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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'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, personal 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 evidehce (like an X-ray). Assessment scientists also
use qualitati&e 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 guantitative 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.



The commercial fisheries data are collected at the £fishing ports by port agents.
The port agents cocllect 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 apéroximately 47,000 fish was
determined by the Northeast Fisheries Center (NEFC).

Research vessel data directly related to stock assessment for thg 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 spgnt at sea.

The research véssel data most used in stock assessments are the results
of randomized bottom trawl survefs. Using a random sampling design, when a
large number of tows is made, the average catch per tow is propo§tional 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. Moredetails 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 stocks.

A fundamental model used in the analysis of fish population dynamics is
given in Figure 1. There are four forces affecting the bioméss 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



other than those caused by fishing. Recruitment is the proceés by which eggs
are laid, hatch, sufvive, and grow to the. size at which théy are vulnerable
to fishing gear and therefore considered a part‘of the fishable population
biomass. In this model, growth refers +to the actual weightagained by fish
in the poéulation. The surplus production of the population is the amount

of fish which corfesponds 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 biomaés 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
ip Figure 2. Note that most of the data points are far from the lines which
correspond to hypotheticél models describing the relationship between recruit-
ment and spawning stock size. These deviations probably reflect complex and
varying interactions with both the physical and biological environments.’ Such
variability is not uncommen.

Since recruitment is so unpredictable, from 1320-1950, 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 Ifish would recruit to the fishable population, but at least they would
manage the resource in ofﬁer 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



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 figﬁre, 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 ﬁhe 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 tha§ the f&tal 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 £hen 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 wéit 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. Sinée
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 resﬁlt 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 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 maximum yield possible is lower than
for age 3%, and this maximum vield occurs at a much lower fishing mortaliﬁy
rate (0.3). Note that the fishing mortality rates in this figure are ex-
preSsed as instantaneocus rates. Therefore, they may exceed l.d. It is easy
to visualize this by considering an example in which fiéh die at a rate of
0.1 per month (that is, 10% of the fish die each month). This mortality rate
could alsb be expressed as 1.2 per year (by multiplying by 12 months).
Neve:theless, the total nﬁmber of fish that dietduring 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. Foi 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
Fmax’ or the fishing mortality rate that rasults in thevmaximum yield per
recruit. Note that as F approaches Fmax’ the additional yield resulting
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 inéome corresponds to catch, the
additional profit resulting from additional units of fishing effort as F ap-
proaches Fmax is very low. In fact, total profit may be reduced as Fbap-
proaches Fmax' Thus, there is an economic basis-for maintaining the fishing
mortality rate below Fmax' There are also biological considerations which
indicate the desirability of maintaining fishing mortality rate below Fmax’
butAﬁhese will not be discussed here. One reference fishing mortality rate

which is lower than Fmax'is is the fishing mortality rate for which

Fo.1t Foua

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

of the curve for fishing mortality rate of 0. An example of FO 1 is also



given in Pigure 5. is now widely considered as a target fishing morta-

FO.l
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
(vea) .

Virtual poéulation analysis is difficult to explain precisely, but is
rather simply illustrated by an example. Virtual population analysis is
applied to a single year-claés, 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 liét,the yvear in which
catch occgrred, 1961-1970. 1In 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 fou look at the estimates beginning in
i96i running down the fourth column, you will probably have no idea how the
estimates were calculated. But if you lock 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 atvleast

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 was caught.
The minimum estimate in 1968 is 80 fish, because since the beginﬁing of l9é8
a total of 80 fish was caught, and so on up coclumn 4. Thus, the virtual
population estimaté 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 a1l of
the fish are eventually caught. This is not the case; some of the fish die
from natural cases. In column 5, we have corrected for natural mdrtality;
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’l970. 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, some
of the fish may have survived beyond the end of 1979. In column 6, we have
made the assumption that only 50% of the fish awvailable 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 fiﬁal yeér of the analysis. This
assumption concerning the proportion caught in the £final year is often refer-
red to as the assumption of "starting fishing mcktality rates" (because 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 popu-
lation estimates in columns 5 and 6. Note that the farther back in time we
go, the smaller the diffe:ence»between the two estimates. Thus, correctioné
for incomplete catch are most important in recent years and less important
historically. This implies that the assumption or even guess at "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 célculation necessary so that results are not sensitive to
termiﬁal fishing mortality rates is quite small (2 or 3 years). Thus, vir-
tual population analysis is a powerfui toél for estimating the éize 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
importapt for estimating population size historically.

Note that wvirtual population analysis mayvalso be used to calculate the
fishing mortality rates applied to the year-class of fiéh 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 ke 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



indices from a survey (mean catch per tow, for example) are plotted for each
vyear 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. Thereforé, 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 yvears when virtual population analysis
is not applicable.

I have now illustrated how fisherieé data and research vessel data
are used in concert ﬁo 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 aéproach that are
necessary when assessing the condition of actual fish stocks. Nevertheless,
the interdependence between fisheries data and research vessel data is funda-‘
mental tq 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.



Table 1.

meL CPERATIONS AND TYPES OF RESTARCH BY NEFC FROM 1 MARCY 1977 THROUGH 23 FEBRUARY 197%

VESIZEL CRuUISE DATES COF MUMBER OF NUMBER OF NUMSER OF NUMMER OF
[COWNTRY) - NUMSER OPERATICNS SEA DAYS  TYPE OF OPSRAION SCIENTISTS MAN DAYS STATTIONS
YIECDK (Poiand) T7-01" 01-07 Mar 7 B Trawl, 21 % Dredge Survey 4 Py 49
CORLITZ (GIR) 77=01 (1) 20315 Mar 13 Juvenils Hezring-?lsaktmm Suxvey 2 2% 52
WIECDG (Poland) T7-a2 08=138 Mar 11 Juwerile Herring Survey 3 33 29
KELEZ (U.S. MOAA) 77-04 14-17 Apr 4 Current Metwr Recovery and Deployment 5 20 12
ANTON [CHRN (FRG) 77-01 1422 My 9 Juvwnile Herring § Meckerwl Survey 2 18 52
GOALITZ (GER) T7-01 (I0) 1S Mxx-08 Apr = Juvenile Herring § Plankiom Survey 2 50 57
ADVANCE 11 (U.S. Chayesr) 77-01 16 Mar-a2 Apr 18 Ecosyatsms 3iological Cosanoyrzphy 8 144 35
ALZATROSS IV (U.S.-NDAA) 77-92 (1) 30 Apr=14 Mey 15 Moezom Trawl Suzrvey 13 198 92
DELANAZRE 11 (U.3.-MOAA) 77-08 (1) 0313 May 1n MicTodistriburion Sarvey 4 4 51
NOGLIZI (USSR) TI-0 (1I) 05<20 Mmy 18 Tagging of Sea Rarring s 96 3
WHITEZFOOT (U.S5. Charter) 77-01 1923 Apr H Current Metsr Recovery ind Deplioywent s 25 1
DELAWARE I1 (U.S.-NOAA) 77-03 19 Mar-a8 Apr ol 3octom Trawl Survey [ 189 147
¥IZCNO (Poland) 77-03 20 Har-qds Apr 17 Long~iine Suxvey for Sharks § Swordfish 4 88 19
DELANARE (1 (U.S5.=NGAA) T7=04 12-29 Apr 13 ?lankezoa { Primsty Productivity Suxrvey 6 128 131
ALBATRCSS IV (U.S.-NQAA) 7702 (1) 1327 Apr 15 octos Trawl Survey 13 198 11
WOGLIXI (USSR} 77<01 (1) 12 Apr-Q3 MHey 15 Tigging of Ses Herring 5 7% 1
ANMANGALE {U.S. Charter) 77-01 12417 May 6 Fish Egg Survey 9 3 33
ALIATROSS 1Y (U.3.-¥0AA) 77-92 (II1) 16220 May 5 Zottom Trawl Suzvey i3 45 24
DELANARE 1I {U.S.-NOAA) T7-08 (1) 1727 ¥ay 11 lchthyopiankton Survey 6 (73 89
NOGLIXI (USSX) 77-02 22 Muy=06 Jum 16 Plankton-Ocsamogriphic Suzsvwy 3 48 95
ALBATROSS IV (U.S.-NOAA) 77-03 23 Mxy=433 Jum 11 Scaliocp Sm-y 11 iz 183
DELANARE I (U.S.-MOAA) 77-0% (1) 01<06 Jum $ Eawis me Suxvey 4 24 43
ALZATROSS 1Y (U.S5.-HOAA) 77-04 07-16 Jun 19 Den-urnid.: Survey i3 130 2?7
DELANARE I1 (U.S.-NOAA) T7-97 09=30 Jum ped lchehydplankton Suxvey 7 154 134
ALBATROSS ¥ (U.S.-H0AA) T7-08 30 Jum=15 Jal. 26 +  Primary Productivity Survey 10 pi ] 32
PRINCE . (Canada) 77-01 06=21 Jul 16 Scallop Survey 1 15 148
YUBILEINIY (USSR} 77-01 11-28 Jul 13 Larval M--Oenmmm: vay 1 18 122
CELANARE II (U.S.-HQAA) . T7-08 18332 Jul 3 Eaxvir 1 Ass 3 [9) 106
SUTUXA MARY (Jspan) . T-at 19 Jui-08 Aug 1 Squid Suxvey 3 §3 112
ALBATRGSS IV (U.S.~NOAA) T7<06 26=23 Jul i0 Deep Water Duss Sits Study & & 180
DELANARE [I (U.S.~NOAA) T7-09 27 Jul-06 Aaug 11 Jottow Trswl Sarvey 3 38 118
YUBILEINIY (USSR) T1-32 (1) 30 Jul-is Aug 17 Plank O graphic Survey 3 51 107
ALBATROSS IV (U.3.-NOAA) T7-07 (1) 0145 Aug s 3ottom Trswl Survey 13 &5 40
ALBATROSS IV (U.3.-NOAA) 77=07 (ID) 07-12 Aug é Hydroacouseic Suxvey 13 78 15
ALBATRCSS IV (U.S.-NOAA) T1-07 (11I) 16 Aug-Ql Sep 17 Boteow Trawl Survey 13 21 149
UtiamARE L1 {U.d.=MIAA) 77-10 17-45 Aug 9 oredgs Testang £ 7 63 50
TUBILEINIY (USSR) 7702 (11} 17 Aug-33 Sep 13 Plsnkton-Oenanagrsphic Sur"y 2 % 33
YUSILEINIY (USSR) 7703 () 0S<i6 Sep 12 Tagging of Ses HerTing 2 24 1
DELANARE 11 (U.S.-NGAA) 77-11 () 07-09 Sep 3 Geer Mensuratiom Study s is ]
DELANARE 11 (U.S.~NOAA) 711 (IT) . 13-21 Sep 9 Geur Memsuracion Study 5 48 153
YURCLEINTY (USSR) 7743 (11) 16 Sep=0¢ Ocz 19 Tagging of Sea Herring 2 33 7
WECNO (Poland) 77-28 17 Sep=03 Oct 1?7 Harring Predator-Prey Study 2 p31 33
DELANARE 11 (U.S.-NGAA) 77-12 (1) © 36 Sep=37 Oct 12 3ottom Trewi Survey 3 96 137
WIECTHNG (Poland) 7706 0de24 Ccz 21 Larvsl Herring Surrwy 5 108 117
ANTON CONRN (FRG) 77-02 10-30 Oct 21 Herring Survey 10 210 73
DELAWARE (1 (U.S.-NOAA) T7-12 (1) 11-21 Qez 1 3ottom Trawl Survey 9 99 71
ARGIS (USSR) 77-01 (1) 1528 Oet 11 Zooplasnkzom, Ocssnograzphic § Primury Productivity Sur. § €6 72
ARGUS (USSR®) ™-01 (11} 2S Ocz=il Novw. 12 Zooplankton, OCssmographic § Prisary Productivity Sur. 7 128 b
CELAWARE IT (U.S.-NGAA) 77-12 (111 25 0e2-97 Nevw 14 jocten Trawl 1 3 112 133
DIANE MARIE (U.S.-Chzreer) 77-91 . Q1-1{7 Mav 17 Long~1line for Sharks i Swordfish 3 51 10
ANTOX DOHRN (FRG) 77-43 01-13 Nov 13 Larvi Herring Suxvey 9 7 117
MT. MITCHELL (U.S.-NOAA) 77-11 1219 Now 3 lchthyonlankton, Ocssnographic & Prim. Prod. H Ft3 7
ARGUS (USSR) 7702 13-25 Now 13 Squid Survey 3 39 41
LELEZ (U.S.-HOAA) T7-11/12 25 Nov=036 Dec 12 Ichthyopliankzon, Qcsanogrsphic § Prim. Prod. 3arvey 7 34 38
DELANARE 11 (U.S5.-MOAA) T-12 (IV) 23 Nov~9d6 Dee 3 Bottom Trawl Sarvey 7 53 72
FELEZ (U.S.-WOAM} T7-12 06=13 Dec 3 Ichthyepimkton, OcasnogTspaic 4 Prim. Prod. Suxrvey 3 40 17
CELANARE IT ('U;S.-M) T7-13 08<20 Dae 13 laryal HerrTing Survey 9 117 74
- DELANARE II (U.S.-NOAA) 7301 (1) 05=13 Jan 9 Shellfish Resource Assessmmt Survey 8 7 107
DELANARE 11 (U.S5.-NOAA) 78-Q1 (1) 1525 Jan 1 Shellfish Resource Aaadss-nt Suxvey 3 1) 123
ALZATRESS IV (U.S.-NOAA) 7301 1317 Jam 10 HerTing Survey 13 130 30
ARGUS (USSR} 7341 (T} 28 Jan-13 Feb 17 Squid, Mackerel § Nerring Smcr 4 68 34
CELANARE I (U.S.<HOAA) 7%41 (110} 0 Jan-1l Fed 13 Shellfish Resourcte Assessmwnt Survey 3 104 121
ALBATROSS IV (U.3.-NGAA) 78=0x 31 Jam=oé Fed 7 Deep Yatsr Domo Sizs Study 1 7 bed
ALBATROSS IV (U.5.-NOAA) =32 (1} 14=22 Fud 1 Larvai Fish Survey 9 31 140
ALBATROSS TV (U.S.-WOAA) 78-402 (I7) 13 Fab= § + Laxvai Fish Survey 11 56 + 41
DELANARE 11 (U.S.-NOAA) 78-432 {1} ld=24 Fed 11 lchehvoviankton Survey 7 108 60
ARES (1MSR) 7341 (ID 15 Fed~ 14 - Squid, Mackerwi §.HerwTiag Suxvey 4 56 o4
CEIAWARE 1 (U.S.-NOAA) T%8=42 (ID) 27 Febd= R Ichtayopianktor Survey 7 14 » 20
L2 3 5,309 4,933



Table 2. Virtual Population Analysis - 1960 YC,

Min. No. Correction Correction %

Year Age Catch VP _ for M for Incompl. C Diff.
61 1 500 4,210 7,317 7,387 1%
62 2 1,sbo 3,710 5,538 5,506 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 45
66 6 140 310 421 447 6%
67 7 90 170 28 | 239 10%
68 8 50 80 97 115 19%
69 9 20 30 34 | 49 44%

70 10 10 10 , 10 22 120%

iProportion caught in 1970 100% 50%
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Fundamental model of fish stock population dynamics.

Examples of the fit of haddock stock and recruitment data to a

theoretical model of the relationship between these variables.

Hypothetical example of the dynamics of a cohort of fish start-

ing at the time of recruitment.
Example of yield per recruit isopleth.

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

at first capture.

Hypothetical example of the relationship between research vessel

survey data and results of virtual population analysis.
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