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Catchability, g
e the proportion of a fish stock captured by a unit of fishing effort

[y = qN; Fr = qf;

e Fishery-independent indices: g often time-invariant

e Fishery- dependent indices (e.g., fishery CPUE): g often time-
varying due to
e Spatial and seasonal variation in g
e Variation in fishing power (changes in gear, vessels, other technology)
e Effects of management actions on fishing efficiency
e Effects of changes in fishing behaviour on fishing efficiency

e Effects of changes in fish behaviour on fishing efficiency — e.g., density-
dependent g



Assessment models for Atlantic herring in the
southern Gulf of St. Lawrence
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Biomass (kt), ages 5-10

Spring Spawner VPA model

Traditional model
— time invariant M and g

Severe lack of fit:

- Strong retrospective pattern
- Very poor fit to the Fishery CPUE index (but
reasonable fit to the acoustic index)

Non-stationarity in M or g?
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Fully-recruited CPUE catchability

Spring Spawner VPA model
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SSB (kt)

Spring Spawner Models

S VPA

— constant q
— time-varying q
— LRP
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e time-varying q — more pessimistic view of stock status,

especially with VPA

e VPA - more pessimistic results than SCA



Causes of changes in fishery g of Spring Spawners?

Catchability
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Density-dependent: q increases as SSB
declines below 60,000 t.



Interesting if true — simulation tests of time-varying g
models
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Fall Spawner VPA model

Modelled as 3 populations (which
may mix at recruitment)
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Fall Spawner VPA model — fit to the fishery cpue index

Constant g

= o.-oo-C.DOOOO-O“’:KDOOOOCIJ =5 wn.o‘..@omo(@ S @reeeesP:0:c0ce: - 9000000 r e
®:9°000+00000 e G 08008 OB+ Cbc..o.—.-@o.ooocmuco-. @0 00 880 -0 -0:0- -Oo00«[ Deo
o “ - 0@+000@- 000000080 0@ 0 - 2080 | ©+ O -G @ o 08ecod [ 8000 | o Ge@eeSGBO - ¢0 - @00 D »c0
-:?1’ «99°9 -09-0c000oe@oe @O« 0000 OOSBe0ee s o - 0 o oo - (oo e De [ " Je TTTITEY IR 986888 00)
©- 009 - 00e0e0000 0  +0d WOeccee:-0| ©- 00 @O0C o0 ceec ) - 000 | o S GO0ee® €0 00000 (I e
800 - @0e - - 0000000000 e c O +@PO - og@e@e @ « 00 o0+ 000000 « e P [T TIRE Y @l@eellellcle@ ool o6
< ---0.0.0..OOOCCQIDn.oo”. v+ Oeecooce@@( O D00cco-COPRe - | ~- O..'CO"O‘G}OO'O°0“°0°.O

T T T T T T T T T T T T T T T T T T

1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010
Year
Time-varying g
North Middle South

2 o-ooooc.oooooomoood 24 @.:“3..-0.-..@0@({@ S+ @ ccco+e08c000@ @000 - @O Do »
20+0:00:000000 (00080 « 0@+ mu....cyo-ooo“@. @ +0-e900:-0+Q0-s0ce- e oe-
o “ Oc@ceQO@+cc+0: o @POe -G080 2080 | - O-GOM@c - - 000 @8+« +((B:020c | ©- @ -8csOs@@ece0+0- @SOS S O
< 0+80000@-0+ - - o - @@ € WO+ - 00000 080 - 0:@e00 0 -Osafe #0000 (e 00890 00000 +@I000000 00
©- *90000+®000ccc(0sec - MO®c0+e00 o+ Oe@@c@ee ) coO«@® - -Oce0e®-)- ©- c@8008s0c8080 00 @00 OfoOefoO
90e0@0e00:00: 000008 - 80 +GBC + cO®ec®0 - c0c(): Q00000 o - s elfeC® TEEYIege =l @-@ocllelltle I X
<-4 0o0o0e0e0e@: 0 0T D0@- .o‘o 4 Oreos Q@) 00000 » s@cOi@e - | <~ (Or 00000 D@« 00000 ”o‘o

| T T T T T T T T T T | | T T T . T

1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

North

Middle

South

Year

2015



Fall Spawner VPA model — time-varying fishery g
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Variation in g is mostly density-independent

May be related to changes in the behaviour of fish or fish harvesters:

» Harvesters in the South (but not in the North) indicate important changes in
their fishing behaviour in recent years

» Grey seal abundance has been increasing exponentially and harvesters report
changes in herring behaviour in response to the presence of seals



Fall Spawners — effect of time-varying g on estimates
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Conclusions

« Evidence of time-varying q for fishery cpue indices of both spring-
and fall-spawning stocks of herring

« Apparent causes differed between stocks

« Strong evidence for density-dependent g for the depleted spring
spawning stock

 Failure to account for time-varying g can lead to incorrect
conclusions on stock status (e.g., spring VPA)

 Based on simulation tests, both SCA and VPA models were able to
identify time trends in g in most instances

* VPA and SCA estimated similar trends in population biomass,
though the SCA estimates were more optimistic in recent years.
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