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ABSTRACT 
Predation by fish (rainbow trout and perch) on the invasive gammarids Dikerogammarus villosus and Echinogammarus ischnus 

and the natives Gammarus fossarum, Gammarus roeseli and Gammarus pulex was investigated under different substrate conditions 
(gravel, large stones, fine sand) in laboratory experiments. Gravel and stones (coarse substrates) should provide refuge for 
gammarids while sand (fine substrate) should offer little refuge. One additional set of experiments was run without any substrate to 
investigate the risk of gammarids to fish predation in the absence of any refuge. When, in mixed-prey experiments, combinations of 
native and invasive species were exposed to fish predation, fish (both trout and perch) ate many more native gammarids than 
invasives under conditions of coarse substrate. However, fish (trout) ate the same quantity of native and invasive gammarids under 
conditions of fine substrate but relatively more of the invasive D. villosus when no substrate was present. Single-prey experiments, 
which were conducted under conditions of stony substrate, supported the results of the mixed prey experiments in that the native G. 
pulex was eaten by fish somewhat more frequently than the invasives D. villosus and E. ischnus. However, the native G. roeseli was 
eaten as frequently by fish as were the invasives. Further experiments, where substrate affinity and activity of gammarids was tested, 
showed that invasive species were less active than natives and that invasives (in particular D. villosus) displayed a high affinity to 
coarse substrate. The results suggest that when native and invasive gammarids co-exist in rivers where gravelly or stony bottom 
sediments prevail, native species suffer higher losses due to fish predation than the invasives. In rivers with sandy sediment the 
advantage of low predation risk for the invaders vanishes. The results further suggest that the high predation risk of natives 
originates from their high activity and that differences in predation risk between native and invasive gammarids during their co-
existence may have contributed to the decline of natives in large rivers of Southern Germany.  
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1. INTRODUCTION 
The invasion of ecosystems by non-indigenous 

species is commonplace in nature. The extent of this 
invasion, however, has been driven by human activity 
that has increased dramatically over the last decades 
(e.g. Schöll et al. 1995; Schöll 1996; Tittizer 1996). 
Thus the problem of biological invasion has become an 
important topic in biodiversity research and a significant 
form of global change (Lodge 1993, Kinzelbach 1995, 
Ricciardi et al. 2000). In freshwater ecosystems humans 
have significantly aided the spread of species beyond 
their normal range. About 15% of the macrozoobenthic 
fauna of large Central European streams are believed to 
be non-indigenous (Kinzelbach 1995). This estimate is 
probably too low because the invasion of very small 
species, which are difficult to determine, are likely to go 
undetected. Building canals which connect large rivers, 
intensifying shipping traffic, increasing pollution, and 
destroying natural structures have all promoted the 
expansion of exotics (Lodge 1993; Kinzelbach 1995).  

Many rivers in Central Europe have been invaded by 
gammarids from the Mediterranean and/or Ponto-
Caspian region (e.g. Tittizer 1996, Tittizer et al. 2000). 
In some parts of the rivers Rhine, Danube and Main, 
native gammarids have been completely displaced by 

invasives (Kley & Maier 2003). The mechanisms by 
which this species displacement took place are complex 
and insufficiently known. Several authors (e.g. Dick 
1992, 1995; Dick et al. 1993; Dick & Platvoet 2000; 
Kinzler & Maier 2003) have shown that invasive 
gammarids can be aggressive predators and prey heavily 
on native gammarids. Aggression by invasives can alter 
the behaviour of natives, and possibly force natives to 
leave refugia and become more vulnerable to vertebrate 
predation.  

In this paper we measured the risk of native and 
invasive gammarids to fish predation. Low predation 
pressure on invasive species in their novel habitat is 
frequently regarded as fundamental to their success and 
proliferation (Crawley 1987; Wells & Henderson 1993; 
Trowbridge 1995; MacNeil et al. 2000). We suspected 
that, due to possible changes in behaviour (see above), 
native gammarids were more frequently eaten by fish 
than were invasives. If native species were selected by 
fish in the presence of invasives, this selective feeding 
could have contributed to their decline in Central 
European Rivers. We examined the effects of fish 
predation on gammarids under different substrate 
conditions. Substrate offers shelter for gammarids (e.g. 
Hoyle & Holomuzki 1990; Starry et al. 1998). Thus the 
composition of the substrate determines the amount of 


