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Study area and Ostrea chilensis demographics
Foveaux Strait is located between the South Island and Stewart Island in southern New Zealand. It is exposed to high winds, large oceanic swells (Gorman et al. 2003), and strong currents (Stanton et al. 2001). High primary production (Bradford et al. 1991) supports diverse and abundant benthic communities (Michael 2010) including high densities of Ostrea chilensis that comprise the Foveaux Strait oyster fishery. 
Management of the fishery assumes a single stock (OYU 5, Ministry for Primary Industries 2017). O. chilensis distribution is patchy within the 3300 km2 stock boundary, and the majority of oysters are concentrated in a smaller region of the managed area (the 2007 stock assessment survey area comprised 1072 km2, Fig. 1). Allen and Cranfield (1979) and (Stead 1971b) suggested the oyster fishery comprised a metapopulation of more than 50 discrete, dense localised populations generally separated by extensive areas with low O. chilensis densities. High densities of O. chilensis occur in a depth range of 25–50 m) throughout the stock area.
Densities of recruit-sized O. chilensis (≥ 58 mm in length) were up to 24 oysters m-2 in the 1960s (Allen and Cranfield 1979) before the mortality from disease (Bonamia exitiosa, hereafter Bonamia (Berthe and Hine 2003)) caused significant declines in these densities (Doonan et al. 1994; Cranfield et al. 2005). Oyster densities after the 1986 Bonamia epizootic were low (0.3 oysters m-2 in 1992), and increased to 13 oysters m-2 in 1999, (Michael et al. 2001), but have not incresed further because of the recurrent disease mortality. 

Biology of Ostrea chilensis and implications for dispersal
O. chilensis is a larviparous, protandrous hermaphrodite (Cranfield 1979). Oysters mature first as males from 19 mm in length, and later as males and females ≥ 50 mm in length (Jeffs and Hickman 2000). Brooding-sized oysters are ≥ 60 mm in length (Jeffs and Hickman 2000). Brooding occurs throughout the year and peaks in November-December in southern areas, including Foveaux Strait (Hollis 1962, 1963; Stead 1971a; Cranfield H.J. 1979; Westerskov 1980; Jeffs 1998). Brooding starts earlier and finishes later (September to January) in warmer, northern areas (Jeffs et al. 1996; Brown S.N. et al. 2010). The numbers of larvae released (cohort size) are determined by the percentage of brooders in localised populations. In Foveaux Strait, only a small proportion of the spawning population brood, whereas 70–90% develop male gonads (Cranfield l979). Between 7% and 10%, and up to 18% brooded in the 1960s and 1970s (Hollis 1962; Stead 1971a; Cranfield 1979), and 1–2% in 1996–2000 (Bluff Oyster Enhancement Company data). In New Zealand, the percentage of brooders increases with a decrease in latitude, which suggests that temperature, is a primary determinant of successful spawning and fertilisation, and therefore brooding. Brooding percentages increase from less than 20% in Foveaux Strait (46⁰S) to 55–78% in Tasman Bay (41⁰S) (Brown et al. 2010) and to 78–90% in northern New Zealand (36⁰S) (Jeffs 1996). Temperature and other factors such as salinity and food availability contribute to differences in the duration of O. chilensis brooding in New Zealand (Westerskov1980), though to be between 15 and 38 days (Hollis 1963; Stead 1971a), and in Chile (up to 54 days, Chaparro 1990; Toro and Morande 1998); and for other Ostreidae (e.g., O lurida, Rippington 2015).
Larvae are brooded to pediveliger with eyespots (Hollis 1962, 1963; Cranfield 1968; Cranfield H. J. 1968; Stead 1971a), fully competent and ready to settle on release. As larval size increases with development, a small proportion of larvae may be released early (forced out of the pallial cavity by space limitation caused by growing larvae, (Cranfield and Michael 1989), and can continue to develop ex-parent (Hickman 2000). Most larvae are released within two hours, with a few up to 48 hours after the first liberation in laboratory observations (Stead 1971a). Release times are similar for larvae from central New Zealand (Brown S. N. 2011) and in Chile (Disalvo et al. 1983). Cranfield and Michael (1989) suggested the possibility of a more variable release strategy. Laboratory observations of O. chilensis larvae suggest they are poor swimmers: larvae swim intermittently upwards, and became inactive after 30–40 mins (Hollis 1962; Stead 1971a). Cranfield (1968b) describes larvae as benthopelagic, remaining near the seabed in strong current conditions; however, larval behaviour differs during slack water depending on light intensity. Almost all settlement in Foveaux Strait occurs between November and February (Michael and Shima 2018).
The larval biology of O. chilensis has provided a basis for the hypothesis that localised populations are self-recruiting (Cranfield 1968b; Cranfield 1979; Cranfield and Michael 1989), as was hypothesised for Tasman Bay (Broekhuizen et al. 2011). Moreover, the large ova size and the absence of feeding (lecithotrophy) are associated with limited dispersal potential that should enhance self-recruitment (Levin 2006). In laboratory experiments, most larvae settled within an hour (Stead 1971b) and ten hours (Brown 2011), and settled within centimetres of maternal parents (Cranfield 1979). The mainly rapid settlement in O. chilensis underpins the expectation of a very short pelagic larval duration see Siegel et al. 2003) suggesting limited opportunity for larval transport and dispersal. 
The short pelagic larval duration of O. chilensis implies self-recruitment. The O. chilensis habitat and the physical environment of Foveaux Strait are very different to that of other O. chilensis populations in New Zealand and Chile. Foveaux Strait is a high-energy system that differs markedly from the estuarine setting of most other studies of O. chilensis dispersal (Broekhuizen et al. 2011; Brown 2011) in New Zealand and similar oyster species elsewhere (Crassostrea virginica, (Haase et al. 2012); Ostrea edulis, (Smaal et al. 2015); Pinctada margaritifera, (Thomas et al. 2014). The high energy, hydrodynamic environment of Foveaux Strait (Michael 2010) could enable greater dispersal of O. chilensis larvae than reported by Cranfield (1968a), Broekhuizen et al. (2011), and Brown (2011). 

Physical environment relevant to larval transport
O. chilensis habitat is characterised by deep (20–60 m) gravel substrates, sometimes overlaid with sand (Cullen 1962), with strong tidal currents. Net current flow through Foveaux Strait is mainly east to southeast (Houtman 1966; Gruning 1971), feeding into the Southland Current along the Southland coast. On the south side of Ruapuke Island, the flow is northwest (Mark Hadfield, NIWA, pers. comm.). Tidal current speeds vary from 1.5 knots in the west to 4.0 knots in the east (Gruning 1971). Current speed measured close to the sampling site in 1993 and 1998 was 1.0–2.2 knots, to the east-southeast. Simulations using the Regional Ocean Model System (ROMS) at 2 km resolution to predict depth-averaged currents in Foveaux Strait showed that wind-driven currents extended throughout the entire water column. The eastward transport increased when winds were from the west and reduced or reversed when winds were from the east. Wind-forcing of current direction is shown in Figure S1 (Mark Hadfield, NIWA pers. comm.).
Net displacement of water mass eastward is between 2.5 km d-1 (Steve Chiswell, NIWA, pers. comm.) and differs from earlier estimates of 7.0 km d-1 (Heath 1973), in the western fishery area, and 22 km in a NW direction each tidal cycle (Cranfield 1968a) in south eastern areas. The residence time of water flowing through the fishing area is about 5 days (Cranfield and Michael 1989) and, based on net displacement, could be as long as 20 days in calm condition and neap tides.
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Figure S1. Mean current vectors under different wind directions. Upper left panel, winds from the west; upper right, winds from the north; lower left, from the east; and lower right from the south. Vectors from simulations using ROMS at 2 km resolution from 2008–2012. Land mask (grey) and the coastline (yellow). Bathymetry contour (blue) is at 100 m (Mark Hadfield, NIWA, pers. comm.).



Estimates of brooding-sized oyster densities
Brooding-sized oysters are ≥ 60 mm in length (Jeffs and Hickman 2000). Estimates of brooding-sized oyster densities used standard dredge sampling methods (Michael et al. 2017) because the sites were deeper than the maximum depth that can be sampled by divers (40 m). Sampling used a 3.3 m wide commercial oyster dredge towed in a straight-line, down tide for a distance of 0.2 nautical mile (371 m), at a target speed of 2.5–3.0 knots. A standard tow sampled 0.1 nautical mile either side of the spat collector sites.
[bookmark: _GoBack]Estimated sampling efficiency of the dredge is 0.17 (95% confidence intervals 0.13–0.22, Dunn (2005). Absolute brooding-sized oyster densities (oysters m-2) were calculated by adjusting catches to a standard tow distance (371 m), scaling for dredge efficiency (0.17), and dividing by the area swept (1224.3 m2).  
Percentage commercial catch
Percentage commercial catch for the 2011 oyster season by reporting area from fishers’ logbook data is shown in Figure S2. The distribution of catch-effort data reflect fisher behaviour and not oyster abundance. However, in 2011, fishers’ targeted high-density areas that resulted in the best catch rates; and therefore catch-effort data from the 2011 OYU 5 fishery broadly reflect the relative abundance of oysters. The OYU 5 stock assessment model (Fu et al. 2016) used catch effort data as abundance indices.
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Figure S2. The percentage annual commercial catch (oysters, Ostrea chilensis) by reporting area, from skippers’ 2011 season (1 March to 31 August, Michael 2012) logbooks. Percentage of the total annual catch shown as 5–10% (red), 3–4.9% (orange), 1–2.9% (yellow), and <1% (light blue). The white background represents cells where no fishing took place. Labels for the reporting cells that comprise the sampling design are shown in black text. The sampling grid is shown as red lines.
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