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Today I will be discussing two scientific approaches to advance fisheries management reform. Specifically I will focus on a proposed path forward for California fisheries using examples of approaches that TNC and UCSB have been developing over the past decade throughout the world..
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Session Overview

Introduction to Fisheries Science and Data Poor Stock
Assessments:— Jono Wilson

Palau Case Study: — Steven Victor
Solomon Islands Case Study: Rick Hamilton
Incorporating Local Knowledge: Rick Hamilton

Designing a Decision-Making Framework: Jono Wilson

Panel Discussion



“I work with fish populations. The trouble with fish is
that you never get to see the whole population. They’re
not like trees. Mostly you see fish only when they're
caught...So, you see, if you study fish populations, you
tend to get little bits of information here and there.
These bits of information are part of a much larger
story. My job is to try to put the story together. I'm a
detective really, who assembles clues into a coherent
picture”

-Jon Schnute



Food For Thought

What are the key elements of stock assessments?

What types of information can be used in data poor
stock assessments?

What types of situations can data poor assessments
facilitate?

What data biases create challenges for data poor stock
assessments?

Why are density estimates from underwater surveys
difficult to use in decision-making?
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Unassessed Fisheries

e 90% of all the fishermen in the world
« 80% of global fish landings
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Read slide…

 and then say that what is important to understand is that most of the ocean’s biodiversity occurs in these nearshore coastal waters in which small scale unassessed fisheries operate.

But this isn’t just a developing world phenomenon…


Stock Assessment: The Foundation of Fisheries Management
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The conventional method for assessing the status of a fishery and informing management decisions is the stock assessment.  

A stock assessment is a statistical model that estimates the status of a fish stock relative to target reference points such as the unfished biomass of the resource, or maximum sustainable yield.  

The inputs to the model include life history and demography data, landings data, as well as fisheries dependent and independent data.  

Outputs from a stock assessment include estimates of Biomass and Fishing mortality so that you can make informed management decisions regarding appropriate catch or effort levels to meet target reference points


What I can’t stress enough is that in order to fit such a complex model, extensive time series of all these inputs are required.  Because of the substantial amount of data required for model fitting, stock assessments are generally conducted at the stockwide scale, spanning hundreds to thousands of kilometers of ocean.  

Now for anyone who has ever been snorkeling or scuba diving, you know that the ocean is a complex environment.  There are numerous habitat types, ocean eddies, currents, upwelling dynamics that change across space.  These environmental forcing mechanisms lead to geographic variability in biological dynamics like growth rates, mortality, and reproduction.  However, because of the substantial data requirement for a stock assessment, geographic variability can generally not be accounted for in conventional stock assessments.
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What to do when you don’t have info…???

A stock assessment is a statistical model that estimates the status of a fish stock relative to target reference points such as the unfished biomass of the resource, or maximum sustainable yield.  

The inputs to the model include life history and demography data, landings data, as well as fisheries dependent and independent data.  

Outputs from a stock assessment include estimates of Biomass and Fishing mortality so that you can make informed management decisions regarding appropriate catch or effort levels to meet target reference points


What I can’t stress enough is that in order to fit such a complex model, extensive time series of all these inputs are required.  Because of the substantial amount of data required for model fitting, stock assessments are generally conducted at the stockwide scale, spanning hundreds to thousands of kilometers of ocean.  

Now for anyone who has ever been snorkeling or scuba diving, you know that the ocean is a complex environment.  There are numerous habitat types, ocean eddies, currents, upwelling dynamics that change across space.  These environmental forcing mechanisms lead to geographic variability in biological dynamics like growth rates, mortality, and reproduction.  However, because of the substantial data requirement for a stock assessment, geographic variability can generally not be accounted for in conventional stock assessments.




Data Poor Stock Assessments

e Like using “clues” to provide
insight on the current status
of the fishery

Utility

e Set a baseline
e Support for management intervention
* Inform management interventions



Method

Quantitative Stock Assessment (e.g. SS)

Depletion Corrected Average Catch

Length-Based Methods

MPA-Based Comparisons

Productivity/Susceptibility Analysis

Increasing Data Needs and Resources

Local Knowledge



Length-Based Assessments

Unfished Population

Lengths of Fish

FISHING EFFORT =0

J. Prince


Presenter
Presentation Notes
The slide shows a graph of a size-frequency histogram typical for for a stock before the fishery begins or soon after it begins, when fishing effort is very low or zero.

On the bottom axis – the X-axis we show the size of each size category of fish. And on the left axis, the Y-axis we see the number of fish in each size category of our sample. Don’t worry about the actual numbers on either axis, they are for illustration only, and these numbers will change with different species and differing sample sizes. It is the general change in shape and size composition that I want to illustrate not the specific measurements.

It is only important to see that at the left of the bottom X-axis the fish are small and at the right the fish are big. While the bottom of the left hand axis – the Y-axis indicates there are few fish in that size category, while the top indicates there are many fish of that size category.

The graph shows the size profile of a stock that has low fishing effort applied to it. Generally there are relatively few very small fish because most fishing techniques are not very good at catching very small fish. Obviously this comment does apply to the lift net fishery, but for most fisheries this comment is true.

Most of the fish in a lightly fished stock are middle sized (50-125 arbitrary units in this example), and relatively few fish grow to be 200 units in size. Even without fishing there are not many very big fish because these are the older fish and natural mortality over time means that few individuals survive to reach the biggest size classes.

With the next slide we start to see what happens when fishing begins on the fish stock.


Length-Based Assessments
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In this slide we see by the boat in the bottom left that a small amount of fishing has begun.

With the red curve now falling below the black curve we see that fishing at first reduces the number or frequency of the biggest fish in the stock. 

In these slides the original unfished size structure of the stock from the slide before will be shown by the black outline. 

The number or frequency of the largest and oldest fish is reduced first as fishing effort builds up because the older fish are subject to the longest period of fishing, so fishing reduces their number first.

With the next slide we see how increasing fishing effort gradually eats away the size composition from the right hand or big fish side of this graph.


Length-Based Assessments

Unfished Population

Lengths of Fish

FISHING EFFORT = Medium

J. Prince
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As the fishery continues to grow and fishing effort increases, here indicated by the two fishing boats, the number or frequency of the biggest fish falls to very low levels, although at first there are still plenty of middle sized fish left in the stock. At this time the catch rate of the fishery will still be quite high because there are still plenty of medium size fish.

But if fishing effort keeps increasing, the average size of the fish in the stock, and catch rates start declining.


Length-Based Assessments
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As the recruitment starts to decline, the size composition will finally be eroded from both the left and right hand sides.


Length-Based Assessments
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And as recruitment declines the size of the biomass will also start to decline.


What “clues” can provide information?

Example:

* Density and size of fishes inside and outside
no-take zones (NTZs)

Reserve



The Keys Elements of a Stock Assessment:

Reference Points and Indicators

Performance
measure

Target

reference point\

Performance
indicator




Stock Status Performance Indicators

Performance Indicator: a value (or range of values) that is
used to determine the current state of the fishery

Fishing mortality Performance
SPR

Catch

Mean size

Catch per unit effort
Size distribution
Max size

Local knowledge

Target
reference

[
@)
]
O
O
©
£




Reference Points

Target Reference Point:

a numerical value (or range of values) that indicates that the
status of a stock is at a desirable level

FMSY Performance
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Reference Points

Limit Reference Point:

a numerical value that indicates that the status of a stock is
unacceptable (e.g. overfished).

FLimit Performance
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Palau
Length-based Data Poor Stock Assessment

Jeremy Prihc'é_ Noah Idechong  Steven Victor

Predicted Unfished
Sizes of Fish

Observed Sizes
Of Fish

Size of fish

Percent frequency







Second presentation



SPR: Comparing fished to
unfished egg production

® Spawning Potential Ratio: the
proportion of unfished spawning
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stimating SPR

We start with 1000 individuals




Estimating SPR

Fish grow bigger with age

Age Size

WP




Estimating SPR

Fish become reproductively mature at a given age

Age Maturity
1 0%

2 0%

3 10%




Estimating SPR

Fish produce eggs in relation to age/size

Age Maturity Eggs
1 0% 0
2 0% 0
3 10% 5,000

0%




Estimating SPR

Fish die of natural causes

#in
Maturity Eggs Unfished Pop.
0% 0 1000
0% 0 829
10% 5,000 674
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Estimating SPR

Calculate egg production in an unfished cohort

#in
Maturity Eggs Unfished Pop.
0% 0 1000
0% 0 829
10% 5,000 674

Sum across
columns to
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Estimating SPR .
The # of fish Is

reduced by both
Now we do the same calculation M and F

for a fished cohort

Pfished Sum up eggs

Punfished under that F
#in #in

Age Size Maturity Eggs Unfished Pop. Fished Pop.

1 de- 0% 0 1000 1000

2 0% 0 829 784

3 ‘ 10% 5,000 674 598

4 %2 20% 80,000 470 443

SPR =




O
Egg Production = Spawning Potential Ratio (SPR)

A measure of current egg production relative to unfished levels

No

1.00 - Fishin
ie) g Spawning = 50%
E 0.90 A _ of unfished levels
X 0.80 - L!ghtly
— Fished
© 070 - >
- @
GC) 0.60 - =
2 050 b Spawning = 10%
o g of unfished levels
o 940 1 Heavily [&
£ 030 - Fished
C

0.20 -
% 400 450
O 010 - Total Length (mm)
m -

0.00.1020304050.60.708091.0

Fishing Mortality


Presenter
Presentation Notes
Spawning potential ratio is a measure of the current amount of egg production relative to unfished levels of egg production in a population. To calculate SPR, all you need is basic biological data on the growth rate, the natural mortality rate and the egg production at size for the species of interest.  

Using length data from collaborative fisheries projects, or port sampling, or onboard data collection, new methods are in development to estimate the SPR from these data. 

As you see in the figure, I show two length frequency distributions – one from a lightly fished population where the mean size of fish is close to 375 mm, and another heavily fished population where the mean size is close to 325 mm.  With some simple math, we can estimate the SPR of these populations and use this information to make management recommendations.


MPA-Based Assessment Program

__University of California

Santa Barbara

*

“Fishing for science changed
my perspective on
management”
- John Colgate,
commercial fisherman
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We have begun this process through a rigorous scientific/fishermen collaborative research effort to collect data that has informed data poor assessments.

We are now working with these stakeholders and the Department of Fish and Wildlife to test an experimental pilot program evaluating the costs and benefits of the TURF – Reserve model in a community-based comanagment context.

Over the next several years we will work to lay the groundwork for reforming the governance of all coastal fisheries in the State of California using Santa Barbara and Morro bay as case studies.
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Data Poor Stock Assessment
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To inform our CA project we can utilize tools that are currently in development by TNC, UCSB and our partners. One such case study comes from

Palau: for 2000 years the people of Palau have depended on healthy natural resources for survival.  In 2005, President Tommy Remengesau committed to preserving 30% of the nearshore marine resources by 2020. Currently 40% of waters are protected in multiple use MPAs.

However fisheries catches and profits are in decline…
No stock assessments

Jeremy Prince and Noah Idechong


MPA-Based Assessments

Example:

e Fish length distributions inside and outside

Inside MPA
j N= 809
Outside MPA
j H m N= 3490
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MPA-based

Data Poor Stock Assessment

Using MPASs to measure
fishing mortality
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Crediting MPAs in
assessments
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MPAs increase SPR
and reduce the probability of
overfishing

Wilson et al. in press
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Why are small scale fisheries difficult to assess?

» Geographic variabllity
— Patchy habitat — Adult movement
— Life History, Demography — Catch rates
— Larval dispersal
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I have looked at larval dispersal in my master’s degree and I spent much of my PhD examining geographic variability in life history and demography and catch rates in small scale fisheries.
It is very difficult to perform stock assessments because fisheries are often structured like the figure depicted here.

They exhibit geographic variability in catch rates, biological characteristics, environmental conditions and dispersal.  Small boats often deplete areas near to port, and over time, bigger boats are needed to move further offshore to catch fish.

Managers of small-scale data poor fisheries don’t have the luxury of using conventional stock assessments to estimate current fishing mortality rates and biomass levels.  

So – what are some solutions???




=
Why are small scale fisheries difficult to assess?

» Geographic variabllity

— Patchy habitat — Adult movement
— Life History, Demography — Catch rates
— Larval dispersal — Management

e Limited data

e Lack of management tools
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I have looked at larval dispersal in my master’s degree and I spent much of my PhD examining geographic variability in life history and demography and catch rates in small scale fisheries.
It is very difficult to perform stock assessments because fisheries are often structured like the figure depicted here.

They exhibit geographic variability in catch rates, biological characteristics, environmental conditions and dispersal.  Small boats often deplete areas near to port, and over time, bigger boats are needed to move further offshore to catch fish.

Managers of small-scale data poor fisheries don’t have the luxury of using conventional stock assessments to estimate current fishing mortality rates and biomass levels.  

So – what are some solutions???
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