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European flat oysters (Ostrea edulis) are used in offshore nature
enhancement projects in the North Sea as one of the most well-known
native reef building species. For optimal reintroduction it can be useful
to know the spawning period of flat oyster to introduce suitable
settlement material for the oyster spawn to settle on. This memo
gives a short introduction into the life cycle of European flat oysters
and into the methods used to predict spawning time.

Figure 1. European flat oyster life cycle (from Sas et al. 2019).

The North Sea used to contain hard substrate habitats such as large oyster reefs, gravel
fields and moorlog banks (Coolen, 2017). Due to (a.o.) mining, dredging, disease and
(over)fishing, hard substrate habitats have drastically decreased in the North Sea during the
19th and 20th centuries (Airoldi and Beck, 2007; Smaal et al., 2015; Coolen, 2017). Offshore
wind farms (OWFs) offer hard substrate surfaces as well as less or no bottom habitat
disturbance and have been identified as promising locations for nature enhancement and
reintroduction of biogenic reef species in the North Sea (Smaal et al., 2016; Kamermans et

al. , 2018; Coolen et al. , 2019). European flat oyster (Ostrea edulis ) is a native oyster species
from which the decline in the North Sea has been relatively well documented (Pogoda et al. ,
2019) and a logical candidate for re-introduction or nature enhancement.
Flat oysters have been intensively cultured in the Netherlands for at least a century, leading
to introductions from other countries such as France, Ireland, England, Italy and Greece to
keep the population high enough for exploitation (Drinkwaard, 1999). However, the
increasingly lower numbers of flat oyster and decreasing profits led to the introduction of
non-native species such as the Pacific oyster (Crassostrea gigas ), effectively taking over the
market and reducing the need for flat oyster production (Drinkwaard, 1999). Currently, only
a few wild European flat oyster stocks are present in Dutch waters, making re-introduction
from Dutch brood stocks a challenge (Smaal et al. , 2015). To make re-introduction or nature
enhancement, including possible local production and offshore monitoring, as effective as
possible, knowledge on the complete lifecycle of flat oysters is essential. This memo focusses
on flat oyster spawning and its associated parameters.
European flat oysters are a so-called ‘protandrous hermaphrodite’, meaning an oyster starts
life as male and may after several years change to female (Henshaw, 2018). Within one
season the sex change may occur back-and-forth (Bayne, 2017). A male oyster releases
sperm into the water column, fertilising up to 1 million eggs in the pallial cavity of the female
(Lapègue et al. , 2006). Older oysters can spawn twice during one spawning season: once as
a male and once as a female (Smaal et al. , 2015). Sperm cells are filtered out of the water
phase by the females, and combined with egg cells in their shell cavity. The larvae are
released from the female into the water after 8 to 10 days (depending on temperature),
spending another 8 to 10 days in the water column before settling on a suitable surface
(Lapègue et al. , 2006). The metamorphosis from mobile larvae to sessile spat probably
mainly depends on food availability and can take up to two weeks (Smaal et al. , 2015).
Because of the relatively brief mobile phase, dispersal of flat oyster is relatively small,
generally up to 1 km but sometimes ranging to 10 km (Smaal et al. , 2015). The lifecycle of
the flat oyster is summed up in Figure 1.
Environmental parameters such as water temperature, dissolved oxygen, suspended matter
and chlorophyll a concentration can influence the gametogenic cycle of flat oyster (Cano,
Rosique and Rocamora, 1997). To make artificial production of spat as efficient as possible,
these parameters and the specific effects of each of them should be known where possible.
In a Spanish study of wild flat oysters, temperature seemed to be the main defining
parameter, in which gametogenesis took place year round but spawning only occurred at
water temperatures between 14°C and 28°C (Cano, Rosique and Rocamora, 1997). A Danish
study showed a positive correlation between average summer water temperature and oyster
yield 5 years later, indicating warmer water (>15-16°C) has a positive effect on reproductive
output (Nielsen and Petersen, 2019).
The timing of spawning varies between years and locations (Didderen et al. , 2019) with
water temperature generally accepted as the most important factor for inducing reproductive
activity (Allison et al. , 2020). Using a technique called the ‘temperature sum’ the larval peak

can be predicted for a specific location (Sas et al., 2019; Maathuis et al., 2020). The
temperature sum, also known as growing degree-days, heat units or thermal time, is the
sum of the (average) water temperature per day, if the temperature is higher than a
threshold temperature (Sas et al., 2019). A study in Lake Grevelingen and the Oosterschelde
in the Dutch Delta showed that spawning is not only dependent on temperature sum but
also on lunar cycle, chlorophyll a concentration (food abundance), day-in-year and mean
temperature (Maathuis et al., 2020). This can make prediction of spawning somewhat
complicated. Hence, a prediction model based on local temperature sum is currently the
most practical method of predicting the larval peak. Maathuis et al., 2020 shows the first
peak of oyster larvae in the Oosterschelde was predicted at 576-593 degreedays, in Lake
Grevelingen 903 degreedays (not significant). For North Sea locations, a prediction can be
made using the same methods as described in Maathuis et al., 2020, however no current
research can validate the predications yet as not enough data is available. The method can
be validated for a location with regular (preferably weekly) larval monitoring in June and July
(P.Kamermans, pers. comm. June 2020).
An oyster pilot in Dutch OWF Luchterduinen in 2018-2019 successfully used the threshold of
593 degreedays to predict the larval peak in July (Didderen, Bergsma and Kamermans,
2019). This implies that the larval peak at offshore locations will probably occur later in the
season than at nearshore locations, since offhore water temperature usually lags behind
nearshore temperature. Further validation of the temperature model for offshore locations is
necessary. According to Sas et al. (2019) and unpublished research based on Didderen,
Bergsma and Kamermans (2019), the best timing for placing clean settling substrate is two
weeks after the larval peak (P.Kamermans, pers. comm. June 2020). The same sources
indicate that shell material is probably the best settling material.
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