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Abstract 

In recent years the number of invasive species that have been introduced to new 

environments has strongly increased, and their further distribution may be favored by both 

anthropogenic influence and climate change. In 1999, the European flounder (Platichthys 

flesus), a flatfish species native to central European coasts, was first identified in the 

southwest of Iceland at the mouth of the Ölfusa river and has since then spread around the 

whole country. This project investigated the ecological impact of juvenile flounder on 

juveniles of the native European plaice (Pleuronectes platessa) on nursery grounds. The 

work focused on two sampling sites representing early and more recent flounder 

establisment; the fjords Borgarfjörður and Önundarfjörður, respectively. Fish were caught 

with a beach seine between July and September 2017. Species composition and juvenile size 

were measured, and stomach content analysis was used to determine niche widhts of each 

species and overlap in feeding patterns between species. Flounder was present in all 

collected samples, but both species composition and length distribution of flounder and 

plaice varied between sites and sampling time. Significant diet overlap between species was 

observed for some samples, particularly between 1+ flounder and 0+ plaice, which indicates 

potential for competition between species. Together with observed direct predation of 1+ 

flounder on 0+ plaice, the presence of the invasive species is likely to have a negative impact 

on the native plaice population. Differences between the sites of early and more recent 

invasion could not clearly be linked to the time since invasion. This project highlights that 

the management of invasive species needs to be improved, especially in locating and 

restricting pathways of introduction as well as in early detection and rapid response 

strategies.  

Útdráttur 

Á síðustu árum hefur flutningu tegunda út fyrir náttúleg heimkynni aukist mjög. Margvíslegt 

rask á búsvæðum svo og loftslagsbreytingar auka líkur á útbreiðslu þessarra framandi 

tegunda í nýjum heimkynnum. Árið 1999, fannst flundra (Platichthys flesus), flatfiskur með 

náttúrulega dreifingu við strendur mið Evrópu, við Ölfusárósa. Flundran hefur síðan dreifst 

víða um land. Í þessu verkefni eru rannsökuð möguleg áhrif flundruseiða á seiði skarkola 

(Pleuronectes platessa) á uppeldisstöðvum.  Sýnataka fór að mestu fram á tveimur svæðum 

sem endurspegla eldra og nýlegra landnám flundrunar; í Borgarfirði og í Önundarfirði. Seiði 

voru veidd með landnót frá júlí og fram í september 2017. Tegundasamsetning á hverjum 

stað var metin, lengd seiðanna mæld og þau vigtuð og magainnihald greint til að ákvarða 

vistbreidd tegundanna og skörun í fæðuvist. Flundra veiddist við alla sýnatöku en bæði 

tegundasamsetning og stærð seiða beggja tegunda var breytileg eftir svæðum og tíma. 

Marktæk skörun í fæðuvist var á milli flundru og skarkola seiða, mest áberandi á milli 1+ 

flundru og 0+ skarkola. Þá kom í ljós að 1+ flundruseiði eru afræningjar á 0+ skarkolaseiði. 

Það er því talið líklegt að tilkoma flundru hafi neikvæð vistfræðileg áhrif á skarkola á 

uppeldisstöðvum. Það komu hinsvegar ekki fram sterkar vísbendingar um mun á milli svæða 

eftir tíma frá landnámi flundrunnar. Niðurstöður þessa verkefnis sýna að það er mikilvægt 

að og hefja virka stýringu ágengra tegunda við Ísland m.a. með því að greina helstu 

flutningsleiðir, bæta snemmtæka greiningu framandi tegunda og þróa viðbragðsáætlun.  
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1 Introduction 

Invasive species are a global issue that is increasingly challenging the conservation of 

biodiversity, which refers to the variety of and between living organisms (Swingland, 2001; 

Pysek and Richardson, 2010; Simberloff et al., 2013). There are many reasons to conserve 

the biodiversity on Earth, one of the most important being that reduced biodiversity in an 

ecosystem could negatively influence its resilience to disturbance, which would impact the 

availability of ecosystem-services such as food that humans heavily rely on (Mittermeier et 

al., 2011).  An invasive species is defined as a non-native species, also refered to as an alien 

species, that was introduced into a new ecosystem, due to anthropogenic influence (Rahel 

and Olden, 2008; Gilroy et al., 2017). In this new ecosystem, the invasive species has 

established a population and eventually negatively impacts the native flora and fauna (Rahel 

and Olden, 2008; Gilroy et al., 2017). According to Turbelin et al. (2017), 1517 invasive 

species have been recorded in 243 countries and overseas territories. With 886 species, 

terrestrial plants make up the biggest part of the recorded invasive species but invasions also 

occur in aquatic, both marine and freshwater, ecosystems (Turbelin et al., 2017). The focus 

of this thesis is on aquatic, particularly marine, invasive species. Invasive species have been 

documented for centuries but over the past decades the number of biological invasions has 

been strongly increasing, driven by various factors (Ruiz et al., 1997; McNeely, 2001, Pysek 

and Richardson, 2010, Simberloff et al., 2013). One of these factors driving this increase is 

globalization and the associated global trade and shipping (Pysek and Richardson, 2010; 

Simberloff et al., 2013). Connected to these drivers, the main pathways of introduction of 

invaders are the ballast water of ships and biofouling of organisms on the outside of the hull 

(Bax et al., 2003; Lovell et al., 2006; Hewitt and Campbell, 2010; Davidson and Simkanin, 

2012). According to estimations, around 3000 aquatic species are transported around the 

world each day (McNeely, 2001). But only a small percentage of these species survive in a 

new environment, and even fewer become invasive (McNeely, 2001; Bax et al., 2003). The 

second driver of increasing invasions is climate change, as new habitats become suitable for 

settlement (Lehtonen, 1996; Dukes and Mooney, 1999; Wrona et al., 2006). 

Once an invasive species has established within an ecosystem, it is likely to persist and 

significantly impact the native community (Ruiz et al., 1997; Bax et al., 2003; Gurevitch and 
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Padilla, 2004). Invasive species do not only have effects on the environment such as the loss 

of biodiversity but sometimes even impact the economy for instance by inducing the collapse 

of a fishery (Ruiz et al., 1997; Shiganova, 1998; Gurevitch and Padilla, 2004; Knowler, 

2005). The common perception is that invasive species generally have a negative impact but 

there are some cases in which a positive effect of the species has been documented such as 

an increase in economic activities due to new fisheries and aquaculture (McNeely, 2001; 

Bax et al, 2003; Charles and Dukes, 2007). Three of the most well known aquatic invasive 

species are the zebra mussel (Dreissena polymorpha), the comb jelly (Mnemiopsis leidyi) 

and the killer algae (Caulerpa taxifolia), and all of them had immense impacts on the 

ecosystem as well as the local economy (Meinesz et al., 1993; Ricciardi et al., 1998; 

Shiganova, 1998; Pimental et al., 2005; Knowler, 2005; Streftaris and Zenetos, 2006). 

Unfortunately, the impacts of biological invasions have received far less attention in research 

than the dispersal and establishment mechanisms (Pysek and Richardson, 2010; Gallardo et 

al., 2016). But by understanding in what ways an invasive species impacts the environment 

locally, patterns could be derived on a global scale which could be used to predict the impacts 

of future invaders as well as setting priorities on management strategies (Alexander et al., 

2014; Gallardo et al., 2016; Paul and Kar, 2016). 

There have been 14 alien species documented in Icelandic waters with four of them being 

classified as potentially invasive (Thorarinsdóttir et al., 2014). Besides the rockweed (Fucus 

serratus), the Atlantic rock crab (Cancer irroratus) and the brown shrimp (Crangon 

crangon) the European flounder (Platichthys flesus) belongs to these potentially invasive 

species (Gunnarsson et al., 2007; Gislason et al., 2014; Thorarinsdóttir et al., 2014). The 

flounder was first identified in 1999 and has since then shown a rapid spread around most 

of the country, from the east of Iceland clockwise around the island to the north (Jónsson et 

al., 2001; Astthorsson and Palsson, 2006; O´Farrell, 2012; Valdimarsson et al., 2012; 

Hlinason, 2013). Diet composition and length distribution of flounder in Iceland have been 

investigated in studies by Jónsson et al (2001), Jóhannsson and Jónsson (2007) and 

Magnúsdóttir (2014). But so far only two studies have investigated the ecological impacts 

of flounder on native fish species, in particular on salmonids (O´Farrell, 2012; Hlinason, 

2013). However, no study has yet investigated the ecological impacts of flounder on other 

native fish species, especially impacts on species sharing the nursery grounds or compared 

impacts across the invasive front. Plaice  (Pleuronectes platessa), is a native flatfish species 
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in Iceland that is commercially harvested with about 7000 t caught annually (Hjörleifsson 

and Pálsson, 2001; Solmundsson et al., 2005; MFRI, 2017). Flounder and plaice co-occur 

on nursery grounds because both species prefer shallow, coastal areas with sandy, muddy 

grounds as nursery grounds (Pihl and van der Veer, 1992; Hjörleifsson and Pálsson, 2001). 

On these nursery grounds both species spend the first couple of years, exploiting abundant 

food resources while being largely protected from predation (Beck et al, 2001; Nash and 

Geffen, 2005; Le Pape and Cognez, 2016). So far it is not known whether the presences of 

juvenile flounder has a negative impact on juvenile plaice and what potential effects negative 

effects could have on the commercial fishery of plaice in Iceland. 

1.1 Goal of this study 

The goal of this study was to investigate in what ways the occurrence of juveniles of the 

invasive flounder on shared nursery grounds influences juvenile plaice and whether the 

presence of flounder could have an impact on the overall plaice population in Iceland. As 

the time that has passed since the arrival of the flounder varies between sites, a second goal 

was to detect a potential pattern in the response of the native plaice community over time. 

Overall, the aim was to contribute to a better, general understanding of the impacts and 

potential threats of an aquatic invasive species and explore in what ways invasive species 

can be managed. Therefore, the following research questions were developed and will be 

answered within the scope of this thesis. 

1) Based on current literature, what are the general impacts of (aquatic) invasive 

species on native communities in ecosystems around the world? 

 

2) Based on a dietary analysis, how do the feeding patterns of juvenile flounder and 

juvenile plaice overlap, and is trophic competition between these species likely to 

occur? 

 

3) How do the feeding niche of juvenile flounder and the overlap with juvenile native 

plaice differ between sites of long established (Borgarfjördur) and recent invasion 

(Önundarfjördur) of the flounder? 

 

4) In regards to the results of the above questions, what management strategies could 

be applied to mitigate the potential negative impacts of juvenile flounder on 

juvenile plaice ?  
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The studies of O´Farrell (2012) and Hlinason (2013) have provided first evidence that 

the invasive flounder indeed has negative impacts on the native aquatic fauna of Iceland. I 

expected to find evidence for potential competition between flounder and the native plaice 

on nursery grounds where juveniles of both species inhabit similar habitats. As Le Pape and 

Cognez (2016) have pointed out, juvenile flatfishes are particularly vulnerable during their 

first year on nursery grounds. Therefore, it is likely that the presence of flounder will have 

effects especially on 0-year class (0+) plaice. 

It is known that the flounder has appeared on the nursery ground in Önundarfjördur later 

than on the nursery ground in Borgarfjördur (: Astthorsson and Pálsson, 2006; O´Farrell, 

2012). Therefore, I expect to find differences in niche width and diet overlap as well as in 

the overall potential competition between these sites of earlier and more recent invasion. 

Studying the invasion history of invasive species can give valuable information (Kulhanek 

et al., 2011). As Iceland is an isolated island and the general area of the first invasion is 

known, the direction in which the species distribution spreads, is predictable. Being able to 

determine a geographical timeline of invasion, offers a unique opportunity to investigate the 

invasion history. Analyzing the effects of an invasive species in locations of earlier 

establishement could be useful to understand what potential changes in the native 

community could be expected at sites of later establishment or future invaded sites 

(Kulhanek et al., 2011). 
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2 Theoretical background 

2.1 Invasive species 

2.1.1 Definition and trends around the world 

Commonly, invasive species are defined as non-native species that have entered new 

environments where they established themselves and eventually show severe impacts on 

native fauna and flora (Bax et al, 2003; Ricciardi, 2003; Rahel and Olden, 2008).  As 

summarized by Ruiz et al (1997), the phenomenon of invasive species is not a newly-

emerged global issue but can be traced back over several centuries and is usually strongly 

correlated with the migration of humans. Some studies trace back the invasion of species 

over several centuries, such as Petersen et al (1992) who found indications that the transfer 

of the American soft-shell clam, Mya arenaria, from America to Europe had already 

happened before Columbus´s voyage. 

Over the past decades the number of invasive species globally has strongly increased, 

most likely in relation to an increase in global trade and shipping (McNeely, 2001; Pysek 

and Richardson, 2010; Simberloff et al, 2013). Carlton (1996) points out that each year 

thousands of species´ are moved between ecosystems worldwide. Not all the transported 

species survive the journey, and many fail to establish a population as an alien species (non-

native species) in the new environment, eventually disappearing again (McNeely, 2001; Bax 

et al, 2003). Even when an alien species reaches establishment, it often just becomes part of 

the background flora and fauna but a few of them become invasive and can have immense 

impacts on the ecosystem (McNeely, 2001; Bax et al, 2003). In recent times, climate change 

has been recognized as a driving force that favors biological invasions, making new 

ecosystems accessible to species that were previously not surviving in such ecosystems, for 

instance due to increasing water temperatures (Lehtonen, 1996; Dukes and Mooney, 1999; 

Wrona et al, 2006). In regards to climate change, the definition of invasive species has slowly 

been changing, not considering species anymore, that emerged in new ecosystems due to 

natural dispersion as a response to climate change but solely applying to species that were 

introduced due to anthropogenic influence (Rahel and Olden, 2008; Gilroy et al, 2017). 
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2.1.2 The pathways of introductions of invasive species 

There are several different ways non-native, alien species get introduced into new 

environments, commonly referred to as pathways and/or vectors. Generally, these pathways 

can be divided into two groups, one group includes species that are actively introduced, often 

for a certain purpose, or carelessly released, while the other covers those species that were 

unknowingly introduced, for instance via shipping which is one of the most important 

pathway of introduction (McNeely, 2001; Lovell et al., 2006). Carlton and Hodder (1995)  

conducted an experimental voyage with an 16th-century sailing vessel and concluded that 

there is high potential that centuries ago vessels transported species around the world due to 

ship fouling. A comprehensive analysis of Hewitt and Campbell (2010) indicates that 

biofouling has been one of the biggest contributors to invasive species throughout the history 

of biological invasions. Nowadays, after several regulations on biofouling, the transport of 

alien species via ships´ ballast water has become one of the most important vectors 

(Davidson and Simkanin, 2012). Additional vectors include the intentional and accidental 

introductions of species in relation to aquaculture and fisheries, which could fall in to either 

group, as well as the construction of canals that connect formerly separated water bodies 

which falls into the group of accidental introductions as the introduction can be considered 

a side effect of the construction (Ruiz et al., 1997; Hewitt and Campbell, 2010).  
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2.1.3 The influence of Climate Change on invasive species 

Over the past decades we have been experiencing climate change as a global 

phenomenon. This changing climate and its associated impacts such as warming 

temperatures and rising sea levels will eventually show more or less considerable effects on 

ecosystems all around the world. It has been shown that climate change has a considerable 

impact on fish communities, specifically influencing general population distributions as 

species tend to move northwards during warming events (Rose, 2005; Kuczynski et al, 

2018). Lassalle and Rochard (2009) investigated the potential impact of climate change on 

the future distribution of diadromous fish species in Europe, North Africa and the Middle 

East. The results suggested varying responses for the species, some showed little to no 

response whereas for others the response included range expansion as well as contractions 

of distribution. However, Kuczynski et al (2018) stresses the importance of a holistic 

approach to investigate the changes in communities over time, as various factors, both 

environmental and anthropogenic, can simultaneously affect ecosystems. In Iceland, a 

continuous warming since 1996 has been documented in marine waters (Astthorsson and 

Palsson, 2006). Between the years 1996 and 2005 22 fish species were recorded in Icelandic 

waters for the first time (Astthorsson and Palsson, 2006). While the discovery of three of 

these species is a result from improved fishing technology, the rest of the species are likely 

linked to the warming of Icelandic marine waters or to climate change in general 

(Astthorsson and Palsson, 2006). 

Climate change is also likely to influence the amount of invasive species. It is considered 

an important driver of biological invasions as with increasing temperatures new habitats 

become suitable for establishment where previously alien species would not have survived 

past settlement periods (Lehtonen, 1996; Ruiz et al, 1997; Dukes and Mooney, 1999; Wrona 

et al, 2006). Hence, more opportunities are created for introduced species to become invasive 

(McNeely, 2001). Furthermore, climate change might favor the success of invasive species 

over native species in an ecosystem as the invaders tend to have a higher resilience, making 

it easier to adapt to changes (Dukes and Mooney, 1999). However, Rahel and Olden (2008) 

point out that more research is needed to clearly understand what factors are limiting the 

current spatial limitations of invasive species in order to determine what effect climate 

change will have on biological invasions. 
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2.1.4 Impacts of invasive species 

It is commonly agreed that invasive species have severe impacts on ecosystems and 

communities all around the world and even have the potential to significantly alter these 

(Ruiz et al, 1997; Gurevitch and Padilla, 2004). Globalization is one of the biggest 

contributors to the high abundance of invasive species and the associated changes in 

ecosystems, by causing extinctions of species and on the other hand inducing the 

introductions of new species (Pysek and Richardson, 2010). Often, biological invasions are 

named as one of the biggest causes of the loss of biodiversity (Lovell et al, 2006; Simberloff 

et al, 2013; Alexander et al, 2014). However, Gurevitch and Padilla (2004) point out, that 

even though the decline of native species often co-occurs with biological invasions, more 

research is needed to determine invasive species as the definite cause. The ecological impact 

of an invasive species is defined as measurable changes within the invaded ecosystem 

(Ricciardi, 2003). These impacts depend on various factors within an ecosystem and are 

therefore different for each species and location but are important to evaluate for potential 

predictions of future developments (Ricciardi, 2003, Alexander et al., 2014). Overall, 

impacts of invaders have been far less studied than the actual dispersal and establishment 

mechanisms (Pysek and Richardson, 2010; Gallardo et al, 2016). There has been evidence 

that ecosystems all around the world have been affected by biological invasions (McGeoch 

et al, 2010). Therefore, local studies should be combined to detect potential global patterns 

in the impacts of biological invaders (Gallardo et al, 2016; Paul and Kar, 2016). Gallardo et 

al (2016) detected such patterns, suggesting that generally the diversity and abundance of 

aquatic communities decreases due to the pressure of biological invasions. Generally, 

impacts of invasive species can be devided into ecological and socio-economic impacts 

(Jeschke et al., 2014).  

Ecological impacts of invasive species with a focus on trophic effects 

Gallardo et al. (2016) highlights four mechanisms by which invasive species cause 

ecological impacts. These mechanisms include interspecific competition at the same trophic 

level, predation, grazing by herbivores or filter collectors and habitat alteration by ecosystem 

engineer species (Gallardo et al., 2016). The trophic effect of invasive species on native 

communities are one of the most common ecological impacts. Trophic effects are generally 

triggered by direct interactions between native and invasive species such as competition and 

predation (Crooks, 2002). The impact of a species on the community is often related to its 
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trophic level within the invaded ecosystem (Thompsen et al., 2014; Gallardo et al., 2016). 

Depending on its level, the introduction of an invasive species could lead to a `Top-down`or 

a `bottom-up`effect along the food chain (Gallardo et al., 2016). `Top-down` effects occur 

for instance with the introduction of a predator which can affect lower trophic levels, such 

as in the case of the rainbow trout (Oncorhynchus mykiss) and the spiny water flea 

(Bythotrephes longimanus) (Pace et al., 1999; Gallardo et al., 2016). Both species negatively 

impacted the populations of local fish, benthic invertebrates and zooplankton via predation, 

which in turn positively influenced the abundance of phytoplankton (Gallardo et al., 2016). 

On the other hand, if the invader is at a low level in the food chain, usually herbivores or 

filter feeders, it will cause a `Bottom-up`effect by changing the availability of resources for 

the upper trophic levels (Heath et al., 2014; Gallardo et al., 2016).  

Several studies have found ecological impacts of an invasive species on a native 

species or the native community on a local scale. In four British rivers, Wood et al (2017) 

investigated in what way the growth, diet and trophic position of the chub (Squalius 

cephalus) was affected by the occurrence of the invasive signal crayfish (Pacifastacus 

leniusculus). It was found that the presence of the invasive signal crayfish led to a shift in 

the diet of chub as well as reduced growth in young individuals (Wood et al, 2017). However, 

they also found an increased growth rate in older individuals in relation to the invasive 

species, which indicates that invasive species can have both, negative and positive impacts 

(Wood et al, 2017). The impacts of the invasive round goby (Neogobius melanostomus) on 

native species such as the European flounder in the Baltic Sea have been well studied 

(Karlson et al, 2007; Schrandt et al, 2016; Ustups et al, 2016). Ustusps et al, (2016) identified 

changes both in the feeding conditions as well as recruitment of the native flatfish. In fact, a 

field study (Karlson et al., 2007) and a laboratory study (Schrandt et al., 2016) pointed out 

an indirect effect on flounder via resource competition. Furthermore, Schrandt et al (2016) 

found evidence for direct predation on the native flounder and states that this factor has 

previously been underestimated due to fast digestion of the round goby. 

Three species that are well known amongst invasion biology are the zebra mussel 

(Dreissena polymorpha), the comb jelly (Mnemiopsis leidyi) and the killer algae (Caulerpa 

taxifolia), all of which caused considerable damage. The zebra mussel was introduced into 

the American Great lakes in the late 1980s via ballast water (Johnson and Padilla, 1996; 

Ricciardi et al, 1998; Pimentel et al, 2005). Its invasion history was marked with its rapid 
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distribution expansion as well as its severe economic and ecological effects (Johnson and 

Padilla, 1996). It did not only negatively affected local planktonic communities and 

outcompeted freshwater mussels, it also had direct effects on the local economy as it was 

attaching in high abundances on various fishing equipment, decreasing the performance 

(Johnson and Padilla, 1996; Ricciardi et al, 1998). Pimentel et al (2005) calculated the 

economic loss at about 1000 million USD per year. The comb jelly, a gelatinous predator, 

was transported to the Black Sea in the early 1980s, most likely via ballast water (Shiganova, 

1998). As the comb jelly is characterized as a self-fertilizing hermaphrodite that rapidly 

reproduces, it was able to expands its distribution range within a short period of time 

(Shiganova, 1998). Following the invasion of the comb jelly, the anchovy fishery of the 

Black Sea crashed, as optimal catches went down 90% and the economic profits decreased 

to 0.3 million USD from a previous 17 million USD (Knowler, 2005). The killer alga was 

accidently introduced into the Mediterranean Sea by the Oceanographic Museum in Monaco 

and has shown an exponential expansion over the years, which was favored by boats/anchors 

dragging individuals over long distances (Meinesz et al, 1993; Streftaris and Zenetos, 2006). 

This invasion has caused a major disturbance and alteration of various ecosystems 

throughout the Mediterranean Sea, as it can colonize on most substrate types between 0 and 

50 m depth (Meinesz et al, 1993, Boudouresque et al, 1995, Streftaris and Zenetos, 2006). 

Not only was there an immense impact on the biodiversity, the invasion also negatively 

impacted commercial as well as recreational fishing (Streftaris and Zenetos, 2006). 

Besides trophic effects, habitat modification by so-called `ecosystem-engineer`species 

also contributes to the ecological impacts of invasive species (Gallardo et al., 2016). Habitats 

can be modified for instance by the invasive species itself representing a new physical 

component of the habitat (Crooks, 2002). Filter feeders such as the zebra mussel with its 

shells, provide shelter for macroinvertebrates which positively influences their abundance in 

the habitat (Ward and Ricciardi, 2007). Furthermore, the shells of the zebra mussels 

represent a surface for macrophytes to attach to which in turn often influences the 

populations of higher trophic species due to a reduction in habitat (Crooks, 2002; Ward and 

Ricciardi, 2007). Habitat modifications by invasive species do not necessarily show the same 

impacts as the trophic impacts but both need to be considered when evaluating the ecological 

impacts of an invader (Gallardo et al., 2016). 
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Socio-economic impacts of invasive species  

Biological invasions do not only have impacts on the ecosystem, they can also have 

economical consequences depending on the species and location. Economic impacts can 

occur, directly affecting human welfare as well as indirectly by influencing populations of 

valuable native species (Knowler, 2005). Pimental et al (2005) estimated the annual 

economic damage in the US in regards to alien and invasive species to be around 120 billion 

USD. Unfortunately, monetary evaluations of the impacts on the economy often do not take 

the actual costs associated with the effects on the environment into account as this is rather 

hard to calculate (Pimental et al, 2005). Nature conservation and fisheries belong to the 

economic sectors that are mostly damaged by invasive species in terms of associated costs 

(Vila et al., 2010). Even though ecological and economic impacts are often correlated, they 

are usually not studied simultaneously (Pysek and Richardson, 2010; Vila et al., 2010). 

However, this does not mean that each significant ecological impact of an invasive species 

results in a strong socio-economic response (Jeschke et al., 2014). 
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2.1.5 Invasive species in Iceland 

In Icelandic waters, 14 alien species have been identified and consist of the taxa 

phytoplankton, macroalgae, crustacea, molluscs, tunicate and fish (Thorarinsdottir et al, 

2014). Most of these species were originally introduced to Europe from the Pacific but then 

further spread to Iceland due to human influence (Thorarinsdottir et al, 2014). The four 

species that have been classified as potentially invasive are Fucus serratus, Cancer 

irroratus, Crangon crangon and Platichthys flesus (Thorarinsdottir et al, 2014). The other 

nine alien species have so far not shown any invasive characteristics, such as rapid spread 

or negative impacts on local fauna and flora (Thorarinsdottir et al, 2014).  

The rockweed (F. serratus) has shown the longest invasion history as it has been firstly 

reported at the end of the 19th century in Iceland (Thorarindottir et al, 2014) whereas the 

other species have only emerged within the past 20 years. In 2006 the Atlantic rock crab (C. 

irroratus) was firstly identified and has successfully established a population in Icelandic 

waters (Gíslason et al, 2014). It is predicted that among the native crab species, the green 

crab (Carcinus maenas) and the spider crab (Hyas araneus), the Atlantic rock crab will 

become a dominating part of the community, with potentially big impacts on benthic 

organisms (Gíslason et al, 2014). The brown shrimp (C. crangon) was firstly found in 

Iceland in 2003 in the Southwest of the country and has rapidly spread along the western 

and southern coasts (Gunnarsson et al, 2007). A potential negative impact, due to direct 

predation as well as competition for resources, of this invader on juvenile flatfish, especially 

plaice, has been pointed out (Koberstein, 2013). Jónsson et al (2001) have described the 

emergence of the European flounder (P. flesus) in Icelandic waters, which was firstly 

identified in 1999. Studies have shown a rapid spread towards the north and the east as well 

as an impact of this invasive species on native salmonids marked by itnerspecific 

competition and direct predation (Valdimarsson et al, 2012; O´Farrell, 2012; Hlinason, 2013; 

Magnúsdóttir, 2014). All four species were firstly identified in the Southwest of Iceland 

(Jónsson et al, 2001; Gunnarsson et al, 2007; Gíslason et al, 2014; Thorarindottir et al, 2014). 
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2.1.6 Management of invasive species 

The question of how to manage invasive species becomes ever more important to answer 

as it is a continuous challenge to the conservation of biodiversity (Pysek and Richardson, 

2010; Simberloff et al, 2013). Nonetheless, it is a difficult problem to solve. Fortunately, 

there is increasing recognition of the potential negative effects of biological invasions and 

many countries have established management solutions, either on local and national scale or 

at international level in cooperation with other countries (Pysek and Richardson, 2010). 

Management of biological invasions can be divided into the following stages, prevention, 

early detection, eradication, containment and mitigation (Pysek and Richardson, 2010).  

Ideally, it would be possible to predict future invasive species and their pathways as part 

of preventing steps of management solutions (Pysek and Richardson, 2010; Alexander et al, 

2014). The prediction of invasive species and sites of invasion, however, remains difficult 

especially as conditions are globally changing (Carlton, 1996; Pysek and Richardson, 2010). 

But Carlton (1996) suggests that by using the increasingly available data on invasions to 

create invasion atlases to reveal potential invasion patterns that could be helpful to 

understand and even predict future invasions. Extensive knowledge on the vectors and 

pathways of introduction could support preventive mechanisms such as antifouling paint and 

ballast water exchange that target more than one specific species (Pysek and Richardson, 

2010). Considering that there is a considerable amount of species that are likely not 

intercepted due to all those various ways of introduction, early detection of these and a quick 

response, for instance by eradication where possible, are an important part of management 

(Pysek and Richardson, 2010). Once a marine invasive species has established itself in an 

environment it is nearly impossible to eradicate it (Bax et al, 2003). 

Every invasive species and every invaded ecosystem is defined by different biotic and 

abiotic factors includinf the surrounding surrounding anthropogenic influences (Lovell et al, 

2006). Therefore, a generalized, global solution to biological invasions is not the key to 

solving this problem, unique management strategies are needed, defined to best fit for local 

usage (Lovell et al, 2006). There have been a few examples of successful management 

strategies such as the management of the red king crab in Norway. Russia intentionally 

introduced the red king crab (Paralithodes camtschaticus) into the Barents Sea in the 1960s 

(Sundet and Hoel, 2016). After a total ban on the red king crab fishery was set in the late 

1970s, the species was largely ignored until 1992 when the red king crab increasingly caused 
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issues in the gill-net fisheries in the area (Sundet and Hoel, 2016). Following some less 

successful attempts at management, Russia and Norway joined forces in 2008 and created a 

management strategy that allowed a regulated commercial fishery of the red king crab east 

of the latitude 26°E and an open-access fishery west of it, where fishermen can harvest as 

much as they want in order to prevent further spreading (Sundet and Hoel, 2016). 
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2.2 Pleuronectiformes  

Flatfishes (Pleuronectiformes) are widely distributed with more than 700 species found 

around the world (Munroe, 2005 a; Munroe, 2005 b). Their distributions ranges from the 

Arctic to the Antarctic, and their abundance and diversity peak in coastal regions within 100 

m depths (Munroe, 2005 b; Le Pape and Cognez, 2016). They occur in shallow waters, both 

marine and freshwater, as well as in deep water (Munroe, 2005 b). Flatfishes are easily 

recognized with their flattened body shape as well as both eyes located on one side (Munroe, 

2005 a). All flatfishes share very similar life history traits. With a few exceptions, they all 

start as pelagic eggs (Munroe, 2005 a). At the end of the pelagic phase,  the larvae undergo 

metamorphosis, before juveniles settle on nursery grounds (Munroe, 2005 a; Nash and 

Geffen, 2005). Flatfishes are recognized as important part of marine and coastal ecosystem 

(Link et al, 2005). Appearing both as predator and prey, they represent a crucial link between 

the benthic production and higher predators, including humans, and therefore are considered 

to provide an ecosystem service for the benefits of humans (Link et al., 2005). 
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2.3 European flounder (Platichthys flesus) 

2.3.1 Distribution of flounder 

The flounder naturally occurs in the northeastern Atlantic in shallow, coastal waters of 

western Europe (Wheatherley, 1989; Millner et al, 2005; Kijewska et al, 2009; Amorim et 

al, 2016). The distribution is described to range from the Mediterranean to the Barents Sea 

and White Sea (Millner et al, 2005; Mendes et al, 2014; Semushin et al, 2015f). Lassalle and 

Rochard (2009) predict a disappearance of the flounder from its southern distribution range 

due to climate change. They indicate that areas in the Black Sea, the Mediterranean Sea, 

large parts of France and potentially even in the southern part of the Baltic Sea will become 

unsuitable (Lassalle and Rochard, 2009). 

2.3.2 Life-history traits of flounder 

The European flounder is a flatfish species of the family Pleuronectidae, commonly 

referred to as right-eyed flounder (Munroe, 2005a). Spiny scales along the base of the dorsal 

and anal fins represent a typical morphological characteristic of flounder (Figure 1). 

Flounder is a catadromous species, tolerating salinity conditions up to 35 (Wheeler, 1969; 

Summers, 1979; Hemmer-Hansen et al, 2007; Mendes et al, 2014; Amorim et al, 2016). 

Adults are commonly found from low saline parts of estuaries to freshwater in rivers 

(Summers, 1979; Hemmer-Hansen et al, 2007). Individuals return to marine habitats in 

winter where spawning occurs between February and June and the eggs are pelagic for a few 

weeks (Summers, 1979; Hemmer-Hanson et al, 2007; Amorim et al, 2016). A variation is 

found in the northern Baltic Sea, where spawning occurs in shallow, brackish waters in 

May/June and the eggs are classified as benthic (Aarnio et al, 1996). Studies have shown 

that the flounder stock in the Baltic Sea can be genetically distinguished into two ecotypes, 

the coastal spawners that produce demersal eggs in low saline waters and the offshore 

spawners producing pelagic eggs (Florin and Höglund, 2008; ICES, 2016; Erlandsson, 

2017). 

The pelagic flounder larvae hatch after 5 to 10 days and start migrating towards 

shallower coastal waters (Aarnio et al 1996; Amorim et al, 2016). After going through 

metamorphosis, the now benthic juvenile settles on nursery grounds in mid- to late summer 

at a size of 8-10 mm (Summers, 1979; Aarnio et al, 1996; Aarnio and Bonsdorff, 1997). 
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Preferred habitats for nursery grounds are shallow, sandy/muddy areas in estuaries (Aarnio 

et al, 1996; Aarnio and Bonsdorff, 1997; Järv et al, 2011; Ustups et al, 2016). Studies have 

shown that larvae can actively use tidal currents to get to suitable nursery grounds (Jager, 

1999). The occurrence of flounder individuals is related to environmental variables, both 

biotic as well as abiotic, such as distance to freshwater input as well as salinity and type of 

sediment (Mendes et al, 2014; Amorim et al, 2016). Results of Mendes et al (2014) indicate 

that the distribution of juvenile flounder mainly depends on salinity. Unfortunately, the 

patterns of settlement processes prior to metamorphosis are poorly studied (Amorim et al, 

2016). Generally, for juveniles the characteristics of the nursery grounds are important as 

this habitat needs to provide the fish with the opportunity to feed as well as with protection 

from predation (Beck et al, 2001; Nash and Geffen, 2005; Le Pape and Cognez, 2016). 

Gibson (1994) defines the nursery as “a part of the habitat where the growth and survival of 

the young (juveniles) are enhanced” and concludes that the three main factors determining 

the quality of habitat for the nursery ground of juveniles are food abundance, predation 

pressure as well as temperature. If a nursery habitat is polluted and is therefore of lower 

quality, it will impact the growth and overall condition of the fish (Amara et al, 2009). 

Within the estuary, the juveniles share the nursery grounds with feeding adult flounder 

for parts of the summer, but there is usually a spatial separation as juveniles tend to occur 

closer to shore (Summers, 1979; Able et al, 2005). Summers (1979) has shown for the 

estuary of the river Ythan in Scotland that four different migrations occur throughout the 

season. In spring, all age groups of 1+ and older enter the habitat (Summers, 1979). 0+ 

individuals immigrate in the summer while the 3+ and older individuals leave again 

(Summers, 1979). This is followed by the migration of the rest of the individuals out of the 

estuary in winter (Summers, 1979; Able et al, 2005). 

Once the juvenile flounder settles on the nursery grounds it preys on benthic organisms, 

mainly harpacticoida (Aarnio et al, 1996; Aarnio and Bonsdorff, 1997; Järv et al, 2011). 

Generally, an ontogenetic shift in the diet of the flounder is described to occur between the 

age classes 0+ and 1+ at an approximate size of 30 – 45 mm (Aarnio et al, 1996; Mendes et 

al, 2014). After this ontogenetic shift, the diet composition is dominated by 

macroinvertebrates, especially polychaetes and amphipods, but can also include other fish 

(Summers, 1980; Aarnio et al, 1996; Link et al, 2005; Mendes et al, 2014). The importance 

of diet items differs between regions and studies. 
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In their study in the Lima-estuary in northwestern Portugal, Mendes et al (2014) found 

that Chironomidae larvae and Corophium spp., an amphipod species, dominated the stomach 

contents. This is supported by O´Farrell (2012) who showed that chironomids and 

amphipods are a dominating the diet of flounder in Iceland. Furthermore, they found that 

Elmidae were a highly abundant amongst the diet items, a family of insects that seem to be 

only be eaten by flounders in this area (Mendes et al., 2014). The study of Amara et al (2009) 

in the Eastern English Channel highlighted the importance of the amphipod species, 

Corophium sp. and Gammaridae, amongst the diet items of flounder. Ustups et al (2016) 

also showed the high abundance of amphipods in the diet of flounders but furthermore found 

mysids and decapods/fish in the diet of flounders above 5 cm and above 9 cm, respectively. 

Regarding smaller individuals, Ustups et al (2016) results from the eastern central Baltic Sea 

showed that small flounders mainly fed on planktonic copepods. This is supported by the 

laboratory experiment of Aarnio (2000) on small flounders and the study of Gee (1987) in 

estuaries in southwest England. In the study of Weatherley (1989) in the river Dee in North 

Wales on the diet and growth of 0-group flounder, the diet was mainly comprised of 

chironomids, oligochaetes and copepods. 

Generally, the flounder is considered an opportunistic, generalist feeder (Weatherley, 

1989; Aarnio et al, 1996; Nissling et al, 2007; Ustups et al, 2007). However, Järv et al (2011) 

have shown that in parts of the Baltic Sea the flounder only has a small niche width and is 

rather a specialist feeder than a generalist, but this could derive from large diet overlaps with 

the invasive round goby in that area. Ustups et al (2016) has shown that the flounder is 

capable of adapting the feeding behavior to new conditions such as the emergence of an 

invasive species like the round goby in the Baltic Sea. A higher percentage of zooplankton 

was found amongst the diet items when the amount of the primary food source, the amphipod 

Bathyporeia pilosa was not as high anymore (Ustups et al, 2016). Furthermore, Aarnio et al 

(1996) and Weatherley (1989) indicate that flounder is a day feeder and pronounced feeding 

activity often occurs at the beginning and the end of the day. The experiments of Verheijen 

and de Groot (1967) also provides evidence of diurnal feeding activity of flounder. However, 

Summers (1980) concludes that the feeding activity was highest at high tide regardless of 

the time of the day but also states that tidal patterns have varying effects in different 

locations. 
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Figure 1: A picture of the native plaice (upper fish) and the invasive flounder (lower fish). 

Both individuals are juveniles of the 1+ year class. Typical morphological characteristics 

are visible with the bony ridge behind the eyes of plaice and the spiny scales along the base 

of the dorsal and anal fins of flounder. 

2.3.3 Invasion of flounder in Iceland 

The first identified flounder was caught near the mouth of the river Ölfusá in 

southwestern Iceland in 1999 and was identified by the Marine and Freshwater Research 

Institute of Iceland (MFRI) (Jónsson et al, 2001). Since the first capture the species spread 

rapidly around most of the country and its current distribution spreads from coastal waters 

in the southeast of the country clockwise around Iceland to Skagafjördur in the north 

(Jónsson et al, 2001; Astthorsson and Palsson, 2006; O´Farrell, 2012; Valdimarsson et al, 

2012; Hlinason, 2013). However, flounder were caught in the east of Iceland in summer 

2017, extending the distribution to all around the country (unpublished). Flounder is amongst 

several fish species that newly emerged in Iceland but is the only one that has shown invasive 

characteristics, such as the rapid spread around the country and negative impacts on the 

native community, so far (Astthorsson and Palsson, 2006; O´Farrell, 2012; Valdimarsson et 

al, 2012; Hlinason, 2013). It is believed that the flounder was introduced into the new 

ecosystem via ballast water, but natural dispersion from the Faroese Islands is also 

considered as a potential introduction pathway (Jónsson et al, 2001; Valdimarsson et al, 

2012; Thorarinsdottir et al, 2014). 
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2.3.4 Economic value of flounder 

Flounder belongs to the commercially harvested flatfish species in the northeast 

Atlantic, in areas such as the North Sea and the Baltic Sea (Millner et al, 2005; Kijewska et 

al, 2009; ICES, 2017). Catches in the northeast Atlantic are reported to have been at 14.478 

t in 1998 with an economic value of 7.174.000 USD (Millner et al, 2005). Florin and 

Höglund (2008) state the amount of international landings of flounder to be at 15.000 t 

annually. Generally, flounder is caught as bycatch in other fisheries (Millner et al, 2005; 

ICES; 2016; ICES, 2017). 

 The species is very valuable for the fisheries in the Baltic Sea (Florin and Höglund, 

2009; ICES, 2016). ICES (2016) assesses the different flounder populations within the Baltic 

Sea in four stocks. Landings vary considerably between these stocks with the northern 

flounder (subdivisions 27, 29-32) documenting the lowest landings with 200 t yearly over 

the last 8 years and the stock of subdivision 24 and 25 representing the highest landing with 

1190 t in 2015 (ICES, 2016). Fishing is mainly conducted with either trawlers or gillnetters 

and are carried out by all adjacent countries (ICES, 2016). In the Turkish part of the Black 

Sea, flounder is one of the top commercially valuable flatfish species (Sahin and Günes, 

2010). Galleguillos and Ward (1982) also state that flounder is economically valuable in the 

Baltic, Adriatic and Black Seas. In Iceland, the flounder is so far not commercially exploited.  
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2.4 European Plaice (Pleuronectes platessa) 

2.4.1 Distribution of plaice 

Plaice, a well-studied species, is found in continental-shelf waters (<100m) in 

northwest Europe, particularly abundant in the North Sea and adjacent areas (Hovenkamp, 

1991; Hoarau et al, 2002). Generally, the distribution ranges from its southern border in the 

western Mediterranean, throughout the waters in northwestern Europe particularly the North 

Sea, reaching its northern boarders in Iceland, the Barents Sea and the White Sea (Hoarau et 

al., 2002; Millner et al., 2005). Plaice is a native species in Icelandic waters and can be found 

in coastal waters all around the country with abundance peaking in the south and west, where 

the water is warmer (Hjörleifsson and Palsson, 2001; Solmundsson et al, 2005).  Based on 

the analysis of long-term data in the North Sea, Engelhard et al (2011) concluded that the 

population has shifted to the north, west and even into deeper waters within the North Sea 

in response to increasing sea temperatures. 

2.4.2 Life-history traits of plaice with emphasize on Icelandic waters 

 Plaice is a marine flatfish species and, like flounder, belongs to the family 

Pleuronectidae (Munroe, 2005 a). Except for the first couple of years, that individuals spend 

on estuarine nursery grounds, they spend their whole life in marine habitats. Several 

spawning grounds have been identified along its distributional range (Rijnsdop et al, 1985; 

Arnold and Metcalfe, 1995; Nielsen et al, 1998; Loots et al, 2010). For Icelandic waters, 

Solmundsson et al (2005) have described spawning grounds all around the country. It has 

also been shown by studies that Icelandic plaice, which are genetically distinct from the 

plaice population in the northern Atlantic, tend to return to the same spawning ground each 

year (Hoarau et al, 2002; Solmundsson et al, 2005). In Iceland, the spawning of plaice peaks 

around March and April, followed by the hatching of the pelagic eggs around mid to end of 

April (Sigurdsson, 1989; Gunnarsson et al, 2010). The hatched larvae start migrating towards 

the coasts to the nursery grounds. Generally, spawning and hatching of plaice occur later in 

Iceland than in regions further south, where the spawning begins around December and the 

peak is documented for January to February (Houghton and Harding, 1976; Rijnsdorp and 

Witthames, 2005). 
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 Larvae utilize ocean currents to reach their nursery grounds (Houghton and Harding, 

1976; Bailey et al, 2005). These nursery grounds are located in shallow, coastal waters 

(Kuipers, 1977; Pihl and van der Veer, 1992). Plaice prefer soft-bottomed, sandy habitats 

that offer the ability to dig into the sand to hide from predation (Pihl and van der Veer, 1992). 

In Iceland important nursery grounds have been identified for instance in northern Faxaflói 

(Hjörleifsson and Pálsson, 2001) and the Westfjords (Koberstein, 2013). Based on his study 

in Yorkshire, Lockwood (1974) concluded that larvae accumulate in water depts of 

approximately 5 m, undergo metamorphosis and then proceed to shallower waters where 

they settle and continue a benthic life. 

 At the western coast of Iceland, the settlement of these metamorphosed plaice begins 

at the end of June (Tåning, 1929 as cited in Hjörleifsson and Pálsson, 2001). The more recent 

studies of Hjörleifsson and Pálsson (2001) and Baranowska (2016) show that the settlement 

of 0-group plaice starts at the end of May and peaks at the end of June. A similar pattern of 

settlement was described by De Vlas (1979) for the dutch Wadden Sea. Juvenile plaice settle 

at a size of about 10-15 mm on the nursery grounds and spend the first years there (Kuipers, 

1977; De Vlas, 1979; Hoarau et al, 2002). A general migration of juvenile plaice towards 

the sea occurs after the summer but after winter they return to shallower waters, until they 

are about 3 to 4 years old and they join their parental stocks in deeper waters (Pihl and van 

der Veer, 1992). 

 On nursery grounds, juvenile plaice face predation by the brown shrimp and the 

green crab, that can influence the population density (van der Veer and Bergman, 1987; van 

der Veer et al, 1990; Pihl and van der Veer, 1992). Predation pressure by these crustaceans 

occurs until juvenile plaice reach a size of 30 mm and become too large to be consumed by 

either predator (van der Veer and Bergman, 1987; Hovenkamp, 1991). Two decades ago the 

brown shrimp did not occur in Icelandic waters, but it arrived in 2003 and rapidly increased 

its distribution in Iceland (Gunnarsson et al, 2007). Koberstein (2013) assessed the presence 

of the brown shrimp on plaice nursery grounds in the Westfjords and concluded that the 

brown shrimp, even though densities were rather low, could have a considerable impact on 

juvenile plaice as natural predators had been absent in the habitat previously. Additionally, 

brown shrimp and plaice also face potentially competition over resources on shallow, soft-

bottom habitats (Evans, 1983). 
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 Pálsson (1983) examined the feeding behavior of demersal fish species in Iceland 

and found that the diet of the smallest plaice (smallest size class starts at 23 cm) mainly 

consisted of sandeels (Ammodytidae), whereas the rest of the size classes mainly feed on 

Polychaeta and Bivalvia. Pálsson (1983) described the feeding pattern of Icelandic plaice in 

general as heavy benthic.  De Vlas (1979) and Evans (1983) described the feeding behavior 

of plaice as the one of an opportunistic generalist in the North Sea and the Skagerrak, 

respectively. Gee (1987) has shown that small plaice mainly feed on harpacticoid copepods 

in estuaries in southwest England. Polychaetes and crustaceans have been described as 

crucial part of the plaice´ diet in Sweden (Evans, 1983) as well as the southern North Sea 

(Piet et al, 1998).  Furthermore, Verheijen and de Groot (1967) indicate that plaice mainly 

feed during the day. 
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2.4.3 Economic value of plaice 

Plaice has always been one of the most important flatfish species in the northeast 

Atlantic (Hoarau et al, 2002; Millner et al, 2005; Amara et al, 2009; Kijewska et al, 2009). 

Therefore, the history of its fishery is well documented. The start of commercial fishing of 

plaice and common sole in the North Sea in the 1830´s marked the onset of large-scale 

flatfish fisheries (Millner et al, 2005). Due to the high catch rates, the fisheries strongly 

increased over the next decades (Millner et al, 2005). Plaice remained a crucial part of the 

flatfish fisheries.  In 1998, the total landings of plaice in the northeast Atlantic were 104.671 

tonnes with an overall economic value of 195.599.999 USD (Millner et al, 2005). For the 

Baltic Sea fisheries, plaice is of less importance and the landings in 2015 were at 

approximately 2400 tonnes (ICES, 2016). 

In Iceland, plaice has been commercially exploited since the beginning of the 19th 

century, when fishing vessels from England and Scottland expanded their fishing grounds 

(Hjörleifsson and Pálsson, 2001, Millner et al, 2005). Hjörleifsson and Pálsson (2001) 

described the annual catches in the 20th century at an average of 7000 tonnes. Landings were 

particularly high in the years between 1983 and 1997, reaching up to 14.000 tonnes (Figure 

2). In 2016, approximately 7.500 tonnes of plaice were caught (Figure 1). 

 

Figure 2: Annual catches of plaice in Icelandic waters from 1980 to 2016 divided into 

landings per fishing method. Retrieved from MRFI (2017) 
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3 Methods 

3.1 The study system 

 Situated in the North-Atlantic, Iceland is located in an area where the Mid-Atlantic 

Ridge meets the Greenland-Scotland Ridge, both large, submerged ridges (Malmberg and 

Blindheim, 1994). Icelandic waters are surrounded by warm water masses to the south, 

originating from the North Atlantic Drift, and cold water from the north (Malmberg and 

Blindheim, 1994; Malmberg and Valdimarsson, 2003). The southern, warm water is 

transported in the Irminger Current (IC) which continues northwards off the western coast 

of Iceland and eventually splits into two branches in the Denmark Strait (Malmberg and 

Blindheim, 1994; Malmberg and Valdimarsson, 2003). The western branch turns southwards 

and joins the East Greenland Current (EGC) whereas the eastern branch follows the Icelandic 

shelf around the country where it disperses east of the country in the Icelandic Sea 

(Stefansson, 1962). From the north, two currents are flowing southwards on either side of 

Iceland, the EGC to the west and the East Icelandic Current (EIC) to the east (Malmberg and 

Blindheim, 1994; Malmberg and Valdimarsson, 2003). 

 Important water masses that contribute to the Icelandic waters include Atlantic Water 

(AW) (3-8° C, salinity: >34.9) carried northwards in the IC, Polar Water (PW) (< 0°C, 

salinity = 34.4) in the EGC and Arctic/Polar Water (ASW/PW) (< 0-2 °C, salinity = 34.3-

34.9) transported in the EIC (Malmberg and Valdimarsson, 2003). Furthermore, Coastal 

Water (CW) is an important water mass that occurs on shelves around Iceland and is 

characterized by a varying temperature and a salinity below 34 (Malmberg and 

Valdimarsson, 2003). These water masses play an important role in the ecology of the waters 

surrounding Iceland but can be affected by changes in the Polar and Arctic Fronts, which are 

both in proximity to Iceland (Malmberg and Valdimarsson, 2003). However, since 1996 a 

general trend towards warmer and more saline conditions in Icelandic waters has been 

detected. Malmberg and Valdimarsson (2003) revealed a strong increase in salinity in the IC 

and Valdimarsson et al. (2012) describes an increase of 1-2 °C in waters off the south and 

west of Iceland.  
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3.2 Study sites 

Sampling was conducted between 4th of July and 14th of September, 2017 with the 

fjords Önundarfjördur and Borgarfjördur representing the main sampling sites (Table 1). For 

each sampling the tidal schedule was considered, and sampling was carried out as close to 

low tide as possible. Borgarfjördur is in the western part of Iceland (Figure 3). Within this 

fjord the sampling site is at 64°30’54”N 21°54’30”W, a muddy/sandy part of the coastline 

near Hotel Hafnarfjall. The second fjord, Önundarfjördur, is in the Westfjords with the 

sampling site at 66°00’32”N 23°25’23”W (Figure 3). Additionally, juvenile flatfish samples 

from four individual samplings conducted in the Westfjords were analysed for a more 

thorough comparison (Table 1). In the Strandir region samples were collected in 

Steingrimsfjördur and in Bjarnarfjördur. Furthermore, fish were retrieved in Thorskarfjörður 

and the mudflat near the town of Reykholar, both areas are located in the Breiðarfjörður part 

of the Westfjords (Table 1). For parts of the analysis, these four sampling events were pooled 

to “Strandir” (Bjarnarfjördur and Steingrimsfjördur) and “Thorskafjördur” (Reykholar and 

Thorskafjördur). 

Table 1. The eleven sampling events are listed for each sampling site. For better comparison, 

the week number was assigned to each sampling date. 

Site Date Sampling event 

(number) 

Week 

Borgarfjördur 04.07.2017 1 27 

15.07.2017 3 28 

23.08.2017 7 34 

Önundarfjördur 10.07.2017 2 28 

01.08.2017 4 31 

22.08.2017 6 34 

14.09.2017 11 37 

Strandir Bjarnarfjördur 18.08.2017 5 33 

Steingrimsfjördur 25.08.2017 8 34 

Thorskafjördur Reykholar 27.08.2018 9 34 

Thorskafjördur 27.08.2017 10 34 
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Figure 3. A map of Iceland with red dots marking the main sampling sites in Önundarfjördur 

and Borgarfjördur. The additional sampling sites are marked with numbers. 1 = 

Bjarnarfjördur, 2 = Steingrimsfjördur, 3 = Thorskafjördur, 4 = Reykholar 
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3.3 Sampling 

Sampling was carried out with a beach seine (10m x 1.5m) with a mesh size of 6mm. 

The net was dragged out into the water and set parallel to the shoreline at a depth of about 

0.5 m and then dragged onto the beach. Catches were checked and non-target species as well 

as large flatfish were extracted and released back into the water. In a bucket filled with water 

the remaining fish were euthanized with Phenoxyethanol and then placed in plastic bags and 

stored in freezers in the laboratory. Depending on the size of the catches, around 3-5 tows 

were conducted but all caught individuals were pooled together as one sample per sampling 

event. Borgarfjördur and Önundarfjördur were sampled three and four times, respectively 

(Table 1). Bjarnarfjördur, Steingrimsfjördur, Thorskafjördur and Reykholar were each 

sampled once (Table 1). 

3.4 Laboratory analysis 

After thawing, each fish was identified with the use of a microscope. Species 

identification was based on morphological characteristics, such as a bony ridge located 

behind the eyes for plaice and spiny scales at the base of dorsal and anal fin for flounder, as 

well as fin-ray counts of caudal and dorsal fins. In most cases the number of fin-rays gave a 

clear indication of the species, as flounder generally has 17-18 caudal fin rays and 56-66 

dorsal rays, whereas plaice has 19-21 caudal fin-rays and 65-79 dorsal fin-rays (Galleguillos 

and Ward, 1982; Haynes et al., 2008) 

Following the species identification, standard length (SL) and wet weight were 

measured to the nearest 0.1 cm and 0.01 g, respectively. Stomachs were extracted and stored 

in formaldehyde, which was replaced ethanol after one week. After measurements and 

dissection, each fish was stored in individual plastic bags which were labeled with date and 

site of sampling, species as well as an assigned number. They were placed in freezers again 

for storage.  
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3.5 Stomach content analysis 

Stomachs were placed in a petri-dish filled with Ethanol and examined under a 

microscope. Scalpel and scissors were used to open the stomach and it was carefully visually 

checked whether the whole stomach content was extracted. All organisms were counted, 

only considering the heads of individuals, and identified to the highest possible level. If 

organisms were not identifiable, it was marked as such. Standard length was only recorded 

for fish remains that were found in the stomachs. Empty stomachs were recorded as such. 

For each sampling a maximum of 30 stomachs per species were identified. 

3.6 Age determination  

To determine age groups for plaice, a length-frequency diagram of all individuals 

was created and in accordance with collected data by the Marine and Freshwater Research 

Institute of Iceland (MFRI), the following age groups were set: 0+ (< 6cm); 1+ (< 9.3cm) 

and 2+ (> 9.3 cm) (personal communication with Guðjón Már Sigurðsson, 16.10.2017). 

Similarily, a length-frequency diagram was created for flounder. For this species the age 

groups were determined as 0+ (< 4.6cm), 1+ (4.6 – 12.5 cm) and 2+ (> 12.5cm). As there 

are no comparable data on juvenile flounder from Iceland, 22 flounder were selected to 

determine their age based on readings of the otoliths. The size of the chosen individuals 

represented the upper or lower limit of the three size classes. The otoliths were extracted 

from each individual, cleaned, placed in water and then read under a microscope. Two 

consecutive readings were carried out by a first reader. A third reading was performed by an 

experienced reader. The results confirmed the previously set age classes by size. 
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3.7 Statistical analysis 

 All statistics and graphic visualization were carried out with Excel and the software 

R (Version 3.4.2; R Core Team, 2017). 

3.7.1 Shannon-Wiener Index to determine niche width 

The niche width of individuals expresses the diversity amongst the diet items 

consumed by the individual (Krebs, 2014). It was calculated with the commonly used 

Shannon-Wiener-index (Krebs, 2014). The index is based on the following formula with pj 

representing the proportion of the individuals that are using the resource j (Krebs, 2014). 

𝐻′ = − ∑ 𝑝𝑗 log 𝑝𝑗 

 Niche width was calculated for each species and sampling event. 

3.7.2 Simplified Morisita Index to determine niche overlap 

Niche overlap between juvenile flounder and juvenile plaice was determined for each 

sample where both species were present. According to Krebs (2014) one of the most 

commonly used indices to calculate niche overlap is the simplified Morisita index. The index 

is calculated with the following formula. Pij and pik are the proportion of the resource i that 

is used by the species j and k, respectively and n is defined as the total number of resources 

(Krebs, 2014). 

𝐶𝐻 =
2 ∑ 𝑝𝑖𝑗𝑝𝑖𝑘

𝑛
𝑖

∑ 𝑝𝑖𝑗
2𝑛

𝑖 + ∑ 𝑝𝑖𝑘
2𝑛

𝑖

 

 Calculating the simplified Morisita index results in a value between 0 and 1. A value 

above 0.6 indicates a biologically significant diet overlap (Wallace, 1981). 
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3.7.3 Principal Component Analysis (PCA) 

Stomach content data are typically collected in a multivariate data set. In order to 

visualize such data, it is important to reduce the number of dimensions. Principal component 

analysis is a widely used method to perform such a reduction in dimensionality. In a PCA, 

principal components are generated, one component per variable. Usually, the essential 

information that explain the variation of data, are displayed in the first few principal 

components, explaining the variation in the original multivariate data set (Reimann et al., 

2008). To reduce the number of diet item categories, similar diet items were pooled together 

where possible.  The two artificial categories `insect larvae` and `fish remains` were created 

by pooling the diet items `Diptera larvae´, `Tipulidae larvae and ´Chironomidae larvae´ as 

well as `juvenile plaice` and `stickleback`, respectively 

3.7.4 Generalized linear mixed model (GLMM) 

After reducing the dimensionality of the stomach content data by the PCA, a GLMM 

was applied to PCA scores of the first three PC to test for significance of differences in the 

main components of variation in the diet of the flounder and plaice and whether factors such 

as fish size and time of sampling have a significant effect. The following GLMM was 

chosen. 

𝐷𝑖𝑚 𝑥 ~ 𝑆𝑝𝑒𝑐𝑖𝑒𝑠 × 𝐿𝑒𝑛𝑔𝑡ℎ + 𝑆𝑝𝑒𝑐𝑖𝑒𝑠 × 𝑊𝑒𝑒𝑘 + (1|𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝑒𝑣𝑒𝑛𝑡) 

The model covers the interaction effect of both the length of the individual and week in 

which the sampling event was carried out on the species. The sampling event, combining 

spatial and temporal information of the samples, was added as a random effect. 
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4 Results 

4.1 Species identification 

In total 471 flatfishes were caught and consisted of 198 flounder and 273 plaice. The 

caudal fin rays and dorsal fin rays were counted for 448 (181 flounder, 267 plaice) and 213 

individuals (111 flounder, 102 plaice), respectively (Table 1). The caudal fins showed mostly 

the characteristic numbers of 18 rays for flounder and 20 for plaice and displayed only slight 

variation. For the dorsal fins of both species a wider range of fin rays was documented with 

no number dominating. 

Table 2 The range of the number of fin rays in caudal and dorsal fins for both species. The 

most common number of rays is shown in bold. 

 Flounder Plaice 

Caudal fin rays 18-19 19-22 (20) 

Dorsal fin rays 52-64 67-79 
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4.2 Length distribution 

In Önundarfjördur and Borgarfjördur, the two main sampling sites, the mean length of 

both species show a similar increasing trend over the sampling season (Figure 4). During the 

first two sampling events in Borgarfjördur in week 27 and 28, two cohorts of plaice occur in 

the habitat, but by the time of the third sampling in week 34 1+ plaice had disappeared 

(Figure 4). Conversely, a new cohort of flounder (0+) emerges in week 34 in Önundarfjördur 

where it co-occurs with 1+ flounder and 0+ plaice (Figure 4). For the Strandir region, which 

includes the sampling in Bjarnarfjördur and Steingrimsfjördur, only 0 + plaice are recorded. 

The results for Thorskafjördur, which was pooled together with the sampling event in 

Reykholar, show the occurrence of two cohorts of flounder and one cohort of plaice (Figure 

4). 

 

Figure 4. The length distribution of individuals is presented as boxplots for each sampling 

event. The box of the boxplot spans between the first quartile of the data (lower edge) and 

the third quartile (upper edge) while the median (second quartile) is represented by the 

horizontal line in the box. Minimum and maximum values of the data are displayed by the 

vertical line above and below the box. Furthermore, outliers (data outside of the range of 

the main data) are indicated by black dots. The data is displayed for both species as well as 

the sampling sites Borgarfjördur, Önundarfjördur, Strandir and Thorskafjördur. 
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4.3 Determination of age classes for both species 

Age classes for both species were estimated based on the length-frequency plots 

(Table 3, Figures 5 and 6). Moreover, for plaice the determined age classes are in accordance 

with data from the Marine Research Institute of Iceland (MRI) on the length of all plaice that 

were caught in their studies and surveys (personal communication with Guðjón Már 

Sigurðsson, 16.10.2017). However, for flounder no such extensive data on juvenile 

individuals is available for comparison in Iceland. The analysis of a subset of otoliths 

confirmed the previously set age classes. 

 

Figure 5. Length-frequency distribution of all identified juvenile plaice (Pleuronectes 

platessa). The Standard length of each fish was measured to the nearest 0.1 cm. The graph 

represents the number of individuals per length.  

 

 

Figure 6. Length-frequency distribution of all identified juvenile flounder (Platichthys 

flesus). The Standard length of each fish was measured to the nearest 0.1 cm. The graph 

represents the number of individuals per length. 



36 

 

Table 3. The set age classes for juvenile flounder (Platichthys flesus) and juvenile plaice 

(Pleuronectes platessa) based on visual analysis of the length-frequency distributions for 

both species (Figures 5 and 6). 

 0+ 1+ 2+ 

Flounder  < 4.6 cm 4.6 – 12.5 cm > 12.5 cm 

Plaice  < 6 cm 6 – 9.3 cm > 9.3 cm 

 

4.4 Sympatric occurrence of plaice and flounder 

Both species were recorded for all sampling events except for the Strandir region, where 

only plaice was found, and the sample taken at Reykholar where only flounder occurred. In 

Borgarfjördur, plaice dominated the catch from the first two sampling events, which were 

carried out in July. However, this changed throughout the sampling season and at the end of 

August, flounder dominated the habitat. Overall, no 0+ flounder was documented for this 

sampling site (Figure 7). In Önundarfjördur, the second main sampling site, the first two 

samples consisted only of 0+ plaice and 1+ flounder with flounder showing an increasing 

contribution to the species composition from 55.6 % in week 28 to 84 % in week 31 (Figure 

7). The arrival of a new cohort of flounder (0+) is recorded in the sample of week 34 where 

it co-occurs with 1+ flounder and the dominating 0+ plaice. Furthermore, the new cohort of 

0+ flounder expands and becomes the biggest part of the sample in week 37 (Figure 7). For 

the individual sampling events from Bjarnarfjördur and Thorskafjördur, which are pooled 

together, only 0+ plaice are recorded. Conversely, the sample from Reykholar consists of 

only flounder, but of all three age classes. The species composition displayed for the 

Thorskarfjördur sample is similar to the one in the latest Önundarfjördur sample, 0+ flounder 

clearly dominates the sample whereas plaice contributes less than 25 % (Figure 7). 
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Figure 7. Species and age composition is displayed as a pie chart for each sampling event. 

Blue represents juvenile plaice (Pleuronectes platessa) while orange represents juvenile 

flounder (Platichthys flesus). The age classes range from 0+ - 2+. 
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4.5 Stomach content analysis 

4.5.1 Diet items 

Stomach content analysis was carried out for 311 individuals, 176 of these were flounder 

and 135 plaice. Overall, 20 stomachs were empty (Table A1).  For the flounder, the results 

indicate that generally Polychaeta and Chironomidae larvae are the most important diet 

items. Overall, Polychaeta were present in every sample except for the Önundarfjördur 

sample of week 28. However, the highest proportions of Polychaeta are found in the last 

samples of Önundarfjördur and Borgarfjördur as well as the samples from Thorskafjördur 

and Reykholar. Chironomidae larvae display high numbers in all Önundarfjördur samples as 

well as in the Thorskafjördur sample. Considering the three age classes, it becomes apparent 

that Polychaeta are important in all three cohorts (Figure 8). Chironomidae only appear in 

the stomachs of 0+ and 1+ flounder but Nematoda and Gammaridae become more important 

for the 1+ age class. Further diet items that are frequently listed for the flounder stomachs 

are Harpacticoida, Turbellaria and snails (Figure 8). 

Similar to the diet composition of the flounder, Polychaeta are one of the two main diet 

items for plaice and is found in every sample. The biggest numbers can be seen in the 

Önundarfjördur samples of week 28 and 37 as well as the samples from Steingrimsfjördur 

and Thorskafjördur. Additionally, Harpacticoida play an important role and indicate high 

numbers in the samples from Borgarfjördur and Bjarnarfjördur but are almost entirely found 

in 0+ plaice. For 1+ and 2+ plaice, bivalvia siphons seem to replace the Harpacticoida in the 

diet in the samples from Önundarfjördur (Figure 8). Other frequent diet items include 

Chironomidae larvae, Nematoda, snails, Ostracoda and Gammaridae (Figure 8). 
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Figure 8. The composition of the stomach content of juvenile flounder (Platichthys flesus) 

and juvenile plaice (Pleuronectes plates) is displayed for each sampling event. Abundances 

of diet items were pooled per species and sampling event. The diagram displays the stomach 

content of flounder (left side) and the stomach content of plaice (right side) for the age 

classes 0+, 1+ and 2+. Each diet item is represented by a different color. 
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4.5.2 Principal component analysis (PCA)  

 The PCA was run on the content of all 311 analyzed stomachs. The first three 

Principal Components explain 22.8 % of the variance amongst the stomach content data. 

PC1 is strongly correlated to the three diet items Polychaeta, Nematoda and Snails, which 

are all benthic, and increases with the abundance of these taxa (Figure 9, Table 4). PC2 

shows a strong correlation to the more epibenthic/pelagic crustaceans Gammaridae and 

Jaera sp and also increases with the abundance of the named taxa (Figure 9, Table 4). PC3, 

on the other hand, is negatively correlated to the taxa Snails, Ostracoda and Bivalvia and 

therefore decreases with the abundance of these taxa (Figure 9, Table 4). The concentration 

ellipse of plaice individuals appears to mainly follow the benthic taxa related to PC2 whereas 

the concentration ellipse of flounder shows strong correlations to both the epibenthic/pelagic 

taxa of PC1 and the benthic taxa of PC2 (Figure 10 – 12). The correlation to PC3 seems 

comparatively lower for both species (Figure 10-12). 

 

 

Figure 9. The contribution of diet items to the first five dimensions of the PCA represented 

in a corrplot. Size and coloration of the dots indicate the value of contribution. The darker 

and bigger the dot is, the higher the contribution. 
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Table 4. The main 10 (12 for PC3) diet items are listed that contribute to the first three 

dimensions of the PCA. Additionally, the correlation and the associated p-value is listed for 

each of these diet items. Diet items with a correlation >0.5 are marked in bold and are 

regarded as defining for the PC. 

PC1 PC2 PC3 

D
iet item
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P
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Polychaeta 0.693 6.54 

e-46 

Gammaridae 0.781 3.73 

e-65 

Chironomidae   

adult 

0.431 1.74 

e-15 

Nematoda 0.594 4.85 

e-31 

Jaera spp. 0.753 3.97 

e-58 

Polychaeta 0.347 2.96 

e-10 

Snail 0.548 8.75 

e-26 

Crab larvae 0.407 7.62 

e-14 

Turbellaria 0.304 4.63 

e-08 

Ostracoda 0.483 1.29 

e-19 

Ostracoda 0.149 8.28 

e-03 

Gammaridae 0.239 2.01 

e-05 

Chironomidae 

adult 

0.435 8.03 

e-16 

Snail 0.138 1.52 

e-02 

Jaera spp. 0.218 1.08 

e-04 

Insect larvae 0.368 1.99 

e-11 

Bivalvia  

Siphon 

0.132 2.00 

e-02 

Insect larvae 0.217 1.18 

e-04 

Bivalvia 0.28 5.36 

e-07 

Mysida -0.178 1.67 

e-03 

Chironomidae 

Pupae 

0.151 7.75 

e-03 

Chironomidae 

pupae 

0.178 1.58 

e-03 

Chironomidae 

adult 

-0.202 3.47 

e-04 

Crab larvae 0.123 3.00 

e-02 

Turbellaria 0.169 2.72 

e-03 

Euphausiacea -0.21 1.89 

e-04 

Harpacticoida -0.151 7.71 

e-03 

Harpacticoida -0.269 1.47 

e-06 

Polychaeta -0.223 7.29 

e-05  

Bivalvia -0.503 2.29 

e-21 

      Ostracoda -0.513 2.8  

e-22 

      Snail -0.559 6.38 

e-27 
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Figure 10. The Dimension 1 and Dimension 2 of the PCA plotted on the x-axis and y-axis, 

respectively. All individuals are presented on the diagram with a blue dot for flounder 

(Platichthys flesus) and a yellow triangle for plaice (Pleuronectes platessa). Furthermore, 

diet items are displayed with arrows that are based on the loading values for each item. 

Concentration ellipses with a value of 0.95 are displayed for both species with blue 

representing flounder and yellow plaice. 

 

Figure 11. The Dimension 2 and Dimension 3 of the PCA plotted on the x-axis and y-axis, 

respectively. All individuals are presented on the diagram with a blue dot for flounder 

(Platichthys flesus) and a yellow triangle for plaice (Pleuronectes platessa). Furthermore, 

diet items are displayed with arrows that are based on the loading values for each item. 

Concentration ellipses with a value of 0.95 are displayed for both species with blue 

representing flounder and yellow plaice. 
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Figure 12. The Dimension 1 and Dimension 3 of the PCA plotted on the x-axis and y-axis, 

respectively. All individuals are presented on the diagram with a blue dot for flounder 

(Platichthys flesus) and a yellow triangle for plaice (Pleuronectes platessa). Furthermore, 

diet items are displayed with arrows that are based on the loading values for each item. 

Concentration ellipses with a value of 0.95 are displayed for both species with blue 

representing flounder and yellow plaice. 

 

4.5.3 Application of a Generalized Linear Mixed Model (GLMM)  

Results of the GLMMs show that fish size significantly explained variation in the 

stomach content correlated to PC1 and PC3 (Table 4: p-value=0.007 and p-value=0.011, 

respectively). On both axis there was a slight increase in PC scores with fish size (Table 5). 

Furthermore, for PC2 the model revealed that there is a significant difference in feeding 

between flounder and plaice, were the plaice has lower scores on the PC2 than flounder (p-

value=0.021) and a significant interaction term of sampling week on the diet of plaice (p-

value=0.049) (Table 5). 
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Table 5: The results of the GLMM (Dim x ~ Species ×Length+Species 

×Week+(1┤|sampling event) that was applied on the results of the Pricipal Component 

Analysis are listed for the dimension 1-3. The potential effects are listed in the rows and for 

each effect the estimate, Standard Error, t-value and p-value are given. Significant effects 

are marked in bold. 

PC1 Estimate Std..Error t-value p-value 

(Intercept) -3.034 2.453 -1.237 0.216 

PCA_model$speciesPlaice -1.947 1.583 -1.229 0.219 

PCA_model$length 0.088 0.032 2.693 0.007 

PCA_model$week 0.071 0.075 0.95 0.342 

PCA_model$speciesPlaice: 

PCA_model$length 

0.052 0.071 0.731 0.465 

PCA_model$speciesPlaice: 

PCA_model$week 

0.071 0.048 1.497 0.134 

PC2 

(Intercept) 3.413 1.783 1.914 0.056 

PCA_model$speciesPlaice -3.583 1.554 -2.306 0.021 

PCA_model$length -0.012 0.032 -0.363 0.716 

PCA_model$week -0.099 0.053 -1.857 0.063 

PCA_model$speciesPlaice: 

PCA_model$length 

0.085 0.071 1.204 0.229 

PCA_model$speciesPlaice: 

PCA_model$week 

0.092 0.047 1.973 0.049 

PC3 

(Intercept) -0.685 1.506 -0.455 0.649 

PCA_model$speciesPlaice 1.181 1.427 0.828 0.408 

PCA_model$length 0.074 0.029 2.54 0.011 

PCA_model$week 0.017 0.045 0.388 0.698 

PCA_model$speciesPlaice: -0.099 0.065 -1.508 0.132 
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PCA_model$length 

PCA_model$speciesPlaice: 

PCA_model$week 

-0.043 0.043 -1.001 0.317 
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4.6 Niche width and niche overlap 

 At the main sampling sites in Borgarfjördur and Önundarfjördur, it appears that 

generally the niche width of flounder is higher, except for the first sampling event in 

Önundarfjördur in week 28 where it is considerably lower compared to plaice. Furthermore, 

the niche width is generally higher in Önundarfjördur. However, the values vary throughout 

the sampling season. In Thorskafjördur the niche width of both species is similar, not 

particularly high or low compared to the rest. For the individual sampling events in 

Bjarnarfjördur, Reykholar and Steingrimsfjördur, where only either flounder or plaice were 

identified, the niche width is generally lower than what is recorded for the species in other 

samples (Figure 13). Considering the niche width for each cohort, it seems that the niche 

width for flounder is generally highest in 1+ flounder (Table A2). This only varies in the 

sample of Borgarfjördur (week 34), where 1+ reaches a niche width of 0.975 and 2+ a niche 

width of 1.18, and the sample from Reykholar where the niche width of 1+ is 0.501 whereas 

it is 0.905 and 0.822 for 0+ and 2+, respectively (Table A2).  In most samples the analyzed 

plaice consisted only of 0+ except for the samples of Borgarfjördur week 27 and 28 as well 

as Thorskafjördur (Table A2). In both samples from Borgarfjördur the niche width of 1+ 

plaice was highest while in the sample of Thorskafjördur the 0+ plaice showed a higher niche 

width (Table A2). 

 

Figure 13. The Niche width, calculated based on the Shannon-Wiener Index, is displayed for 

juvenile flounder (Platichthys flesus) and juvenile plaice (Pleuronectes platessa) for each 

sampling event. The diagram shows the six sampling sites along the horizontal axis and the 

two species flounderand plaice along the vertical axis. 
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The niche overlap is only displayed for the relevant sampling sites where both species 

occurred, hence, where its calculation was possible. According to Wallace (1981) a niche 

overlap is considered as significant when the value is above 0.6. In Borgarfjördur, a 

significant overlap well above the 0.6 mark was recorded for week 27. However, a 

considerable decrease in overlap is recorded for the sample of week 28 and in week 34, only 

one plaice was caught but its stomach was empty, therefore no overlap could be calculated 

(Figure 14). Conversely, in Önundarfjördur the results indicate a constant increase of the 

overlap throughout the sampling season, though the overlap is only considered biologically 

significant in the samples of week 34 and 37 (Figure 14). The highest niche overlap (>0.9) 

occurs in Thorskarfjördur (Figure 14). 

Niche overlap between cohorts, both inter- and intraspecific, was also calculated 

(Table A3). The results show that significant niche overlap between species only occurs 

between the cohorts 1+ flounder and 0+ plaice in the samples Borgarfjördur week 27 (0.84), 

Önundarfjördur week 37 (0.9) and Thorskafjördur week 34 (0.783) (Table A3). The niche 

overlap between cohorts of the same species was generally low (Table A3). Only in the 

sample from Reykholar, where no plaice occurred, niche overlap between 0+ flounder and 

1+ flounder reached a significant value of 0.992 (Table A3). 

 

Figure 14. The niche overlap between juvenile flounder (Platichthys flesus) and juvenile 

plaice (Pleuronectes platessa), calculated with the simplified Morisita-Index, is displayed 

for each sampling event where both species occurred. The dashed red line is set at a y-value 

of 0.6 and indicates significant ecological niche overlap according to Wallace (1981). 
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4.7 Direct predation of flounder on other fish 

 Fish remains were found in the stomachs of five individuals of flounder (Figures 8 

and 15). One stickleback, size 1.9 cm, was found in the sample from Reykholar, eaten by a 

13 cm flounder. Four juvenile 0+ plaice were found in stomachs of 1+ flounders. All these 

juveniles were found in the Borgarfjördur samples, two each from the sampling events in 

week 27 and 28. The size of the juvenile plaice ranged from 1.8 – 1.9 cm whereas the size 

of the preying flounder ranged from 7.9 – 11.2 cm. Most of the remains were identfied based 

on a fin-ray count of the still existing caudal fin. In the case of one flatfish remain from week 

27, the caudal fin was missing but it was identfied as a 0+ plaice as no 0+ flounder was 

present in the Borgarfjördur samples. 

 

Figure 15. The remains of a 0+ plaice (Pleuronectes platessa), found in the stomach of a 1+ 

flounder (Platichthys flesus). 
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5 Discussion  

5.1 Life-history traits of plaice and flounder 

All sampled habitats were characterized by shallow waters in estuaries with a 

sandy/muddy ground, as preferred by both flounder and plaice for nursery grounds (Pihl and 

van der Veer, 1992; Aarnio et al., 1996; Aarnio and Bonsdorff, 1997; Järv et al., 2011). 

Borgarfjördur and Önundarfjördur, the two main sampling sites, are both located in areas 

that have been described as important nursery grounds for Icelandic plaice (Hjörleifsson and 

Pálsson, 2001; Koberstein, 2013). Here, both species are found in every sample throughout 

the summer (Figure 7). However, the species composition and age composition of the 

samples considerably vary  between the two sites.  

In Borgarfjördur the species composition follows a clear trend throughout the season. 

Plaice is clearly dominating in week 27 and 28 with high numbers of 0+ but also a few 1+ 

individuals (Figure 7). In week 34 1+ flounder and some 2+ flounder are clearly dominating 

(Figure 7). This pattern can be explained by the natural life-history traits of both species. 

The settlement time and abundance of Icelandic plaice usually peaks at the end of June and 

then decreases (Hjörleifsson and Pálsson, 2001; Baranowska, 2016), which is in accordance 

with 0+ dominating the catches in the first two samples. As older plaice tend to occur in 

deeper waters, most of them were probably out of the reach of the beach seine, which 

explains the small contribution of 1+ plaice to the overall species composition. However, 

this does not explain why no 0+ flounder has been found in Borgarfjördur. While it is known 

that flounder settles on nursery grounds later than plaice (Summers, 1979), 0+ flounder 

should have been present by week 34. The absence of 0+ flounder could be related to the 

more exposed location of the sampling site compared to the other sites.  

In Önundarfjördur the pattern in the species composition is less clear. Throughout the 

first two samples of weeks 28 and 31, the catches are increasingly dominated by 1+ flounder 

(Figure 7). The decreasing contribution of 0+ plaice in these samples is likely related to the 

previously mentioned decline in newly-settled 0+ plaice following the peak at the end of 

June (Hjörleifsson and Pálsson, 2001; Baranowska, 2016). However in week 34 the number 

of 0+ plaice was still high with proportionally longer fish than than at weeks 28 and 31. 

Furthermore, a cohort of newly settled 0+ flounder emerges in the habitat (Figure 4 and 7), 
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supporting the findings of Summers (1979) on the delayed settlement of juvenile flounder in 

comparison with plaice.  

In Thorskafjördur, the species composition appears to be similar to the later samples of 

Önundarfjördur (Figure 7). It is noteworthy though that in Thorskafjördur the species 

composition is unique among the samples as it comprises 0+ and 1+ juveniles of both species 

(Figure 7). In Reykholar the species composition consisted solely of flounder (Figure 7). As 

Berghahn (1986) described, plaice prefer rather sandy habitats over muddy habitats. Hence, 

the mudflats of Reykholar might not be a suitable nursery ground for plaice. Conversely, 

only 0+ plaice were documented (Figure 7). This could indicate that the habitat is not suitable 

for the flounder or that it simply has not arrived in the Strandir region of the Westfjords yet. 

For all three of these samples, the absence of the second species could be related to local 

conditions but it has to be taken into account that especially for Steingrimsfjördur (n=1) and 

Reykholar (n=8) the number of caught individual was really low and probably not 

representing the actual species composition (Table A1). 
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5.2 Diet composition of flounder and plaice 

Plaice were mainly feeding on polychaetes and harpacticoida. The same pattern has 

been shown in several other studies. Pálsson (1983) also documented that in addition to 

bivalves, polychaetes are a crucial part of the diet of Icelandic plaice. Bivalves were only 

found in small abundances. Furthermore, Pálsson (1983) found that the smallest size class 

of examined plaice (> 23 cm) were feeding solely on sand eels (Ammodytidae) but these 

were absent from all samples of this study. Studies from southwest England, Sweden and 

the southern North Sea furthermore support the importance of polychaetes and harpacticoida 

in the diet of plaice (Evans, 1983; Gee, 1987; Piet et al., 1998). As both harpacticoida and 

polychaetes are benthic, the results of this study confirm the classification of Icelandic 

plaice´ feeding pattern as heavy benthic by Pálsson (1983), even in the presence of juvenile 

flounder. The results of the GLMM (Table 5) revealed that the time of sampling event had a 

significant effect on the feeding behavior of plaice. In the stomach content for each sampling 

event (Figure 8), two trends amongst the diet items become visible. First, the importance of 

harpacticoida for 0+ plaice, which is generally higher in Borgarfjördur, seems to be 

decreasing over the season. Meanwhile, the importance of polychaetes generally increases 

over time at the sites (Figure 8). 

For flounder, the results show that polychaetes and Chironomidae larvae made up a 

crucial part of the diet (Figure 8). While polychaetes were abundant in the stomachs of all 

three age classes, chironomidae larvae only appeared in the stomachs of 0+ and 1+ flounder 

(Figure 8). In his study of the impact of flounder on native salmonids in the Westfjords of 

Iceland, O´Farrell (2012) has found amphipods, Chironomidae larvae and the isopod Idotea 

emarginata dominating among the diet items of flounder. This confirms the importance of 

Chironomidae larvae in the diet along with other studies (Weatherley, 1989; Nissling et al., 

2007). However, polychaetes did not appear amongst the resources in the study of O´Farrell 

(2012). Jónsson and Jóhannson (2001) also did not find polychaetes amongst the main diet 

items of the analysed flounder. They found mainly amphipods, gastropods and sand eels in 

the stomachs (Jónsson and Jóhannson, 2001). The absence of polychaetes in both studies 

could be attributed to a general absence at the studied sites. Several studies indicate that 

following the ontogentic shift, polychaeta and amphipods are the main diet of older juvenile 

flounder, 1+ and older (Summers, 1980; Aarnio et al., 1996; Andersen et al., 2005; Link et 

al., 2005; Mendes et al., 2014).  Amphipods did not dominate the diet of flounder but were 
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frequently found, especially in the stomachs of 1+ flounder and the samples from 

Borgarfjördur (Figure 8). The fact that amphipods are not as abundant in the diet of 1+ and 

older flounders as could be expected from the previously named studies, could be attributed 

to differences in the local abundances of prey species compared to other sites. Maybe the 

abundance of chironomidae larvae was overall higher than the abundance of gammaridae 

and were therefore consumed more frequently. Unfortunately, it is not known what resources 

were available at the sampling sites as a prey-abundance analysis was not conducted within 

the frame of this thesis. 

The results show that both species fed on the same diet items, just to different extents. 

These diet items include polychaetes, Chironomidae larvae, nematoda, harpacticoida, 

Gammaridae, turbellaria. The results of the GLMM (Table 5) confirm that there are 

differences in the abundance of diet items in the stomach content of flounder and plaice. 

Furthermore, the GLMM revealed a significant effect of size on the feeding. (Table 5). This 

relationship is not surprising as the diet composition of fish species usually change with 

increasing size. Particularly for flounder, an ontogenetic shift in the diet is documented to 

occur between the age classes 0+ and 1+ (Aarnio et al, 1996; Mendes et al, 2014). The results 

of this project do not show a considerable ontogenetic shift in the diet of flounder between 

those age classes. For both age classes the two most important diet items, polychaetes and 

Chironomidae larvae, remain more or less the same. The importance of Nematoda and 

Gammaridae increases for 1+ flounder, yet they did not dominate the diet. Conversley, the 

diet composition of plaice displays a more pronounced shift between 0+ and 1+ plaice. 

Harpacticoida, one of the two main important diet items of 0+ plaice, is replaced in the diet 

of older individuals by Bivalvia siphons which are not found in 0+ individuals at all.  

For both species it has been documented that they often just consume parts of benthic 

prey such as biting off the tips of bivalve siphons and tails of polychaeta (de Vlas, 1979; 

Ansell and Trevallion, 1967; Summers, 1980). Cropped bivalve siphons were found in the 

diet of both species but were particularly abundant in the diet of 1+ and 2+ plaice (Figure 8), 

which could indicate that individuals need to reach a certain size in order to be able to 

consume this resource. For polychaetes, which were mainly found fragmented, it was not 

possible to determine whether the flounder only consumed parts of polychaetes or if the 

fragmentation was caused by the digestion. 
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The results of this study, in particular the results of the PCA that show correlation of 

the diet of the flounder to not only benthic taxa but also epibenthic/pelagic taxa (Figure 10-

12), as well as of the results of those studies mentioned previously, confirm that the flounder 

is an opportunistic, generalist feeder (de Vlas, 1979; Weatherley, 1989; Aarnio et al., 1996; 

Nissling et al., 2007; Ustups et al., 2007). The diet composition of flounder is flexible, and 

juveniles can shift their diet towards zooplankton undrer interspecific competition 

(Summers, 1980; Andersen et al., 2005; Ustups et al, 2016). Ustups et al. (2016) documented 

this adaptation as a response to the emergence of the invasive round goby in the Baltic Sea. 

This can be seen as a strategy to respond to trophic competition. 

As previously mentioned, both species can be described as opportunistic generalist 

foragers. The niche width, which represents the diversity of diet items, mirrors this. In 

samples from Bjarnarfjördur, Reykholar and Steingrimsfjördur, where only one species was 

documented, the niche width was lower compared to the niche width of the species in 

samples where both species co-occurred (Figure 13). This may suggest that without the other 

species present, there is less need for high variation in the diet and all individuls feed on their 

preferred resource. This supports the optimal foraging theory which states that when the 

preferred resource is abundant, individuals specialize their foraging on that resource 

(MacArthur and Pianka, 1966). In Bjarnarfjördur plaice mainly fed on Harpacticoida 

whereas plaice and flounder in Steingrimsfjördur and Reykholar, respectively, consumed 

mainly Polychaeta (Figure 8). 

Looking at the two main sampling sites, Önundarfjördur and Borgarfjördur, it 

appears that the niche width is generally higher in Önundarfjördur (Figure 13). This is most 

likely a result of differences in resources available to the juveniles which could be examined 

with a prey-abundance analysis. Furthermore, a generally higher niche width was 

documented for flounder at the two main sampling sites. In addition to the higher niche 

width, the visual analysis of the PCA results indicate that the diet composition of flounder 

is more generalized than the diet composition of plaice as it strongly follows both PC1 which 

is correlated to epibenthic/pelagic taxa as well as PC2 which is correlated to benthic taxa  

(Figure 10-12). The ellipse representing plaice is strongly correlated to just PC2 and lays 

almost completely within the ellipse for flounder (Figure 11 and 12). This shows that 

flounder, in addition to the benthic resources they both feed on, consumes a wider spectrum 

of resources. 
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 The highest niche overlap with over 0.9 occurred in Thorskafjördur, the only 

additional sample from the Westfjords where both species occurred (Figure 14). In this 

sample, the calculated niche width for flounder and plaice were almost identical (flounder: 

1.22, plaice: 1.25), which means their consumption of resources must have been quite similar 

(Figure 13). The stomach content recorded for both species is showing a similar composition 

with the dominating polychates as well as Chironomidae larvae and nematoda making up 

the main part of the diet (Figure 8). Furthermore, the sample consisted of two cohorts of 

flounder as well as two cohorts of plaice (Figure 7). Both of these observations are likely to 

contribute to the high niche overlap in Thorskarfjördur. 

 For Borgarfjördur and Önundarfjördur, opposite trends in the development of the 

niche overlap throughout the sampling season were recorded (Figure 14). In Borgarfjördur 

it starts with a significant overlap in week 27 (> 0.8) (Figure 14). In week 28 the overlap has 

considerably dropped to less than 0.25 (Figure 13). In Önundarfjördur, however, the niche 

overlap continuously increases with each sample and becomes significant in week 34 and 37 

(Figure 14). Overall, it seems that there is only significant niche overlap in samples where 

two cohorts of one or even both species occur (Compare Figure 7 and 14). This could 

indicate that there is not only potential interspecific competition but also for intraspecific 

competition between age classes which all together contribute to a high niche overlap 

between species. This seems to be common on nursery grounds with high abundances of 

juveniles of different flatfish species (Martinsson and Nissling, 2011).  

However, when calculating niche overlap for the age classes, both inter- and 

intraspecific, it becomes apparent that between species the niche overlap only reaches 

significant values (>0.6) between 1+ flounder and 0+ plaice (Table A2). This occurs in all 

samples with a significant total overlap between species except for the sample from 

Önundarfjördur (week 34). Even though all individually calculated niche overlaps are below 

significant values, the total overlap between plaice and flounder per sampling event is 

significant, which indicates that there is a cumulative effect of the individual overlaps. As 

expected, the occurence of flounder therefore seems to have the highest impact on 0+ plaice. 

Significant intraspecific niche overlap was only recorded between 0+ and 1+ flounder in the 

Reykholar sample (Table A2). The lack of native species in this sample could be the reason 

for the intraspecific overlap. But the overall sample size of 8 individuals was too low to draw 

significant conclusions from this.  
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5.3 Potential competition between flounder and 
plaice 

According to Link et al. (2005) four characteristics need to be examined in order to 

confirm competition between species (Table 6). These characteristics are spatial-temporal 

overlap, similarity of resource utilization, limiting resources and notable impacts on 

populations due to interactions (Link et al., 2005). Only if these are fulfilled, competition 

can be demonstrated (Link et al., 2005). However, Link et al. (2005) emphasizes the 

difficulties related to field evaluation of competition and reckons that potential competition 

is already shown by similar resource consumption.   

The results of this study show sympatric occurrence of flounder and plaice throughout 

the whole sampling season in Önundarfjördur and Borgarfjördur as well as in the individual 

sampling at Thorskafjördur, partly with more than one cohort per species present (Figures 4 

and 7, Table 6). This fulfills the first requirement of competition as mentioned above. 

Furthermore, the consumption of similar resources by both species (Figure 8) as well as the 

considerable diet overlap (Figure 14) in parts of the summer both show that the second 

requirement of similarity of resource utilization also applies (Table 6). According to Link et 

al. (2005), fulfilling the first two requirements already shows that there is potential 

competition between flounder and plaice. However, competition does not occur unless 

resources become limited (Link et al., 2005). Within this study the question on resource 

limitation cannot be answered. Furthermore, in order to detect any changes within a 

population following the interspecific interaction, a long-term assessment of plaice 

abundances is necessary.  
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Table 6. The characteristics of competition between species according to (Link et al., 

2005) are listed with the associated findings of this project.  

Characteristics of competition between 

species (Link et al., 2005) 

Findings of this project 

Spatial-temporal overlap Sympatric occurence of juvenile plaice 

(Pleuronectes platessa) and juvenile flounder 

(Platichthys flesus) in the samples from 

Borgarfjördur, Önundarfjördur and 

Thorskafjördur (Figure 7) 

Similarity of resource utilization Both species feed on similar diet items but to 

different quantities (Figures 8, 10-12). 

Significant niche overlap detected for 

Borgarfjördur (week 27), Öundarfjördur 

(week 36 and 37) and Thorskarfjördur (week 

34) (Figure 14, Appendix) 

Limiting resources Cannot be answered within the scope of this 

thesis. 

Notable impacts on populations due to 

interactions 

Cannot be answered within the scope of this 

thesis. 

 

Besides potential trophic competition with the invasive flounder on the nursery 

grounds, juvenile plaice also face the direct predation of juvenile flounder. This study 

provides evidence that juvenile 1+ flounder occasionally feed on 0+ plaice. It has been 

documented that after the ontogenetic shift, juvenile flounder often also feed on other fish 

(Summers 1980; Aarnio et al., 1996; Andersen et al., 2005; Link et al., 2005; Mendes et al., 

2014). Hence, the observed direct predation of flounder on plaice is no unusual behavior but 

it contributes to the pressure on juvenile plaice on nursery grounds. In addition to the 

occasional predation of flounder, the brown shrimp, one of the main predators of juvenile 

plaice (van der Veer and Bergman, 1987; van der Veer et al., 1990; Pihl and van der Veer, 

1992) has emerged in Icelandic waters in 2003 (Gunnarsson et al., 2007). This crustacean 

has increased its distribution in Iceland and was frequently observed during the fieldwork 

for this study. As there was a lack of natural predators of juvenile plaice on nursery grounds 

prior to the invasions of flounder and brown shrimp, it is important to monitor the combined 

impact of both predators on the plaice population. So far, the interaction of juvenile flounder 

and juvenile plaice on nursery grounds has not shown an apparent effect on the annual 
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landings of plaice in Iceland (Figure 2). However, as the invasion of flounder in Iceland 

occured relatively recent and the interaction of both species only happens during their 

juvenile stages, a lag in the response to the invasion on population level of plaice can be 

expected. By observing the catch numbers over the next years, a potential effect of the 

invasion of flounder can be detected. 

5.3.1 Future development of competition 

According to Piet et al. (1998) the competition between species within a habitat is a 

“major factor determining the coexistence and abundance of species, which in turn determine 

the structure of an assemblage”. There are several ways in which the species assemblage on 

nursery grounds can develop. Ross (1991) names three potential results of the appearance of 

an invasive species in a native community which are “no apparent effect of introduced 

species on the native assemblage”, “changes in population size or age structure of the native 

fishes, perhaps leading to extinction of some or all species” and “shifts in resource use (niche 

shifts) of the native species, with or without accompanying changes in population size or 

structure”. The first potential response can be excluded for the present study as I found not 

only potential competition but also evidence for direct predation. I hypothesize, that a niche 

shift is the most likely outcome of the interaction between flounder and plaice on nursery 

grounds. Segregation between species to avoid competition can occur in trophic, spatial and 

temporal aspects (Ross, 1986). Trophic segregation is a typical response of marine species 

to invasions of non-native species (Piet et al., 1998). However, in this case the results have 

shown that the feeding niche of plaice lays almost completely within the niche of flounder 

which might make it difficult for plaice to shift the feeding niche (Figure 10-12). 

A spatial segregation within the nursery grounds is possible. Studies have shown that 

plaice can actively avoid areas with high abundances of brown shrimp by in depths of less 

than one meter (Lockwood, 1974). Furthermore, even though both species generally prefer 

the same soft-bottomed habitat for nursery grounds, studies in the Wadden Sea have shown 

that plaice has a higher preference for sandy habitats whereas flounder prefers muddy areas 

(Berghahn, 1986; van der Veer, 1991). Therefore, it would be possible that plaice shift their 

occurrence along the estuaries to avoid high abundances of flounder. A temporal segregation 

is also likely to occur. The arrival of newly 0+ plaice and flounder on nursery grounds 

already shows a temporal difference with flounder arriving later (Summer, 1979). This 
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indicates that the strongest pressure of 0+ flounder lies upon the 0+ plaice that arrive latest. 

Potentially the peak of arriving 0+ plaice could shift from the end of June (Hjörleifsson and 

Pálsson, 2001; Baranowska, 2016) towards early June/May which would result in temporal 

segregation of plaice and flounder. 

5.4 Differences between sites of earlier and more 
recent invasion? 

By comparing sites of early and more recent invasion of the flounder, potential trends in 

the response of the native community to the presence of the invader could be detected. These 

trends would provide valuable information to predict the future development of both species 

as well as to develop feasible management strategies. This study indeed showed some 

differences in niche width and niche overlap between Borgarfjördur and Önundarfjördur, the 

sites of early and more recent invasion (Figure 13 and 14). The main differences that can be 

observed between the sites are a generally higher niche width of both species in 

Önundarfjördur (Figure 14), opposing trends in the niche overlap throughout the summer 

(Figure 14) as well as the emerging cohort of 0+flounder in Önundarfjördur in week 34 

(Figure 4 and 7). 

However, these differences are not necessarily connected to the time passed since 

invasion and should not be interpreted carefully. These changes are more likely connected 

to the density of the invader and/or differences in the local environmental factors such as 

prey abundance, the presence of predators and temperature (Kulhanek et al., 2011). Nursery 

ground quality for juveniles heavily depend on these three factors (Gibson, 1994) and 

therefore variation within these factors will reflect in variation in abundance and diversity 

of diet items of both species as well as the competition between them. Solely based on the 

results of this study, the third research question can not be answered. But by analyzing the 

factors mentioned above and by monitoring both sites over a longer time frame, it could be 

assessed whether there is a trend in the community on the nursery grounds along the temporal 

transect towards either coexistence of species or towards one species being outcompeted. 

Therefore, the the question regarding potential differences between the sites of long 

established and more recent invasion can not be answered within the scope of this thesis. 
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5.5 Management recommendations  

The first management recommendation based on the results of this study is the protection 

of the nursery grounds in Borgarfjördur, Önundarfjördur as well as Thorskafjördur and 

further nursery grounds where flounder and plaice co-occur. At all three sites a strong diet 

overlap for parts of the summer has been documented (Figure 14). If it comes to a shortage 

of resources at any of these sites, competition will occur and will likely be not in favor of 

plaice. For now, it is not known whether there is a limitation of resources at any of these 

sites. Therefore, these sites should be protected from any disturbances that could trigger 

resource limitations. 

To decrease the abundance of flounder in Iceland, feasible harvesting methods need to 

be developed. But looking at the example of the successful management of red King Crab 

in Norway (Sundet and Hoel, 2016), it becomes apparent that in order to control an invasive 

species by harvesting this species should have a monetary value. Therefore, a market needs 

to be established for flounder in Iceland which would give incentives for the fisheries sector 

to actively harvest flounder. 

A more general preventive measurement in invasion management that needs to be 

considered is the management of potential vectors that transport non-native species 

(Simberloff et al., 2013). In 2010, Iceland has passed a law that makes it illegal for any ship 

to empty their ballast water and the species therein into Icelandic waters (Thorarinsdottir et 

al., 2014). This is a good step to prevent further introductions of non-native species. 

However, the strict implementation of this law needs to be ensured as it can take already one 

ship releasing ballast water into a harbor to cause a new invasion with possibly tremendous 

effect on the Icelandic ecosystem. Especially the increasing number of cruise ships entering 

even remote areas of Iceland should be monitored as potential vectors of invasive species.  

Furthermore, it is important to raise public awareness of invasive species in Iceland and 

their potential impact on ecosystem and economy. As the public and its policymakers have 

the power to establish management policies it is a key responsibility of scientists to 

communicate the knowledge on these biological invasions in order to change something 

(Simberloff et al., 2013). Early detection of invaders is a crucial part in invasive species 

management (Pysek and Richardson, 2010; Simberloff et al., 2013). Ttraining locals, 

particularly fishermen, to be aware of changes in the ecosystem and to report unusual or new 



60 

 

species to the MRFI could increase the ability to react rapidly upon the arrival of non-native 

species. 

Generally, I recommend a precautious approach to the management of non-native 

species in Iceland rather than waiting until actual negative impacts on ecosystem and 

economy become evident. The latter could be considered as a “procrastination” method and 

has proven to be counterproductive in case of invasive species such as the killer algae 

(Simberloff et al., 2013). This species was introduced to the Mediterranean Sea as well as to 

California. In California, responding to the detection of small patches, 7 million USD were 

spent to successfully eradicate the species from the area within two years (Woodfield and 

Merkel, 2006; Woodfield et al., 2006 as cited in Simberloff et al., 2013). Meanwhile, even 

though patches of this species were detected early below the Oceanographic Museum from 

where it was introduced into the Mediterranean Sea, it took several years for the first 

management approaches (Meinesz et al., 1993; Streftaris and Zentos, 2006). By that time, it 

was too late and within years the distribution of the species has exploded, spreading into 

several regions within the Mediterranean Sea and adjacent countries (Meinesz et al., 1993; 

Streftaris and Zentos, 2006). Hence, identifying areas that are at risk of potential invasions 

as well as continuous monitoring of these sites should be of priority in research. Upon 

detection of a non-native species rapid response and potentially eradication is essential. 
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5.6 Future research 

Future research should first of all improve the knowledge on flounder in Icelandic 

waters. By collecting data on life-history traits, feeding behavior as well as distribution 

current future impacts on native flora and fauna can be better estimated. The potential 

competition between flounder and plaice on nursery grounds should also be monitored in a 

long-time series. Borgarfjördur and Önundarfjördur are located in areas that are marked as 

important nursery grounds of plaice (Hjörleifsson and Pálsson, 2001, Koberstein, 2013) and 

may therefore be prioritized in this research. Thorskarfjördur should be treated similarly as 

results have shown a strong potential of competition there as well. As the brown shrimp has 

been observed on most sampling sites as well, a holistic approach should be applied when 

monitoring the ecological impacts of invasive species on plaice. 

Throughout the process of this thesis the question arose whether there were hybrids 

among the caught flatfish as 6 individuals should contradictory identifications based on 

morphology and fin-ray count . It is known that flounder and plaice form hybrids in areas 

such as the Baltic Sea where they naturally co-occur (Kijewska et al., 2009). First genetical 

analysis of the collected samples were conducted but the results were not clear enough to 

draw conclusions from. This analysis should be continued to verify potential hybridization. 

If it turns out that they form hybrids in Icelandic waters, it needs to be evaluated what that 

could imply for the future of both species and the issue of the flounder invasion. 
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6 Conclusion 

The results of this study have shown that juveniles of the invasive flounder occur on 

the same nursery grounds as juvenile plaice. At the main sampling sites Önundarfjördur and 

Borgarfjördur, both species occured in all samples. The stomach content analysis showed, 

that flounder and plaice feed on the same resources but to differenct amounts, which resulted 

in a significant diet overlap, particularly between 1+ flounder and 0+ plaice, in parts of the 

sampling season. Together with the co-occurence of native and invasive species, the niche 

overlap indicates the potential for competition. If it would come to resource limitations on 

nursery grounds it would trigger such competition and it would most likely be in favor of 

the invasive flounder. In addition to the potential competition, this study provides evidence 

of direct predation of 1+ flounder on 0+ plaice on nursery grounds. Future studies need to 

monitor the development of the interactions between flounder and plaice. Also, it needs to 

be observed whether any changes occur in the overall plaice stock in Icelandic waters, as the 

plaice is an economically important species in Iceland. As the flounder has already 

established around the whole country, it is too late for erradication measurements. However, 

feasible harvesting methods should be explored. Furthermore, general management 

strategies on prevention and early detection of invasive species need to be improved. 
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Appendix 

 

Table A1: Numbers of caught juvenile flounder (Platichthys flesus) and juvenile plaice 

(Pleuronectes platessa) for each sample and additional information on how many stomachs 

were analysed as well as how many of these were empty. 

Site Week Flounder (Platichthys flesus) Plaice (Pleuronectes platessa) 

Caught Stomach 

analysed 

Empty 

stomach 

Caught Stomach 

analysed 

Empty 

stomach 

Borgarfjördur 27 8 7 1 116 30 0 

 28 23 22 3 80 32 0 

 34 49 31 1 1 1 1 

Önundarfjördur 28 5 5 1 4 3 0 

 31 17 20 2 4 3 0 

 34 23 21 1 30 28 4 

 37 29 29 4 18 18 1 

Bjarnafjördur 33 0 0 0 13 11 1 

Steingrimsfjördur 34 0 0 0 1 1 0 

Reykholar 34 8 8 0 0 0 0 

Thorskarfjördur 34 39 33 0 6 6 0 
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Table A2: Niche width calculated for occuring age classes (0+ - 2+) of both species for all 

sampling events. The overall niche width of flounder and plaice in each sampling event are 

marked in bold. 

Borgafjördur   

Week 27 Flounder (total) 1.367 

 1+ 1.367 

 Plaice (total) 0.297 

 0+ 0.08 

 1+ 1.339 

 2+ 0.562 

Week 28 Flounder (total) 1.445 

 1+ 1.455 

 2+ 0.562 

 Plaice (total) 1.306 

 0+ 1.212 

 1+ 1.542 

Week 34 Flounder (total) 1.007 

 1+ 0.975 

 2+ 1.18 

Önundarfjördur   

Week 27 Flounder (total) 0.071 

 1+ 0.071 

 Plaice (total) 1.256 

 0+ 1.256 

Week 28 Flounder (total) 1.886 

 1+ 1.886 

 Plaice (total) 2.105 
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 0+ 2.105  

Week 34 Flounder (total) 1.764 

 0+ 1.265 

 1+ 1.653 

 Plaice (total) 1.774 

 0+ 1.774 

Week 37 Flounder (total) 1.851 

 0+ 1.648 

 1+ 1.672 

 Plaice (total) 1.216 

 0+ 1.216 

Bjarnarfjördur    

Week 33 Plaice (total) 1.053 

 0+ 1.053 

Steingrimsfjördur   

Week 34 Plaice (total) 0.794 

 0+ 0.794 

Thorskafjördur   

Week 34 Flounder (total) 1.217 

 0+ 1.184 

 1+ 1.349 

 Plaice (total) 1.251 

 0+ 1.345 

 1+ 0.892 

Reykholar   

Week 34 Flounder (total) 0.835 
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 0+ 0.805 

 1+ 0.501 

 2+ 0.822 
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Table A3: Niche overlap between cohorts of flounder and plaice as well as the overall 

overlap between the two species for each sampling event. Significant values according to 

Wallace (1981) are marked in bold. 
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Borgarfjördur        

Week 27       0.863 

1+ flounder    0.84 0.021 0.007  

0+ plaice  0.84   0.0005 1.06e-

05 

 

1+ plaice  0.021  0.0005  0.146  

2+ plaice  0.007  1.06e-05 0.146   

Week 28       0.198 

1+ flounder   0.0009 0.084 0.007   

2+ flounder  0.0009  0.006 0.151   

0+ plaice  0.084 0.006  0.003   

1+ plaice  0.007 0.151 0.003     

Week 34       0 

1+ flounder   0.022     

2+ flounder  0.022      

Önundarfjördur        

Week 28       0.192 

1+ flounder    0.192    

0+ plaice  0.192      

Week 31       0.44 

1+ flounder    0.44    

0+ plaice  0.44      
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Week 34       0.683 

0+ flounder  0.309  0.491    

1+ flounder 0.309   0.369    

0+ plaice 0.491 0.369      

Week 37       0.7 

0+ flounder  0.309  0.491    

1+ flounder 0.309   0.9    

0+ plaice 0.341 0.9      

Thorkafjördur        

Week 34       0.927 

0+ flounder  0.01  0.039 0.016   

1+ flounder 0.01   0.783 0.401   

0+ plaice 0.039 0.783   0.122   

1+ plaice 0.016 0.401  0.122    

Reykholar         

Week 34       0 

0+ flounder  0.992 0.466     

1+ flounder 0.992  0.084     

2+ flounder 0.466 0.084      
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