
Interspecific fertilisation experiments have rarely been made above the genus level in 
marine molluscs, probably because interspecific barrier mechanisms are known to act 
between gametes at the intrageneric level in some groups1,2 including Mytilus3.
Our study was initially motivated by the practical needs of hatchery mussel production but 
the activation of mussel oocytes by oyster sperm has further reaching implications both for 
genetic improvement techniques and ecology. 
Hatchery production of the blue mussel usually requires controlled induction of spawning 
as gonad stripping has not given satisfactory results in this species.  On a batch of spawned 
mussel oocytes we tested the effects of spawned and stripped mussel spermatozoa and 
stripped oyster spermatozoa.  
Although we had initially considered oyster sperm as a potential spawning stimulant4 for 
mussels,  we first wanted to test for direct effects that it could have on their oocytes.

• Activation without fertilisation should lead to haploids15

- Combining oyster sperm and polar body blocking treatments could 
create gynogens, but in low numbers because of low activation %.

• Absence of previous intergeneric experimental observations: 
- Are activation and recognition mechanisms separate? 

• Loss of mussel gametes by interspecific interference 
- Percentage affected is low but the ‘competitive effect’  is in favour 
of oysters. 

- The breeding seasons of the species do not normally overlap, 
though climatic change and invasiveness16 of C. gigas could bring 
them into contact more frequently.
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Potential mechanisms Aquacultural and Ecological implications

Activation is mediated by a chemical reaction occurring when the sperm head fuses to the 
oocyte surface leading to ionic fluxes and charges within the cell6,7.  The addition of certain 
ions or serotonin can bring about activation8,9,10, and some of these substances are also 
spawning stimulants. It is possible that the presence of oyster sperm changes the chemical 
environment causing similar parthenogenic activation or that it contains substances similar 
to those in mussel sperm. Spontaneous activation has also been observed without sperm in 
Eastern oyster11, indicating a certain sensitivity of such mechanisms. The possibility of 
hermaphroditism (and thus self-fertilisation), is unlikely in our trials as control oocytes with 
no sperm were not activated at all. 
Both oyster12 and mussel sperm13,14 have been seen to activate echinoderm eggs, to 
penetrate and develop pronuclei.  This is a still larger phyletic gap, and the development of 
echinoderm embryos is profoundly different. 
Crosses between oyster oocytes and mussel sperm produced no similar effects in oyster, the 
effect of oyster sperm on other species remains to be tested.

Comparison of mussel sperm (spawned and stripped)
and oyster sperm (stripped)

1000 spz/oocyte

Spawned and stripped mussel sperm gave 
similar results. Oyster sperm activated a 
smaller proportion of oocytes, there was slower 
development and no larvae in this trial.

Observations in follow-up experiments
• Later observation at 4 and 15 hours revealed 
multicellular embryos in oyster sperm groups.
• With a greater oyster sperm concentration (~10x),
the number of oocytes with sperm attached was 
improved to 100% by 10 mins but there was less 
activation (13% max) and this was further delayed.

Ploidy restoration
Following the embryo development timing, we 
made 300µM 6-DMAP treatments (15 or 20 min) to 
block polar body expulsion. However, only dead or 
deformed larvae were recovered after 2 days. 

High adherence of oyster spermatozoa 
to mussel oocytes. No decondensation 
or penetration.                    (Hoescht staining5)

Surprisingly, contact with oyster sperm activates mussel oocytes. This 
photo was taken at 3h, though the stage illustrated is normally reached 
at 20-30 minutes with mussel sperm.  Cleavage occured in a small 
number of embryos however, and the 4-cell stage was observed (below).

Mussel oocyte 
activation by 
oyster sperm
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