
Class Discussion



Rapid worldwide depletion of predatory 

fish communities

(Myers & Worm 2003)



Abstract

Serious concerns have been raised about the ecological effects  

of industrialized fishing, spurring a United Nations resolution         

on restoring fisheries and marine ecosystems to healthy levels. 

However, a prerequisite for restoration is a general understanding 

of the composition and abundance of unexploited fish 

communities, relative to contemporary ones. 

We conclude that declines of large predators in coastal 

regions have extended throughout the global ocean, with 

potentially serious consequences for ecosystems. 

Our analysis suggests that management based on recent data 

alone may be misleading, and provides minimum estimates for 

unexploited communities, which could serve as the ‘missing 

baseline’ needed for future restoration efforts.



Findings

Industrialized fisheries typically reduced community 

biomass by 80% within 15 years of exploitation. 

Compensatory increases in fast-growing species were 

observed, but often reversed within a decade. 

Using a meta-analytic approach, we estimate that large 

predatory fish biomass today is only about 10% of pre-

industrial levels.



Approach

Constructed trajectories of community biomass and composition of 

large predatory fishes in four continental shelf and nine oceanic 

systems, using all available data from the beginning of exploitation.

Used meta-analysis (many species included in same time-series 

analysis) approach to estimate large predatory fish biomass in 

today’s ocean – with respect to historical levels.
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Oceanic Fisheries – Pelagic Longlines Shelf Fisheries – Trawling

(catch per # hooks) (biomass tons, kg per hour)



- Time Keeping (discrete / continuous / instantaneous) ?

- Stochastic OR Deterministic ?
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How can we compare all these different time series ?

(some species are very numerous / other are rare…)

All of these calculations are based on proportions 

(% of the starting biomass – “virgin biomass”):

- Sigma: is a proportion 

- r: is the proportional rate of change
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Rapid rate of decline (4 – 31% per year)
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Small equilibrium population (0 – 24 %)
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Results

Industrialized fisheries reduced community biomass by 80% within 

15 years of exploitation.

Compensatory increases in fast-growing species were observed, but 

often reversed within a decade.

Estimate that large predatory fish biomass today is only about

10% of pre-industrial levels.
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1952 1958

1964 1980

(fish caught per 100 hooks on pelagic longlines set by the Japanese fleet)
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Compensation in exploited 

fish communities. 

a, Oceanic billfish community in the 

tropical Atlantic, showing the catch per 

100 hooks (c.p.h.h.) of blue marlin 

(solid circles, solid line), sailfish (open 

triangles, dashed line) and swordfish 

(open circles, dotted line). 

b, Demersal fish community on the 

Southern Grand Banks, showing the 

biomass of codfishes ( solid circles, 

solid line) and flatfishes (open circles, 

dotted line). 



Response to Myers and Worm (2003)

(Hampton et al.  2005)

We show here that an assumption critical to this conclusion                         

- namely, that Japanese longline CPUE acts as an accurate                          

index of community biomass - is invalid. 

Our results indicate that biomass decline and fishing 

impacts are much less severe than is claimed by Myers           

and Worm (2003)



Response to Myers and Worm (2003)

(Hampton et al.  2005)

1) Line of Evidence #1:  

Albacore tuna CPUE by Taiwanese (red) and Japanese (blue) 

longliners in the Pacific Ocean, south of the Equator.
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CPUE   f (N, E, q)



Response to Myers and Worm (2003)

(Hampton et al.  2005)

Interpretation of the species-aggregated CPUE as an index of 

community biomass rests on the assumption that catchability is 

constant across species and over time.

What is Catchability?  

Coefficient specifying proportionality between CPUE and abundance

What influences Catchability?  

The fishery (gear/practices), the fish (length/mouth), the ocean (depth) 



Response to Myers and Worm (2003)
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2) Line of Evidence #2:  

b, Yellowfin tuna CPUE 

by Japanese longliners 

(blue) and catch by all 

fleets (green) in western 

Pacific Ocean (west of 

150° W, south of 20° N).

c, Bigeye tuna CPUE by 

Japanese longliners (blue) 

and catch by all fleets 

(green) in western Pacific 

Ocean (west of 150° W, 

south of 20° N).



Philosophical Questions

Ecosystem Conservation:  “United Nations resolution on                       

restoring fisheries and marine ecosystems to healthy levels”

Status of Exploitation: Appraisal of exploitation describes   

the effect of current fishing effort on each stock, and is based 

on current data and the knowledge of the stocks over time.

Levels categorized using the terms: 

unknown, protected, not exploited, underexploited, moderately 

exploited, fully exploited, and over-exploited. 



Philosophical Questions

Levels defined by relation of  B / B MSY

- underexploited > 1.5

- moderately exploited: 1.5

- fully exploited: 1

- over-exploited < 1 



Philosophical Questions

What is MSY:  Maximum Sustainable Yield

Theoretically, the largest yield (or catch) that can be taken from 

a stock over an indefinite period (for ever). 

MSY aims to maintain the population size at the point of 

maximum growth rate by harvesting the “excess” individuals 

that would normally be added to the population, allowing the 

population to continue to be most productive indefinitely. 



dN / dt = r * N * (1 – N/K) 

Biomass 

(X) 

Fishing 

removal  

rate: FX  

Extinction and Recovery

(Myers and Worm 2005)
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What are the right abundances of fish ?



(Myers and Worm 2005)

Shaded bar  

refers to the 

proportional 

biomass 

commonly 

assumed to            

allow for 

maximum 

sustainable              

yield

(0.3< BMSY <0.5)

Extinction and Recovery
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Fishing mortality required to 

drive populations of sharks

(dotted line) and bony fishes 

(solid line) to extinction under

three scenarios: 

(a) fishing mortality constant   

at age of recruitment,                 

(b) fishing mortality constant    

at midpoint between age at 

recruitment and age at 

maturity,                                      

(c) fishing mortality constant    

at age of first maturity.



Example –Atlantic Ocean Swordfish 

Stock status 

based on 

Biomass and 

Fishing level, 

with respect to 

the MSY levels 



Example –Atlantic Ocean Swordfish 



Fisheries Management with Safeguards

- Decrease fishing mortality below MSY levels:  F / F MSY = 0.75

- Increase biomass above MSY levels:  B / B MSY >  1.00

According to Myers and Worm (2005):

- Decrease fishing mortality (F)

- Delay onset of this mortality (after maturity)



Example –Atlantic Ocean Swordfish 



Homework #1 – Population Trends



Homework #1

10% 

Error

50% Error
50% 

Error
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Adjusted R-Squared

Adjusted R2 accounts for the bias in R2, which spuriously increases 

when extra explanatory variables are added to the model. 

It is a modification of R2 that adjusts for the number of explanatory 

terms in a model relative to the number of data points.

The adjusted R2 can be negative, as is defined as:  

= (1 - 0.2879)  = 0.7121

= 50 / (51 – 1 – 1)  = 50 /  49

= 1.0204

= 0.7121 * 1.0204 = 0.7266 

= 1 – 0.7266 = 0.2733 



Homework 1 - Reading



Homework 1 - Reading

ES: Effect Size

T: Test Statistic (alpha)

V: Variability



Homework 1 - Reading

Regarding the actual rate of population increase, the 

answer is complicated and depends on what is the actual 

trend of the population:  

If the population is declining, but at a smaller rate                        

(say the yearly rate of decrease declines from 1% to 

0.01%), then the probability of detecting the declining 

trend will decline.  

Power will decrease, as the rate of decrease declines.



Homework 1 - Reading

Regarding the actual rate of population increase, the 

answer is complicated and depends on what is the actual 

trend of the population:  

If the population is not changing (not increasing or 

decreasing, and the slope = 0, and the null hypothesis is 

true), then the power will be 0. 

The probability of detecting a decline (or an increase)             

will be based on the alpha level (commonly 0.05) and          

will represent a type-I error (erroneous rejection of the  

true null).  Therefore, the power declines. 



Homework 1 - Reading

Regarding the actual rate of population increase, the 

answer is complicated and depends on what is the actual 

trend of the population:  

If the population is increasing, the larger the rate of 

increase, the larger the power. 

Power will increase as the rate of increase grows.



Homework 1 - Reading

Larger sample size 

increases power.

Smaller population  

size increases the 

variability of the 

population estimates 

(CV)… thus 

decreasing power



Debate Topics

Rank your choices:           1 BEST     5 WORST

Compensatory Mitigation

Bycatch

Whaling

MPAs

Ecosystem Banking


