Particle Capture and Ingestion Abilities in Calyptraeid Gastropods with Different Modes of Development
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Embryonic vela of non-planktotrophs are
similar sizes to those of planktotrophs

Encapsulated embryos of direct developing gastropods often develop a velum. It is
presumed that these are the reduced vestiges of the vela used by planktotrophs to
capture food, however it is not clear how much of the structure and function of the
velum is retained. If structure and function are retained, the reacquisition of feeding
larvae may be more likely than in groups where the feeding structures are completely
lost.

•But, the velum perimeter
is significantly shorter
relative to shell length in
non-planktotrophs.
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Abstract
In marine invertebrate larvae, it is generally understood that evolutionary changes between modes of development (planktoptrophy,
lecithotrophy, direct development w/large eggs, or direct development w/nurse eggs) occur predominantly from feeding planktotrophic
larvae to non-feeding direct developers. It is thought that once complex structures such as the velum, the gastropod larval feeding and
swimming organ, are lost they are almost impossible to regain. Molecular phylogenies of calyptraeid gastropods indicate that changes
in the mode of development occur rapidly and frequently and also support instances of the re-evolution of planktotrophic larvae from
lineages of direct developers. Observations suggest that the velum is retained in several species with complete intracapsular
development. We examined 11 species of calyptraeids to determine if the form and function of the velum is retained in species without
feeding larvae. We measured the size of the velum and length of the cilia, and compared the ability of each species to capture and
ingest particles from suspension. Several developmental stages of each species were exposed to solutions of plastic microspheres
ranging from 2 – 90 µm to determine the range of sizes that can be captured by each species and to understand how this relates to
velum morphology. Veligers from six planktotrophs, three direct developers with large eggs, and three direct developers with nurse
eggs all ingested beads from 2um to 90um. Crepidula ustulatulina, the sole species with lecithotrophic larvae only consumed beads up
to 25um in diameter. While velum size increased in the early development of all species, the velum of the direct developers and
lecithotrophs were absorbed as they neared hatching.
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•The velum perimeter
increases with shell length
in planktotrophs and
lecithotrophs but not in
direct developers.

Velar cilia occur in the same length range
in all modes of development
•Prototrochal cilia
increase in length with
shell length in all
modes of development.
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•Planktotrophs around
hatching had longer
cilia than most of the
embryos in other
modes of development
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All embryos of each species can capture 2 and 10 µm particles from suspension
We examined
4 kinds of development:

3 stages of velum development
Early

Middle

Late

Planktotrophic larvae
Small
eggs produce free.
living larvae that swim and
feed with the velum.

.

Lecithotrophic larvae
Large eggs produce large
larvae that are ready to settle
at hatching and swim for at
most and hour or two.

Planktotrophs increased the number of 2 µm
particles they captured as development progressed

25 - 90 µm beads were also occasionally captured

Direct with large eggs
Large eggs develop into a
crawling juvenile. The velum
is evident in early stages but
is lost before hatching.

On average, embryos ate less than one bead of each of the following:

25, 45 and 90 µm
Crepidula atrasolea
Bostrycapulus aculeata
Crepidula cf. onyx

Direct with nurse eggs
Small eggs develop into
juveniles that crawl away
at hatching, by consuming
other eggs or embryos.

25 and 45 µm
Crepipatella fecunda
Crepidula marginalis
Bostrycapulus calyptraeformis
Crepipatella dilatata

25 µm
Crepidula incurva
Bostrycapulus urraca
Crepipatella n.sp
Crepidula ustulatulina

Late stage planktotrophs captured more 10 and 25 µm
particles than the other modes of development

Conclusions and Future Directions
•Although not all direct developing calyptraeids retain the velum, in those that do
the velum is of a substantial size and retains long prototrochal cilia.
•Embryos of all 11 species examined could capture particles and direct developers
appear to be as effective at capturing 2-µm particles as planktotrophs.
•Very large beads should not be captured by normal opposed band ciliary feeding
employed by gastropod embryos, so observations of capture mechanisms of large
beads are needed to understand what mechanism is employed.
•Particle capture abilities of species that retain no vestige of the velum during
development have not yet assayed.

Acknowledgements
Funding for this project was provided by NSF IOS-1019727 to Rachel Collin. We
would also like to thank Katie McDonald, Kaza Ansley, Jeanette Hofstee, Matthew
Starr and SMS Ft. Pierce.

Methods
Embryos were
collected
from brooding
females
raised in the lab.

Embryos were
rotated on a
rotisserie at 1 rpm
in a suspension of
microspheres.

Microsphere mix
consisted of:
2µm, 10µm,
25µm, 45µm,
90µm.

Ingested
microspheres were
counted under the
microscope and
embryos were
photographed.

Velum
perimeter, shell
lenght and
cilium length
were measured.

