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Embryology of Invertebrates

N.A. Pertsov White Sea Biological Station
Dept. of Biology M.V. Lomonosov Moscow State University

Sunday 04 July – Wednesday 21 July

Instructors: Nataliya E. Budaeva, Igor A. Kosevitch, Maria L. Semenova, Vladimir V. Malakhov, Nadezhda N. Rimskaya-Korsakova.
Student's duties: draw as many developmental stages as possible for all studied species; learn how to rear cultures of embryos and larvae (feeding, cleaning, etc.)

SUNDAY 04 July
Arrival at the WSBS, accommodation, organizing lab space
17:30
Lab work: Introduction, check out microscopes, literature, lab glass etc.; short briefing about basic principles of work with animals and embryos; adjusting microscopes. 

MONDAY 05 July (Low tide 6:00, 0.5m)
09:00
Lecture (NB): Basic terms in embryology of invertebrates: types of eggs, cleavage patterns, blastulas, gastrulation, mesoderm and body cavities, types of larvae, life histories. (An overview).

Lab work: Strongylocentrotus pallidus

Induce spawning, observe fertilization and early cleavage.

Start cultures of sea urchins embryos

13:15
LUNCH
14:30
Lecture (NB): Echinoderm fertilization and early development. Radial cleavage. Cell fates.

19:20
Student’s presentation: V.V. Vinnikova & A.L. Drozdov. Comparison of gamete morphology in sea urchins from Peter the Great Bay, the Sea of Japan 
Lab work: Continue work with sea urchin cultures.
TUESDAY 06 July (Low tide 6:30, 0.6m) 

09:00
Lab work: Asterias rubens

Induce spawning or dissect gonads, observe fertilization and early cleavage. Start cultures of sea stars.

Continue work with sea urchin cultures.
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13:15
LUNCH
14:30
Collecting trip (6 students): Trawling near the tip of Kindo peninsula, collecting brittle stars, sea stars, etc.

Lab work: Continue work with sea urchin and sea star cultures.

WEDNESDAY 07 July (Low tide 7:30, 0.6m)
09:00
Lab work: Ophiopholis aculeata

Induce spawning, observe fertilization and early cleavage.

Start cultures of brittle stars.

Pteraster sp. Dissect brooding sea star and observe different stages of embryos.

Continue work with cultures of sea urchins and sea stars.

11:00
Lecture (NB): Echinoderm larvae: comparative morphology.
13:15
LUNCH

14:30
Lab work: Continue work with cultures of sea urchins, sea stars and brittle stars.
19:20
Student’s presentation: V.V. Vinnikova & A.L. Drozdov. The spine skeleton morphogenesis in Echinoida and Clypeastreoida orders of sea urchins
THURSDAY 08 July (Low tide 8:30, 0.6m)
09:00
Collecting trip: collect jellyfish and ctenophores at the pier and using the rowing boat
Lab work: samples sorting, observing various jellyfishes, collecting eggs; attempt to fertilize eggs from jellyfishes.
13:15
LUNCH

14:30
Lecture (IK): Development of cnidarians.


Lab work: Trace settlement and metamorphosis of hydroids observe actinulas of Aglantha digitale and Tubularia larynx.
Continue with echinoderm cultures.
FRIDAY 09 July (Low tide 9:30, 0.5m)
09:00
Collecting trip: collecting various hydroids (Dymanena pumilla, Obelia flexuosa etc.) and clutches of polychetes, nemerteans and nudibranchia at Eremey rapids
Lab work: sorting samples, examining different stages of development in hydroids. 

13:15
LUNCH

14:30
Lab work: continue with echinoderm and cnidarian cultures

SATURDAY 10 July (Low tide 10:30, 0.5m)
09:00
Collecting trip: Intertidal zone near the “cross”, collecting Littorina saxatilis, clutches of phyllodocids (polychaeta) and nudibranchia.
11:00
Lecture (MS): Development of mollusks. Spiral cleavage. Types of mollusk larvae. 
13:15
LUNCH

14:30
Lab work: Dissect Littorina saxatilis, collect different developmental stages. Start cultures at room temperature.
Examine egg clutches of Coryphella, Buccinum undatum and Natica.
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SUNDAY 11 July (Low tide 11:30, 0.4m)
10:00
Collecting trip (6 students): Trawling at Ermolinskaya bay, collecting polychaetes, caprellids, nemerteans. Plankton net sampling. 
11:30
Lecture (VM): Revolution in Zoology: new phylogeny of invertebrates.

14:15
LUNCH

15:30
Lab work: Tonicella marmorea, sort different cleavage stages from plankton samples and draw spiral cleavage from 2 to 32 cell stage.

Continue with cultures of Littorina, Mytilus, and Coryphella
MONDAY 12 July (Low tide 12:30, 0.3m)
HOLIDAY

TUESDAY 13 July (Low tide 13:30, 0.3m)
09:00
Lecture (NB): Development of polychaetes.

Lab work: continue with cultures.
12:20
Student’s presentation: C. Helm. Myzostomids – a survey of enigmatic worms (Protostomia, Myzostomida)
13:15
LUNCH

14:00
Collecting trip: Eremey rapids, collect spirorbids and bryozoans on fucoids, nematodes from the sediment, intertidal nemerteans and their clutches, polychaete clutches.
Lab work: Observe egg clutches of Phyllodoce maculata, draw trochophore larva and earlier stages if possible; examine tubes of Spirorbis spp., collect different cleavage stages and broods. Observe clutches of Terebellidae
WEDNESDAY 14 July (Low tide 14:00, 0.2m)
09:00
Lecture (VM): Development of bivalves.


Lab work: Mytilus edulis, ?Mya arenaria.
Induce spawning, observe fertilization, early cleavage and polar lobe formation. Start cultures of mussel embryos.

13:15
LUNCH

14:30
Lab work: Continue with Mytilus cultures.
THURSDAY 15 July (Low tide 15:00, 0.2m)

09:00
Lecture (VM): Development of nematodes.

Lab work: Pontonema vulgaris

Dissect nematodes, extract fertilized eggs, set up cultures. The first cleavage will take place about 20 hours after eggs activation. Continue with other cultures.
11:30
Lecture (MS): Development of nemerteans. 

13:15
LUNCH

14:30
Lab work: Poseidon viridis and Poseidon ruber
Examine clutches of nemerteans, observe various cleavage stages
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19:20
Student’s presentation: S. Kienle & R.J. Sommer. Natural variation of vulva induction among different Pristionchus pacificus isolates.

FRIDAY 16 July (Low tide 15:30, 0.3m)
09:00
Lab work: Pontonema vulgaris. Trace early cleavage stages
13:15
LUNCH

14:30
Lecture (IK): Development of bryozoans.
Lab work: Cribrilina annulata
Dissect different developmental stages from bryozoan ovicellas; observe mattress stage and coronate larva.

19:20
Student’s presentation: K. Shunkina. Life cycle of Cribrilina annulata (Bryozoa: Gymnolaemata) in the Chupa bay, the White Sea.

SATURDAY 17 July (Low tide 16:00, 0.3m)
09:00
Collecting trip: Plankton sampling trip.
13:15
LUNCH

14:30
Lab work: Draw different planktonic larvae (trochophore, veliger, pilidium, cyphonautes, nauplius, etc.)

SUNDAY 18 July (Low tide 17:00, 0.4m)
HOLIDAY
17:00
Volunteers collect gammarids in the intertidal zone in front of WSBS.
MONDAY 19 July (Low tide 18:00, 0.5m)
09:00
Lab work: Transfer couples of gammarids into individual bowls; female molting usually precedes eggs laying.

10:30
Lecture (NR-K): Development of crustaceans.

13:15
LUNCH

14:30
Lab work: Observe different developmental stages and broods from gammarid and caprellid clutches. 

TUESDAY 20 July (Low tide 19:00, 0.6m)
09:00
Student’s presentation: A. Stupnikova. The life cycle strategies of grazing copepods at the high latitudes. 

09:30
Lab work: Continue with amphipod cultures.

Time for making final corrections, preparation of drawings for examination by instructors
13:15
LUNCH
14:30
Notebooks checking
WEDNESDAY 21 July

10:00
Lab cleaning
~16:30
Departure from the WSBS
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