J., Arias-Gonzalez, J.E., Lindeman, K.C., Blackwell, Paul, 

G., Gall, A., Gorczynska, M.I., Harborne, A.R., Pescod, C.L., Renken, H., 

Wabnitz, C.C.C., LLewellyn, G., 2004. Mangroves enhance the biomass of 

coral reef fish communities in the Caribbian. Nature 38, 141–158 

Mumby, P.J., Hastings, A., 2008. The impact of ecosystem connectivity on coral reef 

resilience. J. Appl. Ecol. 45, 854-862 

Munguia, P., Osman, R.W., Hamilton, J., Whitlatch, R., Zajac, R., 2011. Changes in 

habitat heterogeneity alter marine sessile benthic communities. Ecol. Appl. 

21, 925–935 

 



REFERENCES 

164 
 

N 
Nagelkerken, I., Roberts, C.M., Van der Velde, G., Dorenbosch, M., Van Riel, M.C., 

Cocheret de la Morinière, E., Nienhuis, P.H., 2002. How important are 

mangroves and seagrass beds for coral-reef fish? The nursery hypothesis 

tested on an island scale. Mar. Ecol. Prog. Ser. 244, 299–305 

Nagelkerken, I., Blaber, S.J.M., Bouillon, S., Green, P., Haywood, M., Kirton, L.G., 

Meynecke, J.O., Pawlik, J., Penrose, H.M., Sasekumar, A., Somerfield, P.J., 

2008. The habitat function of mangroves for terrestrial and marine fauna: A 

review. Aquat. Bot. 89, 155–185 

Nathan, J., Meron, E., von Hardenberg, J., 2013. Spatial instabilities untie the 

exclusion-principle constraint on species coexistence. J. Theor. Biol. 335, 

198–204 

Naylor, R.L., Williams, S.L., Strong, D.R., 2001. Aquaculture - A gateway for exotic 

species. Science 294, 1655–1656 

Nehls, G., Thiel, M., 1993. Large-scale distribution patterns of the mussel Mytilus 

edulis in the Wadden Sea of Schleswig-Holstein: do storms structure the 

ecosystem? Netherlands J. Sea Res. 31, 181–187 

Nehls, G., Büttger, H., 2007. Spread of the Pacific Oyster Crassostrea gigas in the 

Wadden Sea. Causes and consequences of a successful invasion. CWSS 

Noël, L.M.L.J., Hawkins, S.J., Jenkins, S.R., Thompson, R.C., 2009. Grazing 

dynamics in intertidal rockpools: connectivity of microhabitats. J. Exp. Mar. 

Bio. Ecol. 370, 9–17 

Norkko, A., Hewitt, J.E., Thrush, S.F., Funnell, G.A., 2001. Benthic-pelagic 

coupling and suspension-feeding bivalves: linking site-specific sediment flux 

and biodeposition to benthic community structure. Limnol. Oceanogr. 46, 

2067–2072 

Norling, P., Kautsky, N., 2007. Structural and functional effects of Mytilus edulis on 

diversity of associated species and ecosystem functioning. Mar. Ecol. Prog. 

Ser. 351, 163–175 

Norling, P., Kautsky, N., 2008. Patches of the mussel Mytilus sp. are islands of 

biodiversity in subtidal sediment habitats in the Baltic Sea. Aquat. Biol. 4, 75–

87 

 

O 
Okuyama, T., Bolker, B.M., 2007. On quantitative measures of indirect interactions. 

Ecol. Lett. 10, 264–271 

Olff, H., Alonso, D., Berg, M.P., Eriksson, B.K., Loreau, M., Piersma, T., Rooney, 

N., 2009. Parallel ecological networks in ecosystems. Philos. Trans. R. Soc. 

Lond. B. Biol. Sci. 364, 1755–79 

Oliver, T.H., Isaac, N.J.B., August, T.A., Woodcock, B.A., Roy, D.B., Bullock, J.M., 

2015. Declining resilience of ecosystem functions under biodiversity loss. 

Nat. Commun. 6 

Orav-Kotta, H., Kotta, J., 2004. Food and habitat choice of the isopod Idotea baltica 



REFERENCES 

165 
 

in the northeastern Baltic Sea. Hydrobiologia 514, 79–85 

 

P 
Paine, R.T., 1966. Food Web Complexity and Species Diversity. Am. Nat. 100, 65–

75 

Paine, R.T., 1969. A note on trophic complexity and community stability. Am. Nat. 

103, 91–93 

Paine, R.T., 1974. Intertidal community structure - Experimental studies on the 

relationship between a dominant competitor and its principal predator. 

Oecologia 15, 93–120 

Paine, R.T., 1980. Food webs: linkage, interaction strength and community 

infrastructure. J. Anim. Ecol. 49, 666–685 

Paine, R.T., Levin, S.A., 1981. Intertidal Landscapes : Disturbance and the 

Dynamics of Pattern. Ecol. Monogr. 51, 145–178. 

Peacor, S.D., Werner, E.E., 1997. Trait-mediated indirect interactions in a simple 

aquatic food web. Ecology 78, 1146–1156 

Peterson, C.H., Grabowski, J.H., Powers, S.P., 2003. Estimated enhancement of fish 

production resulting from restoring oyster reef habitat: quantitative valuation. 

Mar. Ecol. Prog. Ser. 264, 249–264 

Pianka, E.R., 1966a. Convexity, desert lizards, and spatial heterogenity. Ecology 47, 

1055–1059 

Pianka, E.R., 1966b. Latitudinal gradients in species diversity: a review of concepts. 

Am. Nat. 100, 33–46 

Piersma, T., 2007. Using the power of comparison to explain habitat use and 

migration strategies of shorebirds worldwide. J. Ornithol. 148, 45–59 

Pimm, S.L., 2008. Biodiversity: climate change or habitat loss - which will kill more 

species? Curr. Biol. 18, 117–119 

Pinn, E.H., Mitchell, K., Corkill, J., 2005. The assemblages of groynes in relation to 

substratum age, aspect and microhabitat. Estuar. Coast. Shelf Sci. 62, 271–

282 

Pocklington, J.B., Keough, M.J., O’Hara, T.D., Bellgrove, A., 2019. The influence 

of canopy cover on the ecological function of a key autogenic ecosystem 

engineer. Diversity 11 

Pratchett, M.S., Hoey, A.S., Wilson, S.K., 2014. Reef degradation and the loss of 

critical ecosystem goods and services provided by coral reef fishes. Curr. 

Opin. Environ. Sustain. 7, 37–43 

Pringle, R.M., Doak, D.F., Brody, A.K., Jocqué, R., Palmer, T.M., 2010. Spatial 

pattern enhances ecosystem functioning in an African savanna. PLoS Biol. 8, 

1000377 

 

R 
Raffaelli, D., Limia, J., Pont, S., Hull, S., 1991. Interactions between the amphipod 

corophium volutator and macroalgal mats on estuarine mudflats. J. Mar. Biol. 



REFERENCES 

166 
 

Assoc. United Kingdom 71, 899–908 

Ragnarsson, S.A., Raffaelli, D., 1999. Effects of the mussel Mytilus edulis L . on the 

invertebrate fauna of sediments. J. Exp. Mar. Bio. Ecol. 241, 31–43 

Rainio, J., Niemelä, J., 2003. Ground beetles (Coleoptera: Carabidae) as 

bioindicators. Biodivers. Conserv. 12, 487–506 

Ramus, A.P., Silliman, B.R., Thomsen, M.S., Long, Z.T., 2017. An invasive 

foundation species enhances multifunctionality in a coastal ecosystem. Proc. 

Natl. Acad. Sci. U. S. A. 115 

Reise, K., 1983. Tidal Flat Ecology: an experimental approach to species 

interactions. Springer-Verlag Berlin Heidelberg, New York, Tokyo 

Reise, K., Buschbaum, C., Büttger, H., Rick, J., Wegner, K.M., 2017a. Invasion 

trajectory of Pacific oysters in the northern Wadden Sea. Marine Biology 164, 

68 

Reise, K., Buschbaum, C., Büttger, H., Wegner, K.M., 2017b. Invading oysters and 

native mussels: from hostile takeover to compatible bedfellows. Ecosphere 8, 

e01949 

Ripple, W.J., Estes, J.A., Schmitz, O.J., Constant, V., Kaylor, M.J., Lenz, A., Motley, 

J.L., Self, K.E., Taylor, D.S., Wolf, C., 2016. What is a trophic cascade? 

Trends Ecol. Evol. 31, 842–849.  

Rodriguez-Cabal, M.A., Barrios-Garcia, M.N., Nunez, M.A., 2012. Positive 

interactions in ecology: filling the fundamental niche. Ideas Ecol. Evol. 55, 

36–41 

Ruiz, G.M., Fofonoff, P.W., Carlton, J.T., Wonham, M.J., Hines, A.H., 2000. 

Invasion of coastal marine communities in North America: apparent patterns, 

processes, and biases. Annu. Rev. Ecol. Syst. 31, 481–531 

 

S 
Saier, B., 2002. Subtidal and intertidal mussel beds (Mytilus edulis L.) in the Wadden 

Sea: Diversity differences of associated epifauna. Helgol. Mar. Res. 56, 44-

50 

Saunders, D.A., Hobbs, R.J., Margules, C.R., 1999. Biological consequences of 

ecosystem fragmentation: a review. NCASI Tech. Bull. 2, 469–470 

Schiel, D.R., Lilley, S.A., 2007. Gradients of disturbance to an algal canopy and the 

modification of an intertidal community. Mar. Ecol. Prog. Ser. 339, 1–11 

Schmitz, O.J., Suttle, K.B., 2001. Effects of top predator species on direct and 

indirect interactions in a food web. Ecology 82, 2072–2081  

Silliman, B.R., Bertness, M.D., 2002. A trophic cascade regulates salt marsh primary 

production. Proc. Natl. Acad. Sci. U. S. A. 99, 10500–10505 

Silliman, B.R., Schrack, E., He, Q., Cope, R., Santoni, A., van der Heide, T., Jacobi, 

R., Jacobi, M., van de Koppel, J., 2015. Facilitation shifts paradigms and can 

amplify coastal restoration efforts. Proc. Natl. Acad. Sci. 112, 14295–14300 

Skilleter, G.., Warren, S., 2000. Effects of habitat modification in mangroves on the 

structure of mollusc and crab assemblages. J. Exp. Mar. Bio. Ecol. 244, 107–

129 



REFERENCES 

167 
 

Spitzer, K., Jaros, J., Havelka, J., Leps, J., 1997. Effect of small-scale disturbance on 

butterfly communities of an indochinese montane rainforest. Biol. Conserv. 

80, 9–15 

Stachowicz, J.J., 2001. Mutualism, Facilitation, and the Structure of Ecological 

Communities. Bioscience 51, 235–246 

Stachowicz, J.J., 2012. Niche expansion by positive interactions: realizing the 

fundamentals. A comment on Rodriguez-Cabal et al. Ideas Ecol. Evol. 5, 42–

43 

Stal, L.J., 2010. Microphytobenthos as a biogeomorphological force in intertidal 

sediment stabilization. Ecol. Eng. 36, 236–245 

Strauss, S.Y., 1991. Indirect effects in community ecology: their definition, study 

and importance. Trends Ecol. Evol. 6, 206–210 

Suchanek, T.H., 1978. The ecology of Mytilus edulis L. in exposed rocky intertidal 

communities. J. Exp. Biol. Ecol. 31, 105–120 

Suchanek, T.H., 1985. Mussels and their role in structuring rocky shore 

communities. In: The ecology of rocky coasts. P.G. Moore PG and R. Seed 

(eds.) Hodder & Stoughton Press, p.70–96 

 

T 
Terborgh, J., Feeley, K., Silman, M., Nuñez, P., Balukjian, B., 2006. Vegetation 

dynamics of predator-free land-bridge islands. J. Ecol. 94, 253–263 

Terrados, J., Duarte, C.M., 2000. Experimental evidence of reduced particle 

resuspension within a seagrass (Posidonia oceanica L.) meadow. J. Exp. Mar. 

Bio. Ecol. 243, 45–53. 

Tews, J., Brose, U., Grimm, V., Tielbörger, K., Wichmann, M.C., Schwager, M., 

Jeltsch, F., 2004. Animal species diversity driven by habitat 

heterogeneity/diversity: the importance of keystone structures. J. Biogeogr. 

31, 79–92 

Thompson, T.L., Glenn, E.P., 1994. Plaster standars to measure water motion. 

Limnol. Oceanogr. 39, 1768–1779 

Thomsen, M.S., 2010. Experimental evidence for positive effects of invasive 

seaweed on native invertebrates via habitat-formation in a seagrass bed. 

Aquat. Invasions 5, 341–346  

Thomsen, M.S., Wernberg, T., Altieri, A., Tuya, F., Gulbransen, D., Mcglathery, 

K.J., Holmer, M., Silliman, B.R., 2010. Habitat cascades: the conceptual 

context and global relevance of facilitation cascades via habitat formation and 

modification. Integr. Comp. Biol. 50, 158–175 

Thomsen, M.S., Altieri, A.H., Angelini, C., Bishop, M.J., Gribben, P.E., Lear, G., 

He, Q., Schiel, D.R., Silliman, B.R., South, P.M., Watson, D.M., Wernberg, 

T., Zotz, G., 2018. Secondary foundation species enhance biodiversity. Nat. 

Ecol. Evol. 2, 634–639 

Tilman, D., 1985. The resource-ratio hypothesis of plant succession. Am. Nat. 125, 

827–852 

Tirado, R., Pugnaire, F.I., 2005. Community structure and positive interactions in 



REFERENCES 

168 
 

constraining environments. Oikos 111, 437–444 

Tsutsumi, H., 1987. Population dynamics of Capitella capitata (Polychaeta; 

Capitellidae) in an organically polluted cove. Mar. Ecol. Prog. Ser. 36, 139–

149 

 

U 
Underwood, A.J., 1997. Experiments in ecology: their logical design and 

interpretation using analysis of variance. Cambridge University Press, 

Cambridge 

 

V 
Van de Koppel, J., Herman, P.M.J., Thoolen, P., Heip, C.H.R., 2001. Do alternate 

stable states occur in natural ecosystems? Evidence from a tidal flat. Ecology 

82, 3449–3461 

Van de Koppel, J., Gascoigne, J., Theraulaz, G., Rietkerk, M., Mooij, W.M., 

Herman, P.M.J., 2008. Experimental evidence for spatial self-organization 

and its emergent effects in mussel bed ecosystems. Sci. Reports 322 

Van de Koppel, J., Van der Heide, T., Altieri, A.H., Eriksson, B.K., Bouma, T.J., 

Olff, H., Silliman, B.R., 2015. Long-distance interactions regulate the 

structure and resilience of coastal ecosystems. Ann. Rev. Mar. Sci. 7, 139–

158 

Van der Heide, T., Van Nes, E.H., Geerling, G.W., Smolders, A.J.P., Bouma, T.J., 

Van Katwijk, M.M., 2007. Positive feedbacks in seagrass ecosystems: 

Implications for success in conservation and restoration. Ecosystems 10, 

1311–1322 

Van der Zee, E.M., van der Heide, T., Donadi, S., Eklof, J.S., Eriksson, B.K., Olff, 

H., van der Veer, H.W., Piersma, T., 2012. Spatially extended habitat 

modification by intertidal reef-building bivalves has implications for 

consumer-resource interactions. Ecosystems 15, 664-673 

Van der Zee, E.M., Tielens, E., Holthuijsen, S., Donadi, S., Eriksson, B.K., van der 

Veer, H.W., Piersma, T., Olff, H., van der Heide, T., 2015. Habitat 

modification drives benthic trophic diversity in an intertidal soft-bottom 

ecosystem. Journal of Experimental Marine Biology and Ecology 465, 41-48 

Van Straaten, L.M.J.., 1961. Sedimentation in tidal flat areas. J. Alberta Soc. Pet. 

Geol. 9, 1961–1968 

Van Winkle, W., 1970. Effect of environmental factors on byssal thread formation. 

Marine Biology 7, 143-148 

Verwijmeren, M., Rietkerk, M., Wassen, M.J., Smit, C., 2013. Interspecific 

facilitation and critical transitions in arid ecosystems. Oikos 122, 341–347  

Vozzo, M.L., Bishop, M.J., 2019. Co-occurring secondary foundation species have 

distinct effects on the recruitment and survival of associated organisms. Mar. 

Ecol. Prog. Ser. 608, 61–72 

 



REFERENCES 

169 
 

W 
Wall, C.C., Peterson, B.J., Gobler, C.J., 2008. Facilitation of seagrass Zostera marina 

productivity by suspension-feeding bivalves. Mar. Ecol. Prog. Ser. 357, 165–

174 

Waser, A.M., Splinter, W., van der Meer, J., 2015. Indirect effects of invasive species 

affecting the population structure of an ecosystem engineer. Ecosphere 6, 

art.109 

Waser, A.M., Deuzeman, S., Kangeri, A.K. w., van Winden, E., Postma, J., de Boer, 

P., van der Meer, J., Ens, B.J., 2016. Impact on bird fauna of a non-native 

oyster expanding into blue mussel beds in the Dutch Wadden Sea. Biol. 

Conserv. 202, 39–49 

Watson, D.M., 2016. Fleshing out facilitation – reframing interaction networks 

beyond top-down versus bottom-up. New Phytol. 211, 803–808 

Werner, E.E., Anholt, B.R., 1996. Predator-induced behavioral indirect effects: 

Consequences to competitive interactions in anuran larvae. Ecology 77, 157–

169 

Werner, E.E., Peacor, S.D., 2003. A review of trait-mediated indirect interactions in 

ecological communities. Ecology 84, 1083–1100 

Widdows, J., Brinsley, M., 2002. Impact of biotic and abiotic processes on sediment 

dynamics and the consequences to the structure and functioning of the 

intertidal zone. J. Sea Res. 48, 143–156 

Witman, J.D., Etter, R.J., Smith, F., 2004. The relationship between regional and 

local species diversity in marine benthic communities: a global perspective. 

Proc. Natl. Acad. Sci. 101, 15664–15669 

Wright, J.P., Jones, C.G., 2006. The concept of organisms as ecosystem engineers 

ten years on: progress, limitations, and challenges. Bioscience 56, 203–209 

Wright, J.P., Jones, C.G., Boeken, B., Shachak, M., 2006. Predictability of 

ecosystem engineering effects on species richness across environmental 

variability and spatial scales. J. Ecol. 94, 815–824  

Wright, J.T., Byers, J.E., DeVore, J.L., Sotka, E.E., 2014. Engineering or food? 

Mechanisms of facilitation by a habitat-forming invasive seaweed. Ecology 

95, 2699–2706 

 

Y 
Young, T.., Petersen, D.A., Clary, J.., 2005. The ecology of restoration: historical 

links, emerging issues and unexplored realms. Ecol. Lett. 8, 662–673 

Ysebaert, T., Herman, P.M.J., 2002. Spatial and temporal variation in benthic 

macrofauna and relationships with environmental variables in an estuarine, 

intertidal soft-sediment environment. Mar. Ecol. Prog. Ser. 244, 105–124 

 

Z  

Zhang, K., Liu, H., Li, Y., Xu, H., Shen, J., Rhome, J., Smith, T.J., 2012. The role of 



REFERENCES 

170 
 

mangroves in attenuating storm surges. Estuar. Coast. Shelf Sci. 102–103, 11–

23 

Zhang, S.Y., Silliman, B.R., 2019. A facilitation cascade enhances local biodiversity 

in seagrass beds. Diversity 11 

Zühlke, R., Reise, K., 1994. Response of macrofauna to drifting tidal sediments. 

Helgoländer Meeresuntersuchungen 48, 277–289 

  



REFERENCES 

171 
 

  



 

172 
 

 

 

 

  



 

173 
 

 

 
Summary  
 

  



SUMMARY 

174 
 

  



SUMMARY 

175 
 

SUMMARY 

 

Positive interactions between species play an important yet underappreciated role in 

shaping community composition. Habitat-forming species can facilitate associated 

organisms directly, or indirectly via facilitation cascades where facilitative 

interactions between multiple habitat-forming species result in large indirect effects 

on biodiversity and species abundances. The strong influence of habitat-forming 

species on biodiversity make them compelling targets for conservation and 

restoration efforts. However, in order to use habitat-forming species to their full 

potential it is crucial to ascertain how and where facilitative interactions occur. 

Despite a growing body of literature, the mechanisms that underpin facilitation 

cascades remain largely unexplored. Additionally, a considerable data gap exists 

regarding those factors that influence the spatial extent and strength of facilitation 

cascades. 

 

In this thesis I addressed these knowledge gaps by examining the facilitative 

interactions exerted by habitat-forming blue mussels Mytilus edulis L. in The 

Netherlands and mangroves Avicennia marina in south eastern Australia. 

Specifically, I investigated (1) the spatial scales across which facilitation cascades 

affect biodiversity, (2) the effects of inter- and intraspecific variation in species traits 

on facilitation, and (3) the effects of environmental changes on the strength of 

facilitation cascades.  

 

My experiment provided evidence for simultaneous large- (cross-habitat) and small- 

(nested) scale effects of blue mussels on invertebrate communities. At large spatial 

scales, dampening of wave energy by the habitat-former facilitated cockle banks, 

which in turn facilitated infauna. At a small spatial scale, the mussels trapped Fucus 

with its byssus threads, which in turn enhanced epifauna. 

  

Both inter- and intraspecific variation in traits were found to affect facilitative 

interactions at the small spatial scale. While Pacific oysters and blue mussels appear 

structurally and functionally similar, I demonstrated large differences in the 

facilitation cascades they support due to fundamental differences in their method of 

aggregation. Without byssus threads, oyster reefs were unable to capture Fucus and 
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instead served as a substrate for development of green algae of the genus Ulva. 

Subsequently I showed the complexity of Fucus to support diverse epifaunal 

communities. Furthermore, habitat heterogeneity generated by self-organization in 

blue mussels resulted in enhanced biodiversity on the mussel reef through 

microhabitat creation. Within temperate Australian mangroves, variation in 

morphological traits of the secondary habitat-forming macroalga Hormosira banksii 

affected community structure, presumably by determining the type and amount of 

niches available for invertebrates.   

 

Finally, I revealed that the strength of facilitation cascades in mangroves varied little 

across environmental gradients. This result was counter to predictions of the Stress 

Gradient Hypothesis, and presumably reflects the primary role of the mangroves in 

reducing environmental stresses experienced by inhabitants. 

 

Overall, this thesis has increased the understanding of how facilitation cascades can 

shape biodiversity across a range of spatial scales and ecosystems, and the sensitivity 

of positive interactions to trait variation. These results have ramifications for 

management initiatives that seek to enhance biodiversity through conservation or 

restoration of habitat-forming species, and their positive interactions. 
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SAMENVATTING 

 

Positieve interacties tussen soorten spelen een belangrijke maar ondergewaardeerde 

rol in het structureren van soortengemeenschappen. Habitatvormende soorten 

kunnen geassocieerde organismen direct of indirect faciliteren door cascades van 

facilitatie, waarbij interacties tussen meerdere habitatvormende soorten resulteren in 

verreikende indirecte effecten op biodiversiteit en soortenabundantie. De sterke 

invloed van habitatvormende soorten op biodiversiteit maakt deze soorten duidelijke 

doelen voor natuurbehoud en -herstel. Echter, om habitatvormende soorten tot hun 

volle potentie hiervoor te kunnen gebruiken is het cruciaal om vast te stellen hoe en 

waar faciliterende interacties voorkomen. Ondanks het toenemende aantal studies 

blijven de mechanismen die facilitatie-cascades onderbouwen nog grotendeels 

onbekend. Tevens is het nog onbekend welke factoren invloed hebben op het 

ruimtelijk voorkomen en de sterkte van facilitatie-cascades.  

 

In deze thesis deed ik onderzoek naar de faciliterende interacties die uitgeoefend 

worden door de habitatvormende gewone mossel Mytilus edulis L. in Nederland en 

door de mangrove, Avicennia marina, in mangrovebossen in Zuidoost-Australië. Ik 

onderzocht (1) de ruimtelijke afstanden waarover facilitatie-cascades biodiversiteit 

beïnvloeden, (2) de effecten van inter- en intraspecifieke variatie in 

soorteigenschappen op facilitatie, en (3) de effecten van klimaatgradiënten op de 

sterkte van facilitatie-cascades. 

 

Mijn experimenten lieten zien dat mosselen tegelijkertijd over lange en korte 

afstanden effect hebben op gemeenschappen van invertebrata. Door de golfkracht te 

verminderen achter het mosselbed faciliteerden de habitatvormende mosselen 

kokkelbedden over lange afstanden, die vervolgens infauna faciliteerden. Over korte 

afstanden faciliteerden mosselen met hun byssusdraden Fucus, een bruinwier, dat 

vervolgens de epifauna op het mosselbed faciliteerde.  

 

Zowel inter- en intraspecifieke variatie in soorteigenschappen beïnvloedt de 

faciliterende interacties over kleine afstanden. Terwijl de Japanse oester en de 

gewone mossel hetzelfde lijken in structuur en functie, liet ik zien dat er grote 

verschillen zijn in de facilitatie-cascades die zij teweegbrengen door de verschillen 
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in hun manier van aggregatie. Zonder de byssusdraden waren oesterriffen niet in staat 

om Fucus te verstrengelen en dienden ze in plaats daarvan als substraat voor de 

ontwikkeling van groene algen van het genus Ulva. 

  

Daarna toonde ik aan dat de complexiteit van Fucus diverse gemeenschappen van 

epifauna ondersteunt. Bovendien resulteerde habitatheterogeniteit, gegenereerd door 

de zelforganisatie van de mosselen, in verhoogde biodiversiteit op het mosselbed 

door de vorming van microhabitats. In de Australische mangroven beïnvloedde de 

variatie in morfologische eigenschappen van de secundaire habitatvormende 

macroalg Hormosira banksii de soortengemeenschappen, waarschijnlijk door het 

bepalen van het type en de hoeveelheid niches dat aanwezig is voor de invertebrata.  

 

Als laatste liet ik zien dat de sterkte van facilitatie-cascades in de mangroven weinig 

varieerde tussen de klimaatgradiënten. Dit resultaat gaat in tegen de voorspellingen 

van de Stress Gradiënt Hypothese en reflecteert waarschijnlijk de primaire rol van 

de mangroven in het reduceren van klimaatstressoren die ervaren worden door de 

geassocieerde soorten. 

 

Deze thesis draagt bij aan de kennis over hoe facilitatie-cascades biodiversiteit 

kunnen vormgeven over verschillende ruimtelijke afstanden en in verschillende 

ecosystemen en de gevoeligheid van positieve interacties voor variatie in 

soorteigenschappen. Deze resultaten hebben gevolgen voor managementinitiatieven 

die als doel hebben de biodiversiteit te vergroten door beheer en herstel van 

habitatvormende soorten en hun positieve interacties. 
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