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The sediment-plane: an alternative tool for estimating prey 
accessibility to tactilely feeding waders 
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A sampling method which considers the actual accessibility of infaunal prey to tactilely feeding Dunlins Calidris alpina is presented 
and compared with an ordinary core sample method collecting the sediment to a depth of 20 cm. The alternative method involved a 
sediment-plane, whose shaving depth was fitted to the maximum probing depth of Dunlins (3 cm). Our preliminary data showed a 
significant difference between the two sampling methods regarding the biomass of the amphipod Corophium volutator and the number 
of larger polychaetes (mainly Ragworms Nereis diversicolor). In comparison with the core samples, only about half of the amphipod 
dry weight and less than one third of the larger polychaete individuals were actually available to the Dunlins. We propose that a 
sediment-plane should be applied when studying the influence of bird-prey interactions on the spatial and temporal distribution of 
foraging waders in soft-bottom habitats. 
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INTRODUCTION 

In studies of the feeding ecology of waders, prey availability is 
a frequently applied parameter (Bengtson & Svensson 1968; 
Wolff 1969; Goss-Custard 1970, Schneider & Harrington 
1981, Kelsey & Hassall 1989). In many surveys, prey 
availability is usually estimated as prey density on the basis of 
c. 20 cm deep core samples (e.g. Petersen 1981, Schneider & 
Harrington 198;, Kelsey & Hassall 1989, Matthews et al. 1992, 
Wilson & Parker 1996). This can be sufficient when studying 
larger wader species such as Oystercatcher Haematopus 
ostralegus, Bar-tailed Godwit Limosa lapponica, and Curlew 
Numenius arquata, that are able to reach deep into the 
sediment. However, in the case of the smaller sandpipers, 
Calidridae, that only have a limited vertical reach, the overall 
prey density obtained from 20 cm core samples may deviate 
significantly from actual prey accessibility. 

If prey organisms consist of bivalves whose vertical position is 
relatively fixed, the sediment core can be cut into slices in 
order to obtain an exact vertical distribution of prey (Piersma 
et al. 1994). However, tube-dwelling polychaetes and 
amphipods,which are common prey organisms to an array of 

wader species (e.g. Goss-Custard 1984; Worrall 1984; dit 
Durell & Kelly 1990), have the ability to withdraw themselves 
as a reaction to such sampling and slicing methods (see e.g. 
Zwarts & Wanink 1991). Consequently, the recorded vertical 
distribution of the invertebrate prey will not represent the 
actual prey accessibility to a tactilely feeding wader on an 
undisturbed mudflat. One means of overcoming this problem 
is to sample the sediment very quickly at the depth that 
corresponds to the bill length of the wader species of interest 
and thereby give the prey organisms the minimum amount of 
time to respond to the disturbance. Here, we report on a 
sampling device which does this for Dunlins Calidris alpina. 

MATERIALS AND METHODS 

The sampling device is basically a plane whose upper flat 
surface (21 cm wide, 30 cm long) glides on the sediment 
surface, beneath which is mounted a box (open at both ends) 
which moves through the substrate during sampling (Figure 1). 
On the top of the plane there is a pipe stub into which is fitted a 
'pushing-stick'. The box measures 3 cm (height) x 7 cm 
(width) x 14.2 cm and hence collects an area of 100 cm 2 to a 
depth corresponding to the approximate bill length of Dunlins 
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Figure 1. The sediment-plane for sampling the infaunal prey of Dunlin. See 
text for details. 

(Prater et al. 1977). The material of which the plane is made 
should ensure maximum durability and minimum frictional 
resistance. In the present study, stainless steel (1 mm sheets) 
was used. 

Depending on the property of the substrate (water content, 
particle size distribution etc.), the plane can be pushed through 
the sediment with a velocity of 1-2 m/s, thereby giving the 
macrofauna very little time to respond to the disturbance. If 
the sediment is very dense, the plane may initially slide on the 
surface of the substrate, gliding on the box sampler, before it is 
directed into the sediment followed by a prompt halt. The 
plane may then be removed and the collected sediment in the 
box can be tipped into a sieve for further treatment. 

In order to test the usefulness of the sediment-plane, a field 
study was carried out on 1 October 1996 at the scientific 
reserve Tippeme (55ø53'N, 08 ø 14'E), situated in the non-tidal 
Ringk0bing Fjord, Denmark. Within an area of 30 x 30 m, we 
collected at random five ordinary core samples (diameter 10 
cm, depth 20 cm) and 15 plane samples. When the substrate 
was collected it was covered with 1-2 cm water. 

[] Plane (3 cm) 

ß Core (20 cm) 

Amphipods Gastropods S Annelids 

Figure 2. Mean dry weight (g. m 2) + s.d. of the three groups of invertebrates 

obtained from the two different sampling methods. 'S Annelids' denotes 

smaller annelids. 

upper sediment strata, may be severely biased. If desired, 
regressions describing the relationship between different 
biometric parameters can be used to estimate the accessible 
biomass of larger polychaetes in cases where the sampled 
biomass is likely to be biased (e.g. Zwarts & Esselink 1989). 
For amphipods, this problem was judged to be of little 
importance. 

Statistical analyses were executed in SPSS for Windows 
(Norusis 1993). 

RESULTS 

Compared with the 3 cm plane samples, the 20 cm deep cores 
contained a significantly larger amphipod biomass m -2 (Mann- 
Whitney U-test, p=0.005) (Figure 2). In contrast, the biomass 
of both gastropods and smaller annelids did not differ between 
the two sampling methods (Mann-Whitney U-test, p=0.13 and 
p=0.97, respectively) (Figure 2). The mean number of larger 
polychaetes was significantly higher in the core samples (5,959 
m -2, s.d.=5,368) than in the plane samples (1,675 m -2, 
s.d.= 1,471) (Mann-Whitney U-test, p=0.026). 

The collected sediment was sieved through a 500gm mesh and 
the invertebrates preserved in 96% ethanol. These were then 
counted and sorted into four main groups: Amphipods 
Corophium volutator, gastropods Hydrobia ventrosa and 
Potamopyrgus jenkinsi, larger polychaetes (mainly Hediste 
diversicolor together with a few Heteromastusfiliformis), and 
smaller annelids (mainly oligochaetes: Tubificidae spp., and a 
few polychaetes: Polydora cornuta and Sabellidae spp.). The 
collected animals were subsequently dried for 24 hours at 
100øC prior to dry weight determination. 

Only the number (head count) of larger polychaetes was 
considered in the present analysis, because any individuals 
grasped by an avian predator are likely to be consumed even 
though the majority of their body mass may be out of the bird's 
immediate reach. Hence, an estimate of accessible biomass 

from pieces of worms cut off by the sediment-plane in the 

DISCUSSION 

These preliminary results demonstrate a significant difference 
between potentially available and actual accessible prey to 
tactilely feeding Dunlins. This does not include gastropods 
and smaller annelids as they normally remain in the uppermost 
3 cm of the substrate (Mouritsen & Jensen 1992; pers. obs.). 
In contrast, both amphipods and larger polychaetes usually 
produce tubes deeper than 3 cm (Jensen & Kristensen 1990; 
pers. obs. of Hediste), and a considerable part of these 
populations (in the present study about one half and two thirds 
respectively) seems to be beyond the reach of tacfilely feeding 
Dunlins. 

Usually, the activity of infaunal organisms is regarded as being 
positively correlated with the relative water content of the 
sediment (Vader 1964). Since the present results were obtained 
during total water cover, this relationship has no influence on 
the present conclusions. 
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The present analysis does not assess the extent of withdrawal 
caused by the inevitable disturbance during plane-sampling. 
However, results from a similar plane-sampler collecting the 
upper 1.5 cm of the substrate in an intertidal habitat showed a 
significant difference between the occurrence of C. volutator in 
the upper 1.5 cm sediment strata during the day and at night 
(49% and 70% of the population respectively) at exactly the 
same site (Mouritsen 1994). The fact that the plane-sampler 
can be used to elucidate such small-scale variations in the 

vertical distribution of C. volutator between night and day, 
suggests that tube-building infaunal animals are unable to 
retract themselves sufficiently quickly during plane-sampling. 

Based on the present preliminary results, we plan to investigate 
the usefulness of the plane-sampler in more detail. By (1) 
increasing sampling size, (2) making a direct comparison 
between the 3 cm plane samples and the upper 3 cm slice of 
the core samples, and (3) comparing the two sampling methods 
in a habitat supporting a higher prey abundance and species 
diversity, such as the International Wadden Sea. This will 
strengthen the conclusions as well as expanding it to more prey 
species. 

In conclusion at this early stage, we nevertheless find that the 
sediment-plane can be useful when studying the interactions 
between waders and their prey, as well as when the influence 
of prey accessibility on the spatial and temporal distribution of 
foraging sandpipers and other waders in soft-bottom habitats 
has to be assessed. 
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