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Abstract Darwin recognized the potential signifi-
cance of animal-assisted dispersal for the geographic 
distribution of freshwater species. Phoretic interac-
tions are assumed to contribute to the secondary 
(post-establishment) spread of invasive freshwater 
invertebrates, but vertebrate animals reported to dis-
perse invasive bivalves are limited to amphibians and 
waterfowl. We present evidence of a novel phoretic 
interaction between the zebra mussel (Dreissena pol-
ymorpha) and a freshwater cyprinid minnow, the lake 
chub (Couesius plumbeus). To our knowledge, this 
is the first field-documented case of phoresis involv-
ing a freshwater bivalve and a fish. We suggest that 
this interaction will exacerbate risks of within-basin 
spread of zebra mussels via fish migration and over-
land transport of mussels by anglers carrying baitfish 
from invaded waterbodies.
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While humans play an overwhelmingly predominant 
role in introducing species to new biogeographic 
regions (Ricciardi 2007), both human and natural 
vectors can drive secondary (post-establishment) 
spread of species within any given region. Among 
the natural vectors often implicated in this process 
are animals that passively disperse life stages of less 
mobile animals and plants—an interaction variously 
known as phoresy, phoresis, or zoochory (Coughlan 
et  al. 2017; Bartlow and Agosta 2021). The process 
is more likely to aid the dispersal of resistant dormant 
stages (e.g., eggs, seeds, cysts, spores, gemmules, sta-
toblasts), but it can also contribute to the spread of 
active juvenile and adult organisms whose traits ena-
ble them to exploit the transport conditions. Diverse 
freshwater invertebrate taxa have been observed in 
phoretic interactions with vertebrate animals, which 
can have significant implications for range expan-
sions (e.g., Reynolds et  al. 2015; Green 2016). For 
example, Darwin (1878, 1882) suggested that some 
freshwater invertebrates are transported by water-
fowl; he reported the case of a living juvenile unio-
nid mussel (Elliptio complanata) attached to the foot 
of a blue-winged teal (Spatula discors) collected in 
the northeastern United States. Although there have 
been several anecdotal reports of freshwater bivalves 
clinging to the appendages of birds, amphibians and 
aquatic arthropods (e.g., Kew 1893; Coughlan et  al. 
2017; Bartlow and Agosta 2021), physical evidence 
demonstrating mechanisms of phoretic dispersal 
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of freshwater bivalves is rare (but see Zelaya and 
Marinone 2012).

Here, we report a novel phoretic association 
between the zebra mussel (Dreissena polymorpha) 
and a freshwater fish. We found a living juvenile 
zebra mussel (5.9  mm length) byssally attached to 
the lateral scales of a 156  mm lake chub (Couesius 
plumbeus), a native cyprinid fish that was collected 
from Lake Témiscouata, southeastern Quebec, in 
a fyke net set for 23 h on October 20, 2022 (Fig. 1). 
Lake Témiscouata is the second largest lake south 
of the St. Lawrence River in Quebec, with a surface 
area of 67  km2 and an average depth of 32  m. The 
lake is popular for fishing, boating and recreational 
use (OBVFSJ 2017) and is within the St. John River 
watershed shared by Quebec, Maine and New Brun-
swick. Lake chub is a benthic species typically found 
in shallow waters of lakes (Scott and Crossman 
1973). The fish carrying the mussel was captured near 
a macrophyte bed in which juvenile zebra mussels 
were conspicuously attached to the stems of invasive 
Eurasian milfoil (Myriophyllum spicatum) and vari-
ous native plant species. The zebra mussel, a highly 
invasive aquatic species in North America, was first 
reported in Lake Témiscouata by the Quebec govern-
ment in September 2022 (MFFP 2022), but was likely 
established in the lake at least 2–3 years earlier.

To our knowledge, this is the first field observa-
tion of a phoretic association involving a non-lar-
val freshwater bivalve and a fish. Whereas unionid 

mussels have evolved a commensal or ectoparasitic 
relationship with freshwater fishes in which mussel 
larvae (glochidia) attach to the gills and fins of spe-
cific fish hosts for dispersal, the life cycle of dreiss-
enid mussels (Dreissena spp.) includes a free-living 
planktonic larval stage (the veliger) that lives in the 
water column for as long as a month prior to settle-
ment and metamorphosis (Sprung 1989; Ackerman 
et al. 1994) and can thus be dispersed by waves and 
outflowing rivers. Further dispersal occurs by newly-
settled and small juvenile mussels actively detaching 
from their substrates and floating away, using a thin 
mucous thread from either the foot or the siphon as 
a drag line to allow passive transport by water cur-
rents (Ackerman et  al. 1994)—a process termed 
‘post-metamorphic drifting’ (Martel 1993). We sug-
gest that post-metamorphic drifting provides zebra 
mussels with opportunities to adventitiously attach 
to larger animals, such as those that frequent benthic 
or nearshore areas of lakes. Macrophytes are pref-
erential settlement sites for veliger larvae (Lewan-
dowski 1982; Bodamer and Ostrofsky 2010). After 
initial settlement on plant stems, juvenile mussels can 
detach their byssal threads and drift in the water col-
umn until they encounter other surfaces suitable for 
reattachment, which we believe led to the phoresis 
described here. Owing to their proximity to preferred 
zebra mussel settlement sites, benthic and phytophil-
ous fishes are more likely to serve as transport vectors 
for juvenile mussels.

Fig. 1  Juvenile zebra 
mussel byssally attached to 
a cyprinid fish, lake chub 
(Couesius plumbeus). Photo 
by Jaclyn Hill
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Reviews of the dispersal mechanisms of freshwa-
ter animals, including invasive species such as zebra 
mussels, do not mention this particular phoretic inter-
action (e.g., Carlton 1993; Bilton et  al. 2001; Kap-
pes and Haase 2012; Coughlan et  al. 2017; Bartlow 
and Agosta 2021). No published cases were found by 
a literature search of Web of Science (November 6, 
2022) using the following search string: Dreissen* 
AND (zoochory OR phore* OR dispers* OR trans-
port) AND fish. Reports of a phoretic association of 
veligers and juvenile zebra mussels with vertebrates 
are limited to a single case study that experimentally 
manipulated small-scale ectozoochorous dispersal on 
living waterfowl (Johnson and Carlton 1996). Voskre-
sensky (1966) reported a European freshwater clam 
(Sphaerium corneum) attached to the fin of a tropi-
cal freshwater fish (Gourami, Trichopodus trichop-
terus), but this interaction was likely observed in an 
aquarium (V. Radashevsky, Russian Academy of Sci-
ences, personal communication). Similarly, there are 
few documented cases of juvenile and adult marine 
mytilid mussels dispersed by fishes; in each of these 
cases, the mussel was attached to a parasitic copepod 
anchored onto the fish (e.g., Mackenzie et  al. 1974; 
Van Banning 1974). Nevertheless, we speculate that 
the occurrence of zebra mussel-fish phoresis is not as 
extremely rare as the lack of reporting suggests.

The significance of this phoretic association for 
dispersal remains to be determined, but we can 
hypothesize a few potential consequences for zebra 
mussel invasions. Fish could aid rapid diffusive 
spread of zebra mussels throughout a large heteroge-
neous waterbody, notably into connected waterways 
(e.g. canals, tributaries) and upstream areas accessi-
ble to fish but inaccessible to drifting mussel larvae 
and individuals attached to rafting material. Settled 
mussels are more commonly found attached to inver-
tebrates possessing chitinous external structures, 
notably dragonfly nymphs, crayfishes, and amphipods 
(Fincke et al. 2009; Coughlan et al. 2017; Kenderov 
2017). As these animals are not very mobile over long 
distances, and arthropods will shed any attached mus-
sels during moulting, dispersal opportunities offered 
by such associations might be quite limited. By com-
parison, dispersal on fish would be less spatially 
and temporally restricted within hydrologically con-
nected systems. Moreover, attachment of inconspicu-
ous juvenile mussels to small cyprinid fishes used by 
anglers as baitfish could facilitate saltatory spread of 

the zebra mussel, e.g. through overland transport in 
bait buckets and subsequent dumping of live bait in 
other water bodies. Detailed inspections of fish col-
lected from mussel-invaded lakes are needed to esti-
mate the frequency of this phoretic association, as a 
first step toward estimating risk of dispersal.

Acknowledgements We thank Erling Holm and Nicholas 
Mandrak for fish identification, Jim Carlton and Vasily Rada-
shevsky for historical information, and Andrea Weise, François 
Roy, Philippe Beaulieu and Michèle Pelletier-Rousseau for 
field support. We appreciate the comments of an anonymous 
reviewer. We are also grateful for the collaboration of Annick 
Drouin (Ministère de l’Environnement, de la Lutte contre les 
changements climatiques, de la Faune et des Parcs du Québec) 
and Michel Grégoire (Société des établissements de plein air 
du Québec).

Author contributions Data collection was performed by 
JMH. Both AR and JMH wrote the manuscript.

Funding This work was supported by an NSERC Discovery 
Grant (2022-03235) to AR and a DFO Competitive Science 
Research Fund Grant (2022 AEb-22-02-10) to JMH.

Data availability Not applicable.

Declarations 

Conflict of interest The authors declare no conflict of inter-
est.

References

Ackerman JD, Sim B, Nichols SJ, Claudi R (1994) A review 
of the early life history of zebra mussels (Dreissena poly-
morpha): comparisons with marine bivalves. Can J Zool 
72:1169–1179

Bartlow AW, Agosta SJ (2021) Phoresy in animals: review and 
synthesis of a common but understudied mode of disper-
sal. Biol Rev 96:223–246

Bilton DT, Freeland JR, Okamura B (2001) Dispersal in fresh-
water invertebrates. Annu Rev Ecol Syst 32:159–181

Bodamer BL, Ostrofsky ML (2010) The use of aquatic plants of 
the zebra mussel (Dreissena polymorpha) (Bivalvia: Dre-
issenidae) in a small glacial lake. Nautilus 124:100–106

Carlton JT (1993) Dispersal mechanisms of the zebra mussel. 
In: Nalepa TF, Schloesser DW (eds) Zebra mussels biol-
ogy, impacts, and control. Lewis Publishers, Boca Raton, 
pp 677–696

Coughlan NE, Stevens AL, Kelly TC, Dick JTA, Jansen MAK 
(2017) Zoochorous dispersal of freshwater bivalves: an 
overlooked vector in biological invasions? Knowl Manag 
Aquat Ecosyst 418:42

Darwin CR (1878) Transplantation of shells. Nature 
18:120–121



2060 A. Ricciardi, J. M. Hill 

1 3
Vol:. (1234567890)

Darwin CR (1882) On the dispersal of freshwater bivalves. 
Nature 25:529–530

Fincke OM, Santiago D, Hickner S, Bienek R (2009) Suscep-
tibility of larval dragonflies to zebra mussel colonization 
and its effect on larval movement and survivorship. Hyd-
robiologia 624:71–79

Green AJ (2016) The importance of waterbirds as an over-
looked pathway of invasion for alien species. Divers Dis-
trib 22:239–247

Johnson LE, Carlton JT (1996) Post-establishment spread in 
largescale invasions: dispersal mechanisms of the zebra 
mussel Dreissena polymorpha. Ecology 77:1686–1690

Kappes H, Haase P (2012) Slow, but steady: dispersal of fresh-
water molluscs. Aquat Sci 74:1–14

Kenderov LA (2017) An invader along with an invader: an 
unusual record of a zebra mussel Dreissena polymorpha 
(Pallas, 1771) (Bivalvia) living phoretically on a killer 
shrimp Dikerogammarus villosus (Sowinsky, 1894) 
(Amphipoda). Acta Zool Bulg 9:287–291

Kew HW (1893) The dispersal of shells: an inquiry into the 
means of dispersal possessed by fresh-water and land 
Mollusca. Kegan Paul, Trench, Trübner & Co., London

Lewandowski K (1982) The role of early developmental stages, 
in the dynamics of Dreissena polymorpha (Pall.) (Bival-
via) populations in lakes. II. Settling of larvae and the 
dynamics of settled individuals. Ekol Pol 30:223–286

Mackenzie K, Smith JW, Wootton R (1974) The case of the 
mussel-bound fish. Scott Fish Bull 41:38

Martel A (1993) Dispersal and recruitment of zebra mussel 
(Dreissena polymorpha) in a nearshore area in west-cen-
tral Lake Erie: the significance of postmetamorphic drift-
ing. Can J Fish Aquat Sci 50:3–12

MFFP (Ministère des Forêts, de la Faune et des Parcs du 
Québec) (2022) Moules zébrées détectées au lac Témis-
couata [press release, Sept 19 2022]. https:// www. quebec. 
ca/ nouve lles/ actua lites/ detai ls/ moules- zebre es- detec tees- 
au- lac- temis couata- 43183

OBVFSJ (Organisme de Bassin Versant du Fleuve Saint-Jean) 
(2017) Caractérisation du myriophylle en épi dans des 
secteurs ciblés du lac Témiscouata, 27 pp

Ricciardi A (2007) Are modern biological invasions an unprec-
edented form of global change? Conserv Biol 21:329–336

Reynolds C, Miranda NA, Cumming GS (2015) The role of 
waterbirds in the dispersal of aquatic alien and invasive 
species. Divers Distrib 21:744–754

Scott WB, Crossman EJ (1973) Freshwater fishes of Canada. 
Bulletin 184. Fisheries Research Board of Canada, Ottawa

Sprung M (1989) Field and laboratory observations of Dreis-
sena polymorpha larvae: abundance, growth, mortality 
and food demands. Arch Hydrobiol 115:537–561

Van Banning P (1974) Two remarkable infestations by Ler-
naeocera spp. (Copepoda parasitica). Journal du Conseil 
Permanent International pour l’Exploration de la Mer 
35(2):205–206

Voskresensky KA (1966) Dispersal of bivalves by fish. Zool 
Zhurnal 45(7):1097–1098 (in Russian)

Zelaya DG, Marinone MC (2012) A case of phoresis of spha-
eriids by corixids: first report for the Americas. Malacolo-
gia 55:363–367

Publisher’s Note Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

Springer Nature or its licensor (e.g. a society or other partner) 
holds exclusive rights to this article under a publishing 
agreement with the author(s) or other rightsholder(s); author 
self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement 
and applicable law.

https://www.quebec.ca/nouvelles/actualites/details/moules-zebrees-detectees-au-lac-temiscouata-43183
https://www.quebec.ca/nouvelles/actualites/details/moules-zebrees-detectees-au-lac-temiscouata-43183
https://www.quebec.ca/nouvelles/actualites/details/moules-zebrees-detectees-au-lac-temiscouata-43183

	Passive transport of a zebra mussel attached to a freshwater fish: A novel Dreissena dispersal mechanism?
	Abstract 
	Acknowledgements 
	References




