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Aurelia ephyra swimming
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energetic efficiency of 
thrust production

Ford & Costello, 2000



latest

• Sahin and modeled Sarsia and Aequorea

• Figs 4, 6

• Conclusion – jetting is less efficient than 
rowing – like Froude said…

Sahin et al. 2009



Specialized epidermis are made up of epithelialuscular cells (myoepithelial cells).  In most cnidarians, these cells contain two or more 
Basal extensions running parallel ot the body surface and containing contractile myofibrils or myonemes.  These processes interconnect 
With neighboring epitheliomuscular cells to form a contractile sheet between the outer epidermis and the middle body layer.  These 
Specialized cells appear to act as protective, supportive, and contractile layers.   

Costello 2009
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Larry Madin, WHOI
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Presenter
Presentation Notes
The objectives of our study were to evaluate the potential changes in ctenophore abundance and distribution while describing an approach that may have broad application for sampling the relative abundance of these types of organisms.  We show the first such increases in ctenophores in an open system, persistent over two decades, with implication for the productivity of fishery resources in any large marine ecosystem.  







• most (70%) stomachs contained 5-10g 
ctenophores

• calorimetric values for hydromedusae,
ctenophores range from 90 to 200 cal g-1*

• calorimetric estimate from observed 
stomachs is 450 to 2000 cal



Link & Ford, 2006
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Squalus acanthias
28.34%

Peprilus triacanthus 1.62%

Pollachius virens 3.90%

Argentina silus 3.85%

Other (29 spp. with < 1%)



Caloric estimates for ctenophores…

• most (70%) stomachs contained 5-10g 
ctenophores

• calorimetric values for hydromedusae,
ctenophores range from 90 to 200 cal g-1*

• calorimetric estimate from observed 
stomachs is 450 to 2000 cal



Prey Energy Density

0

5

10

Herring Shrimp Squid Other
fish

Mackerel Bivalves Cteno

kJ
 g

-1

0

1

2

3

Herring Shrimp Squid Other
fish

Mackerel Bivalves Cteno

kJ
 in

 d
ie

t o
f d

og
fis

h

Prey energy density

Scaled by diet
composition

Link & Ford, in prep

Presenter
Presentation Notes
The prey energy densities from the literature are plotted on the top.  Energy densities scaled by diet composition are plotted on the bottom.  Here, herring and other fish are significant contributors.  
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Presenter
Presentation Notes
When the scaled energy values are expressed as a function of hi and lo digestion times, we see herring and fish are still significant contributors, but ctenos become more significant when low digestion times are applied.  The low digestion time for ctenos was 2 h.  While no empirically derived digestion times for ctenophores in S. acanthias exist, we know that the digestion time for ctenophores (Pleurobrachia bachei) in Oncorhynchus keta (chum salmon) is 1 h. (Arai et al. 2003)  Low digest time (ctenos) was 2hHigh digest time (ctenos) was 12h Other prey digest times (IN DAYS):<Prey, low, high>Herring, 1, 2Shrimp, 0.5, 1Squid, 0.5, 1Other Fish, 1, 2Mackerel, 1, 2Bivalves, 0.5, 2Cteno, 0.083, 0.5





Nanomia cara

August 1975

Fishermen from Gloucester, MA to Portland, ME lost $100,000 
-$300,000 in 1975 from N. cara with comparable loses to Maine 
shrimp industry

Rogers, 1976







Explosion of Mnemiopsis leidyi
In the Black Sea, 2000
Ctenophore biomass exceeds
commercial fish harvest 

Source: Vinogradov, Shushkina, and Vostokov, 2001

2000

2000

Regular Boroe ovata
explosion 
exerts pressure on M. 
leidyi &
restores forage 
zooplankton
and bivalves.  

Presenter
Presentation Notes
There have been a few such major increases in ctenophores in enclosed and semi-enclosed ecosystems there have been concomitant effects in those ecosystems and the productivity of fishery resources.Here, an explosion in the population of Mnemiopsis leidyi I the Black Sea in 2000 is described in terms of density as function of date.  Here the density of Mnemiopsis spikes around August 15, 2000.  Vinogradov and others note the ctenophore biomass exceeded commercial fish harvest.  Typically, Boroe controls the population of Mnemiopsis and allows the abundance of zooplankton and larval bivalves to return to normal.  In 2000, the Boroe explosion was a bit later than usual possibly allowing the large increase in Mnemiopsis.  …NE section of Black Sea.  …unknown why the timing was off – discounted climatic conditions and water mass circulation differences.  



200,000  - 500,000 Mt y-1

since 1992

$43.6M imported to Japan
$13M to Korea 
(FAO, 1997)

Order Rhizostomeae
(dense mesoglea)

China
Indonesia
Malaysia
Philippines
Thailand
Turkey

Catostylus mosaicus

Kingsford, Pitt, and Gillanders, 2000

Jellyfishery



National Marine JellyFisheries Service



Extras…



Phylum Cnidaria
Class Cubozoa
Class Scyphozoa

Order Semeostomeae
Family Pelgaidae

Chyrsaora quinquecirrha
Family Cyaneidae

Cyanea capillata
Family Ulmaridae

Aurelia aurita
Class Hydrozoa

Order Leptothecatae
Phylum Aequoreidae

Aequorea victoria
Phylum Corynidae

Sarsia tubulosa
Order Tracymedusae

Aglantha digitale

Subclass Siphonophorae

Class Anthozoa

Phylum Ctenophora
Class Tentaculata
Class Nuda



Phylum Chordata
Subphylum Urochordata (Tunicata)

Class Ascidiacea
Class Larvacea (Appendicularia)
Class Thaliacea

Order Pyrosomatida
Order Doliolida
Order Salpida 

Subfamily Cyclosalpinae
Genus Cyclosalpa
Genus Helicosalpa

Subfamily Salpinae
Genus Brooksia
Genus Iasis
Genus Ihlea
Genus Metcalfina
Genus Pegea
Genus Ritteriella
Genus Salpa
Genus Thalia
Genus Traustedtia
Genus Thetys



Outline
• Kinematics

– Swimming is feeding

• First paper on capture sites

– Not all jellyfish swim the same way

• Jets paper 

• Subsequent developments

– How can jellyfish do all this with their construction

• Muscle tissue configuration

• High-resolution kinematics leading to histology studies

• Shelf scale trends

– Looking at jellies over the entire shelf

– Looking through the guts of dogfish

• Caloric significance

– Why even eat a jellyfish?

• Significant events

– Rhacastoma

– Salps on NEUS shelf
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