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Abstract
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Coastal vegetated habitats, including submersed aquatic vegetation (SAV), provide three-
dimensional structures essential to marine organisms and supporting key ecosystem services.
In the Baltic Sea, eutrophication favours filamentous algae that can outcompete SAV, shifting
habitats from long-living canopies to minute, ephemeral assemblages, affecting vegetation-
associated fauna. Rising densities of three-spined stickleback (Gasterosteus aculeatus) in the
central Baltic Sea have been linked to reinforcing filamentous algae dominance through
predation on invertebrate grazers.

Ecological dynamics unfold within broader social-ecological contexts, where people and
ecosystems influence one another, changing over time. This thesis asks how wvariation
in coastal vegetation shapes faunal communities, and what historical human habitat use
and fishers’ ecological knowledge can reveal about these dynamics. To address this, I
used an interdisciplinary approach centred on Gotland, Sweden, (central Baltic Sea), with
complementary insights from Salina, Italy (Tyrrhenian Sea). Five questions were examined:
how SAV and filamentous algae shape epifaunal communities; how they affect juvenile and
adult sticklebacks; which habitats were historically used on Gotland to capture euryhaline fish;
how can engagement with fishers’ ecological knowledge be improved; and how integration of
scientific disciplines advances understanding of coastal habitat dynamics? Methods included
ecological surveys, isotope analysis of archaeological fish remains, and semi-structured
interviews with fishers using photo elicitation. Results showed that SAV vertical structure
increased overall epifauna abundance, whereas filamentous algae favoured only gastropod
grazers (Paper I). Juvenile sticklebacks increased with all vegetation variables, while adults
showed no associations (Paper II). These results suggest that shifts to filamentous algae
could alter epifaunal communities and grazing dynamics, while providing nursery habitat for
sticklebacks. Paper I1I reconstructed millennia of coastal and inland vegetated fishing habitats
use, and demonstrated long-standing importance of these habitats for supporting humans. Paper
IV showed that photo elicitation accesses explicit and tacit dimensions of fishers’ ecological
knowledge, revealing rich understandings of habitat dynamics. A final reflection highlighted
epistemological agility, effective communication, role clarity, and time allocation as key to
interdisciplinary work. By linking present-day ecological patterns with historical human use
and methods to engage with fishers’ knowledge, the thesis provides an integrated perspective
to inform management and conservation of coastal vegetated habitats.
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Preface

Human influence on our planet has reached unprecedented levels. Increasing
land and sea use, exploitation of organisms, pollution, and climate change
have profoundly affected ecosystems, leading to extensive habitat and biodi-
versity losses. These losses have caused disruptions in ecological functioning
and declines in the benefits that people derive from nature (Cooley et al., 2023;
Diaz et al., 2019). Such disruptions unfold as complex, intertwined processes
that extend across spatial and temporal scales, impacting both ecosystems and
people. Addressing them requires a deeper understanding of the complex in-
teractions between people and ecosystems and ways of working that bridge
disciplinary boundaries and explore new ways of generating knowledge.

The doctoral project “Fisheries and coastal development in a small island con-
text: the past, present and future”, a joint interdisciplinary venture between the
Department of Earth Sciences (Natural Resources and Sustainable Develop-
ment) and the Department of Archacology and Ancient History at Uppsala
University, responds to this need. Using the island of Gotland in the central
Baltic Sea as a focus study area, and the island of Salina in the central Medi-
terranean Sea as a supporting study site, the project examines ecological and
human interactions with coastal habitats, tracing how these relationships have
unfolded over time and how this knowledge can help us understand future
trajectories.

This thesis contributes to the doctoral project by focusing on present-day eco-
logical interactions in coastal habitats and by examining how both past and
present human use of these environments can deepen our understanding of the
complex and dynamic social and ecological interactions that shape coastal
systems.



1. Introduction

Coastal zones worldwide host highly productive and biodiverse habitats such
as seagrass meadows, algal and mussel beds, and sandflats, which support the
survival of numerous marine organisms by providing essential areas for re-
production, feeding, migration, and dispersal (Cheminée et al., 2021; Barbier,
2017; Dickey-Collas et al., 2017; Wingfield et al., 2011). These habitats also
provide vital ecosystem services to humans, including food production
through fisheries, carbon sequestration, and coastal protection (Cooley et al.,
2023; Diaz et al., 2019).

Among coastal habitats, underwater rooted vegetation such as seagrasses and
aquatic angiosperms (jointly termed Submersed Aquatic Vegetation, SAV)
play a key role in promoting biodiversity, maintaining coastal food webs, and
supporting coastal ecosystem functioning (Niemi et al., 2023; Fulton et al.,
2020; Lefcheck et al., 2019; Parker et al., 2001; Heck and Thoman, 1981).
SAV canopies increase the structural complexity of sea floors and modify lo-
cal physicochemical conditions, which creates favourable environments for
faunal colonisation (Lefcheck et al., 2017a; Eckman, 1987). Associated to
SAV are communities of epifauna, organisms that live on or attached to sub-
strates, largely composed of small invertebrates with diverse functional traits
and life histories. Among these are grazing crustaceans and gastropods which,
by controlling algal overgrowth, reduce competition for light and enhance
SAYV productivity (Duffy and Harvilicz, 2001; Neckles et al., 1993). Epifauna
are also important food sources for fish and other consumers and make an
essential contribution to the transfer of energy and nutrients to higher trophic
levels and across habitats (Sobocinski and Latour, 2015; Heck et al., 2008).
Numerous fish species use SAV as essential feeding, spawning, and nursery
grounds (Lefcheck et al., 2019; Kraufvelin et al., 2018; Sobocinski and Latour,
2015; Heck et al., 2008).

Anthropogenic pressures, including increasing coastal development, pollu-
tion, fishing, material extraction, ocean warming and acidification, are se-
verely affecting SAV and other coastal habitats and contributing to their loss,
degradation, and structural alteration on a global level (Pessarrodona et al.,
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2021; Brown et al., 2018; Lefcheck et al., 2017b; Beck and Airoldi, 2007).
The coastal zone of the Baltic Sea is among the most severely affected world-
wide due to the cumulative influence of multiple stressors (Cooley et al., 2023;
Reusch et al., 2018). Eutrophication, caused by excessive nutrient inputs de-
riving from its large and highly populated catchment area, is a leading cause
of water quality degradation in the Baltic Sea (HELCOM, 2023). One of the
key consequences of eutrophication is the proliferation of filamentous algae,
which have a competitive advantage over SAV in exploiting both nutrients
and light, and can, therefore, outcompete them (Bonsdorff et al., 1997; Duarte,
1995). As opposed to canopy-forming and long-living SAV, the structures of
filamentous algae are thread-like, often tightly interwoven, and ephemeral. A
shift from SAV to filamentous algae thus also represents a fundamental recon-
figuration of the structural architectures available for colonisation as well as
their permanence in time, which can profoundly affect epifauna and fish com-
munities. For instance, in the Baltic Sea SAV and other structurally large, per-
ennial vegetation increase epifauna biomass and support more stable epifaunal
communities by providing protection from mechanical disturbance (Manca et
al., 2025; Raberg and Kautsky, 2007a; Bostrom and Bonsdorff, 2000). Like-
wise, the loss of SAV, and its replacement with filamentous algae or bare sed-
iment, has been linked to declines in several fish taxa including juvenile At-
lantic cod (Gadus morhua) due to loss of habitat-forming vegetation (Pihl et
al., 20006).

The impact of eutrophication on coastal vegetation can be further reinforced
by food web alterations. In the Baltic Sea, an example is provided by three-
spined sticklebacks (Gasterosteus aculeatus, hereafter ‘stickleback’), whose
populations have dramatically increased in much of the Baltic Sea coastal
zone (Olsson et al., 2019; Bergstrom et al., 2015). As mesopredators, stickle-
backs reduce grazing epifauna, which indirectly promotes filamentous algal
growth (Donadi et al., 2017; Eriksson et al., 2009), and therefore further am-
plify the detrimental impacts of eutrophication on SAV.

Beyond their ecological significance, these dynamics have important implica-
tions for people, as SAV delivers essential ecosystem services such as fisher-
ies production, sediment stabilisation, coastal protection, and carbon seques-
tration (Cooley et al., 2023; Arkema et al., 2013; Barbier et al., 2011; Waycott
et al., 2009; Ronnbéck et al., 2007). At the same time, human activities, such
as resource use, coastal development, and land-based pressures, directly and
indirectly shape the condition and functioning of these habitats. Because peo-
ple both depend on and profoundly influence SAV habitats, and because these
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relationships unfold over long- and short time scales, a holistic perspective
integrating both ecological and human dimensions is needed to deepen our
understanding of how the influence of aquatic vegetation on coastal organisms
emerges within changing social and ecological contexts. This perspective in-
cludes how vegetation structures faunal communities and supports human
benefits, how human-habitats relationships change over time, and what they
can reveal about habitat functioning and condition.

Advancing such a holistic understanding of social-ecological interactions ben-
efits from the complementary perspectives offered by different disciplines.
Ecological studies investigating associations between animals and vegetated
habitats can uncover which features of vegetation (e.g., structural characteris-
tics, biomass, taxonomy) influence their distribution and abundance. Archae-
ological approaches can provide temporal depth by illuminating past faunal
assemblages, habitat distributions, and patterns of human use, thus revealing
the historical importance of these resources for human societies (Barrett,
2019). Complementing this long-term perspective, social sciences approaches
can illustrate contemporary human dimensions of coastal environments, par-
ticularly through the ecological knowledge of coastal users. Fishers spend ex-
tensive time at sea engaging daily with habitats and coastal organisms and can
develop a rich understanding of species distributions, habitat changes, and
ecosystem dynamics (Alexopoulos et al., 2025; Pinsky et al., 2021; Aswani
and Lauer, 2014). Such knowledge, often termed ‘fishers’ ecological
knowledge’, is widely recognised as a valuable source of information that can
both deepen scientific understanding and contribute to more effective and just
policies, helping to support decisions about resource use (Linke et al., 2022;
Boonstra et al., 2017; Stephenson et al., 2016; Haggan et al., 2007; Johannes
et al., 2000; Palsson, 1995).
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1.1 Aim and research questions

The overarching aim of this thesis is to investigate how coastal vegetation
shape epifaunal and fish communities and to situate these ecological processes
within the broader social-ecological context of changing human-habitat inter-
actions. I use an interdisciplinary approach integrating ecological investiga-
tions of vegetation-fauna interactions, long-term evidence of human habitat
uses, and evaluating how to improve engagement with fishers’ ecological
knowledge of habitat functions and dynamics.

The research is centred on a case study on the island of Gotland (Sweden), in
the middle of the central Baltic Sea, and complemented by insights from the
island of Salina (Italy), in th ecentral Mediterranean Sea. Gotland is located in
an area that is particularly affected by increasing densities of sticklebacks
(Olsson et al., 2019; Bergstrom et al., 2015). The island is also rich in archae-
ological sites revealing sustained and important human use of fish and other
aquatic resources in coastal and freshwater habitats since the Mesolithic (Apel
et al., 2018; Boethius et al., 2017). Salina is characterised by a highly diverse
and dynamic coastal zone which encompasses endemic SAV and macroalgal
beds, coralligenous, oyster, rthodoliths, and other biogenic reefs, and active
hydrothermal vents (Aguilar et al., 2018; Esposito et al., 2018; Bellissimo et
al., 2014), providing a highly interesting setting to investigate small-scale fish-
ers’ ecological knowledge of coastal habitats.

The thesis is organised around five research questions (RQ). Two core ques-
tions focused on how structurally contrasting vegetated habitats, specifically
SAV and drifting (unattached) filamentous algae, shape epifaunal and fish
communities in shallow water habitats of Gotland. The following two contrib-
uting questions extended this ecological focus: the first added temporal depth
by examining the past distribution and human use of fishing habitats in Got-
land, while the second assessed a method for engaging with contemporary
fishers’ ecological knowledge and perceptions of change in Salina. Finally, an
integrative question aimed at bringing the perspectives and answers together
to consider a holistic understanding of dynamics in coastal habitats. The set of
questions addressed in the thesis is:
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Core questions:

RQI. How do SAV and drifting filamentous algae shape epifaunal community
composition in shallow bays of Gotland? (Paper I)

RQ2. How do the vegetation variables examined in RQ 1, together with po-
tential epifaunal prey availability, shape the abundance of juvenile and adult
sticklebacks in shallow bays of Gotland? (Paper II)

Contributing questions:

RQ3. Which fishing habitats were used historically by coastal human popula-
tions in Gotland, from pioneer people in the Mesolithic to the Middle Ages,
and where were they situated? (Paper I1I)

RQ4. How can we better engage with fishers’ ecological knowledge and how
can their knowledge contribute to a better understanding of habitat functions
and change? (Paper 1V)

Integrative question:

RQ5. How can each disciplinary approach adopted in this investigation (i.e.,
archaeological, ecological, and the social scientific) contribute to a more ho-
listic understanding of coastal habitats dynamics, and what were the strengths
and limitations of each? (Discussion)

The structure of the thesis is presented in Table 1. In addition to the four em-
pirical papers, the thesis developed two methodological contributions: a non-
destructive index for rapidly characterising vegetation structure (vertical in-
dex, Papers I-II) and an assessment of researcher-driven photo elicitation
during interviews to facilitate engagement with fishers’ ecological knowledge
(Paper IV).

Table 1. Articles composing the thesis with the study location, the disciplinary lens,
and the research question assessed in each article.

Paper Disciplinary lens Study site Research
question

1 Ecology Gotland 1

II Ecology Gotland 2

111 Archaeology Gotland 3

v Social sciences Salina 4

-1V Interdisciplinary Gotland, Salina 5
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1.2 Thesis outline

The thesis is organised in the following chapters. The Background and main
theoretical concepts chapter presents the theoretical framing of this thesis
and introduces the main processes and entities investigated. The Methodol-
ogy chapter presents the case-study sites of Gotland and Salina, describes the
methods used in the four papers, and includes a reflection on my own posi-
tionality and the role that my academic and personal background had in shap-
ing this research. The Main findings and discussion chapter summarises the
key results from the four empirical studies, addressing the associated research
questions and bringing them together to reflect on the interdisciplinary ap-
proach adopted. A brief Future research section outlines potential future ar-
eas of study based on the findings of this thesis. Finally, the Conclusion sum-
marises the key highlights of this research.
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2. Background and main theoretical concepts

This chapter presents the components and processes that underpin the thesis.
First, I introduce the concept of social-ecological systems as a lens to under-
stand coastal dynamics. I then synthesise the main stages of environmental
change that have occurred in the Baltic Sea since the last glaciation and how
these changes have shaped biological communities to this day. I then present
the importance of SAV as habitats supporting marine communities and eco-
logical functions and the impacts that filamentous algae have on coastal faunal
communities. I then present the mechanism favouring the proliferation of fil-
amentous algae and how feedbacks at a system-level reinforce a filamentous
algae-dominated state. Following, I explore archaeological perspectives on
human-fish-habitats dynamics in Gotland and conclude by introducing fish-
ers’ ecological knowledge as a valuable source of insight into habitat functions
and dynamics.

2.1 Social-ecological systems

This thesis employs a social-ecological-system perspective to explore the re-
lationships and dynamics shaping coastal ecosystems. Under this perspective,
human systems and ecosystems are seen as intertwined and interdependent,
with interactions among components generating emergent outcomes across
different spatial, temporal, and organisational scales (Biggs et al., 2022; Rey-
ers et al., 2018; Liu et al., 2007; Berkes et al., 2000). These emergent patterns,
in turn, feed back into the system, shaping behaviours and enabling continual
change and evolution over time (Reyers et al., 2018; Levin et al., 2013).

Schliiter and colleagues (2019) noted that while social-ecological systems re-
search shares a unifying focus on people-nature interactions between people
and nature, studies differ in the degree of integration between the two. At one
end of the spectrum, social and ecological domains are seen as loosely con-
nected, interacting through linkages between entities (e.g., human pressures
driving ecological change); at the opposite side of the spectrum, social and
ecological domains are indistinguishable, with social-ecological entities
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generated in and through processes, rather than existing before them (Schliiter
et al., 2025).

The position I adopt in this thesis is one of full acknowledgement of the inter-
connectedness and interdependence of social and ecological entities. How-
ever, while recognising that distinctions between nature and human dimen-
sions can be limiting and arbitrary, I here conceptualise them as separate for
analytical purposes.

2.2 Long-term environmental change shaping Baltic
coastal ecosystems

The semi-enclosed Baltic Sea is one of the largest brackish water bodies in the
world. Its current brackish conditions are the expression of the post-glacial
development of the basin, which was governed by the interactions between
isostatic uplift (the rise of landmasses after release from ice sheet mass) and
eustatic sea level change caused by melting ice (Bjorck, 1995). The semi-en-
closed configuration of the basin, with its narrow connection to the North Sea,
influenced the basins’ salinity, as influx of marine waters was hindered or fa-
cilitated by these interactions at different points in time, resulting in freshwa-
ter, brackish, and marine phases that deeply shaped biotic colonisations
(RoBler et al., 2011; Westman et al., 1999; Bjorck, 1995).

Although the overall history of these changes is complex and with many tran-
sitional sub-stages, five main phases have been reconstructed, each character-
ised by a different salinity regime: the Baltic Ice Lake, the Yoldia Sea, the
Ancylus Lake, the Littorina Sea, and the present-day Baltic Sea (Andrén et al.,
2011; Bjorck, 1995, 2008) (Fig. 1). The Baltic Ice Lake was a freshwater body
closed above the sea by the receding land ice, lasting from deglaciation until
approximately 11 700 cal BP (calibrated '“C years before present). This stage
slowly shifted to a brackish water phase as ice retreated and a connection to
the North Sea allowed for the intrusion of marine waters (Bjorck, 1995;
Morner, 1995). The resulting Yoldia Sea, lasting until about 10 700 cal BP, is
named after Portlandia (Yoldia) arctica, a deposit feeder bivalve inhabiting
cold marine waters and still widespread in Arctic regions today (Udalov et al.,
2018). Sticklebacks also likely colonised the basin during this period
(Mikinen et al., 2006).
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Baltic Ice Lake Yoldia Sea Ancylus Lake Baltic Sea
13,000 1,700 10,700 8,500 3,000 Today
Conditions:
Freshwater  Brackish @Marine Years cal BP

Figure 1. Simplified timeline (not to scale) of the five main stages of the Baltic Sea
since the last glaciation and their associated dominating salinity conditions. Chronol-
ogy from Andrén et al. (2011).

As land uplift progressively isolated the basin from the Atlantic Ocean, the
Yoldia Sea slowly transitioned into the Ancylus Lake (c. 10 700 - 8500 cal
BP). This was a freshwater phase named after the limpet Ancylus fluviatilis, a
species that has disappeared from the Baltic basin but is still abundant in Eu-
ropean freshwater habitats (Cordellier and Pfenninger, 2008). The faunal com-
munity of the Ancylus Lake also included the gastropods Theodoxus fluviatilis
(Philip, 1910), which remains abundant in the current Baltic Sea and is one of
the key grazers in the system (analysed in Paper I). Fish communities in-
cluded freshwater species such as burbot (Lota lota) and whitefish (Corego-
nius sp.), but also euryhaline (i.e., that have broad salinity tolerance) species
including pike (Esox lucius), pikeperch (Sander lucioperca), roach (Rutilus
rutilus), and rudd (Scardinius erythrophthalmus), all species included in the
archaeological investigations in Paper 111, as well as whitefish (Coregonius
sp.), eel (Anguilla anguilla), perch (Perca fluviatilis), and Arctic char (Salveli-
nus alpinus) (Boethius et al., 2017; Hansson and Munthe, 1930).

Increasing inflows of marine water from the North Sea gradually led to a shift
from freshwater to marine conditions, which eventually resulted in the Litto-
rina Sea stage (c. 8500 - 3500 cal BP). During this stage, named after the ma-
rine periwinkle Litforina littorea, salinity levels were highly variable, with
some authors suggesting that they may have reached up to twice today’s val-
ues (Westman et al., 1999; but see Emeis et al., 2003). The increased connec-
tion to the North Sea is also reflected in the faunal assemblages of the time,
which included marine species such as blue mussel (Mytilus edulis), cod
(Gadhus morhua), herring (Clupea harengus), flatfishes (Pleuronectidae), and
garfish (Belone belone) (Saarse et al., 2009; Schmolcke et al., 2006). After
peaking about 6000 years ago, the salinity in the Baltic basin began to decrease
again (Bjorck, 2008), eventually reaching the current brackish conditions.
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Notably, some of the processes that regulated changing salinity in the Baltic
basin in the past are still operating today. The Baltic Sea is still strongly influ-
enced by inflows of marine water from the North Sea and the freshwater inputs
from precipitation and the numerous rivers in its catchment area (Elmgren and
Hill, 1997). This results in the characteristic north-south and east-west salinity
gradient, with near freshwater conditions in the Gulf of Bothnia in the north
and near marine conditions close to the Danish straits in the south (Snoeijs-
Lejjonmalm and Andrén, 2017). The distribution of organisms mirrors this
gradient, with species of freshwater origin being progressively less abundant
moving south and those of marine origins progressively disappearing moving
north, with many living at their physiological salinity tolerance limit (Snoeijs-
Leijonmalm and Andrén, 2017; Leppédranta and Myrberg, 2009; Kautsky and
Kautsky, 2000). The hydrography of the Baltic Sea is also influenced by the
still ongoing post-glacial isostatic land uplift (Pésse and Andersson, 2005),
which leads to the progressive isolation, in some areas, of shallow bays from
their connection to the Baltic Sea, further influencing local environmental
conditions, as well as floral and faunal communities (Hansen et al., 2012).

2.3 Foundational habitats: SAV

SAV comprise marine and aquatic angiosperms (see Box 1) that play essential
roles in coastal ecosystems. Other than offering a direct food source to diverse
vertebrates and invertebrates (Bakker et al., 2016; Valentine and Heck, 1999;
Lodge, 1991), SAV provide three-dimensional structures that interact with lo-
cal hydrodynamic conditions, which slows water flow and favours the settling
of pelagic larvae and increases deposition of suspended particles, which in
turn improves water clarity (Newell et al., 2010; Orth et al., 2006; Eckman,
1987). SAV structures also provide attachment surfaces for microalgae and
other epibionts, which are themselves important food sources to higher trophic
levels (Thornber et al., 2016; Kouchi et al., 2006; Duffy et al., 2001) and boost
biodiversity by offering shelter, feeding, and nursery habitats to numerous ep-
ifaunal organisms and fish (Lefcheck et al., 2017a, 2019; Heck et al., 2003;
Heck and Thoman, 1981).
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Box 1. Notes on vegetation terminology and definitions
used in the thesis:

In its broadest sense, the term Submersed -or submerged- Aquatic Vege-
tation (SAV) includes all vegetation covered by water, encompassing both
vascular plants and algae. However, the adjective submersed is also com-
monly used to describe, in a narrower sense, vascular plants whose struc-
tures are fully supported by water, as opposed to emergent taxa (e.g.,
reeds) that have also self-supporting aerial structures (Golterman et al.,
1988). A narrower definition of SAV as including only underwater vas-
cular plants became established between the 1970s and 1980s, and is still
widely used today (e.g., Campbell et al., 2025; Lefcheck et al., 2018;
Rozas and Odum, 1988; Davis, 1983; Orth and Moore, 1983; Orth and
Gordon, 1975).

In this thesis, SAV is used in this narrower definition. The term macro-
phyte is adopted when referring to both SAV and non-filamentous
macroalgae, while filamentous algae are considered separately because of
their distinct morphological characteristics and the ecological dynamics
examined in this work.

In the brackish Baltic Sea, SAV communities are dominated by taxa of limnic
origins, in particular pondweeds (Potamogeton and Stuckenia genera) and wa-
ter milfoils (Myriophyllum) (Austin et al., 2021; Kautsky and Kautsky, 2000)
(Fig. 2a). Seagrasses, such as eelgrass (Zostera marina), are present, but lim-
ited by the salinity gradient of the Baltic Sea (see section 2.2), which favours
limnic species in much of the basin (Bostrom et al., 2014). All these taxa differ
in canopy height, leaf morphology, and architectural complexity, and provide
heterogeneous habitats that support diverse faunal assemblages (Gustafsson
and Bostrom, 2011). Epifaunal communities associated with SAV include
species with various life histories and functional roles, including grazing crus-
taceans and gastropods, insect larvae, and bivalves (Bostrom and Bonsdorff,
2000).

The species composition and abundance of faunal communities are shaped by
multiple aspects of SAV structure, a relationship explored extensively in the
broader global literature. Early work showed that greater SAV biomass is of-
ten associated with higher epifaunal abundance, likely as a reflection of higher
surface area available for colonisation and refuge (Heck and Wetstone, 1977).
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Research focusing on specific structural traits also showed the importance of
leaf morphology and overall plant architecture, indicating that more structur-
ally complex plants host higher epifaunal abundances (Hansen et al., 2010;
Kenyon et al., 1997). Other studies found, in contrast, that plant density, rather
than morphology, was the primary driver of epifaunal abundance and biomass
(Stoner and Lewis, 1985). Looking at relationships between SAV and fish,
SAV structure provides essential shelter and nursery habitat for ecologically
and economically important species including cod and pike (Bryhn et al., 2022;
Pursiainen et al., 2021; Nilsson et al., 2014; Pihl et al., 2006; Borg et al., 1997).
Together, these studies illustrate that different variables related to SAV structure
can be important factors shaping faunal communities, but that the strength or
direction of these relationships depends on the species examined.

2.4 The ephemeral habitat of filamentous algae

The Baltic Sea hosts numerous taxa of filamentous algae, including green
(e.g., Chaetomorpha and Cladophora), brown (Pylaiella and Ectocarpus), and
red (Ceramium) genera (Bonsdorff, 1992). These annual species can occur
attached to substrates or drifting. Drifting filamentous algae are transported
by winds and water currents and often aggregate in tightly interwoven mats
(Norkko et al., 2000), which can also include substantial volumes of filamen-
tous cyanobacteria such as Aphamizonenon, Nodularia, and Dolichospermum
(Olofsson et al., 2020) (Fig. 2b).

At small to moderate biomasses, filamentous algae can positively contribute
to coastal biodiversity (Lauringson and Kotta, 2006; Norkko et al., 2000).
Many species are palatable and nutrient-rich food sources for epifauna
(Kahma et al., 2021; Vesakoski et al., 2008; Kraufvelin et al., 2006), and their
small structures can host high densities of small crustaceans, molluscs, and
insect larvae (Berezina et al., 2022; Salovius et al., 2005; Norkko et al., 2000;
Bonsdorff, 1992). Filamentous algae can also provide shelter to fish during
early life stages. Experiments with pike collected in the Baltic Sea showed,
for instance, that larvae preferentially selected filamentous algae over the fo-
liose macroalgae bladderwrack (Fucus vesiculosus) and sheltering in filamen-
tous algae increased larval survival in the presence of stickleback predators
(Engstrom-Ost et al., 2007).
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Figure 2. Vegetation types investigated in the thesis. (a) Submersed aquatic vegetation
community with Myriophyllum spicatum and Stuckenia pectinata; (b) Mat of drifting
filamentous algae. Photos taken in the study bays of Lergrav (a) and Valleviken (b),
Gotland. Modified from Paper I.
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However, the benefits of filamentous algae to epifauna and juvenile fish are
strongly dependent on their amount and persistence in space (Norkko et al.,
2000). When large accumulations of drift filamentous algae die and decom-
pose, they contribute substantial organic matter to the sediment, driving oxy-
gen depletion and deteriorating sediment conditions (Polyak et al., 2024). The
aforementioned high density of benthic epifauna in filamentous algae has in
fact also been explained as organisms migrating in the algae as a stress re-
sponse to degraded oxygen conditions under the mat (Norkko et al., 2000).
Dense masses of filamentous algae can also trap settling invertebrate larvae,
reducing recruitment and affecting underlying benthic filter feeders (Arroyo
and Bonsdorff, 2016; Bonsdorff, 1992; Olafsson, 1988). Finally, a study by
von Nordheim and colleagues (2020) showed that the common brown fila-
mentous algae Pylaiella can have a direct negative effect on herring eggs.
While an exact causal mechanism could not be identified, the authors sug-
gested that this negative effect was likely due to exudates produced by the
algae affecting egg viability.

2.5 From SAYV to filamentous algae: eutrophication and
system-level feedbacks

Threats to SAV ecosystems include multiple stressors at both local and global
scales, including coastal development, boating, diseases, heat waves, pollu-
tion, and eutrophication, which often act concurrently and, in some cases, syn-
ergistically (Lefcheck et al., 2017b; Lotze et al., 2006; Orth et al., 2006).

Despite recent progress in reducing nutrient inputs, the Baltic Sea remains
heavily affected by eutrophication (HELCOM, 2023; Bonsdorff, 2021). The
basins’ large watershed is inhabited by ca. 85 million people and is positioned
in a highly industrialised region, which carries excess nutrients and contami-
nants through rivers, atmospheric deposition, and internal loading from sedi-
ments (Omran and Negm, 2020; Wulff et al., 1990). Its semi-enclosed config-
uration (see Section 2.2), the long water residence time, and strong stratifica-
tion further slow nutrient mineralisation, exacerbating eutrophic conditions
(Bonsdorff et al., 2002; Wulff et al., 1990).

In coastal areas, the most prominent impact related to eutrophication is the
excessive proliferation of filamentous algae (Bonsdorff et al., 2002). Filamen-
tous algae have a competitive advantage over SAV in exploiting both nutrients
and light (Duarte, 1995; Wallentinus, 1984) and, if not controlled by grazing,
can rapidly overgrow them (Neckles et al., 1993). As seen in the previous
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Section 2.4, this can lead to detrimental consequences on both SAV and
changes in faunal communities.

The impacts of eutrophication on vegetation can also be influenced by con-
sumers through trophic interactions. In the Baltic Sea, stickleback populations
have dramatically increased over recent decades, particularly in the central
Baltic sub-basin (Olsson et al., 2019; Bergstrom et al., 2015). Because stick-
lebacks are mesopredators feeding on invertebrate grazers, this rise has im-
portant ecological consequences on vegetated habitats (Neckles et al., 1993).
Experimental studies showed that high stickleback densities can alter species
composition of epifauna and reduce grazer abundances, which releases fila-
mentous algae from grazing pressures and favour their proliferation (Sieben
et al., 2011a; Eriksson et al., 2009). High abundances of sticklebacks can there-
fore likely exacerbate stress on SAV caused by eutrophication (Donadi et al.,
2017; Eriksson et al., 2009) and amplify the degradation of larger, three-dimen-
sional structured habitats in favour of smaller, more finely structured ones.

The recent increase of sticklebacks in the Baltic Sea is widely interpreted as a
case of mesopredator release, driven by reduced predation by coastal predators
such as pike and declining predation and competition by herring in pelagic
habitats (Donadi et al., 2025; EkISf et al., 2020). This highlights the im-
portance of trophic interactions across the marine ecosystem in shaping re-
sponses on smaller scales (Reusch et al., 2018).

2.6 Archaeological insights on aquatic habitat use in
Gotland through environmental change

Fish remains from archaeological excavations offer important clues for under-
standing long-term social-ecological processes in coastal habitats. Other than
revealing past human interactions with coastal resources, which also provides
context to understand how current patterns of exploitation have developed,
fish remains also provide valuable ecological information. Known species
habitat preferences and salinity tolerances allow us to reconstruct broad past
environmental conditions, including water quality, presence of vegetation, and
coastal configuration (Schmolcke et al., 2007). More in-depth analyses can be
conducted on fish bones and teeth to reveal finer details on habitats and envi-
ronmental conditions and population characteristics. For example, by compar-
ing strontium (Sr) isotope ratios in archaeological fish teeth with Sr signals in
coastal and freshwater systems, it is possible to determine the general water
body where the fish was caught and whether the fish migrated between
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different water bodies during tooth mineralisation (Boethius et al., 2021).
Chronometric parts such as fish otoliths (ear bones) have also been used to
estimate age at capture and reconstruct characteristics of ancient populations,
including growth rate and mortality estimates for comparisons with modern
populations (Limburg et al., 2008). More generally, because human use of
aquatic resources is tightly coupled to the habitats that supported them, ar-
chaeological material simultaneously illuminates both human-environment
interactions and the ecological settings in which they occurred.

Gotland provides an interesting context for applying an archaeological lens to
deepen our understanding of environmental change on coastal habitats. The
first people arrived on the island in the Mesolithic around 9200 years ago
(Apel et al., 2018). Subsequent groups continued settling on the island
throughout the main phases of deep environmental changes in the Baltic Sea
presented in Section 2.2, from the freshwater Ancylus Lake, to the marine
Littorina Sea, to the current brackish conditions. This long-term human pres-
ence on the island, combined with its rich archaeological record, enables the
tracing of resource use and broad habitat characteristics across millennia and
throughout dramatic environmental change.

Excavations from sites of Mesolithic pioneers revealed abundant freshwater
and euryhaline fish remains including pike, perch, whitefish, burbot, and cy-
prinids (Boethius et al., 2017), which is consistent with the prevailing fresh-
water conditions during the Ancylus Lake stage. By the Middle Neolithic (ca.
5000 years ago), zooarchaeological remains from sites on Gotland and the
near island of Aland, associated with the Pitted Ware Culture, showed more
varied fish assemblages, with a strong presence of marine species such as her-
ring and cod and, although less frequently, flatfishes, in addition to euryhaline
pike, perch, cyprinids, and salmonids (Olson, 2008; Olson and Walther, 2007).
This shift reflects the increasingly saline conditions of the Littorina Sea and
the colonisation of the Baltic basin by marine species from the North Sea (see
Section 2.2). Later, during the Viking Age and Middle Ages, archacological
finds also document the presence of imported cod originating in the Atlantic
Ocean, in addition to these mixed assemblages, indicating a connection to
larger trade networks in marine species (Krooks, 2013; Orton et al., 2011).

Because many of these fish species have specific habitat requirements, taxo-
nomic identification of archaeological fish bones and teeth allows the infer-
ence of broad characteristics of past habitats. For instance, pike remains indi-
cate the presence of sheltered, shallow, vegetated, and structurally complex
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habitats, which are essential for pike during their life history (Pursiainen et al.,
2021; Nilsson et al., 2014). Similarly, shallow nearshore vegetated habitats
can be inferred by the remains of juvenile cod, which use these habitats for
shelter and feeding (Dunlop et al., 2022; Borg et al., 1997).

However, while taxonomic identification can reveal which species and habi-
tats were present, further analyses are required to uncover in higher details
where fish were captured and, therefore, the location of these habitats. This is
particularly relevant in the case of euryhaline species, which can inhabit both
fresh- and brackish waters. Since many past human populations on Gotland
had access to both habitat types, and because the bones of euryhaline fishes
do not display morphological differences based on salinity regimes, elemental
analyses (such as Sr) are required to identify the source habitat and situate the
fish remains in specific water bodies. Euryhaline fishes represent therefore a
“missing piece” of our understanding of human use of coastal and inland
aquatic habitats and the spatial distribution of the habitats that supported them.

2.7 Fishers’ ecological knowledge

Fishers’ ecological knowledge refers to the rich, situated understanding that
fishers develop through sustained interactions with the marine ecosystems
(McClenachan et al., 2025; Raymond et al., 2010). This knowledge encom-
passes observations of species, habitats, and the interrelationships between or-
ganisms and their surrounding ecosystems. Fishers’ ecological knowledge can
support both scientific enquiry and management by contributing to data ac-
quisition on species distributions and population trends, help identifying
emerging environmental issues such as climate change-driven shifts in species
distributions, and documenting changes in benthic habitats following destruc-
tive storm events (Alexopoulos et al., 2025; Pinsky et al., 2021; Bastari et al.,
2017; Aswani and Lauer, 2014). All of these inputs are particularly valuable
in data-poor regions (Lima et al., 2017; Silvano and Begossi, 2012).

The role of fishers’ ecological knowledge in deepening scientific understand-
ing and strengthening fisheries management is widely recognised in the liter-
ature (Bélisle et al., 2018; Stephenson et al., 2016; Haggan et al., 2007; Jo-
hannes et al., 2000; Palsson, 1995). However, some methodological consider-
ations about how researchers engage with fishers’ knowledge have been high-
lighted in the literature, particularly with regard to capturing explicit and tacit
dimensions of fishers’ knowledge (Bjorkvik et al., 2021; Wilson et al., 2006;
Palsson, 1995). Explicit knowledge refers to aspects that can be verbalised,
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while tacit knowledge describes practical knowledge that is linked to activities
and practices and resists verbal articulation (Hadjimichael et al., 2024). Be-
cause of the strong link with the practices and activities from which it is de-
rived, engaging with tacit knowledge is particularly challenging in out-of-con-
text situations (Bjorkvik et al., 2021; Wilson et al., 2006; Palsson, 1995). As
researchers primarily engage with fishers’ knowledge through verbal meth-
ods, such as interviews and questionnaires, which are also often conducted
while the fisher is not working at sea, there is a risk that these methods only
partially engage with fishers’ knowledge, leaving important aspects unex-
plored. These challenges may be even more evident when discussing marine
habitats. Most fishers operating from a vessel regularly interact with coastal
habitats, but their experiences are largely confined to what they can perceive
from the surface or through the use of gear or technology. Indeed, it has been
noted in the literature that verbal cues alone were not sufficient to engage with
fishers’ knowledge of habitats in detail (Bergmann et al., 2004).

In the context of this thesis, fishers’ ecological knowledge plays two key roles.
First, it is examined as an object of research in its own right to understand how
engagement with this knowledge can be improved. Second, it provides insight
into how fishers perceive habitat functions and change over time.
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3. Methodology

This chapter outlines the research design of the thesis. It presents the study
areas of Gotland and Salina and describes the different disciplinary methods
and analyses adopted in the papers. Further details are reported in the Methods
section of each article.

3.1. Focus study area: Gotland, Sweden

Situated centrally in the Baltic Proper sub-basin, Gotland (57° 29’ 59.99" N,
18°32'59.99" E), is the largest of the islands in the Baltic Sea (3 140 km?).
Being relatively isolated from other large islands and the mainland, and with
prevailing south-westerly winds, different levels of exposure give rise to
broad-scale characteristics of coastal habitats around the island. Highly ex-
posed areas on the west and northern coasts are characterised by hard sub-
strates colonised by filamentous algae, blue mussels, and barnacles (Amphi-
balanus improvisus) (Réden et al., 2018; Wijkmark et al., 2017). In moder-
ately exposed and exposed areas, the lower mechanical stress allows the hab-
itat-forming brown macroalgae bladderwrack to grow and colonise larger
areas (Wijkmark et al., 2017, 2021). Finally, sheltered habitats with sandy and
silty substrates are common on the eastern coast and in the inner parts of bays
and flads (shallow bays subjected to post-glacial land uplift). Sago pondweed
(Stuckenia pectinata) and Eurasian watermilfoil (Myriophyllum spicatum) are
the dominant SAV species and are often found in mixed meadows; eelgrass
(Z. marina) is generally less common, and usually found at depths exceeding
3 m (Wijkmark et al., 2021), although small eelgrass patches are locally pre-
sent at depths of less than 2 m (pers. obs.).
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Figure 3. Map of the focus study area. a) Location of Gotland in the Baltic Sea (black
rectangle); b) Map of the Gotland with study sites; filled circles: sites of the ecological
surveys, open circles: archaeological sites

All the of the most important fishery resources by landing weight in the
broader Baltic Sea have been recorded during monitoring surveys in SAV hab-
itats around the island, including sprat (Sprattus sprattus), herring, cod, floun-
ders (European flounder Platichthys flesus and Baltic flounder P. solemdali),
and perch (SLU Aqua, 2022).

The ecological investigations for Papers I and II were conducted in two shal-
low water bays located on the north-east coast of Gotland: Lergrav and Val-
leviken (Fig. 3, Table 2). These bays are characterised by the presence of ex-
tensive shallow-water soft bottom substrates hosting vegetation, similar expo-
sure to the prevailing winds, and relatively low boat traffic.

The fish remains analysed in Paper III were collected at archaeological sites
in Gisslause, Ajvide, Vastergarn, and Frojel (Fig. 3; Table 3), together repre-
senting a time period spanning approximately 9000 years. The sites also were
occupied during different stages of the Baltic Sea Basin (Section 2.2):
Gisslause is a Mesolithic settlement (9000 - 8000 cal BP) located on the north-
east coast of Gotland, and corresponding to the Ancylus Lake phase; Ajvide,
on the south-west coast, is a site dating to the mid-Neolithic period (ca. 5200-
4300 cal BP), corresponding to the marine Littorina Sea stage; Vastergarn and
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Frojel, on the west coast, are sites dating to stages during the Iron to the end
of the Early Middle Ages (1350 — 650 cal BP), when the Littorina Sea had
already transitioned to the current brackish conditions (Bjorck, 2008). At all
of the archaeological sites, people had access to both coastal and freshwater
habitats, the latter now largely lost due to land uplift and extensive drainage
(Sernander, 1941) (Appendix Fig.1). The sites investigated for this thesis, with
details about the relative period, dating, and corresponding phase of the Baltic
basin, are reported in Table 3.

Table 2. Overview of all sites investigated in this thesis, including their associated
archaeological period, chronological estimates expressed in both calibrated radiocar-
bon years before present (cal “C BP) and years before the Common Era (BCE/CE),
and their corresponding phase within the Baltic Sea basin development.

Balti
Site Period Years BP  Year BCE/CE a .1c

basin stage
Gisslause Mesolithic 9000 - 8000 7050 - 6050 BCE  Ancylus Lake
Ajvide Neolithic 5200 -4300 3100 -2300 BCE Littorina Sea

Frojel Iron- - Middle Ages 1350 - 650 CE 650 - 1300 Baltic Sea

Vistergarn Iron- - Middle Ages 1350 - 650 CE 600 - 1300 Baltic Sea
Lergrav ~ Contemporary CE 2021 Baltic Sea
Valleviken Contemporary CE 2021 Baltic Sea

3.2 Salina, Italy

In addition to the main focus study area of Gotland, the thesis comprises an
empirical study (Paper IV) conducted in Salina, Italy (38° 33’ 55" N, 14° 50’
0" E; Fig. 4), in the central Mediterranean Sea to assess a method to improve
engagement with fishers’ ecological knowledge of coastal habitats. Choosing
this island as an additional study site was guided by two main reasons. The
first was that it offers a highly diverse and complex mosaic of coastal habitats
with which fishers interact regularly, including macroalgal beds, seagrasses,
coralligenous, rhodolite beds, and deep waters (> 150 m) with mixed sub-
strates, which together provide an interesting setting for engaging with fishers’
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habitat knowledge. A second motivation was to create the opportunity to have
an ‘insider’ researcher approach to the study (Kanuha, 2000). Born and raised
in nearby Sicily, I share the language and broader cultural background of the
people in Salina. While this position did not eliminate the risk of introducing
my own bias and assumptions (Dwyer and Buckle, 2009), it enabled me to
directly interact with the research participants and the local communities,
helping to avoid possible distortions due to external translation and interpre-
tation (Squires, 2008).

Figure 4. Map of the study area for the interviews. a) location of the Aeolian archipel-
ago (black rectangle); b) location of Salina in the archipelago (black rectangle); c)
Salina and the three municipalities where the interviews were conducted.

Salina is a small (26.4 km?) island of the Aeolian Archipelago, a group of
seven inhabited islands and several islets located north of Sicily in the central
Mediterranean Sea. The Aeolian archipelago is of volcanic origin, which re-
sults in a steep and complex bathymetry (Favalli et al., 2005). Hydrothermal
vent systems with effusive elements are also present within the coastal zone
(Esposito et al., 2018), which create highly dynamic physical and chemical
conditions. Coastal habitats include beds of diverse macroalgae and the
seagrass Posidonia oceanica, rhodolites, underwater caves, and rocky bot-
toms, many of which are of high ecological importance and support diverse
biological communities (Aguilar et al., 2018; Esposito et al., 2018; Bellissimo
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et al., 2014). Semi-structured interviews for Paper IV were conducted with
small-scale fishers in the island’s three municipalities: Malfa, Santa Marina,
and Leni (Fig. 4).

3.3 Data generation and analysis
3.3.1 Ecological surveys and modelling

To analyse habitat associations of fish and epifauna with vegetated habitats,
Paper I and Paper II used ecological surveys of vegetation, fish, epifauna,
and environmental variables. The common aim of both studies was to investi-
gate the influence of SAV and drifting filamentous algae on epifauna abun-
dance and several life stages of three-spined sticklebacks. Paper I analysed
the influence of vegetation and environmental variables on overall epifauna
abundance and the abundances of four key grazers: crustaceans in the genus
Gammarus and Idotea, and gastropods in the family Hydrobiidae, as well as
T. fluviatilis. Paper II analysed specifically if and how the abundance of ju-
venile and adult sticklebacks was influenced by vegetation structure and veg-
etation type in the presence of potential epifauna prey.

For the surveys, a total of 22 standardised circular sampling stations (area =
78.54 m?) were sampled at the two study sites in Gotland (11 stations per site).
The surveys consisted of vegetation area-based estimates (used in both Papers
I and II), quantitative sampling of vegetation and epifauna (Papers I and II),
fish Underwater Visual Censuses (UVC, Paper II), and measurements of en-
vironmental variables (Paper I).

Vegetation area-based estimates

For each SAV and non-filamentous macroalga species, the percent cover was
estimated within three 0.5 x 0.5 m (0.25 m?) squared frames placed haphaz-
ardly within each survey station. Because cover was intended as a two-dimen-
sional, top-down view for each species, cumulative cover could exceed 100%.
Within the same frame, vegetation vertical structure was characterised by us-
ing a ‘vertical index’, which I developed based on the methods described in
Schulz et al. (2009). Vegetation cover was recorded across five height layers
(less than 10 ¢cm, 10 - 30 cm, 30 - 50 cm, 50 - 70 cm, and over 70 cm (maxi-
mum cover = 100%), and combined into a standardised index by weighting
taller layers more heavily, summing the values, and dividing by the maximum
possible score.
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The vertical index allows for a non-destructive estimation of the overall vol-
ume of vegetation and can be easily applied also in areas with mixed SAV and
macroalgae vegetation stands. Moreover, the time required underwater is min-
imal, since the surveyor only needs to record the percentage of vegetation in
each height layer, and calculations can be done at a later time.

Quantitative sampling

A mesh bag (radius 0.18 m, area ~0.1 m?, mesh <0.5 mm) was use to collect
samples of vegetation and associated epifauna (> 1 mm) at each survey station.
After carefully lowering the bag on the vegetation, the vegetation was cut at
the interface with the sediment and brought to the surface. SAV, macroalgae,
drifting filamentous algae, and epifauna were then sorted to the lowest taxo-
nomic level possible and counted. Dry biomass was obtained after drying at
60°C for 14 days.

Underwater visual census

For Paper II, a two-step UVC protocol was adopted to record stickleback
abundances at each station. While there are known limitations of UVCs in
accurately recording overall fish communities (e.g., observer disturbance,
Emslie et al., 2018), UVCs remain valuable in investigating fish-habitat rela-
tionships in a non-destructive way (Eggertsen et al., 2022; Cheminée et al.,
2021). Moreover, personal observations suggested that sticklebacks, at least
in the contexts of the study sites and other comparatively similar environments
around Gotland, do not exhibit a strong avoidance behaviour to a slow-moving
observer.

The protocol consisted of a stationary point census for three minutes, followed
by a scan of the survey station area closer to the bottom. The protocols were
based on Berkstrom et al. (2013) and Bohnsack and Bannerot (1986). All
fishes encountered during the UVC were identified to the lowest taxonomic
level possible, and their standard length was estimated to the nearest cm. SL
was used in the analysis to distinguish sticklebacks in juveniles (standard
length <4 cm) and adults (SL > 4), based on data from Bergstrom et al. (2015).

Environmental variables

For Paper 1, depth and fetch were used, together with vegetation variables, to
model the abundance of epifauna. Depth was measured with a diving com-
puter (SUUNTO Zoop Novo) at the middle of each survey station. Fetch was
calculated in the R environment v. 4.3.1 (R Core Team, 2023) with the pack-
age windfetch (Seers, 2022), using GPS positions recorded at each station.
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Analysis

The fauna-habitat associations in both Paper I and Paper II were modelled
using Generalised Linear Models (GLMs). Given that the response variables
for both fish and epifauna were count data, which are typically non-normally
distributed, the flexibility offered by GLMs allowed for the direct modelling
of untransformed data, which increase interpretability of the results (O’Hara
and Kotze, 2010).

3.3.2 Strontium ratio analysis of archaeological fish teeth

Paper III used laser ablation multi collector inductively coupled plasma mass
spectrometry (LA-MC-ICP-MS) to analyse the sequential *’Sr/**Sr of euryha-
line fish teeth excavated at archaeological sites dated from the Mesolithic, Ne-
olithic, and Iron Age-Middle Ages. This method analyses the strontium ratio
crystallised in teeth enameloid during the time of fish tooth formation, which
provides information on the environment used during that time. The sample
included 42 fish teeth (of which two were dropped from the analysis due to
contamination) comprising pike, pikeperch, roach, common bream (4bramis
brama), common rudd, tench (Tinca tinca), ide (Leuciscus idus), and uniden-
tified cyprinids (Family: Cyprinidae) (see Appendix for full list of samples
utilised in the analysis).

Analysis and baseline comparison. The stable *’Sr isotope is produced by an
extremely slow radioactive process operating over billions of years, meaning
that the *’Sr/*Sr ratio remains effectively constant for archaeological pur-
poses. Because this ratio is also preserved when strontium moves into soil and
waters, comparing signals from archaeological euryhaline fish teeth with con-
temporary coastal and freshwater values allows the identification of the gen-
eral water body in which the fish was captured (Boethius et al., 2021). Fur-
thermore, sequential ablations allow for obtaining ‘snapshots’ of strontium ra-
tios over the time of tooth mineralisation, which allows for the detection of
eventual fish mobility patterns between water bodies. To contextualise the
strontium ratios in fish teeth, a baseline of bioavailable strontium around Got-
land was built by collating new analyses of water samples with existing data
from water bodies in both inland and coastal areas. Water body alignments
were then constructed to obtain an indication of the potential location where
fishes were captured and to explore fish mobility, i.e., if fish utilised different
water bodies during tooth mineralisation. Water body alignments are con-
structed by grouping fish according to their non-overlapping individual
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average Sr ratios, which then can be correlated to the baseline of bioavailable
strontium in Gotland.

3.3.3 Photo elicitation: literature review and semi-structured
interviews

Paper 1V assessed the use of photo elicitation, a technique consisting in the
introduction of photographs during interviews (Harper, 2002), to deepen en-
gagement with the ecological knowledge of small-scale fishers and capture
their perceptions of habitat function and dynamics. Photo elicitation has been
shown to improve the accuracy of responses, help evoke emotional response,
and engage with both explicit and tacit aspects of knowledge (Glaw et al.,
2017; Pain, 2012; Harper, 2002). The study included a literature review of
how the method has been used in the field of fishers’ ecological knowledge
research and an empirical study using semi-structured interviews with photo
elicitation with small-scale fishers in the island of Salina. The pictures shown
during the interviews represented key benthic habitats and habitat-associated
organisms in the archipelago’s coastal zone, including various vegetation
types (SAV and macroalgae), habitat-forming attached and encrusting species
(Pinna nobilis and a coralligenous community), and unattached habitat-form-
ing species (rhodolites and a pencil sea urchin in the family Cidaridae). During
the interviews, fishers were invited to focus on one or two target species of
their choice and to identify which habitats these species use and why (e.g., for
feeding or reproduction). Photo elicitation was then introduced for fishers to
identify the various habitats and add any comments or reflections upon them.

Ethics

The study was conducted in accordance with established principles of good
research practice and relevant data protection regulations. Ethical considera-
tions were guided by the guidelines outlined by Vetenskapsradet (2017), in
alignment with the requirements of the EU General Data Protection Regula-
tion (GDPR), as well as the ethical principles articulated in the Carta dei Prin-
cipi per la Ricerca (Ethical Charter on Social Sciences and Humanities Re-
search) issued by the Italian National Research Council (2017). All partici-
pants were informed about the purpose of the study, the voluntary nature of
their participation, and their right to withdraw at any time without conse-
quences. Informed consent was obtained prior to the interviews. To ensure
confidentiality, personal data were anonymised.
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Analysis

The interviews were systematically analysed using the Structure-Dynamics-
Function framework (Garavito-Bermtidez and Boonstra, 2022; Garavito-
Bermudez et al., 2016). In the framework, structure denoted habitat charac-
teristics such as depth, seafloor type, eventual presence of vegetation or
fauna typically associated with the habitat; dynamics denoted fishers’ de-
scriptions of changes over time, whether in the structure of the habitat or
how species interact with habitats; and function were fishers’ accounts of
roles played by habitats in supporting marine communities, including
nursery or feeding function

3. 4 Statement on the use of Al

Al tools, namely Copilot, were consulted to suggest improvements in the read-
ability of selected paragraphs, correct grammar, and explore alternative for-
mulations during writing, especially when I had long and complex sentences.
I thoroughly revised all the suggestions.

3. 5 Author positionality

This section offers a reflection on how my worldview, shaped by my experi-
ences and personal, educational, and professional backgrounds, may have in-
fluenced different aspects of the research process, including the choice of top-
ics, methods, and how to conduct the research.

My primary area of academic interest lies in the natural sciences, and in par-
ticular how animals interact with their surrounding environments. At the same
time, I have also been drawn to understanding how humans, as animals our-
selves, relate to and shape the environments we depend on. These interests
guided the choices I made during my studies: first, I completed a B.Sc. degree
in zoology with a thesis characterising microplastic debris on Irish coasts, fol-
lowed by a M.Sc. degree in marine biology with a thesis on small-scale fish-
eries in southern Mozambique. The work conducted for my M.Sc. thesis in-
troduced me to semi-structured interviews as a research method, giving me
also my first experience engaging directly with fishers, their practices, and
their knowledge.

After my M.Sc. degree, I worked for several years in the Swedish national
marine monitoring programme for the Baltic Sea, in the division focusing on
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vegetated habitats. This experience strengthened my skills in identifying Bal-
tic Sea vegetation and epifauna, and allowed me to participate in field sam-
pling across numerous coastal areas of Sweden, including around Gotland. It
also profoundly shaped how I perceive the Baltic Sea and the organisms that
inhabit it. Through repeated fieldwork and snorkelling in my own free time, I
learned to appreciate life forms that are often (wrongly) considered unremark-
able and non-charismatic, compared to other marine systems. I also learned to
better appreciate the ecological functions that these organisms perform in this
unique sea, where brackish conditions push many of them close to their phys-
iological tolerance limits. While underwater, I was particularly struck by the
abundance of filamentous algae in some sheltered bays, where they formed
thick mats that contrasted sharply with the more structured habitats created by
SAYV and bladderwrack. Seeing these contrasting habitats made it impossible
for me not to think about how different animals might (or might not) use the
spaces and food they provide, especially since these relationships are influ-
enced by man-induced eutrophication. This fascination for life in the Baltic
Sea and the role of various types of vegetation in supporting animals has been
the biggest driver for Papers I and I1.

My interest in how humans interact with coastal environments persisted
through the years. This Ph.D. degree project offered me the opportunity to
explore the relationships between humans, coastal habitats, and coastal organ-
isms more deeply, both in the past (Paper III) and in the present (Paper IV).
My personal background, as someone who is half-Swedish and half-Italian,
but born and raised in Italy, also shaped the direction of this work. Since my
M.Sc. degree research in Mozambique, I had hoped to one day conduct a so-
cial-ecological study within my own cultural context, in my own language,
learning from fishers for whom I have felt a deep respect since childhood. This
aspiration ultimately led me to consider the island of Salina as the study area
for Paper IV
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4. Main findings and discussion

This chapter synthesises the main findings from the four empirical papers, re-
lating them to the corresponding research questions, and situating them within
the broader literature. In the final section of this chapter, I bring these perspec-
tives and findings together to present a holistic, interdisciplinary perspective
on coastal vegetation and faunal communities from a social-ecological lens
and reflect on the process and challenges of interdisciplinary research.

4.1 Influence of vegetation types on epifauna

Paper I examined how different coastal vegetation types, particularly tall,
long-living SAV and drifting filamentous algae, shaped epifaunal communities
in shallow bays on Gotland. Epifauna were analysed both as overall community
abundance and as abundance and biomass of four key grazer taxa: the crusta-
ceans Gammarus and Idotea (Fig. 5) and the gastropods 7. fluviatilis and Hy-
drobiidae.

SAYV vertical structure and biomass were strong positive predictors of epifau-
nal abundance and abundance of 7. fluviatilis, respectively (Fig. 6 a-c). These
variables capture key structural attributes of SAV. Vertical structure provides
habitable area while also enabling vagile epifauna to avoid predators foraging
both from the sea floor and higher in the water column, reducing predation
pressure (Heck Jr. and Orth, 2006; Pohle et al., 1991). Therefore, the strong
positive relationship with overall epifaunal abundance likely reflects this com-
bination of increased available space and increased availability of shelter types
in tall vegetation. The positive relationship between 7. fluviatilis and SAV
biomass can be linked to the effect of increasing colonisable area, as supported
by numerous studies (e.g., Aleixo et al., 2022; Stoner and Lewis, 1985; Stoner,
1980).
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Figure 5. An individual of /dotea on leaves of the submersed aquatic vegetation spe-
cies sago pondweed (S. pectinata) in Lergrav. Driftig filamentous algae is also visible
entangled between the pondweed leaves. Photo credit: C. D’ Agata

Drifting filamentous algae, in contrast, were only positively associated with
gastropod grazers (Fig 6e-f). This result is consistent with previous Baltic Sea
studies showing that 7. fluviatilis and Hydrobiidae can reach high abundances
in these habitats (Salovius et al., 2005; Salovius and Kraufvelin, 2004; Norkko
et al., 2000). The findings from Paper I thus corroborate the role of drifting
filamentous algae as suitable habitats for certain gastropods, but highlight that
their value for other epifaunal groups is limited. The benefits of filamentous
algae for gastropods are also likely temporary, since they are both mobile and
perishable, making them highly unstable habitats (Norkko et al., 2000).

The findings from Paper I suggest that a shift from SAV-dominated habitats
to drifting filamentous algae, consistent with increasing eutrophication, could
result in alterations in the epifaunal community composition favouring gas-
tropod grazers. This shift would have two important ecological consequences.
The first is that, even if within the same functional group, grazing crustaceans
and gastropods differ markedly in feeding modes. Crustaceans such as Gam-
marus and Idotea are jawed shredders, which feed on both filamentous algae
and plant material, while the gastropods T. fluviatilis and Hydrobiidae
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primarily feed on microalgae by scraping surfaces with a radula (Réberg and
Kautsky, 2007b; Orav-Kotta and Kotta, 2004). Studies on grazing epifauna
have shown that even taxonomically similar grazers can differ markedly in
grazing behaviour both qualitatively (i.e., which types of vegetation they pref-
erentially feed on) and quantitatively, which can then affect species composi-
tion of epiphytic populations (Duffy and Harvilicz, 2001; Duffy et al., 2001).
Second, these epifaunal organisms also differ in their value as prey for differ-
ent fish species: gastropods are generally less palatable, while crustaceans,
and in particular gammarids, are often actively selected by fish predators, in-
cluding sticklebacks (Sieben et al., 2011b). Gammarus and Idotea constitute
also an important part of the diet of ecologically and economically important
Baltic Sea species such as perch (Jacobson et al., 2019). Therefore, a shift to
less palatable taxa, whose hard shells are indigestible for various fish species
(Amundsen and Sanchez-Hernandez, 2019) may decrease the energetic value
of available prey, potentially affecting growth and foraging behaviour and im-
pacting food webs and humans alike.
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Figure 6. Partial regression plots showing significant effects of Submersed Aquatic
Vegetation (SAV, in blue, a-c) and drifting filamentous algae (in orange, e-f) on epi-
fauna and the general sampling context. (a) Effect of SAV biomass on Theodoxus
Sfluviatilis biomass; (b) effect of SAV biomass on 7. fluviatilis abundance; (c) effect
of SAV vertical structure on abundance of overall epifaunal community; (d) photo-
graph of typical vegetation encountered during the surveys, including SAV at various
heights and drifting filamentous algae; (e) effect of drifting filamentous algae biomass
on Hydrobiidae abundance; and (f) effect of drifting filamentous algae on 7. fluviatilis
abundance. Partial residuals are shown as dots; the 95% confidence interval of the
fitted values is shown by the shaded area. Figure modified from Paper L.
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4.2 Ontogenetic use of vegetation types by three-spined
sticklebacks

Building upon Paper I, Paper II examined how the vegetation structure of
SAYV and drifting filamentous algae, together with the availability of potential
epifauna prey (hereafter: ‘potential prey’), shaped the abundance of juvenile
and adult sticklebacks (Fig. 7) in shallow bays of Gotland. The analyses re-
vealed clear life-stage differences in how these habitat features influenced
stickleback distribution.

Juvenile abundance increased with all SAV variables and with drifting fila-
mentous algae (Fig. 8). The positive associations with SAV align with exten-
sive literature from freshwater, brackish, and marine conditions showing that
juvenile sticklebacks select structurally complex habitats (Sillett and Foster,
2000; Bucas et al., 2022; Genelt-Yanovskaya et al., 2023). Because juveniles
are vulnerable to pressure from multiple predators, including pike, perch, and
cannibalistic adults (Jacobson et al., 2019; Foster et al., 1988), SAV offers
valuable shelter, as indicated by studies highlighting the role of high SAV
surface area (Stoner and Lewis, 1985, proxied by biomass; Stoner, 1980) and
three-dimensional structure in decreasing detectability from predators (Farina
et al., 2014; Persson and Eklov, 1995). Drifting filamentous algae likely pro-
vide a similar benefit, since their fine-scale structural complexity and small
interstitial spaces can exclude larger predators, while sheltering small-bodied
juveniles (Warfe et al., 2008; Bartholomew et al., 2000). This interpretation is
supported by studies with Baltic Sea pike, which have been shown to select
filamentous algae during early developmental stages and displayed higher sur-
vival rates in these finely-structured habitats than in larger macroalgae when
predators were present (Engstrom-Ost et al., 2007).

Juveniles exhibited a negative association with potential prey abundance (Fig
8). This likely reflects both avoidance of competition with adults and a pref-
erence for smaller prey items than those sampled in this study (>1 mm).
Smaller organisms such as settling invertebrate larvae and zooplankton can
become trapped and accumulate in filamentous algae (Bonsdorff, 1992;
Olafsson, 1988), which suggests that filamentous algae may benefit stickle-
backs in both providing shelter from predators and food sources, which limits
detectability and competition with adults.
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Figure 7. An adult stickleback swimming above a mixed eelgrass (Zostera marina)
and bladderwrack (Fucus vesiculosus) habitat. Photo taken in the bay of Gustavsvik,
Gotland (not part of the studies). Photo credit: C. D’ Agata.

In contrast, adult sticklebacks were driven primarily by potential prey availa-
bility and showed no significant association with vegetation variables. This
divergence in associations indicates a potential ontogenetic shift in habitat use,
where juveniles prioritise the shelter provided by vegetation, while adults pri-
oritise foraging opportunities.

From a broader perspective, the findings from Paper II suggest that a habitat
shifts toward filamentous algae may not constrain stickleback recruitment. In
addition, the lack of clear associations between adults and vegetation indicates
that predation risk in the bays might be low, which allows adults to forage
more openly, regardless of the presence of vegetation (Gagnon ef al., 2019).
Together, these results indicate that flexibility in nursery habitat use and low
predation pressure from piscivorous fish could contribute to the high densities
of sticklebacks in these coastal areas. In turn, this could lead to the reinforce-
ment of the stickleback-grazing epifauna-filamentous algae feedback loop
linked to negative impacts on SAV (Donadi et al., 2017; Eriksson et al., 2009)
(see Section 2.5).
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An important point to consider is that filamentous algae, especially the drifting
forms examined here, are highly variable in both time and space. Environmen-
tal parameters such as bay openness, water currents, and exposure to winds
influence transportation, aggregation, and decomposition of these ephemeral
habitats (Arroyo and Bonsdorff, 2016; Norkko et al., 2000). Contextual, site-
specific factors can therefore influence their reliability as nursery habitat
through the season.

Figure 8. Forest plot showing standardised effect sizes (expressed as standard devia-
tions of the mean) and 95% confidence intervals for predictors in the juvenile and
adult stickleback abundance models. Predictors whose confidence intervals overlap
zero are interpreted as not statistically significant. Fil. algae biomass = biomass of
drifting filamentous algae. Figure from Paper II.

4.3 Long-term use and spatial distribution of fishing
habitats in Gotland

Euryhaline fish species present a particular challenge for reconstructing past
use of aquatic habitats because their bones do not exhibit morphological dif-
ferences that reflect the salinity regimes in which they lived. This limitation is
especially relevant in cases where humans had close access to both freshwater
and coastal habitats. Paper III conducted elemental analyses of archaeologi-
cal fish teeth from sites along the coast of Gotland that were located close to
freshwater systems (Appendix Fig. 1) to identify which aquatic habitats were

45



used to capture euryhaline fish across a period of approximately 9 000 years.
The study also inferred the general location of vegetated habitats that sup-
ported pike and pikeperch populations. The findings revealed that, together
with freshwater habitats, coastal habitats have been consistently used across
millennia to capture euryhaline fish. The water body alignments indicated that
the same general water bodies containing the vegetated habitats that supported
pike and pikeperch were exploited by people across multiple time periods. In
addition, mobility patterns in cyprinids showed habitat connectivity between
different freshwater bodies and between freshwater and coastal habitats (Fig. 9).

An unexpected result was finding that the strontium isotope ratios from cypri-
nids at the Mesolithic site of Gisslause did not correspond to modern baselines
from either Gotland or the Baltic Sea. Although transport of preserved fish
during the Mesolithic is theoretically possible, this explanation is unlikely
given the constraints of long-distance transportation and the accessibility of
abundant local fishing waters (see discussion in Paper III and Fig. 1 of the
Appendix). The most plausible interpretation is that these cyprinids were
caught locally, along the coasts of Gotland during the Ancylus Lake stage.
Since the basin was, at the time, largely enclosed (Section 2.2), its Sr ratios
were likely largely influenced by river runoff and glacial meltwater, rather
than oceanic fluxes, giving rise to Sr ratios much higher compared to today’s
values (Boethius et al., 2022).

The findings suggest that coastal habitats were important for sourcing euryha-
line species throughout the time frame examined, particularly in later periods
during the Iron and Middle Ages (Fig. 9c). While marine species such as flat-
fishes and herring were already being captured from coastal areas during the
Neolithic (Olson and Walther, 2007), the results demonstrate that these habi-
tats also played a key role in providing euryhaline fish. This pattern is evident,
for example, in the provenience of pike from the coastal zone of the Baltic
basin, spanning across the Littorina Sea and Baltic Sea stages (Fig. 9c). Over-
all, the study highlights that coastal habitats were not only central for access-
ing marine resources but also important for procuring euryhaline species.

The presence of pike and pikepech in samples from the Neolithic through the
Viking Age-Middle Ages allows for a more detailed inference of habitat type.
Both species depend on shallow, sheltered, vegetated habitats including SAV
(Pursiainen et al., 2021; Olsson, 2019; Casselman and Lewis, 1996) and ex-
hibit local distributions (Olsson, 2019), implying that the sites of capture were
at least relatively close to such habitats. Correlations with water body
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alignments showed that these vegetated habitats likely occurred both along the
coast and in inland lakes, particularly in central Gotland (Fig. 9). These lakes
were used to catch pike, pikeperch, and cyprinids from the Neolithic through
the Middle Ages, a period spanning at least two millennia, underscoring the
long-term importance of vegetated habitats in general, and these specific water
bodies in particular, in supporting both fish populations and human commu-
nities. Much of this historic waterscape has since been lost due to land uplift
and the extensive drainage for land reclamation that started in the late 1800’s
(Sernander, 1941) (see also Appendix Fig. 1).
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Figure 9. a) Boxplots of 3Sr/%Sr ratios grouped by bedrock; b) Bioavailable Sr ratios
on Gotland visualised on the bedrock and modelled with pre-drainage water systems;
c) Water Body Alignment (WBA) for Ajvide, Fréjel, and Vistergarn, based on non-
overlapping average Sr ratios. Data are plotted against bioavailable baseline sources
from Gotland and the Baltic Sea to illustrate the minimum number of exploited water
bodies. Figure adapted from Paper III. Please refer to Paper III, Figs. 3 and 7, for
further details.
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An additional aspect revealed by the data is fish mobility. Sequential ablations
indicated that cyprinids migrated across different habitats or water bodies dur-
ing enameloid mineralisation, as shown by individuals aligning with multiple
water body signatures (Fig 9¢). Other than reflecting habitat connectivity
within freshwater habitats as well as between freshwater and coastal habitats,
these findings also suggest that people may have exploited migratory corridors
to capture fish during aggregation events, similarly to what has been proposed
for other migratory species such as salmonids in the Neolithic (Olson and
Walther, 2007).

In summary, Paper III contributed to the thesis by situating contemporary
habitat-fauna relationships examined in Papers I and II in their broader tem-
poral and spatial context. The results illuminate the long-standing reliance of
humans on Gotland on coastal habitats for capturing euryhaline fish species
across the periods examined. The results further show the important role of
vegetated habitats, both along the coast and inland, in supporting fish and hu-
mans on Gotland across millennia. Much of the waterscape that had been used
across multiple time periods has now been lost, partly due to natural land up-
lifting processes but also massive drainage for land reclamation that started at
the end of the 1800°s (Sernander, 1941).

4.4 Engaging with fishers’ ecological knowledge
of habitats

Moving on to contemporary fishers, Paper IV examined how photo elicitation
can deepen engagement with fishers’ ecological knowledge and reveal their
perceptions of habitat function and change. The literature review revealed that
the method has been widely applied in the overall fishers’ ecological
knowledge field of research, yet most studies lacked a detailed account of how
the photographs were used, the assumptions behind the choice of the material,
or reflections on the ways that the method may have influenced the partici-
pants’ responses.

The empirical study showed that photographs were eftective in eliciting recog-
nition, emotional responses, and associative thinking about species and benthic
habitats, which offered insights on species distribution, changes in benthic hab-
itats over time, and how knowledge of non-target benthic ‘nuisance’ species
influences fishing practices. As typical for coastal small-scale fisheries, the in-
terviews confirmed that fishers in the island of Salina operate across a wide
range of habitats, including seagrass, algal, and rhodolith beds (see Fig. 10).
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One clear result was that photo elicitation aided species identification, which
was also one of its primary uses detected in the literature review. Since previ-
ous research reported a difficulty in discussing non-target components of ma-
rine habitats with fishers through verbal cues alone (Bergmann et al., 2004),
photo elicitation demonstrated its potential in overcoming such limitations.
Showing a photograph of the Mediterranean kelp Laminaria rodriguezii, for
instance, facilitated discussions about its current and past distribution and
abundance. This endemic macroalga usually occurs at depths of about 70 m,
where it is a key habitat-forming species (Zuljevi¢ et al., 2016). Following its
extensive decline in the Mediterranean, L. rodriguezii has been included in the
Barcelona Convention Annex II list of endangered or threatened species in the
Mediterranean Sea (UNEP/MAP and SPA/RAC, 2018). Presenting a photo-
graph of this species allowed fishers to recognise and identify it, prompting
conversations revealing a common perception of the decline of this habitat-
forming species over recent decades, even in shallower areas where it used to
be previously abundant but is now seldom retrieved in the nets.

Emotional responses evoked by photo elicitation also offered insights into
how fishers perceive and adapt to marine habitats, which can support a more
fine-grained understanding of fisheries interactions with benthic environ-
ments. For instance, after reacting strongly to the photograph of a pencil sea
urchin (Family: Cidaridae), a fisher explained that these organisms are a nui-
sance when they get caught in nets, and therefore areas that are known to have
high densities are actively avoided. This account provided an interesting in-
sight into how fishing practices are influenced not only by knowledge about
sea bottom type and the distribution of target species, but also by knowledge
about the distribution of benthic non-target organisms, which discourage fish-
ers from using specific areas. The photographs also facilitated associative
thinking, with a fisher spontaneously linking the bivalve P. nobilis to a previ-
ously shown photograph of the Neptune seagrass P. oceanica, stating that that
was its habitat. Such responses indicate that photo elicitation can help elabo-
ration and deepen fishers’ accounts of species-habitat relationships.

The combined use of photo elicitation and analysis applying the Structure-
Dynamics-Function framework captured fishers’ rich ecological understand-
ing of habitat functions and perceived changes. Vegetated habitats, and in par-
ticular P. oceanica, were recognised by fishers as key nursery habitats for nu-
merous fish and invertebrate species. Vegetation, including macroalgae, was
also described as important for the provision of food to species such as scor-
pionfishes, both as a direct food source and because they host smaller
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organisms, which aligns with the literature on these taxa (Tiralongo, 2024;
Ferri et al., 2012). Other than the decline of the deep-water kelp L. rodriguezii
discussed through photo elicitation, fishers described other notable changes
affecting vegetated habitats, in particular the poor status of P. oceanica, also
included in the Annex II of the Barcelona Convention (UNEP/MAP and
SPA/RAC, 2018), due to the impacts of boat anchors.

Figure 10. a) A participant in the study while retrieving the net; b) the habitat type in
the general area of photo 10a: rocky bottom with macroalgae. Visible also a school of
Salema porgy (Sarpa salpa); c) a fragment of brown algae (Order: Sargassaceae) re-
trieved with the net; d) vegetation in coastal habitats around Salina: Neptune seagrass
(Posidonia oceanica) and macroalgae. Modified from PaperlIV. Photos: C. D’ Agata

A few limitations of the photo elicitation approach are to be noted. Some pho-
tographs were not recognised by the fishers as familiar habitat types (e.g., the
coralligenous habitat), while some taxa could be confused with others that are
morphologically similar. This highlights the need for careful consideration of
the broader ecological context when selecting and evaluating images. It is
equally important to remain aware that photographs are interpreted subjec-
tively, meaning that images assumed to represent clear, universally recognisa-
ble categories may be interpreted in unexpected ways. Reflexivity, the re-
searchers’ practice of questioning their own assumptions and biases, can help
guide image selection and data analysis and reduce the mismatch between

51



what is considered methodologically appropriate and how photographs are un-
derstood by the participants (Hunter and Lauer, 2021).

These methodological considerations are particularly relevant when engaging
with fishers’ ecological knowledge of marine habitats. For most fishers oper-
ating from a vessel, experiential knowledge of underwater habitats is mediated
by what can be seen from the surface, which is shaped by depth, wind, and
turbidity, or inferred through the use of fishing gear or technology (Hall-Arber
and Pederson, 1999). Knowledge of underwater habitats can thus be thought
of as a specific case of fishers’ ecological knowledge, where fishers do not
directly experience the habitat in the same way they experience their everyday
surroundings, yet interact with these environments regularly through their
fishing practices.

Paper IV contributed to the thesis by identifying key methodological insights
to support fishers’ ecological knowledge research through the use of photo-
graphs during interview studies. These insights are: a) photographs can be
successfully integrated to explore both tacit and explicit aspects of knowledge;
b) there is a need to consider how individual interpretations and contextuality
can influence responses; and c) reflexivity is needed to reduce incidences of
mismatch between what the researcher considers representative of a category
and how the same category is interpreted by participants. The study also re-
vealed rich fishers’ ecological knowledge about coastal vegetation, in partic-
ular its importance as nursery habitats for numerous species, their role in food
provision, and the decline of the key habitat-forming Mediterranean deep-wa-
ter kelp L. rodriguezii and the damage to Neptune seagrass P. oceanica due to
anchoring.

4.5 Bringing it all together: possibilities and limitations
of interdisciplinary approaches to better understand the
influence of aquatic vegetation on fauna in coastal
social-ecological systems

The four empirical articles compiling this thesis demonstrate that multiple dis-
ciplinary lenses and methods can be used to deepen understanding of the
changing social and ecological contexts in which the influence of aquatic veg-
etation on coastal organisms takes form. Recognising the contributions and
limitations of each approach is essential for appreciating both the depth
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offered by each discipline and the broader insights that emerge when different
approaches are brought together.

4.5.1 Contributions and limitations of disciplinary approaches

This subsection presents brief reflections on the methods employed across the
four papers. The aim is to clarify both the contributions and the limitations of
the approaches adopted and highlight how each method shapes the kinds of
questions that can be asked, the evidence that can be generated, and the inter-
pretation and integration that follows. An overview of these reflections is pro-
vided in Table 3.

GLMs

Species-habitat models, including GLMs adopted in Papers I and II, link the
occurrence or abundance of organisms to various habitat features and are
therefore commonly used to identify species habitat requirements (Pickens et
al., 2021). This type of approach is essential for understanding how disturb-
ances altering habitat features (e.g., eutrophication and the resulting shift to
filamentous algae dominance) may affect faunal communities.

Linear regression models estimate how a response variable changes in relation
to a set of predictors, assuming that the expected value of the response follows
a linear function of the predictors. GLMs offer greater flexibility by allowing
a transformation of the expected value of the response (through a link func-
tion) to be a linear function of the predictors, rather than requiring the response
itself to follow a linear pattern. This makes GLMs well-suited to common
ecological data, such as counts, as they can accommodate different response
distributions and model data directly, without the need for transformations
(Warton et al., 2016). Modelling data directly can often improve interpretabil-
ity and avoid some of the distortions introduced by transforming the response
variable (O’Hara and Kotze, 2010). These models can also provide quantifia-
ble estimates of the strength and direction of the relationship, and significance
testing can help identify priority habitats and support decision-making.

It is important to consider that ecological systems exhibit characteristic varia-
bility across spatial, temporal, and organisational scales, meaning that there is
no single ‘correct’ way to describe populations or phenomena, and model
specification must therefore be grounded in ecological reasoning and contex-
tual knowledge (Levin, 1992). Predictor selection must also balance two op-
posing demands: including enough complexity to capture the key mechanisms
relevant to the research question, while avoiding the addition of variables that
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introduce noise or lead to overfitting (Pickens et al., 2021), which inherently
means abstracting some of the complexity of the system away (Levin, 1992).

While GLMs can perform well for predictions and testing associations, in
most cases they cannot disentangle causation from association (Arnold et al.,
2020). It should be finally highlighted that overreliance on p-values can intro-
duce additional challenges. As presented earlier in this subsection, signifi-
cance testing can be helpful to identify priority habitats and guide decision-
making. However, significance thresholds are arbitrary, which risks creating
false dichotomies (McShane et al., 2019; Fisher, 1992) and obscuring the
value of statistically non-significant, but ecologically meaningful, results.

Sr ratio analysis in archaeological material

In Paper III, the elemental analysis of archaeological fish teeth, combined
with comparison with the strontium baseline of water samples around Got-
land, offered empirical evidence of fish habitat provenance. It also provided
essential information to infer past human patterns of habitat use, and the his-
torical role that aquatic habitats and fish played in the subsistence strategy of
humans.

While such elemental analyses are generally uncontroversial when concerning
individual fishes, how we interpret these results within the broader social-eco-
logical context requires additional reflections. First, fish bones are particularly
vulnerable to dissolution and degradation due to post-depositional processes
(Szpak, 2011). Second, previous sampling and handling routines, such as the
use of sieves with mesh sizes not adequate to recover smaller or more fragile
fish remains, further reduced recovery and led to an overall underrepresenta-
tion of fish within the archaeological record (Krooks, 2025; Szpak, 2011; Ol-
son and Walther, 2007). By affecting what is preserved and what is recovered,
these taphonomic and recovery biases can influence our understanding of the
role of fish as a resource and the importance and extent of past interactions of
humans with aquatic habitats. Second, the archaeological record is inherently
filtered through human practices. The remains recovered at excavated sites
reflect only the resources that were used, not the full range of species present
in coastal habitats. Moreover, fishing practices reflect cultural preferences,
rules, and restrictions, which shape what is caught and ultimately what enters
the archaeological record (Olson & Walther 2007).

Semi-structured interviews with photo elicitation

The use of semi-structured interviews with photo elicitation in Paper I'V con-
tributed to the thesis by exploring how we can improve engagement with
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fishers’ ecological knowledge of habitat-fauna relationships and dynamics.
The interview study revealed a rich understanding of habitats’ functions and
offering valuable insights about ecological change and the relationships be-
tween species and habitats as well as those between fishers and habitats.

The researcher-driven approach used for the photo elicitation has the benefit
of allowing at least some degree of comparability with future studies using
similar photographs (Romera Iruela, 2023). In addition, applying the Struc-
ture-Dynamics-Function framework provided a systematic way to code the
interviews and organise the material, and was well suited to addressing the
specific research question of how fishers describe coastal habitats and their
associated fauna, and their perceptions of change.

At the same time, the use of researcher-driven photo elicitation may have lim-
ited the discussion to categories that were chosen a priori, potentially exclud-
ing some that were of particular interest for the respondents (Zhang and
Hennebry-Leung, 2023). Also, because qualitative approaches are con-
text-specific and refer to the experiences of a relatively small number of par-
ticipants, findings cannot be easily generalised (nor is this always desirable,
see e.g., Drury et al., 2011). It is also to be noted that a strict adherence to
interview protocols during interviews can be challenging. For instance, sev-
eral fishers spontaneously showed their own pictures related to the fishery,
which influenced the planned photo elicitation process. I fully accepted these
‘diversions’ as part of the qualitative methodology, as they provided further
insights into how photographs can facilitate interviews, but it shows that in-
terviews can be directed, perhaps, but not rigidly controlled, at least not with-
out risking degrading the sense of trust, comfort, and mutual respect between
researchers and participant
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4.5.2 Integrating disciplinary approaches and reflections on
the process

The relationships we observe today between coastal habitats and fauna are
reflections of the processes that have produced them over time, including evo-
lutionary, paleoclimatic, geological, and historical, as well as the ways human
use of natural resources has both influenced and been influenced by ecological
dynamics (Duffy et al., 2022; Thurstan, 2022; MacDiarmid et al., 2016; Mor-
ris, 1990). A holistic understanding of the complexity and contextuality of the
relations and interactions between coastal habitats and faunal communities re-
quires approaches that move beyond disciplinary boundaries.

Addressing the overarching aim of this thesis, the interdisciplinary integration
of the four papers revealed that the ecological dynamics currently observe be-
tween SAV, filamentous algae, and associated fauna can gain additional
meaning when placed within a deeper temporal and social-ecological context.
Integrating diverse research approaches helped illuminating various aspects
of how coastal vegetation influences faunal communities in the context of an-
thropogenic change and how ecological processes and human activities inter-
link across habitats and time. Specifically, it did so by:

a) Showing the associations between different types of vegetation and faunal
communities across different taxa, functional groups, and life-history stages
in the Baltic Sea (Papers I and II).

b) Offering a long-time perspective on both humans and fish interactions with
vegetated, coastal, and inland habitats and situating present relationships ex-
amined in Papers I and II within a broader historical perspective (Paper III).

c) Offering methodological insights on how to access fishers’ ecological
knowledge about habitats, including functions and dynamics of essential
macroalgal and seagrass beds (Paper 1V).

The process of integrating different approaches, perspectives, and disciplines
is, however, not without challenges of its own. One of the main sources of
tension in interdisciplinary research lies in ontological and epistemological
differences between disciplines, i.e., the differences concerning what entities
or processes exist (ontology); how reality can be conceptualised (epistemol-
ogy), as well as what counts as evidence and how knowledge is produced
(methodology).
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Drawing from the literature on interdisciplinary research and the experiences
gained during the compilation of this thesis, I outline key practices and condi-
tions that can help navigating these tensions and support successful interdis-
ciplinary collaborations, particularly in the context of Ph.D. education. These
are: developing epistemological agility, fostering effective and open commu-
nication, clarifying the roles of different collaborators, and allowing sufficient
time for processes to develop.

Epistemological agility

In their article about perspectives of early-career scholars in interdisciplinary
research, Haider and colleagues (2018) identified epistemological agility as
one of the key competencies to successfully navigate interdisciplinarity. Epis-
temological agility essentially refers to “an understanding of different onto-
logical and epistemological standpoints and views across multiple disciplines”
(Haider et al., 2018 p. 197), which implies both recognising differences be-
tween disciplines and being able to actively engage with alternative ontologi-
cal and epistemological lenses. Other than being a process that fosters open-
ness and understanding in the single researcher, epistemological agility also
facilitates communication (Haider et al., 2018). Central to developing this
competence is reflexivity, the exercise of questioning one’s own worldview,
assumptions, and criteria for evidence (Moon et al., 2021; Moon and Black-
man, 2014). Institutional and educational contexts can play a critical role in
shaping how reflexivity and epistemological agility are fostered during inter-
disciplinary Ph.D. training. Examples provided during my doctoral education
included a course on methodology in interdisciplinary research, a student-or-
ganised seminar series, various events with international researchers from dif-
ferent disciplines, and social activities designed to facilitate discussions across
different ontological, epistemological, and methodological perspectives and
personal reflections on our own positioning. These exercises also helped us
students with backgrounds in the natural sciences, who are not typically
trained in reflective practices, to consider more deeply how our own position-
ing shapes the research we conduct, from the literature we read, to the methods
we choose, and the ways we analyse and interpret data.

Effective and open communication

In interdisciplinary collaborations, achieving effective communication can
prove to be a challenge (Vladova et al., 2025; Haider et al., 2018; Harris et al.,
2009; Bracken and Oughton, 2006). This is partially due to the use of special-
ised terminology from different disciplines, but also to differences in how lan-
guage is used in everyday practices. Some terms that are of common use can be
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adopted within disciplines in ways that embed different assumptions and mean-
ings, giving rise to what Bracken and Oughton (2006) defined as ‘dialects’.

The importance of recognising the presence and impacts of different dialects
became apparent during the initial phases of conceptualising Paper III, which
integrates ecology and archaeology, when discussing the concept of ‘species
diversity’. In ecology, species diversity refers to the combined measure of how
many species occur in a community (species richness) and the proportional
distribution of individuals among those species (species evenness) and is
therefore inherently bounded by the spatial context of the community analysed
(Hurlbert, 1971). While the term is also commonly used in archaeology, this
boundness to a specific ecological community in space is not always relevant.
The term ‘species diversity’ refers instead to the richness and relative abun-
dance of animal species present at a site, which are often composite assem-
blages reflecting both the ecosystems where the organisms were sourced and
human behaviours such as selection, technology, transport, and trade (Cruz-
Uribe, 1988). During our inital meetings, these important differences were not
immediately clear, and discussions developed for some time before it became
apparent that the term carried distinct disciplinary interpretations and required
explicit clarification. This example illustrates that fostering effective commu-
nication demands environments in which participants feel comfortable seek-
ing clarification, even for seemingly familiar terms that may, however, hide
disciplinary assumptions. Epistemological agility can facilitate open commu-
nication by avoiding assumptions about what is considered to be default
knowledge and promoting openness (Haider et al., 2018). To overcome com-
munication obstacles in interdisciplinary research groups, a review by John-
son and colleagues (2026) also highlighted also the value of engaging with
structured dialogue processes such as guided workshops and developing
shared conceptual maps, which can help make explicit how concepts, pro-
cesses, and objects of study are understood across disciplines.

Clear roles in the interdisciplinary group

Clarifying the role and expertise that each researcher brings to an interdisci-
plinary team is another essential factor for improving collaborations (Phillip-
son and Symes, 2013). Throughout my work compiling this thesis, my super-
visors contributed with different forms of support depending on their discipli-
nary and interdisciplinary backgrounds. Roles and expectations were made
explicit early in the process and revisited through time if needed. This type of
clear, yet flexible, configuration allows interdisciplinary Ph.D. students to ex-
plore outside of their own disciplinary boundaries, while maintaining the
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opportunity for a clear disciplinary grounding. At the same time, it should be
noted that, as expected, supervisors might not always be able to fully evaluate
all disciplinary aspects of the student’s work. While this does not hinder pro-
gress, it may leave students feeling at times uncertain about how best to meet
expectations in areas where supervisory guidance is necessarily partial.

Allowing sufficient time

Finally, time is a crucial factor for enabling meaningful and effective interdis-
ciplinary research. Sufficient time is needed to allow collaborators, students,
and supervisors to build relationships, develop a shared language, and estab-
lish trust, all of which are essential for productive collaboration. It also pro-
vides space to experiment with and refine working practices, identifying what
approaches best facilitate integration across disciplines. Importantly, these
processes, as well as the interdisciplinary work itself, are iterative in nature,
unfolding over multiple cycles of collaboration, reflection, and adaptation
(Haider et al., 2018).

4.5.3 Implications for management and research

The knowledge of the long-term, fundamental role of coastal and aquatic veg-
etated habitats for both ecosystems and humans, which this thesis has ad-
vanced, suggest several implications for management and interdisciplinary re-
search:

e SAV habitats have played a sustained and fundamental role for both
ecosystems and humans throughout time. By adding to empirical doc-
umentation of the importance of vegetated habitats in supporting fau-
nal communities and food production for humans through time, the
thesis underscores the need to prioritise these habitats in policy and
management. To ensure that the contributions of SAV in sustaining
faunal communities and food production can persist, two main lines
of action are to continue efforts to reduce eutrophication and promote
restoration efforts (Cooley et al., 2023; HELCOM, 2023). Maintain-
ing SAV habitats is also paramount to preserve other key ecosystems
services such as sediment stabilisation, coastal protection, and carbon
sequestration (Cooley et al., 2023; Arkema et al., 2013; Barbier et al.,
2011; Waycott et al., 2009; Ronnbick et al., 2007).

e Tounderstand community changes over short and long-term, it is fun-

damental to maintain and strengthen monitoring of vegetation com-
munities. Vegetation vertical structure emerged as a significant
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predictor for the abundance of both epifauna and juvenile stickle-
backs, suggesting that the vertical index developed for Papers I and
II can support habitat monitoring and the assessment of structural
change. This non-destructive metric can be used to identify areas
where three-dimensional vegetation structure is declining (e.g., due to
anthropogenic pressures) or increasing (e.g., following restoration),
and their potential impact on fauna. Given that storms and other dis-
turbances can also impact SAV (Marco-Méndez et al., 2024), the in-
dex could find particularly relevant applications in areas experiencing
more frequent storms and sea-level rise, which include the southern
and eastern Baltic Sea (Leszczynska et al., 2025).

Historical studies provide a crucial line of evidence for reconstructing
past characteristics of aquatic habitats and the long-term patterns of
human use of aquatic resources. This understanding is needed to re-
fine ecological baselines and challenge assumptions about ‘pristine’
conditions (Barrett, 2019).

Researcher-driven photo elicitation can capture both explicit and tacit
aspects of fishers’ ecological knowledge. To successfully implement
this method, it is important to carefully consider the context in which
it is used and which images are selected, reporting transparently these
choices. Strengthening these elements can improve how fishers’ eco-
logical knowledge is captured and incorporated into management and
research, while supporting the development of photo elicitation as a
robust scientific method.

In addition, researcher-driven photo elicitation provides a structured
way to capture key information about habitats community composi-
tion and distribution, which can be successfully incorporated in eco-
system and stock assessments alongside conventional monitoring
tools.

Interdisciplinary research can present known hinders due to ontolog-
ical, epistemological, and methodological differences. These chal-
lenges can be addressed by cultivating epistemological agility and re-
flexivity, ensuring open communication, clarifying roles, and allow-
ing adequate time for collaboration.
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5. Future directions

Despite the Baltic Sea being one of the most intensely studied marine systems
(Voss et al., 2025; Reusch et al., 2018), important gaps remain in our under-
standing of how vegetation structure and dynamics shape faunal communities.
This knowledge is critical because shifts in vegetation structure alter habitat
complexity, feeding opportunities, and nursery functions, with cascading ef-
fects on species distributions and ecosystem functioning.

There is still limited knowledge of how the biomass and structural attributes
of various vegetation types change throughout the year, particularly during the
cold season when low temperatures, reduced light, and ice cover limit growth.
Existing work shows that even permanent SAV beds undergo marked seasonal
shifts in biomass, leaf length, and shoot density (Jankowska et al., 2014). Fu-
ture research could therefore examine how variables of anchored vegetation
such as SAV and attached habitat-forming macroalgae such as bladderwrack
(F. vesiculosus), as well as drifting filamentous algae and free-living forms of
bladderwrack, vary across seasons and years, and how contextual factors such
as exposure or proximity to disturbances influence vertical structure, percent
cover, and biomass. Indicators of the growing season for each species (such
as onset, peak production, and duration) could also be investigated to enhance
understanding of how seasonal vegetation dynamics shape habitat availability
and epifaunal recruitment.

Understanding these vegetation dynamics is also essential for interpreting sea-
sonal patterns in epifaunal communities. Some invertebrates, including key
grazers such as the common crustaceans /dotea and Gammarus analysed in
Paper I, overwinter within vegetation (Leidenberger et al., 2012; Jonne et al.,
20006), yet the extent to which overwintering success depends on vegetation
structure or sediment characteristics remains poorly understood. Recent work
showing higher invertebrate densities in SAV beds in autumn (November)
than in summer (August) highlights also a potential shift in favourable condi-
tions between seasons (Gintowt et al., 2025). A clearer picture of how vege-
tation structure mediates overwintering, recruitment, and seasonal shifts in ep-
ifaunal assemblages would substantially improve our understanding of
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benthic community dynamics and how and their impacts on ecosystems func-
tions such as grazing, nutrient cycling, and energy transfer to higher trophic
levels.

Future research could build on the finding that vegetation vertical structure is
a significant predictor for both epifauna and juvenile sticklebacks. In Papers
I and 11, the vertical index emerged as a significant predictor for both epifauna
and juvenile sticklebacks’ abundances. Because index values in the study ar-
eas were generally low (average = 0.15; maximum = 0.40; maximum possible
value = 1), further studies could test whether the direction and strength of as-
sociations are maintained across a broader range of structural conditions, in
particular in areas with high index values. This knowledge would help clarify
whether the ecological patterns observed here are consistent across different
habitat configurations and would deepen understanding of how vegetation
three-dimensional structure shapes coastal communities

Seasonal vegetation changes may also influence fish species that spawn at dif-
ferent times of the year. Because spawning windows vary across species, mis-
matches between vegetation phenology and spawning timing could affect re-
productive success. Similarly, vegetated habitats may function as nurseries for
multiple species at different times, reflecting species-specific reproductive
strategies (Cheminée et al., 2021; Park et al., 2015). Investigating whether
these juvenile habitats are temporally overlapping across species would pro-
vide valuable insights into how vegetation supports fish communities through-
out the growing season.

Future work should also expand beyond commercially important species to
include ecologically significant taxa such as the two-spotted goby Pomato-
schistus flavescens, which forms locally abundant populations (Castro-Fer-
nandez et al., 2025). This small suprabenthic species is of particular interest
in the Baltic Sea context because it is strongly associated with shallow water
vegetated habitats, has a diet largely overlapping with sticklebacks with high
intakes of copepods, chironomids, and small crustaceans (Jackson and Run-
dle, 2008), and displays high adaptability and behavioural plasticity (Marti-
nossi-Allibert et al., 2025). As such, this species could potentially compete
with sticklebacks for both habitat and food; particularly with juveniles for
space in vegetated habitats and with adults for shared prey, as demonstrated
in Paper II. An interesting avenue for future research would therefore be to
investigate how these two species interact with each other in space and
through the time of their overlapping presence in coastal habitats, and how
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vegetated habitats shape these interactions. Personal observations indicate that
two-spotted gobies are generally unbothered by slow-moving observers,
which allows for sampling through non-destructive methods such as UVC,
used in Paper 11, or by underwater videos.

From a broad social-ecological perspective, further work is needed to define
in greater detail historical relationships between aquatic habitats, the resources
that they provided, and human interactions. In the Baltic Sea context, a prom-
ising starting point would be the areas identified in Paper III, particularly the
now-drained lakes in central Gotland that were used from the Neolithic to the
Middle Ages. Through analyses of sediment cores from these sites, combining
the identification of fossil remains with ancient environmental DNA, could
reveal quantitative and qualitative information on these past ecosystems, in-
cluding the presence of SAV. Other than clarifying community composition,
these studies would extend the focus from resource remains (i.e., fish bones)
to the ecosystems that sustained them, providing a system-level understanding
of human interactions with aquatic habitats across time.

Future research could also strengthen the semi-structured interview with photo
elicitation approach used in Paper IV to deepen understanding of fishers’
knowledge of coastal habitats in other settings. Comparing how fishers in var-
ious regions react to photographs of habitats and discuss them would help re-
vealing potential shared patterns and differences, offering insights into how
ecological knowledge and fishing practices are shaped by local ecosystems. A
particularly interesting application would be the small-scale fishery of Got-
land, where some of the most economically important species, including her-
ring, flounder, sprat, and cod utilise vegetated habitats at least during part of
their life cycle. Photo elicitation could be used to help identify the distribution
of key habitats and investigate fishers’ perceptions and understanding of
change in vegetated habitats, such as declines in SAV or improvements due
to local restoration efforts. The method could also be applied to interviews
with other key resource users, including recreational fishers and coastal prop-
erty owners, exploring how different uses of coastal habitats shape perceptions
of change and how this can in turn inform scientists and management.
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6. Conclusions

The aim of this thesis was to investigate, through an interdisciplinary ap-
proach, how structurally contrasting coastal vegetation shape faunal commu-
nities and to situate these ecological processes within a broader social-ecolog-
ical context. The island of Gotland in the Baltic Sea served as the primary
study area. This is a region experiencing substantial anthropogenic pressure,
where eutrophication promotes the proliferation of ephemeral filamentous al-
gae at the expense of the high-relief, canopy-forming habitats offered by
long-living SAV. The thesis examined specifically how SAV and drifting fil-
amentous algae shape epifaunal and fish communities and how human use of
aquatic habitats have evolved through time. An empirical study with small-
scale fishers in the island of Salina, in the Mediterranean Sea, a context char-
acterised by a highly diverse mosaic of coastal habitats, offered insights on
methods for engaging with fishers’ ecological knowledge of habitat functions
and dynamics.

The findings indicated that a shift from large, tall, and long-living SAV to
drifting filamentous algae is likely to restructure faunal communities, creating
potential ‘winners’ such as grazing gastropods and juvenile sticklebacks, and
‘losers’ at the level of the overall epifaunal community. These changes can
alter ecosystem functioning, including grazing dynamics and energy transfer
to higher trophic levels, while also reinforcing a state dominated by filamen-
tous algae and high stickleback densities. Such changes, in turn, would affect
humans by impairing the delivery of key ecosystem services by SAV, which
include food production, sediment stabilisation, and carbon sequestration
(Cooley et al., 2023; Arkema et al., 2013; Barbier et al., 2011; Waycott et al.,
2009; Ronnbéck et al., 2007).

The results highlighted that SAV has been important in supporting both fish
and people on Gotland through times of dramatic environmental change span-
ning millennia. As the importance of these habitats remains fundamental in
the present, it is crucial to invest resources in their protection and maintenance.
The thesis also highlighted that researcher-driven photo elicitation is a prom-
ising approach for capturing both explicit and tacit aspects of fishers’
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ecological knowledge of habitats. The method is applicable across systems
and at large-scales, and capable of providing valuable insights into key stake-
holders’ perspectives on more recent habitat change.

On the basis of these findings, some key implications for management and
research were highlighted, including: a) the protection and restoration of SAV
habitats; b) the use of vertical index as a non-destructive metric of vegetation
three-dimensional structure; ¢) the importance of exploring human-habitat re-
lationships across multiple time scales to refine ecological baselines and un-
derstanding long-term human dependencies on aquatic resources; d) the use
of photo elicitation as a robust method to engage with both tacit and explicit
dimensions of stakeholders’ ecological knowledge of coastal habitats; and ¢)
the practices and conditions that support successful interdisciplinary research.

Together, the studies in this interdisciplinary thesis demonstrate the funda-
mental importance of SAV habitats for ecosystems and humans though time.
By situating present-day ecological patterns within a long history of human
interactions with aquatic habitats, and by evaluating methods for a deeper en-
gagement with the knowledge of people that use and depend on these habitats,
this thesis has pursued an integrated perspective on coastal systems. It high-
lighted the ecological importance of these habitats, their long history of human
use, and the value of diverse approaches for advancing our understanding of
coastal dynamics and supporting management aimed at securing the future of
coastal vegetated habitats.
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7. Sammanfattning pd svenska

Vegetationsrika livsmiljder langs kusterna, daribland undervattensvegetation
(Submersed Aquatic Vegetation, SAV), utgdr tredimensionella strukturer som
ar avgorande for marina organismer och som stoder viktiga ekosystemtjénster.
I Ostersjon gynnar dvergddningen tridalger som kan konkurrera ut SAV, vil-
ket fordndrar livsmiljderna fran hdga, langlivade strukturer till sma, kortlivade
bestdnd och dessutom kan péverka den vegetationstillhorande faunan. Den
okande titheten av storspigg (Gasterosteus aculeatus) i centrala Ostersjon har
kopplats till att tradalger blir allt mer dominerande genom att de &ter rygg-
radslosa vixtitare. Den ekologiska dynamiken utspelar sig inom bredare so-
cioekologiska sammanhang, dir ménniskor och ekosystem kontinuerligt pa-
verkar varandra och fordndras over tid.

Denna avhandling undersoker hur variationer i kustvegetationen formar djur-
livet, och vad ménniskans historiska utnyttjande av livsmiljoerna samt sma-
skaliga yrkesfiskarnas ekologiska kunskap kan avsléja om denna dynamik.
For att besvara detta anvénde jag en tvirvetenskaplig metod med fokus pé
Gotland, Sverige (centrala Ostersjon), kompletterad med insikter frén Salina,
Italien (Tyrrenska havet). Fem fragor undersoktes: hur paverkar SAV och tra-
dalger epifaunala (djur som lever ovanpé ett underlag) samhéllen; hur paver-
kar SAV och tradalger storspigg i bade yngel- och vuxenstadiet; vilka livsmil-
joer anvindes historiskt pa Gotland for att fanga euryhalina fiskar (fiskar som
tal och kan leva i vatten med mycket varierande salthalt); hur kan samarbetet
med smaskaliga yrkesfiskarnas ekologiska kunskap forbéttras; och hur frim-
jar tvarvetenskaplig integration forstaelsen av kustlivsmiljoernas dynamik?
Metoderna omfattade ekologiska undersdkningar, isotopanalys av arkeolo-
giska fiskrester samt semistrukturerade intervjuer med hjélp av bilder, en me-
tod som kallas ”’photo elicitation”.

Resultaten visade att den vertikala strukturen hos SAV 6kade den totala fore-
komsten av epifauna, medan tradalger endast gynnade betande snickor (arti-
kel I). Antalet storspiggyngel 6kade med alla vegetationsvariabler, medan de
vuxna inte visade nagra samband (Artikel II). Dessa resultat tyder pé att en
overgdng till trddalger kan fordndra epifaunans samhéllen och
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betesdynamiken, samtidigt som det ger storspigg en uppvéxthabitat. Artikel
III rekonstruerade tusentals &r av anvdndning av vegetationsrika fiskehabitat
vid kusten och i inlandet, och visar pa den ldngvariga betydelsen av kustnéra
habitat for fangst av euryhalina fiskar. Artikel I'V visade att photo elicitation
ger tillgang till bade explicita (som kan latt formuleras verbalt) och tysta (som
ar svart att formuleras verbalt) dimensioner av sméskaliga yrkesfiskarnas eko-
logiska kunskap, vilket belyser en rik forstéelse av habitatdynamiken. En av-
slutande reflektion lyfte fram epistemologisk flexibilitet, effektiv kommuni-
kation, tydliga roller och tidsférdelning som nycklar till tvarvetenskapligt ar-
bete. Genom att koppla samman dagens ekologiska monster med historisk
ménsklig anvandning och metoder for att ta del av smaskaliga yrkesfiskarnas
kunskap, ger avhandlingen ett integrerat perspektiv som underlag for forvalt-
ning och bevarande av vegetationsrika kustmiljder.
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Appendix

Appendix Figure 1. Freshwater systems in Gotland across time. (a-c): models of
freshwater systems during the time frame related to the three periods examined; (d)
modern-day distribution of freshwater systems. Map from Paper III.
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Appendix Table 1. List of the 40 successfully analysed fish teeth deriving from

excavations at the four archacological sites in Gotland.

Period Site Family Taxon
Mesolithic Gisslause Cyprinidae Cyprinidae sp.
Cyprinidae Rutilus rutilus
Neolithic Ajvide Cyprinidae Abramis brama
Cyprinidae Abramis brama
Cyprinidae Abramis brama
Cyprinidae Cyprinidae sp.
Cyprinidae Cyprinidae sp.
Esocidae Esox lucius
Esocidae Esox lucius
Esocidae Esox lucius
Esocidae Esox lucius
Esocidae Esox lucius
Cyprinidae Rutilus rutilus
Cyprinidae Rutilus rutilus
Cyprinidae Rutilus rutilus
Cyprinidae Rutilus rutilus
Cyprinidae Scardinius
erythrophthalmu
s
Tincidae Tinca tinca
Tincidae Tinca tinca
Iron Age - Middle Vistergarn Esocidae Esox lucius
Ages
Esocidae Esox lucius
Cyprinidae Leuciscus idus
Cyprinidae Leuciscus idus
Cyprinidae Leuciscus idus
Cyprinidae Leuciscus idus
Cyprinidae Leuciscus idus
Cyprinidae Rutilus rutilus
Cyprinidae Rutilus rutilus
Cyprinidae Rutilus rutilus
Percidae Sander
lucioperca
Frojel Cyprinidae Abramis brama
Cyprinidae Abramis brama
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Cyprinidae
Cyprinidae
Cyprinidae
Esocidae

Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae

Abramis brama
Abramis brama
Cyprinidae
Esox lucius
Leuciscus idus
Leuciscus idus
Rutilus rutilus

Rutilus rutilus
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