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Collaborative research objectives at SBCI

1) Assess changes to lobster populations inside reserves

2) Develop harvest rate assessment
(interpret in context of SPR/YPR for CA spiny lobster)




1) Changes inside reserves
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1) Changes inside reserves
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1) Changes inside reserves

Controlling for Habitat

Scorpion MPA

Island

% /Santa Cruz




(il




Model 1

mean size
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Mean size (mm) of
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1) Changes inside reserves

8 Gull Island MPA ~ Scorpion MPA _ Carrington Point MPA
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General conclusions

1) Assess changes to lobster populations inside reserves
a) Legal lobster density and trap yield = 4-5x higher in reserves

b) Populations in reserves have higher proportion of individuals
in large size classes

2) Develop harvest rate assessment
(interpret in context of SPR/YPR for CA spiny lobster)
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General conclusions

1) Assess changes to lobster populations inside reserves
a) lobster density and trap yield = 4-5x higher in reserves

b) Populations in reserves have higher proportion of individuals
in large size classes

2) Develop harvest rate assessment
(interpret in context of SPR/YPR for CA spiny lobster)




2) Harvest rate assessment
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2) Harvest assessment
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General conclusions

1) Assess changes to lobster populations inside reserves
a) lobster density and trap yield = 4-5x higher in reserves

b) Populations in reserves have higher proportion of individuals
in large size classes

2) Develop harvest rate assessment
a) harvest rate = 0.33 at SBCI
(interpret in context of SPR/YPR for CA spiny Iobster)_‘_ _ p—
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How does knowledge of harvest rate (u)...
(...or fishing mortality rate (F)... )

...inform us about resource status or fishery sustainability?




How does knowledge of harvest rate (u)...
(...or fishing mortality rate (F)... )

...inform us about resource status or fishery sustainability?

Use models to explore how different harvest levels impact:

1) Reproduction of the population (SPR)

2) Y|EId to the fiSherV (YPR) i Qicsl;::elfi;s Stock Assessment

From Data to Recommendations

Fish are born, they grow, they reproduce and they die — whether

-

from natural causes or from fishing. That’s it. Modelers just use -

complicated (or not so complicated) math to iron out the details. |
_— - -



Understanding SPR and YPR models...

For general demonstration purposes only — exact values NOT applicable to P. interruptus
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Age (yrs) Size % mature
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Age (yrs) Size % mature fecundity
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Age (yrs) Size % mature fecundity
1 i 0 0

2 iy 0 0

Fish are born, they grow, they reproduce and they die — whether

from natural causes or from fishing. That’s it. Modelers just use

complicated (or not so complicated) math to iron out the details.

400,000

500,000

1,000,000

For general demonstration purposes only — exact values NOT applicable to P. interruptus



Age (yrs)
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% mature

fecundity

Age (yrs) Size
1 -
2

Harvest rate = 0 (no harvest)
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Age (yrs) Size % mature || fecundity || # lobsters Total eggs

1 = 0 0 100 0

2 iy 0 0 83 0

SR O T I
6 % 30% 100,000 39 1,170,000
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1,000,000 1 1,000,000

Harvest rate = 0 (no harvest)
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Spawning Potential Ratio (SPR)
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| California State Marine Protected Areas

F inside
20% of
Fin
Open Area
South Point
(Santa Rosa Islund)
S MR
MPAs Movement and Foraging Distance : I
Lindberg (1955) Tagging data Table 5 Page 167 ; l
1949_50 1950_51 1951_52 TOtal REVISG ,_TNISCNAIYDOES NOTREPLACE THE LEGAL DESCRIPTION FOUND IN TITLE 14, CALIFORNIA CODE OF REGULATIONS _I .:
N Tagged 803 598 347 1748 1743 e T — B ——
N Recovered 35 29 12 76 76
% Recovered 4.48 4.85 3.45 4.4 4.35%
Ave Time (mo) 3.9 2.4 1.5 2.6 29
Ave Distance mi 0.7 0.7 0.4 0.6 0.65

California MPAs - 3 mile square box
5% of Lobster within 0.75 mile of alongshore boundary will
move in or out of a MPA or in or out of the 1.5 mile center of MPA. 7
Lindberg also suggested that the nightly foraging distance was e ——
not greater than 0.25 mile. -
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General conclusions

1) Assess changes to lobster populations inside reserves
a) lobster density and trap yield = 4-5x higher in reserves

b) Populations in reserves have higher proportion of individuals
in large size classes

2) Develop harvest rate assessment
a) harvest rate = 0.33 at SBCI

3) interpret in context of SPR/YPR for CA spiny lobster.

a) SPR provides biological reference pointi(directly related to
reproductive status of stock)

b) SPR provides basis for including MPAs in assessment



Catch (weight)

Age (vrs) (weisht % mature || fecundity | | # lobsters | | Total eggs
’ 0 0 100 0
0 0 83 0
(83)
0 47 0
(47)
100,000 39 1,170,000
(39) (1,170,000)
200,000 33 5,280,000
(33) (5,280.000)
300,000 27 7,290,000
(18) (4,860,000)
400,000 23 9,200,000
(10) (4,000,000)
500,000 19 9,500,000
(5) (2,500,000)
1,000,000 1 1,000,000
(.0001) (100)

Harvest rate = 0 (no harvest)
Harvest rate = .33 (33% annual)
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33,440,000

# eg8srished= 17,810, MR = Total weight of
catch (per recruit)

For generai uernonstrauuri purpuses o y —exact values NOT applicable to P. interruptus



Age (yrs) Size % mature || fecundity || # lobsters Total eggs Catch @
1 - 0 0 100 0 0 5
(0) g

0 0 83 0 0 -

(83) g

. . . . §

0 47 0 0 S

(47) (0) S

100,000 39 1,170,000 0 S

(39) (1,170,000) (0) $

200,000 33 5,280,000 0 S

(33) (5,280,000) (0) g

300,000 27 7,290,000 0 T

(18) (4,860,000) (#caught x weight) §

400,000 23 9,200,000 0 g

(10) (4,000,000) (#caught x weight) &

500,000 19 9,500,000 0 §

(5) (2,500,000) (#caught x weight) %

1,000,000 1 1,000,000 0 §

(.0001) (100) (#caught x weight)§

S

Harvest rate = 0 (no harvest) YPR = Total weight of §
Harvest rate = .33 (33% annual) catch (per recruit) g




Linf=121.0; k =0.105, m = 0.157
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WARL 1946 - 2010 Annual Catch vs Annual Effort
(Potlifts - Nominal & Adjusted)




South
Australian Rock
Lobster
(1970-2008)

Beverton and Holt (1957)

Constant Recruitment Fishery:

Catch = Av. Biomass x (1-eA(-Axeffort))

Catch [t}
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General conclusions

1) Assess changes to lobster populations inside reserves
a) lobster density and trap yield = 4-5x higher in reserves

b) Populations in reserves have higher proportion of individuals
in large size classes

2) Develop harvest rate assessment
a) harvest rate = 0.33 at SBCI; >0.6 on SB mainland

3) interpret in context of SPR/YPR for CA spiny lobster.

a) SPR provides biological reference pointi(directly related to
reproductive status of stock)

b) SPR provides basis for including MPAs in assessment

c) Apparent YPR/SPR “sweet spot” at u = 0.33-0.50



What about...?

a) Minimum size limit
- Growth overfishing

- Recruitment overfishing
b) Upper size limit (‘slot limit’)

- Recruitment overfishing

...we can use SPR / YPR to evaluate...



L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 82.5mm, Upper Size Limit = NONE

YPR
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L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 70mm, Upper Size Limit = NONE;

YPR
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SAM estimates in Table 1

Age at maturity (males) in Table 2

Age at maturity (females) in Table 2
Age at first harvest (males) in Table 2
Age at first harvest (females) in Table 2
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L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 60mm, Upper Size Limit = NONE;

YPR

250.00 1.00
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L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 90mm, Upper Size Limit = NONE;

YPR

250.00 - - 1.00
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o
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L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 82.5mm, Upper Size Limit = NONE;
MPA = 20% (with F inside = 20% of F outside: i.e., spillover)

YPR
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Let’s explore an upper limit...

L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 82.5mm, Upper Size Limit = NONE;

YPR
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L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 82.5, Upper Size Limit = 130mm
%MPA =0
250.00 - -+ 1.00
0.90
200.00 4 V 1 0.80 YPR
......... e
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----------- PGY
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3 g
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L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 82.5mm, Upper Size Limit = 120mm;

%MPA =0
250.00 - 1.00
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- 0.70
----------- PGY
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& o
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L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 82.5mm, Upper Size Limit = 110mm;

%MPA =0
250.00 - -+ 1.00
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& &
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100.00 A 4040
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L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 82.5mm, Upper Size Limit = 130mm;
%MPA = 20%, (F in MPA = .2 of F outside: this is effect of ‘spillover’)

YPR
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L., =153, K=0.1195, t,=-0.21, Longevity = 50 yrs;
MLS = 82.5mm, Upper Size Limit = NONE;
%MPA = 20%, (F in MPA = .2 of F outside: this is effect of ‘spillover’)

YPR

250.00 - 1.00
- 0.90
200.00 - 0.80 YPR
- 0.70
----------- PGY
150.00 - 0.60
&
- 0.50 e
7] YPR statusquo
100.00 - 0.40
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Conclusions

The perspectives of Shoreline Resource Consultants, based upon:
- SPR/YPR analyses with...

- best available data as of September 2012.

(This should be repeated by the MSE team (and others!!) using
updated data from CFR in San Diego and beyond...)

a) Minimum size limit
- Adequate (‘big enough’) to avoid growth overfishing

- Adequate (‘big enough’) to maintain SPR near limits used in other
spiny lobster fisheries (=10-20), except at high harvest rates where
YPR is asymptotic (can’t increase with more effort or F). (MPAs
and new size at maturity data may increase confidence in SPR?)

b) Upper size limit (‘slot limit’)

- Increases SPR only at low-to-moderate harvest rates
(where SPR buffering is likely unnecessary)

- SPR not only reason consider slot limit
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Sustainability

IMPROVING
Manage Manage F  Manage with Complex FisH STock
Escapement Time Policy ASSESSMENTS
(primarily salmon) « Stock recovery timetable XN
» Area-time closures * Actions depanding on F

« Effort control {gear and
number of participants

* Fishery closure if desired
escapement level not met

occurrence of given events
(e.q., population thresholds
or specific regulations)

+ Catches dependent on

bycatch of other species

Direct Methods Catch Quota Method
= TAC = F = Estimate of biomass
* May include area-time
closures, effort constraints,
and size limits
v * Can be generalized to
Effort Control more complex policies

* Arza-time closures
« Size limits
+ Catch of only male fish
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Sustainability

Manage Manage F

Escapement

or specific regulatid
Catches dependent o
catch of other speciz

Direct Methods e e

* Area-time closures \ ' S — e
* Size limits ' e
+ Catch of only male fig) closures, effort co ' T —
and size limits S
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YPR (scaled)
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