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Abstract

Disseminules drift across the North Atlantic Ocean from
the Americas to the coasts of Europe with strandings
recorded on the shores of the Arctic Ocean southwards
to the Macaronesian and Azores islands. The parent
plants inhabit vegetation ranging from tropical wetland
forests to temperate strandlines and coastal dunes.
Their disseminules undergo different ocean crossing
times according to size and buoyancy. We use drifting
plastics as a surrogate for the likely risks that disseminules
face during long-distance oceanic spread. While the
disseminules originate in habitats spanning a wide
latitudinal range, we have compared the records of the
massed strandings on beaches in Florida, less frequently
in Bermuda and the north-east coast of North America
with the comparatively sparse recoveries in Europe.
Studies of plastic drift show that the North Atlantic current
flow is mainly directed towards the western coasts of
Ireland, western Scotland and south-west Britain. We
have restricted most of our records to these regions, in
particular to the Atlantic coasts of Ireland. While some
disseminules from sub-tropical to tropical habitats, have
been shown to be viable on arrival they may not survive
as most do not reach suitable habitats, although some
have germinated under managed conditions. The majority
of the species reported as drift most probably arrive
naturally but do not produce mature plant populations
in Europe. Some strandings are likely to have human
involvement. The ethnographic significance of some
stranded disseminules suggests that these events have
taken place over centuries and most probably throughout
the Holocene. The increase of records of disseminules
on European coasts in recent decades is likely to be due
to more numerous interested observers with access to
taxonomic guides and on-line information.

Highlights

e The behaviour of disseminules may closely follow that
of floating plastics within the North Atlantic Ocean.

e Transmission of disseminules from the Americas to
European Atlantic coasts range from 12° N to the
Canadian east coast based on the distribution of
parent plants. A greater latitudinal range is likely to
be involved.

e The largest number of drift disseminule taxa arriving
in Atlantic Europe and Macronesia belong to Fabaceae
and Convolvulaceae.

e Small seeds may have more rapid crossing times but
may be subject to greater losses from biofouling and
sink on account of their surface to volume ratios.
Many small seeds stranded on European shores have
yet to be identified.

e Disseminules of different sizes are likely to have
different oceanic routes and transit times according
to varying current and meteorological conditions.
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Introduction

Biota have been dispersed by ocean currents across
deep water over geological time. Some of these will
most probably have been with natural floating rafts (Van
Duzer 2004). This includes the long-distance dispersal
(LDD) of terrestrial vertebrates (Houle 1998); some
crossings, for example of reptiles, have been deduced
by using molecular hindcasting methods (Vidal et al.
2008). However, this hypothesis has not always received
support (Mazza et al. 2019). LDD of marine biota is more
plausible as indicated by recent studies of associations
with floating algae (Rothé&usler et al. 2012), or pumice
(Bryanetal. 2012). It has been inferred using molecular
techniques that during the pre-Pleistocene to early
Holocene period, Ostrea chilensis Kister, 1844, that has
a short planktotrophic period, rafted across the South
Pacific Ocean from New Zealand to Chile, >7000 km
(O’Foighil et al. 1999). Modelling has also shown
that the distribution of some Cycas species within
the Indo-Pacific region can be related to large-scale
surface current movements (Liu et al. 2021). There
are recent examples of invertebrates associated with
floating plastics (Gregory 2009, Goldstein et al. 2014,
Pévoa et al., 2021, De-la-Torre et al. 2023). Marine
invertebrates of American origin attached to plastics
have arrived on Irish and British shores (Holmes et al.
2015a), the same shores where open ocean neustonic
invertebrate species have also become stranded
(Minchin 1996; Headlam et al. 2020). LDD can also
arise following volcanic (Bryan et al. 2012) and tsunami
events (Murray et al. 2018).

For plants, depending on the size of the propagules
involved, aerial transport (Murioz et al. 2004), bird
dispersal (Viana et al. 2016), and ocean transport (Gunn
and Dennis 1999), are possible. The unfamiliar drift
seeds collected from Orkney and western Scotland,
were recognized as being the same as what Sloane
(1698) had observed in Jamaica. He was the first to
propose these might be carried across the North
Atlantic by wind and ocean currents. Subsequently,
further accounts of strandings from over a wider
region within the northeastern Atlantic followed (in
Nelson 2000). It was Darwin who undertook sea-
salting experiments using the seeds of native plants
that were floated in salt-water to test whether seeds
could subsequently germinate to explain why some
species occurred over ocean divides (Veak 2003). Later
the widely travelled Guppy (1917) recorded strandings
of disseminules in northwest Europe recognizing that
these were of a Caribbean origin providing additional
evidence of a link between these two regions. Colgan
(1919) recorded tropical seeds from Irish shores. Later
Ridley (1930) further developed the hypothesis to
explain the biogeography of some plants. Since then,
further disseminules were collected on European
shores leading to the more complete account of
Nelson (2000) of more than fifty taxa, not all of
which could be considered to have arrived entirely
by natural means. LDD can account for pan-tropical
species, for example the coastal dune morning glory
Ipomoea pes-caprae (L.) R.Br. (Miryeganeh et al. 2014).
Many genera with floating disseminules have been

recorded from the shores of Japan (Nakanishi 1987;
Longhorn 2004; Vatanparast 2011), the Galapagos
archipelago (Hamann 1984), India (Rajabudeen and
Natarajan 2012), the South China seas and Australasia
(Smith 1990, 1991, 1992, 1994, 2005; Smith et al.
1990), the Indian Ocean and South Africa (Muir 1933,
1937). Similarly records exist for the North Atlantic
Ocean (Gunn & Dennis 1999; Perry & Dennis 2010;
Nelson 2000), with records in the northeast Atlantic
from Svalbard and Novaya Zemlya in the Arctic (in
Nelson 2000) south to the Azores (Guppy 1917) and
Macaronesia (Cadée & Dijksen 1999; Nelson 2002), a
range of 48° latitude (77° N to 29° N). Greater numbers
of disseminules and taxa have been recovered from
a mid-region within this range: the Scottish Hebrides
(Nelson 2000), Ireland (Colgan 1919; Nelson 1978,
2000) and southwest Britain (Gainey et al. 2020) the
majority having an American origin.

Disseminule transmission by ocean currents
requires buoyancy lasting from months to years.
Buoyancy will depend upon cavities within the fruit or
seed, lightweight cotyledonary tissue or fibrous outer
coatings, as well as having animpermeable testa (Gunn
and Dennis 1999). Disseminules stranding on European
coasts originate from tropical and subtropical regions
as well as temperate environments. Early accounts of
disseminules in Europe include ethnological accounts
and drawings before the parent plants and their
geographical origin were fully known (in Nelson 1978,
2000). The stranding of unfamiliar seeds, on southern
European shores during the fifteenth and sixteenth
centuries provided evidence of the likely existence
of an unknown land to the west, possibly the Spice
Islands. Following colonisation of the Americas,
American plants were imported to European gardens
and the parent species of the stranded seeds and fruits
were subsequently described.

Not all disseminules stranded on ocean beaches will
have arrived by natural means. It is seldom possible to
distinguish between truly peregrine (naturally spread)
disseminules, and those subject to some human
involvement, termed by Nelson (1978) as ‘refuse’ to
refer to those having been disposed of, washed off a
vessel’s deck or perhaps from wreckage. Some will be
involved directly or indirectly in commercial activities,
for example, associated with timber imports/exports,
for food, for processing into medicinal products,
jewelry or curiosities, or by being available for purchase
or exchange via the internet.

The duration of transmission within the North
Atlantic will depend upon the course each disseminule
takes and on wind and ocean current strengths
and directions. Guppy (1917) indicated a need for
a minimum floating capability of 14 months for an
Atlantic crossing, although recent evidence suggests
this may be less (Minchin 2021).

Colgan (1919) and Nelson (1978) provided records
of strandings dating back to the late seventeenth
century for Ireland: for a more complete account for
Ireland and Britain see Nelson 2000; Jarzembowski &
Jarzembowski 2014; Gainey 2020. Recent additions
to the catalogue of species recorded on beaches in
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northwestern Europe since that of Nelson (2000) are
provided by Quigley and Gainey (2014, 2018), Quigley
and McNamara (2020), Quigley et al. (2020a, 2020b;
2020c) and Minchin et al. (2023).

We attempt to explain the paucity in the frequency
and numbers of disseminule taxa stranded in Europe
when compared with the North American east coast
and Bermuda. We examine likely sources of entry,
dispersal and fate while in transmission and the
ranges of parent plants. Their dispersal is examined by
comparing recent studies on the behaviour of plastics
within the North Atlantic.

Materials & Methods

Disseminule sources of information

European and Macaronesia (here now including
the Azores) records were sourced from records of
Cadée (1997), Cadée and Cadée (2011), Cadée and
Dijksen (1999), Colgan (1919), Gainey (2014; 2020),
Hewitt (2012) Hood (2005), Jarzembowski and
Jarzembowski (2014), Jonsell (2000), Minchin (1996;
2021), Minchin et al. (2023), Nelson (1978; 1990;
2002), Quigley and Gainey (2014: 2020), Quigley and
MacNamara (2020,) Quigley et al. (2020a; 2020b), Rees
(2019), Sjogren (1973), Thiel and Gutow (2005), and
those reviewed within Nelson (2000). Collections of
Irish material were identified, where possible to species,
using Gunn and Dennis (1999), Nelson (2000) and Perry
and Dennis (2010). Identifications of some retained
species, or of photographs, were confirmed by Dan
Austin, Charles Nelson and Ed Perry. For disseminules
not determined to species, the generic name was used.

In Ireland disseminules were retrieved from shores
within six regions. Four of these are exposed to the
Atlantic and lie between the Islay front in the north
(between Melmore Head, Co. Donegal, to the west
coast of Islay, SW Scotland) and the Celtic Sea front
(from the Saltee Islands off the coast of Co. Wexford
to Hartland Point, Devon) as defined by Nichols (1898-
1901) and supported by Simpson (1981) (Fig. 1).

While all Atlantic coastal regions were examined,
not all were visited with the same frequency over
the period 1982 to March 2023, covering all seasons;
but not for all years. Searches were made on sand
and shingle beaches and seaward shores of some
estuaries. Some disseminules were recovered following
storms within low-lying fields, behind fore-dunes and
on clifftops. Tidal pools and lagoons, occasionally
inundated during storms, also provided samples.
Rarely were disseminules collected while floating in
the sea. Private collections held by Quigley are included
together with material freely provided by biologists
(that appear in acknowledgements).

Records from North America and Bermuda were
sourced from: Beerensson (2010), Dennis (1997),
Ebbesmeyer (2006), Gunn (1968), Gunn and Dennis
(1999), Guppy (1917), Kubitzki and Ziburski (1994),
Nelson (2006), Norton (2007), Patterson (2001); Perry
and Dennis (2010), Renner (2004), Spalding (2013),
Sullivan and Williams (2007), Zies (1997; 2001) and

from the on-line journal the Drifting Seed (http://www.
seabean.com, for years 1995-2015).

The natural, latitudinal distribution of parent plants,
and nomenclatural authorities for binomials, were
obtained using online databases such as Plants of the
World online (POWO), maintained by the Royal Botanic
Gardens, Kew, UK (https://powo.science.kew.org/).

Geographic divisions used

Disseminules recorded from western Europe were
divided according to five regions (Fig. 2). These regions
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Figure 1. Six regions around the Irish coast where disseminules
have been recorded in the literature and available to us from
private collections. The total number of records of Entada gigas
(to left) and Mucuna spp (on right) by area until the end of
March 2023. Inset: Seasonal numbers of recorded collections
of E. gigas (grey bars) and Mucuna spp. (white bars).

Figure 2. Regions where disseminules are known to have been
stranded A: Florida, B: East North America, C: Bermuda shores.
Receptor regions 1: Arctic region, 2: West Scotland, 3: Ireland,
4:SW Britain, 5: Continental Atlantic Europe and Macaronesia.
Principal ocean currents a: Guyana Current, b: North Equatorial
Current, c: Caribbean Current, d: Antilles Current, e: Gulf Stream
and current rings, f: Labrador Current, g: North Atlantic Drift
and current rings, h: Norwegian Current, i: Canary Current.
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were from Atlantic coasts of western Scotland (2),
Ireland (3) and south-west Britain (4). Records from
European regions are based primarily on published
accounts and findings from Ireland not previously
reported. Additional geographic information, north of
Scotland extends to Arctic seas (1), and from northern
continental Europe southwards to Macaronesia (5).

European records of disseminules were compared
with the extensive records of strandings on the
coasts of Florida (A) and with records from the North
American east coast (B) and Bermuda (C) (Fig. 2).
Florida has an extensive set of accumulated records
of stranded disseminules over decades (Gunn 1968;
Gunn and Dennis 1999; Perry and Dennis 2010; and
reported in the Drifting Seed (1995-2015). While
some plant propagules stranded in Florida are from
this region, many originate from areas to the south
that may include northern South America. We used
these records to compare with those recorded in the
northeast Atlantic regions (1-5) (Fig. 2).

Species stranded on European shores and not
recorded from shores within the Americas areas A to
C were not considered. Nevertheless, disseminules
purported to have an American origin in Nelson
(2000), Skarpaas and Stabbetorp (2001), Thiel and
Gutow (2005) and Rees (2019) have been included.
The species stranded in regions A to C provide a basis
for what might have been dispersed along the oceanic
pathway to Europe.

Floatation experiments of disseminules

Floatation experiments undertaken by Gunn &
Dennis (1999) and Perry & Dennis (2010) were based
on disseminules that continued to float in still, salt
water in receptacles. Some disseminules failed to float,
whereas others remained afloat for months or years,
in some cases many years. We use these results as an
indication of the capacity of propagules to survive
extensive oceanic transmission under a wide range
of sea surface conditions.

Classification of drift disseminule transmission

We have no ‘direct’ evidence of disseminules having
arrived naturally from the Americas, as these could not be
followed throughout their journeys, nor do we have an
indication of the tracks these undertook. The observation
of arrivals in the eastern North Atlantic of species that
occur naturally, or are introduced aliens (including
those in cultivation) from the Americas, have in our
classification three options. Accordingly, an appearance
due to being: ‘likely’ based on duration of buoyancy and
frequency and extent of records over decades; ‘possible’
where dispersal could theoretically take place based on
floatation experiments; and where the level of certainty
is lower due to the paucity of records and lower known
capacity of floatation, or other evidence, and ‘unlikely’
where the natural transmission capacity is not convincing.

Sources of data for plastic drift and classification of
ocean surface layers

We refer to the particle tracking reported by
Bosi et al. (2021) for surface plastic movements in

their North Atlantic study and the pathways that
plastics can take. Drogues deployed during the 1990s
provide current speed and general surface movements
within the North Atlantic (Fratantoni 2001). For the
low latitude circulation, we refer to Fratantoni et al.
(2000). Currentrings in the North Atlantic are complex
transient features that include surface patterns that
can be followed by satellite as shown in the studies
undertaken by Leterme & Pingree (2008).

We use the surface zones that plastics occupy that are
grouped according to plastic size with micro- (<5 mm),
meso- (5-25 mm) and macro- (> 25 mm) according to
Hinata et al. (2017). Since plastics are usually buoyant,
as are ocean dispersed disseminules, we use these
same zones which are subject to different levels of
movement in accordance with Stokes drift: ’...the net
drift that a particle moving in a fluid’s wave field...’
(Van den Bremer & Breivik 2017).

Measurements of stranded disseminules

Vernier calipers were used for measurements of
globose species, using the maximum measurement
and for discoidal or teardrop shaped disseminules
for maximum measurement and diameter recorded
down to the nearest 0.1mm using representative taxa.
These measurements were used to classify their likely
zone within the surface waters layers under calm
conditions (Hinata et al. 2017). For the discoidal seeds
of Entada gigas (L.) Fawc. & Rendle, Mucuna spp and
Macropsychanthus comosus (G.H.Mey.) L.P.Queiroz &
Snak the minimum measurements in the horizontal
plane were also used, as the orientation of these
within the water column can vary.

Sources of information for initial dispersal

We examined metrological events (NOAA 2020,
2021) that could lead to disseminules becoming
displaced and entering the marine environment and
then subsequently spread by wind over the ocean.
This includes the vulnerability to hurricanes on the
North American east coast (Cutter et al. 2007) and
Caribbean region (Cambers 2009).

This account includes all studies known to us of
strandings that have arrived in European waters based
on previous historical accounts and attempts to explain
the relatively smaller number of stranded disseminules
collected on European shores when compared with
that of the North American Atlantic coast and Bermuda.
We speculate on the reasons in delays and paucity of
disseminules arriving to European coasts.

Results

Native American plant species, and those
introduced and established in the Americas
that also have buoyant disseminules, have
been recorded on European shores over a wide
geographic range (Supplementary Table S1). Of the
recovered disseminules recorded from European
and Macaronesian shores we consider that twenty-
eight are likely to have undertaken an ocean
transmission from the Americas and fifteen may have
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possibly undertaken such a journey. The families
most frequently represented are Fabaceae and
Convolvulaceae, with twelve (eleven species,
one genus) and six (five species, one genus) taxa
respectively, that are likely, or may have possibly, made
such an ocean journey without human interaction
(Fig. 3). These two families have the greatest north-
south range and contain both temperate, sub-tropical
and tropical species. Juglandaceae is represented by
six species. Arecaceae (Palmae) is represented by six
taxa (four species and two genera). The families of
Lecythidaceae and Euphorbiaceae each have two
representative species. Nine families are represented
by a single species and includes two genera for the
Meliaceae. All families (in Supplementary Table S1)
have a range that extends within or throughout the
storm/hurricane zone (Fig. 4). We have assessed the
following Cassia fistula L., Delonix regia (Bojer ex
Hook) Raf., Mangifera indica L., Nypa fruticans Wurmb
and Swietenia Jacq. as being unlikely to undertake
a natural ocean crossing on the basis of their poor
ability for extended floatation, although records of
strandings exist. This may include some species of
Calophyllum L. (Quigley et al. 2023). One of these,
Manilkara zapota (L.) P.Royen, has a range solely
within the northern hemisphere (Supplementary
Table S1).

The most commonly recorded species throughout
the European and Macronesian regions have been
Mucuna sloanei Fawc. & Rendle, M. urens (L.) Medik.
and Entada gigas (L.) Fawc. & Rendle, conspicuous
on beaches on account of their size and form.
These species along with Guilandina bonduc L. (syn.
Caesalpinia bonduc (L.) Roxb.) have been shown to
be viable once stranded (Nelson 1990, J. Hassett pers
com., DM pers ob.). Smaller disseminules are generally
recorded less frequently, for example Canavalia spp.,
except where the small seeds are stranded in large
numbers or have been specifically sought, such as
Lathyrus japonicus Willd. var. maritimus (L.) J.T.Kartesz
& Gandhi (Minchin 2021).

The majority of recorded disseminules remain
afloat for 12 or more months, six species having
shorter floatation times than this. Some, present
on shores on both sides of the Atlantic with an
estimated maximum three-months buoyancy, are
most unlikely to survive an Atlantic crossing, for
example, Mangifera indica L.. Species with buoyancy
estimates of more than a hundred months include
members of Fabaceae and Convolvulaceae that
are frequently recorded within European regions
(Supplementary Table S1).

Disseminules carried in oceanic currents vary in
size. Their dimensions fit within, and overlap, the
surface ocean layer zones as defined for plastics by
Hinata et al. (2017). Different genera, according to
their size, occupy different zones. Some of the smallest
disseminules, from Fabaceae and Convolvulaceae, are
predicted to occupy the micro-zone, whereas larger
disseminules, including larger seeds of Fabaceae, may
extend more than 25 mm from the surface according
to their orientation (Fig. 5).
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Figure 3. Numbers of stranded taxa by family recorded
from northeast Atlantic shores likely to have been naturally
transmitted (white). Families with taxa that possibly endured
an oceanic crossing (black).
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Figure 4. Latitudinal ranges of the main families (green)
with taxa in this study, with floating disseminules likely to
have crossed the North Atlantic. General range of seasonal

storms/hurricanes within the Americas on the Atlantic coast
(blue). Data based on POWO 2023.

Discussion

The spread of floating plant propagules within the
North Atlantic must have occurred over geological
time. Yet there is evidence that spread by surface drift
can take place over shorter periods. The emergence
of the volcanicisland of Surtsey in 1963, to the south
of Iceland, lead to several shoreline plants becoming
established within a four-year period (Fridriksson and
Johnsen 1968). One of these, Mertensia maritima
(L.) Gray, has seeds that float in sea-water and
can germinate following stranding (Skarpaas and
Stabbetorp, 2001) and is a circum-polar species (POWO
2023). While the crossing of the Atlantic has involved
some temperate disseminules that float, the majority
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recorded will have arrived in northwest Europe from
sub-tropical to tropical environments.
Disseminules from the Americas, arriving in
European regions, are not always viable, as within
the Arecaceae (Nelson 2000, Perry and Dennis 2010).
In many cases this is due to damage to the endosperm,
yet the fibrous mesocarp can maintain buoyancy. Inthe
case of Cocos nucifera L., while most often buoyant,
with part of the drupe exposed above the surface,
not all are capable of maintaining floatation as there
are records of specimens recovered from dredge
samples (Gunn and Dennis 1999) and two from the
Porcupine Bank taken in trawls about 240 km off the
west coast of Ireland (DTGQ). Not every disseminule of
a stranded species can float; of eight intact Manicaria
saccifera Gaertn. Endocarps, recently stranded on a
Florida beach, three sank (DM pers ob.). Perry and
Dennis (2010) record that a single mesocarp of this
palm floated for 30 years and while Cocos nucifera
drupes can remain viable for 110 days in sea-water (in
Beveridge 2022), whereas the mesocarp can remain
afloat for up to thirty years (Perry and Dennis 2010).
Consequently, part of the fruit is capable of an oceanic
transmission. The finding of a germinating C. nucifera
on an Irish western beach during January 1987 (M.
Viney pers. comm.), with an intact unfouled exocarp,
would suggest a human involvement. Disseminules
found on shores that did not re-float, may have arrived
by some other means or sank while close to shore.

There is no doubt many American disseminules
from tropical to temperate habitats have been carried
within North Atlantic currents to isolated islands and
western Europe. We consider that many of these were
likely to have undertaken this journey as a result of
natural dispersal. The parent plants occur at, or near
to, coasts. For those species that only occur naturally
inland, the disseminules most probably were carried
by rivers to the coast and subsequently dispersed by
oceanic currents.

While we recognize that disseminules may also
have been carried in part by human movements for
different purposes, or result from unintended losses,
we contend that the greater number have arrived
naturally over long periods of time. We also consider
that many small disseminules, not generally noticed
on shores and with many yet to be identified, also
have spread naturally. Most of these belong to the
genera Fabaceae and Convolvulaceae.

Bosi et al. (2021) used particle tracking models
to calculate that North Atlantic currents direct the
main volume of plastic particles towards the north
of Ireland at 55° N, with extensive beaching within
ten degrees to the south and 15 degrees to the north
(Fig. 6). The north of Ireland also coincides with the
simulated destination based on oceanic drifter datasets
(Rypina et al. 2011). The majority of disseminule
records from European coasts have also been from the
same regions 2 to 4. We used this model to evaluate
a comparable behaviour of disseminules, which share
similar depth zones and circumstances such as sinking
from biofouling, possible damage and ingestion and
transmission by vertebrates. All shore collections
clearly indicate a wide biogeographical origin. Irish
Atlantic shores are often associated with drift materials
from the Western Atlantic, for example, Canadian
and American milk product cartons, light sticks used
in offshore fisheries and North American lobster trap
floats that are reused in Ireland (Fig. 7). While few can
be certain as having a specific origin, some tags from
various North American fisheries can be related to a
provincial region (Minchin 2021).

We now examine the parent ranges of disseminules
that subsequently appear in the western North Atlantic
along with distances involved and the fate that may
become them on such journeys.

Biogeographical ranges of parent plants

We used the appearance of disseminules stranded
on the coasts of Florida, Bermuda and eastern North
America as representing taxa whose geographical
ranges may have been extended naturally to Atlantic
European and Macaronesian shores by ocean currents
and by wind. Collections from this region have been
made over decades (Gunn and Dennis, 1999; Perry
and Dennis 2010 and in the Drifting Seed 1995-2015)
Some of the disseminules will have an origin to the
south of Florida from tropical environments; but
apart from occurring from within their parent plant
range we are unable to otherwise indicate a source.
Some have natural ranges to the north of Florida and
Bermuda being indigenous in temperate habitats in
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Figure 6. Diagrammatic representation of the North Atlantic showing likely sources of disseminules from temperate to
tropical regions (red bar) and a contribution from possible river discharges (green ovals). The main reference point Florida
(dark blue bar) with B (Bermuda) and the region of seasonal storms during June to November (pale blue). Termination
range of plastics in Europe (black bar) with principal destination region of plastics (star) and of records from regions 2 for
Scotland and 4 SW Britain (blue) and for Ireland (green). Receptor islands | (Iceland), S (Svalbard), NZ (Novaya Zemlya)
with A (Azores) and C (Canaries) representing Macaronesia. Blue lines indicate principal routes of plastics and dashed
lines most probable range of disseminules. Degrees are of latitude.

Figure 7. Clockwise: Macropsychanthus comosus (G.H.Mey) L.P.Queiroz & Snak with a small colony of Lepas pectinata
Spengler, 1793. Dosima fascicularis (Ellis & Solander, 1786) with its naturally produced float attached to a seed of Lathyrus
japonicus var. maritimus. Floats, used in the North American lobster fishery, in reuse in an Irish fishery. Extensive stranding
of floating marine algae Sargassum spp., originating from the North Atlantic Gyre, on an east facing shore on Martinique,
Windward Islands. (Photos: D. Minchin)
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eastern North America. An example is the sea pea,
Lathyrus japonicus var. maritimus, that is native in
north-eastern North America and is considered to
be a native species in Ireland, Britain and north-
western Europe. The western and south coast Irish
populations of this pea are most likely to have arisen
from seeds dispersed from temperate North America
(Nelson 1986, Walsh & Nelson 1987, Minchin 2021).
Calystegia sepium (L.) R.Br. is also almost certainly
involved in similar transmissions (Nelson 2000; Rees
2019). There are six subspecies of C. sepium occurring
in North America. This includes a subspecies that occurs
naturally in Europe and that has been introduced
to North America (Spalding 2013). A genetic study
is needed to reveal the geographical affinities of
European shoreline populations of such subspecies.
Disseminules are sourced from the latitudinal
range of parent plants (Supplementary Table 1), or
from re-floating of stranded seeds. The majority of
parent species do not grow naturally north of 25° N,
but it is unclear how far south we can prescribe an
origin, although some disseminules probably have their
origin in the Amazon Basin entering the coast at the
Equator (Fig. 6). As judged by the study of ocean drifters
(Limeburner et al. 1995) disseminules disgorged from
the Amazon may be carried in the Guyana, Caribbean
and Antilles currents towards the Gulf Stream (Fig. 2).
Disseminules of species of Astrocaryum, Mucuna and
Erythrina, as well as Omphalea diandra L. and Caryocar
glabrum (Aubl.) Pers., have been collected floating
in the Amazon River (Zies 2001). Although these
have geographical ranges that extend into northern
latitudes, some, such as the native range of Sacoglottis
amazonica, extend northwards from the Amazonian
Basinto 12° N (POWO 2023). There is almost certainly
a contribution from other American rivers that
include the Essequibo (Guyana), Orinoco (Venezuela),
Magdalena (Colombia), Rio Grande (Mexico) and the
Mississippi and St Lawrence rivers (United States of
America and Canada). Smaller rivers on islands may
also make contributions, for example, the vine Entada
gigas occurs in inland semi-tropical rain-forests on the
larger islands of the Caribbean (Kelly 1985); and in
Central and northern South America with a latitudinal
range of 12° to 22° N (POWO 2023). We are unable
to suggest that plants found naturally south from
the Amazonian discharge to Argentina, or having an
African origin, are involved in European strandings.
However, Kistler et al (2014) have shown, using genetic
methods, that the African bottle gourd (Lagenaria
siceraria (Molina) Standl.) most probably arrived in
the Americas as drift from Western Africa. This took
place about 10,000 BP. Using drift simulation models,
they estimated this crossing took less than a year.

Distances involved in transmissions

While most disseminules are sourced from the
east coast of the Americas some may have an African
origin (Kistler et al. 2014). Renner (2004) provided
evidence that disseminules of some palm species
(Arecaceae), having been transferred within the South
Atlantic Equatorial Current to the western Atlantic,

then transferred northwards to the Guyana current
and beyond (see Fig. 2).

The stranding of Ipomoea alba L., Macropsychanthus
comosus (syn. Dioclea reflexa Hook.f.) Mucuna sloanei
and Entada gigas in Lanzarote (Cadée and Dijksen
1999), Acrocomia sp. in Tenerife (Cadée and Cadée
2011), and of E. gigas, Guilandina bonduc, M. comosus
and Mucuna sloanei (Hood 2005) on Porto Santo (close
to Madeira) (and most probably a stranding of Lathyrus
japonicus, found as a single plant on the high shore in
the Azores (Sjorgren 1973)) all suggest a transmission
across the North Atlantic and subsequently via the
Canaries Current. While there is no evidence of a
continued drift of disseminules into the North Atlantic
Gyre, this possibility exists for disseminules capable of
remaining afloat for some years. Under experimental
conditions, some disseminules have remained afloat
for more than thirty years (Perry and Dennis 2010).
Within this gyre plastics also collect and appear mainly
within 0.5 m of the surface (Reisser et al. 2015) with
along residency (Bosi et al. 2021). As several tropical
and sub-tropical disseminules have been recovered
from the shores of Bermuda (Patterson 2001), there
is also the possibility disseminules may enter this gyre
earlier from the Gulf Stream. This gyre is a region where
holopelagic Sargassum spp also collect in abundance.
On occasions, large amounts Sargassum accumulate on
exposed Caribbean shores (Bartlett and Elmer 2021)
and these accumulations may contain long-distance
diseminules (Fig. 7).

Seeds from temperate habitats in North America,
such as those of Lathyrus japonicus var. maritimus, have
to travel at least 4,000 km to reach Ireland, whereas
those from Florida have approximately 6,500 km
and from the Brazilian Amazon have a journey of
about 16,000 km. This does not take into account
displacement on such a journey within current gyres.
The longer distances may incur higher losses through
loss of buoyancy, or by becoming stranded on nearer
shores. Some of these might become re-floated to
continue their spread.

Peregrine and ‘refuse’ disseminules

Disseminules recorded from the North American
regions A, B and C have a potential to reach Europe and
transmissions for a proportion of these are polyvectic.
While we are uncertain each collected specimen was
spread by natural means from a natural source, the bulk
of specimens are most probably peregrine since these
had a widespread occurrence on European shores with
accounts extending over a century (in Nelson 2000).
The Irish collections, made over several decades, are
more likely to represent peregrine disseminules as
these can be associated with North American flotsam
occurring on exposed Atlantic shores. The smaller,
seldom recovered seeds are likely to be peregrine
being normally overlooked and are most likely to be
under-recorded.

‘Refuse’, a term used by Nelson (1978, 2000), refers
to disseminules involving some human involvement.
These are normally recorded as localised accumulations
or rare finds (for example, Ricinus communis L.,
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Manilkara zapota (L.) P.Royen, Myristica fragrans
Houtt. (Guppy 1917; Cadée 1997; Nelson 2000)).
Some ‘refuse’ species have been shown to have
poor or no buoyancy or with very few individuals
capable of floating (Nelson 2000). Some of these,
such as Mangifera indica L., have fleshy fruits and
are considered unlikely to be naturally dispersed by
ocean currents as these are more likely to have evolved
for terrestrial animal dispersal (Esteves et al. 2015).
Others demonstrate a clear human involvement, for
example, the decorated coconuts (Cocos nucifera)
released during Hindu festivals in Britain (Hewitt 2012).
This palm, perhaps originating in the Pacific region
(Beveridge et al. 2022), has been spread by humans
and has colonised many tropical oceanic islands, and
does have a limited capability of germinating following
dispersal in currents. However, most coconuts, but
not all, from Irish beaches that have been immature
fruits or have had surface and boring biota may have
undertaken a prolonged oceanic journey (Nelson 1978;
Minchin pers ob.).

Hydrochory, how it begins

Most parent plants have coastal distributions that
overlap the ‘hurricane belt’, a region that generally
occurs between 10° N and 43° N. The intensity,
frequency and tracks of hurricanes within this ‘belt’
vary with a season, normally from June to November;
but mainly August to October (NOAA 2020, 2021).
These events can remodel beaches through the effects
of tidal surges, strong winds and extensive rainfall
(Sallenger et al. 2006). The stripping of fruits from
parent plants by wind can also result in disseminules
entering the sea. Following such events, large
strandings, including these species, can occur on shores
in Florida (Perry & Dennis 2010). Storms can damage
fore-dunes, yet plants in such regions can be adapted
to such events and be capable of recolonization from
ocean-dispersed propagules. An example is [pomoea
pes-caprae which has a pan-tropical distribution and
seeds well adapted for ocean travel (Davy and Figueroa
1993). Other strandline plants such as Guilandina
bonduc (30° N - 18° S) and Canavalia rosea (Sw.) DC
(30° N to 32° N) have similar capabilities (Mendoza-
Gonzdlez et al. 2014).

On entering coastal waters, the surface water
movements are determined by wind and current
speed and direction, and flotsam may subsequently
enter looping eddies (Richardson 2005). Some of the
disseminules might become carried by the Caribbean
Current, or perhaps the Antilles Current, to enter the
Gulf Stream. In the Caribbean Sea and Gulf of Mexico
disseminules are stranded in abundance on the shores
of the Yucatan Peninsula (Gunn et al. 1984) and Costa
Maya in Mexico (Ebbesmeyer 2006) and on beaches in
Texas (Ebbesmeyer 2008; Sullivan 2004; Sullivan and
Williams, 2007, 2008, 2010) including Padre Island
(Norton 2007). Once off the east coast of Florida,
after north-easterly storms, during October to May
(zies 1999), large accumulations of disseminules can
appear on shores (Norton 2008). As noted, floating
seeds also reach Bermuda (Patterson 2001). Flotsam

is also carried further offshore along the coasts of the
eastern North America as far north as Cape Hatteras
(Ribic et al. 2010), with rare strandings further north
on Sable Island off the Canadian coast (Nelson 2006)
and Greenland (Gunn 1968).

Delays in transit

As the surface of the Gulf Stream flows northwards,
temperate American plants, may become added
to the flotsam and enter the North Atlantic Drift.
Furthermore, seeds carried within the cold Labrador
Current meet the Gulf Stream above the latitude
of Cape Hatteras may also enter the North Atlantic
Drift (Nelson 2000, Minchin 2021). The margins of
the Gulf Stream and North Atlantic Drift form cold
and warm-core meandering rings, with diameters
normally exceeding 100 km (Auer 1987). There are
variations in the size, number and duration between
years, occurring at a greater frequency this century.
These rings usually develop in the late spring to
early summer (Gangopadhyay et al. 2019) and can
entrap flotsam leading to a separation of former drift
associates. The eastward flow of the North Atlantic Drift
is exposed to predominantly westerly wind. When off
the coast of Ireland this current broadens and extends
northwards into the Norwegian Current to Norwegian
coasts and the Arctic Sea and southwards within the
Canaries Current to off the west coast of Africa, as
we have discussed.

Losses in transit

Continued transmission of plant disseminules
depends on continued floatation which can be impaired
by the surface growth of fouling organisms such as
lepadid cirripedes (Gunn and Dennis 1999; Fig. 7) and
by boring biota (DTGQ; Holmes et al. 2015b). A heavy
accumulation of these may eventually result in the
disseminules sinking. An exception is the pelagic goose
barnacle, Dosima fascicularis (Ellis & Solander, 1786)
(syn. Lepas fascicularis Ellis & Solander, 1786) that
normally attaches to small floating items. As the colony
grows it produces a spongey float to compensate for
its increased weight (Fig. 7). Apart from attaching to
the ~5 mm seeds of Lathyrus japonicus it also attaches
to small pieces of man-made substrates such as tar
and plastic, where formerly it was mainly associated
with feathers and pumice (Minchin 1996). The high
surface to volume ratio of small disseminules must
pose a disadvantage due to the risks from epibionts.
For some, a loss of buoyancy from seepage of water
through the micropyle, or damage to the testa, may
result in sinking.

The extent of fouling may relate to prolonged
periods at the surface. More rapid fouling may be
expected in warmer waters. On entering cooler
water currents epibionts may expire or their growth
become retarded. Temperate seeds probably have
the advantage of shorter journeys in cool water, with
possible lower levels of fouling. While attached biota
may result in sinking, albeit perhaps not all the way to
the bottom, it is possible for plastics and disseminules
to refloat once the attached biota disintegrates. Sinking
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is a real risk as disseminules have been dredged from
deep-water sediments (in Gunn and Dennis 1999).
This parallels the fate of plastic, with smaller plastic
pellets (up to 5 mm) sinking sooner (Fazey and Ryan
2016). Despite the depletion of small plastic particles
at the ocean surface, micro-plastic discoidal pellets,
‘nurdles’, reached Irish shores in abundance during
the 1980s and 1990s (Nelson 2000: DM pers. ob.).
Recently there has been a notable decline in ‘nurdle’
strandings (Van Franekar and Law 2015).

Disseminules can bear scars and bite marks. These
can be inflicted soon after release from a parent
plant. A Mucuna seed was seen falling into a South
American river to be eaten by a pacu (a serrasalmid
fish of which there are several similar species) (Perry
2000). Disseminules, of a wide range of species, in the
Amazon Basin are avidly consumed by various fishes
(Kubitzki & Ziburski 1994). Some may sustain damage
to the testa in freshwater or after entering the sea.
Examples of Entada gigas, Guilandina bonduc, Mucuna
species and Terminalia catappa L. are reported showing
similar upper and lower surface damage, indicative
of vertebrate bite-marks that may be due to turtles
(Beeresson 2010; Perry & Dennis 2010).

In the Pacific Ocean, Macropsychanthus, Entada,
Caesalpinia, Mucuna, Terminalia, Calophyllum and
Balsamocarpon brevifolium Clos (syn. Sophora
microphylla Meyen) disseminules have been found in
albatross nests, some within chick carcasses (Wagner
2002). An Ipomoea seed was reported in a giant petrel’s
nest on Macquarie Island, south of New Zealand at
54°S (Smith 2006). Fulmars have long foraging ranges
even when nesting (Edwards et al. 2013). However,
there is less such evidence from the North Atlantic,
although off the west coast of Scotland, at St Kilda,
a seed of Guilandina bonduc was recovered from
a fulmar’s nest and some from the crops of other
fulmars (in Nelson 2000). Fulmars, shearwaters and
petrels feed on organisms at the water surface, and
so may have acquired the disseminules targeting the
associated fouling or perhaps the colour of the seed.
Moore (2008) claimed plastics are mistaken for food
by albatross, fulmars and shearwaters. While Entada
gigas is too large for such North Atlantic birds to
swallow or hold, smaller disseminules may be more
vulnerable to ornithochory.

Much of the European Atlantic coastline has a rocky
coast where arriving disseminules may become damaged
or destroyed. Damaged Entada gigas, lacking endosperm,
have been found on lIrish shores (DM pers. ob.). It is
unknown how many become destroyed in this way.

The case for selective dispersal

Disseminule size, buoyancy, degree of fouling
and varying exposure to currents may explain the
apparent spread in distance and time involved, and
for the fewer records being stranded on European
shores. This compares with the mainly seasonal large
strandings in Florida that take place, often after storm
events. According to Bosi et al. (2021) the surface
levels in which plastics float are important for their
rate of spread. This relates to the surface water

profile involved in the differential rates of movement
according to Stoke’s drift. There are three depth zones
from the surface, micro- (<5 mm), meso- (5—25 mm)
and macro- (> 25 mm), as defined by Hinata et al.
(2017). There being a more rapid transmission for
objects floating on or near the surface. These depth
categories can broadly be related to the sizes of
disseminules in this study (Fig. 5). Those in the micro-
layer could include Lathyrus japonicus var. maritimus
and many species of Convolvulaceae and so result in
their swifter dispersal. During storms (= Beaufort scale
10) this surface zone may become stripped from wave-
crests, with seeds having moments of aerial transport
along with spume. Even during wind speeds of 14 m/s
(Beaufort 7) the mean size of sea-water drops, about
6 mm diameter (Anguelova et al. 1999), may exceed
the dimensions and density of the smallest seeds.
The micro- to meso- zone could account for the
majority of disseminules arriving on European shores.
Under wave conditions disseminules may tumble
with momentary appearances within a different zone,
perhaps circulating to some depth, depending upon
their size and density. Plastics in high sea states may
have periods of vertical circulation, and the surface
rise velocity will result in different durations according
to the separate surface layers occupied (Reisser et al.
2015). The mean wind speed from ocean buoys off the
west coast of Ireland ranging from 3 to 6 m/s (Beaufort
2 to 4) (Blackledge et al. 2012). This makes tumbling
and circulation of disseminules within different
surface zones likely. Larger disseminules within the
macro-classification could take longer in making
an Atlantic crossing and so be more likely to carry
cyptofauna, residing hidden within protective layers
of the disseminule and surface growing epibionts.

Problems of recording

It is only in recent decades that records of
disseminules have increased, with a likely bias
towards larger disseminules, smaller seeds either
being generally overlooked or of little interest. Visits
to shores, during strong onshore winds, may not be
productive due to extensive foam and/or burial from
drifting sands. Frequently reported Irish finds are of
Entada gigas and Mucuna spp. Yet many finds go
unreported, being retained as keepsakes, sometimes
to be later acknowledged as having been found (Fig. 1).
In Ireland most of the strong wind conditions occur
outside the summer and may explain the many finds
during the winter and spring when there may be
fewer recorders present on shores, indicating possible
seasonal bias, yet with similar findings during the
summer, when there is an increase in human activity
on beaches. Some found in summer may have been
stranded some months before. Almost certainly,
the majority of stranded disseminules do not come
to the attention of recorders. It appears that some
beaches are more productive than others due to their
orientation and tidal dynamics. Neilson and Costello
(1999) estimated that 34% of the 7534 km of Irish
coastline was made up of sand, involving only some of
the most likely areas where collections would be made.
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Figure 8. Risks for disseminules associated with oceanic travel from the Americas. Recording areas are described in Fig. 2.

Overall risks in transit

Disseminules capable of floating for a long
period have been found at a greater frequency on
subtropical and tropical shores often within the
range of their parent plants (the Drifting Seed 1995-
2015). Those capable of spreading northwards can
accumulate in large numbers on Florida shores, usually
following onshore winds and recent storm activity.
The sparse records in Europe most probably relate to
a comparatively low level of survival in oceanic transit
from sinking, small number of recorders (Fig. 8) and
being spread over a wide region from Arctic shores
to Macronesian islands.

The buoyancy of many disseminules may not be
secure due to fouling and absorption of water while in
transmission (Fig. 8). Nevertheless, small propagules may
undertake shorter crossing times due to the level at which
they float in the water column, perhaps assisted, in part,
by aerial transport. Vertebrates may cause losses during
transit. The distances disseminules travel are uncertain
as many parent plants have a wide latitudinal range.
There is the possibility that journeys, for some, may
start in western Africa, or, having crossed the Atlantic
towards Europe, may become distributed southwards
to the Canary Islands and so might subsequently enter
the North Atlantic Gyre, especially those disseminules
capable of buoyancy over many years.

Conclusions

Disseminules from temperate to tropical
environments have been spread by oceanic currents
over geological time with accounts of those from the
Americas being recorded in European folklore to recent
times. These have been found stranded from Svalbard
and Novaya Zemlya within the Arctic circle south to the
Macaronesian islands. Records of taxa from the Atlantic
coasts of Scotland, Ireland and southwestern Britain
have been the most numerous, involving twenty-eight

taxa likely to be true peregrine species and with some
small seeds yet to be identified. This region corresponds
with the tracking of plastics across the North Atlantic
to this same region. The most frequently observed taxa
are from the families Fabaceae and Convolvulaceae,
followed by Arecaceae and Juglandaceae. Generally,
the spread of disseminules involves a polyvectic process
that may include hydrochory from rivers and flooded
wetlands, from seasonal rainfall and coastal areas
following storm events to later becoming spread by
ocean and wind currents, some with an often-unclear
human involvement.

Disseminules, like plastics, can endure delays should
they become stranded, to perhaps become refloated,
or later enter wandering current rings during an
oceanic transmission. Changes in current speed and
wind force and direction will influence the duration
of travel and according to the surface zone occupied
that relates to disseminule size, shape and orientation
and levels of fouling. Small plastics, on account of their
high surface area to volume ratios, that will influence
their buoyancy, may be more prone to sinking as may
take place for some floating disseminule taxa.

There are considerable distances involved for the
disseminules that arrive on European shores. American
disseminules, with long floating times, might enter the
North Atlantic Gyre, having passed close to Bermuda
or via the North Atlantic Drift. There is the possibility
that some circumnavigate the North Atlantic and those
from west Africa may arrive via Equatorial currents to
enter the North Atlantic.

There are further opportunities for the establishment
of disseminules stranded in a viable state within
the wide range of changing climatic destinations.
The predicted increase in the intensity and number of
storm events within the Americas may lead to greater
numbers of disseminules being carried within ocean
currents.
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