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Summary 

Along the coast of temperate oceans brown algae of the genus Fucus form dense stands on 

rocky shores and are keystone species of the coastal ecosystem. These large seaweeds are 

perennial and function as substrate for many sessile marine organisms, provide shelter for 

fauna and juvenile fish, and are food source. A number of abiotic (e.g. wave-exposure, 

salinity and substrate) and biotic (e.g. herbivory and competition) factors structures these 

communities and determines the abundance and composition of fucoids at each specific site. 

Earlier studies have shown that herbivores may reduce growth of fucoids, thus affecting their 

distribution, and at high densities eliminate the species from previously occupied sites. In my 

thesis I focused on investigating herbivore-seaweed interactions and whether such interactions 

could influence the geographical range limits of Fucus species. A set of laboratory bioassays 

and a field survey were conducted (1) to investigate the resistance to grazing by a generalist 

gastropod between introduced (to Sweden) and native (Iceland) Fucus evanescens (Paper I),  

(2) to study the distribution pattern of F. radicans and F. vesiculosus along the Swedish coast 

and specifically the southern limit of F. radicans, (3) to examine the abundance of herbivores 

in these two species, and (4) to test the hypothesis that Idotea baltica may contribute to 

restrict F. radicans to the Bothnian Sea (objective 2-4; Paper II). Fucus evanescens, a species 

that was introduced to the Swedish coast about 100 years ago, was found to be more resistant 

to grazing by L. littorea compared to F. evanescens from the native Icelandic populations.  It 

was also shown to contain a higher amount of phlorotannins; a putative chemical defence to 

herbivory. This indicates that development of resistance to herbivory could be important for a 

successful introduction and survival in a new range. No gradual change in the proportion, 

measured as % cover of either F. radicans or F. vesiculosus was found inside the range of F. 

radicans and its southernmost limit was abrupt without any corresponding abrupt change in 

any abiotic factor, e.g. salinity. Herbivores, i.e. Idotea spp., Gammarus spp. and Theodoxus 

fluviatils were found to be more abundant in F. radicans than in F. vesiculosus thalli 

indicating a habitat preference for F. radicans.  Further, Idotea baltica, whose range only 

overlaps with that of F. radicans in the south, was shown to prefer F. radicans over F. 

vesiculosus, possibly due to its lower content of phlorotannins. Based on these findings I 

propose that Idotea species may contribute in restricting the southern range of F. radicans, 

although further experiments, especially regarding competition with the larger F. vesiculosus 

need to be performed. In conclusion, biotic interactions e.g. the ability of to resist herbivore 

grazing by e.g. high phlorotannin content or having a structure less attractive as habitat to 

herbivores may be of importance in determining the geographic range of fucoids. 
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Sammanfattning 

Längs kusterna i de tempererade haven bildar brunalger av släktet Fucus täta bestånd på 

klippiga stränder och är ofta nyckelarter i kustekosystemen. Dessa tångarter är fleråriga och 

utgör substrat för många fastsittande organismer, ger skydd åt små rörliga djur och fiskyngel, 

samt utgör föda för betare så som gastropoder, amphipoder och isopoder. Faktorer som 

vågexponering, bottentyp, salthalt, näringshalter, bete och konkurrens strukturerar 

tångsamhällen och avgör hur vanlig varje tångart är på en viss lokal. I min avhandling har jag 

fokuserat på interaktionen mellan betare och tång, samt hur viktig denna interaktion är för att 

avgöra den geografiska utbredningen av tångarter. Tidigare studier har visat att betare kan 

minska tillväxten hos tång och på så sätt påverka dess utbredning. I höga densiteter kan de 

beta ner hela bestånd av tång så att den försvinner från lokaler där de tidigare vuxit. Resistens 

mot bete hos Fucus evanescens, ishavstång, som är introducerad till Skagerrak, Kattegat och 

sydvästra Östersjön och inhemsk i norra Atlanten och norra Stilla Havet undersöktes i 

betesförsök (Artikel I). En betare, generalisten Littorina littorea, strandsnäcka, som är 

inhemsk i Sverige, dit F. evanescens har introducerats, föredrog att äta F. evanescens från 

Island där den är inhemsk, framför F. evanescens från Sverige. Det här skulle kunna tyda på 

att ett välutvecklat försvar är viktigt för att alger som blir introducerade till nya områden ska 

kunna etablera sig i det nya området. Jag undersökte även utbredningen av den nyligen 

beskrivna tångarten Fucus radicans, smaltång (Artikel II). Resistensen mot betare hos F. 

radicans jämfördes med resistensen mot bete hos F. vesiculosus, blåstång, som växer 

tillsammans med F. radicans, genom att undersöka preferensen mellan de två arterna hos 

Idotea baltica, tånggråsugga (Artikel II). Det fanns ingen gradient i förekomsten av F. 

radicans eller F. vesiculosus inom F. radicans utbredningsområde. Istället observerades en 

ganska abrupt gräns för utbredningen av F. radicans i söder. Eftersom I. baltica, vars 

utbredning överlappar F. radicans utbredning i söder, föredrog att äta F. radicans framför F. 

vesiculosus, skulle F. radicans utbredning kunna påverkas av I. baltica. Både I. baltica och 

två andra betare, Gammarus spp. och Theodoxus fluviatilis, var vanligare i F. radicans än i F. 

vesiculosus i plantor insamlade i fält. Det innebär att de vanligaste betarna, även i fält, 

föredrar att uppehålla sig i F. radicans och antagligen konsumerar mer av F. radicans. 

Slutsatsen från de båda studierna är att betare och tångens försvar mot bete har potentialen att 

påverka utbredning av olika tångarter. 
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Introduction 

The brown seaweeds in the genus Fucus are perennial with a broad thallus and can grow up to 

a meter in length. They commonly form dense stands in the intertidal zone of most rocky 

temperate coasts (Lüning 1990; Graham & Wilcox 2000). These seaweed communities play 

an important role in costal ecosystems by providing substrate and shelter for many organisms 

as well as being a food source for others (Carr 1989; Arrontes 1999; Wikström & Kautsky 

2007).   

 

The distribution of seaweeds is commonly thought to mainly depend on abiotic factors, the 

most important factors being temperature and the availability of hard bottom substrate 

(Lüning 1990). Salinity also affects the range of many seaweed species since sexual 

reproduction is negatively affected by low salinities (Khfaji & Norton 1979; Malm et al. 

2001; Wikström et al. 2002). On a local scale, biotic interactions can play a role in 

determining the distribution of seaweeds i.e. which species that are present at which sites in a 

region (Engkvist et al. 2000; Jonsson et al. 2006) and grazing, on kelp by sea urchins, have 

been found to affect distribution at large scales (Chapman & Johnson 1990; Sivertsen 2006). 

Herbivores that graze seaweeds can affect the abundance and distribution of seaweeds both 

directly by grazing and indirectly by altering the competitive outcome between seaweed 

species in the community (Schaffelke et al. 1995; Engkvist et al. 2004; Sivertsen 2006). In 

many terrestrial habitats herbivores are believed to affect the introduction of plants either by 

the specialized herbivores failing to recognise them as suitable host (i.e. the Enemy Release 

Hypothesis, e.g. Keane & Crawley 2002) or through generalist grazers preferring the 

introduced species since they lack an effective defence to herbivores in the new range 

(Colautti et al. 2004). Selective grazing by generalist herbivores of brown algae are correlated 

to the concentration of phlorotannins (Geiselman & McConnell 1981; Denton & Chapman 

1991; Wikström et al. 2006), a group of chemicals that are unique to this group (Ragan & 

Glombitza 1986). However, the function of phlorotannins as herbivore defence is disputed, 

and phlorotannins have also been shown to have many other functions (reviewed by Amsler 

& Fairhead 2006). The structure of the seaweed may also determine herbivore preference, 

since herbivores would choose a habitat that provides protection, e.g. by a complex and 

branched structure. Further, if the herbivores are generalists they are likely to consume the 

seaweed in which they live. 

 



7 
 

The Swedish coast has a strong salinity gradient, with salinities varying between 30-20 psu on 

the west coast, rapidly decreasing below 15 psu at the entrance to the Baltic Sea, 10-5 psu in 

the Baltic Proper,  5-3 psu in the Bothnian Sea and as low as 2 psu in the Bothnian Bay. At 

the west coast of Sweden (Paper I) the tide is approximately 0.2 m and often obscured by 

water level fluctuations caused by air pressure. These weather driven changes in water level 

can be in the magnitude of 1 meter and last for several weeks causing the intertidal area to be 

highly variable. In the atidal Bothnian Sea (Paper II) these water level changes, in 

combination with ice scour and lack of other competitors, cause F. radicans and F. 

vesiculosus to grow submerged at 0.5-10 m depth, with highest densities at 1-4.5 m depth 

(Paper II). While on the west coast the fucoid community occupies a narrow belt close to the 

surface and might be exposed during long periods of low water levels.  

 

Fucus evanescens is circumpolar in the arctic seas (Powell 1957), where it usually forms 

dense stands in the intertidal. It was introduced to the North Sea in the last century, with the 

first record in Oslofjorden, Norway, in the end of the 1900
th

 century (Simmons 1989) and the 

first record on the Swedish west coast in 1924 (Hylmö 1933).  Lately it has spread south into 

the south-western parts of the Baltic Sea (Schueller & Peters 1994). In some parts F. 

evanescens has become abundant (Bokn et al. 1992), but in most places it is restricted to 

habitats such as harbours where other fucoids are scarce (Wikström et al. 2002). It has been 

previously shown that F. evanescens hosts a less abundant and less diverse community of 

epiphytic algae than the native fucoids and thus a less diverse and abundant community of 

free-living invertebrates such as amphipods, isopods and gastropods (Wikström & Kautsky 

2004). Previous studies have also revealed that F. evanescens is grazed less than the co-

occurring fucoids in the new range, while it is the preferred food choice in the native range 

corresponding to phlorotannin levels (Wikström et al. 2006).  

 

In large areas of the Baltic Sea F. vesiculosus (L.) is the only fucoid. In the northern parts, in 

the Bothnian Sea, Wærn (1952) described two morphs of F. vesiculosus; the common morph 

and a smaller, bushier morph with many branches, lacking the vesicles that are typical for F. 

vesiculosus.  The dwarf morph was believed to be caused by salinity stress, that commonly 

cause dwarfism (Remane 1971; Kautsky et al. 1990), but it has also been suggested that 

genetic studies are needed to settle the taxonomic status of this morph (Luther 1981). Studies 

of the morphological and genetic differences between the two morphs, found growing in 

mixed stands, lead to the description of the dwarf morph as a separate species, Fucus radicans 
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(Bergström et al. 2005).  In Sweden, F. radicans has so far only been reported from the coast 

of the Bothnian Sea, although it can grow in the slightly higher salinities of the Baltic proper 

(pers. obs. from keeping F. radicans in ambient seawater from Askö, at 6-6.5 psu, Paper II). 

Further little is known about the ecology of F. radicans, e.g. grazing resistance and 

interactions with associated flora and fauna, (Råberg & Kautsky 2007) and studies are thus 

highly needed to understand what mechanisms are involved in regulating the distribution of F. 

radicans. 

 

Aims 

The overall aim of my thesis is to examine the importance of herbivores and resistance of 

seaweeds to herbivory for the distribution of seaweeds. This has been done in two systems, 

one with an introduced seaweed and one with a recently described seaweed species, where 

little is known about the ecology and herbivore interaction. The aims for the two studies were: 

 

Paper I: 

-To test whether the reluctance to consume F. evanescens in the new range depended on 

resistance to herbivory of F. evanescens or the failure of herbivores to recognize it as suitable 

food because of its novelty. 

 

Paper II: 

-To examine the geographic range and abundance of F. radicans, in comparisons to F. 

vesiculosus. 

-To study the abundance of herbivores in the field on F. radicans and F. vesiculosus. 

-To compare the palatability of F. radicans to that of F. vesiculosus. 

-To study whether the range of F. radicans could be affected by selective grazing of 

herbivores. 

 

 

Material and Methods  

 

Study sites 

Material for the bioassays with F. evanescens (Paper I) were collected from two sites in 

Iceland, where F. evanescens is native and two sites on the Swedish west coast where it has 

been introduced (Wikström et al. 2002). The bioassays were performed at Tjärnö Marine 
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Biological Laboratory (N 65°37.07; E 12°31.22); close to the collection sites (Fig. 1). For the 

bioassay with F. radicans and F. vesiculosus (Paper II) material were collected in Öregrund 

(southern Bothnian Sea, site 3 in Fig. 6), and then brought to the Askö Laboratory (N 58° 

49.4’; E 017° 38.2) (Fig. 1). The survey of F. radicans and F. vesiculosus (Paper II) was 

performed at 16 sites on the Swedish Baltic Sea coast, with two sites south of F. radicans 

range and the northernmost site comprising one of the northernmost populations of fucoids 

known in Sweden (Pekkari 1973; Lüning 1990; Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study species 

 

Fucus evanescens  

The morphology of F. evanescens is variable, but the species is described as being large with 

broad fronds, midrib indistinct in the apical parts of the fronds and receptacles flattened and 

broad, clearly separated from the rest of the thallus, with the shape of the receptacles as the 

best characteristic (Powell 1957). Fucus evanescens is monoecious and self-fertile (Quatrano 

1980), with both male and female gametes released from the same individual. Thus, only one 
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Figure 1. Northern Europe with A) the area in Iceland, the native range, where 

F. evanescens was collected (Paper I), B) the Tjärnö Marine Biology 

Laboratory in Sweden, the new range, where F. evanescens was collected 

(Paper I), and C) the Askö Laboratory where bioassays with F. radicans and F. 

vesiculosus were performed (Paper II). The square is shown in more detail in 

Fig 6, with the sites of the survey of F. radicans and F. vesiculosus marked 

(Paper II). 



10 
 

plant is necessary to produce offspring and establish a new population upon introduction. The 

north Atlantic, north Pacific and Arctic oceans are the native range of F. evanescens (Powell 

1957). Reproduction fails in salinities lower than 12 psu and germlings cannot grow in lower 

salinities (Wikström et al. 2002). Epiphytic seaweeds in the new range are less common and 

less diverse on F. evanescens than on the native F. vesiculosus (Wikström & Kautsky 2004). 

Co-occurring fucoid species in the new and native range of F. evanescens are F. vesiculosus, 

F. serratus (L.), F. spiralis (L.) and Ascophyllum nodosum (Le Jol.). In the native range F. 

ceranoides (L.) is also present (Lüning 1990).  

 

Fucus radicans 

The morphology of F. radicans is similar to that of F. vesiculosus, the only co-occurring 

fucoid, but it is smaller and always lacks vesicles. The fronds are rarely wider than 5 mm and 

thallus usually shorter than 26 cm. It has few chryptostomata and is richly branched with 

many adventitious branches (Wærn 1952; Bergström et al. 2005). These adventitious branches 

can reattach and is the mode of asexual reproduction. Since F. radicans has the, for fucoids, 

rare capacity to reproduce asexually, it is largely clonal, with one genotype making up 

approximately 80 % of the sampled fronds at the two studied sites in Tatarenkov et al. (2005) 

that corresponds to site 3 and 16 in Paper II. However, F. radicans is dioic and has sexual 

organs too, and preliminary results (pers. Obs. H. Forslund) show that they are capable of 

producing viable offspring. It has so far not been found outside the Baltic Sea, and might be 

endemic to the Baltic Sea. In a recent study Pereyra et al. (2009) suggests that F. radicans has 

evolved in the Baltic Sea and as a species probably is less than 1000 years old (Pereyra et al. 

2009). Only one previous study has looked at the ecological interactions of F. radicans. This 

study shows that F. radicans supports a more diverse and abundant community of associated 

fauna than filamentous algae (Råberg & Kautsky 2007).  

 

Fucus vesiculosus 

Fucus vesiculosus is common on temperate shores throughout the northern Atlantic and 

occupies the midsection of the fucoid zone. It is one of the most tolerant fucoid species, 

extending its range into the high temperature of northern Africa and to the low salinities of the 

Baltic Sea (Lüning 1990). The morphology of F. vesiculosus is very variable, depending on 

factors such as wave exposure and salinity. For example the vesicles that are typical of F. 

vesiculosus are lacking in large parts of the Baltic Sea, and at wave exposed sites, while in 

sheltered bays they might have many vesicles between dichotomies instead of one pair 
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(Burrows & Lodge 1951; Wærn 1952). The gametes and the reproductive success of the 

diocious F. vesiculosus is negatively affected by reduced salinities (Serrão et al. 1996) as are 

the growth rate (Nygård & Dring 2008 and references therein).  

 

Herbivores in bioassays 

Both Littorina littorea (L.) and Idotea baltica (Pallas) are native Swedish generalist grazers, 

known to consume fucoids in such large quantities that they effectively decrease growth 

(Engkvist et al. 2000; Toth et al. 2007). Since L. littorea is absent from Iceland, and thus has 

no evolutionary history with F. evanescens it was chosen to test the preference of a generalist 

grazer (Paper I). In the Baltic Sea Idotea baltica, that prefers fucoids over other seaweeds 

(Jormalainen et al. 2001), is the major grazer of fucoids since the major grazers in temperate 

marine communities, such as L. littorea, are not able to survive at the low salinity of the 

region. Thus I. baltica was used as grazer in the bioassay with F. radicans and F. vesiculosus 

(Paper II). Both herbivore species were collected in natural Fucus stands close to the field 

stations where the respective bioassays were run. 

 

Bioassays 

In both papers, bioassays with a paired designed was used to test for herbivore preference. 

One tip from one thallus was used in the control and another tip from the same thallus was 

used in the grazing treatment, and paired with tips from a fucoid from the other population / 

species. The bioassays with F. evanescens (Paper I) had an experimental setup with separate 

containers for the control and the grazing treatment with five L. littorea. The containers had 

running ambient water (for temperatures and salinities see paper I) in a constant temperature 

room. In the 2005 10 replicates were run for 3 days and in 2006 12 replicates were run for 13 

days (se material and methods in paper I for a discussion of the different running times). An 

additional bioassay with pulverized F. evanescens incorporated in agar (Paper I) was also run, 

to eliminate morphology as a possible cause for herbivore preference. The bioassay with F. 

radicans and F. vesiculosus (Paper II) had an experimental setup with one container separated 

by a fine mesh into two compartments, one containing the control algae, and one containing 

four I. baltica and algae for the grazing treatment. Each compartment had two mesh 

“windows” to allow water circulations as the containers were hung at 0.5-1.5 m depth from a 

floating dock placed over a fucoid belt. The experiment was left in the field for five days and 

five replicates were used.  
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Phlorotannin quantification  

Pieces of F. evanescens, F. radicans and F. vesiculosus from the bioassays were analyzed for 

phlorotannin content. Approximately 0.1 g wet weight were removed and frozen. The pieces 

used came from the young thallus; midribs and damaged tissue were excluded. The frozen 

algal parts were then freeze-dried and pulverized. The phlorotannins were extracted with 60% 

acetone for an hour in room temperature. After the extraction, the samples were centrifuged 

and evaporated in vacuo to remove the acetone, leaving an aqueous solution. Samples were 

then filtered and diluted to a known volume and analyzed colorimetrically with the Folin-

Ciocalteus analysis (Van Alstyne 1995). Phloroglucinol (Merck art 7069) was used as 

standard.  

 

Inventory of the distribution of fucoids and number of associated herbivores (Paper II) 

At 16 sites along the Swedish Baltic coast (Fig. 1) 15 randomly placed 1m
2
 square were 

surveyed.  The squares were placed within the fucoid belt (defined as the depths where 

coverage was 25% or higher) at 1.1±0.1 m to 4.5±0.3m depth (average depth ± SE; n=9). In 

each square the percentage cover of F. radicans, F. vesiculosus, and filamentous algae were 

recorded. At each site a water sample was collected to measure the salinity. To collect and 

record the abundance of herbivores three Fucus thallus of each species were collected and the 

number of individuals of Idotea spp, Gammarus spp, Theodoxus fluviatilis (L.), was counted 

and the wet weight of the fucoids was measured. Idotea spp. is mainly I. baltica but probably 

a few I. viridis (Slabber) and Gammarus spp. probably mainly G. oceanicus (Segerstråle) and 

G. zaddachi (Sexton), but likely a few other species too.  

 

Statistical methods 

Difference in grazing in the bioassays was tested for with a paired t-test according to the 

method described by Peterson and Renaud (1989). Spearman’s rank correlation was used to 

test for a gradient in cover for Paper II. Data on the abundance of herbivores were 

transformed appropriately when necessary and then analyzed in a nested ANOVA, with site 

as the error term. In Paper I a two-way ANOVA with region of origin (Sweden/Iceland) as 

fixed, and year, as random factor was used to test for differences in phlorotannins between 

populations, while in Paper II a t-test was used to test for differences in phlorotannin 

concentrations between species. In Paper I STATISTICA 6.0 was used for statistical test and 

in Paper II R 2.6.2 was used.  
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Results and discussion 

 

Paper I 

The generalist herbivore, L. littorea, showed a clear preference for algae from the native 

region (Iceland) in the bioassay in 2005 (t9 = -6.380; p < 0.001; Fig. 2), but no significant 

preference for algae from either region in 2006 (t11=-1.920; p = 0.0811; Fig. 2). However, in 

the bioassay with agar, in 2006, L. littorea showed a preference for agar pieces containing 

algal material from the native region (t19= -3.177; p = 0.005). This confirms that the generalist 

grazer, L. littorea, in the new range of F. evanescens willingly consumes the introduced 

species. Thus, as expected since the community is dominated by generalist herbivores, the 

Enemy Release Hypothesis (Keane & Crawley 2002) is not applicable to this system. The 

preference instead correlates to a chemical propriety of the algae, as shown in the bioassay 

with agar. The preference of the generalist grazer is for algae from the range with low levels 

of phlorotannins (Table 1, Fig. 3). However, I cannot rule out that some property that 

correlates with phlorotannins, e.g. nutrient content, or other chemical compounds, is the trait 

that causes the herbivore preference, since no direct test of the effect of phlorotannins was 

made.  

 

 

 

 

 

The results of this study is supported by previous studies that have shown that F. evanescens 

is preferred over co-occurring fucoids in the native range (Barker & Chapman 1990; Denton 

& Chapman 1991; Wikström et al. 2006) while in the new range it is less preferred compared 

to the native fucoids (Schaffelke et al. 1995; Wikström et al. 2006). Wikström et al. (2006) 

Figure 2. The change in wet weight (g) of the new (Sweden) and native (Iceland) region of F. 

evanescens during 3 days in 2005 (n=10) and 13 days in 2006 (n=12)(Paper I). Error bars show SE.  
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also showed that F. evanescens in the new range had higher defence levels than the co-

occurring fucoids, while in the native range it has the lowest levels of defence. For seaweeds 

that are introduced to communities dominated by generalist enemies it is probably vital to be 

well defended or to be able to increase the defence to establish and be successful, since it has 

been shown that generalist grazers can affect the growth and fitness of seaweeds (Engkvist et 

al. 2000; Toth et al. 2007, Jormalainen & Ramsay 2009). Whether the increase in defence of 

F. evanescens in the new range compared to the native range is induced by grazing (Toth & 

Pavia 2007), or some other factor e.g. by nutrient levels, by salinity, or selected for either by 

grazing or by some abiotic factor is not clear. My study also shows that traits, such as 

resistance to herbivory, dispersal, and growth, which might be important when trying to 

estimate which seaweeds that could be successfully introduced, can differ between the native 

and new range. Thus, it is important to look at how variable and plastic these traits are, when 

predicting which seaweeds could be successfully introduced to new ranges. 
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Figure 3. Phlorotannin concentrations as % of dry weight of F. evanescens

from the native (Iceland) and new (Sweden) region (n=19) (Paper I). Error

bars show SE.

 df MS F p 

Region 1 621.031 188.163 <0.0001 

Year 1 5.366 1.626 0.206 

Region x Year 1 92.260 27.953 <0.0001 

Error 72 3.300     

Table 1. ANOVA table of the phlorotannin levels of F. evanescens from 

the native and new region in 2005 and 2006 (Paper I). 
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Paper II 

I was able to show that F. radicans was preferred as food compared to F. vesiculosus in a 

bioassay with the common herbivore I. baltica (t = 6.92, df = 4, p-value = 0.002; Fig. 4). 

Fucus radicans (7.7 ± 0.3 SE % dry weight) also had significantly lower levels of 

phlorotannins compared to F. vesiculosus (9.9 ± 0.4 SE % dry weight; t = -4.15, df = 28, p < 

0.001).  

 

 

In the survey Idotea baltica was more abundant in F. radicans than in F. vesiculosus 

(p<0.001), as were the two other most common grazers Gammarus spp. (p= 0.041) and T. 

fluivatilis (p=0.012, Fig. 5). Previous studies have shown that herbivores can affect the fitness 

and growth of seaweeds (Engkvist et al. 2000; Toth et al. 2007) and affect the competitive 

outcome between fucoid species (Schaffelke et al. 1995; Engkvist et al. 2004). Since the 

geographic range of I. baltica only overlaps with the southern range of F. radicans (Fig. 5A), 

the preference of I. baltica in combination with increasing competition from F. vesiculosus 

that grows faster in higher salinities (Nygård & Dring 2008) could limit the southern range of 

F. radicans. The other two herbivores have ranges that overlap completely with F. radicans 

(Fig. 5 B-C) so it is not likely that they limit the southern range of F. radicans. On the other 

hand they may locally affect the two Fucus species by selective grazing. Within the 

geographical range of F. radicans there was no gradient in cover of either F. radicans 

(p=0.84, n= 14), or the co-occurring F. vesiculosus (p=0.66, n=14), or filamentous algae 

(p=0.86, n=16; see Paper II). Instead it seems to be a rather abrupt limit to the southern range 

of F. radicans, as abundance at each site is varying independent of salinity and north-south 

gradient. This suggests that factors other than grazing might be involved in limiting the 
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southern range of F. radicans. One such factor may be reproduction. Since F. radicans is 

clonal with a female dominance (Serrão et al. 1999; Tatarenkov et al. 2005) sexual 

reproduction is not likely as a mean for dispersal. Asexual reproduction is the most likely 

mean for dispersal. Thus more information about factors that affect the asexual reproduction 

is needed to understand what limits the southward dispersal of F. radicans. 
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Densities of I. baltica at site 3 and 4 are in the range of 80 animals per 100 g wet weight 

seaweed, the densities that in the study by Engkvist et al. (2000) reduced the biomass of F. 

vesiculosus by 50% in 15 days. Even at lower densities, I. baltica, e.g. the ~20 animals per 

100 g ww found at site 5-7, could prevent increase in biomass according to Engkvist et al. 

(2000). Thus I propose that since selective grazing by I. baltica of F. radicans was observed 

Figure 6. The 16 sites investigated in the survey in the 

Bothnian Sea. Circles shows the percentage cover of F. 

radicans (black) and F. vesiculosus (white) as percent of 

total Fucus cover. Numbers at circles refers to site number 

as referred to elsewhere. Numbers at each site indicate the 

salinity in psu. Site 3 and 4 both had a salinity of 4.9 psu. 

Stars indicate sites where no fucoids were found. The 

location of the Bothnian Sea is indicated by the square in 

Fig 1. 
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in the bioassay, grazing could affect the population negatively and could contribute to limiting 

the southern range of F. radicans. Gammarus spp. were even more abundant than I. baltica in 

the survey, and they were also found in higher numbers on F. radicans than F. vesiculosus. 

Preliminary results show that Gammarus spp. also prefer to graze F. radicans (pers. obs.), and 

further studies will be necessary to understand the impact of Gammarus spp. on the range of 

F. radicans.  It is also possible that T. fluviatilis may affect the competitive relation between 

F. radicans and F. vesiculosus trough selective grazing. However T. fluviatilis only has an 

effect on juvenile fucoids smaller than 1 mm (Malm et al. 1999), and it is not known whether 

they too have a preference for F. radicans. Since F. radicans relies on asexual reproduction, 

with adventitious branches that commonly are several mm in size, I suggest that the dispersal 

of F. radicans may be less affected by T. fluviatilis than by I. baltica and Gammarus species. 

 

 

Conclusions and further studies 

In both studies the herbivores showed a preference for the species (Paper II) or population 

(Paper I) that had the lowest levels of defence, measured as concentration of phlorotannins. 

Previous studies have shown that grazers can affect the distribution of seaweeds at smaller 

scales trough grazing (Schaffelke et al. 1995; Engkvist et al. 2000; Jonsson et al. 2006). Based 

on the fact that grazing is known to affect seaweeds negatively and the results presented in 

Paper II, I propose that the geographic range of seaweeds may also be affected by grazing, 

especially if the herbivores are generalists. To investigate the effect of herbivores and other 

biotic interactions, transplant studies where e.g. F. radicans are moved and placed in the field, 

outside of its present range, should be performed. If herbivory are limiting the southern range 

of F. radicans, as is suggested by the results presented here, the transplanted seaweeds would 

be grazed down and eventually die if moved outside the present range. If competition from 

the larger F. vesiculosus, trough shading and whip-lashing effects, similar as shown for e.g. 

filamentous algae by Kiirikki (1996) is contributing to limit the southern range, F. radicans 

transplanted into F. vesiculosus stands would be eliminated faster than if they were 

transplanted to areas where F. vesiculosus has been removed.  

 

Similarly, reciprocal transplant experiments would be needed to further investigate the 

development and consequence of herbivore resistance for the successful introduction of F. 

evanescence. However, transplant experiments are not possible because of the risk of 

introducing new fucoid species or populations with different genetic setup, or associated flora 
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and fauna. Thus, mesocosm experiments where natural conditions and communities are 

mimicked would be the next step in understanding the importance of the herbivore-seaweed 

interaction. Further, studies that actually proves that phlorotannins, and not other factors, e.g. 

galactolipids (Deal et al. 2003) or another unknown component (Kubanek et al. 2004) that 

usually correlate with them, would be  useful to analyse to confirmation the present theories.  

 

In conclusion the two studies presented here shows that, in addition to abiotic factors, biotic 

interactions can be important in determining the large scale geographical ranges of seaweeds. 

These interactions thus need more attention, since so far, the distributions of seaweeds are 

mainly explained by abiotic factors such as temperature and salinities. 
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