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Background

AUnderstanding processes structuring marine ecosystems
IS critical for making predictions about their future states

Alncreasingly important under fishing and climate change

AFisheries and environmental legislation and policies
demand ecological sustainability (e.g. EPBC Act)

Aln response, fisheries are moving towards ecosystem-
based management approaches
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Regulation of marine ecosystems

AMarine ecosystems traditional-upo
or {filtoavm 0 mechani sms

APrimary production assumed the limiting factori an ec osy st
exist without phytoplankton

ARemov al of apex predators by nfi
al. 1998) and proliferation of prey or suggests top-down control
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nNnWas@il st o control

AiControl from the middle outo (|
AOccurs in simple temperate upwelling shelf ecosystems

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

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

AEnergy flow from plankton is c¢h:
waspos wai st)

AChanges in Owaisto biomass resul
both up and down, leading to rapid regime shifts
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Wasp-waist in tropical pelagic systems?

Benguela (Shannon, 2003) ETP ETBF

Trophic Biomass T i Bi
|i:\-'L‘I,:h Component (code for DP) FL TL B Group name :gs::c (;ogna%s
Lg marlins® =130 53 573 Toothed whales 4.86 0.0120
Pl'l)'mp lankton 1.0 76018 Toothed whales? 52 31000 Green sea turiles 2.00 0.00150
Microzooplankton 23 7.473 Le bigeye! ®0 52 9000 oamerback turties s fpedan
Mesozooplankion 2.6 8031 Sm m“lm: =130 32 145 Pelagic mackerel sharks 5.26 0.0003
y ik 27 11301 Sm sharks <150 52 270 Large sharks 20 00008
Acrozooplankion : ) Spotted dolphins® 2.0 3500 Hammerhead sharks 4.81 0.002
Gelatinous zooplankton 3.3 4.545 Lg swordfish® =130 5.0 33 Blue shark 495 0.0009
Anchovy 35 5216 Lg sailfish® =130 490 52 Black marfin 508 0.0005
Sardine 10 0.586 Lg wahoo” =00 49 1100 Blu_e marlin ) 515 0.0005
R, 14 5555 Lg sharks? =150 49 400 Sfriped marlin 507 0.000582
edeye / - Puceuit birds” P 600 Spearfish and Sailfish 5.11 0.0005
Other small pelagic fish 37 0.364 Swordfish adult 515 0.00288
Lg vellowfin' =200 47 6500 3 )
Swordfish juvenile 463 0.000127
Chub mackerel 38 0.284 Sm dorado® =90 47 2000 Yellowfin tuna adult 4.80 0.0230
Juvenile horse mackerel 36 02 Mesopelagic dolphins 4.6 17000 Yellowfin tuna juvenile 347 0.00105
Adult horse mackerel 17 161% Lg dorado® =00 46 218 Bigeye tuna adult 492 0.0001
. - Sk_ipjackb 46 26 443 Bigaye tuna juvenile 453 0.00028
| Mesopelagic fish 36 8.642 Albacore P 1026 BT Py 0.000125
Snock 43 0.240 $m vellowfin® (SYFT) <90 46 8200 Albacore tuna 4.46 0.0033
Other large pelagic fish 4.5 0.131 Sm sailfish® <150 46 127 fﬂ':z!m‘ ride and dolohinfich :-:g g-:gg
Cephalopods 38 1.364 Sm wahoo! =90 4.6 1730 Sm;uu:cﬁ:m: :nznwngi;Z I 390 0410
Small M. capensis 4.0 0.592 Sm bigeye® <80 45 10,000 Lancetfish 457 0.205
) Bluefin® 44 1400 Large mesopelagic fishes 442 1.300
BE M oapensis 47 0.823 Sm_swordfish? <150 44 98 Medium mesopelagic fishes 366 1.600
small M. paradaxus 39 1.698 Cephalopods® (CEPH) 44 1104 807 | Small mesopelagic nishes 345 37.000
Large M. paradoxus 4.5 0.684 Misc. prscrvores” T 5575 | Micronekton fishes 3.06 45.000
T X - i Epipelagic squids 4.08 3.097
- A 39 143 247
PBclaf:;»:F 'r':;'_ng ‘:Immll ':i‘;hh ;E ;;:f Gz::ﬂg birds? 38 123 Small mesopelagic squids 3.89 3.176
cnthic- mg acmersal s B . N Medium mesopelagic squids 428 1.620
Pelagic-feeding chondrichthyans 49 0.582 Baleen whales 38 9100 Large mesopelagic squids 450 0.885
S . . Rays 37 230 Sunfish 2.00 0.0049
Benthic-feeding chondnichthyans 37 0.873 Sea turtles? 16 260 Opah s 0.0049
Apex predatory chondrichthyans 52 0,045 Crabs? 35 119 694 Pelagic triggerfishes and pufferfishes  3.01 0.550
Seals 4.7 0.133 Flyingfishes® (FLY) 34 160 604 Epipelagic beloniform fishes 2584 0.700
. Misc. mesopelagic fishes® ME 34 2000 000 Small clupeids and engraulids 2.80 2.200
Cetaceans 4.6 0074 : v : 2 b (MME) Mesopelagic crustaceans 289 12.325
. Misc. epipelagic fishes” (MEF) 32 2248549 - °
Seabirds 4.5 00135 i ok <7 7T il Epipelagic zooplankton 2.00 5343
Benthic producers 10 6330 esozooplankton (MESZ) Mesopelagic zooplankton 2.00 14.001
: ¢ Micrezooplankton (MICZ) 20 826 425 Gelatinous zooplankion 240 2.115
Meaobenthos 2.0 1812 Lg phytoplankton 1.0 426093 Primary producers 1.00 14201
Macrobenthos 22 56109 Sm producers (SP) 1.0 2999183 Detritus 1.00 130.000
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Wasp-waist in complex pelagic ecosystems

ATropical systems have wasp-wai st structure but tr
around the waist in diverse systems

A
Predators
Forage fish
Zooplankton
Phytoplankton
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Pacific Ocean ecosystem models

A2 mass-balanced trophic ecosystem models (Ecoapth) :
A Eastern Tropical Pacific Ocean (ETP) (Olson and Watters, 2001)
A Eastern Tuna and Billfish Fishery (ETBF) (Griffiths et al. 2009)

AModels built to assess ecological effects of tuna fisheries
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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:
A Mesopelagic fishes and cephalopods (ETP)
A Micronekton fishes and cephalopods (ETBF)

AModel scenarios run for 50 years
AResults show relative change in biomass (Bx, yrs/Bo yrs)

AOnly groups whose biomass changed by >20% shown

G
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Bottom-up forcing

ETBF ETP
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Wasp-waist T Micronekton fishes
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Wasp-waist I Mesopelagic fishes
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Wasp-waist - Cephalopods
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Wasp-waist - Cephalopods
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J Wasp-waist sub-webs
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Summary

AStrong elements of wasp-waist structure exists in open-ocean
pelagic ecosystems i large biomass of intermediate trophic levels

ASeparate waists in mesopelagic and epipelagic sub-webs with
some connectivity by deep-diving predators (e.g. bigeye tuna)

AOften lack data on mesopelagic fishes and cephalopods, so
hypotheses tested on top and bottom of food web where data
exists

ATraditional theory an oversimplification

ADi verse tropi calf widacionsjusamoe 6 wa
difficult to quantify
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ATrophic level of the waist influences direction and magnitude of
change 1 downward flows buffered

ABi omass change in O6waistod speci e

APrecautionary approach required

G
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Questions?

Division of Marine and
Atmospheric Research

Dr Shane Griffiths
Research Scientist

Phone: 61 7 3826 7364
Email: shane.qgriffiths@csiro.au
Web: www.csiro.au

Contact Us
Phone: 1300 363 400 or +61 3 9545 2176
Email: enquiries@csiro.au Web: www.csiro.au




Pacific Ocean ecosystem models
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