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The invasive ctenophore Mnemiopsis leidyi has a strong reputation as a threat to fish stocks. Apart 19 from competitive relationships between M. leidyi and fish larvae, direct predation by the ctenophore 20 on both eggs and larvae is considered an important factor linking ctenophore and fish populations.

21

We therefore estimated abundances of both the ctenophore and its potential prey in the spring of 22 2008. No significant correlations were detected between ctenophore numbers and the abundance of 23 fish eggs. We further carried out stable isotope analyses to investigate the trophic position of M. 24 leidyi. Carbon and nitrogen stable isotope signatures of three potential prey groups (fish eggs, small 25 plankton and larger plankton) showed that M. leidyi primarily feeds on plankton, while fish eggs 26 are of minor importance. M. leidyi was located roughly one trophic level above the indigenous 27 ctenophore Bolinopsis infundibulum, whereas its trophic position was more similar to another native 28 ctenophore, Pleurobrachia pileus. A feeding selection experiment, with fish eggs and copepods 29 offered in the same proportion, corroborated these findings. M. leidyi ingested significantly more 30 copepods; feeding on fish eggs was not significantly different from zero. Based on these 31 experiments we conclude that in the North Sea M. leidyi has no serious potential as a direct predator 32 of fish eggs, but individuals of this species might compete for food with larval fish as well as with 33 the native ctenophore P. pileus.

 [START_REF] Mccutchan | Variation in trophic shift for stable isotope ratios of carbon, nitrogen, and 318 sulfur[END_REF][START_REF] Minagawa | Stepwise enrichment of 15 N along food chains: Further evidence and the 320 relation between δ 15 N and animal age[END_REF]. In cases where the mixing model yielded fractions of the diet 117 lower than 0 or higher than 1 these were set to 0 and 1 respectively, and the total of the three 118 resources scaled to 1.

119

For the food selection experiments, M. leidyi were kept in a planktonkreisel [START_REF] Greve | The "Planktonkreisel", a new device for culturing zooplankton[END_REF]Greve, 120 1970) with a 60cm diameter and a vertical current with a flow rate 2L * min -1 . These animals were 121 fed daily with one-to two-day-old Artemia salina nauplii for at least five days to assure a uniform were sufficient to avoid limitation effects and enough to achieve an optimal reduction of prey items 130 by 40% [START_REF] Gifford | Consumption of protozoa by copepods feeding on natural microplankton 285 assemblages[END_REF] A negative correlation between potential prey and predator densities could imply direct predation.

179

This negative correlation was indeed found between anchovy eggs and M. leidyi in the Black Sea 180 (Shiganova and Bulgakova, 2000) and between copepods and M. leidyi in Narragansett Bay, U.S.

181 [START_REF] Kremer | Patterns of abundance for Mnemiopsis in U.S. coastal waters: a comparative 308 overview[END_REF]. For the North Sea, our abundance estimations did not show this clear relationship.

182 Even though our net sampling method is an appropriate method to sample sensitive ctenophore 183 species, we surely did not overcome another typical problem of quantitative gelatinous plankton 184 sampling: as Purcell (Purcell, 2009) points out, the uneven distribution and temporarily rare 185 occurrence of ctenophores would have required a greatly extended sampling strategy, and as it is 186 our results rather represent a rough estimation of ctenophore abundances. Due to ambient 187 hydrography as well as the tidal currents the distributions of fish eggs around Helgoland are also 188 expected to be non-uniform and patchy. In fact, in our observations, fish egg densities showed 189 strong fluctuations, which is probably also a result of patchy spawning events, or spawning by 190 different species [START_REF] Malzahn | Year-to-year variation in larval fish assemblages of the 316 Southern North Sea[END_REF]. Since we did not identify the fish eggs to species, and Nixon, 1976), so that a serious predatory impact is even more unlikely here.

197

Many jellyfish, especially scyphozoans, have been observed to prefer fish eggs [START_REF] Fancett | Diet and prey selectivity of scyphomedusae from Port Phillip Bay[END_REF]198 Sullivan et al., 1994). M. leidyi feeds selectively too [START_REF] Javidpour | Annual assessment 299 of the predation of Mnemiopsis leidyi in a new invaded environment, the Kiel Fjord 300 (Western Baltic Sea): a matter of concern?[END_REF] [START_REF] Larson | Situ Feeding Rates of the Ctenophore Mnemiopsis mccradyi[END_REF][START_REF] Costello | Influence of prey detection on capture success for 273 the ctenophore Mnemiopsis leidyi feeding upon adult Acartia tonsa and Oithona colcarva 274 copepods[END_REF]. These mechanisms enable M. leidyi to feed on mobile 202 and immobile prey items at the same time. Capture success for mobile copepods such as Acartia sp.

203 is quite high with 74% of all encounters [START_REF] Costello | Influence of prey detection on capture success for 273 the ctenophore Mnemiopsis leidyi feeding upon adult Acartia tonsa and Oithona colcarva 274 copepods[END_REF], and the capture success for 204 immobile fish eggs should even be higher, as these lack escape abilities. However, in our study this 205 was not the case. Fish eggs were grazed significantly less than fast moving copepods; in fact 206 grazing rates on fish eggs were not significantly different from zero in our experiment. (B)
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168leidyi,

  with only two sampling occasions in April-May where, based on the stable isotope signals, 169 fish eggs may account for around 10% of the diet of M. leidyi (Fig. 4.). The average values of the 170 stable isotope signals corroborate this (Fig. 5). In fact, based on these averages, fish eggs did not 171 occur in the diet of M. leidyi at all. B. infundibulum has a very unusual isotope signal compared to 172 its 'potential' prey. It has the same δ 15 N signal as the plankton fraction, and the δ 13 C-signal is 173 depleted compared to the plankton signals. Hence, there has to be one or more food source, which 174 we did not sample, with lower δ 15 N and δ 13 C values to produce the isotopic composition of B.
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 13862390339443995 Fig. 1. Abundances of Mnemiopsis leidyi, Bolinopsis infundibulum, Pleurobrachia pileus (each
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  especially in March/April. In contrast, fish eggs play only a minor role in the diet of M.
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	135	1.5mm in diameter) and from a specimen of Ciliata mustela (LINNÉ 1758, a bottom-dwelling
	136	Gadiform with ca. 0.8mm in egg diameter), which spawned in captivity. The eggs from C. mustela
	137	were not older than 48h and stored at 8°C so that most of them stayed alive and neutrally buoyant,
	138	as the other eggs did as well. The experimental temperature was 8°C, with dim light. Feeding was
	139	terminated by removing the ctenophore. The contents of the feeding chamber were then poured
	140	through a 150µm sieve, the remaining prey items were stained with Lugol's solution and counted in
	141	a Bogorov counting chamber. Samples were analysed using the equations developed by Frost
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. After acclimatisation for 1 hour, the experiment was started by adding 100 131 copepods (max. 1mm in length) and 100 planktonic fish eggs. Control treatments did not contain 132 ctenophores (n=5). Fish eggs were obtained from CalCOFI catches at Helgoland Roads (Limanda

  the driving factor of the changes in fish egg densities is not predation. In 194 addition, M. leidyi densities were very low compared to those reported from the Black Sea (up to 195 180 specimens per m³,[START_REF] Mutlu | Distribution and abundance of ctenophores and their zooplankton food in the 327 Black Sea. II. Mnemiopsis leidyi[END_REF] or the eastern US coast (peaks of 50 specimens per m³, Kremer 196 
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we cannot evaluate whether a certain fish species might be particularly endangered by M. leidyi, but 192 the strong fluctuations in egg densities combined with the much lower ones in the ctenophore

  Most likely, as even in very high density experiments fish eggs were not 246 consumed by M .leidyi, the ctenophores were rejecting fish eggs in favour of copepods.247In conclusion, our findings give important inidcations that fish eggs might not be an important food 248 source for M. leidyi in the North Sea, nor are they for the indigenous ctenophore B. infundibulum, 249 but more so for P. pileus. Food competition of the invasive M. leidyi with planktivorous fish and 250 fish larvae is a more likely, but yet unexplored threat to North Sea fish stocks. However, densities 251 of M. leidyi were low in comparison to areas like the Black Sea, where values of up to 30400 Ind * 252 100m -³ were observed(Vinogradov, 1989). Hence, we propose that M. leidyi is at present unable to 253 affect the ecosystem in the North Sea in a similar way as it did in the Black Sea, and as a result 254 might fit into the current food web without the catastrophic impacts observed in other invaded seas.
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