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Thesis Abstract 

Lanice conchilega is an ecosystem engineering polychaete worm. It forms tube 

aggregations in temperate coastal zones, being particularly abundant in Europe. 

Tube aggregations engineer sandy-muddy marine sediments by posing as physical 

barriers which modulate water flow on the sediment surface, increasing local 

sedimentation and creating distinct micro-habitats within tube arrays for other 

organisms. Although previous research has greatly contributed to our understanding 

of how this organism engineers marine sediments, processes pertaining to formation 

and decay of its aggregations remained unclear. The main objective of this thesis 

was to elucidate these processes, in particular, to determine the role of 

population dynamics on engineering effects and the formation and decay of 

intertidal L. conchilega aggregations. Experiments were executed exploring the 

relationships between population dynamics, sedimentation, and mortality (chapter 2). 

Findings revealed that dense aggregations induce locally higher sedimentation and 

more stable sediments in comparison to bare surfaces. Abrupt sedimentation 

triggered tube-accretion and may form a positive feedback wherein growing tubes 

cause further sedimentation, hence contributing to aggregation maintenance. 

However, abrupt sedimentation of 5-12cm in height may hinder maintenance by 

increasing population mortality through smothering, which diminishes tube density 

and undermines further flow modulation. We also assessed temporal patterns in 

population structure, and investigated how these relate to ecosystem engineering by 

L. conchilega on marine sediments through monthly in-situ monitoring of intertidal 

aggregations (chapter 3). This revealed that seasonal population dynamics and 

demographic composition influence the temporal evolution of L. conchilega 

engineering effects, intensifying in periods of high density (i.e. recruitment), and 

decaying during periods of harsh conditions (i.e. winter). We also assessed the 

temporal evolution, persistence, and longevity of small-scale distribution patterns for 

intertidal L. conchilega aggregations (chapter 4). It was found that the formation of 

small-scale spatial patterns was associated to the aforementioned recruitment 

periods, prompting the formulation of a hypothetical conceptual model for 

aggregation formation and decay. We postulate that yearly recruitment in spring and 

autumn result in population replenishment and the formation of early small-scale 

spatial patterns. The latter are likely modified by continuing settlement and post-

settlement survival giving rise to different small-scale distribution patterns, while 
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aggregation decay was shown to occur apart from recruitment and likely due to 

population mortality. Lastly, we explored an alternative conceptual model for spatial-

pattern formation in L. conchilega aggregations by performing a modelling exercise 

assessing the role of food availability and assimilation on population dynamics 

(chapter 5). Findings from the exercise suggest that food availability and assimilation 

are likely to only marginally influence population density dynamics, which seems to 

be determined largely by the recruitment intensity. This thesis has lead us to 

conclude that spatial-pattern formation in L. conchilega aggregations is likely 

delineated by conditions during settlement and factors influencing post-settlement 

survival. Since hydrodynamic conditions often influence settlement and recruitment, 

we suggest that future research focus on the effects of hydrodynamic stress in L. 

conchilega larval settlement and survival at very small spatial scales. 
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Summary 

In 1994, Jones and co-authors penned the term óecosystem engineersô to describe 

organisms that modulate resources to other species by causing state changes in 

biotic and/or abiotic environmental properties and/or processes. These organisms 

can have tremendous impact on ecosystems, shaping the environment they live in. 

One example is the beaver (Castor sp). It constructs dams that interrupt river flow 

and cause flooding, consequently changing conditions which affect species 

composition across the landscape. Beavers are considered allogenic engineers, that 

is, they are organisms that cause change through their actions (in this case dam 

construction). Other organisms may cause change simply through presence, and in 

these cases they are called autogenic engineers. Reef-building organisms fall under 

the latter category, providing complex structures with a myriad of micro-habitats and 

conditions to other species. The calcareous constructs built by coral reefs, for 

example, provide such an abundance of resources that they sustain extensive trophic 

webs and extremely high species richness. Coastal and marine environments have a 

plethora of organisms that may be considered ecosystem engineers. For example, 

sting rays create feeding pits that provide shelter, mangrove crabs make burrows that 

modulate sediment biogeochemistry to microbial communities, and marsh tussocks 

modulate water flow creating distinct micro-habitats within the canopies for other 

species. This thesis focused on one case-study of autogenic engineering in the 

coastal environment, that of the sessile tube-building polychaete Lanice conchilega. 

Lanice conchilega is a terebellid worm that constructs tube aggregations. These can 

be considered reefs due to their extensive effects on both biotic and abiotic 

environmental properties. Lanice conchilega aggregations autogenically engineer 

marine sediments by attenuating water flow as it passes through tube arrays. This 

affects the sedimentation regime locally and reduces hydrodynamic stress within the 

aggregations. The changes imposed by L. conchilega may result in distinct micro-

conditions within an aggregation than that of the surrounding habitats, often 

sustaining high species richness and abundance. Autogenic effects from L. 

conchilega aggregations can vary across space and time. Aggregations may present 

patchy distributions, engineering alternating portions of a landscape and increasing 

spatial heterogeneity. They can also be ephemeral, disappearing in moments of high 

environmental stress, such as winter. Although previous research has greatly 

contributed to our understanding of how this organism engineers marine sediments, 
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several knowledge gaps remained that were addressed in this thesis. These gaps are 

summarized further, however, an in-depth description of knowledge gaps can be 

found in chapter 1 alongside descriptions of our study site and the organism of 

study. Our main objective was to elucidate the role of population dynamics on 

engineering effects and the formation and decay of intertidal L. conchilega 

aggregations. We focused on an intertidal L. conchilega population as a case study, 

located on the sandy beach of Boulogne-sur-mer (Nord Pas-de-Calais, France). We 

employed short-term experiments, medium-term monitoring (i.e. 1.5 years), remote 

sensing, and ecological modelling to achieve our main objective. What follows is a 

summary of the work executed for this thesis. 

Previous research employing model simulations suggest that flow attenuation by L. 

conchilega aggregations is a density-dependent process wherein high density 

aggregations attenuate flow more than low density ones. This relationship is likely 

nonlinear, that is, flow attenuation should cease to intensify past a density threshold. 

Nevertheless, a hypothetical mechanism for vertical expansion of L. conchilega 

aggregations was offered by the aforementioned research. High fine sediment 

deposition from autogenic engineering may trigger tube accretion, causing vertical 

expansion of an aggregation and further fine sediment deposition. This hypothetical 

mechanism was explored in chapter 2, wherein we investigated the autogenic 

engineering effects of Lanice conchilega aggregations through short-term 

experiments. Weekly in-situ estimations of sedimentary properties revealed that L. 

conchilega aggregations with density ranging between 3 200 and 16 318 ind·m-2 

have significantly different sedimentary properties than bare sand. However, 

properties did not vary within that density range, indicating that the relationship 

between flow attenuation and density is nonlinear. In-situ monitoring of L. conchilega 

density and several environmental properties for 3 weeks revealed marginally 

different temporal trends between centre and edges of aggregations following a 

natural disturbance (i.e. storm). This hinted at the presence of gradients within the 

aggregations that may contribute to the formation of patchy distributions. Lastly, a 

laboratory experiment revealed significantly higher mortality rates and tube building 

activity in the presence of sediment deposition between 5cm and 12cm in column 

height. As such, our findings are in agreement with the previous hypothetical 

mechanism, suggesting that a positive feedback between sedimentation and tube-

building activity may drive vertical expansion. However, the latter may be limited by 

deposition-induced mortality. 
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Tube dimensions as well as protruding height above the sediment surface 

determines autogenic engineering effects from polychaete tube aggregations by 

modulating their area of flow obstruction. During its development, L. conchilega 

individuals can grow from <1mm to approx. 5-6mm in inner tube diameter. As 

population dominance shifts from a majority of juveniles to adults, it can be expected 

that the area of flow obstruction per aggregation will change. As such, population 

dynamics and demographic structure may impact autogenic engineering effects. 

Previous research has addressed the relationship between engineering effects and 

physical characteristics of the tubes with experiments using mimic tubes and 

ecological modelling. However, there was still a knowledge gap on the role of 

changing tube dimensions and seasonal density fluctuations as in-situ populations 

had not been considered. This gap was addressed in chapter 3, wherein we 

analysed the seasonal evolution of population dynamics and ecosystem engineering 

effects of our case-study intertidal population. In-situ monitoring lasting 1.5 years 

revealed two recruitment periods: one in spring (during April) and one in autumn 

(during September-October). The spring recruitment had higher density of recruits 

(i.e. approx. 30 000 ind·m -2) than the one in autumn (i.e. approx. 4 000 ind·m-2), and 

this high density was associated to distinct environmental properties. This indicates 

that demographic processes may be responsible for periods of pronounced 

ecosystem engineering. Nevertheless, mass mortality severely reduced population 

density during winter. However, the population persisted, likely due to recruits from 

other populations, which are associated to short- and long-term population dynamics. 

Lanice conchilega frequently displays a patchy or fragmented small-scale distribution, 

increasing spatial heterogeneity across the landscape which constitutes part of their 

ecological value. Their tube aggregations expand habitat availability to associated 

species, enabling an increase in species richness and abundance as previously 

mentioned. Previous research have focused on population dynamics and ecosystem 

engineering, but failed to encompass small-scale spatial dynamics. As such, 

knowledge on the small-scale distribution of L. conchilega aggregations is scarce 

despite its importance. This is likely due in part to difficulties of traditional sampling 

methods in properly sampling heterogeneous landscapes at the required resolutions 

(< 1m). To the best of our knowledge, there had not been a thorough characterisation 

of L. conchilega small-scale spatial patterns until the present work. We addressed 

this gap in chapter 4, wherein our case-study population was monitored for 1.5 years 

using kite aerial photography (KAP) and low-altitude digital photogrammetry to map 
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their small-scale distribution at ultra-high spatial resolution (i.e. approx. 3mm). These 

mapping methods produced 12 orthomosaics and digital elevation models with very-

high resolution and small local errors, enabling accurate measurement taking from 

the material. However, global large errors hindered analytical change detection, as 

such, analyses of the temporal evolution of L. conchilega small-scale distribution 

patterns was executed through visual interpretation. These were novel methods that 

enabled the characterisation of L. conchilega small-scale distribution patterns at 

unprecedented resolution. Further analyses on method performance can be found in 

chapter 4. Three distribution types were observed during our survey: patches, beds, 

and interrupted beds. Their differing morphologies indicated distinct mechanisms of 

formation. Distribution types were formed following recruitment periods, suggesting 

that pattern formation is a consequence of interactions between larval settlement and 

hydrodynamic conditions during that period. As such, these interactions are likely 

responsible for the variance in small-scale distribution types. 

Distribution patterns are often a consequence of multiple mechanisms working in 

tandem. As such, additional mechanisms for spatial pattern formation were also 

considered during the development of this thesis. These include consumer-resource 

interactions, wherein the distribution of an organism is dictated by a resource that it 

requires. Lanice conchilega is both a filter- and deposit-feeder, consuming mainly 

microorganisms from the water column and sediment surface. Previous flume 

experiments suggest that filter-feeding by L. conchilega worms can cause local water 

column depletion, creating gradients in food concentration that may impact individual 

worms downstream. Additionally, filter-feeding may be affected by competition for 

food, as has been shown for L. conchilega and the Pacific cupped oyster Crassostrea 

gigas in the Bay of Veys (France). As such, we explored the impact of consumer-

resource interactions on population dynamics through a population model in chapter 

5. A modelling framework was employed due to the complexity of L. conchilega 

feeding ecology, and it analysed potential effects of food limitation and assimilation 

on population. Preliminary results from the population model simulations suggest only 

a marginal importance of consumer-resource interactions on adult L. conchilega 

density dynamics. During our study, total density dynamics were mostly influenced by 

recruitment intensity and subsequent mortality. Thus, our preliminary findings 

highlighted the importance of recruitment and establishment of juvenile cohorts for 

total population density dynamics. 
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The insights gained on L. conchilega population dynamics and autogenic engineering 

through time and space during this thesis work was summarised and integrated in 

chapter 6. The chapter addresses the relationships between population dynamics 

and autogenic engineering, as well as potential mechanisms of spatial pattern 

formation. Lastly, it discusses how our findings can support ecosystem-based 

approaches to conservation, and presents future prospects for research. 

In conclusion, our findings support a nonlinear engineering relationship between tube 

density and flow attenuation, the latter ceasing to intensify past a density threshold of 

3 200 ind·m -2. Sedimentation may indeed contribute to the vertical expansion of L. 

conchilega aggregations, whereas catastrophic sedimentation may not only 

contribute but also limit it by inducing higher mortality. Density gradients within 

aggregation may contribute to the formation of patchy distributions by modulating 

vertical expansion in addition to creating patch-work ecosystem engineering effects 

across a landscape. However, further research needs to investigate whether 

significantly distinct densities occur between portions of an aggregation. Population 

dynamics influence intensity of autogenic engineering creating seasonal cycles of 

effects by likely modulating the area of flow obstruction. This may also contribute to 

the formation of patchy distributions in addition to gradients in density between 

portions of an aggregation. However, it seems more likely that processes pertaining 

to larval settlement and recruitment have higher importance in the formation of small-

scale spatial patterns in L. conchilega populated landscapes. We hypothesise that 

these processes may originate density gradients due to influences from 

hydrodynamic forcing, and/or enhance them due to adult presence facilitation through 

attenuation of hydrodynamic forcing. These hypothetical mechanisms may provide 

guidance to future research.  
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Samenvatting 

Jones en coauteurs definieerden voor het eerst de term óecosysteem ingenieursô in 

1994, waarbij ze organismen beschreven die de toegang tot bepaalde bronnen voor 

andere organismen veranderden door aanpassingen in biotische en/of abiotische 

omgevingseigenschappen en/of ïprocessen. Deze organismen kunnen een enorme 

impact hebben op ecosystemen, en vormen zo de omgeving waarin ze leven. Een 

bekend voorbeeld is de bever (Castor sp.), die dammen bouwt die de stroming van 

rivieren onderbreken, waardoor overstromingen veroorzaakt worden. Deze 

veranderde condities hebben tot gevolg dat de soortensamenstelling veranderd 

langsheen dit landschap. Bevers worden óallogene ingenieursô genoemd: organismen 

die veranderingen veroorzaken door hun activiteit (in dit voorbeeld het bouwen van 

dammen). Andere organismen kunnen simpelweg door hun aanwezigheid 

veranderingen teweegbrengen. Deze organismen worden óautogene ingenieursô 

genoemd. Rif bouwende organismen behoren tot deze laatste categorie, ze voorzien 

complexe structuren met een groot aantal micro-habitats en condities voor andere 

soorten. De kalkstructuren gebouwd door koraal bijvoorbeeld, zorgen voor een rijke 

hoeveelheid aan bronnen. Hierdoor kunnen ze een hoge biodiversiteit en een 

uitgebreid voedselnetwerken ondersteunen. Langsheen de kust en in mariene 

omgevingen vinden we een overvloed aan organismen die kunnen beschouwd 

worden als ecosysteem ingenieurs. De pijlstaartrog, bijvoorbeeld, creërt 

voedselputten die bescherming voor andere organismen voorzien. Krabben in 

mangroves maken gangen die de biogeochemie van sedimenten veranderen, 

evenals de microbiële gemeenschappen. Marsh-pollen moduleren de waterstroom en 

creëren verschillende microhabitats tussen grassprieten voor andere soorten. Deze 

thesis focust op één bepaalde ecosysteem ingenieur langsheen kusten: de sessiele 

kokerworm Lanice conchilega. 

Lanice conchilega is een borstelworm van de familie Terebellidae die een koker 

bouwt. Een opeenhoping van deze kokers kan worden beschouwd als een rif omwille 

van het extensief effect op zowel biotische als abiotische omgevingskenmerken. 

Aggregaties van Lanice conchilega zullen autogeen mariene sedimenten gaan 

bewerken door de waterstroom te verzwakken wanneer die tussen en boven de 

kokers passeert. Dit beïnvloedt lokaal de sedimentatie en vermindert de 

hydrodynamische stress binnen de aggregatie van kokers. Deze veranderingen, 

bewerkstelligd door L. conchilega, kunnen leiden tot verschillende micro-condities 

http://www.thefreedictionary.com/Terebellidae
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binnen deze aggregaties wat meestal een hogere soortenrijkdom en populatie 

densiteit vergeleken met de omliggende habitats tot gevolg heeft. Autogene effecten 

van de aggregaties van L. conchilega kunnen variëren afhankelijk van plaats en tijd. 

De aggregaties kunnen bestaan uit onregelmatige patches, afwisselende delen van 

het landschap die beïnvloed worden, en een verhoogde ruimtelijke heterogeniteit 

creëren. De aggregaties kunnen ook tijdelijk zijn, waarbij ze verdwijnen tijdens 

periodes van hoge omgevingsstress, zoals tijdens de winter. Hoewel eerder 

onderzoek sterk heeft bijgedragen tot het begrijpen van hoe deze organismen de 

mariene sedimenten kunnen bewerken, zijn er nog steeds gaten in onze kennis. 

Deze zullen in deze thesis belicht worden. Een gedetailleerd overzicht over deze 

kennis lacunes omtrent deze organismen en hun interactie met hun leefomgeving, 

kan teruggevonden worden in hoofdstuk 1, samen met een beschrijving van de 

studieplaats en de organismen. Ons belangrijkste doel was de rol van 

populatiedynamieken op het ingenieurs effect van de kokerworm te 

verduidelijken en de vorming van de intertidale L. conchilega aggregaties in 

ruimte en tijd te bestuderen. De focus lag op een intertidale L. conchilega populatie 

op het zandstrand van Boulogne-sur-mer (Nord Pas-de-Calais, Frankrijk). We pasten 

korte experimenten toe, gecombineerd met middellange termijn monitoring (anderhalf 

jaar), teledetectie en ecologische modellen om deze doelen te bewerkstelligen. Wat 

volgt is een samenvatting van deze thesis. 

Eerder onderzoek gebruikte simulaties die veronderstelden dat de 

stroomvermindering, veroorzaakt door de L. conchilega aggregaties, een 

densiteitsafhankelijk proces is, waarbij aggregaties met hoge densiteit de 

waterstroom meer verzwakken dan aggregaties met lagere densiteit. Echter, dit 

verband lijkt eerder niet-lineair waarbij de verzwakking van de stroom ophoudt 

wanneer een bepaalde densiteit bereikt is. Het hierboven vermelde onderzoek stelde 

eveneens een hypothetisch mechanisme voor de verticale expansie van L. 

conchilega aggregaties voor, namelijk dat de depositie van fijn sediment door 

autogene ingenieurs de aangroei van kokers kan versnellen, met een verdere 

verticale expansie van de aggregatie en een verdere depositie van fijn sediment. 

Deze hypothese werd onderzocht in hoofdstuk 2. In dit hoofdstuk werden de 

autogene ingenieurseffecten van L. conchilega aggregaties door middel van korte 

experimenten bestudeerd. Wekelijkse in-situ schattingen toonden aan dat L. 

conchilega aggregaties met densiteiten van 3 200 and 16 318 ind·m -2 significant 

verschillende sediment kenmerken vertoonden dan sediment zonder organismen. 
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Binnen dit densiteitbereik verschilden de kenmerken echter niet, wat aantoont dat het 

verband tussen de verzwakking van de stroom en de densiteit niet-lineair is. In-situ 

monitoring van L. conchilega densiteiten en omgevingskenmerken gedurende 3 

weken, toonde aan dat er kleine tijdelijke verschillen bestaan tussen het centrum en 

de randen van de aggregaties, wanneer een natuurlijke verstoring (storm) had 

plaatsgevonden. Dit toont aan dat de aanwezigheid van gradiënten binnen de 

aggregaties kan leiden tot onregelmatige distributies. Bovendien toonde een labo-

experiment aan dat er significant hogere mortaliteit en snellere kokervorming terug te 

vinden was wanneer er een sedimentdepositie tussen 5cm en 12cm in kolomhoogte 

plaats vond. Deze bevindingen bevestigen de eerder vermelde hypothese, en toont 

aan dat een positieve terugkoppeling tussen sedimentatie en kokervorming kan 

leiden tot verticale expansie. Dit laatste kan echter wel gelimiteerd worden door een 

verhoogde mortaliteit ten gevolge van de depositie. 

Zowel de dimensies van de koker als de uitstekende hoogte boven het 

sedimentoppervlak beïnvloeden de ingenieurseffecten van de kokerworm 

aggregaties, en dit door middel van het beïnvloeden van het areaal waar de 

waterstroom wordt tegengehouden. Tijdens hun ontwikkeling kunnen L. conchilega 

individuen groeien van <1mm tot ongeveer 5-6mm in diameter. Wanneer populaties 

veranderen van een dominantie aan juvenielen naar een dominantie aan adulten, 

kan er verwacht worden dat deze het areaal waar de stroom verzwakt wordt, zullen 

veranderen. Populatiedynamieken en demografische structuur kunnen op deze 

manier de autogene ingenieurseffecten beïnvloeden. Door middel van experimenten 

met nepkokers en ecologische modellen toonde eerder onderzoek een verband 

tussen ingenieurseffecten en fysische kenmerken van de kokers aan. Er ontbreekt 

echter nog steeds kennis met betrekking tot de rol van veranderende kokerdimensies 

en seizoenale densiteitfluctuaties, want in-situ populaties werden tot nu toe in deze 

context niet onderzocht. Dit werd verder bestudeerd in hoofdstuk 3, waarin 

seizoenale evoluties van populatiedemografie en de effecten van de ecosysteem 

ingenieurs van de bestudeerde populatie werden geëvalueerd. In-situ monitoring 

gedurende anderhalf jaar toonde aan dat er twee periodes van rekrutering zijn: één in 

de lente (april) en één tijdens de herfst (September-Oktober). De rekrutering in de 

lente leidde tot hogere densiteiten van rekruten (ongeveer 30 000 ind·m -2) 

vergeleken met deze in de herfst (ongeveer 4 000 ind·m -2), en deze hoge densiteiten 

waren geassocieerd met sterke veranderingen in sediment eigenschappen. Dit toont 

aan dat demografische processen verantwoordelijk kunnen zijn voor sterke 
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ecosysteem ingenieurs effecten. Massale mortaliteit zorgde echter voor een sterke 

afname in populatiedensiteit tijdens de winter. De bestudeerde populatie kon 

vermoedelijk overleven door rekruten van andere populaties.  

Op kleine schaal vertoont L. conchilega frequent een onregelmatig en 

gefragmenteerde distributie, wat zorgt voor een verhoging van de ruimtelijke 

heterogeniteit in het landschap. Dit draagt mee bij tot de ecologische waarde van de 

soort. De kokeraggregaties zorgen voor een uitbreiding van de aanwezige habitats 

die beschikbaar zijn voor geassocieerde soorten, wat kan leiden tot een verhoging in 

soortenrijkdom en populatie densiteiten. Eerder onderzoek  legde de nadruk op 

populatiedynamieken en ecosysteem ingenieurs effecten, maar hield meestal geen 

rekening met ruimtelijke dynamieken op kleine schaal. Kennis omtrent de distributie 

van L. conchilega aggregaties op kleine schaal is nog steeds beperkt voornamelijk 

doordat traditionele staalname methodes niet toelaten om in heterogene 

landschappen de verspreiding op een kleine ruimtelijke schaal (< 1m) accuraat te 

onderzoeken. Voor zover geweten is er geen karakerisatie van ruimtelijke patronen 

op kleine schaal van L. conchilega terug te vinden. Dit werd bestudeerd in hoofdstuk 

4, waar de studiepopulatie gedurende anderhalf jaar werd gemonitord met behulp 

van fotografie aan de hand van een vlieger (kite aerial photography, KAP) en digitale 

fotogrammetrie op lage hoogte. Deze innovatieve methode zorgde ervoor dat de 

karakterisatie van de verspreiding van L. conchilega op een ultrahoge resolutie (i.e. 

ong. 3mm) mogelijk werd. Drie distributietypes werden geobserveerd gedurende dit 

onderzoek: patches, aggregaties en onderbroken aggregaties. De verschillen in 

morfologie tonen verschillen in vorming aan. De distributietypes werden gevormd na 

de rekruteringsperiodes, wat aantoont dat ruimtelijke patronen gevormd worden als 

gevolg van interacties tussen larvale rekrutering en hydrodynamische condities 

gedurende deze periode. 

Distributiepatronen zijn vaak het gevolg van de wisselwerking tussen verschillende 

mechanismen. Aanvullende mechanismen voor ruimtelijke patroonvorming werden 

daarom ook bekeken tijdens deze thesis. Deze omvatten interacties tussen gebruiker 

en bron, waarbij de distributie van een organisme afhangt van de bronnen die het 

nodig heeft. Lanice conchilega is zowel een filter- als een depositievoeder, waarbij 

respectievelijk voornamelijk microorganismen vanuit het water en het sediment 

worden opgenomen. Eerder uitgevoerde experimenten suggereren dat filtervoeding 

in L. conchilega een uitputting van voedsel in de lokale waterkolom kan veroorzaken, 
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waarbij gradiënten in voedselconcentratie ontstaan, die op hun beurt de overleving 

en verspreiding van individuen kan beïnvloeden. Bovendien kan het filtervoeden 

beïnvloed worden door competitie voor voedsel, zoals al aangetoond voor L. 

conchilega en de Japanse oester Crassostrea gigas in de baai van Veys (Frankrijk). 

Om deze reden, onderzochten we in hoofdstuk 5 de impact van de gebruiker-

(voedsel)bron interacties op de densiteitsdynamieken van L. conchilega door middel 

van een populatiemodel. Omwille van de complexiteit van de voedselecologie van L. 

conchilega werd een modelleerkader gebruikt om de potentiele effecten van 

voedsellimitatie en assimilatie op de populatie te analyseren. Voorlopige resultaten 

van de simulaties van het  populatiemodel suggereren een beperkt belang van de 

gebruiker-bron interacties op densiteitsdynamieken van adulte L. conchilega. Tijdens 

onze studie werden totale densiteit dynamieken meestal beïnvloed door de intensiteit 

van rekrutering en de mortaliteit die hier op volgde. Onze voorlopige resultaten tonen 

het belang van rekrutering en de ontwikkeling van juveniele cohorten aan voor totale 

populatie dynamieken.  

De inzichten in populatiedynamieken en autogene ingenieurseffecten van L. 

conchilega doorheen de tijd en ruimte werden samengevat en geïntegreerd in 

hoofdstuk 6. Dit hoofdstuk bediscussieert het belang van verschillende temporele en 

ruimtelijke schalen voor de effecten van ecosysteem ingenieurs en hun rol in het 

bepalen van de distributie van L. conchilega op kleine ruimtelijke schaal. Bovendien 

wordt er bediscussieerd hoe onze bevindingen kunnen bijdragen tot het behoud van 

ecosystemen. Mogelijke toekomstige plannen worden tevens besproken.  

Als besluit kan gesteld worden dat onze bevindingen een niet-linear verband tussen 

kokerdensiteit en stroomvermindering bevestigen. Deze stroomvermindering nam 

niet meer toe vanaf een densiteit van 3 200 ind·m -2. Verder tonen we aan dat 

sedimentatie inderdaad kan bijdragen tot de verticale expansie van L. conchilega 

aggregaties, maar ook bijdraagt tot een hogere mortaliteit wat verticale expansie kan 

limiteren. Dichtheidsgradiënten binnen de aggregaties kunnen bijdragen aan de 

vorming van gefragmenteerde distributies door verticale expansie te beheersen en 

ongelijke effecten in een landschap te creëren. Toekomstig onderzoek zal moeten 

aantonen of sterk verschillende densiteiten effectief voorkomen binnen verschillende 

delen van een aggregatie. Populatiedynamiek beïnvloedt de intensiteit van autogene 

engineering en creëert seizoensgebonden variatie in hun effect op mariene 

sedimenten door het bepalen van het gebied van stromingsobstructie. Dit kan ook 
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bijdragen tot de vorming van een onregelmatige verspreiding, aanvullend op 

gradiënten in densiteit tussen delen van een aggregatie. In het bijzonder lijken de 

processen met betrekking tot de kolonisatie en rekrutering van juvenielen het 

grootste aandeel te hebben in de vorming van kleinschalige ruimtelijke patronen in 

landschappen waar L. conchilega voorkomt. We veronderstellen dat deze processen 

densiteitsgradiënten doen ontstaan als gevolg van de interactie met 

hydrodynamische invloeden, en/of dat de aanwezigheid van adulte organismen die 

deze interacties versterken door hydrodynamische invloeden af te zwakken. Deze 

hypotheses kunnen als leidraad voor toekomstig onderzoek dienen. 
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Résumé 

En 1994, Jones et co-auteurs d®finirent le terme ñing®nieurs dô®cosyst¯meò afin de 

d®crire tout organisme capable de moduler lôallocation de ressources ¨ dôautres 

espèces en changeant les propriétés et/ou processus biotiques et/ou abiotiques de 

lôenvironnement. Ces organismes peuvent impacter largement les ®cosyst¯mes en 

modulant leur habitat. Un exemple est le castor (Castor sp.). Cette espèce construit 

des barrages sur des rivi¯res, qui interrompent le flux dôeau et causent des 

inondations, ayant pour conséquence le changement de conditions environnantes, 

affectant ainsi la composition des espèces à travers le paysage. Les castors sont 

considérés des espèces-ing®nieur (ou ing®nieurs dô®cosyst¯me) allog®niques, côest-

à-dire des organismes qui changent lôenvironnement au travers de leurs actions 

(dans le cas pr®sent, la construction de barrages). Dôautres esp¯ces peuvent causer 

des changements simplement par leur présence, et sont alors appelées des 

espèces-ingénieur autogéniques. Les organismes constructeurs de récifs 

appartiennent à cette dernière catégorie, fournissant une structure complexe 

présentant une myriade de micro-habitats et conditions ¨ dôautres esp¯ces 

présentes. Les constructions calcaires engendrées par les récifs coralliens, par 

exemple, offrent une abondance de ressources capable de maintenir de vastes 

r®seaux trophiques ainsi quôune biodiversit® extr°mement ®lev®e. Les 

environnements marins et c¹tiers pr®sentent une pl®thore dôorganismes pouvant °tre 

consid®r®s ing®nieurs dô®cosyst¯me.  Les raies pastenague, par exemple, cr®ent des 

puits dôalimentation qui servent dôabri; les crabes de mangrove font des terriers qui la 

biogéochimie du sédiment utilisé par les communautés microbiennes, et les touffes 

dôherbes en zone mar®cageuse r®gulent les flux dôeau, cr®ant ainsi des micro-

habitats distincts dans les auvents pour dôautres esp¯ces. Cette th¯se se concentre 

lô®tude dôun organisme ingénieur présent en environnement côtier, le polychète 

Tubicole sédentaire, Lanice conchilega. 

Lanice conchilega est un ver térebellide qui construit des agrégats de tubes. Ces 

derniers peuvent être considérés des récifs dus à leurs effets sur les caractéristiques 

biotiques et abiotiques de lôenvironnement. Les massifs de Lanice conchilega ont un 

effet dôing®nierie autog®nique sur le s®diment marin en att®nuant lô®coulement de 

lôeau lorsquôelle traverse les r®seaux de tubes. Cela affecte localement le régime 

sédimentaire et réduit le stress hydrodynamique dans ces agrégations. Les 

changements imposés par L. conchilega peuvent entrainer des micro-conditions au 
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centre de ces agrégats distinctes de celles des habitats environnants, contribuant 

souvent à la richesse et abondance importance dôesp¯ces. Les effets autog®niques 

de L. conchilega peuvent varier dans le temps et lôespace. Les agr®gations peuvent 

présenter des distributions inégales et une modification alternée du paysage, 

augmentant ainsi lôh®t®rog®néité spatiale. Elles peuvent également être éphémères, 

et disparaitre lors de moments de stress environnemental élevé,  comme en hiver. 

Bien que des recherches antérieures aient grandement contribué à notre 

compréhension de la façon dont cet organisme modifie les sédiments marins, 

plusieurs lacunes dans ce domaine ont été abordées dans cette thèse. Ces lacunes 

sont résumées ultérieurement, et leur description détaillée peut être trouvée dans le 

chapitre 1, ainsi que la description des lieux et de lôorganisme dô®tude. Notre 

objectif principal ®tait dô®lucider le r¹le des dynamiques de la population sur 

les effets dôing®nierie ainsi que sur la formation et la d®composition des 

agrégations de L. conchilega en zone intertidale. Nous nous sommes concentrés 

sur une population intertidale de L. conchilega comme cas dô®tude, situ®e sur la 

plage de sable de Boulogne-sur-Mer (Nord Pas-de-Calais, France). Nous avons 

effectué des expériences à court terme, un suivi à moyen terme (c-à-d. 1.5 ans), de 

la télédétection ainsi que de la modélisation écologique afin de répondre à notre 

question. Ce qui suit est un résumé du travail exécuté pour cette thèse. 

Plusieurs ®tudes utilisant des mod¯les de simulation sugg¯rent que lôatt®nuation du 

débit par les récifs de L. conchilega est un processus dépendant de la densité dans 

lequel les agrégations de haute densité réduisent le flux de façon plus importante 

que les agrégations moins denses. Cette relation est probablement non linéaire, 

côest-à-dire que la réduction du débit devrait cesser dôintensifier apr¯s un seuil d®fini 

de densit®. N®anmoins, un m®canisme hypoth®tique dôexpansion verticale de L. 

conchilega a ®galement ®t® propos® par lô®tude mentionn®e ci-dessus. Les dépôts 

de s®diments fins ®lev®s g®n®r®s par lôing®nierie autogénique peuvent déclencher 

lôaccr®tion de tube, causant alors lôexpansion verticale dôune agr®gation et ainsi une 

dôautres d®p¹ts de s®diments fins en hauteur. Cette hypoth¯se est test®e dans le 

chapitre 2, o½ nous avons ®tudi® les effets dôing®nierie autogénique des agrégations 

de Lanice conchilega à travers des expériences à court terme. Les estimations 

hebdomadaires in-situ des propriétés sédimentaires ont révélé que les récifs de L. 

conchilega ayant une densité comprise entre 3 200 et 16 318 ind·m -2 ont des 

propriétés de sédimentation significativement différentes de celles des zones de 

sable nu. Cependant, ces propriétés ne varient pas dans cet intervalle de densité, 
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indiquant donc une relation non-lin®aire entre lôatt®nuation du d®bit et la densit® des 

agrégations. 

Lôanalyse in-situ de la densité en L. conchilega et dôune vari®t® de facteurs 

environnementaux pendant 3 semaines a relevé des tendances temporelles 

marginalement différentes entre le centre et les bords des agrégations suite à une 

perturbation naturelle (c-à-d. tempête). Cela indique la présence possible de 

gradients au sein des agrégations pouvant contribuer à la formation de distributions 

inégales. Enfin, une expérience de laboratoire a révélé des taux de mortalité 

significativement plus élevés et une activité de construction de tubes en présence de 

dépôts de sédiments entre 5 et 12 cm de hauteur de colonne. Ces résultats sont en 

accord avec lôhypoth¯se dôaccr®tion verticale pr®sent®e pr®c®demment, ce qui 

suggère qu'un retour positif entre la sédimentation et l'activité de construction de 

tubes peut entraîner une expansion verticale. Cependant, cette dernière peut être 

limitée par la mortalité induite par le dépôt. 

Les dimensions ainsi que la hauteur en saillie du tube au-dessus du sédiment 

déterminent lôimpact des agr®gations de tube de polych¯tes en tant quôing®nieur 

dô®cosyst¯me en changeant lôaire totale obturant le flux dôeau. Au cours de leur 

développement, les individus de L. conchilega peuvent croître de <1mm à environ 5-

6 mm dans le diamètre du tube intérieur. À mesure que la domination de la 

population passe dôune majorit® de juv®niles ¨ une majorit® dôadultes, on peut 

s'attendre ¨ ce que lôaire d'obstruction de flux par lôagr®gation change. En tant que 

tel, les dynamique et structure démographiques peuvent avoir un impact sur les 

effets de l'ingénierie autogénique. Des études précédentes ont abordé la relation 

entre les effets dôing®nierie et les caract®ristiques physiques des tubes, lors 

dôexp®riences utilisant des tubes de simulation et des modélisations écologiques. 

Cependant, un manque de connaissance persistait concernant le rôle du 

changement de dimension des tubes, et les fluctuations saisonnières de densité, car 

les populations in-situ nôavaient pas ®t® prises en compte. Ceci a été abordé dans le 

chapitre 3, dans lequel nous avons ®tudi® lô®volution saisonni¯re de la dynamique 

de population ainsi que des effets dôing®nierie de la population intertidale de notre 

cas dô®tude. Le suivi in-situ de 1.5 ans a révélé deux périodes de recrutement de 

larves: lôune au printemps (en avril) et lôautre en automne (pendant Septembre-

Octobre). Le recrutement de printemps était plus important (environ 30 000 ind·m -2) 

que celui dôautomne (environ 4 000 indĿm-2), et la densité élevée était due à des 
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conditions environnementales précises. Cela indique que les processus 

d®mographiques peuvent °tre responsables, selon les p®riodes, dôeffets dôing®nierie 

écosystémique plus prononcés. Néanmoins, une mortalité massive a 

considérablement réduit la densité de la population pendant l'hiver. Cette dernière a 

cependant persist®, probablement en raison du recrutement dôindividus appartenant 

¨ dôautres populations, associ®s aux dynamiques de court et long-terme. 

Lanice conchilega présente souvent une distribution inégale ou fragmentée sur une 

petite ®chelle, augmentant ainsi lôh®t®rog®n®it® spatiale de lôenvironnement 

constituant une partie de leur valeur écologique. Leurs massifs de tubes multiplient 

les possibilit®s dôhabitat aux esp¯ces associ®es, permettant alors une richesse et 

abondance dôesp¯ces plus ®lev®e, comme indiqu® auparavant. Des ®tudes 

ultérieures se sont concentrées sur les aspects de dynamique des populations et les 

effets dôing®nierie de lô®cosyst¯me, mais nôont pas su consid®rer les dynamiques ¨ la 

petite échelle. En conséquence, la distribution à petite échelle des agrégations de L. 

conchilega est mal connue malgré son importance. Ceci est certainement dû en 

partie aux difficult®s de m®thode dô®chantillonnage traditionnel pour un 

échantillonnage adéquat de ces ecosystèmes hétérogènes aux résolutions requises 

(<1m). A ce jour et à notre connaissance, la caractérisation spatiale des distributions 

de L. conchilega sur une petite ®chelle nôa pas ®t® ®tudi®e ailleurs que lors de cette 

étude. Cette lacune est abordée dans le chapitre 4: notre population dô®tude a ®t® 

contr¹l®e pendant 1.5 ans ¨ lôaide de photographie a®rienne par un cerf-volant 

(KAP), ainsi que de  photogrammétrie numérique à basse altitude pour cartographier 

leur distribution à petite échelle à une résolution spatiale <0.5 m. Ces nouvelles 

méthodologies on permis la caractérisation à petite échelle des distributions spatiales 

de L. conchilega à une résolution sans précédent. La performance de cette méthode 

est analysée dans le chapitre 4. Nous avons observé trois modèles de distribution 

lors de notre étude: taches (patches), bancs (beds) et bancs interrompus. Leurs 

différentes morphologies indiquent des mécanismes distincts de formation. Les types 

de distribution ont été formés suite à des périodes de recrutement, ce qui suggère 

que les motifs observés sont une conséquence des interactions entre la colonisation 

larvaire et les conditions hydrodynamiques pendant cette période. Ces interactions 

sont ainsi probablement responsables de la variation entre types de distribution à 

lô®chelle locale. 

Les schémas de distribution sont souvent le résultat de plusieurs mécanismes 
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fonctionnant en tandem. Pour cette raison, des processus supplémentaires de 

formation de modèles de distribution ont été considérés lors du développement de 

cette thèse. Ces processus comprennent notamment des interactions consommateur 

- ressource, dans le sens o½ la distribution dôun organisme est dict®e par la pr®sence 

de la ressource nécessaire à sa survie. Lanice conchilega est un organisme filtreur 

mais également détritivore, et consomme surtout des microorganismes présents 

dans la colonne dôeau ainsi quôen surface s®dimentaire. Des exp®riences avec flume 

sugg¯rent que lôalimentation par filtration de L. conchilega peut causer lô®puisement 

local de nutriments de la colonne dôeau, cr®ant ainsi des gradients de concentration 

en nutriments pouvant avoir un impact sur les vers polychète en aval. De plus, 

lôalimentation par filtration peut °tre affect®e par la comp®tition pour les ressources, 

comme cela a été démontré dans le cas de L. conchilega et lôhuitre du Pacifique 

Crossostera gigas dans la Baie de Veys (France). A ce titre, nous avons exploré 

lôimpact des interactions consommateur - ressource sur la dynamique de la 

population grâce à un modèle dans le chapitre 5. Un cadre de modélisation a été 

utilis® d¾ ¨ la complexit® de lô®cologie alimentaire de L. conchilega, afin dôanalyser 

les effets possibles de la limitation ainsi que de lôassimilation en nutriments sur la 

population. Des résultats préliminaires des simulations du modèle de population 

suggèrent une importance moindre des interactions consommateur - ressource sur la 

dynamique de densité de la population adulte de L. conchilega. Au cours de notre 

étude, la dynamique de la densité totale a été principalement influencée par 

l'intensité du recrutement et la mortalité subséquente. Ainsi, nos résultats 

préliminaires ont souligné l'importance du recrutement et de l'établissement de 

cohortes juvéniles pour la dynamique de la densité de population totale. 

Les connaissances acquises au cours de cette thèse sur la dynamique de population 

de L. conchilega et l'ingénierie autogénique dans le temps et l'espace ont été 

résumées et intégrées dans le chapitre 6. Ce dernier d®montre lôimportance des 

différentes échelles spatio-temporelles dans lôing®nierie de lô®cosyst¯me et explore 

leur rôle dans la distribution locale de L. conchilega. Ce chapitre aborde également 

les liens entre dynamique de population et ingénierie autogénique, ainsi que les 

mécanismes potentiels de distribution spatiale. Finalement, il discute comment nos 

r®sultats peuvent soutenir les approches de conservation de lô®cosyst¯me et 

pr®sente des perspectives dôavenir pour ce sujet de recherche. 

En conclusion, nos résultats soutiennent une relation dôing®nierie non-linéaire entre 
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la densit® en tubes et lôatt®nuation de flux dôeau, ce dernier cessant dôaugmenter au-

del¨ dôune densit® limite de 3 200 indĿm-2. La sédimentation peut effectivement 

contribuer ¨ lôexpansion verticale des agrégations de L. conchilega, mais une 

sédimentation excessive (catastrophique) peut également limiter cette expansion en 

provoquant des taux de mortalité élevée. Des gradients de densité au sein des récifs 

de L. conchilega peuvent contribuer à la formation de distributions inégales en 

modulant lôexpansion verticale en plus de cr®er des effets dôing®nierie h®t®rog¯nes 

de lôenvironnement. Cependant, de plus amples recherches sont n®cessaires afin de 

déterminer si des densités significativement distinctes se produisent entre portions 

dôune agr®gation. La dynamique de la population influence l'intensit® de l'ing®nierie 

autogénique, créant des cycles saisonniers d'effets en modulant probablement la 

zone d'obstruction du flux. Cela peut également contribuer à la formation de 

distributions inégales en plus des gradients en densité entre les parties d'une 

agrégation. Cependant, il semble plus probable que les processus liés à 

l'établissement et au recrutement des larves aient une importance accrue dans la 

formation de schémas spatiaux à petite échelle dans des environnements peuplés de 

L. conchilega. Nous supposons que ces processus peuvent engendrer des gradients 

de densité en raison des influences du forçage hydrodynamique et / ou les améliorer 

en raison de la facilitation de la présence d'adultes par atténuation du forçage 

hydrodynamique. Ces m®canismes hypoth®tiques peuvent fournir dôorientation ¨ des 

recherches futures. 
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The present chapter establishes the framework of this thesis by exploring the 

concept of ecosystem engineering, its manifestations across temporal and 

spatial scales, and presenting the study-case organism. Henceforth, the 

concept of organisms as ecosystem engineers is introduced as modulators 

of ecosystem biodiversity and functioning; two types of ecosystem engineers 

are differentiated by their mechanisms of action, i.e. autogenic and allogenic 

engineers. Examples are given that explore various engineering effects 

throughout different temporal and spatial scales. The study-case subject is 

introduced, the tube-building polychaete Lanice conchilega (Pallas, 1766). 

An extensive review of the available knowledge on L. conchilega temporal 

and spatial dynamics is produced, followed by a discussion on its ecological 

importance and conservation status under the current European policy 

framework. Lastly, the study site is introduced, followed by a summary of the 

research framework, including specific objectives and an outline of each 

chapter.  
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1.1. Ecosystem engineering 

Living organisms can influence ecosystem processes and properties by performing 

habitat modification through what is known as óecosystem engineeringô (Romero et 

al., 2015). Ecosystem engineers are organisms that cause physical state changes in 

biotic and/or abiotic materials, modulating resource supply to other species (Jones et 

al., 1994). Although the term could be used to describe most living organisms, its use 

generally refers to those that substantially reduce environmental constraints to other 

species, enabling their survival (Crain and Bertness, 2006). For example, the beaver 

(i.e. Castor sp) (Wright et al., 2002). Beaver dams interrupt and/or hinder water flow 

in riverine systems, causing flooding of river banks and changing the hydrological 

regime of surrounding areas (Andersen and Shafroth, 2010). These hydrological 

changes may also modulate sediment biogeochemistry, affecting oxygenation, 

nutrient cycling, and microbial activity (e.g. Briggs et al., 2013). They may also affect 

sedimentary processes such as erosion and deposition, influencing landscape 

geomorphology (e.g. Butler and Malanson, 2005). Consequently, dam construction 

by beavers modulates natural resource supply to co-occurring species across the 

landscape, enabling and/or hindering the survival of several organisms, and changing 

species composition landscape-wide (e.g. Wright et al., 2002). The effect is of such 

intensity that the presence of beaver dams can convert entire ecosystems from river 

banks into wetlands, hence completely altering ecosystem functioning (e.g. Andersen 

and Shafroth, 2010; Wright et al., 2002). 

Habitat modification through resource modulation can be achieved in various ways, 

as such ecosystem engineers can be differentiated into two groups according to how 

they cause change (Jones et al., 1994). Beavers are allogenic engineers, that is, they 

cause change through their activities (i.e. dam building) (sensu Jones et al., 1994). 

Other organisms may cause change through mere presence, comprising the group of 

autogenic engineers (sensu Jones et al., 1994). Such is the case, for instance, of 

scleractinian corals and the reefs they build (Wild et al., 2011) (Fig 1.1A). Corals build 

complex calcareous structures (Kaiser et al., 2005), increasing spatial complexity at 

the sea bottom by providing a myriad of micro-habitats with different environmental 

conditions, expanding niche and habitat availability (Wild et al., 2011). Reef 

concretions affect sediment biogeochemistry by acting as substrate for a plethora of 

microbiota that enhances nitrogen-fixing and nutrient cycling (Fiore et al., 2010). 

Coral reefs also provide shelter to fish (Kerry and Bellwood, 2012) and serve as 
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substrate for larval settlement (Price, 2010), among other functions. As such, their 

presence indirectly enables the formation of biodiversity hotspots in shallow waters 

(Wild et al., 2011) with distinct biological communities from the surrounding 

environment (Rogers et al., 2014). 

The marine environment possesses a plethora of engineering examples from both 

allogenic and autogenic groups. Sting rays act as allogenic engineers by creating 

feeding pits in soft substrates that provide shelter for nearby organisms (OôShea et 

al., 2012) (Fig 1.1B). Farmerfishes also behave as allogenic engineers by actively 

maintaining algae tufts on coral reefs (White and OôDonnell, 2010). This behaviour 

indirectly influences coral mortality rates and overall coral status by providing 

physical protection to the farmed areas (White and OôDonnell, 2010). Mangrove 

crabs allogenically engineer microbial communities in intertidal bottoms by 

modulating sediment biogeochemistry through burrow construction and maintenance 

(Kristensen, 2008) (Fig 1.1C). Lugworms, such as Arenicola marina (Volkenborn et 

al., 2007) allogenically modulate nutrients to benthic microbial communities by 

creating burrows that influence nutrient flow in the sediment. Deep-sea corals 

autogenically engineer soft bottoms in a similar fashion to shallow water corals, 

resulting in hotspots of biodiversity (Maynou and Cartes, 2012). Saltmarsh tussocks 

autogenically engineer benthic communities by modulating hydrodynamic flow (Balke 

et al., 2012), resulting in distinct micro-habitats within their canopies for other species 

(Bouma et al., 2008) (Fig 1.1D). 

Autogenic modulation of hydrodynamic conditions has been observed near and 

within several marine biogenic concretions in addition to the aforementioned. Similar 

engineering has also been observed for polychaete aggregations (Friedrichs et al., 

2000) and mussel beds (Drost, 2013), resulting in significant changes to benthic 

communities (e.g. Ataide et al., 2014; Borthagaray and Carranza, 2007). However, 

the effects of autogenic and allogenic engineers on the marine environment can be 

very distinct (Bouma et al., 2009b) (e.g. Pillay et al., 2011). Extensive biogenic 

structures built by benthic autogenic engineers often stimulate the development of 

epibenthic communities while hindering the growth of endobenthic organisms 

(Bouma et al., 2009b) (e.g. Pillay et al., 2011) (Fig 1.2A). As seen through the 

previous examples, autogenic concretions hinder sediment mixing, oxygenation and 

benthic nutrient cycling via flow attenuation, ameliorating hydrodynamic conditions at 

the epibenthic environment and stimulating these communities. Saltmarsh and 
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seagrass tussocks modulate water flow passing through shoots, creating varying 

hydrodynamic conditions within the canopies (e.g. Spartina sp - Balke et al., 2012, 

Zostera sp - Wilkie et al., 2012). These are associated to distinct benthic community 

assemblages (e.g. Bouma et al., 2008; Widdows et al., 2008b). Aggregations of tube-

building polychaetes entrap organic matter particles which stimulate the development 

of benthic meiofauna and microbial communities (Passarelli et al., 2012). They also 

attenuate water flow as it passes through tube arrays (Friedrichs et al., 2000), 

increasing fine particle deposition and enhancing local sediment stability (e.g. Ataide 

et al., 2014; Passarelli et al., 2012). 

 

 

Fig 1.1. Examples of marine ecosystem engineers. Scleractinian corals autogenically engineer 

the environment by building extensive and complex reefs that harbour high species richness 

and abundance (A) (photo by Jim Maragos/USFWS). The bluespotted ribbontail ray Taeniura 

lymma allogenically engineers soft bottoms by making feeding pits (B) (still extracted from 

footage by Chris Kidd). The Brazilian fiddler crab Uca maracoani allogenically engineers 

mangrove sediments through burrow construction and maintenance (C) (photo by Thays 

Emerenciano/GEEFAA). Saltmarsh tussocks autogenically engineer marsh ecosystems by 

forming tussocks which provide micro-habitats of various sedimentary and hydrodynamic 

conditions to other species (D) (photo adapted from Balke et al., 2012). 

 

The presence of allogenic engineers conversely enables the development of 

endobenthic organisms while inhibiting epibenthic proliferation (Bouma et al., 2009b) 

(e.g. Pillay et al., 2011) (Fig 1.2B). Their activities commonly rework soft sediments, 
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increasing oxygenation and improving nutrient cycling (Bouma et al., 2009b), which 

positively impacts endobenthic species. Burrowing engineers, such as the lugworm 

Arenicola marina, destabilize marine sediments during burrow construction and 

maintenance, inhibiting fine-particle accumulation and influencing the distribution of 

nutrients, organic matter and water content (Volkenborn et al., 2007). This 

bioturbation induces decreases of surficial microphytobenthos abundance 

(Volkenborn et al., 2007). In addition, burrow flushing by A. marina may also affect 

sediment biogeochemistry and pore water content (Volkenborn et al., 2010, 2007), 

creating micro-habitats with distinct benthic communities (Volkenborn et al., 2007). 

Similarly, burrow construction by mangrove crabs impacts sediment biogeochemistry 

through sediment reworking, causing increases in organic matter content through 

litter burial and changing nutrient profiles as well as sediment oxygenation 

(Kristensen, 2008). The pink ghost shrimp Callichirus kraussi ï formerly known as 

Callianassa kraussi (Poore, 2010) ï also allogenically engineers sandy sediments 

through burrow flushing (Pillay et al., 2007). This bioturbation loosens soft sediments 

(Pillay et al., 2011) and modulate microbial biofilm development at the surface (Pillay 

et al., 2007). Through its effect on microbial biofilms, C. kraussi indirectly influences 

macrofauna community assemblages which consume it (Pillay et al., 2008), as well 

as growth and abundance of grazing fishes (Pillay et al., 2012). 

 

 

Fig 1.2. Illustration of the epiïendo-exclusion hypothesis adapted from Bouma et al. (2009b). 

The presence of autogenic constructs on soft sediments stimulates epibenthic diversity while 

hindering the development of endobenthic communities (A). Conversely, increased sediment 

reworking by allogenic ecosystem engineers strongly hinders epibenthic establishment while 

stimulating endobenthic diversity (B). 
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The aforementioned examples show how the effects of autogenic and allogenic 

engineers on local environmental properties modulate biodiversity. It is worth noting 

that outcomes may vary to differences in effects on structural and functional 

biodiversity. Nevertheless, effects may also scale from the local to the landscape 

level, as initially seen with the beaver transforming riverine systems into wetlands or 

ponds through flooding (e.g. Andersen and Shafroth, 2010; Wright et al., 2002). In 

those cases, the presence of an ecosystem engineer determines geomorphology, 

biodiversity, and ecosystem functioning across the landscape (sensu Braeckman et 

al., 2014). These cases may constitute key species (sensu Paine, 1969) and their 

removal or addition may drastically change ecosystems. The term here refers to the 

definition of ókeystone speciesô first mentioned by Paine (1969) to describe the effect 

of predation by the starfish Pisaster ochraceus on its associated intertidal community 

structure. Keystone species are those with disproportionately large effects on the 

structure of associated communities relative to their abundance. Some ecosystem 

engineers may be considered keystone species due to the disproportionally large 

repercursions of their engineering ï e.g. the presence of beavers in riparian zones 

altering plant communities (Wright et al., 2002). However, the two terms are not 

synonymous. Ecosystem engineering involves modulation of resources as means to 

cause change and affect associated species (sensu Jones et al., 1994). Conversely, 

keystone species may have crucial roles in structuring communities due to effects 

that do not stem from resource modulation via ecosystem engineering ï e.g. sea 

otters top-down control of urchin populations, indirectly affecting kelp forests (Estes 

et al., 1998). Nevertheless, differentiating between previously considered keystone 

species that are also ecosystem engineers and ones that are not remains difficult 

since the two terms are often entwined. 

For example, the introduction of beavers into arid ecosystems can improve water 

retention across large portions of the landscape, affecting the surrounding flora 

composition (e.g. Andersen and Shafroth, 2010). In addition, the increased 

sedimentation caused by beaver damming upstream can completely alter landscape 

geomorphology (e.g. Andersen and Shafroth, 2010). In the marine realm, flow 

modulation by saltmarsh tussocks can significantly impact erosion/deposition 

processes (Balke et al., 2012), improving sediment retention and countering erosion 

in the coastal zone while shaping its geomorphology (e.g. Wang et al., 2008; 

Widdows et al., 2008b). Thus, the presence of seagrass or saltmarsh tussocks can 

contribute to coastal protection (e.g. Bouma et al., 2005; Widdows et al., 2008a, 
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2008b). Due to these and other substantial effects on ecosystem functioning, 

ecosystem engineers are considered important conservation targets (Braeckman et 

al., 2014). 

One major goal in conservation research is to predict the consequences of biotic 

and/or abiotic changes on ecosystem health and functioning. In order to achieve that 

goal we must understand how organisms interact with the ecosystem and be able to 

predict how those interactions influence landscapes (Crain and Bertness, 2006). 

Despite general trends, ecosystem engineering effects are situational and hard to 

predict. For example, marsh tussocks affect hydrodynamic flow as it passes through 

the canopy (Balke et al., 2012), often resulting on sediment stabilisation (e.g. Wang 

et al., 2008; Widdows et al., 2008b). However, the final outcome of flow modulation 

may vary, depending on other factors than just presence ï i.e. tussock density 

(Bouma et al., 2009a), granulometry and coastal slope (Balke et al., 2012). 

Engineering effects may vary according to physical properties of the engineered 

structure as well as baseline environmental characteristics, that is, environmental 

properties in the absence of the engineer (sensu Gutiérrez et al., 2011). Engineering 

effects in the marine environment may depend on the local environmental context 

(e.g. sediment characteristics and hydrodynamic conditions) as well as density and 

distribution of the engineering species (Gutiérrez et al., 2011). Autogenic engineering 

by organisms such as the aforementioned saltmarsh grasses (Balke et al., 2012) and 

tube-building polychaetes (Borsje et al., 2014) modulate water currents, producing 

varying effects depending on protrusion height as well as surface area (Eckman et 

al., 1981). Furthermore, characteristics such as organism size and/or population 

composition can also influence the outcome of engineering. For example, body size 

and density in polychaete aggregations determine the area of flow obstruction, 

dictating the autogenic engineering effect (e.g. Eckman et al., 1981; Friedrichs et al., 

2000; Luckenbach, 1986). Although the role of these features is yet to be explored for 

allogenic engineering, it can be hypothesised that it affects its outcomes also. 

Predicting engineering outcomes may also be encumbered by scaling through time 

and space (Hastings et al., 2007). Time scales must be considered when evaluating 

engineering outcomes as effects may occupy distinct time scales. For example, 

autogenic engineering from coral reefs (e.g. Wild et al., 2011) generally operates at 

much longer time scales than that from polychaete aggregations (e.g. Friedrichs et 

al., 2000) or saltmarsh grasses (e.g. Bouma et al., 2009a). Additionally, effects may 
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also change over time, such as that of decaying beaver dams which result in different 

levels of flooding and geomorphological effects over time (e.g. Butler and Malanson, 

2005). Nevertheless, engineering outcomes also often encompass the repercussions 

of localised effects that scale through space (Hastings et al., 2007). For example, 

although saltmarsh tussocks engineers sediments in a local scale by modulating 

hydrodynamic flow between its stalks (Bouma et al., 2009a), its effects are realised at 

larger scales than the aggregation through its indirect influence on erosion/deposition 

in surrounding areas (Balke et al., 2012). Furthermore, when visualised at the 

landscape scale, its engineering effects on erosion/sedimentation regimes may 

dictate coastal geomorphology (e.g. Wang et al., 2008). Thus, predicting the outcome 

of ecosystem engineering requires its investigation under varying conditions, across 

both spatial and temporal scales (Hastings et al., 2007). 

1.2. Ecosystem engineering and time scales  

Modifications by ecosystem engineers can persist through varying scales of time, 

potentially outliving the ecosystem engineer (Hastings et al., 2007). Part of the 

ecological value of some ecosystem engineers lies on the longevity of their 

modifications (i.e. effect persistence through time) (sensu Hastings et al., 2007). For 

example, calcareous reefs built by scleractinian corals have a very high conservation 

value in part because of the long persistence of their effects on landscape 

biodiversity. These calcareous concretions remain long after the corals are dead 

(Kaiser et al., 2005), contributing to ecosystem health by sustaining high habitat 

complexity, species richness and abundance for centuries if undisturbed (Rogers et 

al., 2014). Similarly, beaver dams can continue to alter the landscape through the 

modulation of hydrological processes long after the beaver has abandoned it (e.g. 

Andersen and Shafroth, 2010). Empty shells from marine organisms will continue to 

introduce complexity into benthic environments for hundreds of years after 

organismal death (Gutiérrez et al., 2003). However, although effect longevity is 

considered a crucial feature when evaluating ecological value, it is not the only one to 

be considered (Hastings et al., 2007). 

Engineering effects may also change over time due to variation in environmental 

properties and/or decay of the engineering effect. Intact beaver dams cause more 

flooding and higher sediment retention than decaying structures, causing a different 

set of changes to the environment (Butler and Malanson, 2005). Feeding pits made 

by sting rays only last for a few days (e.g. OôShea et al., 2012), resulting in 
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ephemeral landscape geomorphological changes. Additionally, engineering effects 

may also vary with population processes, such as density fluctuations and 

demographic evolution, at short temporal scales (i.e. months) (Hastings et al., 2007). 

Naturally, the growth of marine autogenic engineers impacts their effects on marine 

environments by causing variations in aggregation/concretion size and porosity as 

populations undergo phases of development, ultimately dictating the area of flow 

obstruction (Eckman et al., 1981). For example, species composition and community 

structure inside reefs of the tube-building polychaete Sabellaria sp differ among reef 

development phases (e.g. Dubois et al., 2002; Polgar et al., 2015) likely due to 

fluctuations in Sabellaria sp presence and density influencing their autogenic 

engineering effects (e.g. Eckman et al., 1981; Friedrichs et al., 2000; Luckenbach, 

1986). As previously mentioned, density fluctuations in marsh tussocks influence 

their engineering effect on local hydrodynamic conditions, and consequently 

sedimentary conditions (Balke et al., 2012). Density fluctuations in freshwater mussel 

beds can induce substrate erosion, affecting its engineering effect on landscape 

topography (e.g. Allen and Vaughn, 2011). Conversely, it may be expected that as 

marine allogenic engineers grow, they may impact larger areas, or deeper layers of 

sediment. Thus, research into marine ecosystem engineers should explicitly consider 

temporal scales to investigate engineering effects. 

1.3. Ecosystem engineering and spatial scales 

One of the main challenges in ecological research is to clarify how small-scale 

processes relate to landscape-level processes and ecosystem functioning (Dittmann, 

1999). Organisms can be seen as discrete entities interacting with biotic and abiotic 

factors of the surrounding environment. These interactions may result in intricate 

spatial patterns that delineate the landscape (Levin, 1992). Attempting to discover the 

mechanisms driving spatial pattern formation, thus, is of paramount importance 

(Levin, 1992). The environment plays a crucial role in the latter, and this is especially 

true in coastal environments wherein environmental gradients are steep and often 

result in zonation patterns (Kaiser et al., 2005). Zonation patterns form due to 

limitations imposed on species-specific physiological tolerance ranges to abiotic 

factors and/or biotic interactions (Kaiser et al., 2005). For example, air exposure 

gradients limit the distribution of macro algae and filter-feeding invertebrates with low 

resistance to desiccation (e.g. Christofoletti et al., 2011). Thermal stress from air 

exposure can also influence the distribution of the barnacle Semibalanus balanoides 
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(e.g. Leonard et al., 1999). Biotic interactions may also limit species distributions 

(Kaiser et al., 2005). Competition for space between the barnacles Chthamalus 

stellatus and Balanus balanoides (e.g. Connell, 1961), and between mussels and 

macroalgae (e.g. Reichert et al., 2008) limits these species to distinct bands on the 

intertidal. Preying of the snail formerly named Thais lapillus on the barnacle 

Chthamalus stellatus (e.g. Connell, 1961) and of the green crab Carcinus maenus on 

the barnacle Semibalanus balanoides (e.g. Leonard et al., 1999) may restrict the 

distributions of both prey species, contributing to patterning. Nevertheless, pattern 

formation is frequently context- and/or scale-dependent and combinations of various 

drivers can result in spatial patterns (Crain and Bertness, 2006) (e.g. Christofoletti et 

al., 2011; Connell, 1961; Leonard et al., 1999; Reichert et al., 2008). 

Spatial patterns in the marine and coastal environments are most often determined 

by multiple drivers through various mechanisms (Levin, 1992). Presently, we restrict 

ourselves to examples on distributions of ecosystem engineers, as these are most 

closely related to the scope of this thesis. Ecosystem engineering can create and/or 

exacerbate environmental gradients (Crain and Bertness, 2006). In turn, fluctuations 

in environmental conditions may cause fluctuations of engineering effects across 

space (Hastings et al., 2007) in addition to creating physiological stress (see 

aforementioned examples). This interplay between ecosystem engineering and 

environmental gradients is very apparent when considering autogenic engineers, 

such as scleractinian corals, marsh grasses, mussels, and tube-building polychaetes. 

As previously mentioned, scleractinian corals create complex calcareous reefs 

providing various micro-habitats (e.g. Wild et al., 2011), while mussels (e.g. 

Borthagaray and Carranza, 2007), saltmarsh grasses (e.g. Bouma et al., 2008) and 

polychaetes (e.g. Polgar et al., 2015) form aggregations that provide various 

environmental conditions, enabling the survival of several benthic species. Due to the 

often patchy distribution of their aggregations and/or concretions, their presence also 

generates spatial patterns of biodiversity in patchwork landscapes and increasing 

spatial heterogeneity (Archambault and Bourget, 1996). Spatial heterogeneity is 

commonly positively associated to landscape biodiversity, species richness, 

abundance and biomass (e.g. Archambault and Bourget, 1996; de Souza Júnior et 

al., 2014; Godet et al., 2011; Liu et al., 2014), all of which affect ecosystem 

functioning (Buhl-Mortensen et al., 2010). As such, understanding the interactions 

between ecosystem engineers and spatial gradients is crucial to realising the 
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outcomes of ecosystem engineering effects across a landscape (Crain and Bertness, 

2006). 

 The species distribution of many sessile autogenic engineers is largely determined 

by larval settlement (Bhaud, 2000) ï e.g. recruitment delimits early spatial patterns of 

the barnacle Semibalanus balanoides (Leonard et al., 1999). As such, settlement 

success is susceptible to influences from any environmental process and/or 

anthropogenic activity that may heterogeneously affect larval transport, supply in the 

water column, and mortality in the landscape (Bhaud, 2000). This is the case for 

several spawning organisms, such as the barnacle S. balanoides (e.g. Leonard et al., 

1999), corals (e.g. Price, 2010; Thomson et al., 2012) and tube-building worms (e.g. 

Dodd et al., 2009). Local flow dynamics can significantly influence larval supply and 

settlement of S. balanoides, influencing its distribution (e.g. Leonard et al., 1999). 

Settlement also depends on the ability of larvae to find suitable habitat within a 

limited period of time (e.g. Baird et al., 2003; Dodd et al., 2009). Oceanographic 

processes and changes in settlement cues affect recruitment and distribution (e.g. 

Baird et al., 2003; Dodd et al., 2009; Van Colen et al., 2009). Changes in light 

conditions may delay or promote early settlement of coral larvae as well as affect 

settlement density (e.g. Mundy and Babcock, 1998; Thomson et al., 2012); on the 

other hand, hard substrata availability limits the distribution of the tube-building 

polychaete Serpula vermicularis (Dodd et al., 2009), known to settle onto that type of 

substrate (Chapman et al., 2007). However, the majority of studies assessing drivers 

of distribution are executed at continental to regional scales (i.e. > 1km) and very little 

information is available on drivers of small-scale spatial pattern formation (i.e. few 

centimetres to 10m) for sessile marine organisms, one of the themes addressed by 

the current work. 

Known common mechanisms driving small-scale spatial pattern formation may 

include but are not restricted to consumer-resource interactions, disturbance-

recovery processes, and scale-dependent feedbacks (sensu Rietkerk and van de 

Koppel, 2008). The first encompasses distributions that are a result of fluctuations in 

resource availability (sensu Rietkerk and van de Koppel, 2008), such as the 

distribution of marsh plants (e.g. van de Koppel et al., 2006). The small-scale 

distribution of few marsh plants is associated to light availability, which is influenced 

by the presence and abundance of other plants and their canopy size (van de Koppel 

et al., 2006). These physiological needs result in inter-specific competition that 
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determines small-scale distributional patterns (van de Koppel et al., 2006). The 

second mechanism incorporates disturbance-recovery processes (sensu Guichard et 

al., 2003). Disturbances such as bottom trawling (e.g. benthic community - Olsgard et 

al., 2008), iceberg scouring (e.g. benthic community - Teixidó et al., 2007), oyster 

fishing (e.g. polychaetes - Dubois et al., 2002), or wave action (e.g. the California 

mussel Mytilus californianus - Guichard et al., 2003) can create fragmentation in the 

distribution of marine organisms by physically removing individuals. Sedimentary 

processes, such as erosion and sedimentation (e.g. saltmarsh grasses - Balke et al., 

2012; polychaetes - Polgar et al., 2015) may limit or stimulate proliferation across the 

environment, creating patchy landscapes. Recolonization processes may further 

change spatial patterns of species distribution. For example, gaps created by wave 

action in the small-scale distribution of M. californianus may be colonised by 

neighbouring conspecifics which move laterally to occupy the empty substrate 

(Guichard et al., 2003). 

The third mechanism encompasses feedback relationships that may stem from 

combinations of various processes and/or interactions (sensu Rietkerk and van de 

Koppel, 2008). As previously mentioned, while marine ecosystem engineers 

influence environmental properties and processes through resource modulation, 

these same properties and processes may influence their survival and distribution. 

Benthic communities are often modulated by feedback relationships between 

ecosystem engineers and the environmental conditions that they create (e.g. Bouma 

et al., 2009a; White and OôDonnell, 2010). Saltmarsh tussock formation is affected by 

feedback processes in addition to consumer-resource interactions (Balke et al., 

2012). Flow modulation during tussock formation is highly dependent on stalk density 

(Bouma et al., 2009a), influencing erosion and sedimentation in and around the 

tussock (Balke et al., 2012). These processes may limit and/or enable horizontal 

expansion depending on sheer stress (Balke et al., 2012). Mussel bed patterning 

comprises another example (Liu et al., 2014). Individual mussels gather and/or 

disperse as a function of animal density (van de Koppel et al., 2008) and food 

availability (Dolmer, 2000). At short spatial scales (i.e. <10cm), mussels group 

together likely due to gains in survival from predation and/or removal by currents (van 

de Koppel et al., 2005). Dispersal occurs when densities become large enough to 

deplete food in the water column above the cluster (van de Koppel et al., 2005). At 

larger scales (i.e. approx. 25m), gradients in food availability in the water column may 

develop between the areas above and adjacent to mussel aggregations due to 
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filtration pressure, creating long-range competition that results in banded patterns of 

distribution (van de Koppel et al., 2005). 

Mussel bed patterning is a self-organised process (van de Koppel et al., 2012), that is 

scale-dependent feedbacks result in regular spatial patterns (sensu Rietkerk and van 

de Koppel, 2008). Mussel density has short-range positive effects on mussel activity 

(van de Koppel et al., 2008), but as density increases, its effect on activity becomes 

negative (van de Koppel et al., 2008). Recent research suggests that many small-

scale patterns may be formed through self-organized processes ï e.g. Bouma et al., 

2009a; Rietkerk and van de Koppel, 2008; van de Koppel et al., 2008; Weerman et 

al., 2010. The small-scale distribution of diatoms on the benthic-boundary layer is 

one such example in which scale-dependent interactions between sedimentation, 

diatom growth, and water flow redistribution result in regular distribution patterns 

(Weerman et al., 2010). Irregularities in coastal relief may create slightly elevated 

mounds where diatoms grow and produce extracellular polymeric substances (EPS) 

(Weerman et al., 2010). These substances increase sediment cohesion and 

decrease roughness (Lubarsky et al., 2010), enabling higher fine-particle deposition 

and ameliorating conditions for diatom growth in a positive feedback (Weerman et al., 

2010). Conversely, water may flow from higher elevation areas and accumulate in 

lower parts of the relief, hindering EPS accumulation as it is water soluble (Hubas et 

al., 2010) and limiting biofilm development as a negative feedback (Weerman et al., 

2010). Lastly, the patchy distribution of the autogenic engineer Spartina sp may also 

be considered a self-organized process (van de Koppel et al., 2012). Flow 

modulation by tussocks, create areas of heterogeneous erosion and deposition 

across the landscape which limit and/or hinder further establishment, dotting the 

landscape with tussocks (e.g. Balke et al., 2012; van de Koppel et al., 2012).  
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Fig 1.3. The terebellid worm Lanice conchilega (A, photo by Matthias Buschmann) is a sessile 

tube-builder. Its tube is a mosaic of fine-coarse sand grains, fragments of shells, urchin 

spines, and foraminifera skeletons glued together by mucus (B and C, photos by Renata M. S. 

Alves). In addition, tubes may be topped by a fringe (C). Lanice conchilega forms sand tube 

aggregations (D and E, photos by Renata M. S. Alves) on intertidal and subtidal soft sediment 

environments. 

1.4. Introducing the sandmason, Lanice conchilega 

The present work focuses on a particular coastal ecosystem engineer, the tube-

building worm Lanice conchilega (Pallas, 1766) (Fig 1.3A). Lanice conchilega is a 

polychaete belonging to the Terebellidae family (Read and Bellan, 2012). It is 

popularly known as the sandmason worm and is widely distributed along the coastal 

zones of the northern hemisphere, mainly the coasts of the North Atlantic and Pacific 

oceans (Hartmann-Schröder, 1996), as well as Europe (Godet et al., 2008; Holthe, 

1977). Lanice conchilega occurs in sandy and muddy 

marine sediments (Willems et al., 2008), in depths 

ranging between the intertidal zone and the 

bathypelagic area (approx. 1 900m deep) (Hartmann-

Schröder, 1996). This sessile terebellid builds biogenic 

tubes consisting of fine-coarse sand grains and 

fragments of foraminifera, sea urchin spines, shells, 

amongst other available materials (Hartmann-Schröder, 

1996; Ziegelmeir, 1952) (Fig 1.3B). Each tube is 

normally topped by sand fringes maintained by the 

worm (Fig 1.3C) (Van Hoey et al., 2006a). Lanice 

conchilega may group into biogenic aggregations 

consisting of trapped material between arrays of sand 

tubes (Ziegelmeir, 1952) (Fig 1.3D and E) (see defition 

of aggregations in table 1.1). These clusters have 

several functions within the ecosystem, such as 

providing food (e.g. De Smet et al., 2013; Petersen and 

Exo, 1999) and shelter (e.g. Rabaut et al., 2010) to 

associated species. They may reach densities up to 20 

000 ind·m-2 during recruitment (Buhr and Winter, 1976), 

protrude up to 16cm above the substrate (Rabaut et al., 

2009), and cover areas ranging from few centimetres to 

a max observed coverage of 15m2 (Degraer et al., 
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2008). 

Similarly to other tube-building polychaetes, L. conchilega aggregations autogenically 

engineer the environment (Borsje et al., 2014), modulating water flow as it passes 

through tube arrays (Friedrichs et al., 2000). Additionally, L. conchilega allogenically 

engineers the environment through tube irrigation (Braeckman et al., 2014). Water 

movement induced by piston-pumping oxygenates sediments, modulating nutrient 

concentrations (e.g. Braeckman et al., 2010; Forster and Graf, 1995) and affecting 

the vertical distribution of benthic fauna (Braeckman et al., 2011). The changes 

imposed by this polychaete affect both biotic and abiotic ecosystem properties, 

warranting it consideration as a conservation target (Godet et al., 2008). Its autogenic 

engineering enables the formation of óskimming flowô, a type of attenuated flow at the 

benthic-boundary layer (Friedrichs et al., 2000). This influences sedimentary 

processes, such as sedimentation and erosion, causing higher fine-particle 

deposition (Rabaut et al., 2007) and modulating surficial sediment composition 

(Rabaut et al., 2007). It also leads to higher sediment stability (Rabaut et al., 2009), 

thus contributing to coastal protection. The attenuated flow may also facilitate larval 

retention as less larvae are physically removed by currents (Rabaut et al., 2009), 

positively affecting benthic abundance and species richness (e.g. Callaway, 2006; De 

Smet et al., 2015; Rabaut et al., 2007). Nevertheless, akin to other autogenic 

engineers, this effect is density dependent (Borsje et al., 2014). 

Model simulations predict a minimum density threshold, past which tube 

aggregations strongly attenuate water flow at the benthic-boundary layer (Borsje et 

al., 2014) (Fig 1.4). Flow attenuation should intensify with tube density, generating 

increasingly higher sediment deposition up to another density threshold past which 

the effect ceases to significantly increase (Borsje et al., 2014) (Fig 1.4). Results from 

these simulations suggest that the increment in sedimentation should be able to 

sustain the vertical expansion of aggregations through a positive feedback (Borsje et 

al., 2014). Sediment deposition would trigger tube-building (Hartmann-Schröder, 

1996) (Fig 1.5A-C), which in turn would generate more sedimentation through 

autogenic engineering (Borsje et al., 2014) (Fig 1.5D). However, the existence of 

such process and its role in driving the vertical growth of L. conchilega aggregations 

remains hypothesised only, as there is no empirical evidence supporting this 

mechanism. This research gap is addressed in chapter 2 of this thesis, wherein 

three experiments explore the autogenic engineering effects of live L. conchilega on 
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sedimentary processes and the role of feedbacks in the vertical expansion of tube 

aggregations. 

 

 

Fig 1.4. Approximate relative flow velocity as assessed at 1cm above the sediment surface 

passing through a simulated L. conchilega bed 3.5cm in height (from the sediment surface). 

Flow velocity is attenuated non-linearly as it passes through aggregations of increasing tube 

densities (adapted from Fig 2 in Borsje et al., 2014). 

 

  

Fig 1.5. Illustration of the process for aggregation vertical expansion (as suggested by Borsje et 

al., 2014): (A) Water flow passing through L. conchilega tube aggregations is attenuated, 

increasing fine-sediment deposition; (B) L. conchilega aggregation may become partially/fully 

covered in sediment; (C) individuals increase tube accretion rate to escape burial; (D) expanded 

tubes attenuate water flow further, enabling additional sedimentation. 

 




















































































































































































































































































































































































































































