
Evaluating fish community responses 
a c r o s s  t h e  Ca lifo r n ia  M P A n e t w o r k  u s in g  

co lla b o r a t iv e  fis h e r ie s  r e s e a r ch

Scott Hamilton , She lby Ziegle r, 
Nate  Spinde l, Rache l Brooks, Rick Starr

(Moss Landing Marine  Laboratories)

Christina Pasparakis
(Bodega Marine  Lab / UC Davis)

Brice  Semmens & Lyall Be llquist
(Scripps Institution of Oceanography / UC San Diego; The  

Nature  Conservancy)

Tim Mulligan, Andre  Buchhe iste r, Jose  Marin Jarrin
(Cal Poly Humboldt)

Sal Jorgensen 
(CSU Monterey Bay)

Jennife r Case lle
(UC Santa Barbara)

Dean Wendt, Ben Ruttenberg, Erin Johnston 
(Cal Poly San Luis Obispo)



Outline 
1. CCFRP background and introduction to MPAs
2. Monitoring methods
3. Results: long-te rm (15 yr time series from central CA)
4. Results: statewide  (5  yr time series from N. to S. CA)
5. Results: tag-recapture  and fish movements
6. Results: volunteer angler survey
7. Discussion



California Collaborative Fisheries 
R e s e a r ch  P r o g r a m  (CCFR P )

● Community science , fishe ry-independent 
(catch- and-re lease ) re search program that 
combines the  expertise  and ideas of:
○ Fishing community
○ Academic scientists
○ Resources managers

● Conduct scientifically rigorous data 
collection and analyses for MPA monitoring 
and fishe ries management, with outreach 
and education to the  angling community

Center for Coastal 
Marine Sciences



Why Collaborative Research?
● Engage  fishe rs in science  and co-management

● Generate  fine -scale  spatial data on fish stocks

● Create  shared understanding of the  status of state  marine  
resources

● Build trust and facilitate  communication among key stakeholders, 
scientists, and resource  managers

● Increase  ocean stewardship



Marine Life Protection 
Act  (M LP A)

● State  law passed in 1999

● Mandated the  creation of a ne twork of 
marine  protected areas (MPAs) to protect 
diversity and ecosystem function and 
enhance  fisheries sustainability

● Implementation occurred from 2007 
(central CA) thru 2012 (northe rn CA) 
through a process involving stakeholder 
input and the  best available  scientific advice  
on sizing , spacing, and area protected

● Currently the re  are  124 MPAs in California 
covering 16% of state  wate rs (852 square  
miles)



1. Are there differences in the abundance, size structure, and biomass of 
fishes inside and outside MPAs and have they changed over time?

2. How do factors such as fishing pressure, MPA area, MPA age, or 
geographic location affect the strength of MPA responses?

3. Is there evidence for spillover of fishes from MPAs or are MPAs large 
enough to contain the home ranges of fishes?

4. How have perceptions of MPAs changed for volunteer anglers that 
participate with CCFRP?

Decadal Review MPA Evaluation Questions
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29 MPAs
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50  MPAs 
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Sampling Design – in v o lv in g  
s t a k e h o ld e r s



Where Do We Sample?

Point Lobos 
MPA & REF Sites

Año Nuevo 
MPA & REF Sites

MPA Boundary

REF Grid Cells
MPA Grid Cells

Fixed 500 x 
500m Grid Cells
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How Do We Sample?
● Each time  we  visit a ce ll we  aim to fish for 45 

minutes, broken into three  15 minute  drifts

Año Nuevo 
MPA & REF Sites



How Do We Sample?
● Each time  we  visit a ce ll we  aim to fish for 45 

minutes, broken into three  15 minute  drifts

● Data collected during drift:
○ Start/stop times
○ GPS coordinates
○ Angle r number
○ Species caught
○ Total length (cm)
○ Fish condition
○ Tag number

Año Nuevo 
MPA & REF Sites



Statewide CCFRP MPA/REF sites



❏ 700+ sampling days at sea

❏ 31 sportfishing boats, 53 captains

❏ 2,000+ individual voluntee r angle rs

❏ 200,000+ fishes (95 spp.) caught

❏ 75,000 fishes tagged and re leased

CCFRP Summary (2007 -2022)



CCFRP Long -T e r m  M o n it o r in g  Hig h lig h t s





Calculating Biomass -P e r -Un it -Effo r t  
w it h  CP UE a n d  Le n g t h  Da t a

Length (cm) CPUE

Published
Length - Weight

Relationships
(cm to kg)

X = BPUE
(kg angler hr -1)



More fish biomass in MPAs over time! 

Ziegler et al. (2022) Biological Conservation



73% of species had greater biomass inside MPAs

Ziegler et al. (2022) Biological Conservation



Calculating response ratios to examine 
t h e  e ffe c t iv e n e s s  o f M P As



On average, response ratios increase 
t h r o u g h  t im e  o n  t h e  ce n t r a l co a s t

Ziegler et al. (2022) Biological Conservation



We can use response ratios to examine 
w h a t  fa c t o r s  in flu e n ce  M P A e ffica cy

Fo r  e x a m p le : 
Fis h in g  e ffo r t  o u t s id e  
t h e  M P A

CCFRP MPA 
cell

CCFRP REF 
cell

CDFW fishery 
microblocks



Fishing effort outside MPAs influences 
t h e  p o s it iv e  e ffe c t s  o f c lo s u r e

Higher 
biomass in 
areas open 
to fishing 

Higher 
biomass 
in MPA

M
PA

 R
es
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ns

e 
R

at
io

Fishing Effort (number of days/year)

Año Nuevo
Piedras 
Blancas

Point Buchon
Point Lobos 

Ziegler et al. (2022) Biological Conservation



CCFRP Statewide MPA Highlights



Fish biomass is higher 
in s id e  M P As  b u t  d iffe r s  
s p a t ia lly  a c r o s s  t h e  s t a t e

South

North

Ziegler et al. (2023) Conservation Letters

● The strength of the MPA 
response is much stronger in 
some locations than others

● What factors are responsible for 
those spatial differences in 
MPA effectiveness?



MPA area, location, and age predict the strength of 
fis h  b io m a s s  r e s p o n s e s

MPA area Location on the coastMPA age

Ziegler et al. (2023) Conservation Letters



MPA site

?

What is the rate of spillover from MPAs to areas open to fishing?

REF site



Tag Returns! 





Point Lobos 
SMR

Uses of CCFRP Tag -
R e t u r n  Da t a

Tag-recaptures provide information on 
species movements and spillover from 
MPAs



Uses of CCFRP Tag -
R e t u r n  Da t a

Tag-recaptures provide information on 
species movements and spillover from 
MPAs

Max Distance Moved: 336 km 

Copper Rockfish
(Sebastes caurinus)



Uses of CCFRP Tag -
R e t u r n  Da t a

Tag-recaptures provide information on 
species movements and spillover from 
MPAs CA/OR Border



Uses of CCFRP Tag -
R e t u r n  Da t a

Assessing Spillover with Central California 
Tag-Recapture Data: 

● 25,500  fishes tagged in MPAs

● 136 tag-recaptures originally tagged in 
MPAs (0 .5% recapture  rate )

● 17% recaptured fishes originally 
tagged in MPAs spilled over to areas 
open to fishing

Stayed in MPA

Moved from MPA to area open to fishing



Hypotheses for spatial patterns across 
M P A b o u n d a r ie s

● Various hypothesized 
patte rns for how fish 
populations may change  
with increasing distance  
from the  MPA boundary

● We used this framework to 
examine  how fish biomass 
changes in grid ce lls at 
increasing distance  from 
the  nearest boundary in 
California

From Ohayon et al. (2021) Nature Climate Change

Spillover

Fishing-the-line Edge effect

Dichotomic



Evidence for fishing -t h e -lin e  b e h a v io r

● Highest biomass in the  
cente r of MPAs

● Biomass decreases from 
the  cente r of MPAs across 
the  boundary

● Prominent dip in biomass 
occurs 1-2 km outside  the  
MPA boundary, indicative  
of fishing-the -line  e ffects

Raw biomass data

Standardized by MPA-REF pair

Inside 
MPA Outside MPA

Lowest biomass 1-2 km 
outside boundary

Jorgensen et al. (in prep)



Evidence for fishing -t h e -lin e  b e h a v io r

● In central CA the  
fishing-the -line  
response  increases 
over time  from the  
year of MPA 
implementation in 
2007

Jorgensen et al. (in prep)



Signals of spillover extend into size structure
● Fish body size  declines with distance  from the  MPA boundary
● Maintenance  of large  sizes near the  boundary are  like ly a sign of spillover and 

may explain why fishe rmen continue  to fish the  boundary, despite  lower catches

Jorgensen et al. (in prep)



In 2021, we conducted a statewide survey 
o f CCFR P  a n g le r  o p in io n s  a b o u t  M P As

Johnston et al. (2024) Frontiers in Marine Science



Opinions of MPAs before and after 
v o lu n t e e r in g  w it h  CCFR P
● Perceptions of MPAs by voluntee r angle rs became more  positive  afte r 

participating with CCFRP, especially for those  who voluntee r longer

● Angle rs in southe rn CA started with 
more  negative  opinions of MPAs

Johnston et al. (2024) Frontiers in Marine Science



Have you experienced differences in 
fis h in g  in s id e  a n d  o u t s id e  M P As ?

Anglers report that they 
catch…

1. more fish, 

2. a greater diversity 
of fish species, and 

3. larger sizes of fish 
when sampling sites 
inside of MPAs

Johnston et al. (2024) Frontiers in Marine Science



Discussion
1. MPAs are working well across the statewide network. Fish are larger in body size, 

more abundant, and higher in biomass in nearly every MPA sampled. 

2. Fishing pressure, MPA area, MPA age, and location explain differences in the 
strength of MPA responses across the network.

3. Despite evidence of spillover in some species, tag-recapture data indicated that 
the majority of fishes remained inside MPAs for extensive periods. MPAs are 
appropriately sized to encompass the home ranges of many nearshore species. 

4. CCFRP has shown the power of collaborative research to conduct rigorous 
evaluations of MPAs in California. Outreach and education to the fishing 
community has produced tangible benefits in terms of increasingly positive 
opinions of MPAs.



Find us on 
So c ia l 

M e d ia ! 
@ CCFR P



The California Collaborative Fisheries Research Program is a collaborative effort among researchers from Moss Landing Marine Laboratories, Cal Poly San 
Luis Obispo, Cal Poly Humboldt, Bodega Marine Laboratory, UC Santa Barbara, and Scripps Institution of Oceanography. MLML would like to thank the 

volunteer anglers, science crews, and captains and crews of F/Vs Caroline, Chubasco, Huli Cat, Kahuna, New Captain Pete, New Horizon, Queen of 
Hearts, Sur Randy, and Tigerfish for their continued support. Fish Illustrations provided by Dr. Larry Allen.

For more information, like us on Facebook and Instagram, or visit us at https://mlml.sjsu.edu/ccfrp/

California Collaborative Fisheries Research Program
8272 Moss Landing Road | Moss Landing, CA 95039

p: (831) 771-4443   e: mlml-ccfrp@sjsu.edu f: (831) 632-4403

Thank You!

https://mlml.sjsu.edu/ccfrp/
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