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Abstract Mesograzers are known to reduce the

biomass of their host plant and modify the structure

of the whole macrophyte community in many eco-

systems. Thus, the introduction of an efficient

mesograzer may destabilize macrophyte community

and also affect the native grazers. We estimated how

large proportion of macrophyte production are con-

sumed by the alien gammarid G. tigrinus and the

native gammarid G. salinus in the species poor

ecosystem of the northern Baltic Sea. We analysed

whether G. tigrinus consumes different diet as the

native G. salinus and whether the effect of G. tigri-

nus on the survival of the native G. salinus is

macrophyte species specific. Grazing experiments

showed that there was a clear difference in the

grazing rates of gammarids among the studied

macrophyte species in summer and autumn but not

in spring. The grazing rates were significantly higher

in the prevailing macrophyte Pilayella littoralis as

compared to other macrophytes. The grazing was

inversely related to the diurnal net photosynthetic

values of macrophytes. The gammarid amphipods

potentially removed only a minor part of plant

primary production except for summer and autumn

when grazing of a few perennial species exceeded

macrophyte production. Macrophyte species and

presence of G. salinus had no effect on the survival

of G. tigrinus. The presence of G. tigrinus, however,

reduced the survival of the native gammarids within

P. littoralis in summer. To conclude it is likely that

both native and alien gammarid amphipods do not

exert significant pressure on the macroalgal commu-

nities in the northern Baltic Sea. Competitive

interactions between G. tigrinus and G. salinus

within the prevailing macrophyte P. littoralis is the

likely explanation of the decline of the native

gammarid amphipods after the establishment of

G. tigrinus in the northern Baltic Sea.
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Introduction

Temperate shores throughout the world are dominated

by macrophytes (Foster et al. 2003; Schiel 2004).

There exist many studies demonstrating that macro-

phyte communities affect the structure of associated

fauna, especially mesoherbivore communities (Huntly

1991; Lawton 1994; Knowles and Bell 1998; Kotta

and Orav 2001; Parker et al. 2001). On the other hand,
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Mäealuse 10a, Tallinn 12618, Estonia

e-mail: helen.orav@sea.ee

K. Herkül

Institute of Zoology and Hydrobiology, University

of Tartu, Tartu, Estonia

123

Biol Invasions (2009) 11:597–608

DOI 10.1007/s10530-008-9274-6



mesoherbivores are known to affect their host plant

and in some cases even modify the structure of the

whole macroalgal assemblage (Cronin and Hay 1996;

Duffy and Hay 2000; Karez et al. 2000). The

biomasses of aquatic plants and mesoherbivores are

positively correlated in many waterbodies as plant

provides mesoherbivores habitat and food resources

(Orav-Kotta 2004). Animals respond more strongly to

the amount of available resource than the diversity of

plants providing it (Parker et al. 2001) suggesting that

mesoherbivores have often broad diet and selectivity

is rare (Cruz-Rivera and Hay 2001). There is some

evidence that mesoherbivores may feed directly on

perennial macrophytes (Poore 1994; Viejo 1999;

Karez et al. 2000). The majority of studies, however,

indicate that mesoherbivores live within the bushes of

perennial macrophytes and feed on the epiphytes

attached to the host plant (Brawley and Adey 1981;

D0Antonio 1985). This may be due to high nutritional

value of the epiphytes but likely to the seasonal

patterns of macrophyte communities. While the

perennial macrophytes persist throughout the year,

the ephemeral or filamentous species occur only

seasonally (Nicotri 1980; Orth and Van Montfrans

1984; Arrontes 1990; Duffy 1990; Boström and

Mattila 1999; Pavia et al. 1999).

The gammarid amphipods are ranked among the

most important necto-benthic herbivores in many

coastal seas. Gammarids have been recognized as

both predators and herbivores (MacNeil et al. 1997,

1999), though, plants prevail in their diet (Kinne

1959). Earlier observations have indicated that graz-

ing rates are dependent on the quality and quantity of

food (Kinne 1959). A strong inverse relationship

between algal productivity and mesoherbivore graz-

ing suggests that gammarids prefer decomposing

algae over fresh plants (Kotta et al. 2006). Besides,

gammarids are known to graze algae more intensively

than aquatic higher plants (Cyr and Pace 1993).

Due to low salinity and short evolutionary (geo-

logical) history the diversity is low in the Baltic Sea.

Large and efficient herbivore species such as sea

urchins, periwinkles or limpets are lacking and the

low diverse communities are often dominated by

resource generalists such as gammarid amphipods and

idoteids (Salemaa 1979; Jormalainen et al. 2001;

Orav-Kotta and Kotta 2003). The native Gammarus

salinus Spooner and the invasive Gammarus tigrinus

Sexton are the prevailing gammarid amphipods in the

coastal range of the northern Baltic Sea (Hällfors

et al. 1981; Herkül and Kotta 2007). Since the late

1990 and 2000s G. tigrinus significantly expanded its

distribution in the Baltic Sea and currently threatens

the integrity of mesoherbivore assemblages in the area

(Ja _zd _zewski et al. 2002; Leppäkoski et al. 2002;

Szaniawska et al. 2003; Herkül and Kotta 2007). As

gammarid amphipods are generally known to have a

broad diet (Parker et al. 1993; Christie and Kraufvelin

2004) the studies on the feeding rates of gammarid

amphipods on various algal diets are rare (Pascoe

et al. 1995; Orav-Kotta and Kotta 2003, 2004; Kotta

et al. 2006). There are some circumstantial evidence

that G. tigrinus is competitively superior over

G. salinus and most other native gammarid species

in the European fresh and brackish waterbodies

(e.g. Pinkster et al. 1992; Ja _zd _zewski et al. 2002;

Grabowski et al. 2006; Herkül and Kotta 2007).

Providing different diets of native and invasive

gammarids, shifting in the dominance of mesoherbi-

vore communities may have profound consequences

on macrophytes due to shift in the consumption of

different macroalgal species. G. tigrinus may reduce

the biomass of their host algae and indirectly favour

those species that the native G. salinus are feeding on.

On the other hand, the species structure of algal

communities may influence the performance and

survival of gammarid amphipods and, thus,

may influence the outcome of competition between

G. tigrinus and G. salinus in the Baltic Sea. Therefore,

the aim of this paper was to investigate (1) how large

proportion of macroalgal production are potentially

consumed by G. tigrinus and G. salinus, (2) whether

G. tigrinus consumes different diet as the native

G. salinus and (3) whether the effect of G. tigrinus

on the survival of the native G. salinus is macrophyte

species specific. If G. tigrinus outcompetes G. salinus

within certain macroalgal habitat, has different diet

requirements as compared to G. salinus and consumes

significant share of macroalgal production this invasion

has a potential to facilitate or eliminate some native

macroalgal and mesoherbivore species.

Materials and methods

The study was conducted in the shallow semi-

enclosed Kõiguste Bay, Gulf of Riga, northern Baltic

Sea (58�22.100 N 22�58.690 E). The prevailing
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sediment types of the bay area sandy clay mixed with

pebbles, gravel or boulders. The prevailing depths are

between 1 and 4 m. The area is influenced by a diffuse

nutrient load from the moderately eutrophicated Gulf

of Riga (Astok et al. 1999). The benthic vegetation is

well developed and extensive proliferation of ephem-

eral macroalgae and the appearance of drift algal mats

have been reported from the area in the recent years

(Paalme et al. 2004; Lauringson and Kotta 2006).

Grazing experiments were performed in Kõiguste

Bay in May, July and September 2005. Depending on

the natural occurrence of the macrophytes in the field

different species were deployed in the experiment

(Table 1). Macrophytes were collected from a shal-

low (1–3 m) area adjacent to Kõiguste Marine

Biological Laboratory. Seven different macrophyte

species were used in the grazing experiments: the

brown algae Fucus vesiculosus L. and Pilayella

littoralis (L.) Kjellm., the red alga Ceramium tenui-

corne (Kütz.) Waern and Furcellaria lumbricalis

(Huds.), the green algae Cladophora glomerata (L.)

Kütz. and Enteromorpha intestinalis (L.) Nees. and

the higher plant Myriophyllum spicatum L. Due to the

intensive ice scour during preceding winter the

perennial algae F. vesiculosus and F. lumbricalis

were not found in spring. The alien G. tigrinus and

the native G. salinus were collected at the same site

either under the stones by means of handnet or within

the stands of F. vesiculosus by shaking the algae.

Only adult specimens were used in the experiment.

Grazing was studied in 5 9 5 9 20 cm nylon

netbags of 1 mm mesh size. Each macroalgal treat-

ment was added either six specimens of G. tigrinus,

six specimens of G. salinus or three specimens of

G. tigrinus and G. salinus. Three replicates of each

treatment were used. Additionally, three control

netbags contained algae relevant to each algal

treatment and no amphipods. The wet weight of

algae was determined prior to the experiment to the

nearest of 0.01 g. Before weighing the algae were

gently dried on plotting paper until the paper did not

become wet any more. Additional three replicates of

each macroalgal treatment served as control to obtain

the ratio of wet to dry weight. The algae were dried at

60�C during 48 h. On average 0.2 ± SE 0.02 g dw of

algae was deployed in each netbag. The biomass

share of macrophytes to gammarids corresponded to

the realistic densities in the field. The netbags were

placed at 2 m depth about 0.5 m above the bottom.

Each series of the experiment lasted 15–20 days. At

the end of the experiment the test animals were

counted, determined to species level and the dry

weights of macroalgae were determined. Besides test

animals, the netbags practically did not contain

juvenile amphipods and other small grazers and the

biomass of small grazers never exceeded 3% of

biomass of the test animals. The changes in the dry

weight of algae per number of gammarids in the

nylon mesocosms served as the estimates of gamm-

arid grazing in the field. These values were corrected

to the weight increment due to the photosynthetic

activity of the algae using the values of control

netbags of grazing experiment (i.e. the treatment of

no addition of gammarids). At the end of experiment

the survival of gammarid amphipods within different

macrophyte treatment was analysed.

In parallel to the grazing experiments, the in situ

diurnal primary production of the studied macroalgal

species was measured using the oxygen method

(Köhler 1998). Small tufts (about 0.05 g dw) with no

macroepiphytes and grazers (checked under a binoc-

ular microscope) were placed in 600 ml glass bottles

filled with sea water and incubated horizontally on

trays at 0.5 m depth. Bottles without the algae served

as controls. There were five replicates per treatment.

Based on preliminary tests and suggestions from

previous studies on different macroalgal species

(Littler 1979) we assured that the bottles were large

enough that depletion of nutrients or carbon did not

occur. The changes in the dissolved oxygen concen-

tration were measured by an oxygen meter OXI 92.

The hourly net production rates were calculated from

the differences in oxygen concentrations, measured

over the incubation period (ca. 1–3 h). Daily net

Table 1 Different macrophyte species used in the grazing

experiments

Macrophyte species May July September

Fucus vesiculosus + +

Pilayella littoralis +

Ceramium tenuicorne +

Furcellaria lumbricalis + +

Cladophora glomerata +

Enteromorpha intestinalis + + +

Myriophyllum spicatum + + +

The choice of macrophyte species depended on their natural

occurrence in the field
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production rates were calculated as the sum of

consecutive hourly net production rates and

expressed as mg O2 g dw-1 24 h-1. Dry weight of

the algal material was determined after drying at

60�C for 48 h. Based on the production estimates, all

macroalgal species were photosynthetically active

and no decomposition of the macroalgae occurred.

For univariate analyses the statistical programme

‘‘Statistica’’ was used (StatSoft Inc. 2004). The two-

way-analyses of variance (ANOVAs) with gammarid

and macrophyte species as factors were employed to

describe their effect on gammarid grazing and

survival. Due to notable seasonal differences in

macrophyte species composition the analyses were

run separately for each season. Post-hoc Bonferroni

test was used to analyse which groups were statisti-

cally different from each other. The percentage data

sets were arcsine transformed before statistical

analysis.

Results

The photosynthetic activity of macrophytes varied

among plant species and seasons. C. glomerata and

P. littoralis had high diurnal net photosynthetic values

above 100 mg O2 g dw-1 24 h-1. E. intestinalis had

moderate values at 38–74 mg O2 g dw-1 24 h-1 and

F. vesiculosus, F. lumbricalis, C. tenuicorne and

M. spicatum had low values below 50 mg O2 g dw-1

24 h-1. The photosynthetic activity of macrophytes

was highest in summer followed by values in spring

and autumn. In general, invertebrate grazing was

highest in summer, moderate in autumn and lowest in

spring. The photosynthetic activity of macroalgae set

the upper limits of gammarid grazing on macroalgae.

The grazing was inversely related to the diurnal net

photosynthetic values of macrophytes. With high

photosynthetic values grazing was low. Both high

and low grazing values were measured when the

photosynthetic activity of algae was low (Fig. 1).

Grazing experiments showed a clear differences

between the studied macrophyte species in summer

and autumn and not in spring (two-way ANOVAs; the

term of macrophyte species was significant at

P \ 0.001). In summer the grazing rates were signif-

icantly higher in P. littoralis as compared to

M. spicatum, C. glomerata and F. lumbricalis (post-

hoc Bonferroni test P \ 0.001). In autumn the grazing

on E. intestinalis and F. lumbricalis exceeded the

values of M. spicatum, F. vesiculosus and C. tenui-

corne (post-hoc Bonferroni test P \ 0.003).

The species composition of gammarids had sig-

nificant effect on grazing rates in spring and not in

summer and autumn (two-way ANOVAs;

Pspring = 0.006, Psummer = 0.095, Pautumn = 0.057).

The grazing rates in spring decreased in order of

G. salinus [ G. salinus + G. tigrinus [ G. tigrinus.

G. salinus grazed significantly more than G. tigrinus

(post-hoc Bonferroni test P = 0.005) whereas other

differences were not significant (Fig. 2; Table 2).

In general macroalgal production exceeded mes-

oherbivore grazing. Only F. vesiculosus was

overgrazed in summer and F. lumbricalis in autumn,

respectively. The species composition of gammarids

had significant effect on how much macrophyte

production was removed in spring but not in summer

and autumn (two-way ANOVAs; Pspring = 0.021,

Psummer = 0.186, Pautumn = 0.093). G. tigrinus

removed less of macrophyte production as compared

to G. salinus (post-hoc Bonferroni test P = 0.024).

The removal of macrophyte production was macro-

phyte species specific in all studied seasons (two-way

ANOVAs; Pspring \ 0.001, Psummer = 0.016, Pau-

tumn \ 0.001). Although M. spicatum was grazed

less than E. intestinalis, the removal relative to plant

production was higher for M. spicatum than E. intes-

tinalis in spring (post-hoc Bonferroni test P \ 0.001).

In summer the removal of F. vesiculosus was signif-

icantly higher than M. spicatum and C. glomerata

(post-hoc Bonferroni test P \ 0.02) and in autumn

the removal of F. lumbricalis was significantly higher

Fig. 1 Scatterplot between the daily dry weight increment of

macrophytes and gammarid grazing
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than other macrophytes (post-hoc Bonferroni test

P \ 0.035) (Fig. 3).

Macrophyte species had significant effect on the

survival of G. salinus in spring and summer and not

in autumn (two-way ANOVAs; Pspring = 0.039,

Psummer = 0.013, Pautumn = 0.211). In spring the

survival of G. salinus was higher in E. intestinalis

than in M. spicatum (post-hoc Bonferroni test

P = 0.039). In summer the survival of G. salinus

was high in E. intestinalis, F. vesiculosus and

M. spicatum and low in C. glomerata, F. lumbricalis

and P. littoralis. Significant differences were

observed only between E. intestinalis and P. littoral-

is (post-hoc Bonferroni test P = 0.034). Macrophyte

species had no effect on the survival of G. tigrinus in

the studied seasons (two-way ANOVAs; the term of

macrophyte species was insignificant at P \ 0.05).

The presence of G. salinus had no impact on the

survival of G. tigrinus regardless of macrophyte

species (two-way ANOVAs; all factors and interac-

tions not significant at P [ 0.05). The presence of

G. tigrinus, however, reduced the survival of the

native gammarids in summer (two-way ANOVAs;

the term of gammarid species was significant at

P = 0.023). This difference was significant in P. lit-

toralis (post-hoc Bonferroni test P = 0.033) but not

in other macrophytes (Fig. 4; Table 3). All interac-

tion terms in the models of amphipod grazing and

survival were insignificant.

Discussion

In general the grazing rates of G. salinus and

G. tigrinus on macrophytes were similar. Only in

spring G. salinus had higher grazing rates than

G. tigrinus. Therefore it is plausible that recent shift

from G. salinus dominated communities to G. tigri-

nus dominated communities with no marked change

in total amphipod biomasses (Herkül and Kotta 2008)

results decline in the grazing pressure of macroalgal

communities in spring, namely on the green alga

E. intestinalis. Although G. salinus is able to remove

only 40% of algal production, it is important to stress

here that E. intestinalis has low biomasses and small

spatial extent in spring as the species is within its

early stage of the annual succession (Kiirikki and

Lehvo 1997; Kotta et al. 2006). Therefore G. salinus

may actually control the development of E. intesti-

nalis in spring, especially within smaller patches

where gammarids have a potential to deplete the algal

species (Lotze et al. 1999). Removal of the efficient

grazers may disrupt this natural equilibrium and

initiate extensive blooms of E. intestinalis. When

macroalgal communities have already built up then

Fig. 2 Gammarid grazing on different macrophyte species in

different seasons
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the grazing potential of mesoherbivores is too low to

induce any significant losses of macroalgal commu-

nities (this study and Kotta et al. 2006).

The grazing of gammarids varied among algae.

Among filamentous algae the gammarids grazed

more on P. littoralis and E. intestinalis than

Table 2 Homogeneous

groups in terms of

gammarid grazing on

macrophytes in different

seasons obtained from the

post-hoc Bonferroni test of

2-way ANOVA analyses

**** P \ 0.05

Gammarid treatment Algal treatment Mean grazing G1 G2

Spring

G. tigrinus Enteromorpha 0.0000 ****

G. tigrinus Myriophyllum 0.0001 **** ****

G. salinus + G. tigrinus Enteromorpha 0.0001 **** ****

G. salinus + G. tigrinus Myriophyllum 0.0002 **** ****

G. salinus Myriophyllum 0.0002 **** ****

G. salinus Enteromorpha 0.0003 ****

Summer

G. tigrinus Myriophyllum 0.0000 ****

G. salinus Cladophora 0.0000 ****

G. salinus Myriophyllum 0.0000 ****

G. salinus + G. tigrinus Myriophyllum 0.0001 ****

G. salinus + G. tigrinus Furcellaria 0.0001 ****

G. salinus Furcellaria 0.0001 ****

G. salinus + G. tigrinus Enteromorpha 0.0005 **** ****

G. salinus + G. tigrinus Cladophora 0.0006 **** ****

G. tigrinus Furcellaria 0.0007 **** ****

G. salinus Fucus 0.0008 **** ****

G. salinus + G. tigrinus Fucus 0.0010 **** ****

G. tigrinus Enteromorpha 0.0012 **** ****

G. tigrinus Cladophora 0.0012 **** ****

G. salinus Enteromorpha 0.0016 **** ****

G. tigrinus Fucus 0.0017 **** ****

G. salinus + G. tigrinus Pilayella 0.0018 **** ****

G. salinus Pilayella 0.0021 **** ****

G. tigrinus Pilayella 0.0034 ****

Autumn

G. tigrinus Myriophyllum 0.0000 ****

G. salinus + G. tigrinus Fucus 0.0000 ****

G. tigrinus Fucus 0.0000 ****

G. salinus Ceramium 0.0000 ****

G. salinus Fucus 0.0000 ****

G. salinus + G. tigrinus Ceramium 0.0000 ****

G. salinus + G. tigrinus Myriophyllum 0.0000 ****

G. salinus Myriophyllum 0.0000 ****

G. tigrinus Ceramium 0.0002 ****

G. salinus + G. tigrinus Furcellaria 0.0014 ****

G. salinus Furcellaria 0.0049 **** ****

G. salinus + G. tigrinus Enteromorpha 0.0053 **** ****

G. tigrinus Enteromorpha 0.0096 **** ****

G. tigrinus Furcellaria 0.0116 ****

G. salinus Enteromorpha 0.0130 ****
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C. glomerata and C. tenuicorne. Among larger mac-

roalgal species the amphipods grazed more on

F. lumbricalis than F. vesiculosus. The higher plant

M. spicatum was practically not consumed by the

studied gammarids. It has been suggested that the food

selection of mesoherbivores is relatively unresponsive

to algal nutritional quality due to compensatory

feeding that allows the mesoherbivores to exploit a

variety of algal foods (Cruz-Rivera and Hay 2001). In

general gammarids seem to forage almost everywhere

and all types of macrophytes (Fenchel and Kolding

1979; Parker et al. 1993; Christie and Kraufvelin

2004). Our study also demonstrated that G. salinus

Fig. 3 Percentage of macrophyte production consumed by

gammarids in different seasons Fig. 4 Gammarid survival within different macrophyte spe-

cies in different seasons
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and G. tigrinus are capable of foraging different types

of food, however, when the filamentous brown alga

P. littoralis was present it seemed to be the most

important diet of the studied gammarids.

The grazing pressure of mesoherbivores changed

with season that is consistent to the earlier observa-

tions (Duffy and Hay 1994; Kennish 1997; Orav-

Kotta and Kotta 2003; Kotta et al. 2006). Our study

showed statistical differences in the grazing of

different macrophytes both in warm (summer) and

cold season (autumn). The lack of macrophyte

specific feeding of gammarids in spring may be

attributed to low grazing rates and low number of

macrophyte species available in spring. However,

when the grazing was partitioned among gammarid

species then at least G. salinus showed a clear

difference in grazing among macrophyte species.

The survival of G. salinus differed among macro-

phytes in spring and summer. The plant morphology

(filamentous vs. coarse thallus), high taxonomic level

(distinction of green, brown, red alga, higher plant),

plant photosynthetic rate failed to explain the survival

of G. salinus. Cruz-Rivera and Hay (2001) demon-

strated that the survival of amphipods was low on

Cladophora and that was also confirmed to our study,

though, the difference was not statistically significant.

Instead the survival of G. salinus was very low in

P. littoralis. However, this figure actually reflects a

strong negative effect of G. tigrinus on G. salinus

within P. littoralis.

Table 3 Homogeneous

groups in terms of the

survival of G. salinus
among macrophytes in

different seasons obtained

from the post-hoc

Bonferroni test of 2-way

ANOVA analyses

**** P \ 0.05

Gammarid treatment Algal treatment Mean survival G1 G2

Spring

G. salinus + G. tigrinus Enteromorpha 33 ****

G. salinus Enteromorpha 61 ****

G. salinus Myriophyllum 67 ****

G. salinus + G. tigrinus Myriophyllum 89 ****

Summer

G. salinus + G. tigrinus Pilayella 0 ****

G. salinus + G. tigrinus Cladophora 50 **** ****

G. salinus Cladophora 50 **** ****

G. salinus Furcellaria 50 **** ****

G. salinus + G. tigrinus Furcellaria 50 **** ****

G. salinus + G. tigrinus Myriophyllum 67 **** ****

G. salinus + G. tigrinus Fucus 75 **** ****

G. salinus + G. tigrinus Enteromorpha 83 ****

G. salinus Fucus 83 ****

G. salinus Myriophyllum 83 ****

G. salinus Pilayella 83 ****

G. salinus Enteromorpha 100 ****

Autumn

G. salinus Furcellaria 17 ****

G. salinus Ceramium 50 ****

G. salinus + G. tigrinus Ceramium 67 ****

G. salinus Enteromorpha 67 ****

G. salinus Myriophyllum 67 ****

G. salinus + G. tigrinus Myriophyllum 83 ****

G. salinus + G. tigrinus Fucus 100 ****

G. salinus + G. tigrinus Furcellaria 100 ****

G. salinus + G. tigrinus Enteromorpha 100 ****

G. salinus Fucus 100 ****
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Following the increasing eutrophication the bio-

mass of ephemeral algae especially P. littoralis have

increased tremendously in the last decades and

currently P. littoralis prevails in the northern Baltic

Sea (Rönnberg et al. 1992; Karez et al. 2000; Kotta

et al. 2000; Lauringson and Kotta 2006). In concur-

rent with filamentous algal blooms the diversity of

macroalgal species has significantly declined (Rönn-

berg et al. 1992; Kotta et al. 2006). Our experiments

and earlier studies have shown that among dominant

macrophytes P. littoralis is the most rewarding food

for mesoherbivores in the northern Baltic Sea (Kotta

et al. 2000, 2006; Orav-Kotta and Kotta 2004).

Hence, we may expect stronger competition for this

resource in the study area. Our experiments showed

that the presence of G. tigrinus induced higher

mortality of G. salinus within P. littoralis. Thus,

G. tigrinus has a potential to outcompete G. salinus

within P. littoralis dominated macrophyte beds.

Consequently, the recent blooms of P. littoralis are

expected to induce a shift from G. salinus dominated

communities to G. tigrinus dominated communities

in the coastal range of the northern Baltic Sea. This is

also consistent with the field data of increasing

biomass shares of P. littoralis and G. tigrinus in

recent years (Lauringson and Kotta 2006; Herkül and

Kotta 2007).

The ratio of gammarid grazing to algal productiv-

ity determines the effects of the mesoherbivores on

the algal communities. Our study showed that the

gammarid amphipods grazed more likely filamentous

algae than perennial species. Similar findings in other

waterbodies (Brawley and Adey 1981; D0Antonio

1985) suggest that mesoherbivores may facilitate the

persistence of perennial species by removing the

epiphytic algae. However, our study also showed that

the share of opportunistic algae, that the studied

gammarid amphipods are potentially able to remove,

is negligible in relation to the production of epiphytic

algae. Thus, the gammarids are likely not able to

reverse the blooms of ephemeral algae. As an

exception mesoherbivore grazing occasionally

exceeded macroalgal production within F. vesiculo-

sus and F. lumbricalis. Thus, when the blooms of

ephemeral algae are over (usually in late summer or

autumn), gammarid density is high and epiphyte

biomass is low gammarids may severely damage their

host plant. In other seasons, however, gammarids do

not exert significant pressure on the macroalgal

communities in the northern Baltic Sea. Outside of

the Baltic Sea mesoherbivores are known to largely

control the dynamics of macroalgal assemblages

(Menge et al. 1997; Worm and Sommer 2000). This

regional difference may be attributed to the lack of

effective grazers in our study area but more likely to

very high level of abiotic disturbances e.g. ice scrape,

dashing of waves, low oxygen levels and salinity

(Kotta et al. 2008). The variability in abiotic condi-

tions mainly determine broad patterns and dynamics

of algal communities and the biotic interactions e.g.

grazers effects on macrophytes operate at small

scales and are weak in comparison to abiotic forcing

in the Baltic Sea (Salemaa 1979; Malm et al. 1999;

Engkvist et al. 2000; Malm and Kautsky 2003;

Herkül et al. 2006; Kotta et al. 2006). Mesograzers

have only shown to have deleterious effects on

macrophyte populations when the density of grazers

are abnormally high (Fralick et al. 1974; Kangas

et al. 1982; Arrontes 1999; Kotta et al. 2000). More

likely food type is a prime factor that determines the

presence of grazer in macrophyte assemblages

(Brawley 1992; Boström and Mattila 1999) and the

seasonal biomass cycle of the macrophyte species is

likely to explain the fluctuation of gammarid amphi-

pods in field.

The invasion of G. tigrinus into the Baltic Sea area

is truly exceptional as it is the only alien herbivorous

amphipod originating from America (i.e. it is a ballast

water species). All other non-native amphipods

invaded the Baltic Sea from the Ponto-Caspian

region. Either artificial connections between different

waterbasins or intentional introductions as a fish food

resource in different water reservoirs connected to the

Baltic Sea opened a route of this massive migration

(Arbaciauskas 2002; Leppäkoski et al. 2002). The

most invasive among the Ponto-Caspian species

Pontogammarus robustoides (Sars) and Obesogamm-

arus crassus (Sars) are very abundant in the southern

Baltic Sea (Grabowski et al. 2007). In the northern

Baltic Sea, however, these species have not yet

established or have very localized distribution (Her-

kül and Kotta 2007). Besides, the amphipod

Gmelinoides fasciatus (Stebbing) from the Lake

Baikal has been extremely successful in big fresh-

water basins adjacent to the Baltic Sea such as the

Lake Peipsi (Timm et al. 1996) but the species has

not established in the Baltic Sea area. Thus, in a near

future other major shifts in macrophyte-herbivore
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assemblages are expected together with the retreat of

G. tigrinus and the establishment of P. robustoides

and O. crassus. As the effects of these species on

native amphipods and macrophytes are not known it

is difficult to predict whether such invasions reverse

previous state or shift the ecosystem into a new state.
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