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A Perspective on Modeling

• “In the end, all models fail to capture the surprises that 
man and nature have in store for the manager. This 
criticism holds equally true for complex computer 
schemes as for the intuitive models represented by gut 
feelings of the managers.”

• “The failures can come from three basic directions: 
inadequate detail of representation, inadequate 
breadth of representation, and inadequate 
consideration of institutional constraints on action.”

• Argue et al. 1983—who?
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Outline

• Review of stock status and modeling 
approaches for MAFMC stocks

• Multispecies inferences from single species 
models?

• Including predation in single species models—
butterfish example

• Fleet interactions: multispecies predators

• Consilience—perspectives on ways forward 



Increasing demands for stock assessments

• Meeting the demands for stock assessments 
under MSA

• As F declines M becomes more important, no 
longer a negligible fraction. Reductions in F 
increase lifespan and reveal traits obscured by 
high exploitation.

• Rebuilding depleted stocks
– Bioeconomics
– Forecasting 
– Ecological change
– Environmental change

• Broader perspectives are helpful

“Who naught suspects is easily deceived.” 

Francesco Petrarch, 14th century philosopher/poet/theologian

http://www.brainyquote.com/quotes/quotes/f/francescop144824.html


Courtesy Mike Sissenwine

“life does not stand still while 
specialists put their minds in order.” 

Michael Graham, 1950,  Address to the United Nations
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Some Background
Managed Stock Model Type Status  

(overfishing)
Status 

(overfished)

Summer flounder ASAP-Forward projection No No

Scup ASAP-Forward projection No No

Black Sea bass SCALE-Length, forward No No

Tilefish SCALE-Length, forward No No

Spiny dogfish Length-based Index No No

Longfin squid Swept Area Unlikely* Unlikely*

Shortfin squid Index Unlikely* Unlikely*

Butterfish ASAP-Forward projection No No

Atlantic Mackerel ASAP-Forward projection Unknown Unknown

Bluefish ASAP-Forward projection No No

Surfclam Stock Synthesis No No

Ocean quahog KLAMZ No No

* Not an official status determination



Unknown status:
• Red Crab
• Offshore Hake
• GOM winter flndr
• 7 skates
• Atlantic mackerel
• Longfin squid
• Shortfin squid

Scorecard for the Northeast

Not Overfished
Overfishing

Not Overfished
No Overfishing 

Overfished
Overfishing







Are single species models as simple as they 
seem?

What can they tell us about multispecies 
interactions?

Consider single species model as a mass 
balance problem. 
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Q. What happens 
when natural 
mortality increases?

A. The model relies less 
on empirical evidence 
and more on assumptions 
about unobserved 
removals.

Need evidence from 
stomach contents, 
disease, parasites, etc.
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Q. What happens 
when discards 
exceed landings?

A. Total catch relies 
more on statistical 
estimates of 
unobserved removals. 
May need to increase 
sampling rate.  May 
reduce overall 
precision. 
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Q. What 
happens when 
growth rate 
slows?

A. Smaller average size 
at age.  Total biomass 
is  lower. Implies 
greater number 
harvested per ton of 
landings. Increased 
discards at age if size 
limits are fixed. 
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(before) R(t)
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Q. Reductions in 
recruitment or 
increased 
variability?

R  
(now)

A. Lower 
productivity of 
population. Greater 
reliance on wise use 
of incoming year 
class. Increased 
variability of 
landings
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Baranov Catch Equation for Catch, using 

relative abundance index I and catchability q
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Baranov Catch Equation—

Natural Mortality
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How are species interactions handled 
in single species models?

• Answer--Indirectly

• While we cannot disentangle the causative 
factors, we can see the consequences of 
multiple factors through:

– Changes in growth and maturation

– Changes in selectivity

– Trends in recruitment

– Changes in natural mortality



Average Weight at age of Georges Bank Cod 

in Commercial Catch (Landings +Discards)
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Incorporating Environmental Change in Single Species Models

Changes in Average Weight at Age for 
Georges Bank Cod landings and discards



Butterfish—A case example (1) 

• The principle predators of butterfish were identified from 
food habit data collected during the NEFSC bottom trawl 
survey: smooth dogfish, spiny dogfish, silver hake, summer 
flounder, bluefish and goosefish.

• Total consumption estimates ranged between 1,000 and 8,000 
mt per year.  A time series analysis of the consumption results 
supported the use of a constant natural mortality in the 
assessment model.

• Total catch in 2012 was 1711 mt

• SSB in 2012 is estimated to be 79,451 mt (175.2 million lb), 
which is well above the SSBthreshold. 



Butterfish—A case example (2) 
• Fishing mortality was estimated to be 0.02 in 2012, which is 

well below the proposed overfishing reference point FMSY 
proxy = 0.81. 

• The results of the model imply that fishing mortality has 
declined over the timespan of the model, but it has always 
been low relative to natural mortality. 

• No strong trend in recruitment was indicated over the time 
span.

• Natural mortality in the model is estimated to be 1.22 per 

year or nearly 60 times greater than F or M derived from 

consumption estimates.



Figure A1.2. US landings, US discards, and foreign 
catch of butterfish, 1965-2012.



Figure A5. Butterfish recruitment (vertical bars), and the spawning 
stock biomass (blue line) that produced the corresponding 
recruitment. Year refers to spawning year.



Figure A5.15. Estimated fully selected fishing mortality 
rate and 95% confidence intervals from the base 
model.  Fmsy Proxy = 0.8.



Figure A1.15. Estimates of total mortality (Z), and 
commercial catch (mt) for butterfish, 1989-2012. 
Z estimates based on catch curves analyses.



Figure A4.1. Total butterfish (Peprilus triacanthus) 
consumption by each fish predator (1977-2012).



Figure A5.17. Estimated spawning biomass and 
95% confidence intervals from the base model.



Figure A5.21. Estimated recruitment and 95% 
confidence intervals from the base model.



Figure A6. Butterfish stock-recruitment scatter plot, 
with two digit indicator of the year.



SBRM as a template

• Standardized Bycatch Reporting Methodology

• Estimates landings and  discards by species by 
fleets

• Adequately monitoring catch by source is a 
key starting point. 

• Filters out imprecise estimates based on 
magnitude of total discard and landings.





SBRM—A model for technical 
interactions among fishing fleets.

SPECIES

FLEET SP_1 SP_2 SP_3 … SP_40

FLEET_1

FLEET_2

…

…

FLEET_60

FOR EACH CELL IN THE ABOVE MATRIX

LANDINGS DISCARD CATCH

SAMPLE SIZE CV OF ESTIMATE SAMPLE SIZE REQ’D 
FOR CV=30%



Discards by FMP species group for 
each fleet.



Discards by fleet for each species







Our old friend, spiny dogfish



Discards by Fleet for each species group





A Useful Perspective  for Stock Assessment Research

• Consilience: The Unity of Knowledge—E.O. Wilson. 
1998.

• "Literally a 'jumping together' of knowledge by the 
linking of facts and fact-based theory across disciplines 
to create a common groundwork of explanation”.

• “…interfaces between disciplines become as important 
as the disciplines themselves”

• Future progress relies on exploiting the information at 
the interfaces among disciplines. 

• But, as they say in the GEICO ads—”Everybody knows 
that”



Research at the Interface: Catchability Q

• Determination of scale is greatest challenge 
for both single species and ecosystem models

• Greater interaction with gear technologists 
and stock assessment scientists

• Ability to estimate changes in M is dependent 
on ability to fix Q

• E.g. see Somerton et al. 1999. ICES JMS



Research at the Interface:
Relationship between Stock assessments and 

Ecosystem-Based Approaches

• Stock Assessments
– Focus on estimation, measurement of scale, and catch advice
– Projections under alternative harvest policies, uncertainty of 

stock size, and recruitment variability.
– Incorporate the realization of ecosystem changes via change in 

ave. wt, maturity, recruitment etc.
– Reference points are rescaled in response to new information
– Effective management reduces F relative to M.
– Synthesis across species often difficult

• Ecosystem-based approaches
– Estimates of interactions depend on estimation of scale
– Can identify factors affecting multiple stocks
– Single species models often serve as starting point for scale 

• Parameterization (eg selectivity or recruitment stanzas) often aliases 
ecosystem changes

– Strategic rather than tactical value to date (i.e., no catch advice) 



Can we define a multispecies model of 
sufficient complexity for management?

• What species are included?

– Role of forage

– What about those pesky NEFMC stocks?

• Can we deal with open populations?

– Eg sharks, tuna, marine mammals



Need to move beyond the rhetorical 
hand grenades

• “Almost every paper on EBFM begins with a 
now standard recital of the failure of existing 
fisheries management practices…” Hilborn
2011.



Motivations for EAFM

• Assertion—not all species can be at Bmsy
simultaneously

• But why?
– Stocks of varying productivity fished at a common 

rate?  Known in early papers by Ricker in mid 1950’s. 
Rediscovered and formalized by May in 1974.  Became 
general canon and a cannon. 

– Thermodynamic considerations—is energy flow 
sufficient to support?

– Non-equilibrium dynamics (eg variable recruitment, 
environmental forcing, different starting conditions)?



Determination of Scale is an essential ingredient 
of any model used for management.

• Single species model provide one method.
• Reliable estimates of total catch provide one 

means of gauging the importance of other factors 
influencing stock dynamics

• Catch is a measure of flux.
– Just like electricity—Voltage doesn’t kill; Amps do

• Stomach samples provide you with a measure of 
potential and the wiring diagram (i.e., links 
among species)

• But the approach to scaling requires measures of 
mass for at least some parts of the network.



Independent estimation of scale opens 
the door for more advanced models

• Fix Q then estimate M, M(t) etc.

• This was done for the butterfish assessment. 

• Estimated value of M was close to that 
observed in catch curves.



Managers already care about more 
than single species management

• Marine mammals, turtles and other potentially 
threatened species: sturgeon, river herring

• Tradeoffs are an essential aspect of current 
fisheries management:  read any NEPA analysis

• Those who deny the importance of trade-offs in 
fisheries management have never attended a 
council meeting that allocates catches between 
commercial and recreational harvesters

• Interactions via bycatch



Do we want MSA to be less egalitarian?

• Ecosystem retribution—spiny dogfish

• Who gets to pick the winners?

• Do we have sufficient knowledge?

• Does MSA allow it?

• What is the standard of evidence?

• Could we do it—sure, look how corn fields 
replaced the tall grass prairie. 

• Could we afford it? Who will burn fuel to reduce 
spiny dogfish?  Better solution—sell it, eat it. 

“It doesn't matter who votes, 
it matters who counts the 
votes.”  Stalin



Some Conclusions
• Effective fisheries management increases need for 

research on magnitude of natural mortality.
• Single species models summarize the joint effects of 

multiple factors on realized growth, recruitment, 
maturation, and total mortality, but cannot 
disentangle causative factors.

• Butterfish assessment was improved by 
consideration of predation, but major gain came 
from determination of scale.

• SBRM summarizes technical interactions among 
fleets and species.

• Major advances in assessments will come at 
interfaces among disciplines, especially for 
independent estimates of population scale.



end
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Dogfish Food Habits:A starting point for ecosystem implications. Dogfish are 
omnivorous feeders who diets vary seasonally. Pelagic fish constitute a large 
fraction of the diet, but groundfish, particularly cod, do not. 

Based on 40,000 stomachs examined (Fall and Spring)

Courtesy of Jason Link, NMFS

Spring Survey Fall Survey



Can we add predators to define M2?

• Consider herring

• Consider menhaden

• Consider butterfish.

– Z>0.8 but sum of all consumption suggests M2=F 
which is very low!



Multispecies VPA 2005
SARC review



Expanded Multispecies VPA (2005)
• Menhaden, Striped bass, weakfish, bluefish, other Prey
• “Within the past few years many stakeholder groups, government officials, and 

scientists have called for an ecosystem approach to fisheries management on both 
the local and federal level. However, … few analytical tools are available to 
evaluate decisions at the ecosystem level.”

• Panel Summary
• The committee notes that this model is not designed for setting reference points 

or harvest limits for single-species. Additionally, the model intentionally 
encompasses a broad geographic range and therefore examination of local 
abundance or depletion is not possible.

• The MSVPA-X, in principle, may examine prey availability and then tie that 
availability to both growth rates and its effects on the predator species by age 
class. However, until survivability of any given year-class, or predator stock, is 
examined relative to prey availability, such calculations are not possible. Further, 
the effects of prey availability on growth and recruitment of the predator species 
have been left out of the base run, so that this review examines the interactions 
among predators and prey without the confounding effect of predator growth.



Expanded Multispecies VPA (2005) 
(cont.)

• While longer-term projections are desirable to examine management objectives for longer-lived 
predator stocks, this iteration relies on the modeled recruitment. Therefore, it is subject to the 
limitations of our ability to predict recruitment for the explicit prey and predator species, and our 
abilities in this area are admittedly poor for various reasons.

• It is made clear that while the “other prey” items are included in this iteration of the MSVPA-X, and 
represent the best estimates available, they are not explicitly modeled and are instead primarily 
inputs into this analysis. Further, they are grouped by “type” to reflect guild functions within the 
prey field and in their respective ecosystems. Consequently, model outputs defining consumption 
of these should be used with caution. Resulting population sizes of these “other prey” items in this 
analysis should not be used for management. Decision makers are pointed to the single-species 
assessments, where available, for the “other prey” items instead.

• With that said, the model has the potential to improve assessments in single-species assessments 
by suggesting the natural mortality rate at age (or by year, as appropriate) for explicitly modeled 
prey species. 

• With clear understanding the MSVPA-X’s abilities and limitations described above, the MSVPA-X 
approach has the potential to provide much accessory information for fisheries managers.



Figure D.6. Estimated average fishing mortality rate at age during 2000-2002 for 
Atlantic menhaden in evaluation runs assessing sensitivity to the number of age 
classes used to calculate shrinkage means.



Figure D.7. Average fishery mortality rate on age classes 2+ menhaden estimated by 
the forward projection model and evaluation runs using Extended Survivors Analysis 
(XSA).



• Total abundance of menhaden population at 
different values of M1.



• Figure D1.19. Relative changes in menhaden 
abundance in response to changes in M1.



Figure D1.46. Comparison of predation mortality (M2) for age-2 
menhaden with  reference type ranking equal for fish and 
invertebrates.

However, M1, assumed 
baseline rate of natural 
mortality from all other 
sources ranged from 0.1 
to 0.5.



MSVPA research recommendations

• M-at-age is an improvement over constant M 
assumption. However, there is concern that 
not all key sources of mortality have been 
accounted for and little is known about the 
temporal patterns of mortality. 

• It is difficult to distinguish between results of 
different models and model assumptions.

• The assessment model assumes a unit stock.



What is the time frame for planning?

• Experience suggests that managers and 
industry apply high discount rates, especially 
for promised future benefits

• Risk averse policies are a recent phenomena.



Are there other measures of 
scale besides models?

• Models often establish scale by assuming a 
constant M.  

• This allows the model to estimate a catchability
parameter that establishes scale

• Alternatively, consider direct estimation of 
catchability

• Examples:  
– surfclam and quahog via experiments
– Butterfish via thermal habitat
– Alternative 



Figure A3. Butterfish total catch in mt (black circles) and fishing 
mortality, F red squares). Dashed blue line is the 2014 SAW/SARC 
FMSY proxy.


