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I.  Estimation of initial popualtion size and catchability coefficient 

from the fishing success to catch or effort
1.1  Principles of fishing success methods

General and historical. The method is applicable when a population is fished until enough, fish are removed to reduce significantly the catch per unit effort, the latter being considered proportional to stock present.  For example, if removal of 10 tons of fish reduces 
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 by a quarter, the original stock is estimated as 
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 or 40 tons. Instead of estimating  
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 only at the start and finish of the experiment, a series of estimates is usually made. That is, a number of points are used to determine the rate of decrease of  
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, and hence of the stock.The reason is that variables such as weather, which affect vulnerability, tend to make single estimates of  
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 unreliable for this purpose.



Types of computation and symbols. The procedures and computation in common use are of two main types. The first, introduced by Leslie and Davis (1939), involves plotting catch per unit effort against cumulative catch over a period of time; from the resulting straight line, initial population and catchability can be estimated. In the second method, first described by DeLury in 1947, the logarithm of catch per unit effort is plotted against cumulative effort, and the fitted straight line yields the same statistics. Both methods can be improved by a minor change suggested by Braaton (1969), and are described here in that form. The concept and symbols to be employed are as follows:
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  Original population size 
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   mean population surviving during time interval 
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    catch taken during time interval 
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   cumulative catch to the start of interval 
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  plus half of that taken during the interval
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      total catch  (
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    catchability-the fraction of the population taken by 1 unit of fishing effort  (
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      fishing effort during time interval 
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    cumulative fishing effort up to the start of interval  
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 plus half of that during the interval
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     total fishing effort for the whole period of the experiment (
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 of DuLury)
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    catch per unit effort during the interval 
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of DeLury)
1.2 Population estimates from the relation of fishing success to catch already taken - Leslie’s method.


General case. By definition, catch per unit of effort during time interval  
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 is equal catchability multiplied by mean population present during the interval; that is 
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The population at time 
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 fish have been caught is equal to the original population less 
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From 1 and 2 :

[image: image34.wmf]t

t

t

qK

qN

f

C

-

=

0

         …………………………………..3
Equation 3 indicates that catch per unit effort during interval 
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 plotted against the cumulative catch  
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  should give a straight line whose slope is the catchability, 
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Also, the X-axis intercept is an estimate of the original population
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, since it represents the cumulative catch if  
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 and thus the population also, were to be reduced to zero by fishing. The Y-axis intercept is the product of the original population
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, and the catchability 
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Confidence limits for the estimate of 
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 can be calculated using equation 4. Upper and lower limits of confidence for any level of probability (
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) are the roots of the equation:
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Where    
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 value corresponding to a given population P for  
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 degree of fredom, found from a 
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-table e.g. Snedecore’s table 3.8.
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 the number of days of fishing.

Special case. A special case of the Leslie method occurs when equal units of effort are used to make the successive catches, so the latter can be plotted directly against cumulative catch
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This situation has been studied by Hayne (1949), Moran (1951), and Zippen (1956).
In fitting a line to equation 5, the statistic weighting should be 
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Where 
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   is a preliminary estimate obtained by eye.

A comparative weighting formula for the general situation (Eq. 3) would be 
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Effect of variability. It appears that an ordinary predictive regression line fitted to express eq. 5 or 6 will provide unbiased estimates of 
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 and 
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 only if there is no error in 
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. That is, the catch must be completely reliable, for practical purposes. When this is so, all the variability lies in  
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 and the predictive regression is also the functional one. In many situations this is the actual state of affairs. If not, however, an estimate of catchability will tend to be too small and the initial population too large. 
1.3 Population estimates from the relation of fishing success to cumulative fishing effort – DeLury’s method.

General case.   Eq. 1 can be written in the form:
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Or, 
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When the fraction of the stock taken by a unit of effort is small- for example, 0.02 or or less - it can be used as an exponential index to show the fraction of stock remaining after  
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  units have been expended: 
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Substituting Eq. 10 in Eq. 9
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Systematic errors in fishing success methods
Inconstant catchability is perhaps the greatest potential source of error in applying methods estimation based on secular change in catch per unit effort. Many popupation have been found not to be amendable to this treatment, eigther because catchability varies with seasonal change in environment conditions or the fish’s reaction, or because individual fish differ in vulnerability and those more vulnalable are more quickly removed. Either effect may produce changes in catch per unit effort which cannot be distinguished from those produced by changed abundance.

 Less seious, but of widespread occurrence, is day-to-day or other short-term variation in catchability. Usually this merely increase the scatter of points along the line of the graph. Occasionally, it may be possible to relate it to other measurable factors and make appropriate adjustments.
Obviously recruitment and natural mortality, or immigration and emigration, can introduce serious error into Leslie or DuLury calculations, unless opposed tendencies happen to be in balance. 
II. Sustainable yield from surveys
2.1  Methods and objectives of surveys
Apart from the commercial fishery, the other main sources of data in stock assessment are surveys carried out by research or similar vessels. The details of how surveys should be carried out, and the data from them collected and analysed are described in a number of FAO manuals. For the present it is only important to note what types of information can be provided from surveys that will be useful in stock assessment and to outline brieftly the advantages and disadvantages of the different methods of surveying by which this information can be collected.

Survey data can be used in stock assessment into main ways: first, for monitoring, that is to provide at regular intervals (most convenient annually) indices of stock abundance; second, to produce estimates of absolute abundance, possibly at only instant of time, and most usually in advance of intense exploitation.
As CPUE data from some parts of the commercial fishery usuaully provides the most convenient index of stock abundant, but for some stocks there may be no CPUE data that is satisfactory. This may be because, over a wide range of stock sizes, the observed CPUE is only weakly related to stock sizes or change in fishing power, change in species preference. A monitoring survey repeated at regular intervals, in which the methods used are maintained constant from year to year, will provide an index of abundance that is free of difficulties caused by possible changes in the catchability coefficient 
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Surveys that can produce absolute estimates of stock abundance introduce a new type of information into assessment work. The ability to use these estmates, in combination with data of total catch, to provide estimates of fishing mortality in absolute terms clearly makes such of analysis of mortality rates much simpler. In addition, estimates of total stock abundance, combined with estimates of natural mortality or other measures of turnover rate, can provide the first approximations to the potential yield from the stock.

2.2  Estimating sustainable yield from surveys
The data from surveys will usually be used together with data from other sources to carry out assessments. Survey data can also be used more directly to make assessments. Several types of survey give estimates of total biomass. This estimate is interesting, but seldom exactly what the fishery administrator or planner wants to know; he usually needs to know how much can be caught each year. This quantity is clearly related to biomass, or standing stock; other thing being equal, the bigger the biomass the bigger the sustainable yield. Further, the ratio of sustainable yield to biomass must be connected with the turn over rates (growth and mortality rates) of the species concerned. For a given biomass the sustainable yield from a long-lived species will be less than that from a short-lived species.

This suggests that, for surveys of unexploited stock, the sustainable yield may be estimated by an expression of the form
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Where   
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   =  unexploited biomass, and  
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= natural mortality. Theorectical considerations suggest that the value of 
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 is likely to be around 0.5 or somewhat less, so that a convenient expression for the sustainable yield is 
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Practical applications of this formula have shown that in general it gives useful results. It is obvoiusly approximate, and should not be considered as a substitute for more detailed assessments. At the same time it is one of the few methods that can be readily used before fishing begins, and in particular at the moment when plans are being drawn up to start exploitation of a stock. At this time a rough estimate (accurate to within say 50%) is all that is required.
Apart from estimates of biomass, application of this method requires estimates of M . If the biomass is obtained by trawl or other fishing surveys, then samples from the catch can be used. Otherwise rough estimates of natural mortality can be obtained by comparison with known values for similar species. These estimates will inevitably be rough, but in most cases sufficient. 
When the unexploited stock is fishing, the biomass will reduce, while the total mortality has been increased. This suggest that a suitable modified formula would be  
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Where Z  is total mortality coefficient (F+M)


This is convenient if the total mortality can be estimated. For some stocks though, the best estimate of mortality may still be that of natural mortality secured 
from comparison with other species or stocks. For these, a better form is obtained by noting that   ZB = (F+M)B  and the catch   Y = FB
Therefore we can write 
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In view of all the economic and social uncertainties in start up a new fishery, let alone the biological ones, realistic plans for the initial development  will seldom aim to catch more than a fraction of the estimated sustainable yield. As these plans are put into effect, and effort increases, then there will be opportunities to make assessments by other, more precise methods. [Recent studies suggest that putting  a = 0.5 gives too high values of potential yield and a more conservative value around 0.3 would be better].
III. Parameter estimation

3.1 Natural mortality estimation
There are many methods to estimate natural mortality, although thery are mostly rather difficult to apply. Relationship between natural mortality and survival rate is expessed as 
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When no fishing, Z = M        
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 EMBED Equation.3  [image: image79.wmf]
3.2 Total mortality estimation
When CPUEs data are available, the total mortality rate (or total mortality coefficient, Z can be obtained by using formula:
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Exercise 1

Data from Table, find the  
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 (catchability) and 
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 (initial  population) using Leslie and De Lury methods.
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	1
	131
	65.5
	65.5
	7
	3.5
	
	

	2
	69
	34.5
	165.5
	7
	10.5
	
	

	3
	99
	49.5
	249.5
	7
	17.5
	
	

	4
	78
	
	
	7
	24.5
	
	

	5
	56
	
	
	7
	31.5
	
	

	6
	76
	
	
	7
	38.5
	
	

	7
	49
	
	
	7
	45.5
	
	

	8
	42
	
	
	7
	52.5
	
	

	9
	63
	
	
	7
	59.5
	
	

	10
	47
	
	
	7
	66.5
	
	

	Total
	
	
	
	70
	
	
	


(165.5 = 65.5+65.5+34.5)                                

Leslie              
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DuLury          
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Exercise 2

Find the Z value from CPUE data given:
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	10 Nov 97 
	12 Nov 97
	2
	0.5
	8.08
	31.37
	

	14 Nov 97
	16 Nov 97
	2
	0.5
	31.37
	13.73
	

	18 Nov 97
	20 Nov 97
	2
	0.5
	13.73
	39.39
	

	
	
	2
	0.5
	39.39
	9.8
	

	
	
	2
	0.5
	9.8
	17.65
	

	
	
	2
	0.5
	17.65
	3.85
	

	
	
	2
	0.5
	3.85
	7.84
	

	
	
	2
	0.5
	7.84
	0
	

	
	
	2
	0.5
	0
	7.69
	

	
	
	2
	0.5
	7.69
	9.62
	

	
	
	2
	0.5
	9.62
	9.9
	

	
	
	2
	0.5
	9.9
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