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Background

ÅUnderstanding processes structuring marine ecosystems 

is critical for making predictions about their future states

ÅIncreasingly important under fishing and climate change

ÅFisheries and environmental legislation and policies 

demand ecological sustainability (e.g. EPBC Act)

ÅIn response, fisheries are moving towards ecosystem-

based management approaches
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Regulation of marine ecosystems

ÅMarine ecosystems traditionally viewed as controlled by ñbottom-upò 

or ñtop-downò mechanisms

ÅPrimary production assumed the limiting factor ïan ecosystem canôt 

exist without phytoplankton

ÅRemoval of apex predators by ñfishing down the food webò (Pauly et 

al. 1998) and proliferation of prey or suggests top-down control
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óBottom-upô and óTop-downô control
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ñWasp-waistò control

ÅñControl from the middle outò (Rice, 1995)

ÅOccurs in simple temperate upwelling shelf ecosystems

ÅEnormous biomass of a few fast-growing and short-lived fishes 
(e.g. sardines) occupying intermediate trophic levels

ÅTop-down control of zooplankton & bottom-up control of predators

ÅEnergy flow from plankton is channelled via a trophic ówaistô (like a 
waspôs waist)

ÅChanges in ówaistô biomass results in dramatic cascading effects 
both up and down, leading to rapid regime shifts
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ñWasp-waistò control
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Wasp-waist in tropical pelagic systems?

ETBFETPBenguela (Shannon, 2003)
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Wasp-waist in complex pelagic ecosystems

ÅTropical systems have wasp-waist structure but trophic flow can óleakô 
around the waist in diverse systems
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Pacific Ocean ecosystem models

Å2 mass-balanced trophic ecosystem models (Ecoapth) :

ÅEastern Tropical Pacific Ocean (ETP) (Olson and Watters, 2001)

ÅEastern Tuna and Billfish Fishery (ETBF) (Griffiths et al. 2009)

ÅModels built to assess ecological effects of tuna fisheries

ETP

(33 million km2)

ETBF

(5 million km2)
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Model scenarios

1) Bottom-up forcing - doubled the P/B ratio of phytoplankton 

2) Top-down forcing - released all fishing (~halved P/B)

3) Wasp-waist forcing - doubled the P/B ratio of:

ÅMesopelagic fishes and cephalopods (ETP)

ÅMicronekton fishes and cephalopods (ETBF)

ÅModel scenarios run for 50 years

ÅResults show relative change in biomass (B50 yrs/B0 yrs)

ÅOnly groups whose biomass changed by >20% shown
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Bottom-up forcing
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Wasp-waist ïMicronekton fishes
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Wasp-waist ïMesopelagic fishes
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Wasp-waist - Cephalopods
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Wasp-waist - Cephalopods
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Wasp-waist sub-webs
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Summary

ÅStrong elements of wasp-waist structure exists in open-ocean 

pelagic ecosystems ïlarge biomass of intermediate trophic levels

ÅSeparate waists in mesopelagic and epipelagic sub-webs with 

some connectivity by deep-diving predators (e.g. bigeye tuna)

ÅOften lack data on mesopelagic fishes and cephalopods, so 

hypotheses tested on top and bottom of food web where data 

exists

ÅTraditional theory an oversimplification

ÅDiverse tropical systems are ówaist-fullô ïinteractions just more 

difficult to quantify
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Summary

ÅTrophic level of the waist influences direction and magnitude of 

change ïdownward flows buffered

ÅBiomass change in ówaistô species can alter ecosystem structure

ÅPrecautionary approach required for ñWaist Fisheriesò (e.g. squid)
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Pacific Ocean ecosystem models


