
Fishery management and SPR@size estimate  



Palau Marine Protection Act of 1994 

• Set size limit (25 inches) – bumphead parrotfish and  
 humphead wrasse – based on fishermen input 
• Ban on export 
• Establishment of Marine Protected Areas 

 
 

Presenter
Presentation Notes
This is a picture of around Ngerumekaol before and after 1998. The rationale: to understand the spatial and temporal changes that occur on the coral reefs of Palau (and assess their recovery after the 1998-bleaching event). 

The objectives are
1) Establish permanent monitoring sites.

2)  Determine Status of Palau’s.

3) Assess changes to the benthic and fish communities at each site over time. 

4) Examine the recovery process at each site.
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2006:  1 in every 4 dives 
2009:  almost every dive 



Density estimate stock assessment (cost: $50,000 – 2 species) 

ize Bin 
(cm) 

Selectivity Mean Density 
(#/ha) 

SD Estimated 
StockSize 

Calculated 
Catch Limit 

Individual 
Biomass_g 

Total 
Biomass_kg 

25 0 0.11 0.35 4605.63 0.00 288.93 0.00 
30 0 0.25 0.79 11017.87 0.00 495.55 0.00 
35 0 0.11 0.34 4838.35 0.00 781.95 0.00 
40 0 0.20 0.54 8541.08 0.00 1160.85 0.00 
45 0 0.15 0.37 6442.26 0.00 1644.90 0.00 
50 0 0.13 0.33 5609.65 0.00 2246.65 0.00 
55 1 0.07 0.24 3207.04 27.58 2978.62 82.14 
60 1 0.03 0.15 1383.59 11.90 3853.29 45.84 
65 1 0.04 0.15 1554.30 13.36 4883.07 65.26 
70 1 0.03 0.15 1205.79 10.37 6080.34 63.04 
75 1 0.01 0.06 273.99 2.36 7457.42 17.57 
80 1 0.04 0.19 1527.06 13.13 9026.63 118.52 
85 1 0.02 0.10 672.09 5.78 10800.23 62.41 
90 1 0.04 0.21 1867.00 16.05 12790.46 205.33 

100 1 0.05 0.20 2072.91 17.82 17469.58 311.38 
105 1 0.01 0.10 442.86 3.81 20182.81 76.85 
110 1 0.01 0.08 380.90 3.28 23161.33 75.86 
120 1 0.01 0.08 380.90 3.28 29962.62 98.13 

Total     128.72  1222.33 
 

Fishing mortality (F) =0.01 and natural mortality  (M) =0.3 



Length based estimate of spawning potential 
 

1. Studying Size of Maturity 
 

2. Measuring Size composition 
  

Presenter
Presentation Notes
Life History Strategies & Estimating SPR. 

Start off using the human example. Replacement level = 2.1 children per surviving woman.
 
Cover concept of differing life history strategies with differing SPR@Size curves.

Introduction to using SPR@Size to estimate current SPR from SOM and size data.
 
Then give each participant or pair/group of participants their own species with basic parameters for SPR model. 

Walk them through building up a spreadsheet SPR model. 

Derive their own SPR@Size curves for their range of species. 

Bring the SPR@Size curves together so the class can see the differences. Introduce concept of using multiples of SOM to set size reference points for maintaining SPR with size limits.

So the final underlying concept that requires some introduction in this context is that of Spawning Per Recruit, or Spawning Potential Rate (Walters & Martell 2004) and also Proportion of Full Lifetime Egg Production (PFLEP) by Louis Botsford.

Spawning Per Recruit (SPR) is a simple but extremely useful fisheries assessment concept. Mace & Sissenwine (1993) provide an excellent review of the concept along with a meta-analysis of stock assessments which provide the initial basis for establishing generic SPR reference points for assessment and management that are applicable across most fish stocks.

It is defined as the proportion of unfished reproduction allowed by a harvest policy, it can be conceptualized for the average individual growing through a population, or for an entire population that has come to equilibrium with a stable level of fishing pressure. SPR is inversely proportional to the intensity of fishing and widely recognized as a management reference point. 

It is important to recognize it is a proportional rate of reproduction, rather than an index of biomass, it indicates the future trajectory of biomass rather than the absolute level of abundance at any time. Conceptually each stock has some Replacement Level of SPR around which biomass is likely to remain stable, neither growing nor declining. Above the SPRReplacement a stock will grow back towards the equlibrium level produced by that level of fishing (F), below SPRReplacement the stock is likely to monotonically decline. SPRReplacemen is relatively low for species with a steep stock recruitment relationship and much higher for low steepness species. From meta-analyses of assessed stocks, such as Mace & Sissenwine (1993), we know that generally SPR50% is precautionary for most stocks and will allow for stock rebuilding while SPR<20% risks stock decline. 

As noted by Mace et al. (1996), for this reason, it is best used within a harvest strategy in conjunction with some index of abundance, because used by itself it is not entirely indicative of the state of depletion in a stock, only of whether a stock is likely to be depleting or increasing. 
 



Data Poor Stock Assessment @ size estimate 

Observed Sizes 
Of Fish 

Unfished  
Sizes of Fish 
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Size of fish 

Prince et al, in review 

Palau Fish 
 
61%- - Immature 
 
39% - Mature 
 

Presenter
Presentation Notes
size structure and spawning potential of an exploited stock is determined by two ratios of four key biological parameters

the ratio between the rate of natural rate of mortality (M) and the rate of growth (k) – M/k
the ratio of the size of maturity (Lm) and the asymptotic or average maximum size attained (L∞
Knowledge about the typical ratios of these parameters that characterize each species can generally derived by reference to the scientific literature for a species, or closely related species, and calibrated to the growth characteristics of each stock by estimating the local size of maturity (SoM). With this knowledge current rates of spawning can be estimated by comparing current size structure to the size of maturity in a population








• In a span of 6 months of data collection with fishermen – 
data shows 60% of fish being captured are immature – 
validates fishermen observation that they are catching 
smaller fish compared to just 5 years ago 

• Estimate 

13” 20% Spawning 

12” Size of Maturity 

10” Current Av. Size 

Lujanus gibbus 



Data Poor Stock Assessments 

Keremlal – Humpback Snapper 
 
Status of the population: 5% of 
unfished conditions 
 
Within 1 year: 
• Meet sustainability target 
• + 170% average weight gain 
 
. 

Tiau – Square Tail Grouper 
 
Status of the population: 7% of 
unfished conditions 
 
Within 2 year: 
• Meet sustainability target 
• +300% average weight gain 
 

Presenter
Presentation Notes
2,376 fish from 84 Species measured:  61% Immature; 39% Mature




Conclusions 
• Existing management strategies 

inadequate for fisheries 
 
• Species ban has immediate impact 

on stock recovery 
 
• SPR@size estimate provides rapid 

status of spawning potential, cost 
effective, and easily understood by 
fishermen 
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