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Early Use of Length Based Methods—late 1800’s

(Petersen, then Fulton, Baranov and others)

Georges Bank Sea Scallops-1998
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What determines mean length?
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C_ :ZNumber of animals at age t x Length at age t

> Number of animals at age t
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More Fishing = Less Older/Larger Fish
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Von Bertalanffy Growth Function
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Linf = ‘maximum length’
k = ‘growth rate’
tO = ‘age/size at birth’
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Beverton-Holt mean length mortality estimator

growth rate maximum length
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total mortality mean length length at which all
animals are fully

vulnerable to gear




The Trade-off!

Data Quality
/and Quantity

/ Assumptions




Beverton-Holt mean length mortality estimator

5 assumptions:

1.

CEEE S (O D

Asymptotic growth, K and L_ known &
constant over time.

No individual variability in growth.

‘Constant’ & continuous recruitment over time.
Mortality constant with age (eg. Selectivity, M).
Mortality constant over time = Population in
equilibrium (mean length reflects mortality)



Von Bertalanffy Growth Function
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Beverton-Holt mean length mortality estimator

5 assumptions:

1.

SEEE S (O D

Asymptotic growth, K and L_known &
constant over time.

No individual variability in growth.

‘Constant’ & continuous recruitment over time.
Mortality constant with age (eg. Selectivity, M).
Mortality constant over time = Population in
equilibrium (mean length reflects mortality)



Modifications
of the B-H
Mortality
Estimator
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Jerald S. Ault, Steven 6 h, J'iangan; Luo,
Mark E. Monaco & Richard S. Appeldoorn

University of Miami
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5 assumptions:

Asymptotic growth, K and L_known & constant over time.
No individual variability in growth.
‘Constant’ & continuous recruitment over time.

Mortality constant with age (eg. Selectivity, M).

Mortality constant over time = Population in equilibrium (mean length

a N DN

reflects mortality)
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Estimating Mortality from Mean Lengths
In Non-equilibrium Situations

Gedamke and Hoenig (2006)

Beverton-Holt mean length mortality estimator

5 assumptions:

1.

S N

Asymptotic growth, K and L_ known & constant
over time.

No individual variability in growth.

‘Constant’ & continuous recruitment over time.

Mortality constant with age (eg. Selectivity, M).

Mortality constant over time = Population in

equilibrium (mean length reflects mortality)




fishing mortality instantaneously
50 = increased from 0.4to 1.0
48 =
46 =
44 =

42 =

40 =

Mean Length (cm)

38 =

Time Relative to Change in Z




[N, exp(-Z, (t~t )Lt + [ N, exp(-Z,d )exp(-Z,(t - g)) Lot

[N, exp(-Z, (1 ))dt+ [ N, exp(~Z,d )exp(-Z, (t - g))ct

In English:

Mean Length =

SUM # of younger animals at . Length + SUM # of older animals at . Length
each age (Z,only) at age each age (both Z,and Z,) at age

SUM # of younger animals at + SUM # of older animals at
each age (Z, only) each age (both Z,and Z,)



[N, exp(-Z,(t—t, )Lt + [ N, exp(-Z, ) exp(-2,(t~ g)) Lot

[N, exp(-Z, (t—t,))dt + [ N, exp(-Zyd )exp(-Z,(t - @)t

In English:

Mean Length =

SUM # of younger animals at . Length + SUM # of older animals at . Length
each age (Z,only) at age each age (both Z,and Z,) at age

SUM # of younger animals at + SUM # of older animals at
each age (Z, only) each age (both Z,and Z,)



Simplified Equation (at least relatively)

2,2,(L, —LHZ +K+(Z,-Z,)exp(—=(Z, + K)d)}
(Zl + K)(Zz T K)(Zl + (Zz - Zl)exp(—sz ))

L Z,

d = time since change
-_

1975 1980 1985 1990 1995 2000 2005




Estimating Mortality from Mean Lengths

In Non-equilibrium Situations

Gedamke and Hoenig (2006)

fishing mortality instantaneously fishing mortality instantaneously
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Assumption 5

Population in equilibrium (enough time elapsed after change in
mortality that mean length reflects new mortality).

Hard to meet In the real world!

Years to “reach” equilibrium after change in mortality
.
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Application to the Assessment of Goosefish
(Lophius americanus)

data: mean lengths over time, sample sizes




Goosefish Mean Length Data - Southern Management
Region - NEFSC Fall Groundfish Survey

Sample sizes
range from 14
to 196 per year
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Mortality Estimates for Goosefish - Southern Management
Region - NEFSC Fall Groundfish Survey

Sample sizes range |
from 14 to 196 per
year
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Mortality Estimates for Goosefish - Southern Management
Region - NEFSC Fall Groundfish Survey

Sample sizes range |
from 14 to 196 per
year
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® Beverton and Holt Annual Estimate of Z
—A— Estimated Z,

—1— Estimated Z,

/Estimate made in 1980

o0 +—/——F————7T 7T T T T
1975\ 1980 1985 1990 1995 2000

Mortality change Year Estimate was Made




® Beverton and Holt Annual Estimate of Z
—A— Estimated Z,

—1— Estimated Z,

/Estimate made in 1981
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Mortality change Year Estimate was Made




® Beverton and Holt Annual Estimate of Z
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Goosefish Mortality Estimates--Northern Management Region
NEFSC Fall Groundfish Survey

Sample sizes
range from 12
to 108 per year
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"¢ SEINE Model Version 1.3 - [Input Data]

BA Fle Data view Run Options Windows Help

NOAA’s National Marine Fisheries Service

NOAA Fisheries Toolbox

Survival Estimation in Non-Equilibrium Situations
Version 1.3

InputFile  |None Selected

Model ID |

First Year in Data |

Last Year in Data |

Run Mode
i

1/24/2009

GUI Programming: Moral Support: Programming Support:
Alan Seaver Chris Legault Brian Linton







Estimating Mortality from Changes in Mean Lengths
and Catch Rates in Non-equilibrium Conditions

Application to the Mutton Snapper Assessment

Lutjanus analis

Mutton Snapper Photos reprinted from

Lophius americanus

Todd Gedamke?, Clay E. Porch! and John Hoenig?

INational Marine Fisheries Service, Southeast Fisheries Science Center, Miami, Florida
2Virginia Institute of Marine Science, Gloucester Point, Virginia

WILLIAMSSMARY
A | am——



http://www.flmnh.ufl.edu/fish/gallery/descript/muttonsnapper/muttonsnapper.html
http://www.flmnh.ufl.edu/fish/gallery/descript/muttonsnapper/muttonsnapper.html

Cumulative plot of all individuals in the trap fishery of Puerto
Rico (1983- 2006).

a1
o
\

40 -

w
o
\

=
o
5
©
@)
@
o
£
S
Z
o
2
=
>
S
S
@)

N
o
\

0
170 220 270 320 370 420 470 520 570 620 670 720

Fork Length (mm)




Mean Length calculated by year. Sample numbers for each year have
been indicated by both bubble size and number.
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Results of grid search. Likelihood function is weighted by
the sample size.

Z,o=048yrt >  Z.,..= 097 yrl in 1993.
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Mean Length calculated by year. Sample numbers for each year have
been indicated by both bubble size and number.
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Integrating Catch Rates into the Mean

Length Analysis

Standardized CPUE Indices—Mutton Snapper Pot Fishery—Puerto Rico

CPUE Index

1990 1994 1998 2002 2006
Year



Estimating Mortality from Changes in Mean Lengths
and Catch Rates in Non-equilibrium Conditions

Application to the Mutton Snapper Assessment

Final Step of Derivation:

If q* is assumed to be constant,

,  Z,

1
I2 Z1

Key Point: Only able to get information on relative changes in total
mortality rates from catch indices

eg. 2*Z=05*1

Todd Gedamkel, Clay E. Porch! and John Hoenig?

INational Marine Fisheries Service, Southeast Fisheries Science Center, Miami, Florida

2Virginia Institute of Marine Science, Gloucester Point, Virginia
WILLIAMGMARY

ViIvViS
VIRGINIA INSTITUTE OF MARINE SCIENCE
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Multispecies



A century of variability
of body size in a
flatfish community:
iImplications for
management

Massimiliano Cardinale*, Andrea

Belgrano, Valerio Bartolino, Todd E
Gedamke, Hans Linderholm - |
. T Kattegat
Massimiliano Cardinale, Andrea Belgrano, Valerio Bartolino, . ’»; = |
Institute of Marine Research, Swedish Board of Fisheries, P.O. & -
Box 4, SE-453 21 Lysekil, Sweden 7 ‘[:.,.t. Denmark}

Todd Gedamke, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service, 75 Virginia
Beach Drive, Miami, Florida, 33149, USA

Hans Linderholm, Regional Climate Group, Department of
Earth Sciences, University of Gothenburg, Gothenburg,
Sweden
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MULTI-SPECIES APPROACH

 Similar to single species model with
modified assumptions

e Uses information from multiple species to
Increase sample size

« Assumes that species used from
‘complexes’ are subject to similar patterns
of effort



Multi-Species Model Development

Single Species Model:
4 parameters =
(Z,, Z,, ChangeYear, o)

4 species = 16 parameters

+ 4 parameters for each additional species



Multi-Species Model Development

Single Species Model:
4 parameters =
(Z,, Z,, ChangeYear, o)

4 species = 16 parameters

Multi-Species Model 1:
4 parameters =
(Z,, Z,, ChangeYear, o)

Assume common ChangeYear
for multiple species 2 4
species = 13 parameters

+ 3 parameters for each additional species



Multi-Species Model Development

Z1 7 >: > ~2.n
Z1n > NESTE Single Species Model:
Z)n P : . Z,. 4 parameters =
’ (Z,, Z,, ChangeYear, o)
4 species = 16 parameters
1975 1980 1985 1990 1995 2000
Z)5 > : Multi-Species Model 1:
Z1,n S NE 4 parameters =
Zy R . (Z,, Z,, ChangeYear, o)
Assume common ChangeYear
1975 1980 1985 1990 1995 2000 fOf multlple SpeCIGS 9 4
species = 13 parameters
;1’” \ Multi-Species Model 2:
1,n B — _ _ 4 parameters =
Zl,n A, P (proportional change in F) (Zl’ ZZ’ ChangeYear, O‘)

+ 2 parameters per species
: o Assume common ChangeYear

PV and proportional change in F
- 4 species = 10 parameters

1990 1995 2000




Multi-Species Model Development

Z1m > > “2.n For 3 ChangeYears and 4
Z1n > species:
Zl,n >:
o + 4 parameters per species (1 change)
Z1,n >
Z R
Zl’n . Assume common ChangeYear
1n >
A 3 parameters per species (1 change) 23 Parameters
Y4 :
zi: \ Assume common ChangeYear
2 i P (proportional change in F) and proportional change in F
19‘75‘ “““““““““

+ 2 parameters per species (1 change) 008 14 Parameters



Puerto Rico — Silk Snapper — Traps
Z=112->0.31 in 2001.8
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Puerto Rico — Blackfin Snapper — Traps
Z=1.13->0.86 in 1995.8

SPECER MAWE - BLACKTIN SMAFPER

Mean Length (mm)

1985 1990 1995 2000 2005 2010

Residuals

1985 1990 1995 2000 2005 2010




Vermillion Snapper
Z=3.46->164 in1997.7
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Multispecies - Individual Z’'s estimated
Estimated Common Year of Change = 2001.4
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Multispecies w/ Common Proportional Change in F

Common Year of Change = 1998.03
Common Proportional change in F =0.57
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Multispecies w/ Common Proportional Change in F

Common Year of Change = 1998.03
Common Proportional change in F =0.57
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Model Selection

AIC (Akaike's information criterion)

 Evaluates balance between number of parameters in model and the fit to
the data (likelihood value).

 Penalty for increased number of parameters

 Lower AIC values better 2 Reduction of ~5 indicates strong support for
model

AlICc = AIC + (2*Nparam*(Nparam+1)/(NumObs — Nparam-1)

Number of Likelihood
Model Gear Depth  Parameters Value
Single species 345/610 <80 12 441.2
Multispecies (individual Z's) 345/610 <80 10 432.9
Multispecies (proportional change) 345/610 <80 8 445.0

Single species 345 All 398.1
Multispecies (individual Z's) 345 All 363.1
Multispecies (proportional change) 345 All 370.6




Model Selection

AIC (Akaike's information criterion)

 Evaluates balance between number of parameters in model and the fit to
the data (likelihood value).

 Penalty for increased number of parameters

 Lower AIC values better 2 Reduction of ~5 indicates strong support for
model

AlICc = AIC + (2*Nparam*(Nparam+1)/(NumObs — Nparam-1)

Number of Likelihood
Gear Depth  Parameters Value
345/610 <80 12 441.2
345/610 <80 10 432.9
345/610 <80 8 445.0

Single species 345 All 398.1 820.3 825.3

Multispecies (individual Z's 345 All 363.1 746.1
Multispecies (proportional change) 345 All 370.6 757.1  759.3
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