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1 | INTRODUCTION

Dianna K. Padilla?

Abstract

Selection of food particles for consumption by larvae impacts nutritional gain
needed for growth, development, and metamorphosis. Past work has suggested
that molluscan larvae are capable of collecting food within a narrow size range.
Recent studies have found evidence of size-independent food selection in mollus-
can larvae, but relatively little is known about the characteristics of particles that
larvae preferentially capture. Therefore, we conducted experiments with the lar-
vae of two mussels, Mytilus trossulus and Mytilus edulis, to determine whether
they are selective feeders, and if so, whether we could determine the characteris-
tics of particles selected as food. We fed larvae microalgae and polystyrene
microspheres of different sizes, nutritional content, surface charge, and hydropho-
bicity. We found that for both species, there was no effect of size on particle
selection for particles 2-8 pm, but, surprisingly, these two congeners preferen-
tially captured particles with different characteristics. Larvae of M. trossulus pref-
erentially captured particles that were more hydrophilic and had a more negative
surface charge, but there was no effect of nutritional content. The larvae of
M. edulis showed a different pattern; they preferentially captured particles with
low surface charge and greater food value, but hydrophobicity did not affect
selection. Larvae of these two congeners are indeed selective in which particles
they collect but appear to be using different rules for selection. More work is
needed to determine whether there are any general patterns that govern particle
selection for larvae and mechanisms that could produce the observed patterns.
Such work is needed to help us to determine whether individual species use dif-
ferent rules or whether there are general patterns in the types of particles larvae

select.

KEYWORDS
feeding, Mytilus, particle properties, selectivity

and bivalves (Riisgard & Larsen, 2010). In addition, suspension feeding
is used by the vast majority of free-living, feeding larval stages across

In marine systems, suspension feeding is a major feeding mode for a
wide diversity of animals across different life stages and has evolved
independently multiple times (e.g., Bullivant, 1968; M.F. Strathmann,
1987; R.R. Strathmann, 2020). Invertebrate examples include both
mobile organisms, such as copepods, cladocerans, salps, and larvaceans,

as well as sessile or sedentary organisms, such as ascidians, barnacles,

phyla (Pernet, 2017; M.F. Strathmann, 1987). Even in many taxa in
which the adults do not suspension feed, there is still a suspension-
feeding larval stage, typically with a ciliary-based mechanism of particle
capture (Emlet, 1990; Pernet, 2017; R.R. Strathmann, 1978).

The best studied group of adult suspension feeders is bivalve

molluscs because of their important impacts on marine systems
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through their feeding processes (Dame, 2012; Ferreira et al., 2019).
These important impacts include controlling phytoplankton abun-
2005;
Jargensen, 1981; Newell, 1988); reducing harmful algal blooms (Harke

dance, biomass, and diversity (Asmus & Asmus,
et al, 2011); and pumping of organic matter to the benthos
(Dame, 2012). Introductions and removal of bivalves can produce
major shifts in planktonic and benthic communities (Padilla
et al., 2011). Although some work has been done on the mechanics of
ciliary feeding in invertebrate larvae and the importance of body form
on the hydrodynamics of feeding (e.g., Emlet, 1990), surprisingly little
is known about the selective feeding of larval stages (Olson & Olson,
1989; Pernet, 2017). At present, we do not have a general under-
standing of selective suspension feeding for invertebrate larvae.

For molluscs, the mode of ciliary feeding and the likely mecha-
nism used for particle capture and selection is quite different
between larvae and adults. The veliger larva is the hallmark of the
Mollusca. Most bivalves produce small (~100-500 pm) veliger lar-
vae that develop from nonfeeding trochophores. Although adult
bivalves trap food on mucus on their ctenidium (gill), molluscan lar-
vae do not have a gill and do not produce the mucus of adults.
Veligers are characterized by the velum, a specialized ciliated struc-
ture used for swimming and food capture (Chan et al., 2013). Cilia
on the velum come in contact with suspended particles, and there
is evidence that direct interception by individual cilia is responsible
for food capture (Romero et al., 2010); thus, veligers interact with
food particles individually. The velum is shed at metamorphosis to
the juvenile stage, when the ctenidia (gills) become the suspension-
feeding organ.

Recent work has suggested that veligers of some species can
selectively capture or feed on different microalgal food particles
(e.g., Baldwin, 1995; Hansen, 1991; Liao et al., 2017; Rosa &
Padilla, 2020), but generalizable patterns or mechanisms underlying
this selection are yet to be determined. Our recent work indicates that
veligers of the Pacific oyster Crassostrea gigas preferentially capture
certain species of microalgae (Rosa & Padilla, 2020). The percent of
polyunsaturated fatty acids (PUFAs) in an algal species has been
shown to affect larval growth and time to metamorphosis, and is com-
monly used as a measure of nutritional quality (Hendriks et al., 2003).
But, for C. gigas, food selection does not appear to be based on the
size or nutritional quality of the microalgae. Because the veliger form
is shared among all molluscs with feeding larvae, it is important to
assess whether this larval form produces limits on selective suspen-
sion feeding and particle capture.

In this study, we quantified microalgal particle capture rates for
the larvae of two mussel congeners, the blue mussel, Mytilus edulis
LiNnAEUS 1758, which is found on the Atlantic Ocean coastlines in
North America, Great Britain, and Europe, and M. trossulus
A. Gouwb 1850, which is found on eastern shores of the Pacific
Ocean in North America. Particle capture rates were determined
for veligers fed four different microalgal species and two different
sizes of polystyrene (PS) microspheres. We then tested whether
known particle properties, such as size and surface charge, affected

capture rate.

2 | METHODS

2.1 | Larval rearing and maintenance

Reproductive adults of Mytilus trossulus (35-55 mm) were collected
from Argyle Lagoon, San Juan Island, WA (48.5201°N, 123.0146°W).
Adults were kept in flow through ambient water (16°C) at the Friday
Harbor Laboratories (University of Washington, Friday Harbor, WA)
and supplemented with Shellfish Diet© (Reed Mariculture). Individuals
were induced to spawn with standard techniques (warming and
injecting 5% KCl solution into the gonad; see M.F. Strathmann, 1987).
Gametes from three females (pooled) and two males (pooled) were
combined, and successful fertilization was confirmed via microscopy.
Larvae produced from this pooled mixture of gametes were
maintained in 4-L batch cultures, in glass jars filled with 0.22-um fil-
tered seawater (FSW) at ambient temperature, at a density of
5 individuals/ml. Larvae were fed daily a combination (50:50 by
biovolume) of Tisochrysis lutea EL M. BenpiF & |. ProBerT 2013 (strain
T-iso) and Diacronema lutheri (Droopr) BenpiF & VErRoN 2011 (strain
MONO) at 10* cells/ml. Given the culture density and feeding con-
centrations used, interference in feeding among individuals resulting
in phenotypic changes in velum size (as per R.R. Strathmann
et al., 1993) would not be expected. Culture water was changed three
times per week, and cultures were maintained at ambient water tem-
perature (16°C) until use. Larvae 3-5 days old and 155.0 + 6.1 um in
size (mean * SD) were used in the feeding experiments.

Reproductive adults of M. edulis (30-55 mm) were collected from
Milford, CT (41.2307°N, 73.0640°W) and then maintained in flow
through ambient seawater (18°C) at the NOAA Fisheries Milford Lab
(Milford, CT). For conditioning, mussels were supplemented with addi-
tional cultured microalgae (Chaetoceros sp.) and Shellfish Diet© (Reed
Mariculture). Larval rearing was the same as for M. trossulus, with the
following differences: Gametes from three females (pooled) and seven
males (pooled) were combined, and successful fertilization was con-
firmed via microscopy. Larvae produced from this pooled mixture of
gametes were transferred to Stony Brook University and maintained
in 4-L batch cultures. Given the culture density and feeding concen-
trations used, interference in feeding between individuals resulting in
phenotypic changes in velum size (as per R.R. Strathmann et al., 1993)
would not be expected. Cultures were maintained at 18°C until use.
Larvae 3-5 days old and 123.6 + 19.6 pm in size (mean * SD) were
used in the feeding experiments.

Although the two species were reared at different temperatures,
they were reared at the ambient temperatures where they occur natu-
rally and were at the same stage of development during tests. The
optimal temperature for rearing larvae of M. edulis has been deter-
mined to be 18°C (Helm & Bourne, 2004; Galley et al., 2010). Rearing
larvae of M. edulis at 16°C would have delayed development consider-
ably. Rearing larvae of M. trossulus at 18°C results in very high mortal-
ity and abnormal development (M.F. Strathmann, 1987; personal
observation). In both cases, larvae that were tested were from a
genetically diverse cohort. All larvae that were tested were pooled

from the different mass culture beakers prior to use in experiments.
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This spread any possible effects of the beaker in which larvae were
reared across replicates for each feeding trial. Experiments were con-
ducted with d-stage veligers (3-5 days old), and there was no
significant difference in size among the larvae within a species among

experiments over the 3-day period.

2.2 | Particle capture experiments

We used a modified experimental design from a prior study (Rosa &
Padilla, 2020). We used both microalgae and PS microspheres with
different properties (Table 1). In feeding experiments, we used two
different sizes of fluorescent PS microspheres (Fluoresbrite® YG,
Polyscience), 3 pm (441,486 catalog #241735) and 6 pm (441,486 cat-
alog #24157-1), and four different species of microalgae, Rhodomonas
lens PascHer & RutTtner 1913 (Rhodo), Nannochloropsis sp. (FHL644),
Diacronema lutheri (MONO), and Tisochrysis lutea (T-iso) as single par-
ticle types or in paired combinations. Prior to use, the PS micro-
spheres were centrifuged at 1500 RCF, the supernatant decanted,
and particles resuspended in 0.2-pm FSW two times to remove any
residual surfactants and then diluted to achieve the required concen-
tration for each experiment. Algae were grown at high concentrations
in f/2 media and were then diluted (at least 1:1000) in 0.2-pm FSW to
reach the required concentration for each experiment.

The microalgae selected for these experiments are commonly
used for feeding and maintenance of larvae for both scientific and
aquaculture use (Helm & Bourne, 2004). The microalgal species used
differed in relative nutritional content (percentage of PUFAs; adopted
from Helm & Bourne, 2004) and known physical surface properties
(Rosa et al., 2017; Table 1). The combinations of algae and PS that
were tested were preselected to present contrasting cell size (mea-
sured as cell length), nutritional quality (% PUFA), and cell surface

properties (Table 1). The five combinations were: Nannochloropsis

lutheri;  Nannochloropsis sp. and T. lutea;

sp. and Pavlova

Nannochloropsis sp. and 3-pm PS; T. lutea and P. lutheri; and T. lutea
and 6-um PS.

In all cases, microalgal cell densities were determined with a flow
cytometer (Guava InCyte, MilliporeSigma, at Friday Harbor Laborato-
ries, WA; or C6 Plus, BD Sciences, at the NOAA lab in CT), which
allowed us to determine cell densities when single or multiple spe-
cies/particles were used in experiments. These two machines use
lasers with the same excitation wavelengths; thus, the cell capture
rates were comparable across experiments. For both instruments,
samples were read at a fast speed (66 pl/min) for 1 min, using the fol-
lowing emission/excitation lasers to determine particle densities. For
all single particle experiments using microalgae, cell populations were
defined using the 584/40 versus 670LP lasers (FL2 vs. FL3). For all
single particle experiments using PS microspheres, particle
populations were defined using forward scatter versus 670LP laser
(FSC vs. FL3). For all the paired particle experiments, particle
populations were defined using FL2 versus FL3 lasers. Particle counts
were then standardized to number per milliliter for calculating capture
rates.

To determine particle capture rates, stock solutions were pre-
pared by diluting algae and washed PS particles in 5 L of FSW to a
total cell density of 10* cells/ml. Initial concentrations of algae and PS
were then determined from these stock solutions with a flow
cytometer. Each treatment was allocated to test beakers, mixed, and a
1-ml subsample taken to confirm initial particle concentration. Larvae
were then added to the sample beakers (2 larvae/ml, 5 replicates per
treatment) for each microalgal treatment. A 1-ml aliquot was collected
hourly from the center of each beaker, without mixing, for 5 h. Con-
trol replicate beakers of the same size with the same volume (100 ml,
no larvae, 3 or 4 replicates per treatment) were used to determine
particle settling rates over the experimental time period and sampled

similarly. Over the time course of the feeding trials, the algal settling

TABLE 1 Summary of traits of microalgae and polystyrene microspheres used in feeding experiments
Relative Selection Selection Selection by
Cell volume  Surface Contact angle PUFA by Mytilus by Mytilus  Crassostrea
Particle Size (um)  (pm®) charge (mV) (hydrophobicity) (% total cell)  trossulus edulis gigas
Nannochloropsis sp. 3 22 —-12+1.17 93 + 6.08 8% - +
(hydrophobic)
Pavlova lutheri 4 88 -16 £0.71 66 + 3.56 10% +/= = +
(hydrophilic)
Tisochrysis lutea ) 45 —6+0.87 83 +3.08 30% = - -
(T-iso) (hydrophilic)
Rhodomonas lens 8 69 —13+0.96 93 +245 45% = -
(hydrophobic)
Polystyrene 3&6 14 & 113 —11+1.05 113+ 0.96 0% +/= -
microsphere (hydrophobic)

Note: Particle properties include size (maximum cell dimension), particle surface charge, hydrophobicity (contact angle), and percent content of
polyunsaturated fatty acids (PUFA) in algae. - denotes rejection (low capture); +, ingestion (high capture); =, no selection observed. Blank cells indicate
that the particle was not tested. Data on capture of these same species of microalgae by larvae of Crassostrea gigas (Rosa & Padilla, 2020) are provided for
comparison. Size was directly measured in this study; algal surface charge (mean + SE) and contact angle (mean + SE) from Rosa et al. (2017); algal

biovolume and PUFAs from Helm & Bourne, 2004.
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rates in control chambers (without larvae) were negligible (0.001
+ 0.002 particles/ml). No differential settlement of the different parti-
cles during the timed trials was observed. Therefore, the loss of cells
due to sinking in the controls was subtracted from test concentrations
prior to determining capture rates. Experiments with M. trossulus were
run at 16°C, ambient temperature at the time of the experiment, and
experiments with M. edulis were run at 18°C, optimal temperature for
M. edulis development.

To calculate capture rates, particle densities within each replicate
were plotted over time. Only the sampling time frame with a clear lin-
ear decrease in cell density (in all cases between time 0 and 3 h) was
used to calculate particle capture rate per larva per hour (as per
Frost, 1972). Analysis of variance (ANOVA)was used to determine dif-
ferences in capture rates among particles for each mussel species, and
post hoc tests were used to determine differences among specific
treatments (Statistica®). We also tested for correlations between cap-
ture rate and particle properties, including particle size, nutritional
content (PUFAs), surface charge, and hydrophobicity.

For pairwise tests of particles offered for each species, one-way
ANOVAs were used to determine whether there were significant dif-

ferences in capture rates for each pair.

3 | RESULTS

3.1 | Single particle experiments

For larvae of Mytilus trossulus, there were significant differences in
capture rates among tested particles when offered alone (ANOVA, F
(4,24) = 55.13, p < .001; Figure 1, Table 2). A Tukey post hoc test
determined that cells of Diacronema lutheri were captured at the
highest rates (1067 + 227 cells larva~t h~1). Cells of Tisochrysis lutea
(294 + 152 cells

were captured at the second highest rate
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FIGURE 1  Number of particles captured larva~* hr~? for each

species of microalga or size of polystyrene microsphere (PS) when
presented alone to larvae of Mytilus trossulus. A two-way ANOVA
found a significant effect of particle type on capture (p < 0.001). Data
presented as mean + standard error, n = 4 or n = 5. Lowercase
letters denote significant differences in capture among particle types
(Tukey HSD, p < 0.05)

TABLE 2 Clearance rates for feeding experiments

Single particle experiments

Particle type

Tisochrysis lutea Rhodomonas lens

6-pm polystyrene

0.13+0.01
0.24 +0.14

Nannochloropsis sp. Pavlova lutheri

3-pm microsphere

Bivalve species

0.10+0.01
NA

0.31+0.47
0.25 +0.01

0.18 £ 0.02
0.04 £ 0.03

0.09 +0.05
0.08 + 0.04

0.03 £0.01
0.15 £ 0.04

Mytilus trossulus

Mytilus edulis

Mixed particle experiments

Particle pair

6-um

3-um

Nannochloropsis

sp.

Nannochloropsis

Nannochloropsis

sp.

microsphere

T. lutea

T. lutea P. lutheri

T. lutea P. lutheri microsphere

Bivalve species

0.04 +0.04
0.04 +0.06

0.10+0.02 0.08 +£0.04
0.03 +0.03

0.01 +0.02

0.06 +0.04)
0.02 £ 0.02

0.03 £0.01
0.20 + 0.03

0.05 +0.02
0.05 + 0.04

0.11 +£0.03
0.01 £ 0.02

0.06 +0.04
0.05 +0.02

0.09 +£0.03
0.03 £ 0.05

0.08 +0.05
0.04 +0.02

Mytilus trossulus

Mytilus edulis

Note: Rates in ml larva—! h~%. Data shown as mean * SD; NA indicates data were not collected; sample size was 4 or 5 replicates per treatment.
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larva~ h~%), and cells of Rhodomonas lens were captured at the lowest
rate (90 + 26 cells larva—t h™%; Figure 1). There was no significant dif-
ference among capture rates of R. lens (90 + 26 cells larva~t h™?Y),
Nannochloropsis sp. (132 + 88 cells larva™! h™?), and the 3-um (104
+ 26 cells larva~* h™%) and 6-pm PS microspheres (114 + 13 cells
larva—th™1).

For larvae of Mytilus edulis, significant differences in capture rates
among particles tested were also found (ANOVA, F(4,15) = 14.76,
p <.001; Figure 2, Table 2). Unfortunately, the culture of R. lens
crashed, so this species was not available for tests with M. edulis. A
Tukey post hoc test determined that for larvae of M. edulis, cells of
Nannochloropsis sp. (65 + 31 cells larva~* h™1) and Tisochrysis lutea
(67 + 3 cells larva—t h™1) were captured at the highest rates (Figure 2).
The 3-pm PS microspheres were captured at the lowest rates (6 + 3
particles larva™! h™2). There was no significant difference in capture
rates of cells of P. lutheri (12 + 8 cells larva~? h™%) and the 3-pm (12
+10 cells larva~t h™%) and 6-pum PS microspheres (12 + 10 cells

larva—th7Y).

3.2 | Mixed particle experiments

Particle capture rates were determined for both mussel species feed-
ing on pairs of microalgae or microspheres, for a total of five different
combinations. For Mytilus trossulus, there was no significant difference
in the capture rate among any of the pairs of particles tested
(Nannochloropsis sp. and Tisochrysis lutea, F(1,6) = 0.33, p =.58;
Nannochloropsis sp. and Diacronema lutheri, F(1,8) = 1.63, p = .24;
Nannochloropsis and 3-pm microspheres, F(1,8) = 4.442, p = .07,

T. lutea and D. lutheri, F(1,6) = 0.18, p = .69; T. lutea and 6-um micro-
spheres, F(1,6) = 0.47, p = .53; Figure 3).
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FIGURE 2 Number of particles captured larva~* hr~? for each
species of microalga or size of polystyrene microsphere (PS) when
presented alone to larvae of Mytilus edulis. A two-way ANOVA found
a significant effect of particle type on capture (p < 0.001). Data
presented as mean + standard error, n = 4 or n = 5. Lowercase
letters denote significant differences in capture among particle types
(Tukey HSD, p < 0.05)

For larvae of Mytilus edulis, there was no significant difference in
the capture rate of cells of Nannochloropsis sp. relative to T. lutea
when the two species were offered in combination (F(1,6) = 4.06,
p=.09; Figure 4). However, larvae captured more cells of
Nannochloropsis sp. than of D. lutheri (F(1,6) = 15.086, p <.01) and
more cells of Nannochloropsis sp. than of the 3-um microspheres
(F(1,6) = 2.99, p = .013) when offered in combination. There was no
difference in the capture rate of cells of T. lutea and D. lutheri when
they were offered together (F(1,6) = 0.002, p = .97). Similarly, there
was no difference between the capture rate of cells of T. lutea and the

6-pm microspheres when offered together (F(1,6) = 1.13, p = .33).

3.3 | Particle properties and capture rate
Relationships between the different particle properties (size, algal
nutritional value, percentage of PUFAs, hydrophobicity, contact angle,
and surface charge) and capture rate were tested for both species. For
larvae of Mytilus trossulus, there was no relationship between particle
size and capture rate of particles (F(1,37) = 2.696, p = .11, Figure 5A).
Similarly, there was no relationship between capture rate and nutri-
tional content as measured by percentage of PUFAs (F(1,37) = 2.343,
p =.13; Figure 5B). There was a significant negative relationship
between particle charge and capture rate (R? = .33, F(1,32) = 15.875,
p < .001; Figure 5C). There was also a significant negative relationship
between capture rate and hydrophobicity, with the particles that were
the most hydrophilic captured at the highest rates (R?=.58, F
(1,32) = 44.149, p < .001; Figure 5D).

For larvae of Muytilus edulis, there was also no relationship
between particle size and capture rate (F(1,18) = 0.178, p = .68;
Figure 6A). There was a significant positive relationship between cap-
ture rate and % PUFAs (R?= .42, F(1,18)= 12.758, p =.002;
Figure 6B), with particles having the highest concentration of nutri-
tional fatty acids captured at the highest rate. There was also a posi-
tive significant relationship between particle capture rate and surface
charge (R? = .46, F(1,18) = 15.405, p < 0.001; Figure 6C), the oppo-
site of what was observed for M. trossulus. There was no relationship
between capture rate and hydrophobicity (F(1,18) = 1.287, p = .27,
Figure 6D).

4 | DISCUSSION

Factors affecting food selection and nutritional gain for a given spe-
cies are important not only for growth and survival but also for
understanding the evolution of organismal design and convergence
across taxa. But, for suspension-feeding marine invertebrate larvae,
surprisingly little is known about the characteristics, in addition to
size, of particles that are selectively captured. Our results revealed
that for two species of mussel, Mytilus trossulus and M. edulis, parti-
cle size alone, from 3 to 8 um, had no effect on particle capture
rates. But, other particle characteristics were correlated with capture

rates when particles were offered alone, and those features differed
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FIGURE 3  Number of particles captured larva~* hr~?* by larvae of Mytilus trossulus when presented in choice experiments. Mixed particle
diets represent cells of: (A) Nannochloropsis sp. and Tisochrysis lutea, (B) Nannochloropsis sp. and Diacronema lutheri, (C) Nannochloropsis sp. and
3-pum polystyrene microspheres (PS), (D) Diacronema lutheri and T. lutea, and (E) T. lutea and 6-um polystyrene microspheres. Data presented as

mean * standard error,n=4orn=>5

for larvae of these two closely related species. For larvae of
M. trossulus, preferentially captured particles that were more
hydrophilic, and had a more negative surface charge, primarily cells
of Pavlova lutheri. For M. edulis, a different pattern emerged. Larvae
of this species preferentially captured particles with low surface
charge, and hydrophobicity did not affect selection. These two
species also differed in the importance of nutritional value on
particle selection. From aquaculture studies, it is known that PUFAs
play an important role in affecting adult growth and gonad
development (Delaporte et al., 2005; Hendriks et al., 2003; Utting &
Millican, 1997), as well as for larval growth, survivorship, and post-
metamorphic growth and survivorship (Ronquillo et al., 2012; Utting
& Millican, 1997; Vanderploeg et al, 1996). Larvae of M. edulis
preferentially captured particles with greater PUFA content, but, for
larvae of M. trossulus, there was no effect of PUFA content on
particle capture rates.

Given the properties of the algae tested, it is difficult to separate
whether the correlations with particle properties are indeed causal or
whether other unknown properties of the alga could affect capture
rates. For example, larvae of M. trossulus greatly preferred the alga

Diacronema lutheri and captured it at higher rates than all other

particles. This alga has a low surface charge and is hydrophilic. More
tests are needed that will allow a separation of these surface charac-
teristics and species properties; experiments with other algal species
or artificial particles that have contrasting characteristics are needed
to directly test the role of surface properties and particle selection.
When particles were offered in combination, relative capture rates of
the two particle types were often different than when they were
offered alone. Although larvae of M. trossulus consumed cells of
D. lutheri at a much higher rate when offered alone, the capture rate
of Diacronema did not differ from that of other particles when offered
as pairs. Larvae of M. edulis captured significantly more cells of
Nannochloropsis sp. and Tisochrysis lutea than other particles when
offered alone. When offered particles in pairs, cells of Nannochloropsis
sp. were consumed more than other particles, but cells of T. lutea
were consumed at the same rate as other particles offered. A more
complete set of tests, including all pairs of particles and combining all
particles together, are needed to gain a fuller picture of how to inter-
pret these data.

Size-independent feeding preferences are well documented in
adults of suspension-feeding bivalves (Rosa et al., 2018). For larval

molluscs, however, few studies have examined selective feeding,
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FIGURE 5 Number of particles
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type; n = 15 or n = 16. Regression
lines and R? values are provided for
significant relationships (Pearson
correlation, p < 0.05)
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although there is some evidence of selectivity (e.g., Baldwin, 1995;
Rosa & Padilla, 2020). When given combinations of multiple algae,
larvae of the gastropod Philine aperta consume significantly more
cells of Cryptomonas (“Rhodomonas™) baltica than of Nannochloropsis
sp. or Isochrysis galbana (Hansen, 1991). Similarly, larvae of the oys-
ter C. gigas have been shown to preferentially ingest certain types of
particles over others (Cole & Galloway, 2015; Rosa & Padilla, 2020).
The results presented here indicate that larvae of both species of
Mytilus show particle selectivity, with some particles preferentially
captured over others, but the two species selected different
types of particles. We found no significant relationship between
particle sizes and capture rate for either mussel species used in
this study.

In addition to differences in selection based on nutritional con-
tent (% PUFA concentration), these two species also differed in the
surface properties of particles that were selected (Table 1). Surface
properties of particles, such as charge and hydrophobicity, can
affect the stickiness of cells (sensu Ozkan & Berberoglu, 2013a).
Generally, microalgal particles that are more hydrophobic tend to
more readily adhere to each other (e.g., flocculation) and to other
surfaces (Ozkan & Berberoglu, 2013b). As a mechanism of passive
capture, cells that are stickier could more readily be captured by
veligers. Romero et al. (2010) directly observed particle capture by
larvae of the gastropod Lacuna vincta with high-speed videography.
They found that the prototrochal cilia on the velum directly inter-
cept particles. In those veligers, particle capture appears to occur
via adhesion between individual cilia and algal cells. They also
reported that within a species not all encounter events resulted in
interception and capture of the particle. If such surface properties
are used by bivalve veligers to preferentially capture cells, there
should be a strong relationship between capture and surface prop-
erties. For larvae of M. trossulus, we found a significant negative
relationship between capture and hydrophobicity, as well as capture

and surface charge. Interestingly, particles that share these surface

Particle hydrophobicity (degrees)

properties have generally been found to have a lower organic con-
tent and tend to have a high mineral content (e.g., kaolin clay and
dead cord grass; Rosa et al., 2013, 2017). Larvae of this species
ingested an average of 80 cells larva~? h™2, slightly higher but simi-
lar to our findings. Data collected from another cohort of M. edulis
(data not shown) resulted in similar particle capture rates. In addi-
tion, particle capture rates for M. edulis were lowest when offered
combinations of particles. Differences in capture rates could be
related to temperature: Experiments were run at 16°C for
M. trossulus and 18°C for M. edulis. This 16°C is at the high natural
temperature range for M. trossulus development in the field, which
could either increase metabolic rates (and feeding) or, if it is a
stressful temperature, reduce feeding. Although larvae of M. edulis
can experience higher temperatures in the field, according to recom-
mendations by the Food and Agriculture Association of the United
Nations (FAO 2008) and Galley et al. (2010), the optimal tempera-
ture for their development is 18°C. We did not observe any differ-
ences in growth, development, or survivorship between these two
species in our experiments, but the larvae of M. edulis were smaller
than those of M. trossulus, even though they were at the same
developmental stage and age. This size difference could affect feed-
ing rates. In addition, it has been noted that larvae of M. edulis have
smaller velar lobes than larvae of M. trossulus (Sprung, 1984;
Widdows, 1991), which could also affect particle capture rates. Fur-
ther studies are needed to determine whether there are physiologi-
cal or morphological differences that could account for the
observed differences in capture rates.

In this study, we found evidence that veligers of congener mus-
sels preferentially capture different foods when offered alone. Most
importantly, the apparent selection criteria for these food choices
reflected different particular surface characteristics. Observed pat-
terns of preferential particle selection here were also different than
those found for veligers of the Pacific oyster C. gigas (Rosa &

Padilla, 2020). Combining our results found here with those for



ROSA anp PADILLA

C. gigas indicate that not all veligers, even congeners, select food
based on the same characteristics. Combinations of food may also
alter selection preferences. More species of bivalve larvae need to be
examined to determine taxon-level differences in selection as well as
potential mechanisms of selection, plasticity in selection, and environ-
mental effects (legacies) on physiology that impact food selection by
larvae.

Determining generalizable rules for selective suspension feeding
among molluscan larvae (if there are any) will help to determine the
constraints or opportunities that this mechanism has imposed on veli-
ger larvae. Once these rules are determined, they can then be tested
across closely related taxa in the Lophotrochozoa and other metazoan
taxa with feeding larvae that use cilia for particle capture and
selection.
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