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Populärvetenskaplig sammanfattning 

Marina makroalger (som t.ex. tång, kelp eller rödslick) utgör grunden i ett av 

de mest produktiva ekosystemen på jorden, grunda vegetationsklädda klipp-

bottnar. Makroalgerna spelar en nyckelroll i näringsflödet vid kusten och 

utgör viktiga barnkammare för fisk och kräftdjur. Mänskliga aktiviteter är 

ofta intensiva i kustområden, vilket utsätter de marina ekosystemen för på-

frestningar. Detta har orsakat storskaliga förändringar i var havets växter och 

djur kan leva. En av de mest iögonfallande av dessa förändringar är intro-

duktion av arter till nya regioner utanför deras naturliga utbredningsområde, 

så kallade främmande arter.  

Målsättningen med den här avhandlingen har varit 1) att studera hur främ-

mande makroalger påverkar ekosystemfunktioner så som produktivitet och 

nedbrytning av vissnade växtdelar och 2) att studera hur samspelet mellan en 

främmande makroalg och inhemska växter och djur kan påverka om främ-

mande arter blir framgångsrika. Jag har använt mig av en kombination av 

experiment utförda i laboratoriemiljö, i akvarier i utomhus, samt ute i havet. 

Artikel I och II visar att de två främmande rödalgerna japanplym (Hetero-

siphonia japonica) och japantofs (Bonnemaisonia hamifera) har mycket 

olika effekt på produktivitet och nedbrytning i invaderade algsamhällen, på 

Svenska västkusten. Japanplymen hade en mycket stark effekt på produktivi-

teten på grund av artens höga tillväxttakt. Under experimentets gång produ-

cerade japanplymen nio gånger mer biomassa än de inhemska algerna, när 

arterna växte var och en för sig. När japanplymen växte tillsammans med 

inhemska alger ökade samhällets biomassa med upp till fem gånger jämfört 

med algsamhällen med enbart inhemska alger. Japantofs hade i motsats till 

japanplym, en relativt långsam tillväxt och påverkade därmed inte produkti-

viteten i rödalgssamhället. Däremot bröts japantofsen ned betydligt lång-

sammare än de inhemska algerna. Det kan bero på att japantofsen innehåller 

ämnen (bl.a. bromoheptanon) som gör den oaptitlig för inhemska växtätare 

och förhindrar bakteriell tillväxt. Snabb tillväxt och kemiskt försvar mot 

växtätare är antagligen viktiga faktorer som kan förklara varför japanplymen 

och japantofsen har kunnat bli så framgångsrika i sitt nya utbredningsområde 

i Europa. Mina resultat visar att egenskaper som är förknippade med inva-

sionsframgång även kan avgöra vilka effekter främmande arter får på eko-

systemet där de etablerar sig. Förändringar i ekosystemfunktioner kan vara 
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av stor betydelse eftersom levande och död algbiomassa utgör basen i en 

omfattande födoväv, och hastigheten av produktion och nedbrytning påver-

kar flödet av näring genom algsamhället. Japanplymen och japantofsen 

kommer båda från nordvästra Stilla havet och finns nu spridda längs hela 

Europas atlantkust.  

Artikel III visar att även den snabbväxande japanplymen undviks som föda 

av inhemska växtätare, vilket sannolikt gör det möjligt för arten att överleva 

under årets kallare månader när den inte kan växa så snabbt. Att japanply-

men är oaptitlig beror på artens kemiska egenskaper, men det var inte möj-

ligt att avgöra om orsaken var näringssammansättning eller kemiskt försvar. 

Artikel IV visar att den begränsade invasionsframgången hos den främman-

de brunalgen ishavstång (Fucus evanescens) åtminstone delvis kan förklaras 

av att den är en sämre konkurrent än inhemska alger. Ishavstången växte 

dåligt när den var omgiven av den inhemska släktingen blåstång (Fucus ve-

siculosus). Växtätande strandsnäckor (Littorina obtusata) orsakade betydligt 

större skador på blåstången än på den oaptitliga ishavstången, men detta gav 

inte ishavstången någon fördel i konkurrensen med blåstång. Resultaten från 

min studie pekar på att konkurrens från inhemska makroalger har förmågan 

att reducera framgången för främmande makroalger. För att minska risken 

för att främmande makroalger får stor spridning kan det därmed vara viktigt 

att skydda inhemska makroalger från påfrestningar så som miljögifter och 

övergödning. 

Sammantaget visar den här avhandlingen att främmande makroalger skiljer 

sig markant i hur de påverkar ekosystemfunktioner. Kunskap om vilka egen-

skaper som är vanliga bland framgångsrika främmande arter och hur dessa 

egenskaper är länkade till olika typer av effekter kan hjälpa oss att få en bätt-

re förståelse för invasionseffekter i marin miljö. Avhandlingen visar även att 

konkurrens från inhemska arter kan ha en viktig begränsande inverkan på 

invasionsframgång för främmande makroalger.           
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Introduction 

Marine seaweed systems are among the most productive ecosystems on the 

planet (Mann 1973). They have a key function in nutrient cycling within 

temperate costal zones and as a habitat, seaweeds harbor a rich diversity of 

fauna and serve as a nursery for commercially important fish (Rangeley and 

Kramer 1995; Costanza et al. 1998). Human activities are intense in coastal 

areas and marine communities are under pressure from a multitude of stress-

ors, which has resulted in large scale changes in the abundance and distribu-

tion of species (Lotze et al. 2006; Worm et al. 2006).  

Species introductions to new areas outside of their natural ranges belong to 

one of the most conspicuous of these changes (Grosholz 2002; Lotze et al. 

2006; Worm et al. 2006). A large number of seaweeds have been introduced 

to new areas, mostly as a result of accidental introductions through transpor-

tation of ballast water in the ocean trade, or import of organisms for aquacul-

ture (Williams and Smith 2007). The majority of seaweeds that have suc-

ceeded to establish in new areas only have a limited occurrence in the receiv-

ing ecosystem (Nyberg and Wallentinus 2005), but a few have become 

abundant and dominate invaded communities. These highly successful in-

vaders have the potential to cause strong ecological effects, such as suppres-

sion of native species and alterations of ecosystem functions (Schaffelke and 

Hewitt 2007; Vye et al. 2014). 

Impacts by non-native seaweeds 

Non-native seaweeds may cause ecological impact at different organization-

al level, i.e. impacts ranges from the level of individual organisms to the 

scale of ecosystem processes. The most commonly reported impact is dis-

placement of native seaweeds and reduced native seaweed abundance (re-

viewed by Schaffelke and Hewitt 2007). A wide variety of mechanisms ena-

ble non-native primary producers to gain competitive advantage over native 

species, such as preemption, allelopathy, apparent competition, alterations of 
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disturbance regimes and resource depletion (Caldwell et al. 1987; Gordon et 

al. 1989; Britton-Simmons 2004; Callaway and Ridenour 2004; Coffman et 

al. 2010; Enge et al. 2013; Svensson et al. 2013). For instance, the intro-

duced brown alga Sargassum muticum reduces the growth of native under-

story vegetation due to its high shading canopy (Britton-Simmons 2004; 

White and Shurin 2011). Another example is the non-native green alga 

Codium fragile ssp. tomentosoides, which displaces native kelp through 

preemption of space, after grazing sea urchins have created barrens in the 

kelp forest (Scheibling and Gagnon 2006). Non-native seaweeds may also 

have negative effects on species richness (Schaffelke and Hewitt 2007), 

which is in accordance with the general view that species invasions are a 

threat to diversity. This view has, however, been challenged (Davis 2003). 

Most studies of invasion impacts on species diversity are conducted at a 

local scale and are focused on the effects of highly successful invaders. But 

the negative impacts on species richness decreases with increasing spatial 

scale (Powell et al. 2011). Further, Sax and Gaines (2003) points out that on 

a regional scale non-native species have instead increased species diversity. 

The authors are giving a more comprehensive picture by including all non-

native species (of which most will not have a negative impact on species 

diversity even at local scale). Thus, introductions of non-native seaweeds 

affect diversity, but the effect probably differs depending on the spatial 

scale.   

When native vegetation is displaced by a non native species, ecosystem 

functions such as primary productivity and decomposition may be altered 

(reviewed by Liao et al. 2008). These impacts may be profound, since living 

and dead seaweed biomass is the base of extensive food webs (Mann 1973; 

Mann 1988), and the rate at which primary biomass is produced and subse-

quently broken down affects the flux of nutrients through the community 

(Cebrian 1999; Moore et al. 2004; Gessner et al. 2010). Invasion impacts on 

ecosystem functions have primarily been studied on vascular plants, while 

there are few studies of the subject from the seaweed system. The difference 

in research focus between the plant and the seaweed system is obvious when 

comparing review-studies from the two systems. Williams and Smith (2007) 

report six cases (single response variable in single study) where the effect of 

a non-native seaweed on a ecosystem function has been tested. As a contrast 

Vilà et al. (2011) reports 368 corresponding cases from invaded vascular 

plant communities (despite making a considerably more narrow data selec-

tion). The number of studies of ecosystem impacts by seaweed invaders has 
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increased since the review by Williams and Smith from four to about ten. 

But the knowledge is still very limited and to a large part based on observa-

tional studies, which impede the possibility to draw general conclusions. 

Meta-analyses from terrestrial environment show that leaf traits are the most 

important determinants of both productivity and decomposition rates in plant 

communities (Wright et al. 2004; Cornwell et al. 2008). Thus, species traits 

can be expected to affect the rate of productivity and decomposition in sea-

weed communities too, and abundant invaders with traits that differ from 

those of native species will have potential to impact on ecosystem processes.    

Biotic resistance in seaweed communities 

Researchers have spent large efforts trying to explain why some non-native 

species tend to dominate invaded communities, while others only persist in 

small numbers in the new range. It has become well established that compe-

tition and consumption exerted by native species has the potential to limit 

the success of non-native species, which is termed ‘biotic resistance’ (Elton 

1958; Levine et al. 2004; Mitchell et al. 2006). In seaweed communities 

there is an intense competition for limited resources such as space, light and 

nutrients (reviewed by Carpenter 1990). Strict competitive hierarchies fre-

quently determine the distribution of native seaweeds (Chapman and John-

son 1990) and several studies show that the establishment of non-native 

seaweeds are facilitated when native seaweeds are removed (Ambrose and 

Nelson 1982; Levin et al. 2002; Valentine and Johnson 2003). Thus, compet-

itive interactions in seaweed communities have the potential to affect in-

vaders. However, few studies have examined the role of competition in re-

stricting invasion success of species that do not become very abundant and 

dominant. 

Herbivory could also potentially decrease the success of non-native sea-

weeds. The grazing pressure exerted by generalist herbivores is high in ma-

rine seaweed communities (Poore et al. 2012) and can have large effects on 

native seaweed species composition (Duffy and Hay 2000). However, herbi-

vores may facilitate the invasion by unpalatable non-native seaweeds if the 

herbivores cause more damage to palatable native competitors (e.g. Bulleri 

2009; Enge et al. 2013). Low palatability is common among non-native sea-

weeds (e.g. Tomas et al. 2011; Enge et al. 2012; Hammann et al. 2013), but 
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there are still few studies that have tested whether this defense releases the 

non-native species from competition in the new range.  

Aim 

The general aims of this thesis were to test (1) if the effect of non-native 

seaweeds on ecosystem functions differs between species with different eco-

logical traits and (2) how biotic interactions with native species affects a 

non-native seaweed that has not become abundant or dominant in the new 

range. The specific aims have been to: 

  test how net-primary production and litter decomposition rates are 

affected by two highly successful non-native seaweeds; 

Bonnemaisonia hamifera and Heterosiphonia japonica (Paper I-II) 

 

  test the palatability of H. japonica to native herbivores and investi-

gate possible mechanisms for herbivore preferences (Paper III) 

 

  test how intra- and interspecific competition interacts with 

herbivory to affect growth of the non-native Fucus evanescens and 

the native congener Fucus vesiculosus (Paper IV)  
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Scientific methods 

This chapter describes the study area and the model organisms (Fig. 1). It 

also provides an overview of the experimental methods used in the thesis. 

More detailed descriptions of the methods are given in each paper.  

Study area 

The studies were conducted at the Tjärnö Laboratory (Sven Lovén Center for 

Marine Sciences) on the Swedish Skagerrak coast (58°52’N, 11°08’E). The 

Tjärnö archipelago is characterized by a high proportion of rocky shores, a 

surface salinity that fluctuates between 15-30 PSU and a small tidal variation 

(0.1-0.3 m). The low salinity in the area is caused by the flow of brackish 

water from the Baltic Sea to the Atlantic Ocean. The zone of fucoid sea-

weeds is typically submerged due to the low tidal variation. Below the fu-

coid zone there is generally a kelp zone, which is in turn followed by exten-

sive red algal communities often dominated by filamentous seaweeds.     

Study species 

Heterosiphonia japonica is a filamentous red alga that originates from the 

coastal areas of northern China, Korea and Japan (Bjærke 2004). The species 

was first observed outside of its native range in Brittany, France in 1984 

(Sjøtun et al. 2008). Heterosiphonia japonica has since then rapidly spread 

along the European Atlantic coastline and is now present from Portugal to 

Norway, as well as in the Mediterranean Sea and on the American east coast 

(Sjøtun et al. 2008; Schneider 2010). The introduction of the species to Eu-

rope is likely a result of import of aquaculture material from Korea or Japan 

(Sjøtun et al. 2008). A large amount of seaweeds have been transferred from 

the North Western Pacific to Europe in this manner by growing on the shells 

of oysters (Williams and Smith 2007). In 2002, H. japonica reached the 

Swedish west coast (Axelius and Karlsson 2004) and is now an abundant 
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component in the red algal communities in the area. The species often domi-

nates in terms of surface cover on sheltered rock bottoms and gravel (Husa et 

al. 2004; Moy and Christie 2012). Heterosiphonia japonica has an efficient 

asexual reproduction through fragmentation and the spread within the intro-

duced range is likely mediated by boat traffic (Husa and Sjøtun 2006; Sjøtun 

et al. 2008). Besides these details little has previously been known of factors 

that explain the success of the species. Further, there is only one previous 

study that has addressed ecological effects of H. japonica on native commu-

nities. It is a study by Husa et al. (2008) that compared native seaweed di-

versity before and after the species had established on the Norwegian coast. 

The study detected no impact by the H. japonica, but effects by the species 

on for instance, ecosystem processes have not been addressed so far. 

Bonnemaisonia hamifera is another non-native filamentous red alga that 

shares the area of origin with H. japonica.  However, B. hamifera has a con-

siderably longer history within Europe. The species was first observed on the 

south coast of England in the 1890s (Maggs and Stegenga 1998). 

Bonnemaisonia hamifera was probably transferred to Europe in ballast water 

or as a fouling organism on a ship hull (Maggs and Stegenga 1998). The 

species is now widespread in Europe and has become one of the most abun-

dant seaweeds in the Skagerrak region (Thomsen et al. 2007; Moy and 

Christie 2012). It grows side by side with H. japonica in sheltered to semi 

sheltered areas (Moy and Christie 2012). The reason why B. hamifera has 

become so successful in the invaded range is most likely due to that the in-

vader produces potent brominated defense compounds (Enge et al. 2012). 

The chemical defense deters herbivores and reduces the growth and survival 

of seaweed propagules and microbes that settles on its surface (Nylund et al. 

2005; Enge et al. 2012; Svensson et al. 2013). Bonnemaisonia hamifera is 

also favored by having an intricate morphology, which serves as a refuge to 

herbivorous crustaceans that feed on more palatable native neighboring sea-

weeds (Enge et al. 2013). However, ecological impacts of B. hamifera have 

not previously been studied.  

Fucus evanescens differs in several ways from the other two non-native 

seaweeds in this thesis. The species is a brown alga that belong to the 

fucoids, canopy-forming seaweeds that form ecologically important commu-

nities on shallow rock bottoms (Chapman 1995). Fucus evanescens has a 

circumpolar distribution and is native to the north Atlantic, north Pacific and 

the Arctic Ocean (Powell 1957a). In the north-western Atlantic, the native 
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range stretch over the Faeroes, Iceland and northern Norway (north of 

Trondheim fjord). The species was introduced to the Oslo fjord in 1890s, 

probably by shipping, and has since spread southward (Simmons 1898; 

Wikström et al. 2002). Fucus evanescens is now present in the British Isles, 

southern Norway, the Swedish west coast, and in the western Baltic Sea 

(Powell 1957b; Schueller and Peters 1994; Wikström et al. 2002). In the 

introduced range Fucus evanescens has a modest distribution and primarily 

occurs in areas that are under human influence, such as boat harbors, where 

the native fucoids are growing sparingly. The species is therefore not ex-

pected to have any major ecological effects on native communities 

(Wikström 2004). Fucus evanescens is known to be of low palatability to 

native herbivores; a common trait among successful, high impact invaders in 

seaweed communities (e.g. Gollan and Wright 2006; Monteiro et al. 2009; 

Nejrup et al. 2012). However, it is so far unknown how interactions with 

native biota affect the success of F. evanescens.  

 

Fig. 1 Top left; Bonnemaisonia hamifera, bottom left; Heterosiphonia japonica and 
to the right; young frond of Fucus evanescens. 
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Mesocosm and field experiments 

Three mesocosms and one field experiment were used to 1) test how H. ja-

ponica and B. hamifera affect net primary production and decomposition 

rates in invaded red algal communities, 2) explore how herbivory and com-

petition interacts to affect the invasion success of F. evanescens. 

Invasion effects on community production (Paper I) 

An outdoor mesocosm experiment was set up to separately test for the effect 

of H. japonica and B. hamifera on community production. A replacement 

design was used (all replicates had the same starting biomass) and the same 

experimental treatments where applied for both invaders, i.e. i) a mix of 

three native red algae, ii) a mix of two natives and one invader and iii) a mix 

of three natives and one invader. The first treatment represents a pristine 

seaweed community. The second and third treatment represents two possible 

outcomes of invasion; that an invader displaces a native species or that an 

invader adds to the species richness at local scale. The seaweeds were at-

tached to negatively buoyant plastic mesh and each synthetic community 

was added to a 1.5 L bucket supplied with a constant flow of seawater 

(n=12). The herbivorous isopod Idotea granulosa was added to half of the 

replicates at natural density. The duration of the experiment was three 

weeks. 

Invasion effects on decomposition (Paper II) 

The decomposition of three native red algae and the two non-native sea-

weeds (B. hamifera and H. japonica) was studied in an outdoor mesocosm 

system. A repeated measures design was used with seaweed species and time 

(decomposition after ten, sixteen and twenty days) as factors (n = 10 per 

species and sampling time). Decomposition of the different seaweed species 

were studied separately in different aquaria. One replicate mesh bag with 

decomposing seaweeds was sampled from each aquarium at each sampling 

time. Besides the replicate mesh bags, each aquarium contained a natural 

decomposer community (i.e. 1.5 L of sediment and 0.6 L decomposing sea-

weed litter with associated detritivore fauna) gathered in the field.   
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Effects of herbivory and competition on invader success    

(Paper IV) 

The separate and interactive effects of competition and herbivory on the 

growth of the two Fucus species were tested in a mesocosm experiment. 

Three competition regimes were established for each species: i) no competi-

tion (one single frond of F. evanescens/F. vesiculosus), ii) intraspecific com-

petition (one frond of F. evanescens/F. vesiculosus with conspecific fronds) 

and iii) interspecific competition (one frond of F. evanescens/F. vesiculosus 

with fronds of the other Fucus species). In addition, two levels of herbivory 

were applied in a factorial design; no herbivores and herbivory of Littorina 

obtusata. In addition, a field experiment was set up to test the effect of com-

petition in the presence of a natural herbivore community. It included the 

same competition regimes as the mesocosm experiment. Each treatment in 

every experiment was replicated five times.  

Laboratory assays 

Four laboratory assays were performed to 1) explore the quality of H. japon-

ica and B. hamifera as food to native isopods, and explain a reduced survival 

in monocultures of B. hamifera in the primary production experiment, and 2) 

to test the palatability of and the presence of a potential grazer deterrent in 

H. japonica.  

Survival of juvenile isopods (Paper I) 

To explore the growth and survival of juvenile I. granulosa on a diet of H. 

japonica, B. hamifera and four native seaweeds, fronds of each species were 

placed in individual plastic beakers filled with 80 ml filtered sea water 

(n=20). A control treatment without food (but with a plastic mesh for the 

isopods to cling to) was also included. One juvenile I. granulosa was intro-

duced to each beaker. The isopods were photographed at the start and end of 

the experiment, to measure their body length, using the picture analysis 

software ImageJ (Abramoff et al. 2004). The animals were monitored daily 

and dead individuals were recorded. The experiment was terminated after 35 

days when only one individual in the control treatment was still alive.  
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Feeding assays (Paper III) 

The three herbivores I. granulosa, Gammarus locusta and Gammarellus 

angulosus were allowed to feed on H. japonica and four native seaweeds, in 

pairwise choice experiments. For each comparison, one shoot of H. japonica 

and a native alga were placed in 200-ml containers filled with seawater. One 

of the herbivore species (3-8 individuals depending on size and species), was 

added to half of the containers. The other half of the containers was used as 

controls for autogenic changes in the algae. The experiment was replicated 

10 times for each algal pair and grazer species. The experiment was termi-

nated and the remaining algal pieces re-weighed when 25–50 % of the algal 

biomass was eaten or at the latest when 48 h had passed.  

To test whether the feeding preference of the generalist grazers was affected 

by differences in physical structure between the algae, and to test for the 

presence of a chemical grazer deterrent in H. japonica, similar experiments 

were set up with homogenized algae in agar disks. For the test of a chemical 

deterrent, extract from H. japonica was applied to a powder of the palatable 

seaweed Ceramium virgatum that was incorporated in agar disks.  
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Results and discussion 

Impacts on ecosystem processes 

To explore invasion effects on ecosystem functions I used the two successful 

non-native red algae; Heterosiphonia japonica and Bonnemaisonia 

hamifera. In paper I, I found that H. japonica increased community net 

primary production when included in mixed cultures with native seaweeds, 

while B. hamifera had no effect (Fig. 2). Neither herbivory nor whether the 

invader replaced a native species or added to the species diversity, changed 

the effect of the two invaders. 

  

 

Fig. 2 Biomass change of red algal communities [means ± 95 % confidence intervals 

(CI95)] grown for three weeks in a polyculture experiment with introduction of 

Heterosiphonia japonica or Bonnemaisonia hamifera, with and without grazing by 

the crustacean Idotea granulosa. The experiment had three levels of introduction: no 

introduction with three native seaweeds (NATIVE 3), introduction where the non-

native seaweed randomly replaced a native seaweed (INTRO 2+1), and introduction 

where the non-native seaweed was present in addition to the native seaweeds (IN-

TRO 3+1), n = 10-12. The data set with H. japonica as the invader were square root 

transformed and converted to normal scale. Means with a mutual letter are not sig-

nificantly separated in pairwise comparisons (Tukey´s HSD test). Native seaweeds 

in the experiment were Ceramium virgatum, Brongniartella byssoides, Lomentaria 

clavellosa and Spermothamnion repens. (Figure from paper I) 
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In contrast, the results from paper II revealed that B. hamifera diverged 

from the native seaweeds by having a significantly slower decomposition, 

while H. japonica had a degradation rate that was within the lower range of 

the native seaweeds (Fig. 3). The results from paper I and II demonstrate 

that two successful non-native seaweeds may have distinctly different im-

pacts on productivity and decomposition within the same community. The 

divergence in the effects is interesting since the two invaders have several 

features in common, i.e. they are both filamentous red algae with a common 

geographical origin and are now growing side by side in invaded red algal 

communities. 

 

 

Fig. 3 Biomass loss of decomposing red algae (means ± CI95) after ten, sixteen and 

twenty days, n = 10. B. ham = Bonnemaisonia hamifera, H. jap = Heterosiphonia 

japonica, C. vir = Ceramium virgatum, P. fuc = Polysiphonia fucoides and B. bys = 

Brongniartella byssoides. (Figure from paper II)  

 

The increase in community production caused by H. japonica was a direct 

effect of the exceptionally high growth rate of the invader, which accumulat-

ed nine times more biomass compared to the native seaweeds. The additional 

biomass in the mixed cultures with H. japonica consisted of the invader it-

self. Ecophysiological traits that are related to growth are often preserved 
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throughout senescence and may have a large effect on decomposition 

(Cornwell et al. 2008; Liao et al. 2008). Paper II – III contains four chemi-

cal analyses that reveal important physiological features of H. japonica. Pa-

per III shows that the species has several traits that are inherent to rapidly 

growing primary producers, i.e. high levels of nitrogen (N) and low structur-

al investment. These traits render plant tissue attractive to primary consum-

ers, promotes rapid decomposition and is associated with high N release in 

seaweed litter (Smith and Foreman 1984; Mann 1988; Wright et al. 2004; 

Hättenschwiler et al. 2005). A high amount of N leached from the litter of H. 

japonica when the species started to decompose. This probably contributed 

to that the remaining litter had a degradation rate that was lower or equal to 

the native seaweeds (paper II). However, N that is released into the sur-

rounding water will be available for uptake by organisms such as microbes, 

filter feeders and primary producers. The high N accumulation, rapid growth 

and subsequent N release at senescence indicates that H. japonica may in-

crease N cycling in invaded communities; an impact by non-native primary 

producers with rapid growth that is frequently observed in terrestrial and 

wetland systems (reviewed by Liao et al. 2008).        

In contrast to H. japonica, B. hamifera had a growth rate that was within the 

lower range of the native seaweeds and therefore had no significant effect on 

community production. But B. hamifera has another important feature that 

makes the species diverge from native co-occurring seaweeds; it produces a 

potent chemical defense that efficiently deters native herbivores, and has 

anti-microbial effects (Enge et al. 2012; Svensson et al. 2013). Defense 

compounds residing in litter may (like nutritional properties) influence de-

composition, since the activity of microbes and detritivore fauna can be af-

fected (Hättenschwiler et al. 2005; Gessner et al. 2010). The litter of B. 

hamifera had low N content (which probably reflects the slow growth rate of 

the species). It also contained secondary metabolites, although the concentra-

tion was much lower than in living seaweeds (paper II). The fact that B. 

hamifera degraded slower than the native seaweeds may therefore be a con-

sequence of residues of the chemical defense and/or low levels of tissue N. 

The slow decomposition rate of B. hamifera compared to native filamentous 

red algae indicates that the invader has the potential to slow the cycling of 

nutrients in invaded communities. 

High growth rate and chemical defense are likely to be important factors in 

explaining how H. japonica and B. hamifera have become abundant constit-
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uents of invaded communities. Several studies have found general correla-

tions between growth rate and the success of non-native primary producers 

(Grotkopp et al. 2002; Pyšek and Richardson 2007; Van Kleunen et al. 

2010), and in the case of B. hamifera experimental studies show that the 

chemical defense gives the species competitive advantage through apparent 

competition and chemical inhibition of native seaweeds´ recruits (Enge et al. 

2013; Svensson et al. 2013). Ecophysiological traits may be important de-

terminants of invasion success and much effort has been spent on trying to 

identify traits that characterize invasive species (Grotkopp et al. 2002; Pyšek 

and Richardson 2007; Van Kleunen et al. 2010). But considerably less atten-

tion has been directed to how invader traits may affect impacts on native 

communities. My studies demonstrate that the same traits that promote inva-

sion success may determine invasion effects on ecosystem functions.  

Biotic resistance 

Results from paper IV show that the non-native Fucus evanescens and the 

native Fucus vesiculosus differ in competitive ability. Fucus evanescens 

accumulated less biomass when growing together with its native congener, 

while there was no corresponding effect of interspecific competition on F. 

vesiculosus. Further, the grazer Littorina obtusata caused considerably more 

damage to F. vesiculosus than to F. evanescens, but the herbivory did not 

alter the competitive relationship between the two seaweeds despite high 

grazer densities in the experiment. The results indicate that at least in adult 

competition F. evanescens is a weak competitor compared to the native F. 

vesiculosus, and that low palatability to native herbivores does not seem to 

relieve the invader from the competitive disadvantage.  

In the area of its origin, F. evanescens is an abundant constituent of fucoid 

seaweed communities, which contrasts to the non-native range where the 

species primarily is recorded from harbors and other sites that have low den-

sities of native fucoids (Powell 1957b; Schueller and Peters 1994; Wikström 

et al. 2002). There are a number of native fucoids (such as, F. vesiculosus, 

Fucus serratus and Ascophyllum nodosum) growing within the ecological 

niche of F. evanescens in the new range. The results from paper IV support 

previous suggestions that the non-native population of F. evanescens might 

be restricted by competition with native fucoids (e.g. Powell 1957b; Bokn 

and Lein 1978; Wikström et al. 2002).   
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Competition is important in determining the distribution and colonization of 

native seaweed species (Chapman and Johnson 1990; Olson and Lubchenco 

1990; Worm and Chapman 1996; Arenas et al. 2006), which implies that the 

biotic resistance against species invasions exerted by native competitors 

could be high in the seaweed system. Several studies have also shown that 

the establishment of non-native seaweeds are facilitated when native sea-

weeds are removed, supporting the assumption that native competitors are an 

important part of biotic resistance (Ambrose and Nelson 1982; Levin et al. 

2002; Valentine and Johnson 2003). However, a recent meta-analysis found 

that competition has no general effect on non-native marine primary produc-

ers (Kimbro et al. 2013). One possible reason for the lack of effect of com-

petition is that research on seaweed invasions has had a large focus on suc-

cessful high impact invaders. Little is, however, known about non-native 

seaweeds with a modest occurrence. A strong bias towards studying success-

ful invaders may lead to an underestimation of the biotic resistance in sea-

weed communities. Paper IV gives support to competition being important 

in reducing the success of non-native seaweeds. I suggest that more studies 

of non-native seaweeds that have been incorporated in native communities 

without dominating them may contribute to a better understanding of how 

native communities affect invasion success. This would also contribute to a 

more balanced picture of the effects of seaweed invasions. 

Paper IV shows in accordance with several previous studies, that F. 

evanescens largely escapes herbivory in the invaded range. Paper III simi-

larly shows that the fast-growing H. japonica is low preferred food to all 

three investigated herbivores, which may be important for survival of the 

invader when the growth rate is reduced during cold seasons. The chemically 

defended B. hamifera is also avoided as food by native herbivores (Enge et 

al. 2012; Enge et al. 2013). There are two factors that may explain why 

many seaweed invaders are of low palatability. First, the grazing pressure 

exerted by generalists is high in seaweed communities (Duffy and Hay 2000; 

Poore et al. 2012), which reduces the probability of escaping predation. Se-

cond, most seaweed introductions are accidental (Williams and Smith 2007), 

meaning that many seaweed invaders are likely to originate from relatively 

few individuals. These conditions may cause a selection for low palatability. 

Grazer avoidance has therefore been suggested to be an important contribu-

tor to the success of a number of non-native seaweeds that has become dom-

inant in their new range (e.g. Gollan and Wright 2006; Monteiro et al. 2009; 

Nejrup et al. 2012). The case of F. evanescens shows that low palatability 
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can also occur in less successful non-native seaweeds, which implies that the 

link between low palatability and invasion success cannot be taken for grant-

ed. 
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Conclusions and future perspectives 

One of the main findings of this thesis is that successful non-native seaweeds 

have potential to affect ecosystem functions in different ways depending on 

their ecophysiological traits. Rapidly growing invaders, like Heterosiphonia 

japonica, tend to accumulate a high amount of nitrogen in their tissues. They 

may increase primary productivity in invaded communities due to their fast 

growth, and when they decompose their litter may release a high amount of 

nitrogen. Hence, they have potential to increase the flux of nutrients in the 

receiving environment. Slow-growing invaders, that are producing costly 

defense compounds, like Bonnemaisonia hamifera are on the other hand 

unlikely to increase primary production. But they may slow litter decomposi-

tion rates and have potential to slow down nutrient cycling due to low tissue 

nitrogen content and secondary metabolites in their litter, deterring 

detritivores.  

The link between ecophysiological traits and effects on ecosystem functions 

is well known in general ecology, but in invasion biology there has been 

little focus on how traits relates to invasion impacts. My studies show that 

traits promoting invasion success may determine impacts on ecosystem func-

tions. There is plenty of information available on traits of specific non-native 

primary producers, since there has been a relatively large focus on identify-

ing traits that characterize successful invaders. Hence, an interesting next 

step is to explore if ecophysiological traits of plant and seaweed invaders can 

be used to predict invasion impacts on ecosystem processes. 

My thesis also shows that native seaweeds may reduce the success of non-

native seaweeds. The results comply with previous findings that emphasize 

the importance to reduce anthropogenic stressors on native seaweed commu-

nities to decrease the risk of non-native seaweeds becoming abundant in 

native ecosystems. 
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