
The NEUS CtenophoreThe NEUS Ctenophore--
Dogfish StoryDogfish Story

Jason Link, Mike Ford, Beth FultonJason Link, Mike Ford, Beth Fulton



NEUS Ctenophores & DogfishNEUS Ctenophores & Dogfish

1.1. Can it be?  That many more?Can it be?  That many more?
2.2. A unique sampling deviceA unique sampling device
3.3. Implications for the samplerImplications for the sampler-- dogfish dogfish 

energeticsenergetics
4.4. Implications for the sampledImplications for the sampled-- CtenophoraCtenophora

bounds on abundance estimatesbounds on abundance estimates
5.5. Implications for overall ecosystem Implications for overall ecosystem 

dynamicsdynamics



Gelatinous ZP ExplosionsGelatinous ZP Explosions

Many other systems have exhibited gelatinous Many other systems have exhibited gelatinous 
zooplankton blooms, outbreaks, explosions, etc.zooplankton blooms, outbreaks, explosions, etc.
–– Some specifically and singularly Some specifically and singularly CtenophoraCtenophora

CausalityCausality-- usually attributed to eutrophication, usually attributed to eutrophication, 
water mass change, or water mass change, or overfishingoverfishing induced induced 
predator releasepredator release
Most often noted in more enclosed or semiMost often noted in more enclosed or semi--
enclosed marine systems (seas vs. open ocean)enclosed marine systems (seas vs. open ocean)



Gelatinous ZP SamplingGelatinous ZP Sampling

Difficult to sampleDifficult to sample
SynopticallySynoptically
–– Spatial extentSpatial extent-- entire continental shelvesentire continental shelves
–– Temporal extentTemporal extent-- decadesdecades

One unique sampling deviceOne unique sampling device-- fish stomachsfish stomachs
–– Spiny dogfish, Spiny dogfish, SqualusSqualus acanthiasacanthias



Spiny Dogfish as SamplersSpiny Dogfish as Samplers

> 43,000 dogfish stomachs> 43,000 dogfish stomachs
> 1,000 stomachs per year, usually > 2,000> 1,000 stomachs per year, usually > 2,000
Examined atExamined at--seasea
–– volume (0.1cc)volume (0.1cc)
–– composition (%)composition (%)
–– numbersnumbers

Ctenophores observed likely Ctenophores observed likely MnemiopsisMnemiopsis leidyileidyi, , 
PleurobrachiaPleurobrachia pileuspileus,  ,  BolinopsisBolinopsis infundibuluminfundibulum or or 
some combination thereofsome combination thereof
–– method precludes species identificationmethod precludes species identification



•• 290,000 km290,000 km22

•• Stratified random designStratified random design
~ 1 station per 690 km~ 1 station per 690 km22

~ 27 m ~ 27 m –– 366 m366 m
≥≥ 2 cruises yr2 cruises yr--11

~300~300--350 stations per cruise350 stations per cruise
•• #36 Yankee bottom trawl#36 Yankee bottom trawl
•• 6.5 km h6.5 km h--11, 30 min, 30 min
•• Stomachs from 1973Stomachs from 1973––nownow
•• Focus on 1981 Focus on 1981 –– 20002000

Spiny Dogfish Sampling DomainSpiny Dogfish Sampling Domain
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Sampling ObservationsSampling Observations

Occurrence of Ctenophores has increasedOccurrence of Ctenophores has increased
Distribution of Ctenophores has expandedDistribution of Ctenophores has expanded
Such an increase at the scale of an entire large Such an increase at the scale of an entire large 
marine ecosystem and for more than two marine ecosystem and for more than two 
decades has not been previously documenteddecades has not been previously documented
Of all possible alternatives, the explanation of Of all possible alternatives, the explanation of 
increased ctenophore abundance is the one that increased ctenophore abundance is the one that 
is most logical given the available evidenceis most logical given the available evidence



Energetic Implications for DogfishEnergetic Implications for Dogfish

Literature values of prey energy densityLiterature values of prey energy density
Scaled by diet composition (here, Scaled by diet composition (here, avgavg
value)value)
Examined as a function of variable Examined as a function of variable 
digestion times digestion times –– consumption ratesconsumption rates



Prey Energy Density
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Energetic Implications for DogfishEnergetic Implications for Dogfish

Ctenophores have a low energy density relative Ctenophores have a low energy density relative 
to other spiny dogfish preyto other spiny dogfish prey
Scaling by % Diet Composition still emphasizes Scaling by % Diet Composition still emphasizes 
small pelagic fishes as most energetically small pelagic fishes as most energetically 
important prey for spiny dogfishimportant prey for spiny dogfish
Faster digestion times can increase the energetic Faster digestion times can increase the energetic 
importance of Ctenophores in dogfish, but they importance of Ctenophores in dogfish, but they 
are still a less energetically important prey than are still a less energetically important prey than 
small pelagic fishessmall pelagic fishes
Based upon what we know of dogfish swimming Based upon what we know of dogfish swimming 
and feeding behavior, it is likely that and feeding behavior, it is likely that 
Ctenophores are an ambient prey item Ctenophores are an ambient prey item –– a a 
maintenance food for dogfishmaintenance food for dogfish



So how many So how many CtenosCtenos are there?are there?

We explored 5 approaches to estimate We explored 5 approaches to estimate 
Ctenophore abundance in the NEUSCtenophore abundance in the NEUS
–– Digestion MethodDigestion Method
–– Consumption ModelConsumption Model
–– Frequency per Dogfish Numbers MethodFrequency per Dogfish Numbers Method
–– Swept Area of Dogfish MethodSwept Area of Dogfish Method
–– EMAX Plankton Net MethodEMAX Plankton Net Method

(Most) provided mean, min & max estimates(Most) provided mean, min & max estimates
Simple estimates and sensitivities of Ctenophore Simple estimates and sensitivities of Ctenophore 
N & BN & B
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Bounding Ctenophore N & BBounding Ctenophore N & B

Range of estimates from various methods Range of estimates from various methods 
spans 6 orders of magnitudespans 6 orders of magnitude
Abundance of Ctenophores ranges Abundance of Ctenophores ranges 
between 10between 1088 and 10and 101313

Biomass of Ctenophores between 500 and Biomass of Ctenophores between 500 and 
30,000,000 Metric Tons30,000,000 Metric Tons
–– For context, most targeted fisheries landings For context, most targeted fisheries landings 

are on the order of 5are on the order of 5--40 MT40 MT



Bounding Ctenophore BBounding Ctenophore B
Really THAT much?Really THAT much?
Other systems have reported similar levels of Other systems have reported similar levels of 
abundance after abundance after CtenophoraCtenophora outbreaksoutbreaks



Ecosystem ImplicationsEcosystem Implications

A major and sustained increase in A major and sustained increase in 
Ctenophores can have large ecosystem Ctenophores can have large ecosystem 
effectseffects
–– Competition with commercial fishCompetition with commercial fish
–– Predation on commercial fish (larvae)Predation on commercial fish (larvae)
–– Negative feedback loop with major Negative feedback loop with major 

perturbationsperturbations
Bounding exercises like this can helpBounding exercises like this can help
Yet we need more directed information on Yet we need more directed information on 
gelatinous ZP abundancegelatinous ZP abundance
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