
Ecosystem metrics for fisheries 
management:  

examples and suggestions 

Sarah Gaichas 

NOAA NMFS Northeast Fisheries Science Center 

Ecosystem Assessment Program, Woods Hole, MA 

 

With: Stephani Zador, Kerim Aydin (Alaska FSC) 

Michael Fogarty, Geret Depiper (NEFSC) 

ICES Working Group on Northwest Atlantic Regional Seas 



How do we assess the forage base? 

• Easy:  

• Define it. 
– What is the forage base?  
 (covered this morning) 

• Measure it.  

– How to measure it? (initial data 
covered this morning) 

– The rest of this talk… 

• See how that compares to 
where you want it to be. 

– Where do you want it to be? 
(Objectives  reference points) 

 

 

 

 

http://xkcd.com/793/ 



Assessing the forage base  energy budget 

Illustration by A. Femia, from Field 2004 



Forage base reference points? 

• Bottom line: how will managers use this? 

 

• Need to clarify the objectives with all involved: 

• Adequate forage for whom? [Shapes forage fish definition] 

– managed predatory fish?  

– people? (direct consumption, bait for fisheries) 

– marine mammals, birds, other protected species?  

– all ecosystem services? Identify and prioritize. 

• and what is “adequate”? 
– Just enough to meet high priority needs? 

– Enough to withstand major perturbations? How often?  

– How often will this be assessed/updated? 

• What actions can managers take to meet the objective?  

 



Measure it. 

• Bottom line: multiple indicators are necessary 

 

• Make use of existing advice 
– ICES Advice, Workshop on Food Web Indicators 

– Literature, other ecosystem assessments 

• Components (“attributes”) of forage base status 
– How much energy is going in to the system? 

• How much of that is used by forage species 

• How much habitat available for forage species 

– How much energy is needed by predators? 
• Total predator consumption calculation 

• Are some forage species more important than others? 

• If so, to which predators? (include humans!) 

– How much energy is available in the forage base for predators? 
• Where and when as well as amount 

• How well are the predators doing? 



Forage-base relevant ICES advice 



Alaska: Bering Sea Ecosystem 
Productivity Assessment  

• 2010 Assessment 

• Audience 

– North Pacific Fishery 
Management Council 

• Objective 

– Evaluate ecosystem 
productivity as context for 
single species assessments 
and management 

• Uses 

– Updated and reviewed 
annually during quota 
setting process 

Northeast US: Forage Base 
Indicator Suite Development 

• Work in progress 

• Audience 

– Mid-Atlantic Fishery 
Management Council  

– (Also New England, ICES) 

• Objective 

– “Ensure sustainable 
fisheries on both the forage 
species and their predators 
while maintaining a healthy 
and productive ecosystem” 

 



Ecosystem Assessment in Alaska 

How productive is the Bering Sea? 





10. Maximum potential trawl area disturbed 

9. Thick-billed murre reproductive success on 
St. George Island  

8. St. Paul Island fur seal pup production 

7. Fish apex predators aggregate biomass 

6. Pelagic foragers aggregate biomass 

5. Benthic foragers aggregate biomass 

4. Motile epifauna aggregate biomass 

3. Zooplankton - euphausiid hydroacoustic data 
and copepod index 

2. Eastern Bering Sea ice retreat 

1. North Pacific Index 

Indicator  
Time Series 



 

 

6. Pelagic foragers aggregate biomass 

5. Benthic foragers aggregate biomass 

7. Fish apex predators aggregate biomass  

4. Motile epifauna aggregate biomass 

Guild Catch and 
Exploitation Rates 



Gaps and Needs 

1. Climate index development 

2. Primary production time series 

3. Spatial scales for assessment 

4. Fishery performance index 

5. Integration with stock assessments 

6. Future use of ecosystem/climate models in 
development 

http://access.afsc.noaa.gov/reem/ecoweb/  

http://access.afsc.noaa.gov/reem/ecoweb/


Integrated Ecosystem Assessment in 
a much more complicated place 

Here 



Northeast US: Fishery management plans in conflict? 



 

http://www.nefsc.noaa.gov/publications/crd/crd1207/crd1207.pdf 

http://nefsc.noaa.gov/ecosys/climate_change/index.html  

http://nefsc.noaa.gov/ecosys/advisory/current/index.html  

Fortunately, a data-rich region 

http://www.nefsc.noaa.gov/publications/crd/crd1207/crd1207.pdf
http://nefsc.noaa.gov/ecosys/climate_change/index.html
http://nefsc.noaa.gov/ecosys/advisory/current/index.html


Estimating predator consumption: 
Fish food habits data extensive 

• External program review 2009 

• Quantitative data 1973  present from surveys 

• Cape Hatteras, NC  Nova Scotia, Canada 

• 150+ species, 40+ with >1000 stomachs 

• 550,000+ stomach samples in database 

• 1,300+ prey items 

• Predator size range 1 cm to 2 m 

• Prey size range 0.1 mm to 1 m 

 

 



Incorporated into herring assessment:  
predation evidence  increased recent M 

Deroba et al. 2012 SAW /SARC 54  



Primary production and zooplankton 



Fish condition, seabird reproductive success 





Assembling Indicators  Assessments 

IEA Selection, Evaluation 

Translate ecosystem goals into 
SMART* objectives 

*Specific, Measurable, 
Achievable, Relevant, Time-
bound 

Match objectives to indicators 

Evaluate indicators using 
established criteria 

Indicator performance testing 

 
Assessment use selected 

indicators together.  
 Are objectives met? 



SMART Objectives and performance measures 
(Pacific Halibut MSE) 

1. Maintain a minimum number of mature female halibut coast-wide (level to be determined)  

 in each year with a probability of 0.99.  

 Absolute number of sexually mature female halibut 

2. Maintain a minimum female spawning stock biomass above 20% of the unfished biomass  

 in each year in 95 out of 100 trials (spawning biomass limit). 

 Ratio of current SSB relative to unfished SSB0 (where SSB0 is based on current size-at-age) 

3. Maintain a minimum female spawning stock biomass above 30% of the unfished biomass  

 in each year in 75 out of 100 trials (spawning biomass threshold).  

  Ratio of current SSB relative to unfished SSB0 (where SSB0 is based on current size-at-age) 

4. Maintain and economically viable directed fishing opportunity each year for all user groups  

 in each regulatory area, conditional on satisfying objectives 1 and 2, in 95 out of 100 trials. 

  Total catch and directed catch from each regulatory area 

5. Maximize yield in each regulatory area each year without exceeding the target harvest rate  

 in 50 out of 100 trials. 

 Total catch and directed catch from each regulatory area 

 Legal biomass in each regulatory area in each year 

6. Limit annual changes in the coast-wide total CEY to a tuned percentage that is consistent  

 with objectives 4 and 5, conditional on satisfying objectives 1 and 2. 

 Total catch and directed catch from each regulatory area 

7. Reduce bycatch mortality to the extent possible in both directed and non directed fisheries. 

  Bycatch from each regulatory area in each year  



“By 2016, develop a strategy for 
assessing the forage fish base 
available as food for predatory 
species in the Chesapeake Bay.” 

Assessing = quantity, (quality?) 

or quantity relative to a reference level?  



Conclusions (so far) 

• Consider risk assessment approaches too (extra slides) 

– Transparent way to prioritize threats to forage base 

– Hierarchical methods available for lowhigh data cases 

• Critical ties to management objectives 

– Defining forage species, selecting indicators 

– Link forage thresholds to management actions 

– How will environmental/habitat information be used? 

• Consider tradeoffs between human uses of forage 

– Not just a forage/ecosystem conservation question 

• Use established indicators, selection methods, 
performance testing, management strategy evaluation 

– Puget sound indicators scientific review 



Thank you! 

Questions? 



Extras 



Forage categories in the Mid-Atlantic 

Different predators, different guilds… 



• Small throughout lifespan 

 

• Major prey throughout lifespan 
– For fish, marine mammals, birds 

– >5% of diet, 5 or more years 

– High mortality due to consumption 

 

• Central in food webs, highly productive 
– Trophic level between 2 and 4 

– Many trophic links, energy conduit 

– Production >1/100th; biomass >1/1000th of system primary production 

 

• Often 
– Schooling, pelagic 

– High recruitment variability 

 

 

MAFMC SSC Ecosystems Subcommittee Forage Fish Definition 



Common name Species Fished 

  Y/N 

Mean Annual 

Landings (mt) 

(2008-2012) 

Management 

   Authority 

 Bycatch  

Important Y/N 

Atlantic herring Clupea harengus Y 82,422.4 NEFMC/ASMFC        Y 

Atlantic menhaden Brevoortia tyrannus Y 210,776.0 ASMFC         N 

Atlantic mackerel Scomber scombrus Y 12,003.2 MAFMC         Y 

Butterfish Peprilus triacanthus Y 244.1 MAFMC         Y 

Alewife Alosa 

pseudoharengus 

Y 605.2 ASMFC         Y 

Blueback herring Alosa aesitvalis Y 6.2 ASMFC         Y 

Longfin squid Doryteuthis pealii Y 9,892.0 MAFMC         Y 

Illex squid Illex illecebrosus Y 11,227.5 MAFMC         Y 

Bay anchovy Anchoa mitchilli N             N 

Striped anchovy Anchoa hepsetus N             N 

Silver anchovy Engraulis eurystole N             N 

Round herring Etrumeus teres N             N ? 

Thread herring Opisthonema oglinum Y 0     Y, small 

Spanish sardine Sardinella aurita Y 0     Y, small 

Sand lance Ammodytes 

americanus and A. 

dubius 

N 0           N 

Atlantic silverside Menidia menidia Y 6.4           N 

1. Mid Atlantic Forage Fishes (by definition) 









Mid Atlantic predator list—fish 

MAFMC managed  
Spiny dogfish 
Summer flounder 
Monkfish  
Butterfish 
Scup 
Atl. mackerel 
Bluefish 
Black sea bass 
Tilefish 
ESA listed 
Atlantic sturgeon 
Shortnose sturgeon 
Highly Migratory 
Large coastal sharks 
Pelagic sharks 
Billfish 
Tunas 
 

Other managed 
Little skate 
Spotted hake 
Silver hake 
Fourspot flounder 
Windowpane 
Atlantic herring 
Winter skate 
Smooth dogfish 
Red hake 
Winter Flounder 
Weakfish 
Clearnose skate 
Ocean pout 
Blueback herring 
Yellowtail flounder 
N. Searobin 

Witch flounder 
Rosette skate 
Spot 
Atlantic croaker 
Gulf Stream 

flounder 
Sea raven 
Cusk eel 
Longhorn sculpin 
Striped bass  
American shad 



Mid Atlantic predator list—all others 

Baleen Whales 
Fin whale 
Humpback whale 
Sei whale 
Minke whale 
N Atlantic right 

whale 
Toothed Whales 

and Dolphins 
Pilot whale  
White-sided 

dolphin 
Common dolphin 
Bottlenose dolphin 
Harbor porpoise 
Seals 
Harbor seal 
Gray seal 
 

Sea Turtles 
Loggerhead  
Leatherback 
Kemp’s ridley 
 
Pelagic seabirds 
Herring gull  
Great black-backed 

gull  
Laughing gull 
Bonaparte's gull 
Black-legged 

kittiwake 
Red phalarope  
Red-necked 

phalarope  
 

Pelagic seabirds 
    continued 
Northern gannet  
Northern fulmar  
Wilson's storm-petrel 
Leach's storm-petrel 
 Great shearwater 
Cory's shearwater 
Manx shearwater 
Audubon's 

shearwater 
Sooty shearwater 
 Common tern 

(spring) 
Royal tern 
 Razorbill 
 
 
 
 
 

Coastal birds 
Great cormorant 
Double-crested 

cormorant  
Loons 
Brown pelican 
American bittern 
Great blue heron 
Great egret 
Snowy egret 
Tricolored heron 
Little blue heron 
Green heron 
Black-crowned night-

heron 
Common merganser 
Red-breasted 

merganser  
Osprey 
Black skimmer 

Bald eagle 



Mid Atlantic major forage by predator 

All fish in NEFSC database, 
including MAFMC managed 

Crabs and shrimp 

  Amphipods 

  Other zooplankton 

Fish (incl. unid.) 

  Anchovies 

  Hakes 

  Sandlance 

  Herrings 

Molluscs 

  Unid. cephalopods 

  Loligo sp. 

  Bivalves 

Annelids 

Ctenophores 

Highly migratory fish 

Large coastal sharks: 

  Fish (unid, bluefish, summer 
flounder) 

  Skates/rays/sharks 

  Crabs 

Large pelagics: 

  Squids (incl. Illex sp.) 

  Fish (unid, mackerel, butterfish, 
bluefish, hakes, sandlance) 

 

ESA listed fish 

Annelids 

Shrimp 

Other benthic invertebrates 



Mid Atlantic major forage, by predator 

Baleen Whales 

Krill 

Herrings 

Other zooplankton 

Sandlance 

Large gadids 

Mackerels 

Other fish 

Toothed Whales and Dolphins 

Squids 

Mackerels 

Other fish 

Small gadids 

Herrings 

Mesopelagics 

 

Seals 

Other fish 

Sandlance 

Small gadids 

Flatfish 

Herrings 

Large gadids 

Squids 

Sea Turtles 

Crabs 

Fish (scavenged?)  

Ctenophores and jellyfish 



Mid Atlantic major forage, by predator  

Pelagic seabirds 

Gulls: fish, offal and fish 
scavenged from commercial 
fishing operations, euphausiids  

Shearwaters: fish (sandlance, 
saury), squids 

Storm petrels and Phalaropes: 
zooplankton, fish eggs and 
larvae 

Gannets: fish (menhaden, 
mackerel, saury 

Fulmars: euphausiids, squids 

 

Coastal birds 

Fish and crustaceans; extremely 
varied diet along salinity 
gradients 

  

Osprey, Cormorants and 
Pelicans—Menhaden, herring, 
estuarine fish (mullet, drums, 
anchovy…)  



Developing trophic guild indicators 

Example from Gulf of Alaska 



Simplified Gulf of Alaska food web 



Simplified Gulf of Alaska food web 



Ecosystem Assessment Guild Analysis: aggregation 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Baleen whales

Squids

Forage

Myctophids

Sablefish

Pollock

Plnkt Seabirds

Atka mackerel

Rockfish

P.Ocean perch

Copepods Euphausiids Zoop Forage

Prey Similarity
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Number of Groups: 13 (grouped if similarity >= 0.33)

Detritus

Phytoplankton

ADF&G Pots

Pelagic micro

Euphausiids

Zoop

Copepods

P.Ocean perch

Rockfish

Atka mackerel

Plnkt Seabirds

Pollock

Sablefish

Myctophids

Forage

Squids

Baleen whales

Benthic micro

Epifauna

Infauna

Shrimp

Crabs

King crabs

Sea Otters

Other fish

Flatfish

Grenadiers

Toothed whales

Halibut  

Pacific cod

Pinnipeds

Skates

NMFS Trawl

Steller Sealion

Sharks

Pisc Seabirds

ADF&G Net

Subsistence

NMFS Pot

NMFS Longline

IPHC Longline

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Halibut  

Pacific cod

Pinnipeds

Skates

NMFS Trawl

Steller Sealion

Forage Atka mackerel Crabs P.Ocean perch Pacific cod Pollock Shrimp Squids



Define trophic 
guild using 
objectives 



Alaska Ecosystem Risk Assessment 

Aleutian Islands Fishery Ecosystem Plan 



The Aleutians are different 

 

zoop

zoop

squid & 

octopus

pelagic 

fish

pollock

pollock

0% 20% 40% 60% 80% 100%

EBS

GOA

AI

zoop squid & octopus

pelagic fish pollock

invertebrates offal

other

EBS

plankton

detritus

crabs&inverts

fish

GOA AI



Physical oceanography  

Ecosystem indicators 

Food web modeling 

Seabirds and mammals  

Pollock assessment 

Atka mackerel assessment 

Rockfish assessment  

Crab bio and state fisheries 

Habitat, GIS 

FEP policy, implementation 

Research priorities 

Anthropology, socioeconomics 

 

 

AI FEP team: multidisciplinary expertise 

Overlap membership with NPFMC groundfish, crab Plan Teams 



Interactions  Ecosystem Assessment 

 4.1 Risk Assessment      4.2 Indicators 

low    Probability of interaction     high 

lo
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% Atka in cod diet 

Cod condition, weight at age 

Cod and Atka biomass (SAFE) 

Vessel traffic near rookeries 

Changing storm tracks 

Increased shipping 

Cod 

eat 

Atka 

Increase  

Atka 

 fishing? 

Oil spill on 

rookery 

Change 

 shipping routes? 



Risk Assessment 



Selected Bering Sea Indicators 

1. North Pacific Index 

• Strength of Aleutian Low relates to wintertime temps 

2. Eastern Bering Sea ice retreat 

• Influences timing of spring bloom, cold pool extent, and summer surface temps 

3. Zooplankton - euphausiid hydroacoustic data and copepod index 

• Index of forage for planktivorous fish, seabirds, marine mammals 

4. Motile epifauna aggregate biomass 

5. Benthic foragers aggregate biomass 

6. Pelagic foragers aggregate biomass 

7. Fish apex predators aggregate biomass 

8. St. Paul fur seal pup production 

• Females foraging ranges on the shelf 

9. Thick-billed murre reproductive success on St. George 

• Central place foragers, not migrate far outside EBS during winter 

10. Maximum potential trawl area disturbed 

• Index of habitat disturbance 



Contributions 

Assessment 

Summary 

Report Card 

Highlights 

Report Card 



Examples from two systems 

Alaska Northeast US 

marine shelf area 1,000,000 square km 250,000 square km 

human population 0.71 million (0.6 m coastal) 74 million (60 million coastal) 

total economic production $49 billion $4 trillion (New England $802 billion) 

2012 landings 2.4 million tons 0.6 million tons 

2012 fisheries revenue $1.7 billion $1.2 billion 

2012 seafood jobs 56 thousand 305 thousand (MA 107 thousand) 

vs. 



Ecosystem-level Management Objectives 

Conservation 

• Biomass and productivity of harvested and other species 
are healthy. Trophic structure is healthy, and habitat 
integrity is conserved.  

 

Socio-economic 

• The flow of benefits from ocean resources, for both 
producers and consumers, is optimized given the other 
objectives.  

 



SMART socio-economic objective 

1. Define “benefits” (from US fishery legislation) 

1. Food 

2. Recreation 

3. Profits/Revenue 

4. Employment  

5. Stability  

2. Define “producers and consumers” 

3. Define “optimize” (from US fishery legislation) 

Greatest overall benefit to the Nation <= fishery MSY 

4. Subject to conservation objective constraints 



Potential indicators 

Food Production 
% landings consumed by humans 
% food fish consumed within the region 

Recreational opportunities 
Total number of recreational anglers on charter/party trips 

(by state) 
Average revenue per angler from charter/party trips (by 

state) 
Total number of charter/party trips (extrapolated from 

survey samples) 
Total number of private recreational fishermen 

(extrapolated from survey samples) 
Total expenditures associated with private recreational 

fishermen (extrapolated from survey samples)  
Total number of private recreational trips by mode (shore, 

private/rented boat) 

Commercial profits/revenue 
Net revenue estimates 

Employment 
Total employment associated with commercial fishermen 
Total employment associated with recreational fishermen 

Stability 
Total income and value added sales associated with 

commercial fishermen 
Total income and value added sales associated with 

recreational fishermen  
Diversity of fishing fleets, as defined by gear type and 

target species groups. 
 



Apply indicator evaluation criteria 

ICES WGECO 2013, ICES Advice 2013 

Category Criteria # Weight Commercial 
revenue 
score 

Weighte
d score 

Type 1 1 

Data quality 2 
3 
4 
5 
6 

3 
3 
2 
3 
3 

1 
1 
1 
1 

0.5 

3 
3 
2 
3 

1.5 

Management 7 
8 
9 

10 
11 
12 

2 
2 
2 
2 
2 
1 

0.5 
0.5 
1 
1 
1 
0 

1 
1 
2 
2 
2 
0 

Conceptual 13 
15 

2 
2 

1 
1 

2 
2 

Suites 16 2 

Totals 29 
(perfect) 

24.5 
(84%) 


