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Abstract

Ducks and geese are little studied dispersal vectors for plants lacking a fleshy fruit,
and our understanding of the traits associated with these plants is limited. We ana-
lyzed 507 faecal samples of mallard (Anas platyrhynchos) and Canada goose (Branta
canadensis) from 18 natural and urban wetlands in England, where they are the domi-
nant resident waterfowl. We recovered 930 plant diaspores from 39 taxa representing
18 families, including 28 terrestrial and five aquatic species and four aliens. Mallards
had more seeds and seed species per sample than geese, more seeds from barochory
and hydrochory syndromes, and seeds that on average were larger and from plants
with greater moisture requirements (i.e., more aquatic). Mallards dispersed more plant
species than geese in natural habitats. Plant communities and traits dispersed were
different between urban (e.g., more achenes) and natural (e.g., more capsules) habi-
tats. Waterfowl can readily spread alien species from urban into natural environments
but also allow native terrestrial and aquatic plants to disperse in response to climate
heating or other global change. Throughout the temperate regions of the Northern
Hemisphere, the mallard is accompanied by a goose (either the Canada goose or the
greylag goose) as the most abundant waterfowl in urbanized areas. This combination

provides a previously overlooked seed dispersal service for plants with diverse traits.
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1 | INTRODUCTION

Plant dispersal is strongly affected by human activities, both directly
through movements of plants by humans and indirectly through
modification of habitats and impacts on plant vectors such as birds
and mammals (Daru et al., 2021; Emer et al., 2019). Research into
plant dispersal via animal vectors (zoochory) has focused principally
on dispersal of vascular plants by fruit-eating and scatter-hoarding
vertebrates (Forget et al., 2011; Pesendorfer et al., 2016). However,
non-frugivorous birds such as waterfowl! (e.g., ducks, geese, and
swans) are now known to disperse a broad range of angiosperms
in a manner not predicted by popular morphological dispersal syn-
dromes (Green et al., 2022; Urgyan et al., 2023). Therefore, other
traits should be explored to characterize the plants dispersed by
these vectors.

Ducks can be excellent vectors of plants in and around isolated
ponds, lakes, and other wetlands that lack hydrological connections,
and they disperse more seeds by endozoochory (i.e., in the diges-
tive tract) than by epizoochory (i.e., on feathers or skin; Brochet
etal., 2010; Green et al., 2022, 2023). Mallards are one of the world's
most abundant dabbling duck species (BirdLife International, 2023).
As opportunistic habitat generalists, they ingest and disperse an
abundance of seeds from a wide range of plant species (Kleyheeg
et al.,, 2017; Soons et al., 2016; Urgyan et al., 2023). Recent stud-
ies demonstrate that geese are also important seed vectors in
Europe (Almeida et al., 2022; Hattermann et al., 2019; Lovas-Kiss
et al., 2023; Navarro-Ramos et al., 2024), but there are no studies
comparing plants dispersed by ducks and geese in the same habitats,
or their trait composition.

Waterfowl provide animportant ecosystem service through seed
dispersal of native plants (Green et al., 2016; Green & Elmberg, 2014),
although they may also spread alien species (Green, 2016) and ag-
ricultural weeds (Navarro-Ramos et al., 2024). Some waterfowl
are themselves alien species, and introductions of alien birds can
have major impacts on ecosystems (Evans et al., 2021; Mooney &
Cleland, 2001). On the other hand, alien birds can play a positive
role in seed dispersal, may partially compensate for the loss of native
birds (Kawakami et al., 2009; La Rosa et al., 1985; Martin-Albarracin
et al., 2018), and can quickly integrate into plant-vector interaction
networks (Vizentin-Bugoni et al., 2019). Non-native Canada geese
(Branta canadensis) are among the commonest breeding waterbirds
in the UK (Frost et al., 2019) and can have strong negative impacts
through fouling of public urban spaces, crop consumption, and as
a risk to aviation safety (Evans et al., 2020). However, cost-benefit
analyses of the impact of this species (Reyns et al., 2018) do not con-
sider their role in seed dispersal.

With the ongoing loss of natural wetlands across the globe,
artificial wetlands are becoming increasingly important as

habitat for waterbirds (Ma et al., 2010; Murray et al., 2013;
Navedo et al., 2012), although they are generally not the func-
tional equivalents of natural wetlands (Almeida et al., 2020;
Campbell et al., 2002) and typically support different plant com-
munities with more ruderal and alien species. Waterbird popu-
lations are often dependent on a combination of natural and
artificial wetlands, and individuals regularly move between them,
facilitating seed dispersal (Almeida et al., 2020). Contact with wa-
terfowl is appreciated by humans, and some species (e.g., mallards
and Canada geese) are common in urban habitats. However, wa-
terfowl endozoochory in urban environments has not previously
been studied. Studies have shown that urbanization has a homog-
enization effect on frugivore seed dispersal networks (Schneiberg
et al., 2020), although frugivore networks can be temporally com-
plex in urban parks (Cruz et al., 2013).

According to widespread assumptions, certain plant traits (e.g.,
plumes, hairs, wings, floating devices, nutritive tissue, sticky sur-
faces, hooks on seeds) are putative adaptations for dispersal that
can be used to predict the dispersal vector (Traveset et al., 2014;
Van der Pijl, 1982). Hence, each angiosperm species has been as-
signed to different morphological dispersal syndromes (see defi-
nitions in Table S3) in databases such as Baseflor (Julve, 1998).
Plant functional traits (including dispersal syndromes) have been
widely applied to study ecological processes (Funk et al., 2017).
However, for waterbirds, ungulates and many other vectors, dis-
persal syndromes do not mirror dispersal mechanisms (Green
et al., 2022), and a new approach is required. Syndromes may still
be informative since they are based on specific traits, e.g., buoyant
structures diagnostic for a “hydrochory syndrome” might increase
availability to surface-feeding waterbirds. Diet studies suggest
that other plant traits such as moisture requirements and seed
size help predict waterfowl endozoochory (Almeida et al., 2022;
Soons et al., 2016).

In this study, we used faecal analysis to compare seed dispersal
by the two most abundant resident species of waterfowl in England,
the native mallard and the non-native Canada goose, using func-
tional traits to characterize the plants dispersed in urban or nat-
ural settings. Mallards are the best-studied seed disperser among
the Anatidae (Lovas-Kiss et al., 2018; Soons et al., 2016; Urgyan
et al., 2023), but previous studies in the UK are limited to studies of
upper gut contents (Sebastian-Gonzalez et al., 2020). Canada geese
are known to disperse plants in their native range in Greenland and
North America (Green et al., 2016, 2018), but their role as plant vec-
tors has not previously been studied in the introduced range. Our

initial hypotheses were as follows:

1. Mallards (dabbling ducks that are largely granivorous and feed
on water) and Canada geese (larger herbivores grazing on land)

85U8017 SUOWILIOD A1) 3|cedljdde ays Aq peuenob are ssoiie YO ‘8sn Jo Sa|ni Joj Areiqi8UIIUO 8|1 UO (SUONIPUOD-pUe-SLLBY/LICO" A3 |1 AReq 1B |UO//SANY) SUORIPUOD pue SWie | 8u 88S *[€202/ZT/c0] UO AReiqiTauliuo A81M ‘Uedeided JO A1sAIUN AQ £290T €898/200T 0T/I0PAW0 A8 | IM"Aeiq 1 pul|uoy/:Sdny Wiy papeojumod ‘TT ‘€202 ‘85.L.SY02



TOTH T AL.

would disperse plant species with different functional traits in
a given site, and numbers and species diversity of seeds would
also differ. Previous studies suggest that geese may ingest
more seeds of terrestrial plants, and those with fleshy fruit,
than dabbling ducks such as mallards (Almeida et al., 2022;
Green et al.,, 2016, 2018), but they have never been studied
together in the same area. Mallards may be expected to feed
more on large, obvious seeds, whereas geese may ingest more
small seeds while grazing on foliage.

2. In urban habitats, waterfowl would disperse different plant spe-
cies with different traits, including ornamental aliens planted in
gardens and parks. Seed production of many species in urban
parks may be limited through intense management, e.g., mowing
and use of herbicides.

3. Endozoochory rates depend on plant phenology. We considered
seasonal trends in endozoochory rates and compared them be-
tween species or habitats. The extent to which endozoochory is
coupled with seed production is an important determinant of the
direction of plant dispersal (Gonzélez-Varo et al., 2021; Urgyan
et al., 2023). In the UK, seed production is concentrated in late

summer (Preston et al., 2002).

2 | MATERIALS AND METHODS
2.1 | Study species

The mallard (c.1kg, Kear, 2005) is the most abundant breeding duck
species in the UK (59,000-140,000 individuals) and the rest of
Europe (Bird Life International, 2023; Hagemeijer & Blair, 1997). The
UK population contains a mixture of sedentary to fully migratory
birds, with ringing recoveries away from the UK of up to 2827 km
(Robinson et al., 2021; Wernham et al., 2002). Inhabiting almost
every wetland type, it feeds mainly on seeds, green plant material
and invertebrates taken in shallow water and on land (Dessborn
et al., 2011; Kear, 2005).

The Canada goose (3-5kg) is native to North America and was
first introduced to the UK in 1665. It became established in the wild
in the late 19th century, and it is now the non-native bird with the
second highest biomass in the UK (Yalden & Albarella, 2009). The UK
population is resident, although movements exceeding 150km are
commonplace, especially during moult migrations in May/June and
later in August (Brides et al., 2023), and some individuals have moved
to continental Europe and even the USA (Robinson et al., 2021;
Wernham et al., 2002). The Canada goose prefers grazing in open,
grassy habitats in fields, parks or around wetland edges (Jansson
et al., 2008). Although it is territorial during the breeding season, it
typically co-occurs with mallards.

Both species regularly undergo movements between different
wetlands in a given region (Wernham et al., 2002) and are likely
to connect urban and natural habitats. Ringing recoveries confirm
movements of individuals between different study sites (Brides
etal., 2023).

Ecology and Evolution 3of 14
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2.2 | Study areas and sample processing

Faecal samples (Mallard n=257, Canada geese n=250) were col-
lected in north-west England (Figure 1, Table S1) from 18 sites,
often sampling both species at the same site. Our observations
suggested the sampled birds had been feeding in and around the
collection sites. We sampled in urban areas (including parks and
canals) as well as natural lakes and other natural wetlands in spring
(n=6days), summer (n=13days) and autumn (n=6days) in 2016
(n=21days) and 2019 (n=4days). Although naturalness is a con-
tinuum, England does not contain habitats untouched by human
activities, and many of our sites might be considered as “semi-nat-
ural”. We divided our sites a priori into “urban” (n=6) and “natural”
(n=12) based on the extent of surrounding urban land-use, and
presence of artificial, paved shorelines that are common in urban
parks and canals (Tables S1 and S4).

When sampling, we moved toward resting individuals or flocks
and sampled fresh faeces after the birds had moved away, leaving
at least 1m between samples to minimize the chances of repeated
sampling of the same individual. We never collected a higher number
of samples than there were individual birds. Samples were checked
in the field for contamination with soil or diaspores that might have
adhered after egestion, lifted off the substrate with a clean penknife,
placed in zip-lock bags, and refrigerated. Later, the mass of each
sample was measured before separation of plant diaspores, by wash-
ing with deionized water on a 100-pm sieve. Only intact angiosperm
diaspores (‘seeds’ from here on, but including vegetative propagules
of duckweed Lemna) were collected. Identification was made to spe-
cies level where possible, under a stereomicroscope, by comparing
the morphology (shape, size, colour and seed coat pattern) of seeds
with available literature (Bojnansky & Fargasova, 2007; Cappers
etal.,, 2012; Preston et al., 2002). For each species identified, we ex-
tracted functional traits including morphological dispersal syndrome
(Table S3) and fruit types from the Baseflor database (Julve, 1998).
We obtained seed length and width from Cappers et al. (2012). As
an indication of moisture requirements, we extracted Ellenberg F
indicators for each species from Julve (1998), Hill et al. (1999) and
Domina et al., 2018. We considered plants with values of 1-4 to be
dry soil terrestrial, 5-8 to be moist soil terrestrial and 9-12 to be
aquatic.

In order to demonstrate dispersal, we tested whether intact
seeds were viable. For germinability or growth tests, we placed
seeds in Petri dishes filled with bacteriological agar or cell culture
plates filled with distilled water (for submerged plants and Lemna
plantlets) placed on the laboratory windowsill. Germination tests

were run for up to two months.
2.3 | Statistical analysis
We used a forward model selection, adding in each step an inde-

pendent variable to the models. The final models were selected
based on the AIC and BIC values. Generalized linear mixed model
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with binomial error distribution was used to investigate differences
between bird species and habitat types in presence (1) or absence (0)
of seeds in each sample (Bates et al., 2015). Predictors in the model
were bird species and habitat type (urban or natural) as fixed fac-
tors, sample mass as a continuous variable, and collection date as a

random factor. The GImmTMB (Brooks et al.,

used to build negative binomial distribution models to test for dif-

2017) package were

ferences between bird species or habitat type in the total number
of seeds per sample. This model was formulated as above, using bird
species, habitat and sample mass as predictors, while controlling for
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the collection date with a random factor. When testing the differ-
ences in the total number of species per sample between bird spe-
cies and habitats, we again included bird species, habitat type and
sample mass as predictors, while controlling for the collection date
as random factor.

We compared the frequencies of Ellenberg F values, length and
width of seeds recovered from samples from different bird spe-
cies or habitats, using only data from seeds identified at the spe-
cies level and applying linear mixed models (Imer, ‘ime4’ package,
Bates et al., 2015) with Gaussian error distribution. For each sample,
we first calculated the weighted mean for seed length, width and
Ellenberg F, and then used this as the dependent variable, with bird
species and habitat types as fixed predictors and also collection date
as random factor.

To visualize differences in the dispersed communities between
waterbird species and habitat types, we used Bayesian ordination
and regression analysis (boral) models using the “boral” package in
R, with default parameters for controlling the Markov chain Monte
Carlo sampling (Hui, 2016, 2018) using all the samples with raw
abundance data. In the ordination, we used negative binomial error
distribution due to the dominance of samples without any seeds, and
the samples ID-s were also included so the model is based on the
composition of species. Bird species and habitat types were included
as predictors. To identify plant taxa which drive differences in spe-
cies composition among the different bird species and habitats, we
used generalized linear models for multivariate abundance data
(manyglm), with negative binomial error distribution and log link, and
an unknown overdispersion parameter, using the “mvabund” pack-
age in R (Wang et al., 2012).

To identify seasonal trends from April to October in the total
number of dispersed seeds per sample, for each bird species and
habitat, we chose a non-linear regression method, i.e., the function
‘loess’ for local polynomial regression fitting from the “stats” package
(R Core Team, 2021, using 75% span). The total number of seeds (log
transformed) was the dependent variable, and calendar day was the
predictor (with 1 as 1st January). Rarefaction analysis was used to
compare species richness found in samples collected from different
species and habitats using the “INEXT” (Chao et al., 2014) package.

All statistical analyses were performed in R software (RStudio
2021.09.2 Build 382; RStudio, PBC, 2021).

3 | RESULTS

From all collected samples from any bird species, habitat or sea-
son (n=507), we recovered 930 propagules, representing 39 plant
taxa from 18 families (Table 1), including 5 aquatic species (two
submerged, one floating, two emergent), 28 terrestrial species and
6 taxa identified to family level. Four species were aliens (Table 1).
Moisture (Ellenberg F) values ranged from 3 to 12, i.e., from dry to
fully aquatic habitats. Only five species have a fleshy fruit and are
thus considered to have an “endozoochory syndrome”, and 21 have
abiotic dispersal syndromes (Table 1).
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3.1 | Comparing mallards and Canada geese as
plant vectors

Mean sample mass was 3.23+0.11¢g (+ SE) for mallard (n=257) and
5.16 +0.26 g for Canada goose (n=250). Mallard samples contained
697 intact seeds (from 25 plant species and 6 families) and 51 veg-
etative propagules, compared to 328 seeds (from 14 plant species
and 2 families) and 2 vegetative propagules from geese. Of mallard
samples, 26.1% (n=67) had at least one intact propagule, compared
to 8.4% (n=21) of goose samples. In GLMMs the differences be-
tween bird species in seed prevalence (z-value: 1.908, p=.056) was
marginally significant, and mallards had a significantly higher num-
ber of plant species per sample (z-value: 2.266, p=.024) and seeds
per sample (z-value: 3.689, p<.001). The proportion of seeds from
alien species (Table 1) was higher for mallards (5.70%, n=53) than
for geese (1.2%, n=3). The number of dispersed seeds per sample
showed evidence of seasonal patterns for both mallards and geese.
Although endozoochory was recorded from May to October, there
was an increase in the number of seeds per sample in the second half
of the year (Figure S1).

The plant communities dispersed by mallards and geese dif-
fered significantly (manyglm, p=.001, Figure 2). Fennel pondweed
Potamogeton pectinatus was only recorded in mallards and made a
significant contribution to the difference in community composi-
tion (p=.041). Seeds dispersed by mallards (median of the weighted
means: 7.14) had significantly higher moisture (Ellenberg F) require-
ments than those dispersed by geese (median of the weighted mean:
6) (t-value=2.125, p=.037). Mallards dispersed seeds from aquatic
and terrestrial plants in similar proportions, while geese dispersed
mainly seeds of terrestrial plants (Figure 3b). No seeds of open-wa-
ter plant species (F=12) were recorded in geese. Mallard samples
also contained significantly longer (t-value=2.947, p=.005) and
marginally significantly wider (t=1.970, p=.053) seeds than geese
samples (Figure S4).

Plant species with a fleshy fruit were better represented in mal-
lards (five species, 2.0% of seeds) than in geese (one species, 0.6%
of seeds). The proportion of fruit types in dispersed seeds also var-
ied (Figure 3c), with mallards dispersing mainly achenes (76.3% of
seeds), and geese mainly capsules (74.1%).

Seeds from 12 taxa dispersed by mallards (=70 seeds) and 6 taxa
dispersed by geese (n=44 seeds) were germinated (Table 1). Despite
an initial healthy appearance, none of the least duckweed (Lemna

minuta) plantlets recovered from feces (Table 1) grew in the lab.

3.2 | Comparing endozoochory in natural and
urban habitats

Rarefaction analysis showed that in natural environments, mallards dis-
persed significantly more plant species, while in urban environments
there was no difference between geese and mallards (Figure S3).
Overall, 17 plant species (4 families) were dispersed in urban habitats,
compared to 23 plant species (5 families) in natural habitats.
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FIGURE 2 Ordination of latent variable models showing the differences between plant communities dispersed by mallards and Canada
geese (a), and between plant communities dispersed by mallards and geese (combined) in different habitats (b). Axes represent latent
variables 1 and 2. Each dot represents a sample (samples without a propagule are not excluded).

In GLMMs, we found no significant differences between habitat
types in the proportion of faecal samples containing at least one seed,
species richness per sample, or seed abundance per sample (Table S2).
There was evidence of seasonality in both habitat types, with more
seeds dispersed per sample in the second half of the year (Figure S2).

Significantly different plant communities (p=.001, Figure 2)
were dispersed in urban and natural habitats. Four species contrib-
uted significantly to these differences and were more abundant in
urban habitats: Lemna minuta (p=.001), P.pectinatus (p=.002), pen-
dulous sedge Carex pendula (p=.008) and silver birch Betula pendula
(p=.034). Furthermore, all alien seeds were from urban environ-
ments. There was no significant difference in moisture requirement
(Figure 3b), length or width of seeds between habitat types.

Dispersal syndromes and fruit types differed between habitat
types (Figure 3). In natural habitats, epizoochory (mallard-56% of
seeds; geese-93%) and barochory/autochory (mallard-33%; geese-
6%) are the most characteristic syndromes, while in urban habitats
barochory/autochory (50%) and hydrochory (36%) were the most
important for mallards, and anemochory (79%) for geese (Figure 3a).
In natural habitats, capsules were dominant for both bird species
(mallards 55% of seeds; geese 84%), whereas achenes (mallards 76%;

geese 70%) dominated in urban areas (Figure 3c).

4 | DISCUSSION

Our detailed comparison of endozoochory by one native and an-
other non-native waterfowl! in natural and urban environments
in the UK identified important differences in their roles as seed
vectors, and in the traits of plants they disperse. Mallards dis-
persed more seeds and a more diverse plant community than
Canada geese (Figure S3). They dispersed more aquatic species,

and species with larger seeds. At urban sites, both waterfowl were
more likely to disperse plant species with high moisture require-
ments, as well as alien species. Dispersal syndromes differed be-
tween bird species and habitats, suggesting their diagnostic traits
(Table S3) provide useful information about the likelihood of endo-

zoochory by waterfowl.

4.1 | Overlooked vectors of native plants in the UK

Waterfowl zoochory is likely to be an important dispersal mecha-
nism for many of the native plants we recorded (Green et al., 2016;
Green & Elmberg, 2014). Waterfowl endozoochory facilitates
long-distance dispersal (LDD) between wetland catchments,
whereas many plants we recorded are assigned to abiotic dispersal
syndromes that imply no ability to disperse between catchments
(see also Green et al., 2022; Urgyan et al., 2023). For example,
given the high germination rates recorded, waterfowl likely con-
tribute to the rapid expansion of Carex pendula within Britain in
recent decades, including a pronounced northerly expansion
(Preston et al., 2002). We recorded many species as a single seed,
and increasing sampling effort would likely detect many addi-
tional plant species whose seeds are carried in waterfowl guts.
These vectors may be vital to allow plants to modify their distribu-
tions in response to global change (Lovas-Kiss et al., 2023; Nufiez
et al., 2023; Urgyan et al., 2023).

4.2 | Zoochory of alien species

All 56 non-native propagules were recovered from feces from
urban environments. In urban areas, many non-native plants are

85U8017 SUOWILIOD A1) 3|cedljdde ays Aq peuenob are ssoiie YO ‘8sn Jo Sa|ni Joj Areiqi8UIIUO 8|1 UO (SUONIPUOD-pUe-SLLBY/LICO" A3 |1 AReq 1B |UO//SANY) SUORIPUOD pue SWie | 8u 88S *[€202/ZT/c0] UO AReiqiTauliuo A81M ‘Uedeided JO A1sAIUN AQ £290T €898/200T 0T/I0PAW0 A8 | IM"Aeiq 1 pul|uoy/:Sdny Wiy papeojumod ‘TT ‘€202 ‘85.L.SY02



TOTH ET AL

FIGURE 3 Trait frequency histograms (a)
for (a) dispersal syndromes, (b) Ellenberg F 100 —
values, and (c) fruit types of seeds carried
by mallards and Canada geese in different
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introduced deliberately or spread from gardens, and birds feed-
ing in these areas are likely to disperse non-native seeds to natu-
ral areas, promoting biological invasions. Spread of alien plants
can also interfere with dispersal interactions between avian vec-
tors and native plants (Costa et al., 2022; van Leeuwen, 2018).
Although Canada geese can promote the dispersal and expansion

of non-native grasses in North America (Best & Arcese, 2009), we
found no evidence that this alien goose was more likely to disperse
alien plants in the UK than the native duck.

Among the dispersed plants (including native species) we re-
corded, there are many that are planted in gardens and parks. Some
of these species spread easily when they are released into nature,
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impacting the native flora. For example, Carex pendula is native
to the UK, but invasive in riparian areas in the USA (United States
Department of Agriculture, 2013).

Among the four aliens whose dispersal we detected, Rhus typh-
ina is native to North America, was cultivated in Britain by 1629,
and is popular in gardens (Preston et al., 2002). Lepidium dydimus,
of South American origin, is a widespread alien in both hemispheres
(Preston et al., 2002). Kickxia spuria is an archaeophyte in Britain,
native to Europe and Asia, is introduced to other continents, and
sometimes considered a noxious weed (Preston et al., 2002).

Lemna minuta, native to the Americas, was first recorded in
Britain in 1977, and has spread rapidly since the late 1980s, partly
through human vectors (Preston et al., 2002; Stace & Crawley, 2015).
There is evidence that it is displacing native Lemna species, and can
also colonize sites unsuitable for them, with impacts on aquatic bio-
diversity (Ceschin et al., 2020). It is likely to be readily dispersed by
waterfowl epizoochory (Coughlan et al., 2015), although our results
suggest that endozoochory may also be an important dispersal
mechanism, as supported by the recent recovery of viable native
Lemna from feces of mute swans (Paolacci et al., 2023). Closely
related Wolffia can also be dispersed by waterfowl endozoochory
(Silva et al., 2018).

Ducks and geese will likely be dispersing many more alien plant
species in the UK than those identified in our study, together with

alien aquatic invertebrates (Green, 2016; Green et al., 2023).

4.3 | Differences between dabbling ducks and
geese in dispersed plants and their traits

The dispersed plant community was significantly different between
mallards and Canada geese (Figure 2). We found differences be-
tween bird species in the dispersal syndromes of seeds. Abiotic
dispersal mechanisms have been shown to provide lower median
and maximum dispersal distances than endozoochory (Bullock
et al., 2017). Widespread assumptions that morphological disper-
sal syndromes directly reflect dispersal patterns in nature appear
to be fundamentally flawed, and have been reinforced by the lack
of field studies of zoochory by non-frugivores (Green et al., 2022).
Nevertheless, dispersal syndromes can be reinterpreted as traits
giving an insight into how diaspores are ingested by waterfowl. The
frequencies of barochory/autochory and hydrochory were higher in
mallards, whereas epizoochory and anemochory were dominant in
geese. The high endozoochory rates we observed for seeds assigned
to epizoochory syndromes is similar to previous findings for dabbling
ducks (Green et al., 2022) and geese (Navarro-Ramos et al., 2024).
How and why waterfowl ingest seeds with hooks or other traits used
to assign the epizoochory syndrome deserves further investigation.

Differences between the two birds in feeding microhabitats
along the aquatic-terrestrial gradient may largely explain these dif-
ferences in syndromes, since e.g., the hydrochory syndrome is asso-
ciated with aquatic plants, and anemochory with terrestrial plants.
Ellenberg F values of dispersed plant species show that mallards

generally dispersed seeds with higher moisture requirements, while
Canada geese did not disperse submerged plants. This is consis-
tent with the more aquatic feeding habitats of dabbling ducks and
the more regular terrestrial grazing of geese (see also Almeida
etal., 2022).

We also found that mallards disperse larger seeds on average
than Canada geese. The largely granivorous mallards may target
larger, nutritious seeds, whereas herbivorous geese are more likely
to ingest smaller seeds inadvertently with green parts of terrestrial
plants. However, geese can also intentionally filter floating seeds
from the water surface (personal observation). Larger seeds tend to
have longer gut retention times, making LDD by endozoochory more
likely (Garcia-Alvarez et al., 2015; Lovas-Kiss et al., 2020). Bill mor-
phology is also relevant to seed size, and mallards generally disperse
larger seeds on average than those dispersed by teal Anas crecca (a
smaller dabbling duck) feeding in the same habitats, since teal have
a higher density of bill lamellae used for filtering (Green et al., 2016).

Each sample we analyzed contained only a small fraction of daily
faecal production (Hahn et al., 2008), so our results imply high rates
of endozoochory by both bird species. Given its greater abundance,
total biomass and mobility, mallards are likely to be the more import-
ant vector in the UK overall (Brides et al., 2023; Frost et al., 2019).
Nevertheless, the biomass of Canada geese can exceed that of mal-
lards in urban habitats, and they are likely to be more important for
dispersal of many terrestrial plants between urban sites, and from
urban to natural habitats.

As in most of northern Europe, the greylag goose Anser anser
is also widespread in the UK, with a mixture of migratory and feral
birds (Frost et al., 2019). Greylag and Canada geese often form
mixed flocks and feed in a similar manner. We may expect these
two geese species to disperse similar sets of plants, although this
is a topic for future research. Other dabbling duck species become
abundant in our study area during the wintering period. Coexisting
dabbling ducks disperse similar sets of plants (Sebastidn-Gonzalez
et al.,, 2020), and our results indicate that a combination of one dab-
bling duck and one goose are likely to disperse a larger set of plants
than those dispersed by two duck or two geese species (see also
Almeida et al., 2022). The patterns we detected may thus be rele-
vant across much of the northern hemisphere where mallards and
geese (often greylags or Canada geese) are the dominant resident

waterfowl.

4.4 | Differences in the dispersed plants and their
traits between urban and natural sites

Rarefaction analysis shows that while mallards disperse more plant
species than Canada geese in natural environments, there is no such
difference in urban environments (Figure S3). Differences in feed-
ing habits between species may be reduced in the more homoge-
neous urban habitats. We also found differences between habitats
in the dispersal syndromes of plants dispersed. The proportion of
plant species with an epizoochory syndrome was higher in natural
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habitats, whereas the frequencies of hydrochory and anemochory
were higher in urban environments. Moreover, the fruit types of
dispersed seeds differed, with capsules dominating in natural habi-
tats, and achenes in urban environments (Figure 3). More seeds with
higher Ellenberg F values (i.e., shoreline and fully aquatic plant spe-
cies) were dispersed in urban environments (Figure 3).

These findings for syndromes, moisture requirements, and fruit
types are interrelated, e.g., fully aquatic plants are more likely to
have hydrochory syndromes and achenes. This overall pattern may
partly be due to high rates of disturbance in urban environments, no-
tably from dog-walking, since people and their dogs regularly scare
birds onto water. Urban sites also typically offer a more limited area
of suitable grazing habitat bordered by roads or housing, and these
terrestrial habitats are often frequently mown to provide lawns at-
tractive to the public (personal observations). This mowing may re-
duce seed availability to grazing birds. Furthermore, urban wetlands
are artificially constructed and often have shallow, relatively stable
bathymetry providing good habitat for submerged plants. Finally,
they are typically eutrophic, favouring plants such as P.pectinatus

and L.minor.

4.5 | Seasonality

Endozoochory rates were generally higher in the second half of the
year, as expected given the phenology of production of diaspores
from angiosperms in England. Since the peak in endozoochory rates
in late summer was not strongly pronounced, instead continuing
into autumn, our results also suggest that endozoochory can occur
at high rates for months after seed production, as shown for ducks
in central and southern Europe (Brochet et al., 2010; Figuerola
et al., 2003; Urgyan et al., 2023). Hence, seed dispersal by water-
fowl is not strongly coupled to the phenology of fruit production in
a manner comparable to frugivory (Gonzalez-Varo et al., 2021), and
this likely favours poleward plant dispersal in response to climate
change (Lovas-Kiss et al., 2023; Urgyan et al., 2023).

5 | CONCLUSIONS

Our study demonstrates the importance of seed dispersal by wide-
spread species of ducks and geese for plant species with different
traits. Most of these species were previously assumed to lack mech-
anisms for LDD or dispersal between isolated habitat patches. The
trait composition of species dispersed by waterfowl endozoochory
varies both between vectors and between urban and natural habi-
tats. Seed size and plant moisture requirements are diagnostic traits,
as are fruit type and those aspects of diaspore morphology used to
define popular dispersal syndromes. Future research should com-
pare the traits of seeds dispersed with those available in the environ-
ment and aim to clarify how “other syndromes” can predict spatial
and interspecific variation in endozoochory. More broadly, a vari-
ety of approaches (e.g., movement ecology, network studies, plant
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establishment experiments) are needed to advance our understand-
ing of the influence of waterfowl endozoochory on the structure and
species composition of local vegetation, and on plant distributions at

a broader scale (see Green et al., 2023 for review).
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