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Most of the marine bivalve production comes from aquaculture and only 11%

comes from the wild fishery. For example, mussel aquaculture still strongly

relies on spat - the recently settled juveniles. Gaps of information on the

recruitment and settlement of spat are important drawbacks for the

development of mussel aquaculture in several geographic regions. We here

study these processes using three collectors (Anchovy mesh, Rope and Raschel

mesh) throughout one year in two coastal sites of Central Chile (Coliumo and

Punta Lobería) at three depths (2, 4 and 6 m). Five spat species were settled in

the collectors, i.e. Aulacomya atra, Choromytilus chorus, Mytilus chilensis,

Mytilus galloprovincialis and Semimytilus algosus. Recruitment was

consistently higher during summer and autumn at both sites. Different

seasonal recruitment patterns were observed regarding the spat species.

Spat collection of the former mytilid species occurs from spring to autumn

with the exception of M. galloprovincialis in Coliumo and M. chilensis in Punta

Lobería. M. galloprovincialis is settled mostly in autumn and summer, and M.

chilensis during winter. There were also differences when considering the

collector type, mostly due to A. atra and S. algosuswhich peaked in nylon rope.

Spat collection of the commercial species M. chilensis should be preferentially

carried out in nylon rope during autumn in Coliumo and summer and autumn

in Punta Lobería. During summer and autumn, also S. algosus will be settled.

These results will enable the implementation of management measures to

promote mytilid culture on the coastal zone of the Biobıó region.
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Introduction

The global production of marine bivalves for human

consumption is over 17.7 million tonnes per year during the

period 2020, which is about 14.6% of the overall marine global

production (FAO, 2022). Mussel production is one of the most

important within bivalves aquaculture, steadily increasing to

reach 2 million tonnes in 2016 (FAO, 2021). Most of the mussel

seeds are collected by means of collectors, deployed adjacent to

natural banks. The collectors are materials that act as a substrate

for the mitilid larvae to settle, to later be extracted from them

and used in the fattening process (Wijsman et al., 2019).

In the European Union, four culture techniques have been

developed, namely, raft culture and long-line culture, both

suspended, and bottom culture and bouchot culture, the latter

two associated with the seabed (Avdelas et al., 2021). In Chile,

the materials extensively used are stamped anchovy mesh,

knotted anchovy mesh, salmon mesh, raschel mesh and ropes,

because the fiber composition and structure of these collectors

are important factors for the settlement of mitilid larvae (Çelik

et al., 2016). In NW Spain, the seed collection by means of

artificial collector ropes has increased (Filgueira et al., 2007).

This, due to the fact that their higher growth rate is carried out in

longline crops, but, nevertheless, the establishment of the larvae

shows a high spatial and temporal variability, due to several

biotic and abiotic factors that participate in both dispersal and in

colonization (Peteiro et al., 2010). Among the biotic factors, it

needs to take into consideration the effects of biofilms in

substrates where mitilid larvae of certain species, such as

Mytilus coruscus (Yi-Feng et al., 2014), Perna canaliculus

(Ganesan et al., 2010) and Argopecten purpuratus (Avendaño-

Herrera et al., 2002) can be found. Regarding the abiotic factors,

it can be noted that the settlement season for Mytilus

galloprovincialis takes place from late autumn to early winter,

but there is no information on which are the best areas for laying

collectors or which are the optimal depths of settlement, this

information is useful to improve seed collection practices and to

understand the dynamics of substrate colonization (Curiel-

Ramıŕez and Cáceres-Martıńez, 2010).

Pediveliger larvae of mitilids, commonly known as “spat”,

are able to discriminate between substrates and are selective in

their preferences for settlement (Carl et al., 2012a). These larvae

can produce a non-permanent settlement as a way of testing the

selected substrate, being able to separate from it and re-settle in

an alternative habitat (Carl et al., 2012b). Thus, spat remain

highly mobile and can detach several times from their primary

settlement site and drift away to resettle, i.e. secondary

settlement (Buchanan and Babcock, 1997). This behaviour

allows small spat to recruit from their primary settlement sites

into adult mytilid beds (Le Corre et al., 2013). This two-stage

process has important evolutionary advantages to spat, namely

avoid competition and cannibalism by adult mytilids (Porri

et al., 2008). However, this stage is problematic for mytilid
Frontiers in Marine Science 02
farmers that expect to maximize the retention of spat on

farming structures despite tendency toward natural losses

(Skelton and Jeffs, 2021). The operations of mitilid cultivation

have traditionally been located in areas where they are readily

available each year, since there is not accurate knowledge on the

settlement of mitilids (Curiel-Ramı ́rez and Cáceres-

Martıńez, 2010).

In Chile, the mussel industry is the second largest

production aquaculture activity, after salmon farming, where

the main cultured species is the Chilean mussel (Mytilus

chilensis) (Cursach et al., 2011). Other mitilids of commercial

interest extracted in Chile are the Shoe woolly (Choromytilus

chorus), Cholga (Aulacomya atra) and Araucano woolly

(Mytilus galloprovincialis) (López et al., 2008). The growing

demand has made insufficient the quantity of seeds obtained

to the market, and the use of technology is urgently required to

improve the catch processes and optimize resources, aimed at

supplying seeds to producers (Dıáz, 2010). The technology that

has been firstly developed are specialized culture ropes, made of

synthetic filaments and natural fibers, which improve the

fixation and settlement of mitilid larvae (Carl et al., 2012a).

Unfortunately, the seed shortage of M. chilensis (the main

production resource of Chilean mussel farming) occurred in

2013, of which it had consequences in the production of that

year, with up to 60% less seed production. At the same time,

there is a gap of information regarding the ideal conditions and

seasons to install collectors. This gap is mostly due to the fact

that the operations of cultivation of mitilids worldwide have

traditionally been located in areas where these individuals are

easily recruited each year (Curiel-Ramı ́rez and Cáceres-

Martıńez, 2010). Our main aim was to identify the most

suitable substrates for spat collectors of commercial mussel

species in Chile. Namely, we used three settlement

technologies for mitilid larvae, throughout one year in two

coastal localities with contrasting hydrodynamic conditions at

different depths.
Material and methods

Study area and experimental design

The spat collector was installed in the Biobıó region (Central

Chile), in two coastal bays, one protected (Coliumo 36°

32’10.52’’S and 72°57’09.31’’O) and one exposed (Punta

Loberıá 37°09’01.52’’S and 73°34’07.84’’O) (Figure 1). At the

time of the study, in Coliumo, the Pacific oyster (Crassostrea

gigas) was cultivated with triploid hatchery seeds, harvesting 1

ton in 2014 (SERNAPESCA, 2014). In Punta Loberıá, Chorito

(M. chilensis) culture was cultivated, harvesting 16 tons in 2014

(SERNAPESCA, 2014). To avoid interference with the

experiment at Punta Loberıá, the location of the collectors was

selected considering the ocean circulation and waves coming
frontiersin.org
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from the west to the east (Parada et al., 2001), with the

cultivation center following the direction of the current, 0.5

km to the SE of the experiment.

At each locality, a longline system was installed, made up of a

15-m -long HDPE pipe (330 mm diameter), which served as a

floating device for placing collector lines (Figure 2). A 22 mm

diameter main line was installed, in which nine collector lines

were placed (3 replicates per collector), made up of 1 m long PVC

pipes (10 mm diameter), separated by 0.6 m from each other. The

collectors were deployed at three depths (2, 4 and 6 m). Each line

of collectors was stabilized by weights to maintain the verticality of

the system. The longline was secured by two mooring ropes,
Frontiers in Marine Science 03
which were held together with two 2,500 kg concrete blocks. The

collectors dimension were variable, i.e. the anchovy nets were 20 x

20 cm (400 cm²), the ropes were 22 mm diameter and 20 cm long

(152.05 cm²), the Raschel meshes were 20 x 20 cm (400 cm²) (see

Figure 2 for details).
Sampling processing

The spat collectors were deployed throughout 12 months

(May 2014-May 2015), and sampling was carried out on a

monthly basis at each season (winter, spring, summer and
FIGURE 1

Study coastal zones in Biobıó region, Chile.
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autumn). At each location, 243 collectors were installed, (81

collectors of the anchovy mesh type, 81 of the rope type and 81

of the Raschel mesh type). Twenty-seven collectors of each type

were deployed at 2 m, 27 at 4 m and 27 at 6 m. For each stratum,

it was divided into three replicates of 9 collectors each. Every 3

months, all collectors were released and replaced to avoid

biofilm accumulation and fouling overlapping. Three collectors

were randomly sampled, at each depth, collector type and replica

(out of a total of 9 collectors), collecting a total of 54 collectors,

composed of 9 anchovy meshes (one per each depth, 3

replicates), 9 nylon ropes (one per each depth, 3 replicates)

and 9 raschel meshes (one per each depth, 3 replicates), for the

two study sites. Later, the samples were taken to the laboratory,

preserved in plastic bags and frozen, and transferred to the

Ecohydraulic laboratory of the Universidad Católica de la

Santıśima Concepción (UCSC-Chile).

For sample preparation, the collectors were first cleaned and

mitilid postlarvae and seeds were collected. The collectors, the

postlarvae and seeds, were separated, using six sieves, 200, 300,

500, 750, 2000 μm and >2000 μm. Each sample was deployed in

a tray, in 350 ml of 3% chlorine (250 ml solution of 10% sodium

hypochlorite, diluted in 750 ml of water), for 10 minutes. The
Frontiers in Marine Science 04
organic matter that was attached to the collectors was eliminated

by oxidation, to get a “clean” sample. Subsequently, the sodium

hypochlorite was drained from the beaker with the collector, by

placing the couplets with the 200 and 750 μm sieves in a separate

1-l beaker, which served to obtain two types of sizes of

individuals, partially isolated from the collector. Each collector

was washed inside each 1-l beaker, which contained the collector

that was previously separated from solution, by means of a water

flow rate of 17 l min-1. This procedure was repeated four times.

Subsequently, using a 500 ml tank with freshwater, the

postlarvae from the coupler with the 200 μm sieve were

introduced into the 60 mm Petri dish by means of a water

flow, and the postlarvae and seeds from the coupler with the

sieve of 750 μm in the 120 mm Petri dish. The postlarvae larger

than 1 or 2 mm, and the seeds, found on the 750 μm sieve, were

separated and placed in the 30 mm Petri dish.

Postlarvae and seeds were identified to species, using a

Diprolab magnifying glass, at 1.5x magnification, and then

extracted by using a disposable 5 ml pipette at a 30 ml vial

with 70% alcohol. Visual identification was carried out following

Ramorino and Campos (1983) for the postlarvae and seeds of the

commercial mitilids. After preserving the samples in 30 ml vials
FIGURE 2

Longline system with different spat collectors.
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with 70% alcohol, they were extracted for measurements by

species, carried out using a Diprolab microscope and a computer

with Motic Images Plus 2.0 software, to measure postlarvae.

Average density was measured as ind. 400 cm², similar to

Çelik et al. (2016), which is a unit of measurement equivalent to

the calculation of the standard area of 1 m of collector, 20 cm

wide on both sides, giving a total area of 400 cm² for anchovy net

and raschel mesh. A total of 131.94 cm² was measured for

nylon rope.
Data analysis

A multivariate analysis was performed on the spat density

at each site throughout the year to explore the environmental

factors that influence the spat settlement. BIOENV

analysis calculates the Spearman rank correlation coefficient

(rho) between the similarity matrix and corresponding

environmental data. Namely, it was performed to analyze the

relationship between larval density and environmental variables:

sea temperature (°C), chlorophyll a (mgm-3), dissolved oxygen

(ppm), salinity (PSU), surface of collector (cm2) and depth (m).

Temperature, chlorophyll a and salinity were log-transformed

and dissolved oxygen was square-root transformed. A total of

4,999 permutations of the raw data were used to build the null

hypotheses of no correlation between biological and

environmental variables.

The aforementioned environmental variables were measured

once monthly at the three depths (2, 4 and 6 m). Sea temperature

was taken using Hobo thermometers, where every 30 minutes a

data was taken throughout the study year. Dissolved oxygen and

average salinity were measured using Hanna 9828 multi-

parameter equipment, with a periodicity of 30 days for three

months during each season of the year.

For each site, the null hypothesis that there are no differences

among the treatments was tested using a three-factor orthogonal

test of analysis of variance (season: fixed, four-level, month:

fixed, three-level nested in season, depth: fixed with three levels

and collector: fixed with three levels). Both sites were compared

using a four-factor orthogonal test of analysis of variance,

including “site” as a fixed factor with two levels (Coliumo and

Punta Loberıá). The hypothesis was evaluated with respect to the

abundances of each mitilid species. Data were square-root

transformed for the analysis of the dissimilarity indices.

Subsequently, the transformed matrix was converted into a

dissimilarity matrix using the Bray-Curtis index (Clarke,

1993). This matrix was used to perform the multivariate

analysis of permutation of variance (PERMANOVA)

(Anderson et al., 2008) using the abovementioned factors. The

probabilities associated at each F-ratio were obtained with 9,999

permutations of residuals under a reduced model. These analysis

were conducted using PRIMERv7 software (Clarke and

Gorley, 2015).
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Results

Environment variables

The lowest sea surface temperatures were reported in

autumn at both sites (11°C) and the maximum ones in

summer (20°C in Coliumo Bay and 18°C in Punta Loberıá).

The chlorophyll a peaked in winter in Coliumo Bay and in

summer in Punta Loberıá, both sites at a mean depth of 4 m,

whilst the minimum concentrations were reported in autumn at

both sites. Salinity remained constant during spring, summer

and autumn, with an average value of 34 psu at both sites. The

lowest salinity was reported in winter (24 psu) in the two

sampling locations. Dissolved oxygen showed temporal

variations throughout the study year, with the lowest

concentrations during summer season (Figure 3).

The spat densities in the collectors showed no significant

correlations with the above environmental variables throughout

the study period as a whole at both sites, being the temperature

and the dissolved oxygen the best related to the spat densities

(Rho=0.174, p=0.13). However, if data are analyzed separated by

season for each site, different trends are observed. Namely, in

Coliumo Bay dissolved oxygen is significantly correlated to spat

densities during winter ((Rho=0.76, p<0.01), Chlorophyll a

concentration showed no correlation during spring (Rho=0.43,

p=0.09), temperature showed significant correlations with spat

densities during summer season (Rho=0.78, p<0.01), and during

autumn, temperature with salinity (Rho=0.94, p<0.001). In

Punta Loberıá, the spat densities showed significant trends

with environmental variables depending on the season. Salinity

and dissolved oxygen showed a significant trend during spring

(Rho=0.62, p<0.05) and autumn (Rho=0.8, p<0.05). Chlorophyll

a showed significant correlations with spat densities during

winter (Rho=0.734, p<0.05).
Spat species

The settled spat species were A. atra, C. chorus, M. chilensis,

M. galloprovincialis and S. algosus (see Table 1). The most

abundant species was A. atra in Coliumo Bay and Punta

Loberıá, with peaks during summer (30.39 and 11.97 ind cm-2,

respectively). In contrast, M. chilensis showed the minimum

abundances (< 5 ind cm-2) at both coastal sites during

winter season.

In Coliumo Bay, PERMANOVA analyses showed a significant

second order interaction between Season, Collector and Depth,

indicating that patterns of recruitment of mussels across different

collectors depended on the season and also the depth (Table 2A).

On the other hand, in Punta Loberıá, first order interactions

involving the nested factor month were significant, indicating that

patterns of recruitment between collectors and season varied from
frontiersin.org
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month to month (Table 2B). Significant temporal variation due to

month was not surprising since it was expected that as the time

passed, the number of recruits would have increased. Despite this

temporal variation at the month scale, PERMANOVA analyses also

showed a significant interaction between Season and Collectors,

indicating that differences in collectors were mainly due to the

season the collectors were deployed (Table 2B). Despite these

differences, multivariate ordinations (PCO) showed similar

patterns in terms of seasonal differences (Figure 4). In both

locations, all seasons clearly showed differences among them.
Frontiers in Marine Science 06
Furthermore, in both sites differences between collectors and

depths were considerably larger during summer and autumn,

compared to spring and winter (Figure 4). Seasonal differences

showed different recruitment patterns regarding the spat species

(Figure 5). Despite clear differences between locations, it can be

clearly noted that recruitment rates were non-existent or minimal in

both locations during winter and spring (Figure 5). It also can be

noted that M. chilensis and S. algosus typically recruit during

summer and autumn, with a high correlated pattern of temporal

and spatial distribution at both locations (Figure 4) whereas the
A

B

C

D

FIGURE 3

Monthly environmental conditions (A) temperature (T(°C)), (B) chlorophyll a (Chl-a (mg m−3)), (C) salinity (S(psu)) and (D) dissolved oxygen (DO
(mg l-1)), by month at 2, 4 and 6 m depth in Coliumo Bay and Punta Lobería.
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other three recruit from spring onward (Figure 5). Depending on

the location, recruitment ofM. galloprovincialis (Coliumo Bay) and

C. chorus (Punta Loberia) were observed as early as the latest

months of winter, however their densities were considerably lower

than those observed during summer and autumn (Figure 5).

Highest recruitment rates were observed for A. atra (Coliumo
Frontiers in Marine Science 07
Bay) and S. algosus (Punta Loberıá) during summer and autumn,

respectively (Figure 5).

Differences due to collector type and depth were

considerably smaller when compared to seasonality (Figure 4).

Consequently, differences between collectors and depth were

examined per season (only summer and autumn when densities
TABLE 1 Density ranges (ind cm-2) of spat species settled in collectors at both sites throughout the four seasons of the study year.

Coliumo Punta Loberıá

Species Winter Spring Summer Autumn Winter Spring Summer Autumn

Aulacomya atra
Choromytilus chorus
Mytilus chilensis
Mytilus galloprovincialis Semimytilus algosus

0.00-0.00
0.00-0.00
0.00-0.00
0.00-0.17
0.00-0.00

0.00-0.17
0.00-0.10
0.00-0.00
0.00-0.44
0.00-0.00

0.24-30.39
0.00-0.64
0.00-0.00
0.00-2.26
0.00-1.58

0.00-2.02
0.00-0.41
0.00-0.59
0.00-0.83
0.00-1.49

0.00-0.00
0.00-0.05
0.00-0.00
0.00-0.00
0.00-0.00

0.00-0.1
0.00-0.28
0.00-0.01
0.00-0.24
0.00-0.60

0.00-11.97
0.00-3.33
0.00-0.96
0.00-0.75
0.00-1.99

0.00-1.15
0.00-1.36
0.00-0.49
0.00-1.09
0.00-7.86
fron
TABLE 2 PERMANOVA analyses regarding the spat density at both sites a) Coliumo Bay, b) Punta Loberıá.

Density (individuals cm-2)

Source df MS Pseudo-F P(perm)

a) Coliumo Bay

S 3 52836 10.006 0.001

C 2 867.32 4.091 0.006

D 2 1421.9 8.6215 0.001

M(S) 8 5280.3 61.538 0.001

SxC 6 502.23 2.3689 0.023

SxD 6 624.91 3.7892 0.003

CxD 4 148.48 1.6196 0.15

M(S)xC 16 212.01 2.4708 0.001

M(S)xD 16 164.92 1.922 0.002

SxCxD 12 169.92 1.8535 0.034

M(S)xCxD 32 91.676 1.0684 0.355

Residual 216 85.807

Total 323

b) Punta Loberıá

S 3 89124 4.0464 0.052

C 2 853.31 2.5154 0.031

D 2 1705.5 5.431 0.001

M(S) 8 58735 75.1 0.001

SxC 6 2568.8 2.5241 0.005

SxD 6 1493.4 1.5852 0.108

CxD 4 377.28 0.85304 0.607

M(S)xC 16 2713.9 1.735 0.006

M(S)xD 16 2512.2 1.6061 0.012

SxCxD 12 1673.3 1.2611 0.215

M(S)xCxD 32 3538.2 1.131 0.241

Residual 216 21117

Total 323
Significant differences (p<0.05) were outlined in bold. Factor “month” is nested within “season” (fixed), and factors “collector” (Anchovy mesh, Rope type and Raschel mesh) and depth (2, 4
and 6 m) are also considered.
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were higher) and site. Multivariate ordinations (PCO) showed

that differences between collectors and depths were significant

during the autumn season, but during summer those differences

were not obvious (Supplementary Figure 1 and Supplementary

Figure 2). These differences were mostly due to A. atra and S.

algosus which were more abundant in nylon rope than the other

two collectors.
Discussion

In the present study, five bivalves species settled in the

collectors throughout the experiment. Four of these are native,

i.e. A. atra, C. chorus, M. chilensis, and S. algosus (Uriarte, 2008),

and one introduced M. galloprovincialis (Larraıń et al., 2018),

which is only allowed its experimental cultivation in Benthic

Resource Management and Exploitation Areas (AMERB, in

Spanish) off the coast of Chile (Decree n° 95/2015). Of the

native species, only S. algosus is not of commercial interest, and
Frontiers in Marine Science 08
M. chilensis is the main species of commercial interest in the

study area (Kamermans and Capelle, 2019). In the last three

decades, mytilid production has been steadily increasing in

Chile, with a current production of over 330,000 tonnes yearly

(Gonzalez-Poblete et al., 2018). In Chile, the seeding of spat is

mainly carried out by organizations of artisanal fishermen

within their AMERBs and by independent fishermen and

aquaculture farmers who have transitory permits in their

aquaculture concessions (Contreras and Godoy, 2021). One of

the main bottlenecks of the mitilid aquaculture industry, as

occurs in other regions (Skelton and Jeffs, 2021) is the

dependence of wild spat. Spat settlement greatly depends on

the site and depth, regardless of the collector. Seasonal variability

in spat settlement was high throughout the study period, with a

higher settlement during summer and autumn relative to winter

and spring. These seasonal variations were more pronounced

during summer inM. galloprovincialis in Coliumo and C. chorus

in both sites. M. chilensis and S. algosus showed a higher

settlement in autumn in Coliumo and in summer in Punta
A

B

FIGURE 4

Principal coordinates analysis (PCO) from Euclidean distances among centroids per season (winter=W, spring=Sp, summer=S, Autumn=A),
collector (anchovy net=AN, nylon rope=NP, raschel mesh = RM), at 2, 4 and 6 m depth for (A) Coliumo Bay and (B) Punta Loberıá.
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FIGURE 5

Spat density at logarithmic scale for each species at both coastal sites (AN, anchovy net; NR, nylon rope; RM, raschel mesh). Error bars indicate
+ 1 standard error.
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Loberıá. A. altra and C. chorus showed the highest settlement in

summer at both sites. These results are in accordance with the

spawning and settlement of mitilids, since temperature is the key

driver underpinning these processes (South et al., 2021).

Spawning seasons are spring and summer, with a prolonged

larval development up to 45 days (Karayücel et al., 2003; Barria

et al., 2012; Çelik et al., 2016).

Mytilus chilensis is the most important commercial species

in the study region, concentrating over 90% of the overall

production in Chile (Molinet et al., 2015). This species showed

the highest abundances during autumn at both sites, being

negligible the remaining seasons of the year. The settlement

patterns of this species are similar to those observed in A. atra,

which peaked during summer in Punta Loberıá. Zaixso (2004)

also observed high abundances of A. atra during summer season

in mixed substrates, i.e. rocky-sandy seabeds, from natural banks

at San José Gulf (Argentina). A previous study conducted in one

of the study sites (Punta Loberıá), the settlement of A. atra was

observed during spring and summer (Leiva et al., 2007). These

results might be explained by the ENSO event that occurred

during autumn on the Biobıó coasts (central Chile) (CIIFEN,

2017). In terms of depth, this species showed the highest

abundances in the deepest level (6 m) throughout the study

period, similar to the findings of Ojeda et al. (2014) on spatial

distribution patterns of intertidal mollusks from Chile.

Mytilus galloprovincialis showed high abundances in

autumn and spring, being almost absent during winter. This

species peaked at 2 m deep during autumn, and during winter in

Mexico (Curiel-Ramıŕez and Cáceres-Martıńez, 2010), with

similar temperatures at both seasons. This suggests a

dependence of the spat of this species to sea temperature. The

species S. algosus, though with no commercial interest, is one the

most abundant myitilids on Chilean coasts; it showed the highest

abundances in autumn at both sites. These results are in

accordance with a previous study (Belapatiño, 2007) carried

out in Peru throughout 8 years (1996-2003). This species has

been reported to spawn throughout the year, peaking at 1 m

depth in June and July (González et al., 1980), however, no

recruitment was observed during the study period at both coastal

sites. The highest abundances of S. algosus were observed at 2 m

depth in the nylon rope collector. The remaining two mitilid

species collected in the collectors throughout the study period

were A. atra and C. chorus, that showed peaks during the

summer season and also the latter a second peak of

abundances in late spring and autumn in one of the study

sites (Coliumo). Avendaño and Cantilláne (2011) observed a

displacement of A. atra to deeper sites when interacting this

species with C. chorus, as it was observed here in Punta Loberıá

during summer. Winter conditions are not favourable for the

settlement of spat regardless of the mitilid species in the

study region.

A plethora of studies have been conducted regarding spat

settlement, with a wide range of variables involved to identify the
Frontiers in Marine Science 10
most efficient combination of collectors (material, type, etc.) and

environmental variables (depth, temperature, etc.) to ensure

detachment of spat (see Yildiz and Berber, 2010; Molinet et al.,

2017; Molinet et al., 2021; Skelton and Jeffs, 2021; Weston et al.,

2021). Also it needs to be taken into consideration that spat

settlement is a process that may be affected by multiple factors

such as, larval predation or competition for source from mussel

crop (Woods et al., 2012; Atalah et al., 2020); water quality

(Boukadida et al., 2016) or combination of environmental

disturbances (Delorme et al., 2020). Mussel farming is facing

challenges due to a substantial decline in spatfall in the last

decade in certain regions (Atalah and Forrest, 2019). In New

Zealand, the causes of this spat decrease are unknown, but it has

been suggested that a widespread depletion of wild parental beds

might be a main driver of this trend, since a 97% decline has been

observed since the late 1960s due to industrial dredging (Handley,

2015; Toone et al., 2022). This depletion was concomitant with the

initial development of the mussel aquaculture industry (Jeffs

et al., 1999).

The present findings showed the importance of preserving

natural stocks of mitilids (“Parent areas’’) in the study area. As

observed in the present study, spat recruitment is greatly

conditioned by seasonal variations of water temperature, and

spat did not show clear preference on the material that the

collector was made of; yet, depth was an important factor to

consider. This study constitutes a first step to shed light on the

spatial and seasonal spat dynamics that are essential to develop

sustainable management of mitilid culture in Chile.
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Curiel-Ramı ́rez, S., and Cáceres-Martı ́nez, J. (2010). Settlement of
Mytilus galloprovincialis on collectors suspended at different depths in
bahı ́a de todos santos b. c., Mexico. Aquac 300, 102–106. doi: 10.1016/
j.aquaculture.2009.12.019

Cursach, J. A., Suazo, C. G., Rau, J. R., Tobar, C. N., and Gantz, A. (2011).
Ensamble de aves en una mitilicultura de chiloé, sur de Chile. Rev. Biol. Mar.
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Vertical distribution patterns of larval supply and spatfall of three species of
mytilidae in a Chilean fjord used for mussel farming: Insights for mussel spatfall
efficiency. Aquac 535, 736341. doi: 10.1016/j.aquaculture.2021.736341

Molinet, C. M., Dıáz, M. A., Arriagada, C. B., Cares, L. E., Marıń, S. L., Astorga,
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SERNAPESCA (2014) Anuario estadıśtico de pesca y acuicultura. desembarques
y acuicultura. Available at: http://www.sernapesca.cl/informes-datos/resultado-
estadisticas/1287?field_anho_tid=44 (Accessed November 8, 2022).

Skelton, B. M., and Jeffs, A. G. (2021). The loss of spat seeding into coastal
GreenshellTM mussel (Perna canaliculus) farms. Aquac 544, 737115. doi: 10.1016/
j.aquaculture.2021.737115

South, P. M., Delorme, N. J., Skelton, B. M., Floerl, O. , and Jeffs, A. G. (2021).
The loss of seed mussels in longline aquaculture. Rev. Aquac. 14, 440–455.
doi: 10.1111/raq.12608

Toone, T. A., Benjamin, E. D., Handley, S., Jeffs, A., and Hillman, J. R. (2022).
Expansion of shellfish aquaculture has no impact on settlement rates. Aquacult.
Environ. Interact. 14, 135–145. doi: 10.3354/aei00435

Uriarte, I. (2008). “Estado actual del cultivo de moluscos bivalvos en chile. en a.
lovatelli,” in Taller regional de la FAO sobre el estado actual del cultivo y manejo de
moluscos bivalvos y su proyección futura: Factores que afectan su sustentabilidad en
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