STOCK ASSESSMENT WORKSHOPS REVISION 2010/11
EXERCISE 1
POSTING DATE: 30/03/2011

DUE DATE: 7/05/2011
SPC CONTACT:

Ashley Williams – AshleyW@spc.int
INTRODUCTION – PLEASE READ
As in the past, the revision exercises for participants to the “advanced” stock assessment workshops are designed to be somewhat flexible, recognising the differing experience, needs and understanding of each participant. The following revision exercise has 3 parts:

1. Stock assessment - basic principles

2. Biological reference points – basic principles
3. Biological reference points and analyses of uncertainty
We would like you to choose to complete either parts 1 and 2 OR parts 2 and 3, depending on whether you think you would benefit from revising the basic principles of stock assessment before moving on to more complex concepts, or you feel that you understand the basic principles already and are ready to answer more specific questions. 
Note that while this exercise follows a similar format to that posted in 2009/10, the questions in parts 2 and 3 have been significantly revised and new questions added, and furthermore will test your understanding of the most recent assessments. 
As such, if you completed parts 1 and 2 in 2010, we suggest that you undertake parts 2 and 3 (which have been significantly revised in 2011).
In completing the following, please type your answers in below in blue colour font after each question. We can then comment on your answers in red, enabling easy tracking of questions, answers and feedback.
Note also that a number of questions are marked as “optional” – perhaps attempt these only if you have time to. 
Do not hesitate at any time to contact me if you require clarification or guidance in relation to any part of these revision exercises, I will be only too happy to help (!
Finally, this exercise is the first of two, with a second exercise to be posted in mid-May for those of you who will be attending the 2011 workshops, which will help you to prepare for those workshops. 
Please make every effort to participate in these – remember – you asked for them, and they will definitely help you to understand the assessments during the next workshop and the SC meeting after that!
Good luck!! (
PART 1 – STOCK ASSESSMENT – BASIC PRINCIPLES
Before you start the exercises, please take half an hour to read through the powerpoint presentation “Day 1 Session 1 Introduction and Overview” which is provided to you online. If you don’t understand any of the concepts summarized in that presentation, then look at these in more detail in your workshop notes/presentations which are also available online (both in the SAW1 and SAW2 workshops) at:

http://www.spc.int/oceanfish/en/publications/cat_view/116-ofp-publications-a-documents/124-meetings-and-workshops/133-tuna-stock-assessment-workshops/183-stock-assessment-workshop-2010
Simply click on the year in which you attended the workshop (e.g. Stock Assessment Workshop 2010). Note that here you will find the two most recent SC Summary reports (SC5 Summary Report and SC6 Summary Report) and the most recent assessment papers for bigeye, yellowfin, skipjack and albacore tunas. 

To access the presentations provided to you during the workshop last year, click on “Workshop 2 (15th – 21st June 2010)”. If you would like to access more detailed presentations on the key principles which were part of the introductory workshop (most of you attended prior to 2010) then click “Workshop 1 (7th – 12th June 2010)”. You can also access presentations and materials from previous year’s workshops by clicking on the appropriate Stock Assessment Workshop year links.
1.1. POPULATION DYNAMICS

1.1.1. What is a fish “stock” and what are the 4 main processes that determine the size (in biomass) of an exploited fish stock over time?[1 point] Provide a definition (explanation sentence) for each process [4 points]. 

1.1.2. Write a simple conceptual equation that describes how these 4 processes interact to cause biomass changes over time. [1 point]

1.1.3. For each of the 4 processes you list above, describe 2 data types collected by either fishers, government employees or scientists which can be used for estimating those processes. (Hint: for each process, look at the specific handout from the workshop which describes that process in detail). [4 points]

1.2. POPULATION MODELS

1.2.1. Why is the size or age of fish an important consideration in some fishery stock assessment models? What biological processes vary in fish as they grow older and larger? Hint – give consideration to question 1.1.2 above. [2 points]
1.2.2. Optional - The biomass of a fish stock can be calculated by multiplying the number of fish in the stock by the weight of those fish (for each age class, and then summing the age class biomasses together). What additional information is required to calculate:

a) The adult (spawning) biomass component of the fish stock [1 point]


b) The vulnerable (exploitable) biomass component of the fish stock [1 point]

1.3. FISHING MORTALITY

1.3.1. What is fishing mortality [1 point] and what are three of the key factors that will determine the level of fishing mortality that a fishery has on a fish stock? (Hint: look at the equation for fishing mortality at age) [1 point]

1.3.2. Provide a definition for each of these key factors. [3 points]
1.3.3. Write out the simple equation that describes the relationship between fishing mortality at age and these three factors. [1 point]

1.3.4. List 5 different factors that can influence catchability. [5 points]

1.3.5. Why are fishing gears size selective? Explain, using purse seine and longline gears as examples, which sizes of yellowfin and bigeye tuna are most commonly caught by each gear type, and why each gear catches fish of those sizes and not of other sizes. (Note: the answer to this question may not be in your notes – you may need to look at the stock assessment papers, the SC GEN-1 paper and the workshop presentation on selectivity, and develop your own theory). [4 points]

1.4. RECRUITMENT

1.4.1. What is recruitment (to a fishery)? Provide a definition. [1 point]

1.4.2. What are the two main pieces of fisheries data that are currently used to help estimate recruitment in tropical tuna stock assessments in the WCPO? [1 point]

1.4.3. What are the main factors thought to influence recruitment in “healthy” tuna stocks and why? Why are such factors not thought to influence recruitment to the same degree in species like sharks and marine mammals? Write a short paragraph (~100 words) to explain your answer. [5 points] 

PART 2 – BIOLOGICAL REFERENCE POINTS – BASIC PRINCIPLES

A key area indicated by your workshop exams which requires revision pertains to biological reference points and their interpretation. To understand and provide advice on stock assessments to your countries, it is absolutely critical that you understand the concept of reference points and know how to interpret them. Arguably, this is more important than anything else we have taught in the workshops. In answering the following questions, you should hopefully reinforce your understanding of this area of stock assessment theory. If you have difficulty understanding any of these questions, please don’t hesitate to contact me (.

2.1. What is a biological reference point (as is applied in a fisheries context)? Define. [1 point]
2.2. What were the three types (categories) of biological reference point described in the workshops? How do they differ from one another? [3 points]

2.3. Provide a definition for the following three terms. [3 points]

a) MSY

b) FMSY
c) BMSY
2.4. What is “overfishing” and how does it differ from an “overfished” fishery (at least as these terms are used within the WCPO tuna assessments)? Note: it is critical that you understand the difference between these terms and why they differ. In the WCPO tuna stock assessments, what ratio-based biological reference points are used to determine if overfishing is occurring, and if a fishery is overfished? [4 points]

2.5. Optional - In your opinion, are these treated by the Commission as target, limit or trigger reference points? (Please explain) [2 points]
2.6. Why do many scientists believe that MSY based reference points (such as F/Fmsy and B/Bmsy) are “high risk” when used as target reference points in fisheries management? (Note: I don’t think we provided specific notes on this, but we did discuss it a number of times in the workshop). [2 points]
2.7. Hypothetical situation: Scientists assess 5 different fish stocks and for each one, determine:

a) BMSY 

b) FMSY 

c) FC - the current fishing mortality rate,

d) BC - the current biomass level. 

These estimates are provided in the table below. For each fishery, use the estimates of BMSY,FMSY, FC, BC to determine the status of the fishery, and indicating whether overfishing is occurring, and/or the fishery is overfished, by typing Y (yes) or N(no) in the space provided. [5 points]

	Fishery
	Fmsy
	Bmsy
	Current Fishing Mortality
	Current Biomass
	Overfishing (Y/N)
	Overfished (Y/N)

	1
	0.061
	123000
	0.071
	120000
	
	

	2
	0.064
	50000
	0.102
	65000
	
	

	3
	0.08
	1050000
	0.08
	100000
	
	

	4
	0.095
	80000
	0.06
	80000
	
	

	5
	0.111
	184000
	0.099
	113000
	
	


2.8. The following plots are known as “Kobe” plots and show how the status of 4 different fisheries (not the same as those above) have changed over time (Each circle represents a year in the time series). Look at plots A to D and describe which stocks are overfished, have overfishing, are close to full exploitation or are not fully exploited. [4 points] 

Stock A.



    Stock B.
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Stock C.



      Stock D.
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2.9. Using the reference papers “SC6 Summary Report.pdf” and “SC5 Summary Report.pdf”, provide a brief summary of the status of the four key target tuna stocks in the WCPO currently. For each stock, is overfishing occurring; is it overfished? [4 points]

PART 3 – BIOLOGICAL REFERENCE POINTS – ANALYSING AND INTERPRETING UNCERTAINTY

In the past and current Commission tuna assessment papers, you have typically seen a plot similar to this:

[image: image5.emf]
…..which presents estimates of the two key biological reference points, BC/BMSY and FC/FMSY, for a single “base case” model.

However, in recent and future Commission tuna stock assessments, you will also see plots similar to the following:
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….in which many alternate estimates of BC/BMSY and FC/FMSY are presented derived from many different model runs. Here, each point represents a different estimate of BC/BMSY and FC/FMSY, derived from a model in which one or more parameter values have been altered (relative to those in the base case). 
3.1 In the context of the WCPO tuna fisheries, what do scientists typically mean when they refer to one of the models run for a particular species as being “the base case” model? In other words, what is a “base case” model? [2 points]
3.2 In the context of fish stock assessment, what is an assumption, and why do scientists make assumptions within the assessments? [2 points]
3.3 What is the name of the type of analyses used to test the influence of different assumptions upon stock assessment outputs (and subsequently, advice to managers) [1 point]
3.4 Based on the 2010 Bigeye tuna assessment, state 3 key data or parameter uncertainties which were identified by the scientists. For each, explain why uncertainty relating to that parameter is important to the assessment (Hint: think about how higher or lower values of that parameter might effect the assessment, utilising what you learnt about those parameters during the workshop). [6 points]
3.5 Hypothetical example: 
Two scientists each separately run an assessment of the same species, and each then independently presents their results to the fishery manager. The first scientist presents to the fishery manager a kobe plot with reference points derived from only one model run, as follows:

SCIENTIST 1’S RESULTS
[image: image8.png]Overfished

Buiysyioro

§€

T
0e

T
24

T T
0z 5
fsuies
Aswd/4

T T
oL S0

Aswig=4 Aswd>o

T
00

05 10 15 20 25 30 35
B=Bmsy

00
B<Bmsy

B=Bmsy

B/Bmsy




The second scientist presents to the manager a kobe plot with reference points derived from 6 different models, each of which the scientist states are equally plausible, and each of which explore uncertainty in some of the model parameters (e.g. uncertainty in growth rates or natural mortality etc, so different values of those were tested across 6 models and the results from each model plotted together on the one kobe plot), as follows: 
SCIENTIST 2’S RESULTS
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a. Examine the first plot (provided by Scientist 1). What do you conclude regarding the likely status of this stock (overfishing, overfished, not fully exploited, other)? What management action do you think might be required if your long term management objective is to acquire but not exceed the maximum sustainable yield from the stock? [2 points]

b. Examine the second plot (provided by Scientist 2). What do you conclude regarding the likely status of the stock (overfishing, overfished, not fully exploited, other)? What management action do you think might be required if your long term management objective is to acquire but not exceed the maximum sustainable yield from the stock? [2 points]
c. Referring to these two plots and your notes from the workshops, explain what a sensitivity analysis is [2 points]. Why are such analyses undertaken and why can such analyses be critical to fisheries management decision making processes? [4 points]. If you were a fishery manager, would you use scientist 1’s or scientist 2’s results to help you decide what, if any, management action might be required to achieve your fishery management objective? Why? [1 point]
d. If stock status is highly uncertain due to parameter uncertainty (e.g. uncertainty regarding the true level of growth at age, or natural mortality at age, or age at maturity, or actual catch levels, or any other parameter in a model), what action might managers take in response (both with respect to data uncertainty and in managing the stock)? Explain why. [2 points]
3.6
Typically, each tuna assessment paper provided by SPC to the WCPFC Scientific Committee will present analyses of structural uncertainty (i.e. analyses which explore a range of possible values for those parameters for which we have little certainty as to what their actual value is). Two examples of such plots for these analyses are presented in the next few pages, one from the 2010 bigeye tuna assessment, and the other from the 2010 skipjack tuna assessment 
BIGEYE TUNA
	[image: image10.png]F/Fmsy

F>Fmsy

F=Fmsy

F<Fmsy

3.5

3.0

25

2.0

15

0.0

Overfished

Juv. M

T T T
0.0 0.5 1.0
SB<SBmsy SB=SBmsy

T T T
15 2.0 25
SB>SBmsy
SB/SBmsy

T
3.0

3.5

Overfishing




	[image: image11.png]F/Fmsy

F>Fmsy

F=Fmsy

F<Fmsy

3.5

3.0

25

2.0

15

0.0

Overfished

Steepness

T T T
0.0 0.5 1.0
SB<SBmsy SB=SBmsy

T T T
15 2.0 25
SB>SBmsy
SB/SBmsy

T
3.0

3.5

Overfishing





	[image: image12.png]F/Fmsy

F>Fmsy

3.5

3.0

25

2.0

Overfished

Weighting

T T T
0.0 0.5 1.0
SB<SBmsy SB=SBmsy

T T T
15 2.0 25
SB>SBmsy
SB/SBmsy

T
3.0

3.5

Overfishing




	[image: image13.png]F/Fmsy

F>Fmsy

3.5

3.0

25

2.0

Overfished

CPUE effdevs

T T T
0.0 0.5 1.0
SB<SBmsy SB=SBmsy

T T
15 2.0

T T 1
25 3.0 3.5

SB>SBmsy

SB/SBmsy

Overfishing





	[image: image14.png]F/Fmsy

F>Fmsy

3.5

3.0

25

2.0

Overfished

PS catch

T T T
0.0 0.5 1.0
SB<SBmsy SB=SBmsy

T T T
15 2.0 25
SB>SBmsy
SB/SBmsy

T
3.0

3.5

Overfishing




	[image: image15.png]F/Fmsy

F>Fmsy

3.5

3.0

25

2.0

Overfished

Vessel adj.

T T T
0.0 0.5 1.0
SB<SBmsy SB=SBmsy

T T T
15 2.0 25
SB>SBmsy
SB/SBmsy

T
3.0

3.5

Overfishing






Figure 52: Plot of [image: image17.png]SB.urrent /SBusy



 versus [image: image19.png]Feurrent/Fusy



 for the 96 model runs undertaken for the structural uncertainty analysis. Except for the steepness panel, the runs reflecting the run 3d assumption are denoted with black circles while the runs with the alternative assumption are denoted with white circles. For the steepness panel the labels are as follows: 0.55 (white), 0.75 (grey), and 0.95 (black).
3.6. a) In the BET plots provided above, each panel represents an analysis of structural uncertainty for a different parameter (e.g. juvenile mortality, steepness, purse seine catch etc.). Which parameter appears to have the greatest influence upon the estimated values of SB/SBMSY and F/FMSY? Explain your answer. (ie. Which parameter causes the greatest uncertainty in our understanding of stock status?). [2 points]
SKIPJACK TUNA

Steepness = 0.65






Steepness = 0.75
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Steepness = 0.85





Steepness = 0.95
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15

Fmsy
10

2

F<Fmsy

Overfished

05

00

2009
2004

1991
9774,

1984

Overfishing

T
0
B<Bmsy

T
1

B=Bmsy




Figure 57: Temporal trend in annual stock status by assumed steepness value (0.65 to 0.95), relative to BMSY (x-axis) and FMSY (y-axis) reference points, for the model period (1972–2009). The colour of the points is graduated from white (1972) to dark blue (2009). On each plot the white cross represents the B2009/BMSY and the F2005-2008 / FMSY, and the grey cross represents the B2005-2008 / BMSY and F2005-2008 / FMSY. 
Note that in these kobe plots presented above, the biomass reference point being used is “spawning biomass” (SB) or adult biomass.

** The skipjack paper also has a series of box-plots of single reference points calculated from models testing different parameter values – see figures 59 to 63 in the 2010 Skipjack Assessment paper from SC6. 
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Figure 59 and 60 (combined): Box plots showing of the effects of the SKIPJACK TUNA uncertainty grid scenarios (Steepness, CPUE type, natural mortality, and purse seine catch approach) on the management parameters Fcurrent / Fmsy, and Bcurrent / Bmsy.

3.6. b) In the Skipjack plots provided above, which parameter appears to have the greatest influence upon the estimated values of B/BMSY and F/FMSY? Explain your answer. (ie. Which parameter would be likely to cause the greatest uncertainty in our understanding of stock status, if any?). [2 points]
3.7 For which assessment (BET or SKJ) does it appear that stock status is least certain, based on examination of the reference point (kobe) plots? For which assessment does the reference points plots (derived from structural uncertainty analyses) suggest stock status is most certain? Explain your reasons for both answers. [4 points]
(Hint: In which assessment does changing the values of the different parameters result in the widest (or narrowest) range of possible BRP values and/or vary the reference point ratios above and below 1.0, and subsequently provide the widest (or narrowest) range of potential stock status?)
FINAL COMMENT
This exercise has focused on MSY based reference points, however many other reference points exists and will be described in more detail to you in future stock assessment workshops. If you are interested in learning more about biological reference points, please see the following papers that have been posted online:

1. Mace – Reference points
2. Gabrielle – Reference points
3. Harley et al 09 – Reference points
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