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The effects of shoreface nourishments on Spisula and scoters in The Netherlands
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The coast of The Netherlands is protected by nourishing sand. Generally, two different techniques are used, beach nourishment and shoreface nourishment. The latter technique supplies sand at a water depth of about 5 to 8 metres in the surf zone, and has been used on a regular basis since 1997 with increasing volumes since 2001. Observations on the bivalve mollusc Spisula subtruncata that was abundant before 1997 and a key food species for wintering seaduck show a decline since 2001. This coincided with a decrease in the abundance of the Common Scoter Melanitta nigra, the most numerous wintering seaduck off the Dutch coast. These observations raised concern about shoreface nourishments. This study analyses the timing and locations of shoreface nourishments in combination with S. subtruncata abundance and spatial distribution. Against the expectation, no causal relationship was found between the decline of S. subtruncata and shoreface nourishments. Other causes, such as climate change, fisheries, unsuccessful settlement or predation of spatfall are more likely behind the decline of Spisula along the Dutch coast.

12 Sand nourishments can affect the ecosystem in various ways (Van Dalfsen and 13 Essink, 1997;Speybroeck et al., 2006). Direct effects are the burial of ben-14 thic species under a layer of sand. In the direct vicinity suffocation of benthos 15 can occur due to the settling of a plume of suspended particles. A plume of 16 fine particles may also affect primary production and the foraging success of 17 filter-feeding benthos, fish and birds. In addition there might be disturbance 18 by noise and ship manoeuvering. Indirect effects are habitat change, such as 19 altered morphology and sedimentology. This may also change habitat char-20 acteristics such as penetrability, compactness, and organic matter and silt 21 content.

22

In 1993 a shoreface nourishment was applied as large-scale pilot experiment 23 along Terschelling. Possible ecological effects were extensively monitored (Ty-24 deman, 1994; Van Dalfsen and Oosterbaan, 1996;Van Dalfsen and Essink, 25 1997). It was concluded that there were mainly short-term, local effects as 26 a result of burial of benthic species. A recovery of the benthic fauna was 27 reached after two years, with the exception of long-lived species of molluscs 28 and echinoderms. Particular attention was paid to Spisula subtruncata, a bi-29 valve that formed the staple food source for the Common Scoter (Melanitta 30 nigra) (Leopold et al., 1995;Degraer, 1999;Degraer et al., 2007). Spisula sub-31 truncata is found primarily in fine sands of about 200 µm in the lower shoreface 32 at water depths of about 5 to 20 metres (Baptist et al., 2006;Craeymeersch 33 and Perdon, 2006;Degraer et al., 2007). In their study, Van Dalfsen and Es-34 sink (1997) gave a warning: "[...] shoreface nourishment may very well strike 35 important Spisula banks, and then pose a serious risk to the survival of win-36 tering seaducks".

37

Spisula surveys in Dutch coastal waters have been conducted since the 1990s 38 (Leopold, 1996;Craeymeersch and Perdon, 2006). Spisula was very abundant 
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There is no statistically significant correlation between declining Spisula abun-48 dance and increasing nourishment volumes (for untransformed data: r = -0.33, 49 two tailed probability = 0.29). However, the coincidence implies a possible were interpolated, and extrapolated to the line of mean tide height, to yield 91 complete coverage of Spisula density (numbers per m 2 ) for the entire Dutch 92 coastal zone. The amount of overlap between nourished areas and Spisula 93 banks proved to be highly variable in space and time. Spisula banks occur at 94 least down to the -20 m NAP depth contour and up to the surf zone where 95 nourishments take place. Therefore, the Spisula density was determined for:
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(1) The location of the nourishment itself (see Fig. 3). Sampling did not in all 97 cases take place close enough inshore to cover the nourishment locations.

98

This implies that the resulting distribution is based on extrapolation. The highest densities (>1000 m -2 ) were found at approximately 2 to 4 km 172 from the coast, at depths of -9 to -15 m NAP (Leopold, 1996). The shoreface 173 nourishment was, therefore, not applied in the area with the highest densities, , 1995;Armonies et al., 2001;Ellien et al., 2004). If spatfall takes place in [START_REF] Weinberg | Bathymetric shift in the distribution of Atlantic sur-459 fclams: response to warmer ocean temperature[END_REF].
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  , coastal protection offered by beaches and dunes is main-2 tained by nourishing sand. At first, this was achieved by supplying sand di-3 rectly onto the beach but later shoreface nourishment became the preferred 4 technique (Roelse, 2002; Grunnet and Ruessink, 2005; Klein, 2005; Steijn, 5 1.
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  along large parts of the Dutch coast in the 1990s, but during the period 2000 40 -2005 numbers declined. The total biomass in 2005 was the lowest found 41 since 1995, and has only slightly increased in later years (Craeymeersch and 42 Perdon, 2006; Goudswaard et al., 2008). The decline in total Spisula abun-43 dance coincided with the increase in shoreface nourishments, Fig 1. Moreover, 44 the numbers of overwintering Common Scoters also showed a decline in recent 45 years, Fig. 2. This raised concern about the ecological effects of shoreface nour-46 ishments, particularly after the warning of Van Dalfsen and Essink (1997).
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 24 Figure4shows the biomass of adult Spisula and the coincidence with nour-112

Figure 5 Fig. 3 .

 53 Figure5presents the Spisula densities for 0-year and adult specimens for a 159
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  and has only buried Spisula at the landward fringe of the bank. 175 Ter Heijde 1997. Spisula did occur here in the early 1990s, but was no longer 176 present at the time of the nourishment. 177 Noordwijk 1998. This 1.3 Mm 3 nourishment was applied on top of a Spisula-178 bank according to our interpolated data. Exact data on this are not available, 179 since direct monitoring of Spisula on-site has not been carried out. Spisula did 180 not recover in the years following this nourishment. 181 Ameland oost 1998. This 2.5 Mm 3 nourishment was applied at a depth 182 of -5 to -7 m NAP, just outside the surf zone (Steijn, 2005). The surveys in 183 1998 show highest densities of Spisula at depths of -6 m NAP and deeper. 184 The nourishment was located on the landward side of the Spisula habitat, 185 but must have covered part of it. A recovery has been observed, based on a 186 successful spatfall in 1999. However, since 2003, the Spisula bank no longer 187 exists. Our results furthermore show that in the 1990s, Spisula banks were 188 located further away from the coast than in later years. 189 Bergen aan Zee 2000. This 1 Mm 3 nourishment was located in an area with 190 high densities of 0-year Spisula, which stretched further offshore as well, ac-191 cording to our interpolated data. In 2001 high densities of adult Spisula were 192 observed, but these gradually disappeared in later years. 193 Groote Keeten -Zwanenwater 2003. This 2.57 Mm 3 nourishment was lo-194 cated in an area where high densities of Spisula were found until 2001. Spisula 195 therefore had disappeared before the nourishment was applied. 196 Texel Molengat 2003. This area contained very rich Spisula banks in 1998 197 and 1999. These were heavily fished (Leopold, 1999) and have disappeared by 198 2000, before the nourishment was applied. 199 Texel De Slufter 2004. At this location rich Spisula banks in 1998 and 1999 200 were found. Spisula had disappeared well before the nourishment was applied.

  to Common Scoters204There has been a general increase of numbers of Common Scoters wintering 205 along the east Atlantic coast in the early 1990s, followed by a decline(ICES, 206 2005). This decline was marked in the Netherlands and Belgium where the diet 207 was mainly Spisula subtruncata, which also declined in abundance(Degraer 208 et al., 2007; Goudswaard et al., 2008). Numbers of Common Scoters did not 209 decline in France, where Spisula probably was far less important, but num-210 bers did decline sharply in northwest Portugal, where their diet is presently 211 unknown(ICES, 2005). The decreasing trend in numbers of Common Scot-212 ers in The Netherlands since the 1990s (Fig.2) is attributed to the declining 213 availability of their staple food source, Spisula(Leopold et al., 1995; Leopold, 214 1996 Leopold, 214 , 1999;; Fox, 2003; ICES, 2005). The distribution of Common Scoters in 215 the coastal zone of The Netherlands used to be determined by the presence 216 of dense banks of Spisula. In 1987 the majority of Scoters was present along 217 the Zuid-Holland coast north of Noordwijk. From 1991 to 1993 large groups 218 were first found along Schiermonnikoog, but gradually they shifted towards 219 Ameland and Terschelling (Leopold, 1996). Here, Spisula-banks were present 220 but they were heavily fished, which resulted in Scoters leaving for the Noord-221 Holland coast, off Petten (Leopold, 1996). In the following years, 1994 and 222 1995, Common Scoters flew back and forth between Ameland/Terschelling 223 and Noord-Holland, but now both areas were fished. The severe winters of 224 1995/1996 and 1996/1997 brought ice-cover in the coastal waters north of the 225 Wadden-islands and a large mortality of Spisula and other benthic macrofauna 226 (Armonies et al., 2001). The scoters moved to Noord-Holland again. In 1999 227 the densest bank of Spisula was located offshore of southwest Texel. This bank 228 was fished away in May 1999 (Leopold, 1999) and did not recover. The scot-229 ers retreated to their favorite areas Terschelling and Ameland, where the last 230 banks of Spisula were present. Nowadays, Spisula has (almost) disappeared 231 and this clearly affects the coastal population of Common Scoters. Although 232 scoters can feed on Ensis americanus as an alternative food source, these bi-233 valve molluscs are apparently an inferior prey (Leopold and Wolf, 2003; Wolf 234 and Meininger[START_REF] Van Vooroeversuppleties | Nourishing the shoreface: observations and hindcasting of 457 the Egmond case, The Netherlands[END_REF] Skov et al., 2008), because of their awkward shape and 235 their longer handling time.

  236 4.2 The decline of Spisula 237 If shoreface nourishments have not caused the decline of Spisula, and subse-238 quently scoters, what then was the cause? As with many other benthic species 239 in the marine environment, the spatial and temporal distribution and abun-240 dance of Spisula is highly variable (Hagmeier, 1930; Degraer, 1999; Degraer 241 et al., 2007). Cardoso et al. (2007) suggest that the current low population size 242 is due to unsuccessful settlement and/or severe predation by benthic predators 243 during the first months of life. One of the factors that influences the settlement 244 success is the wind direction and force during the pelagic larval phase, which 245 for Spisula lasts one month (Cardoso et al., 2007). The resulting hydrographic 246 patterns determine where the postlarval stage ends up, so where the spatfall 247 (settlement of shellfish larvae on or in the substrate) takes place (Belgrano 248 et al.

  249 a favourable environment, a new Spisula bank may be formed. Craeymeersch 250 and Perdon (2006) tried to link data on wind direction and wind force to the 251 reproduction success of North Sea Spisula subtruncata, but did not find a good 252 correlation. 253 During the life cycle of bivalves, many other factors play a role as well. The 254 presence, or rather absence, of dense banks of adult specimens in the neigh-255 bourhood may be a limiting factor, as was found for Mya truncata in the 256 Frisian Front (Amaro et al., 2003). Macoma balthica in the adjacent Wadden 257 Sea, has been hit by climate change that led to a decrease in reproductive 258 success, due to a shortage of food for larvae and an increased predation by 259 shrimp after mild winters (Philippart et al., 2003; Strasser et al., 2003; Bos 260 et al., 2006). Climate change can also lead to adult mortality as a result of 261 thermal stress and poor physiological condition, as was observed for Spisula 262 solidissima solidissima
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  The last successful recruitment in the Voordelta occurred in 1995. Along the 265 Zuid-Holland coast, recruitment in 1996 was followed by a smaller recruitment 266 in 2000. Recruitment in 2000 was better along the Noord-Holland and best 267 along the Wadden coasts. But 2000 was the last successful recruitment for 268 Spisula anywhere in The Netherlands. 269 Since Spisula is a short-lived species (approximately 4 years), the absence of 270 a successful recruitment after 2000 is disturbing. It might be that spatfall has 271 occurred in the meantime, but was preyed upon by the Brown shrimp Cran-272 gon crangon (Beukema and Dekker, 2005). Data on shrimp densities along 273 the Dutch coast show no trend for the Holland coast and indeed an increasing 274 trend for the Wadden coast (Henk Heessen -IMARES, pers. com.). In recent 275 years spatfall of Ensis americanus has been very successful, despite shrimp 276 predation, but there is not enough knowledge on the biology of shellfish larvae 277 to explain possible differences. Based on Fig. 6 one might suspect a northern 278 shift in the distribution of Spisula. Notably the 0-year distribution in 2000 279 shows a distinct northern direction. The mean sea water temperature in the 280 North Sea has risen. Possibly Spisula subtruncata does not show a bathymetric 281 shift in response to warming, as does Spisula solidissima solidissima (Wein-282 berg, 2005), but a northerly shift. Unfortunately, recent data on the presence 283 of Spisula subtruncata in German waters is lacking (Laursen and Essink, 2005; 284 ICES, 2005), but scoters off the Danish coast apparently still feed on Spisula 285 (Skov et al., 2008). 286 Since 2004, large adult Spisula-banks have been absent in the Dutch coastal 287 zone. Spisula does not suffer from reproductive failure (Cardoso et al., 2007) 288 and there might still be a viable, but low density population left. In com-289 bination with correct meteorological and hydrodynamical circumstances, a 290 successful spatfall might re-occur, but there is no telling when, in the near 291 or distant future, this might happen. An interesting observation is that the 292 numbers of European Otter Clam Lutraria lutraria in Dutch coastal waters 293 is increasing since the beginning of this century. The estimated biomass (in 294 fresh weight) for Lutraria in 2008 was approximately ten times higher than 295 for Spisula (Goudswaard et al., 2008). Their biomass should would need to 296 increase by 10-fold to reach the biomass of Spisula of the 1990s. Future studies 297 need to establish whether Lutraria can serve as an alternative food source for 298 wintering scoters.

Figure 1 .

 1 Figure 1. Total number of adult Spisula subtruncata (solid line, left axis) and the nourished volume of sand (bars, right axis) for the entire Dutch coast. Number of nourishments per year above the bars. Data courtesy of the National Institute for Coastal and Marine Management..

Figure 2 .

 2 Figure 2. Winter maxima of abundance of Common Scoter (Melanitta nigra) along the entire Dutch coast. Data courtesy of the National Institute for for Coastal and Marine Management / RIKZ, IMARES, NIOZ and Dutch Seabird Group.

Figure 3 .

 3 Figure 3. Locations of the shoreface nourishments along the Dutch Coast. Large labels denote the eight nourishment locations discussed in the text and small labels (underlined) denote regional names used in the text. NAP is Dutch Ordnance Level.

Figure 4 .

 4 Figure 4. Biomass of adult Spisula combined with nourished volumes in four sections of the Dutch coast. Numbers denote nourished volumes in Mm 3 . The surface area of the circles scales with the size of the volume or biomass. .

Figure 5 .

 5 Figure 5. Estimated Spisula density for 0-year and adult age classes in nourishment locations. A white, thin bar represents the year of the shoreface nourishment, 'n.d.' means 'no data'. The Terschelling nourishment took place in 1993 (off scale). These eight examples are scattered over the total time-frame of this study and over a large part of the Dutch coast.

Figure 6 .

 6 Figure 6. Biomass of 0-year and adult age classes of Spisula in four main sections of the Dutch coast. Numbers given denote biomass of fresh weight of adults in ktons (10 6 kg). Table 1. Shoreface Shoreface nourishments in The Netherlands. Data from Roelse (2002), Steijn (2005) and Ministry of Transport, Public Works and Water Management. Beach Pole denotes the section along the beach where the nourishment took place. NAP is Dutch Ordnance Level. Table 2. Spisula abundance at nourishment locations with area in hectares, as calculated from interpolated data. Nourishment locations that were used in multiple years and overlap almost completely were combined to one (n.d. -no data).Table 3. Spisula abundance at extended (down to -20 m depth contour if possible) nourishment locations, with area in hectares, as calculated from interpolated data (n.d. -no data).
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Table 2 ACCEPTED MANUSCRIPT

 2 

		ad.	0.1	0.3	0	0.4	0.1	0.3	0	0	0	0	0
	Vlieland oost	30.4 0-yr	0	2 n.d.		0	0	0	0	0 n.d.	n.d.	n.d.	n.d.
		ad.	0	0 n.d.		0	0	0	0	0 n.d.	n.d.	n.d.	n.d.
	Terschelling midden	212.5 0-yr	0.3	150.1	49.2	148.8	2.9	130.8	51.9	37.6	0.1	0	0.5
		ad.	19.3	103.7	11.3	1.6	17.3	6.8	0.7	16.6	25.1	3.5	2.2	0.7
	Ameland midden	231.6 0-yr	0.1	18.2	13.8	341.2	0.2	493.3	14.6	2	0	0	0
		ad.	71.3	4.4	4	8.5	35.3	0.3	0.7	85.1	4.7	2.2	0.2
	Ameland oost	368.9 0-yr	0	14.5	0.5	582.4	0	66.8	418.7	0.7	0.2	0	0
		ad.	0.4	1.3	2.3	2.2	143.5	1.6	3.2	56.2	67.3	6	2.2	0.2

Table 3

 3 

Spisula survey of the National Institute of Fisheries Research This project was committed and supervised by Ilse Jonker, Ministry 332 of Transport, Public Works and Water Management, National Institute for