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What is a stock assessment? It is an evaluation of the current status 

of a fishery and the outlook for the future. Stock assessment scientists are 

like detectives using clues to solve a mystery. The same logical ability is 

needed. There is the same need to consider all of the data, to use both exact 

scientific analyses and common sense. As the evidence accumulates, the scientist 

and the detective both become more certain of the solution to the mystery, but 

some uncertainty always remains. 

What are the clues? The clues are scientific data, personal observations 

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

information obtained from individuals involved in the actual harvesting of fish 

or other knowledgable observers. This latter source of information is analogous 

to circumstantial evidence which is used by- detectives and scientists alike to 

formulate hypotheses about the solution to the mystery, although circumstantial 

evidence in itself is not an adequate basis for proving the solution. Scientists 

must evaluate all of these clues using both their training and experience. 

There are two major sets of scientific data which are used as clues by scien

tists. These are fisheries data and research vessel data. 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 determine 

their age. In 1977, the age of approximately 47,000 fish was determined by the 

Northeast Fisheries Center (NEFC). 
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Research vessel data is collected aboard 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. Four hundred forty one scientists were involved in a total of 

5,309 man-days 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 are made, the average 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 is actually used will be given later. 

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 corresponds 

to the catch. Natural mortality accounts for all deaths of fish other than those 

caused by fishing. Recruitment is the process by which eggs are 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 that catch which will generate 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 surplus 
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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 spawning 

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 environmental 

fluctuations. 

Thus, from 1920-1950, management strategies were aimed at maximizing the 

yield per fish that recruit to the stock. Managers 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 greates~ yield from 

each fish that recruits no matter how many of them there were. 

Figure 3 describes a group of fish that all recruit to the -fishable stock 

at the same time. Such groups of fish are usually referred to as cohorts or 

year-classes. In Part (a) of the figure, we note-that the ntunber of fish 

declines continuously over time. The ntunber declines because some of the 

fish are dying; for now let's assume that they are only dying from natural 

mortality. 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 ntunber 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 reached a peak and then to 
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catch them all at once~ In order to do this, we would need an infinite number 

of fishing vessels standing idly by and wait for the fish to grow to a parti

cular size or age and then pounce on them all at once. 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 corresponding to the 

peak as are caught at an age older than that corresponding to the peak. Thus, 

there are two factors that determine the yield from a particular cohort. These 

are the size or age at which the fish begin to be caught· and the rate at which 

they 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 maintained. If exploitation begins at age 1, the maximmll 

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 expressed 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 the 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 th.e graph. is labelled as Fmax , or the 

fishing mortality rate that results in the maximum yield per recruit. Note 
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that as F approaches F , the additional yield resulting from each additional max 

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 catch corresponds to income, the additional profit resulting 

fromadditional(~its of fishing effort as F approaches Fmax is very low. In 

fact, total profit may be reduced as F approaches F . Thus, there is an max 

economic basis for maintaining the fishing mortality rate below F . There max 

are also biological considerations which indicate the desirability, of maintaining 

fishing mortality rate below F , but these will not be discussed here. One max 

such reference fishing mortality rate is FO. l ' FO.l is 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 given in Figure 5. 

Thus, yield per Fecruit 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 (YPA). 

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 is 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 
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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 lo.ok 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 estimates are calculated. 

The minimum size of the 1960 year-class at the beginning 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 is 30 fish because since the 

beginning of 1969 a total of 30 fish were caught. The minimtnn estimate in 

1968 is 80 fish, because since the beginning of 1968 a total of 80 fish were 

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 minimum 

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 

causes. In column 5, we have corrected for natural mortality. Note that the 

estimates are larger than the minimtnn estimate in column 4. I will not go 

into the mathematical formulas necessary' for making this correction. There 

is a second source of error that causes even column 5 to underestimate actual 

population size. This occurs because we haye assumed that none of the fish 

survive beyond the end of 1970. That is, we are assuming that 100% of the 

population in 1970 is caught in that year. This corresponds to an infinitely 
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high fishing mortality rate. In fact, the fishing mortality rate in 1970 

may not have been this high, and, therefore, some 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 corr~cting for incomplete catch in the final year of the virtual population 
~ 

analysis. In order to run virtual population analysis,. we must assume (or 

have an independent estimate) of the proportion of the fish which are caught 

in the final year of the analysis. This assumption concerning·the proportion 

caught in the final year is often referred to as the assumption of "starting 

fishing mortality rates" (~ecause these values are used to start the virtual 

population analysis) or "terminal fishing 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 population estimates in columns 5 and 6. Note that the 

further 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 historically. This implies that the assumption or even guesses 

at "starting fishing mortality rates" in virtual population analysis are 

unimportant when considering estimates of population size historically (in this 

case, before about 1966 or 1965), Thus, virtual population analysis is a 

powerful tool for estimating the size of the populations historically, given 

accurate estimates of the catch of a year,....class oE fish and their 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 population 

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 
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estimates of any three of catch, natural mortality, fishing mortality, and 

population size, an estimate of the fouxth may be calculated. Also note 

that virtual population analysis may be applied to several cohort simultaneously, 

thus providing estimates' of total population size in a given year. 

I have nowiillustrated 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 combining 

the results of, virtual population analysis and research vessel survey data. 

Consider the illustration in Figure 6. Relative abundance 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 are 

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,?-n empirical 

relationship may be established between the results of virtual population 

analysis and research vessel survey results. Then, this 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. Historical 

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 (correct for inefficiency in trawl gear) research vessel 

survey results. Once this calibration has been accomplished, research vessels 

survey data may be used to estimate current stock size. There aTe numerous 

modifications to this approach that are necessary when assessing the condition 
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of actual fish stocks. Nevertheless, the interdependence between fisheries 

data and research ¥essel data is fundamental to most stock assessments. 
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Tab 1 ec, 1. 

VESSEL CRUISE DAns OF NtHER. OF NlJ4I3ER OF H1MER OF NUMBER OF 
(CDtJfTRYl NUMBER OnUTImIS SEA MYS "I"Y'n QfI' OPEAAION SC1ENTIS1'S HAlf MIS STATIONS 

WIECHO (Pollllld) 77-01 01-07 Mar 7 Bcn:Y:UIiI Trawl. PlanktOft , Oneile Surt'e)" 4 23 49 
GOItLITZ (GIRl 77-01 (I) 03-1S Mar 13 Juvenile Herrin~-Plmktau Suney 2 26 52 
IifIECNO (Poland) 77-02 08-11 Mar 11 Jw.aile Herr;lng Surny l 33 29 

KELEZ (U.S. NOAA) 77-04 14-17 AF .. ~ Meter Recovery and Deploylllleftt 5 20 12 
AHTOH DOHRN (PRe') 77·01 14-%2 Mar' 9 .1unuUe Het-r1n, , MIldterel Surnry 2 18 52 
GORLlTZ (Gmt) 77-01 (II) 15 J41ir.08 Iq1r is Juvenile Hen'inI ',Plmllttn Suney 2 SO 57 
AD\I'AHC! II (U.S. Charter) 77·01 16 Mlu'-02 Apr 18 Ecolllyil1:_ 1U01orica.l Oceanofl"lllPhy 8 144 35 
ALlATJtOSS IV (U.S.-NOM) 77-02 (II) 30 Apr-l4 /oIay 15 BotUHI Trau 1 Suney 13 195 92 
DELAWAIlE II (U.S.-HOM) 77-05 (I) 03-13 MIlly 11 Mic:rodisttibutin Su:I:'Yey 4 44 91 
NOGLUI (USSR) 77-01 (II) 05-20 Hay 16 iallinr of Sea He1'T1n1 5 90 6 
WffIT!!FOOT (U.S. OIarter) 77-01 19-23 Apr 5 CuJTel\t MeUT Recovery and DeplCJ)'1llleS'lt 5 25 1 
DELAWARE n (U.S.-HOM) 77-03 19 Mar-08 Apr 21 IIottorll Trawl Suney 9 189 147 
IfIECZNO (Polatd) 77-03 20 Mu-05 ~r 17 LanE-line Survey' for Sharks , Swordfisb 4 68 19 
DELAWARE II (U.S.-NOM) 77-04 12-29 ~r 111 PbnktOft i Pl'iJIIaT)" Prociuc:1:iYity Suney 6 1211 131 
ALBAlROSS IV (U.S.-NOM) 77-02 (1) 13-27 ~r IS IIottotla Traul Survey 13 195 III 
HOGLUI (USSR) 11-01 (I) 19 -"'r-03 Nay IS Tagpng of Sea Herrilll S is 1 
AMWIlALE (U.S. OUlrter) 17-01 12-11 May 6 Fish en SurYey 9 55 33 
ALlATROSS IV (U.S.-NOM) 77-02 (III) 16-20 MIlly 5 Bo~~ Trawl Survey 13 45 24 
DELAWARE II (U.S.-NOM) 11-05 (II) 17-27 Way 11 Ic:hth}'t"planktOft Suney 6 ~ 89 
NOGLIII (tJSSK) 77-02 21 Hay-06 Jua 16 Planktrm-Oc:earaop'Bpili. c: SIn"I'eY 1 48 95 
Al.BAlROSS IV (U .S. -HOAA) 77-03 24 Hay-OJ Jua 11 Sc.allop Suney 11 121 163 
DELAJfARE II (U.S.-HOM) 77-06 (1) 01-06 JUil 6 Esrri1"Orlllllilmtal As ...... t Suney .. 24 48 
ALBA.TROSS IV (U.S.-NOM) 11-M 07-16 Jun 10 Oc:eeDOrraphic Suney 13 130 . 21 
DELNfARE II (U.S.-NOM) 11-07 09-30 Jun 22 lchth)"CIPlankton Surrey 7 154 134 
ALBATROSS IV (U.S.-NOM) 77-0S 20 Jun-IS Jul 26 ~ Productivity SUl"ft')" 10 260 32 
PRIMa . (Canada) 77-01 06-21 Ju.! 16 Scallop Surnry 1 16 148 
YUBlLElNIY (USSK) 77-01 11-211 Jul 18 Larval Hak.-oc.~c.san.y 1 18 120 
DELAWARE II (U.S. -HOM) 77-08 15-22 Jul a Enrllr'ClBlltflu.J. A.uesSWMlftt Suney a 64 106 
SUZUlA MAAU (JaplUl) 77-01 19 .1uJ-08 AUI 21 Squid. S~y 3 63 112 
AL5A.TROSS IV (U.S.-NOM) 77-06 20-.29 Ju.! 10 Deep WIl1:ar ~ Site StuIiy 6 60 1110 
Dm.AWARE II (U.S.-HOM) 77-09 27 Jul-06 Auc 11 Iot'tmll Traul Sarvey 8 118 11S 
YUlILEDlIY (USSR) 11-02 {Il 30 .1ul-15 Aui 17 Plllnkton-OC:ellft01TEPhic: Survey 3 51 107 
ALBATROSS IV (U.S.-NOM) 77-07 (X) 01-05 A~ 5 BottOlR Trawl Suney 13 4S 40 
ALBAlROSS IV (U.S. -NOM) 11-07 (II) 07-12 Aul 6 Hyciroau::Dustic: Survey 13 78 15 
ALlATTWSS IV (U.S.-HOM) '11-07 (lII) 16 AIiI-OI Sep 17 Dcn:t:mII Tnw 1 Suney 13 221 149 
Ut:1.NtIUU: 11 \u,".-~J 77-10 J.7-~5 AUI 9 DreCle iunn. c.xper1_e 7 63 00 
YUlILEINIY (USSR) 11-02 (1I) 17 AIiI-03 Sep 18 Plmltton-Oceano(TlllplliC: Survey 2 36 83 
YUBILEINIY (USSR) 77-03 (I) OS-16 Sep 12 Tawn" of Sea Herrinr 2 24 1 
DCl»AJU: II (U.S.-NOM) 11-11 (1) 07-09 Sep 3 Gear Mensuradcm Study 5 IS 8 
DELAlfARE II (U~S.-NOM) 77-11 (II) 13-21 Sep 9 Gear M1msuration Study 5 45 153 
YUBlLEIMIY (USSR) 77-03 (II) 16 Sep-04 Oct 19 TaUinE of Sea Herrinl 2 38 1 
WIECZNO (P01 ... d) 77-0S 17 Sep-O:5 Oct 17 Herrinr Pndator-~y Seudy 2 34 38 
IELAJfAR! II (U.S.-NOM) 11-12 (I) . 26 Sep-07 Oct 12 BottOlR Trawl Sarvey II 96 137 
WlECZNO (Polmd) 77-06 04-24 Oct 21 Lan'&! Herring SII1"WY 5 lOS 117 
AHTON lXIIRH (FRG) 77-0l' 10-30 Oct 21 Herring Survey 10 210 711 
DELAWARE 11 {U.S.-NOM} 17-12 (II) 11-21 Oct 11 IIott:CIIII Tr_l Suney 9 99 11 
ARGUS (USSR) 77-01 (I) IS-ZS Oct 11 Zooplankton. OcaancJt'1lPhic: , Prl-lT PTcciuc:d vi ty Sur. 6 66 72 
ARGUS (USSR) 11-01 (II) 2S Oct-ll Nov. 18 Zooplankton, Oceanogrzphic: & Prlsary Productivity Sur. 7- 126 72 
DELAlfARE II (U.S. -HOM) 77-12 (Ill) 25 Oct-07 No ... 14 BottCIIB Traw 1 Surnly 8 112 1311 
DIANE MAAIE (U.S.-Charter) 77-01 01-17 Nov 17 Lonr-Une for Sharks & Swordfish :5 51 10 
ANTON IDfRN enc) 77-03 01-18 Nov 111 La",l Herring Suney 9 72 117 
Mi. MITCiELL (U.S.-NOM) 71-11 12-19 NoY & IcbthyoplanktOft. Oc:eanographic: & PrlB. Prod. Sur"ley S 45 37 
ARGUS (tsSR) 11-02 13-25 Nov II Squid SUn'ey 3 39 41 
tELEZ (U.S.-NOM) 11-11/12 2S Nov-06 OK 12 IchuyoplaDktau. Oc:eanoJt'1lPhie & Prill. PTccI. Survey 7 34 311 
DELAWARE II (U.S.-HOM) 77-12 (IV) 211 Nov-06 Dec: 9 IIott:CIIB 1rllllll Survey 7 63 72 
mLEZ (U.S.-HOM) 11-12 06-13 Dec 8 1 chU)"CIPlatxton , Ocaanornphie , PrtB. Prod. Survey 5 40 17 
IELAJfARE II (U.S.-NOM) 77-13 08-20 Dee 13 LIlrYal Herring SIn"I'eY 9 117 74 
DEJ..AWAIU! II (U.S.-HOM) 711-01 (1) 05-13 Jan 9 Shellfish Resource Asa.ssaent Survey II 72 107 
IELAWARE 11 (U.S.-NOM) 711-01 (II) 15-25 Jan 11 Shellfish ResOU1'1:lt Msessaent Survey II 811 123 
ALBATROSS IV (U.S.-HOM) 711-01 18-27 Ju 10 Herrin, Slll"Yey 13 130 90 
ARGUS (tsSJl) 78-01 (1) 211 .1an-13 Feb 17 Squid, Macl:enl " Herring Survey 4 6a 34 

IEJ..AWARE II (U.S.-NOM) 711-01 (III) 30 Jan-ll Feb 13 Shellfish Resource AssesSJIIeIl1: Survey 8 104 121 
ALBATROSS IV, (U.S.-HOM) 7 II-Ox 31 Jara-06 Peb 7 Deep liIater DuIIp S1u Study 1 7 72 
ALBATROSS IV (U.S.-HOM) 78-02 (I) 14-22 Feb 9 LarYai Fish SUn'ey 9 111 140 

ALBATROSS IV (U.S.-NOM) 78-02 (II) 23 Fel>- 6 4- Larval Fish Survey 11 66 4- 41 
DELAJfARE II (U.S.-HOM) 78-~2 (1) 14-24 Feb 11 Ic:h~lanktOft Suney 7 lOa .. 60 
ARGUS CUSS1l) 711-01 (II) 15 Feb- 14 .. ~d. MAcl:erel ,.Herrinl Suney 4 56 .. 64 
llEI::AJfARE II (U.S.-NOAA) 78-o;z (II) 27 Fel>- l ... lc:hth}'t"pianktoo Survey 7 14 .. 20 

1164 "1 5,309 4,935 
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Table 2. Virtual Population Analysis ~ 1960 YC. 

Min. No. Correction Correction % 
Year Age Catch VP for M for Incomp1. C 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 50 80 97 115 19% 

69 9 20 30 34 49 44% 

70 10 10 10 10 22 120% 

Proportion caught in 1970 100% 50% 
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