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ABSTRACT

Larval settlement and recruitment play an important role on the population dynamics of marine benthic
invertebrates, and are key factors in the management of aquaculture industries. In order to check the
current strategies of mussel seed gathering from collector ropes in the Ria of Ares-Betanzos (NW Spain),
this work analyses the seasonal and spatial variability of larval settlement and recruitment of the mussel
Mytilus galloprovincialis, as well as the relationship between settlement and recruitment. Our results
highlight the importance of the hydrographic characteristics of the Ria de Ares-Betanzos on the spatial
distribution of larval settlement and on the early post-settlement mortality, which determines recruitment
success. The spatial distribution of larval settlement, with higher abundances in the northern-shore but
significant larval retention in the southern culture areas, is in agreement with the positive subtidal
circulation of this embayment and the larger residence times in the southern shore. The positive subtidal
circulation of the Ria favours larval transport from the culture areas located in the south to the northern
shore, while the larger residence times allow larval retention in the southern shore. The strong linear
relationship between settlement and recruitment suggest density-independent mortality and allowed
estimating recruitment abundances and short-term survival rates. The highest and lowest post-settlement
mortalities were registered at the most external and sheltered locations respectively, suggesting that the
vulnerability to the hydrodynamic stress may be the main cause of early post-settlement mortality of
mussel juveniles on suspended substrates. Our results confirm that the sheltered culture polygons located
in the inner area of the Ria of Ares-Betanzos are favourable environments for the recruitment of Mytilus
galloprovincialis spat, supporting the current strategies of seed gathering from collector ropes in the Ria

of Ares-Betanzos.

Keywords: hydrographic regime, larval settlement, mussels, post-settlement mortality, recruitment.

1. INTRODUCTION

The life cycle of most benthic marine invertebrates, such as Mytilus galloprovincialis, involve a
dispersive planktotrophic larval phase, which can last for several weeks, and a post-larval sedentary stage

(Céceres-Martinez and Figueras, 1998a; Grantham et al., 2003).. Larval settlement (the process by which
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individuals become associated with the substrate) and recruitment (the number of individual attached to
the substrate an arbitrary time after settlement) play an important role in the population dynamics of
marine benthic invertebrates (Arribas et al., 2015; Menge et al., 2009). Therefore, understanding all the
processes that affect larval dispersal, settlement and recruitment would be of key importance for a proper
management of exploited stocks (e.g. mussels and oysters), tracking invasions (e.g. Xenostrobus securis

in the Galician Rias) or designating marine reserves (Levin, 2006; Lopez-Duarte et al., 2012).

Settlement and recruitment of marine invertebrates are determined by many biotic and abiotic
factors operating and interacting on multiple time and spatial scales in numerous environments (Levin,
2006; Pineda et al., 2008). The timing and magnitude of larval supplies (Caceres-Martinez and Figueras,
1998a; Porri et al., 2006), the presence of conspecifics (Tumanda et al., 1997), algal and microbial
coverage (Hunt and Scheibling, 1997; O’Connor et al., 2006) among others, are biotic factors that
determine larval settlement. On the other hand, larval survivorship and development during the planktonic
stage are affected by abiotic factors such as physic-chemical characteristics of water (e.g. temperature,
salinity and oxygen concentration) and food availability (Alfaro, 2005; O’Connor et al., 2007; Phillips,
2004, 2002; Widdows, 1991). In particular, larval settlement in heavily affected by hydrodynamic
conditions controlling larval dispersal and nutrients availability (Peteiro et al., 2011; Smith et al., 2009;
Xavier et al., 2007), along with the type of settlement substrate. Recruitment of marine benthic
invertebrates is determined by the interaction between settlement abundance and post-settlement
processes, such as migration and mortality. Post-settlement mortality has been mainly attributed to the
physiological stress associated with metamorphosis, a greater vulnerability to physical stress in smaller
individuals, predation and intra and/or interspecific competition for food and/or space (Bownes and

McQuaid, 2009; Capelle et al., 2014; Dolmer and Stenalt, 2010; Gosselin and Qian, 1997;

Peteiro et al., 2010; Peteiro et al., 2007a).

Mussels are dominant organisms on many rocky shores worldwide, where they serve as
ecosystem engineers because they attenuate storm surge, stabilize the shoreline, sequester
carbon and provide food and habitat for many species, and are a central component of
community structure (Commito et al., 2014; Lawrie and McQuaid, 2001; Menge and Branch,
2001; Navarrete and Menge, 1996; Petraitis, 1998; Rilov et al., 2008) In addition, mussels have

important commercial value worldwide, which has motivated the continuous increase of
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aquaculture industry along the last decades. Filter-feeders (e.g. mussels, oysters) grown in
suspended culture also have an important influence in the ecosystem, mainly in areas dominated
by aquaculture (Ferreira et al., 2007; Pérez-Camacho et al., 2014) .These effects may include a
top-down control of eutrophication symptoms (Bricker et al., 2003) and changes in the water
column biogeochemistry (Souchu et al., 2001). The important ecological role of mussels and the
need of mussel seed for the aquaculture industry have motivated an increasing interest on
understanding the pre and post-settlement processes that determine their abundance and

dynamics.

Eastern boundary coastal upwelling systems (EBUS) represent less than 1% of the total
volume of the oceans but they provide to humankind more than 20% of the proteins of marine
origin (Fréon et al., 2009). The Galician Rias (NW Spain), located in the in the northern
boundary of the Iberian—Canary Current upwelling system, are characterized by a high mussel
productivity. The importance of larval dispersal and recruitment for the management of mussel
culture in this area has motivated an important body of research (e.g. Caceres-Martinez and
Figueras, 1998a; Fuentes and Molares, 1994; Peteiro et al., 2011 and references therein).
Caceres-Martinez et al. (1993) and Peteiro et al. (2011) found that larval settlement is
concentrated during spring-summer, i.e. the upwelling favourable season (Alvarez et al., 2008;
Figueiras et al., 2002). Filgueira et al. (2007) confirmed that Mytilus galloprovincialis has clear
settlement preferences for textured and complex substrates because they offer increased surface
area, acting as refuges against predators thus reducing post-settlement mortality. Peteiro et al.
(2007a) and Peteiro et al. (2010) identified self-thinning, which regulates population density to
allow individual growth, and predation, which can eliminate the settled population, as the main
causes of post-settlement mortality. Peteiro et al. (2011) developed a model to determine the
effects of intermittent-upwelling events on the settlement patterns of Mytilus galloprovincialis
in two distinct locations of the Ria of Ares-Betanzos. Peteiro, (2010) analysed the effect of the

physico-chemical characteristics of the water on larval settlement.
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This work focusses on the settlement and recruitment patterns of Mytilus
galloprovincialis grown in suspended culture in the Ria of Ares-Betanzos. Our main goals were
to evaluate if the current seed collector strategies are optimal or can be improved, and to test
whether the recruitment of mussel juveniles is more affected by settlement abundances or by
post-.settlement processes. To this purpose, larval settlement and recruitment abundances of
mussel juveniles were measured fortnightly during a year on artificial suspended substrates,
which were deployed at four locations subjected to different oceanographic regimes and with
different adult abundances. The analysis conducted in this work can be summarized in two
points: (i) characterize the spatial and temporal variability of settlement and recruitment
abundances of mussels in this embayment, and (ii) study the relationship between larval
settlement and recruitment and estimate post-settlement mortalities. The results of this study
allowed us the characterize the spatial variability in the seasonal patterns of larval settlement
and recruitment of Mytilus galloprovincialis along the Ria of Ares Betanzos, showed that in this
embayment the recruitment of mussel juveniles is more determined by settlement abundances
than by post-settlement processes, and confirmed the suitability of the current strategies of

mussel seed gathering on collector ropes in the Ria of Ares-Betanzos.

2. MATERIALS AND METHODS

2.1. Study area

The Ria of Ares-Betanzos is the largest of the six embayments located in the northern
Galician coast, between Cape Fisterra and Cape Prior (NW lberian Peninsula; Figure 1), with a
surface area of 72 km?, a volume of 0.75 km® and a maximum length of 19 km. This ria has two
main branches: Ares, the estuary of river Eume, and Betanzos, the estuary of river Mandeo. In
the outer part, the two branches converge into a confluence zone that is freely connected to the
adjacent shelf through a mouth that is 40 m deep and 4 km wide. This embayment is
characterized by its positive circulation pattern, with a bottom inflow and a surface outflow,

and by the existence of a cyclonic gyre in the confluence zone (Duarte et al., 2014).
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Mussel aquaculture is the main economic activity in the Ria the Ares Betanzos, which
supports 147 rafts distributed in four culture polygons (Figure 1). Most of the rafts are
concentrated in Arnela and Lorbé, located in the southern inner (SI) and outer sides of the Ria,
respectively. Industrial seed gathering has been mainly conducted in Miranda and Redes,
located in the northern outer (NO) and inner (NI) sides of the ria, respectively, and in the inner
polygon of the southern shore (Arnela), while Lorbé has been dedicated exclusively to the

culture of adult mussels.

Settlement and recruitment of Mytilus galloprovincialis spat were monitored fortnightly
during 2007 at each culture polygon using three collector ropes covered with jute. Prior to their
deployment in the field, collecting ropes were kept for 30 days in seawater filtered through a
100 um mesh, renewing the water every 2 days to allow the development of an adequate biofilm
but preventing the attachment of epifauna (Peteiro et al., 2007b; Porri et al., 2006). Three
conditioned ropes were suspended on long-lines/rafts fortnightly at each location and sampled
45 days after deployment. Sampling consisted on the collection of three sub-samples of known
area (6 cm x 2 cm) from the jute covering each rope at two depths (1 and 6 m/ 1 and 4 m in
Redes). Samples were collected at these depths to test for differences in the settlement and
recruitment patterns between the surface and the bottom. Samples were preserved in 70%
ethanol until their processing in the laboratory. Sample processing consisted of the detachment
of settled individuals using a 20% bleach dilution (Davies, 1974), and a 5-minutes ultrasound
bath. Detached individuals were then sorted using a sieve kit with mesh sizes ranging from 125
to 2360 um, to ease their counting under a binocular microscope. The average size of
individuals retained was calculated measuring the length (L, mm) of the ante-posterior axis of
the larvae (subsample of 100-150 individuals for large samples) for each replicate and sieve
size. Taking into account the taxonomic classification of post-larvae settlement (Dare, 1976;
Dare et al., 1983), individuals were divided into settlers (L < .5mm) and recruits (L > 0.5mm).
Settlement and recruitment abundances (N) were calculated as the number of individuals per

meter of rope (ind/m).
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2.2. Statistical analysis

Our first aim was to characterize the spatial variability of the seasonal patterns of larval
settlement and recruitment in the Ria of Ares-Betanzos. To this purpose, we need to fit
settlement and recruitment abundances as a function of time and then test for differences
between locations and depths. We also tested for differences between the temporal patterns of
larval settlement and recruitment. The nonlinear relationship between the response (N, ind/m)
and explanatory (date) variables, clearly discourages the use of classical regression models and

cuvariance analysis. Thus, we used non-parametric regression techniques.

For each group, defined by location, depth and taxa (settlers/recruits), the seasonal

pattern of mussel abundance can be defined as

Yy =9;(t)+e
where tj is the date of the i-est sampling for group j. y; is the square-root transformed
settlement/recruitment abundance, this transformation was conducted to reduce overdispersion,
and the errors, ej; are assumed to be independent and normal. In this work, independence and
normality of errors were checked by the Box-Jenkins and the Shapiro tests, respectively The
unknown curves that define the relationship between the covariate and the response variable, g;,

were estimated by kernel regression (Nadaraya, 1965)

ZYinh (t_ti)
gj(ti) = |:1n (1)

ZKh(t—ti)

where K, is a symmetric, unimodal density function with mean 0 and standard deviation h,
these parameter is known as bandwidth and is key to obtain a proper estimation. In this work

the bandwidth was selected by cross-validation.
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The null hypothesis assumes equality between groups of smooth curves, e.g. the

seasonal patterns of settlement abundances at a given depth is the same at the four locations:

Ho i = g (tij)+eij @
Hl:yij :gj(tij)+eij

By analogy with one-way analysis of variance, to test whether Hy is true the individual

estimators of each group are compared with the common estimator using the following statistic:

p_nj

ZZ(G(E,-)—@,-(E,-))Z

TS —J=11=1 (3)

~2
o

where p is the number of groups (e.g. p=4 when the effect of location is tested), and n; the
number of observations in group j. The estimator of the error variance was included in the

denominator to reduce the effect of scale (see details in Young and Bowman (1995))

The dependence between settlement and recruitment was checked by Pearson’s cross-
correlation analysis. In agreement with the results obtained in the cross-correlation analysis,
which detected a strong linear dependence between settlement and recruitment at lag 1, i.e. with
a delay of two weeks, a generalized linear model was fitted to estimate recruitment abundance
according to the settlement registered two weeks earlier. Model selection was conducted by F-
tests to search for effects of location and depth on both the intercept and slope. A Box-Jenkins
test (p-value = 0.1938) confirmed the independence of residuals. Once the model was fitted,
Wald tests (Harrell, 2013) were conducted to check for differences in comparison post-

settlement fortnightly survival rates (slopes) between locations.

Data analysis was conducted with the statistical package R.3.1.3 (R Development Core
Team, 2015). The sm package of R (Bowman and Azzalini, 2014) was used to fit the seasonal

patterns of mussel abundances and perform the non-parametric covariance analysis.

3. RESULTS
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Table 1 reports higher settlement abundances of Mytilus galloprovincialis in the
northern than in the southern shore of the ria, with Miranda, the outermost sampling location in
the Northern shore (see Figure 1) having the highest mean values. Larval settlement was higher
in the surface (1m) in all locations but Redes (NI), which is the shallowest position. Our results
alos reflect the overdispersion (see standard deviations in Table 1) of both settlement and
recruitment abundances, Figure 2 shows a clear seasonal pattern for both settlement (solid line)
and recruitment (dashed line) of mussel spat. Larval settlement (N > 500ind/m) was
concentrated from mid-April to mid-November, which comprises the upwelling- favourable
season, while the rest of the year only residual larval retentions were registered (N <
500ind/m). Settlement was characterized by a high peak in late April and successive episodes
during summer and early autumn. This peak was higher at 1m than at 6m, and was particularly
important in Miranda (NO, up to 150.000ind/m) and Arnela (SI, up to 58.000ind/m). Figure 2
also shows higher spat abundances in Miranda during the settlement episode registered in July.
In Lorbé (SO), where the first peak was barely significant, larval settlement registered lower

seasonal variability than in the other locations.

Comparison between the seasonal patterns of larval settlement and recruitment
abundances (Table 2) detected significant differences between taxa except in Arnela at 6m.
Figure 2 shows that recruitment was lower than settlement abundance at all locations, which
indicates post-settlement mortality. Recruitment of mussel juveniles was registered from early-
May to December, and its seasonal pattern is characterized by a first peak in May and
successive episodes up to December, i.e. settlement and recruitment abundances exhibited
similar seasonal patterns with a delay of 2 weeks in the later. As observed for larval settlement,
the northern shore registered higher recruitment of mussel juveniles than the southern shore of
the ria. However, differences between locations in recruitment abundances were lower than

those observed for larval settlement, particularly in the spring peak,

Despite the differences observed in Figure 2, the non-parametric analysis of covariance

(Table 2) only detected a significant effect of depth on the recruitment of mussel juveniles in
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Lorbé (SO). The non-parametric analysis of covariance (Table 3) confirmed a differential
recruitment pattern in Miranda (NO), which registered the highest recruitment abundances.
Significant differences in recruitment were found between Lorbé (SO) and the northern
locations, as well as between Redes (NI) and the southern locations in the deepest position

(Table 3).

Table 4 shows that the correlations between settlement and recruitment were positive
and relatively strong up to lag 2 (4 weeks) at most locations. The strongest dependence was
observed for a lag of 2 weeks. This linear relationship between larval settlement and recruitment
abundances indicates that early post-settlement mortality is density independent and suggests
the use of generalized linear models to predict the recruitment abundances at a given week
according to the settlement abundances registered two weeks earlier. The model selection tests
(Table 5) indicated that the the interaction between location and settlement abundance provided
the best estimator of recruitment abundances of mussel juveniles, while the effect of depth was
not significant. The fitted model (Table 6) shows that recruitment and settlement were
proportional (no significant intercept at any location), thus the slopes can be seen as survival
rates. These rates ranged between the 27.2% registered in Miranda (NO), and the 46.4% in
Arnela (SI). Comparison between slopes revealed higher post-settlement survivorships in the
inner locations (Arnela and Redes) than in the outer (Miranda and Lorbé). Particularly, the
Wald test (Table 7) found significant differences between Arnela (S1) and the outer locations, as
well as between Miranda (NO) and the inner locations. Comparison between observed and

fitted values (Figure 3) confirmed the goodness of fit of the model.

4. DISCUSSION

Larval settlement in the Ria of Ares-Betanzos exhibited a clear seasonal pattern with a
major peak in mid-spring and subsequent episodes during the upwelling favourable season (up

to mid-autumn). This season is characterized by intermittent short-term upwelling episodes
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followed by periods of stratification or weak downwelling, and low continental runoffs (Peteiro
et al., 2011). The larval pelagic stage of Mytilus galloprovincialis ranges between 10 and 30
days (Caceres-Martinez and Figueras, 1998a; Grantham et al., 2003), thus the seasonal pattern
of larval settlement should mainly reflect temporal fluctuation in larval production. Analysis
conducted by Toupoint et al. (2012) on eastern Canada shows the coupling between the seasonal

patterns of settlement and occurrence of larvae in the water column.

Villalba (1995) stated that the reproductive cycle of Mytilus galloprovincialis in the Ria
of Ares-Betanzos in characterized by a single spawning event in mid-summer. However, the
seasonal pattern found in this work agrees more with the reproductive cycle of mussels in the
southern Galician Rias (Céceres-Martinez et al., 1993; Céceres-Martinez and Figueras, 1998b;
Suarez et al., 2005; Villalba, 1995). Studies conducted at intermediate latitudes on both rocky
shores (Broitman et al., 2008; Johnson and Geller, 2006; Menge et al., 2011; Navarrete et al.,
2008) and collector ropes (Toupoint et al., 2012) found significant settlement abundances of
Mytilus spp. from mid-spring to early-fall, although the main settlement peak varied between
late summer and early winter depending on the latitude (Broitman et al., 2008). Recruitment of

Mytilus spp. in Central Chile was found to be less seasonal (Navarrete et al., 2008).

Our results report higher settlement abundances in the northern shore of the ria
(Miranda and Redes), although the musel adult population is concentrated in the southern shore
(Arnela and Lorbé). The positive subtidal circulation of this embayment and the upwelling
episodes, which reduce flushing times, have been identified as the main causes of larval
transport from the southern culture areas to the northern-outer side (Duarte et al., 2014; Peteiro
et al., 2011; Piedracoba et al., 2014; Villegas-Rios et al., 2011). Prior studies in the Galician
Rias have also reported the highest settlement abundances in the most seaward location
(Céceres-Martinez and Figueras, 1998c; Fuentes and Molares, 1994). Larval retention in the
southern shore may be attributed to the lower current velocities registered in the culture areas,
and to the sheltered position of Arnela, which prevents water displacement to the East and

North and the lost by advection of larvae and nutrients supplied by the adjacent shelf
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(Piedracoba et al., 2014). Indeed, according to the hydrodynamic model developed by Duarte et
al. (2014), residence times during the upwelling season can reach 10 and 5 days in Arnela (SI)

and Lorbé (SO), while in Redes (NI) are less than three days.

During the last years several studies have highlighted the important role of hydrographic
dynamics and wind regimes on larval dispersal and settlement of Mytilus spp. and other marine
benthic invertebrates (Menge et al., 2014, 2011; Newell et al., 2010; Pineda et al., 2010; Rilov
et al., 2008; Smith et al., 2009; Zhang et al., 2015). The model developed by Peteiro et al.,
(2011) was able to describe the effect of wind regime on larval transport, survivorship and
settlement in the Ria of Ares-Betanzos. Coastal water fertilization during the upwelling events
favour larval survival during the planktonic stage, while the intermittent offshore transport
enhance larval dispersal from the southern culture areas to the northern-outer shore of the ria.
Peteiro (2010) found that, in addition to the intermittent upwelling regime, water stratification
and pH also affect larval settlement. Water stratification in the Ria of Ares-Betanzos occurs
when the temperature of the surface is above 14°C (Peteiro, 2010), i,e, under optimal conditions
for larval development (Bayne, 1965; O’Connor et al., 2007). Water stratification may also
favour active larval transport to the surface (Rawlinson et al., 2004 and references therein),
which results in higher settlement and recruitment abundances of Mytilus galloprovincialis in
the surface than in the bottom, as observed in this work. The positive effect of pH, which is a
stable indicator of primary production, on larval settlement confirms the important role of food
availability on pre-settlement larval survivorship and development. Food availability is a
limiting factor on the development and growth of bivalve larvae, which determines the length of
the planktonic stage and larvae physiological conditions at metamorphosis (Phillips, 2004,
2002). Given the high mortality rates during the planktonic stages, fast larval development may

favor larval survivorship and increase settlement abundance (Widdows, 1991).

As stated in the previous paragraph, Peteiro et al., (2011) detected a significant effect of
the wind regime on larval transport and settlement in southern-inner (Arnela) and northern-outer

(Miranda) culture polygons, which exhibited similar seasonal patterns, but this effect has not
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been tested in the other locations (Lorbé (SO) and Redes (NI)). Given that the subtidal current
in Redes does not depend on wind regime (Piedracoba et al., 2014), a lower effect of wind
regime on the settlement patterns is also expected in this site. Although Peteiro et al., (2011) did
not find any significant effect of the continental runoff on larval settlement in Arnela and
Miranda, large continental runoffs during upwelling periods enhance off-shore transport (Aguiar
et al., 2015) and may lead to lower mussel larval retention in the northern-inner location (Redes)

and higher abundances in northern-outer polygon (Miranda), as indicated by peak recorder in

spring.

The cross-correlation analysis allows checking whether recruits affect settlement
patterns, and understanding the relative effects of settlement abundance and short-term post-
settlement processes on recruitment. The positive correlation observed at lag 0, i.e. between
individuals attached to the same rope, suggests that the presence of settled spat may increase
settlement. The disposition of individuals on the ropes after settlement may increase the
complexity of the substrate, providing refuge against mortality risks such as predation and
hydrodynamic forces (Capelle et al., 2014; Carl et al., 2012; Filgueira et al., 2007; Peteiro et al.,

2010).

The strong correlation between recruitment and settlement abundances registered two
weeks earlier suggests that the seasonal pattern of recruitment is mainly determined by larval
settlement. Post-settlement mortality has been mainly attributed to the physiological stress
associated with metamorphosis, the vulnerability to physical stress in smaller individuals,
predation and intra and/or interspecific competition for food and/or space (Bownes and
McQuaid, 2009; Capelle et al., 2014; Dolmer and Stenalt, 2010; Gosselin and Qian, 1997;
Peteiro et al., 2007a; Peteiro et al., 2010). The linear relationship found between settlement and
recruitment indicates a lack of density-dependent effect on post-settlement mortality. Studies
conducted in the west coast of US: found a positive correlation between settlement and
recruitment for mussels and barnacles on rocky shores, which suggest that post-settlement

mortality was density-independent (Broitman et al., 2008; Menge et al., 2010). Thus, in contrast
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with the findings of Peteiro et al. (2007a) for a longer period, short-term mortality cannot be
attributed to self-thinning caused by competition for food and space. The spatial variability in
the survival rates recorded during this study, with higher values in the inner side of the Ria,
indicate that the vulnerability to hydrodynamic forces may be the major cause of early post-

settlement mortality and/or dislodgement from the collector ropes.

This study confirms that larval settlement of Mytilus galloprovincialis in the Ria of
Ares-Betanzos follows the typical seasonal pattern of this species in temperate latitudes, with a
major peak after the first spawning event and subsequent episodes along the upwelling
favourable season. The spatial distribution of larval settlement, with higher abundances in the
northern shore, but significant larval retention in the southern culture areas is in agreement with
the hydrographic characteristics of this embayment. The analysis of the relationships between
larval settlement and recruitment, which detected higher mortality rates in the most exposed
areas, suggests that hydrodynamic pressures may be the main cause of early post-settlement
mortality. Thus, although the northern-outer location registered the highest larval settlement, it
can be stated that the inner area of the embayment, which registered significant larval retention
and lower mortality risks, constitutes a favourable environments for the recruitment of Mytilus
galloprovincialis spat on collector ropes. Therefore, these results support the current strategies
of mussel seed gathering on collector ropes in the Ria of Ares-Betanzos, which develop this
activity in the culture polygon with the highest settlement abundance (Miranda, NO), and in the
sheltered polygons located in the inner side of the ria, which provide refugee against early post-

settlement mortality risks (Arnela and Redes).

Acknowledgments

We wish to thank PROINSA Mussel Farm and their employees, especially H. Regueiro and M.
Garcia for technical and experimental support. We are indebted to Dr. LG Peteiro for her

indispensable collaboration during the study. We also acknowledge Dr. J. Otero for the critical

14



350

351

352

353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395

review of this work. This work was supported by PROINSA-CSIC contract-project

(CSIC0704101100001).

REFERENCES

Aguiar, E., Fuentes-Santos, I., Labarta, U., Alvarez-Salgado, X.A., Fernndez-Reiriz, M.J., 2015.
Empirical modelling of seston quality based on environmental factors in a mussel
culture area (NW lberian upwelling system). Mar. Ecol. Prog. Ser. In Press.

Alfaro, A.C., 2005. Effect of water flow and oxygen concentration on early settlement of the
New Zealand green-lipped mussel, Perna canaliculus. Aquaculture 246, 285-294.
doi:10.1016/j.aquaculture.2005.02.049

Alvarez, |., Gomez-Gesteira, M., deCastro, M., Dias, J.M., 2008. Spatiotemporal evolution of
upwelling regime along the western coast of the Iberian Peninsula. J. Geophys. Res.
Oceans 113, n/a—n/a. doi:10.1029/2008)C004744

Arribas, L.P., Bagur, M., Gutiérrez, J.L., Palomo, M.G., 2015. Matching spatial scales of variation
in mussel recruitment and adult densities across southwestern Atlantic rocky shores. J.
Sea Res. 95, 16-21. doi:10.1016/j.seares.2014.10.015

Bayne, B.L., 1965. Growth and the delay of metamorphosis of the larvae of Mytilus edulis (L.).
Ophelia 2, 1-47. doi:10.1080/00785326.1965.10409596

Bowman, A.W., Azzalini, A., 2014. R package sm nonparametric smoothing methods (version
2.2-5.4). University of Glasgow, UK and Universita di Padova, Italia.

Bownes, S.J., McQuaid, C.D., 2009. Mechanisms of habitat segregation between an invasive
and an indigenous mussel: settlement, post-settlement mortality and recruitment.
Mar. Biol. 156, 991-1006. doi:10.1007/s00227-009-1143-z

Bricker, S., Ferreira, J., Simas, T., 2003. An integrated methodology for assessment of estuarine
trophic status. Ecol. Model. 169, 39-60.

Broitman, B.R., Blanchette, C.A., Menge, B.A., Lubchenco, J., Krenz, C., Foley, M., Raimondi,
P.T., Lohse, D., Gaines, S.D., 2008. Spatial and temporal patterns of invertebrate
recruitment along the west coast of the united states. Ecol. Monogr. 78, 403-421.
doi:10.1890/06-1805.1

Caceres-Martinez, J., Figueras, A., 1998a. Mussel (Mytilus galloprovincialis Lamarck)
colonization on artificial substrates in the Ria de Vigo of NW Spain. J. Shellfish Res. 17,
153-157.

Caceres-Martinez, J., Figueras, A., 1998b. Mussel (Mytilus galloprovincialis Lamarck)
colonization on artificial substrates in the Ria de Vigo of NW Spain. J. Shellfish Res. 17,
153-157.

Caceres-Martinez, J., Robledo, J.A., Figueras, A., 1993. Settlement of mussels Mytilus
galloprovincialis on an exposed rocky shore in Ria de Vigo, NW Spain. Mar. Ecol. Prog.
Ser. 93, 195-198.

Caceres-Martinez, J., Figueras, A., 1998a. Distribution and abundance of mussel (Mytilus
galloprovincialis Lmk) larvae and post-larvae in the Ria de Vigo (NW Spain). J. Exp. Mar.
Biol. Ecol. 229, 277-287. doi:10.1016/50022-0981(98)00059-8

Caceres-Martinez, J., Figueras, A., 1998b. Long-term survey on wild and cultured mussels
(Mytilus galloprovincialis Lmk) reproductive cycles in the Ria de Vigo (NW Spain).
Aquaculture 162, 141-156. doi:10.1016/50044-8486(98)00210-5

Capelle, J.J., Wijsman, J.W.M.,, Schellekens, T., van Stralen, M.R., Herman, P.M.J., Smaal, A.C.,
2014. Spatial organisation and biomass development after relaying of mussel seed. J.
Sea Res. 85, 395-403. doi:10.1016/j.seares.2013.07.011

15



396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445

Carl, C., Poole, A.J., Williams, M.R., de Nys, R., 2012. Where to Settle—Settlement Preferences
of Mytilus galloprovincialis and Choice of Habitat at a Micro Spatial Scale. PLoS ONE 7,
€52358. doi:10.1371/journal.pone.0052358

Commito, J.A., Commito, A.E., Platt, R.V., Grupe, B.M., Piniak, W.E.D., Gownaris, N.J., Reeves,
K.A., Vissichelli, A.M., 2014. Recruitment facilitation and spatial pattern formation in
soft-bottom mussel beds. Ecosphere 5, art160. doi:10.1890/ES14-00200.1

Dare, P.J., 1976. Settlement, growth and production of the mussel, Mytilus edulis L., in
Morecambe Bay, England. Her Majesty’s Stationery Office.

Dare, P.J., Edwards, D.B., Davies, G., 1983. Experimental collection and handling of spat
mussels (Mytilus edulis L.) on ropes for intertidal cultivation. Ministry of Agriculture,
Fisheries and Food Directorate of Fisheries Research.

Davies, G., 1974. A method for monitoring the spatfall of mussels (Mytilus edulis L.). J Cons Int
Explor Mer 36, 27—-34. doi:10.1093/icesjms/36.1.27

Dolmer, P., Stenalt, E., 2010. The impact of the adult blue mussel (Mytilus edulis) population
on settling of conspecific larvae. Aquac. Int. 18, 3—17. doi:10.1007/s10499-009-9266-2

Duarte, P., Alvarez-Salgado, X.A., Fernandez-Reiriz, M.J., Piedracoba, S., Labarta, U., 2014. A
modeling study on the hydrodynamics of a coastal embayment occupied by mussel
farms (Ria de Ares-Betanzos, NW Iberian Peninsula). Estuar. Coast. Shelf Sci. 147, 42—
55.

Ferreira, J.G., Hawkins, A.J.S., Bricker, S.B., 2007. Management of productivity, environmental
effects and profitability of shellfish aquaculture — the Farm Aquaculture Resource
Management (FARM) model 264, 160—174. doi:10.1016/j.aquaculture.2006.12.017

Figueiras, F.G., Labarta, U., Reiriz, M.J.F., 2002. Coastal upwelling, primary production and
mussel growth in the Rias Baixas of Galicia. Hydrobiologia 484, 121-131.
doi:10.1023/A:1021309222459

Filgueira, R., Peteiro, L.G., Labarta, U., Ferndndez-Reiriz, M.J., 2007. Assessment of spat
collector ropes in Galician mussel farming. Aquac. Eng. 37, 195-201.
doi:10.1016/j.aquaeng.2007.06.001

Fréon, P., Barange, M., Aristegui, J., 2009. Eastern boundary upwelling ecosystems: integrative
and comparative approaches. Prog. Oceanogr. 83, 1-14.

Fuentes, J., Molares, J., 1994. Settlement of the mussel Mytilus galloprovincialis on collectors
suspended from rafts in the Ria de Arousa (NW of Spain): annual pattern and spatial
variability. Aquaculture 122, 55-62.

Gosselin, L.A,, Qian, P.-Y., 1997. Juvenile mortality in benthic marine invertebrates. Mar. Ecol.
Prog. Ser. 146, 265—-282.

Grantham, B.A., Eckert, G.L., Shanks, A.L., 2003. Dispersal potential of marine invertebrates in
diverse habitats. Ecol. Appl. 13, 108-116. do0i:10.1890/1051-
0761(2003)013[0108:DPOMII]2.0.CO;2

Harrell, F.E., 2013. Regression modeling strategies: with applications to linear models, logistic
regression, and survival analysis. Springer Science & Business Media, New York.

Hunt, H.L., Scheibling, R.E., 1997. Role of early post-settlement mortality in recruitment of
benthic marine invertebrates. Mar. Ecol. Prog. Ser. 155, 269-301.

Johnson, S.B., Geller, J.B., 2006. Larval settlement can explain the adult distribution of Mytilus
californianus Conrad but not of M. galloprovincialis Lamarck or M. trossulus Gould in
Moss Landing, central California: Evidence from genetic identification of spat. J. Exp.
Mar. Biol. Ecol. 328, 136-145. doi:10.1016/j.jembe.2005.07.007

Lawrie, S., McQuaid, C., 2001. Scales of mussel bed complexity: structure, associated biota and
recruitment. J. Exp. Mar. Biol. Ecol. 257, 135-161.

Levin, L.A., 2006. Recent progress in understanding larval dispersal: new directions and
digressions. Integr. Comp. Biol. 46, 282—297. doi:10.1093/icb/icj024

16



446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496

Lépez-Duarte, P.C., Carson, H.S., Cook, G.S., Fodrie, F.J., Becker, B.J., Dibacco, C., Levin, L.A,,
2012. What controls connectivity? An empirical, multi-species approach. Integr. Comp.
Biol. 52, 511-524. doi:10.1093/icb/ics104

Menge, B.A., Branch, G.M., 2001. Rocky intertidal communities, in: Marine Community
Ecology. Sinauer Associates Sunderland, Massachusetts, USA.

Menge, B.A., Chan, F., Nielsen, K.J., Lorenzo, E.D., Lubchenco, J., 2009. Climatic variation alters
supply-side ecology: impact of climate patterns on phytoplankton and mussel
recruitment. Ecol. Monogr. 79, 379-395. doi:10.1890/08-2086.1

Menge, B.A., Foley, M.M., Pamplin, J., Murphy, G., Pennington, C., 2010. Supply-side ecology,
barnacle recruitment, and rocky intertidal community dynamics: Do settlement
surface and limpet disturbance matter? J. Exp. Mar. Biol. Ecol. 392, 160-175.
doi:10.1016/j.jembe.2010.04.032

Menge, B.A., Gouhier, T.C., Freidenburg, T., Lubchenco, J., 2011. Linking long-term, large-scale
climatic and environmental variability to patterns of marine invertebrate recruitment:
Toward explaining “unexplained” variation. J. Exp. Mar. Biol. Ecol., Global change in
marine ecosystems 400, 236—249. doi:10.1016/j.jembe.2011.02.003

Menge, B.A., Gouhier, T.C., Hacker, S.D., Chan, F., Nielsen, K.J., 2014. Are meta-ecosystems
organized hierarchically? A model and test in rocky intertidal habitats. Ecol. Monogr.
85, 213-233. doi:10.1890/14-0113.1

Nadaraya, E., 1965. On Non-Parametric Estimates of Density Functions and Regression Curves.
Theory Probab. Its Appl. 10, 186—190. doi:10.1137/1110024

Navarrete, S.A., Broitman, B.R., Menge, B.A., 2008. Interhemispheric comparison of
recruitment to intertidal communities: pattern persistence and scales of variation.
Ecology 89, 1308-1322.

Navarrete, S.A., Menge, B.A., 1996. Keystone predation and interaction strength: interactive
effects of predators on their main prey. Ecol. Monogr. 66, 409—429.

Newell, C.R., Short, F., Hoven, H., Healey, L., Panchang, V., Cheng, G., 2010. The dispersal
dynamics of juvenile plantigrade mussels (Mytilus edulis L.) from eelgrass (Zostera
marina) meadows in Maine, U.S.A. J. Exp. Mar. Biol. Ecol. 394, 45-52.
doi:10.1016/j.jembe.2010.06.025

Nobre, A,, Ferreira, J., Newton, A, Simas, T., Icely, J., Neves, R., 2005. Management of coastal
eutrophication: integration of field data, ecosystem-scale simulations and screening
models. J. Mar. Syst. 56, 375—-390.

O’Connor, M., Bruno, J.F., Gaines, S.D., Halpern, B.S., Lester, S.E., Kinlan, B.P., Weiss, J.M.,
2007. Temperature control of larval dispersal and the implications for marine ecology,
evolution, and conservation. Proc. Natl. Acad. Sci. 104, 1266-1271.
doi:10.1073/pnas.0603422104

O’Connor, N.E., Crowe, T.P., McGrath, D., 2006. Effects of epibiotic algae on the survival,
biomass and recruitment of mussels, Mytilus L.(Bivalvia: Mollusca). J. Exp. Mar. Biol.
Ecol. 328, 265-276.

Peteiro, L.G., 2010. Patrones de asentamiento y reclutamiento de Mytilus galloprovincialis en
la Ria de Ares-Betanzos e implicaciones para su cultivo en batea (PHD). Universidade
da Corufia.

Peteiro, L.G., Filgueira, R., Labarta, U., Ferndandez-Reiriz, M.J., 2010. The role of fish predation
on recruitment of Mytilus galloprovincialis on different artificial mussel collectors.
Aquac. Eng. 42, 25-30. doi:10.1016/j.aquaeng.2009.09.003

Peteiro, L.G., Filgueira, R., Labarta, U., Fernandez-Reiriz, M.J., 2007a. Settlement and
recruitment patterns of Mytilus galloprovincialis L. in the Ria de Ares-Betanzos (NW
Spain) in the years 2004/2005. Aquac. Res. 38, 957-964.

Peteiro, L.G., Filgueira, R., Labarta, U., Fernandez-Reiriz, M.J., 2007. Settlement and
recruitment patterns of Mytilus galloprovincialis L. in the Ria de Ares-Betanzos (NW

17



497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546

Spain) in the years 2004/2005. Aquac. Res. 38, 957-964. doi:10.1111/j.1365-
2109.2007.01757.x

Peteiro, L.G., Filgueira, R., Labarta, U., Fernandez-Reiriz, M.J., 2007b. Effect of submerged time
of collector ropes on the settlement capacity of Mytilus galloprovincialis L. Aquac. Res.
38, 1679-1681. doi:10.1111/j.1365-2109.2007.01820.x

Peteiro, L.G., Labarta, U., FernndezReiriz, M.J., lvarezSalgado, X.A,, Filgueira, R., Piedracoba, S.,
2011. Influence of intermittent-upwelling on Mytilus galloprovincialis settlement
patterns in the Ria de Ares-Betanzos. Mar. Ecol. Prog. Ser. 443, 111-127.
doi:10.3354/meps09433

Petraitis, P.S., 1998. Timing of mussel mortality and predator activity in sheltered bays of the
Gulf of Maine, USA. J. Exp. Mar. Biol. Ecol. 231, 47-62.

Phillips, N.E., 2004. Variable timing of larval food has consequences for early juvenile
performance in a marine mussel. Ecology 85, 2341-2346. doi:10.1890/03-3097

Phillips, N.E., 2002. Effects of Nutrition-Mediated Larval Condition on Juvenile Performance in
a Marine Mussel. Ecology 83, 2562—-2574. doi:10.2307/3071815

Piedracoba, S., Alvarez-Salgado, X.A., Labarta, U., Ferndndez-Reiriz, M.J., Gdmez, B., Balseiro,
C., 2014. Water flows through mussel rafts and their relationship with wind speed in a
coastal embayment (Ria de Ares-Betanzos, NW Spain). Cont. Shelf Res. 75, 1-14.
doi:10.1016/j.csr.2013.12.007

Pineda, J., Porri, F., Starczak, V., Blythe, J., 2010. Causes of decoupling between larval supply
and settlement and consequences for understanding recruitment and population
connectivity. J. Exp. Mar. Biol. Ecol. 392, 9-21. d0i:10.1016/j.jembe.2010.04.008

Pineda, J., Reyns, N.B., Starczak, V.R., 2008. Complexity and simplification in understanding
recruitment in benthic populations. Popul. Ecol. 51, 17-32. doi:10.1007/s10144-008-
0118-0

Porri, F., McQuaid, C.D., Radloff, S., 2006. Temporal scales of variation in settlement and
recruitment of the mussel Perna perna (Linnaeus, 1758). J. Exp. Mar. Biol. Ecol. 332,
178-187. doi:10.1016/j.jembe.2005.11.008

Rawlinson, K., Davenport, J., Barnes, D., 2004. Vertical migration strategies with respect to
advection and stratification in a semi-enclosed lough: a comparison of mero-and
holozooplankton. Mar. Biol. 144, 935-946.

R Development Core Team, 2015. A Language and Environment for Statistical Computing.R.
Foundation for statistical computing, Viena, Austria.

Rilov, G., Dudas, S.E., Menge, B.A., Grantham, B.A., Lubchenco, J., Schiel, D.R., 2008. The surf
zone: a semi-permeable barrier to onshore recruitment of invertebrate larvae? J. Exp.
Mar. Biol. Ecol. 361, 59-74. doi:10.1016/j.jembe.2008.04.008

Smith, J.R., Fong, P., Ambrose, R.F., 2009. Spatial patterns in recruitment and growth of the
mussel Mytilus californianus (Conrad) in southern and northern California, USA, two
regions with differing oceanographic conditions. J. Sea Res. 61, 165-173.
doi:10.1016/j.seares.2008.10.009

Souchu, P, Collos, Y., Landrein, S., Deslous-Paoli, J.-M., Bibent, B., others, 2001. Influence of
shellfish farming activities on the biogeochemical composition of the water column in
Thau lagoon. Mar. Ecol. Prog. Ser. 218, 141-152.

Sudrez, M.P., Alvarez, C., Molist, P., Juan, F.S., 2005. Particular aspects of gonadal cycle and
seasonal distribution of gametogenic stages of mytilus galloprovincialis cultured in the
estuary of vigo. J. Shellfish Res. 24, 531-540. doi:10.2983/0730-
8000(2005)24[531:PAOGCA]2.0.CO;2

Toupoint, N., Gilmore-Solomon, L., Bourque, F., Myrand, B., Pernet, F., Olivier, F., Tremblay, R.,
2012. Match/mismatch between the Mytilus edulis larval supply and seston quality:
effect on recruitment. Ecology 93, 1922-1934.

18



547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567

Tumanda, M.l Yap, H.T., McManus, L.T., Ingles, J.A., Lépez, M.G., 1997. Growth, mortality and
recruitment pattern of the brown mussel, Modiolus metcalfei (Bivalvia: Mytilacea), in
Panguil Bay, Southern Philippines. Aquaculture 154, 233-245.

Villalba, A., 1995. Gametogenic cycle of cultured mussel, Mytilus galloprovincialis, in the bays
of Galicia (N.W. Spain). Aquaculture 130, 269-277. doi:10.1016/0044-8486(94)00213-8

Villegas-Rios, D., Alvarez-Salgado, X.A., Piedracoba, S., Rosén, G., Labarta, U., Fernandez-Reiriz,
M.J., 2011. Net ecosystem metabolism of a coastal embayment fertilised by upwelling
and continental runoff. Cont. Shelf Res., Coastal Processes in Northwestern Iberia,
Spain 31, 400-413. doi:10.1016/j.csr.2010.07.010

Widdows, J., 1991. Physiological ecology of mussel larvae. Aquaculture, The Biology and
Cultivation of Mussels 94, 147-163. doi:10.1016/0044-8486(91)90115-N

Xavier, B.M., Branch, G.M., Wieters, E., 2007. Abundance, growth and recruitment of Mytilus
galloprovincialis on the west coast of South Africa in relation to upwelling. Mar. Ecol.
Prog. Ser. 346, 189-201. doi:10.3354/meps07007

Young, S.G., Bowman, A.W., 1995. Non-Parametric Analysis of Covariance. Biometrics 51, 920—
931. d0i:10.2307/2532993

Zhang, X., Haidvogel, D., Munroe, D., Powell, E.N., Klinck, J., Mann, R., Castruccio, F.S., 2015.
Modeling larval connectivity of the Atlantic surfclams within the Middle Atlantic Bight:
Model development, larval dispersal and metapopulation connectivity. Estuar. Coast.
Shelf Sci. 153, 38-53. d0i:10.1016/j.ecss.2014.11.033

19



568

569

570

571

572

573

574

575

576

577

578

Table 1: Descriptive summary of larval settlement and recruitment during 2007 for each

culture polygon and depth

Settlement Recruitment
mean  sd mean sd
Arnela Im 6993 14251.14 | 3311 7576.19
6m 3958 6680.16 | 1814  3353.12
Lorbé 1m 6291 868293 | 2833 4056.73
6m 5171 7015.15( 1360 2233.48
Miranda 1m 18615 38015.97 [ 6928 10867.56
6m 10489 15838.56 | 4004 6225.50
Redes Im 7124 13236.71 | 3681 6826.79
4m 9044 13866.42 | 4132 5927.11

Table 2: P-values of the non- parametric covariance analysis conducted to compare the

seasonal patterns of mussel (Mytilus galloprovincialis) abundances. Top: comparison between

taxa (settlers vs recruits) for each location and depth. Bottom: comparison between depths for

each location and taxa. to test for effects of type (settlement vs. recruitment), and depth on the

seasonal patterns of . Mussel abundances were square-root transformed prior to conduct the

tests.

Arnela Lorbé

Miranda

Redes

Im 6m Im

6m Im

Taxa 0.0646 0.1005 0.0158 0.0068 0.0196

6m Im 4dm

0.0128 0.0302 0.0171

Settlers Recruits Settlers Recruits  Settlers

Depth 0.2690 0.5847 0.9997  0.0215 0.5734

Recruits Settlers Recruits

0.5360 0.8542 0.2232
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Table 3: P-values of the non- parametric covariance analysis conducted to test for the effect of

location on the seasonal patterns of mussel (Mytilus galloprovincialis) abundances (square-root

transformation).

All Pairwise
locations A-L A-M AR L-M L-R M-R
Settlers 1m 0.0104 0.3780 0.0766 0.9989 0.0826 0.2989 0.0245
6m 0.0831 0.9788 0.0201 0.2826 0.0254 0.2577 0.9845
Recruit 1m 0.3044 0.8910 0.3540 0.9713 0.0133 0.0780 0.5214
6m 0.0184 0.7971 0.1074 0.0566 0.0318 0.0245 0.9376

Table 4: Cross correlations between larval settlement and recruitment of Mytilus

galloprovincialis up to lag 4 (8 weeks).

0 1 2 3 4
Arnela  1m 0533 * 0.929 *** 0.253 0.047 0.025
6m 0.878 *** 0591 * 0.429 0.174 0.029
Lorbé Im 0561 * 0.831 *** 0.849 *** 0555 * 0.225
6m 0.657 ** 0.785 *** 0.828 *** 0.541 * 0.404
Miranda 1m 0.373 ** 0.896 *** 0.675 *** 0.186 0.106
6m 0.524 * 0.835 *** 0.758 ** 0.452 0.365
Redes Im 0.466 * 0.781 *** 0.886 *** 0463 * 0.052
4m 0.473 0.828 *** 0.804 *** 0.572 * 0.399

(***) p-value < 0.001, (**) p-value < 0.01, (*) p-value < 0.05, (.) p-value <0.1.

21



589

590

591

592

593

594

595

596

597

598

599

600

Table 5: F-tests for comparison of nested generalized linear model conducted to select the

model used to predict recruitment of Mytilus galloprovincialis spat.

Res.Df RSS Df SumofSq F Pr(>F)
Recruit ~ settle 178 2171864803
Recruit ~ loc +settle 175 2131315041 3 40549762 1.2577 0.2908
Recruit ~ loc*settle 172 1900658177 3 230656863  7.154 0.0002 ***
Recruit ~ depth +loc*settle 171 1880017636 1 20640541 1.9205 0.1677
Recruit ~ loc*depth*settle 164 1762544870 7 117472766 1.5615 0.1503

(***) p-value < 0.001, (**) p-value < 0.01, (*) p-value < 0.05, (.) p-value <0.1.

Table 6: General linear model to estimate recruitment of Mytilus galloprovincialis spat

according to location and larval settlement, with a lag of 2 weeks.

Estimate Std. Error tvalue Pr(>|t)) Adj. R2
(Intercept) 21.4 563.1 0.038 0.9697 0.7433
Lorbé 282.9 8354 0339 0.7352
Miranda 1555.2 797.6 195 0.0528
Redes 830.1 807.0 1.029 0.3051
settle 0.464 0.045 10.353 <2e-16  ***
Lorbé:settle -0.177 0.073 -2.442 0.0156 *
Miranda:settle -0.192 0.048 -4.006 9.19e-05 ***
Redes:settle -0.082 0.058 -1.42 0.1574

(***) p-value < 0.001, (**) p-value < 0.01, (*) p-value < 0.05, (.) p-value <0.1.
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601  Table 7: Post-settlement fortnightly survival rates of Mytilus galloprovincialis spat, and p-

602  values of the Wald test for comparison between slopes of the GLM summarized in Table 6.

Survival Wald test
rate Arnela Lorbé Miranda

Arnela 0.464

Lorbé 0.287 0.0156

Miranda 0.272 9.19e-05 0.8026

Redes 0.382 0.1574 0.1607 0.0067
603
604

605



606 FIGURES:

607  Figure 1: Ria of Ares-Betanzos. Samplings were conducted at the four culture polygons:
608  Miranda (M) and Lorbé (L) in the outer part (north and south, respectively) and Redes and
609  Arnela at the inner part (north and south, respectively). Isoclines of the bathymetry of the Ria

610  are also provided.
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Figure 2: Settlement (solid lines) and recruitment (dashed lines) abundance of Mytilus

galloprovincialis during 2007 for each location and depth.
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616  Figure 3: Observed (points) and fitted (lines) recruitment abundances of Mytilus
617  galloprovincialis provided by the generalized linear model (Adj R* = 0.7433) outlined in Table

618 6. Dashed lines indicate 95% confidence intervals for the fitted values.
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