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Waders (Charadriiformes) undergo particularly long migratory flights, making them
ideal vectors for long-distance dispersal. We present a study of dispersal of plant seeds
by migratory waders in the Odiel saltworks in south-west Spain. This is the first field
study to demonstrate excretion of viable seeds by waders. Viable seeds of
Mesembryanthemum nodiflorum (Aizoaceae), Sonchus oleraceus (Asteraceae) and
Arthrocnemum macrostachyum (Chenopodiaceae) were frequent in pellets and faeces
of redshank Tringa totanus, spotted redshank Tringa erythropus, and black-tailed
godwit Limosa limosa during spring and autumn migrations, but less frequent during
winter. Another 11 seed types were recorded at low density. More intact M. nodiflorum
seeds were present in redshank faeces than in their pellets, but seeds extracted from
pellets were more likely to germinate. More S. oleraceus seeds were transported per
redshank pellet in spring, but more redshank migrated through the area in autumn.
The distributions of the plants transported are consistent with an important role for
long-distance dispersal by waders. M. nodiflorum and S. oleraceus are introduced
weeds in the Americas and Australasia, and dispersal by birds may contribute to their
rapid spread. Although S. oleraceus is generally thought to be wind-dispersed, birds
may be responsible for longer distance dispersal events.
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The Charadriiformes include species undergoing the
longest migrations of any animal (del Hoyo et al.
1996). Darwin (1859) proposed that migratory water-
birds played a major role in the dispersal of plant
seeds, and waders are likely to be particularly im-
portant owing to their long-distance migrations. Seeds
lacking a fleshy fruit are often consumed by waders
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(Green et al. 2002) and studies in captivity suggest
they can retain viability following gut passage (Figuer-
ola and Green 2002). Proctor (1962) demonstrated
transport of viable Chara oospores by waders in
Texas. However, as far as we know, dispersal of viable
angiosperm seeds by waders has never been demon-
strated in the field.
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In this study we document internal dispersal of seeds by
waders migrating through the Odiel marshes in south-
west Spain, quantifying numbers of intact seeds and
assessing their viability. We quantify levels of dispersal
by different wader species at different times of the year,
comparing the potential for long-distance dispersal dur-
ing spring and autumn migrations. Ours is the first field
study to examine interspecific and seasonal variation in
the abundance of viable seeds in wader excreta.

Methods

A total of 140 faecal samples and 272 pellets were
collected from 2001 to 2003 from waders in the saltworks
of the Odiel marshes in Huelva province (37° 17'N 06°
55'W, area 7,158 ha), a site of international importance
for migratory waders migrating through the East
Atlantic flyway (Stroud et al. 2004, Sanchez et al. in
press). For the purpose of seasonal comparison,
sampling dates of 18 March and 23 April 2001, and 7
April 2003 were considered as spring, from 22 July to 21
August as summer, from 5 September to 18 October as
autumn and 13 January plus 28 February 2001 as winter.
Spring samples coincided with the beginning of the
northwards wader migration, and summer and autumn
samples with the southwards migration (Sanchez et al. in
press). Pellets and faeces were collected from redshank
Tringa totanus, pellets from spotted redshank Tringa
erythropus, and faeces from the black-tailed godwit
Limosa limosa (a species that does not regurgitate
pellets). These species were selected because of their
abundance in the study area and because their droppings
and pellets samples are large, helping to avoid soil
contamination. Redshank and black-tailed godwit are
two of the four most numerous waders at this site
(Sanchez et al. in press).

We collected fresh faeces and pellets from roost sites
on dykes in saltworks used by monospecific flocks at
high tide. Collection points were observed for 30 minutes
prior to sampling and only fresh samples were taken to
ensure species identification. In spring 2003, 52 pellet
samples were collected from a mixed flock of the two
Tringa species. Each sample of excreta was carefully
separated from the soil and placed in a tube. Given the
number of birds present, we are confident that each
sample was from a different bird.

The samples were stored at 5° C, until the time of
analysis (a lapse of one week for samples collected in
2003, and of six to 12 months for the rest). Seeds were
extracted by washing in a 0.04 mm sieve and flotation in
hypersaline brine. They were counted, washed in distilled
water then dried for 48 h at 40° C, followed by storage at
5° C prior to germination experiments. Seeds were
considered intact when they retained an intact seed coat.
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Not all samples were stored so as to retain their
viability, so that germination was tested for a subset of
samples. Extracted seeds were placed on moist filter
paper in a petri dish and watered regularly with distilled
water. They were placed inside a germination chamber at
22° C on a 12D:12L photoperiod, on 2 October 2003.
They were checked daily for germination for 30 days.
One sample of 84 seeds from a redshank pellet
was attacked by mould and removed from the experi-
ment. Some seedlings were cultivated to enable species
identification.

Owing to the high proportion of zeros in the sample
and severe problems of over-dispersion and model
convergence, we were unable to conduct satisfactory
parametric analyses of the numbers of seeds in samples
in relation to differences between season, wader species
or sample type. We therefore used non-parametric
Kruskal-Wallis and Mann-Whitney U tests employing
Statistica 5.5 (StatSoft 1999).

In 12 different salt ponds representing 27.6% of the
1174 ha of saltworks, we counted the number of shore-
birds of each species one day each week throughout
2001. We carried out a count of three hours duration
around high tide when the densities of waders are
highest (Sanchez et al. in press).

Results

Intact angiosperm seeds were recorded in the droppings
and/or pellets of all three wader species and in all
seasons (Table 1). Overall, they were recorded in 21.8%
of samples with 3.19+0.94 intact seeds per sample
(mean+S.E. for those samples with at least one seed,
n =90). In total, 74.2% of all seeds recorded were intact
(Table 1).

A total of 14 seed species were recorded. The slender-
leaved iceplant Mesembryanthemum nodiflorum L.
(Aizoaceae) was particularly abundant in redshank
faeces in autumn. The common sowthistle Sonchus
oleraceus L. (Asteraceae) was particularly abundant in
spring pellets of redshank and spotted redshank. Ar-
throcnemum macrostachyum (Moric.) K. Koch (Cheno-
podiaceae) was the only species recorded in samples
from all combinations of wader species and seasons
(Table 1). All three plant species are abundant on the
dykes of Odiel salt pans. Other intact seeds recorded
were Suaeda spp. (one seed), Salicornia spp. (two seeds),
Cerastium spp. (one seed) and eight unidentified taxa
(one seed of each).

The proportion of all seeds that were intact was 41.0%
for A. macrostachyum, 54.3% for M. nodiflorum and
84.3% for S. oleraceus (Table 1). The maximum number
of intact seeds in one sample was 83 S. oleraceus seeds in
a redshank pellet collected on 18 March 2001. There
were highly significant differences between seasons in the
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abundance of intact S. oleraceus seeds in redshank
pellets (Kruskal-Wallis test, H=68.22, df =2, n =211,
P <0.0001). They were only recorded in spring, when
they were significantly more abundant than autumn
(Mann-Whitney U test, U=1648.5, P <0.0001) or
winter (U =220.5, P =0.0021). A similar and marginally
significant seasonal trend was recorded in the abundance
of intact 4. macrostachyum seeds (H=5.82, df=2,
P =0.055). In autumn, intact M. nodiflorum seeds were
significantly more abundant in redshank faeces than in
their pellets (Mann-Whitney U test, U =5654,
P <0.0001). There were no significant differences in
the abundances of intact seeds of the three species
between spring pellets of redshank and spotted redshank
(Mann-Whitney U tests, P >0.5).

Overall, 45.5% of A. macrostachyum, 23.5% of
M. nodiflorum and 76.3% of S. oleraceus seeds germi-
nated (Table 2). Amongst autumn redshank samples,
M. nodiflorum seeds from pellets were significantly more
likely to germinate than those from faeces (Fisher exact
test, P =0.0385).

Discussion

This represents the most extensive study to date of the
internal transport of plants by waders and suggests that
waders disperse large quantities of viable seeds. We have
found black-tailed godwits, redshank and spotted red-
shank to be effective dispersers of three plant species at
the Odiel marshes, where thousands of waders pass
through on migration (Wetlands International 2002,
Stroud et al. 2004). The East Atlantic Flyway, used by
an estimated 15.5 million shorebirds (including 440,000
redshank, 200,000 black-tailed godwit, and 50,000
spotted redshank, Stroud et al. 2004), is likely to be a
major means of long-distance dispersal of plants.
Ringing recoveries (from 1992 to 2003) show that
redshank and godwit stopping in Huelva province share
a common flyway, with six redshank recoveries from
France, six from the Netherlands, one from Belgium, one
from Germany and one from Sweden. There were six
godwit recoveries from the Netherlands and one from
Germany. Colour ringed birds from the Icelandic breed-
ing population of black-tailed godwit have also been
recorded at Odiel (T. G. Gunnarsson, J. A. Gill and P. M.
Potts, unpubl. data). Seeds are also likely to be
transported internally by some of the other 24 migratory
wader species using this flyway (Stroud et al. 2004).
The birds we studied included a mixture of birds that
had just completed or were just about to commence
long-distance movements, and birds that were making
movements between feeding and roosting sites within
our study sites. The average time spent by shorebirds at
stopover sites during migration varies from one to
50 days and is unknown for sites in south-west
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Iberia. One of two icelandic godwits seen at Odiel
on autumn migration was still there 36 days later
(T. G. Gunnarsson, J. A. Gill and P. M. Potts, unpubl.
data). It is currently impossible to assess what propor-
tion of the seeds transported in faeces or pellets by
Y~ waders at Odiel would undergo long-distance dispersal.
635 Godwits and other shorebirds regularly move between
AR salt pans and other wetlands separated by up to 20 km
while at stopover sites (Farmer and Parent 1997, P. M.
Potts, pers. comm.), thus facilitating seed dispersal
oo between different parts of a wetland complex.
-z Shorebirds move rapidly between coastal wetlands,
and distances between stopovers can easily exceed 1,000
km (Iverson et al. 1996, Pennycuick and Battley 2003).
~= Black-tailed godwits, redshank and other waders are
comooo o thought to fly non-stop between Odiel and northern
Europe (Beintema and Drost 1986). Redshank and
godwits fly at 56-60 km h—! (Welham 1994). Laboratory
studies of gut passage of intact seeds suggests that they
may be transported over great distances, with maxima of
well over 1000 km. In a laboratory study of 13 seed and
three wader species, maximum retention time varied
o~ from 3 h to 14 days (Proctor 1968). Species such as
< godwits that do not regurgitate compacted pellets from
& the gizzard may regurgitate seeds on their own from the
gizzard after extraordinary intervals (Proctor 1968). The
modal retention time (much less than the mean) of
< Amaranthus and Sagittaria seeds defecated by the
~ killdeer Charadrius vociferus (size intermediate between
redshank and godwit) was 1-2 h (deVlaming and
Proctor 1968).
< So = We found that M. nodiflorum seeds were more
; e abundant in faeces than in pellets. This is likely to
further long distance dispersal, as propagules are likely
to be retained longer when expelled in faeces rather
than in pellets (Nogales et «al 2001). In contrast,
M. nodiflorum seeds extracted from pellets were more
likely to germinate, suggesting that longer retention
times involved in passage through the intestines reduces
~ viability.
DS Ours is the first field study to demonstrate excretion of
oSz viable angiosperm seeds by waders. Only a minority of
seeds seem to be digested (Table 1), and seeds appear to
be of marginal importance in wader diets at Odiel
(Sanchez et al. 2005). Overall, we recorded seeds
(whether intact or not) in 22% of our samples. The
abundance of seeds recorded in other studies of wader
diet (Green et al. 2002, Montalti et al. 2003) suggests
that waders play a widespread and important role in the
dispersal of many plant species. Darwin (1859) proposed
that dispersal of propagules by migratory birds such as
waders plays a vital role in explaining the distribution of
plant species. However, he underestimated the capacity
of seeds lacking a fleshy fruit to survive passage through
the digestive tract, and imagined that long-distance
dispersal by internal transport may require a role for

Germinated

A. macrostachyum M. nodiflorum S. oleraceus Others Total

Germinated Intact Germinated Intact Germinated Intact Germinated Intact
0 0 12 (15)

0

( 0

0

0

0

0

( 1

( 1

Intact

Aut-01
Spr-01
Aut-01
Win-01
Sum-01
Sum-02
Spr-01
Spr-03
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pell.

drop.
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Table 2. Germination of A. macrostachyum, M. nodiflorum, S. oleraceus and other seeds in wader droppings and pellets from the Odiel salt pans, listing numbers of samples with intact
pell.
pell.

seeds placed for germination, and with at least one seed germinating. The total numbers of seeds involved are given in parentheses. Sample sizes are lower than Table 1 because not all

samples were stored so as to conserve viable seeds.

Tringa erythropus

Tringa spp.

Limosa limosa
Total

Tringa totanus
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birds of prey in extracting seeds from a bird’s crop before
they enter the gizzard. Our study shows that waders can
disperse seeds without the need for such rare predation
events.

The native distribution of dispersed species included
in this study (Tutin et al. 2001) is consistent with a role
of long-distance dispersal by waders to and from sites
such as the Odiel marshes. Wader species differed in their
migration phenology at Odiel. Redshank had a smaller
peak during spring migration in April (up to 996 birds),
and a larger one between July and October (up to 2,170)
during autumn migration. Spotted redshank numbers
peaked in October (up to 351) with a lower peak in April
(up to 159). Godwit peaked from July to August (up to
6,684) at the beginning of autumn migration. Taking
into account the frequencies of viable seeds recorded in
different seasons, and the numbers of birds moving
through the Odiel saltworks at different times, our data
suggest that there should be greater long distance
dispersal of S. oleraceus northwards from Odiel, and
greater dispersal of M. nodiflorum and A. macrosta-
chyum in a southerly direction. S. oleraceus is wide-
spread across the range of ringing recoveries as far north
as Sweden. It has also been recorded in Iceland where it
is considered an alien (A. Gardarsson, pers. comm.), and
is native down to southern Africa which is visited by
some redshank and other waders breeding in Europe
(Wetlands International 2002). M. nodiflorum is con-
sidered a Mediterranean species but is also native in
southern Africa. 4. macrostachyum is native across the
Mediterranean and down to Mauritania, a major
wintering ground for waders passing through Odiel
(Stroud et al. 2004).

Stopover times and the probabilities that waders move
between suitable habitats for the dispersed species are
likely to differ between spring and autumn migration,
and to vary between wader species, but there are
currently no data on these important issues. Further-
more, dunlin Calidris alpina and little stint Calidris
minuta are much more abundant at Odiel during spring
than autumn migration, and it is possible that these
species are also good dispersers of plants.

S. oleraceus and M. nodiflorum are also widespread
invasive exotics in the Americas, and Australasia (Villa-
sefior et al. 2004, http://plants.usda.gov). Dispersal by
migratory waders may play a previously unrecognised
role in the spread of these invasive weeds. S. oleraceus
seeds have been recorded in bird droppings in the
introduced range (McGrath and Bass 1999). However,
S. oleraceus is generally assumed to be a wind-dispersed
species (Jakobsson and Eriksson 2003). Our study
supports the proposal of Higgins et al. (2003) that birds
can sometimes be the main means of long-distance
dispersal for seeds that appear morphologically adapted
for wind dispersal.
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In summary, dispersal via waders is likely to have a
significant role in the biogeography of plants. More
detailed studies are required before the true significance
of this dispersal can be established and compared to that
of other vectors such as wind, water or man. In
particular, more data are required on the role of wader
species not included in this study, and on the probabil-
ities that propagules are dispersed to suitable habitats
(Nathan et al. 2003).
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