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Inaccurate Discard Mortality

« Two typical assumptions:

— 100% mortality: all discards are assumed to die,
regardless of gear, size, age, season, area, depth,
etc.

— 0% mortality: the implicit assumption when discards
are not estimated or not included in population
modeling.

* A complete range of reality:

— Near 100% mortality: river herring in mid-water trawls
(discarded on shore).

— Near 0% mortality: lobsters (in trap fisheries).
— Somewhere between: the most likely reality.
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Effect of Inaccurate ‘Defaults’

 Bad Data:
— Under/overestimate total catch — effects perceptions about stock productivity.

— Biased age distribution of catch (usually under/overestimate the portion of small,
young fish).

— Biased catch rates from fishery.
* Modeling Problems:
— Scaling errors: under/overestimate recruitment and biomass.

— ‘Process error:’ bias causes disagreement between catch estimates and other
information (age structure, relative abundance, selectivity)

— Biased reference points (Fmsy, Bmsy)

— Over/underestimated removals will be subsumed in other estimates (fishing
mortality, natural mortality, total mortality)

« Management Errors:
— Uncertain or incorrect status determination (overfishing, overfished).
— Misleading information on catch of immature fish.

— Inaccurate evaluation of the contribution of different gear types to total catch,
catch per effort and catch at age.
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Presentation Approach

* Review ‘construction’ of catch at age

* Review two categories of stock
assessment models (with different
sensitivities to discard mortality)

— Virtual Population Analysis (VPA)

— 'Forward Projection’ Models (biomass
dynamics, delay-difference, Collie-
Sissenwine, statistical catch-at-age).

e Review MSY estimation
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Estimating Removals (Catch)

Census Methods

— Seafood Dealer
Transactions

—  Fisherman logbooks
Survey Sampling
Methods

—  Creel Surveys

— Intercept Sampling

— Discard Estimation
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Vessel Logbook System

 All landings, discards and effort are reported (a
census of effort and catch).

« Used to derive estimates of landings, by geographic

area (statistical area, stock) and time period (month,
quarter or year)
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Recreational Catch Surveys

Complementary survey methods:
— Intercept Survey (relatively small
sample)
* Number, weights and lengths of fish
caught by species
« State and county of residence
« Trips per year
* Mode of fishing
* Primary area of fishing
— Telephone Household Survey (larger
sample)

* Presence of marine recreational anglers
in the household

« Number of anglers per household
 Fishing trips in 2-month period

* Mode of each trip

« Location (county) of each trip
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Discards

« Several approaches to expanding samples to entire fishery discards:

— Based on landings: discard to kept ratios (from sea samplers orklogbooks) are
expanded based on total landings within a gear group: PR R TR

Total Discards=Total Landings x
(sum of observed discards /sum of observed kept)
« D/L=d/k
+ D=L(d/k) 3 (et
Based on effort: discard per unit effort observations (from sea samplers or )
logbooks) are expanded based on total effort within a gear group:
Total Discards=Total Effort x
(sum of observed discards /sum of observed effort)
- D/E=d/e
- D=E(d/e)
* Achieving representative estimates relies on an adequate

sampling design for observer data or analytical design for
logbook data.
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Fishery Development

» Historical series of catch shows stages of
exploitation.

Georges Bank Yellowtail Flounder
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* The initial development of the fishery may have
valuable baseline information.
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Biological Characteristics

« Demographic attributes of fishery removals
(size, age, sex) are also valuable for stock
assessment.
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Landings at Age

Data collected by NOAA Fisheries Staff Information derived from collected data Data collected during a special study

Landings 4_ Predicted weight of an

Predicted sample weight individual fish

Sample expansion factor

Numbers of fish landed at length

Age Structures (otoliths/scales)

!

Numbers of fish landed at age

Fish Length frequency \ ¢
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Discards at Age

Data collected by NOAA Fisheries Staff Information derived from collected data Data collected during a special study

Predicted weight of an
Predicted sample weight individual fish

Discards

Sample expansion factor

Discard Length frequency

{

Numbers of fish discarded at length

Age Structures (otoliths/scales)

/ S\,

Numbers of fish discarded at age
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Total Catch at Age

Total catch at age = landings at age + discards
at age + ...

Input to age-based assessment model (virtual
population analysis reconstructs abundance at
age from catch at age)

Derived from census of landings (and effort),
samples of length and age of landings and
discards and an estimate of discard mortality.

Samples must represent the population to
produce a reliable estimate of catch at age (and
reliable assessment results).
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Catch at Ag
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Virtual Population Analysis

A simple, but informative
population process

Yearclass abundance (N) over
time:
N at the end of the year =
N at start of year
- natural mortality
— catch

Or reconstruction of abundance
back in time

N at the start of the year =
N at end of year
+ natural mortality
+ catch
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Southern New England Yellowtail Catch

VPA
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Virtual Population Analysis

Over the lifespan of the 1987
yearclass, 77 million fish were

caught. o
We also know that some fish 3 |

died from natural mortality.

So, at a minimum, there were 77
million fish when they were 1
year olds.

But this is just the population we
“saw” (the virtual population)
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45 -

25 -

N
o
I

5.899

1987 Cohort of SNE Yellowtail

42.185

19.215

9.489

0.279 0.04

0.001

Age

Steve Cadrin Importance of Discard Mortality

18



Virtual Population Analysis

1987 yearclass of SNE yellowtail

1,000 fish caught at age-7 (none
at age 8).
For now, suppose those 1,000

fish came from a population of
2,000 fish.

Using the population process,
and an estimate of natural
mortality, we can reconstruct
abundance at age-6:

N age 6 = N age 7 + natural
mortality + age 7 catch

Then reconstruct the abundance
at age-5, etc. back to age-1.

Abundance at the End of the Yea
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(initial guess)

Observed Age-7 Catch=1000
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Virtual Population Analysis

1987 Cohort of SNE Yellowtail

« By accounting for 140
observed catch over the
lifetime of the cohort (77 120
million) and natural
mortality (with an initial
guess about age-7
survivors), the age-1
abundance estimate is
122 million.
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VPA

« Reconstruction of

all yearclasses
gives a total
population
estimate.

* |nput Data:

— catch at age

— estimate of natural

mortality

— Initial guess about

abundance of
survivors at the
oldest age.
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VPA Calibration

® Initial guesses are replaced Southern New England Yellowtail Abundance
with estimates: 2 s 4 s s 3
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VPA Calibration

« Abundance of living 1 e obsoned
yearclasses in 2002 are
estimated using a

20 - (1987 yearclass)

predictive relationship
between historical VPA
abundance and survey
iIndices.
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N2003,age-3=age-3Nt2002,age-3

Age-3 Spring Survey Index (#/tow)
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Effect of Inaccurate Discard Mortality
on VPA

Over/under estimation of Southern New England Yellowtail Abundance
discard mortality will produce e
a proportional, cumulative o o
and exponential bias in Q ? °
estimates of historical S

recruitment.
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Forward Projection Models

With a population production process, stock size can be
modeled to match observed catch, abundance indices, and
age or stage structure in some.

— Biomass dynamics (aggregate population):

B
B., =B+ rBt(l — E’j -C,
— Delay Difference (recruitment)
B — St—laBt—l
t

Wt—l

+ Sz—lsz—l + WkRz
— Catch-Survey (stages)
_ -MT, -M(1-T,)
P=|B+R)e™ ~Cl

— Statistical Catch-at-Age (full age structure)

S ~(F, ,+M)
Bt+1 — |: ZNa,te Wa:| + Wth+1

a=k+1
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Forward Projection &

Estimating Absolute Biomass
 Biomass Dynamics Model: N 0

— Smoothing: stock size I

estimates are fit to survey ‘] |
data using the simple ]
population process. s BUIHIHI| T

— And scaling: survey
observations are scaled to
absolute biomass estimates
by evaluating the response
In survey data to absolute 2|
removals.

Fall Survey Index (kg/tow)
N
*
*
Yield (kt)

B
B. =B+ rBt(l - Kj -C,
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Biomass Dynamics Models

Georges Bank Winter Flounder

e Stock Status

— Scaling:

- When catch was not
sustainable, stock
decreased (1970s- A

« When catch was less S
than potential el
production, stock
increased (1960s,
1990s). Y

Stock Biomass (kt)
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Stage-Based Methods

Use life-history stage or size-group as a proxy for
age:
— Collie-Sissenwine (=Catch-Survey Analysis, CSA)

recruitment
Year 1 ‘ —

survival

recruitment

Year 2 >

survival

_ [(B £ R )™M _ Ct:le_M(l_TZ)

r+1
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Statistical Catch-at-Age
(from Chris Legault)

 VPA « SCAA

— Estimates abundance — Estimates initial
of the oldest age and abundance at age,
current cohorts recruitments, fishing

mortality, selectivity

— Calculates abundance — Calculates abundance
back in time forward in time

— Assumes no error in — Assumes error in the
the catch at age catch at age

Trade-off between assumptions and number of estimated parameters.
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VPA SCAA
Age -> Age ->

Year Year
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Separability of F
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Selectivity
Fmultiplier Age 1 Age|2 Age 3 Age A
0.2 Year 1
0.8 Year 2
v

0.5 Year 3 > 0.15
0.6 Year Y

Fy,a = qult,y])a

Z,,=F, ,+M
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Population

« Conventional age-based population
dynamics formulas

* Need Initial age structure and recruitments
* Rest of matrix filled given Z matrix

(_Zy—l,a—l )

N = y—l,a—le

¥,d
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Catch

» Catch equation for whole matrix

C —NyaFya(l e y"’)/Zy,a
 Now compare to observed catch 2 ways
— Total catch in weight (yield)

Y, = Z( KWt

— Catch at age proportions

C
CP, =<

y,a
2.Ca
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Effect of Inaccurate Discard Mortality
on Forward Projection Models

« Biased removals add process error (changes in relative
abundance don’t match estimated catch).

« Under/over estimated catch usually will produce a
proportional and cumulative bias in stock size in all
years, but it may also lead to unpredictable inaccuracies
associated with incorrect model solutions.

« Discard mortality can be added as an estimable
parameter, but requires prior information from field
estimation, good selectivity data and precise information
on relative abundance at age.
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Effect of Inaccurate Discard Mortality

on MSY Reference Points

Under/overestimated catch will bias
observed production, typically causing a
proportional bias in MSY and Bmsy and
disproportional bias in Fmsy, but it may also
lead to unpredictable inaccuracies
associated with incorrect model solutions.

Under/overestimated recruitment will
produce a proportional bias in MSY and
Bmsy.

Inaccurate recruitment and stock size
estimates will alter the stock-recruit
relationship producing unpredictable bias in
all MSY reference points

Inaccurate selectivity at age will produce a
disproportional bias in Fmsy.
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Summary

* Accurate estimates of discard mortality are

important to derive reliable total catch and catch
at age.

« Stock assessment models will produced biased
results in predictable and unpredictable ways,
depending on the model.

* |naccurate estimates of discard mortality may
cause considerable uncertainty for fishery
management.
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