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Bar-tailed godwits Limosa I. lapponica eat polychaete worms wherever they
winter in Europe

Sjoerd Duijns, Nur Annis Hidayati & Theunis Piersma

Abstract

Capsule Across the European wintering range bar-tailed godwits Limosa lapponica lapponica
selected polychaete worms and especially ragworms Hediste diversicolor, with differences
between areas due to variations in prey availability.

Aims To determine the diet of bar-tailed godwits across their wintering range in Europe by
the analysis of droppings, collected at five important wintering sites.

Methods Diet was estimated by the identification of undigested prey remains in droppings.
We provide the rationale for quantifying the contributions of jawed and non-jawed
polychaetes.

Results We identified 18 different prey species in the diet of wintering bar-tailed godwits.
The ragworm was the most common prey item and the only one actively selected. Ragworms,
on average, contributed 79% to the diet in terms of biomass, followed by king ragworm Alitta
virens (with 17% biomass) and lugworms Arenicola marina (with 2%). Polychaetes such as
Alitta succinea and Scoloplos armiger were also regularly found in the diet. Bivalves, snails
and crustaceans contributed less than 1% to the diet.

Conclusion This study highlights and confirms the importance of polychaete worms in the
diet of European-wintering bar-tailed godwits.
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Introduction

Classical foraging theory predicts that animals select their food rationally, i.e. in such ways
that maximum fitness gains are achieved (Stephens & Krebs 1986). Such “optimal’ foraging
decisions vary with ecological context, and their rationale underlies relationships between
population level processes and changes in food quality and abundance (e.g. Goss-Custard
1977, van Gils et al. 2006, Piersma 2012). However, any understanding of the relevant food-
predator relationships starts off with solid descriptions of diet (e.g. Dekinga & Piersma 1993,
Moreira 1994a, Quaintenne et al. 2010). Diets can be reconstructed in direct and indirect
ways. Direct methods are: (1) examining the digestive tracts of the birds, (2) taking
regurgitation samples, or (3) the lavage method (Verkuil 1996). All these methods have
limitations, as the birds have to be caught and sometimes euthanized (e.g. Barrett et al. 2007).
Direct visual observations of foraging birds often yield large amounts of unidentified prey
(e.g. Scheiffarth 2001), so the alternative is to study the diet based on indirect methods, such
as pellet- and dropping analysis (e.g. Alerstam et al. 1992, Sanchez et al. 2005). Hard parts
from prey, such as jaws and chaetae of worms, or hinges of bivalves are indigestible and often
remain in birds droppings, which can be used to reconstruct the diet. The advantages of these
methods are that they are non-invasive and simple to perform (e.g. Alerstam et al. 1992,
Dekinga & Piersma 1993).

Here we provide a study of the diet of a shorebird species that forages on prey that are
difficult to assess: small fragile polychaete worms and similar invertebrates. Shorebirds are
gregarious and occur in vast and open landscapes outside the breeding season and have been
the focus of a large body of feeding ecological work (e.g. Zwarts & Wanink 1991, van de
Kam et al. 2004, Piersma & van Gils 2011, Piersma 2012). Although the molluscivore
shorebirds in the Wadden Sea have recently shown steady declines, the wintering population
of Bar-tailed Godwits Limosa lapponica lapponica has seen an increase (Ens et al. 2009).
During the non-breeding season in the German Wadden Sea the diet (i.e. prey items)
consisted of 99% polychaetes (Scheiffarth 2001), whereas in Spain the diet (i.e. prey items)
consisted of 83% polychaetes (Perez-Hurtado et al. 1997). Extending these studies, we here
examine the diet of the lapponica subspecies throughout most of its coastal wintering range in
northwest Europe (Scott & Scheiffarth 2009). Our diet assessments were based on the
analysis of droppings collected on intertidal foraging areas.

Methods

Study sites

Droppings were collected in intertidal foraging sites at five important wintering areas during
the non-breeding season 2010-2011 (Fig. 1). In order to minimize seasonal and year-to-year
variations in prey abundance, availability and quality (Zwarts & Wanink 1993), as well as in
the preferences of birds, because of changes in state (e.g. Piersma 2012), we carried out all
fieldwork in the briefest possible time period within a single winter season. The German
Wadden Sea island of Sylt (55°01’N, 8°26°E) was visited mid October 2010, the Dutch Delta
area (51°40°’N, 04°07’E) late October 2010, the Wash in the UK (52°56°N, 00°19’E) early
November 2010, and Dublin Bay in Ireland (53°19’N, 06°11’W) was visited late November



2010. Finally the Dutch Wadden Sea island of Griend (53°14'N, 05°15'E) was visited early
February 2011.

Benthic sampling

At locations where we had been observing foraging flocks of Bar-tailed Godwits for over 30
min, 10 random benthic samples (1/56 m™) were taken to a depth of 25-30 cm and sieved
through a 1 mm mesh. As the duration of food processing would be ca. 25 min (Scheiffarth
2001, pers. obs.), waiting at least 30 min before assigning a spot as the one to sample for
benthos, ensured that we collected droppings and food abundance data based on ingestions on
that location. All potential prey items were counted per species and stored in 4%
formaldehyde saline solution for later analyses in the laboratory, where size classes (lengths)
were measured to the nearest mm. To determine the AFDM (g) and shell mass of prey, the
fleshy parts were removed from the shell and both shell and flesh were dried to constant mass
in a ventilated oven at 55-60°C. Dry mass of both shell and flesh were determined. The dried
flesh of all species was incinerated at 560°C for 5 h, after which the remaining ash-mass was
subtracted from the dry mass to determine the AFDM.

Dropping analyses
Fifty individual droppings were collected at each site (except in the Sylt-Remg Wadden Sea
area where we collected 40 droppings). At each site we observed the birds at the high tide
roost and followed them with the retreating tide. This ensured that we collected fresh
droppings and only from specific foraging areas where we observed the birds. We even
photographed each individual dropping before collection, so that later we could examine them
for possible identification mistakes. This never seemed necessary.

Collectively, droppings were stored frozen at -18°C. Before the analysis, the samples
were thawed for at least 60 min and cleaned by using an ultrasonic cleaner (Branson 5510)
and consequently sieved over an 80-um mesh sieve. The samples were initially sorted by
using a 40x magnification stereo microscope (Olympus SZ51). All unique parts of prey
remains that were visible in the droppings (i.e. hinges and jaws) were taken out and identified
to species level whenever possible (Table 1). Following this, a 10% sub-sample was taken and
re-sorted for polychaete chaetae only. All chaetae were identified whenever possible and
counted. Identification referred to the NIOZ reference collections and literature (e.g.
Hartmann-Schroder 1971).

Estimating the number of prey items

Bar-tailed Godwits were never seen regurgitating pellets, nor were pellets found at feeding or
roosting sites, and we therefore considered the prey remains in the droppings to provide a
complete and unbiased picture of the diet (see Dekinga & Piersma 1993). The occurrence of
the different prey items could be calculated from the number of hinges, claw, body whorl,
jaws, chaetae, and paleae (Table 1). The number of bivalves was calculated as the number of
hinges divided by two. Worms of the Nereididae family have paired jaws (Bakken et al.
2009), but instead of calculating the number of individuals by dividing the number of jaws by
two, we estimated the number of Nereididae by matching left and right jaws, based on the
number and position of the teeth on each jaw, considering the maximum size difference of 5%
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between the right and left jaws of the ragworm Hediste diversicolor (Lourengo 2007) and the
variation in the teeth of its jaw (Hefferan 1900). The number of bloodworms Glycera alba per
sample was calculated by dividing the number of jaws by four, since G. alba has four jaws
(Hartmann-Schréder 1971). The number of individuals of different Nereididae species
(common clam worm Alitta succinea, king ragworm Alitta virens, clam worm Eunereis
longissima and H. diversicolor) could also be calculated from number of chaetae found in the
droppings. The mean number of chaetae per setiger of H. diversicolor is 28.2 (Moreira 1995)
and the mean setiger per individual is 105 (Chambers & Garwood 1992), resulting in a mean
number of 2961 chaetae per individual. No references for the number of chaetae of A.
succinea, A. virens and E. longissima was found, therefore it was assumed they would have
similar numbers of chaetae per setiger as H. diversicolor since they belong to the same
subfamily. A. succinea has 160 segments and A. virens 200 segments (Hartmann-Schrdder
1971) resulting in 4512 and 5640 chaetae per species respectively. The number of occurrence
per prey was based on the maximum number of predicted individuals, based on either jaws or
chaetae.

For the non-jawed polychaetes, the occurrence of prey in the droppings could only be
calculated from number of chaetae, which were identified and counted for 7 polychaeta
species. Phyllodoce mucosa has a mean number of 76.5 setiger and each setiger bears six
pairs of chaetae (Tzetlin 1998), resulting in 918 chaetae per individual. For the lugworm
Arenicola marina and sand mason worm Lanice conchilega no literature values were found.
As these two species may contribute a large proportion of the diet of bar-tailed godwits
(Scheiffarth 2001), 25 adult A. marina and 25 adult L. conchilega were collected in the Dutch
Wadden Sea and dissected. All chaetae were counted and averaged per individual. This
resulted in 1138 and 802 chaetae per species respectively. The equation provided by
Scheiffarth (2001) was used to calculate the number of chaetae of Scoloplos armiger from its
thoracic hooks, resulting in 1698 chaetae per individual. No information was available
concerning the number of paleae of the Ross” worm Sabellaria spinulosa and therefore, we
assumed the number of paleae to follow a similar species, the honeycomb worm Sabellaria
alveolata with 50 inner paleae, 24 middle paleae, and 28 outer paleae (Ebling 1945),
consequently summed as 102 paleae per individual.

The remains of three other prey were found in the droppings (unidentified crabs
Carcinus spp, the blue mussel Mytilus edulis, and sea urchin Echinocardium cordatum), but
were so rare that we could conveniently exclude them from further analysis. In fact, the spines
of E. cordatum may have been collected inadvertently when droppings were collected
(Ruiters 1992).

Estimating prey sizes

Prey sizes can be estimated from indigestible parts if these correlate with the size of the
individual prey eaten (e.g. Zwarts & Esselink 1989). Shell length of bivalves was calculated
from hinge (and hinge + top) height (Dekinga & Piersma 1993). Jaw length was measured in
two ways: (1) from the tip of the proximal tooth to the distal end of the jaw, and (2) from the
jaw base to the distal end of the jaw. Method 1 was only used (R*= 0.31), when method 2 (R?
= 0.45; Table 2) could not be used, due to a broken base or tip. When jaws were paired, the
mean of the jaw length was used and when no jaws were present, all chaetae in the droppings
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were counted and from a subsample the length was measured from the tip to the base of the
chaetae. The benthic samples collected per area were used as references, with additional
references that were collected in the Dutch Wadden Sea. All chaetae and jaws were measured
to the nearest 0.1mm, under an inverted microscope (Zeiss Axiovert 200), equipped with
digital camera and imaging processing software.

Prey selection and prey-size selection
Prey selection was determined by means of the Jacobs (s)electivity index (Jacobs 1974):

J=(r-=p)/(r+p-2rp) (Equation 1)

where r is the fraction of a prey item in the diet and p is the fraction of a prey item in the
habitat. The index J ranges from +1 (complete preference) to —1 (complete avoidance), and
the value of 0 indicates that the particular habitat’s component was used in proportion to its
availability in the study area.

From dietary items to biomass composition
To estimate the energy content of the different prey, the biomass was calculated by using the
regression equations (Table 3). Whenever no measurements could be taken of an indigestible
part of the prey species, the mean AFDM per species was taken from the NIOZ gridded
sampling effort (Synoptic Intertidal Benthic Survey, SIBES), which encompasses the entire
intertidal Dutch Wadden Sea, consisting out of more than 4,500 benthos samples (Compton et
al. 2013). The AFDM equations and mean AFDM used in calculating biomass per prey
species are listed in Table 3.

The total biomass of prey consumed by bar-tailed godwits per area was calculated as
the sum of biomass per species occurring in the droppings. The proportions of prey biomass
per area were calculated to determine the importance of prey in diet of bar-tailed godwits.

Results

In total we identified 18 different prey species in the diet of wintering bar-tailed godwits, at
the five study sites (Table 4). Hediste diversicolor was the most common prey in the diet at
four wintering sites: the Dutch Wadden Sea area, Sylt-Remg Wadden Sea area, the Wash, and
the Dutch delta area, where it represented 80, 41, 91 and 74% of the total number of prey,
respectively. In Dublin Bay, H. diversicolor was the second-most common prey, with
bloodworms Glycera alba (38%) being the most frequent prey found. Even though they were
present in smaller proportions, other polychaetes such as Alitta succinea, Arenicola marina,
and Scoloplos armiger were also regularly found in the droppings.

Compared with the relative abundance, Hediste diversicolor was the only prey actively
selected by bar-tailed godwits (Fig. 2). The composition of the diet indicates a negative
selection for other polychaetes and bivalves such as the thin tellin Angulus tenuis and the
Baltic tellin Macoma balthica (Fig. 2). However, when categorizing the diet into four groups
(i.e. bivalves, crustaceans, snails and polychaetes), the Jacobs’ selectivity index indicates a
positive selection for polychaetes. Small snails were positively selected in the Dutch Delta
area and in the Sylt-Rgmg Wadden Sea area.



H. diversicolor was not only the most preferred prey item, but it was also the most
important prey item in terms of biomass (AFDM content ; i.e. 79% ). Next were A. virens and
A. marina, with 17 and 2% of the biomass respectively, as the most important species, while
the other prey combined only contributed 2% of energy intake. Although other prey items
were taken regularly, 99.6% of the diet’s biomass consisted out of polychaetes and remained
the most preferred and important prey. In Dublin bay, a relative high proportion of biomass
consisted out of bivalves (i.e. the thin tellin), although they were not preferred (Fig 2).

We aggregated the size distribution of all bivalve species of all areas, both in the
droppings and in the sediment, due to low sample size of bivalve prey occurring in the
droppings (n = 19). The available size distribution for bivalves varied between 3 to 19 mm of
shell length (n = 222), however, only the smaller bivalves were consumed (mean size + SE
8.2+ 0.8 mm; range 4 - 11 mm; Fig 3). Based on Jacobs’ selectivity, we compared the size of
the lugworm and ragworm between the sediment and their diet. Bar-tailed godwits showed
positive selection of ragworm with length between 40 to 110 mm, while they positively
selected lugworms shorter than 40 mm. The mean lengths of the ragworms and lugworms
eaten by bar-tailed godwits were 62.5 + 1.1 mm and 29.4 + 0.7 mm, respectively (Fig 3).

Discussion

With at least 18 prey species contributing to the diet of bar-tailed godwits across the European
wintering range, the diet showed high diversity compared with the recorded diets of
molluscivores such as red knots (e.g. Dekinga & Piersma 1993, Moreira 1994b, Piersma et al.
1994) and European oystercatchers (e.g. Goss-Custard et al. 1977a, Durell et al. 1993).
Confirming previous studies (e.g. Goss-Custard et al. 1977b, Perez-Hurtado et al. 1997,
Scheiffarth 2001), bar-tailed godwits selected polychaetes. Not surprisingly, the diet varied
between wintering sites. In Dublin Bay for example, the bivalve Abra tenuis occurred
frequently in their diet, which would be explained by these bivalves being the most abundant
benthic species in the core samples. The preference for snails in two areas (i.e. the Dutch
Delta area and the Sylt-Remg Wadden Sea area), is likely caused by benthic sampling design.
Mudsnails Peringia ulvae have a very patchy occurrence (e.g., Bocher et al. 2007), and thus
easily missed in 10 benthic cores. As they only contributed a small fraction of the total
consumed biomass, this issue seems a minor one.

There was a positive selection for the smaller Arenicola marina (< 4 cm) which is
perhaps surprising. This might be due to their burying depth. Benthic prey are buried deeper
in winter than in summer, as is also the case for A. marina (Zwarts & Wanink 1993), and is
also related to the length of the individual. A. marina exceeding 4 cm in length, are buried 17
cm and deeper (Zwarts & Wanink 1993), mostly out of the bill length of (female) bar-tailed
godwits (i.e. mean bill length females 9.9 cm; Prater et al. 1977), whereas the smaller
individuals are closer to the surface. Additionally, bar-tailed godwits rely on cast formation by
lugworms to detect them, and at ambient temperatures below 3°C, casts are not produced
(Smith 1975). Therefore, the low ambient temperatures may explain a shift to H. diversicolor.

The preference for the larger H. diversicolor can be expected for birds wintering in
temperate climates because these polychaetes, even in winter, never really bury much beyond
the length of the bill (Esselink & Zwarts 1989). The largest, and most profitable (Zwarts &
Esselink 1989) individual ragworms (13 cm), have a maximum burying depth of



approximately 16 cm in winter, which will put them out of reach even for females. That H.
diversicolor is such an important prey species throughout their wintering range concurs with
their widespread distribution, e.g. occurring in 30% of all sampled locations (n > 4,257) in the
entire Dutch Wadden Sea (Compton et al. 2013). Furthermore, of all polychaetes, ragworms
contributed the third highest biomass contribution across the Wadden Sea in three years
(Compton et al. 2013).

This study brings together information about the bar-tailed godwit’s diet in different
wintering areas across Europe. The scale of the comparison, at least with respect to shorebird
studies (but see Quaintenne et al. 2010, Alves et al. 2013), is quite novel. Although some
variation in diet composition was found, it is apparent that across the wintering range bar-
tailed godwits rely on polychaete worms.
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Table 1. Remains of different prey items found in the droppings used for identification and
how to calculate these into the number of individual prey.

Group Species Remains counted  Calculate occurrence of prey
Bivalves Cerastoderma edule hinges hinges / 2
Macoma balthica hinges hinges / 2
Angulus tenuis hinges hinges / 2
Crustaceans Crangon crangon claw claw
unidentified crab
) carapace carapace
species
Snails Peringia ulvae Terminal/body body whorl

Polychaetes Alitta succinea

whorl

jaws and chaetae

paired jaws or unpaired jaws

or chaetae / 4512
. . . paired jaws or unpaired jaws
Alitta virens jaws and chaetae or chaetae / 5640
Arenicola marina chaetae chaetae / 1138
Eunereis longissima jaws paired jaws or unpaired jaws
Glycera alba jaws jaws / 4
. L . paired jaws or unpaired jaws
Hediste diversicolor jaws and chaetae or chaetae / 2961
Lanice conchilega chaetae chaetae / 802
Phyllodoce mucosa chaetae chaetae / 918
Sabellaria spinulosa paleae paleae / 102
Scoloplos armiger chaetae chaetae / 1698
Unidentified species jaws jaws / 2
Unidentified species aciculae NA




Table 2. Relationships between measurable parts in droppings and prey size.

Group Species n Parts measured  Regression R? P

Bivalves Cerastoderma edule 36 Hinge Y =23.1x+1.0 0.75 <0.001
36 Hinge + top Y =81x+0.6 0.93 <0.001

Macoma balthica 67 Hinge Y=172x+16 091 <0.001

67 Hinge + top Y =13.0x+ 0.7 0.96 <0.001

Tellina tenuis 103 Hinge Y =21.7x+3.3 0.58 <0.001

Tellina tenuis 103 Hinge + top Y =20.7x+0.8 0.75 <0.001

Polychaetes Arenicola marina 72 Chaetae Y =259x -7.3 0.79 <0.001
Hediste diversicolor Shortjaw Y=70x+4.6 0.31 <0.001

58 Total jaw Y=50x+1.0 0.45 <0.001




Table 3. Overview of equations and mean AFDM (g) used in calculating prey biomass.

Group Species Parts measured Regression of log AFDM (Y) R? n MeanAFDM(g) P
Bivalves Cerastoderma edule Hinge Y =4.3x-3.38 0.72 36 - <0.001
Hinge + top Y =15x-39 088 36 - <0.001
Macoma balthica Hinge Y =28x-37 085 67 - <0.001
Hinge + top Y =21x-38 0.87 67 - <0.001
Angulus tenuis Hinge Y =21x-29 047 103 - <0.001
Hinge + top Y =19x-3.1 0.55 103 - <0.001
Crustaceans Crangon crangon * - - 539 0.011 -
Snails Peringia ulvae * - - 1453 0.001 -
Polychaetes Alitta succinea * - - 907 0.016 -
Alitta virens * - - 164 0.183 -
Arenicola marina Chaetae Y =0.8x-33 093 72 - <0.001
Eunereis longissima * - - 284 0.022 -
Glycera alba * - - 23 0.007 -
Hediste diversicolor Shorter jaw Y =13x-27 034 86 - <0.001
Total jaw Y=11x-38 0.78 86 - <0.001
Lanice conchilega * - - 2690 0.022 -
Phyllodoce mucosa * - - 873 0.001 -
Sabellaria spinulosa ™~ * - - 21332 0.002 -
Scoloplos armiger * - - 6357 0.004 -
Unidentified jaws ~~ * - - 1974 0.005 -

" Based on dataset from Compton et al. 2013.
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“ AFDM was calculated as an average AFDM of various similar species
“ AFDM of unidentified jawed-polychaetes was calculated as an average AFDM of various similar species
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Table 4. Diet composition of bar-tailed godwits in the five wintering areas, based on frequency of occurrence.

Sylt-Remg

Grou Species Dublin Bay The Wash  Dutch Delta Western Dutch Wadden Sea Total
P P % % % Wadden Sea % ! %
area %
Bivalves Cerastoderma edule 12.5 0.4 0 0 3.1 1.3
Macoma balthica 7.5 0 1.0 0 0 0.6
Angulus tenuis 10 0 0 0 0 0.5
Crustaceans Crangon crangon 0 0 0 1.8 0 0.1
Snails Peringia ulvae 0 0.2 2.6 0 39.6 6.5
Polychaetes Alitta succinea 2.5 1.1 0.5 1.8 0.8 1.0
Phyllodoce mucosa 2.5 0.4 2.6 0 0.8 1.0
Arenicola marina 2.5 0.4 8.8 145 3.1 3.6
Eunereis longissima 0 0.7 0 0 0 0.3
Glycera alba 375 0.4 1.6 0 0 2.3
Hediste diversicolor 17.5 90.8 73.7 80.0 40.5 75.7
Lanice conchilega 2.5 0.2 0.5 0 0.8 0.5
Alitta virens 0 1.9 7.2 0 10.6 4.2
Sabellaria spinulosa 0 1.9 0 0 0 1.0
Scoloplos armiger 2.5 0.7 1.6 1.8 0.8 1.0
unidentified 2.5 0.9 0 0 0 0.6
Other bivalves Muytilus edulis” (shell fragments) - - - ++ +++ p
Crustaceans crabs  (carapace fragments) + + ++ + +++ p
Echinoidea Echinocardium cordatum” (spines) ++ +++ - + - p
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Polychaetes Aciculae & chaeta (unidentified) + ++ +++ +

*excluded from analysis (+ = <10%, ++ = between 10-50%, and +++ = >50% in relative frequencies, p= present)
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Figure 1. Location of the study sites, with the mean January numbers of bar-tailed godwits
(1995 — 2005) counted at high tide roosts, based on the Wetlands International midwinter
count database. The surface of the dots reflects to the mean winter abundances of bar-tailed
godwits. As a gauge, the Western Dutch Wadden Sea had the highest average number with
almost 40.000 individuals, followed by the Wash with an average of 14.000 individuals.
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Figure 2. Bar-tailed godwits prey preferences determined with Jacobs’ index (J) calculated
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species is preferred.
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Figure 3. The relative size distributions of three bivalve species (Macoma balthica,
Cerastoderma edule and Angulus tenuis), the polychaete Arenicola marina and Hediste
diversicolor ingested by bar-tailed godwits at the five study areas (upward histograms), in
comparison with the size distributions of those prey species present on the feeding sites
(downward histograms) are shown in the left panels. The right panels represent the prey
preferences of A. marina and H. diversicolor, as determined with Jacobs’ index (J) based on
the five wintering sites. The index shows a positive value, whenever the prey species is
preferred and when it is a negative value, there’s a negative selection for this prey species.
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