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AN INTRODUCTION TO SOME METHODS OF STOCK ASSESSMENT1 

by 

Michael P. Sissenwine 

What is a stock assessment? It is an evaluation of the effect of fishing 

on the current status of a fishery and the outlook for the future. Stock 

assessment scientists are like medical doctors using clues or symptoms as the 

basis of a diagnosis. The same logical ability is needed. There is the same 

need to consider all of the data, to use both exact scientific methods and 

common sense. As the evidence 6 accumulates, the assessment scientist and the 

doctor both become more certain of their assessment or diagnosis, but some un-

certainty always remains. 

What are the clues? The clues are scientific data, per~onal observations 

of scientists at sea on research vessels and/or commercial fishing vessels, 

and qualitative information obtained from individuals involved in the actual 

harvesting of fish or other knowledgeable observers. This latter source of 

information is analogous to a patient's description of "where it hurts" which 

is used by a doctor to formulate a tentative diagnosis to be. confirmed by some 

form of more scientific evidence (like an X-ray). Assessment scientists also 

use qualitative information from harvesters (in particular) to formulate and 

support hypotheses. All of the clues are evaluated by the scientist using 

both his (or her) training and experience. 

There are two major sets of quantitative scientific data which are used 

as clues by scientists. These are fisheries data and research vessel data. 

lIn this paper, the stock assessment methods most commonly used by the North
east Fisheries Center are emphasized. These methods are also broadly applied 
elsewhere when an adequate data basis is available. 
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The commercial fisheries data are collected at the fishing ports by port agents. 

The port agents collect data on what is caught, how much is caught, where it is 

caught, and how long it took to catch it. They also measure lengths of samples 

of fish from the catch and collect scales from the fish which are used to deter

mine their age. For example, in 1977, the age of approximately 47 J OOO fish was 

determined by the Northeast Fisheries Center (NEFC). 

Research vessel data directly related to stock assessment for the north

eastern USA is collected by the ALBATROSS IV, the DELAWARE II, and several other 

vessels. Northeast Fisheries Center research vessel activities during a recent 

year are summarized in Table 1. During the year beginning March 1, 1977, 864 

days were spent at sea. Cruises spanned from 2 to 26 days in duration. A 

total of 5,309 person-days was spent at sea. 

The research vessel data most used in stock assessments are the results 

of randomized bottom trawl surveys. Using a random sampling design, when a 

large number of tows is made, the ~verage catch per tow is proportional to the 

size of the population of fish which is being sampled by the trawl. The method 

of data analysis is similar to the methods used by professional pollsters to 

predict election results. More details on how the research vessel survey data 

are actually used will be given later. At this time, it is adequate to say 

that both research vessel and fisheries data are used in analyses of the condi

tion of the stockse 

A fundamental model used in the analysis of fish population dynamics is 

given in Figure 1. There are four forces affecting the biomass of an exploited 

fish population. These are growth and recruitment which tend to increase the 

size of the fishable population biomass, and fishing and natural mortality 

which tend to decrease the size of the biomass. Fishing mortality cor-

responds to the catch. Natural mortality accounts for all deaths of fish 
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other than those caused by fishing. Recruitment is the process by which eggs 

a~e laid, hatch, survive, and grow to the size at which they are vulnerable 

to fishing gear and therefore considered a part of the fishable population 

biomass. In this model, growth refers to the actual weight gained by fish 

in the population. The surplus production of the population is the amount 

of fish which corresponds to a fishing mortality rate that equals the rate of 

recruitment plus growth minus natural mortality. If the catch is larger than 

the surplus production, the population biomass will decrease; if the catch 

is smaller than the surpluse production, the population biomass will increase. 

Recruitment is the major source of variability in surplus production. 

There are models that relate the rate of recruitment to the size of the spawn

ing population· that parents the recruits. Unfortunately, these models are 

seldom adequate to explain the observed variability in the data. Two examples 

of the relationship between recruitment and size of spawning stock are given 

in Figure 2. Note that most of the data points are far from the lines which 

correspond to hypothetical models describing the relationship between recruit

ment and spawning stock size. These deviations probably reflect complex and 

va~Jing interactions with both the physical and biological environments. Such 

variability is not uncommon. 

Since recruitment is so unpredictable, from 1920-1950, management stra

tegies were aimed primarily at maximizing the yield per fish that recruit to 

the stock. Managers and scientist had conceded that they did not know how 

many fish would recruit to the fishable population, but at least they would 

manage the resource in order to get the greatest yield from each fish that 

recruits no matter how many of them there were. 

Yield per recruit management is based on a consideration of the dynamics 

of a single year-class (all born the same year) of fish. Figure 3 describes 
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a group of fish (a cohort or year-class) that all recruits to the fishable stock 

at the same time. In part (a) of the figure, we note that the number of fish 

declines continuously over time. The number declines because some of the fish 

are dying; for now let's assume that they are only dying from natural morta-, 

lity. At the same time as they are dying, the mean weight of those fish that 

live is increasing (Figure 3.b). The total weight of the cohort of fish at 

any time is obtained by multiplying the number of fish by the mean weight •. The 

result is shown in Figure 3.c. Here we see that the total weight of the cohort 

increases initially, reaches a peak, and then decreases. 

The appropriate strategy to maximize the total yield from the cohort would 

be to allow them to grow until their total weight reaches a peak and then to 

catch them all at once. In order to do this, we would need an infinite num

ber of fishing vessels standing idly by and we would need to wait for the fish 

to grow to a particular size or age and then pounce on them all at once. The 

fishing vessels would also have to be capable of selecting just fish of the 

desired size and avoiding all smaller and younger fish of the species. Since 

this is not feasible, the best strategy to maximize total yield per recruit 

is to begin fishing before the peak at a rate that will result in approximately 

the same number of fish being caught at an age younger than that correspond

ing to the peak as are caught at an age older that that corresponding to the 

peak. Thus, there are two factors that determine the yield from a parti-

cular cohort or year-class. These are the size or age at which the fish 

begin to be caught and the rate at which ~~ey are caught after that age. In 

Figure 4, the yield per recruit is given for all combinations of the age at 

entry to the fishery and the rate of fishing mortality. Note that in this 

example the maximum yield per recruit occurs when exploitation begins at about 

age 3~ and a high fishing mortality rate of greater than 0.9 is maintainedc 
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If exploitation begins at age 1, the maximum yield possible is lower than 

for age 3~, and this maximum yield occurs at a much lower fishing mortality 

rate (0.3). Note that the fishing mortality rates in this figure are ex-

pressed as instantaneous rates. Therefore, they may exceed 1.0. It is easy 

to visualize this by considering an example in which fish die at a rate of 

0.1 per month (that is, 10% of the fish die each month). This mortality rate 

could also be expressed as 1.2 per year (by multiplying by 12 months). 

Nevertheless, the total number of fish that die during the year can never 

exceed ~~e initial number of fish. 

In some cases, there is no control over the age at which fish begin 

to be captured. For any particular age at first capture, there exists a 

graph which relates the yield per recruit to fishing mortality rate. Such 

a graph is given in Figure 5. Here the peak of the graph is labelled as 

F ,or the fishing mortality rate that results in the maximQm yield per max 

recruit. Note that as F approaches F ,the additional yield resulting max 

from each additional unit of fishing mortality is very small. Since fishing 

mortality corresponds to fishing effort (numbers of days fished or number of 

individuals involved in the fishery) and income corresponds to catch, the 

additional profit resulting from additional units of fishing effort as F ap~ 

proaches F is very low. In fact, total profit may be reduced as F ap-max 

proaches F max 
Thus, there is an economic basis-for maintaining the fishing 

mortali ty ra te belo~'1 F max 
There are also biological considerations which 

indicate the desirability of maintaining fishing mortality rate below F , 
. max 

but these will not be discussed here. One reference fishing mortality rate 

which is lower than Fmax is FO. I . FO.I is the fishing mortality rate for which 

~ 

the slope (steepness) of the yield per recruit curve is one-tenth the slope 

of the curve for fishing mortality rate of O. An example of FO.l is also 



6 

given in Figure 5. FO.l is now widely considered as a target fishing morta

lity rate for major commercial fisheries of the North Atlantic. 

Thus, yield per recruit analysis provides guidance in the selection of 

a fishing mortality rate. But in order to determine the actual catch that 

corresponds to a particular fishing mortality rate, it is necessary to know 

the size of the population. An important tool of fisheries scientists, used 

to estimate the size of the populations, is called virtual population analysis 

(VPA) .. 

Virtual population analysis is difficult to explain precisely, but is 

rather simply illustrated by an example. Virtual population analysis is 

applied to a single year-class, although the results for several year-classes 

may eventually be cOmbined.. In our example, let's consider the 1960 year

class which recruits to the fishery at age 1.. In order to apply VPA, it 

is necessary to know the catch of the 1960 year-class by age. Illustrative 

data are provided in Table 2.. In the first column, we list the year in which 

catch occurred, 1961-1970. In the second column, the age of fish of the 

1960 year-class in each year is given. In the third column, the actual 

catch from the 1960 year-class in each of the years is given. In column 4, 

a minimum estimate of the size of the 1960 year-class in each of the years 

1961-1970 is given.. This minimum estimate of the size of the year-class is 

called the virtual population. If you look at the estimates beginning in 

1961 running down the fourth column, you will probably have no idea how the 

estimates were calculated. But if you look at the estimate for 1970 and 

run up the column, it should be rather simple to understand the way the esti

mates are calculated. The minimum size of the 1960 year-class at the begin

ning of 1970 is ten fish. It is obvious that there must have been at least 

ten fish in 1970 since ten fish were caught. The minimum estimate in 1969 
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is 30 fish because since the beginning of 1969 a total of 30 fish was caught. 

The minimum estimate in 1968 is 80 fish, because since the beginning of 1968 

a total of 80 fish was caught, and so on up column 4. Thus, the virtual 

population estimate for the cohort in the beginning of any year is the sum 

of the catch from the year-class that occurs after that date. 

There are two sources of error that make the virtual population a mini

mum estimate of actual population size. The first source of error is that 

we have ignored natural mortality. That is, we have assumed that all of 

the fish are eventually caught. This is not the case; some of the fish die 

from natural cases. In col~~ 5, we have corrected fer natural mortality. 

Note that the estimates are larger than the minimum estimate in column 4. 

I will not go into the mathematical formulae necessary for making this cor

rection. There is a second source of error that causes even column 5 to 

underestimate actual population size. This occurs because we have assumed 

that none of the fish survive beyond the end of 1970. That is, we are as

suming that 100% of the population in 1970 is caught in that year. This 

corresponds to an infinitely high fishing mortality rate. In fact, the fish

ing mortality rate in 1970 may not have been this high, and, therefore, seme 

of the fish may have survived beyond the end of 1970. In column 6, we have 

made the assumption that only 50% of the fish available in 1970 are actually 

caught. Thus, in column 6,.we are correcting for incomplete catch in the 

final year of the virtual population analysis. In order to run virtual popu

lation analyses, we must assume (or have an independent estimate) the pro

portion of the fish which is caught in the final year of the analysis. This 

assumption concerning the proportion caught in the final year is often refer

red to as the assumption of "starting fishing mo-rtality rates" (because these 

values are used to start the virtual population analysis) or "terminal fishing 
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mortality rates" (because these values represent the final fishing mortality 

rates chronologically used in the analysis). In the final column of the table 

(column 7), we have calculated the percent difference between the popu

lation estimates in columns 5 and 6. Note that the farther back in time we 

go, the smaller the difference between the two estimates. Thus, corrections 

for incomplete catch are most important in recent years and less important 

historicallYe This implie.s that the assumption or even guess at It starting 

fishing mortality rates" in virtual population analysis is unimportant when 

considering estimates of population size historically (in this case, before 

about 1966 or 1965). For intensively exploited fish stocks, the number of 

years of back calculation necessary so that results are not sensitive to 

terminal fishing mortality rates is quite small (2 or 3 years). Thus, vir

tual populatioI?- analysis is a powerful tool for estimating the size of the 

populations historically, given accurate estimates of the catch of a year

class of fish and its natural mortality rate. The fishing mortality rate in 

the most recent year in which the year-class is caught is not particularly 

important for estimating populatio:l size historically. 

Note that virtual population analysis may also be used to calculate the 

fishing mortality rates applied to the year-class of fish historically. Given 

estimates of any three of the four variables of catch, natural mortality, fish

ing mortality, and population size, an estimate of the fourth may be calculated. 

Also note that virtual population analysis may be applied to several cohorts 

simultaneously,. thus providing estimates of total populations size in a given year. 

I have now illustrated how virtual population analysis is applied to catch 

data in order to historically estimate the size of the fish population. How 

is the current size of a population assessed? This is accomplished by com-

bining the results of virtual populations analysis and research vessel sur-

vey data. Consider the illustration in Figure 6. Relative abundance 
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indices from a survey (mean catch per tow, for example) are plotted for each 

year from 1966-1978. The results of virtual population analysis are plotted 

for each year from 1966-1976. The recent results from virtual population 

analysis ar~ not given because these are too sensitive to assumptions about 

"starting fishing mortality rates." Note that the two curves in Figure 6 

agree (in shape) rather closely during the period 1966-1976. Therefore, an 

empirical relationship may be established between the results of virtual 

population analysis and research vessel survey results. This is equivalent 

to calibrating (correcting for inefficiency of trawl gear) research vessel 

survey results. Then, the empirical relationship is used to estimate the 

size of the population in more recent years when virtual population analysis 

is not applicable. 

I have now illustrated how fisheries data and research vessel data 

are used in concert to estimate the current status of a fish stock. Histori

cal estimates of the size of the fish population may be obtained by applying 

virtual population analysis to the fisheries data. These results are then 

used to calibrate research vessel sUrvey results. Once this calibration has 

been accomplished, research vessels survey data may be used to estimate cur

rent stock size. There are numerous modifications to this approach that are 

necessary when assessing the condition of actual fish stocks. Nevertheless, 

the interdependence between fisheries data and research vessel data is funda

mental to most stock assessments. This description of stock assessment 

methods isprimarily based on my experience in the northeastern USA, but the 

methods are widely applied wherever an adequate data base is available. 
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Table 2. Virtual Population Analysis - 1960 yet 

Min. No. Correction Correction % 
Year Age Catch VP for M for Incomo 1. e Diff'. 

! 

61 1 500 4,210 7,317 7,387 1% 

62 2 1,500 3,710 5,538 5,596 ·1% 

63 3 1,000 2,210 3,177 3,224 1% 

64 4 600 1,210 1,696 1,735 2% 

65 5 300 610 846 877 4% 

66 6 140 310 421 447 6% 

67 7 90 170 218 239 10% 

68 8 SO 80 97 115 19% 

69 9 20 30 34 49 44% 

70 10 10 10 10 2-2 12095 

Proportion caught in 1970 100% 50% 



Figure 1. Fundamental model of fish stack population dynamics .. 

Figure 2. Examples of the fit of haddock stock and recruitment data to a 

theoretical model of the relationship between these variables~ 

Figure 3. Hypothetical example of the dynamics of a cohort of fish start

ing at the time of recruitment. 

Figure 4. Example of yield per recruit isopleth. 

Figure 5. Example of yield per recruit curve for a single (constant) age 

at first capture. 

Figure 6. Hypothetical example of the relationship between research vessel 

survey data and results of virtual population analysis. 
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