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Volvenko I. V 
Problems in estimation of fish abundance by trawl sampling. 

The main task of the trawl survey is to estimate how much fish inhabits at the certain area 
We \vould like to analyze some problems related to this task on the basis of the data on 457 
epipelagic trawl surveys conducted by TINRO-centre l research vessels in Okhotsk Sea within 1995 
- 1996. (Fig I) As the main sample for fish abundance calculation we would like to use the salmon 
because it's known that in the northwestern Pacific the salmon inhabits mainly in upper 30 - 50 
meter water level and available for epipelagic trawling (Shuntov and others, 1993) 

Problem 1. How to take on the assessment of the fish abundance on the basis of trawling 
engineering data and catch data? 

Theoretically there are 6 simplest variants of the fish biomass and abundance quantitative 
assessment available. They correspond to various measure units, calculation methods and range of 
application( FL2 2). 
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The first variant does not require any calculation in principle - the trawl cod end content can 
be weighted and counted directly. 

The second variant takes into account the difference in trawling time and is mostly used in 
practice by TINRO specialists for I-hour catch calculation . 

The third variant takes into account two trawling parameters but it's not so wide applicable 
as the second one. At the same time, the speed of different trawling can differ a lot. For example, in 
1996 the trawling speed range was 4.2 to 5.2 knots. Accordingly the I-hour trawling distance was 
7.8 - 9.6 km. In 1995 the trawling speed varied from 3.6 to 6.2 knots, the I-hour distance was 6.7-
I 1.5 km. Last figures differ almost in 2 times. It can distort the fish spatial distribution picture, 
more or less (Fig. 3, 4) and obviously influence on the quantitative assessment reliability. Such 
figure, as the catch per distance unit (mile or km) is more suitable for comparison purpose if 
speaking about different area and/or time, than the catch per hour. 

Mentioned above catch characteristics do not evidence of fish abundance taking for all in 
all, but answer only the question "more or less?" and don't answer the question "how much" fish 
locates in the certain area. 

I Pacilic Research Fisheries Center - hereinafter referred as 'TINRO' 





Following variants of tish biomass and abundance assessment are interested for researchers 
most of all. It's possible to estimate the density of organisms per the space unit by calculating the 
square and/or volume during the trawling. For this purpose it's necessary to know the trawl opening 
- this value is immeasurable during the trawling. The thing is that none of TfNRO research vessel 
has required devices. 

In order to find out the traditional solution I've looked through "Material and Method" 
section of } 0 arbitrary TINRO cruise reports. It turned out, that most often they've used the 
following trawling system in pelagic trawl surveys: a middle-size refrigerator trawler, sometimes 
big-size trawler or seiner-trawler, the mid-water rope trawl 108/528 m (PT 108/528)[ , the oval 
cylinder otter-board 7.3 m 2

. (In-1995 - 1996 middle-size refrigerator trawlers using exactly this 
kind of the trawl conducted all epipelagic trawling in Okhotsk Sea). For this trawling system in 
every cruise they've used common for all stations the trawl horizontal and vertical aperture constant 
tigures (Tab.l). Usually these average figures are 50 and 70 ill. Sometimes reports contain minimal 
and maximal figures but without note, what figures were used for calculation. 

An underwater observation of real trawls and model studies shows that the trawl mouth 
cross-section during operation has round or ellipse form (Fridman, 1969). The calculated trawl 
aperture according to the ellipse formula for Tab.} varies from 1833.905 to 4806.637, i.e. more than 
in 2,5 times. The I-hour trawling at 5 knots covers 9260 m. Consequently, the trawled volume is 
minimum 16981960.30, maximum 44509458.62 m3

. The difference exceeds 27.5 mil. m3
. This 

can adversely affect the abundance assessment. Naturally, the question about the origin and 
precision of the trawl aperture figure arises. 

It's well known that the vertical aperture is available for instrument measurement. It's 
unclear, where is the horizontal aperture figure from in reports? 

Is it possible to calculate the trawl horizontal aperture by other trawling parameters and 
trawl system characteristics? I couldn't find the analytical solution of this problem in papers 
available. Specialists of Dalrybvtuz l

, Chair of Commercial Fishery also couldn't offer the solution. 
The experimental solution is impossible because of absence of the necessary equipment, time and 
financing The only option in this case - computer model of the trawling, records of the horizontal 
aperture at various operating modes, search of the static interrelation between variables we are 
interested in. 

Using the mathematical model of the trawl (Gabryuk, 1995) and this model-based PC 
software for trawling systems adjustment (authors: Dr. Gabryuk V. I. and P-grad. Osipov E. V. from 
Dalrybvtuz) I simulated STM-type vessel 800 trawling by PT 108/528 trawl with oval-cylinder 
otter-boards 7.3 m 2. I checked the trawl configuration at the depth 0 - 1000 m with 200 m interval, 
the trawling speed 4 - 6 knots with 0,2 knots interval, the vertical aperture 30 - 70 m with 5 m 
interval and optimal for every configuration rope length providing stability of the operation. 

First results of data static analyses showed that horizontal and vertical trawl aperture 
combinations from cruise reports (Tab. 1) have been far away from the reality. The actual function 
definition area (a - horizontal aperture) for the value of argument (b - vertical aperture) from 30 to 
70 m is shown at Fig.5. 

Generally speaking, the horizontal aperture of the trawl decreases depending on its veI1icai 
aperture, but the functional dependence is rather weak and ambiguous (Fig.5). It doesn't make sense 
to find the function of one variable a = f (b) because of its low predicted value. Not going into 
details, I'd like to note that the trawl stretchability makes variable the perimeter and the aperture. 
The configuration and perimeter, and consequently, horizontal aperture depends on the speed of 
trawling, the depth and the rope length (Fig.6). These characteristics are measurable during the 
trawling, so every of them can be included into regressive model as the independent variable in 
order to reduce the residual dispersion. 

I The customary for our country standard trawl abbreviation. which includes the trawl type (bottom, mid-water, 
universal), head line length (rn) without free end, the trawl cross-section perimeter (belly front selvage) at 0.5 hanging 
(Gabryuk, 1995). 
I Far Eastern Fisheries Teclmical State University. 



Using the step-by-step regression analyses method (see Atifi, Aizen, 1982) I've checked 
many of titted equations with various variable combinations. The best regression equation tor the 
trawl horizontal aperture is 

19 a = 0.00360·h - 068471'lg b - 008887·v + I .05252·lg v + O.00004·(h + 1)-

- 0.00545·lg (h + I) - o 24328·(Ig l) 2 + I 55448'lg I 
a - horizontal aperture (m), b - vertical aperture (m), v - trawling speed (knots), h - trawling depth 
(m), /- rope length (m), 19 - common logarithm. 

After taking the antilogarithm and simplification the equation becomes more suitable for 
practical application: 

1.008326 . Vi 1)5252 . 1.00009h~' ./155448 

a = b068.j71 .1.22707" . (h + 1)000545 .1.75098(1g/) (I) 

The multiply correlation coefficient R = 0.999. The standard deviation for the trawl 
horizontal aperture calculating according to this equation, differs from the estimated by the 
mathematical model I) by o. I %, maximum - not over 11 %. 

Using the equation (I) it's possible to take from catch on the fish abundance assessment 
The abundance or the biomass per square unit - square kilometer (Pcs'/km 2 or kg/km 2) can be 
calculated according the equation 

N M a 
-or- whenA= 1.852A=I.852·v·t·-- (2) 
A A' 1000' 

and per volume unit - cubic kilometer (pcsikm 3 or kg/km 3) - according to: 
a b 

Tr'-' 

NorM when V=1.852.v.t. 2 2 (3) 
V V' 1000000 

N - number of fishes, M weight (pieces, kg); 

A - square, V - volume (km 2 ,km 3 ); 

t - the trawling time (h); 
1t:::: 3.14159; . 
1.852 km in nautical mile, 1000 - min km, 1000000 m 2 in km 2. 

Using equation (1) - (3) I calculated fish abundance at the every trawling station for RV 
"Professor Levanidov" survey during 0l.08.96 - 2l.08.96. Next I took two couples of fictitious 
constants from Tab. 1 and repeated the calculation according to the equations (2) and (3) as if the 
trawl aperture has always been 50 per 70 or 66 per 85 m. The difference (Tab.2) was notable. 

I'd like also to note that RV "Professor Levanidov" has strained by the trawl about 0.8 
km 3 of water (i.e. billion of cubic meters). Not at all 1.4 or 2.2, as it might appear if we believed 
that the trawl aperture was 50 per 70 or 66 per 85 m. The actual trawl vertical aperture during 
different trawling was 35 to 58 m, the horizontal one was 44 to 55 m. 

The data of this period was used as the most exact sample because in 97 epipelagic trawling 
stations conducted by RV "Professor Levanidov" in 1996, only 9 stations in July and 57 stations in 
August have records of the vertical and calculations of the horizontal trawl aperture. For the rest 7 
stations in August and 22 stations in September2

) the constant was recorded: 42 m vertical and 70 m 
horizontal aperture. 

In fact, if we assume that the vertical aperture for last 29 trawling was constantly 42 m, so 
the horizontal aperture should vary from 48.1 to 53.1 m taking into account other trawling 
parameters. 

The data on other cruises can be similarly corrected (Tab.3). In this case the new abundance 
assessment could be even more accurate in case of no faulty practice to insert the vertical aperture 
constant replacing the measured figures by some average or frequently occurring value. 

I J 587 points were used for the equation coefficient calculation, 200 - for independent check of the adjustment error. 
2) These records were made by other group of scientists came from R V "Professor Kizevetter". 



It's impossible to assume that in some cruise somebody could use absolutely imaginary 
figures for the trawl vertical aperture without even taking a look on devices. But even in such case 
the quantitative abundance assessments that calculated with the trawl horizontal aperture figures 
should be closer to the true value than those based on two fictitious coetTtcients. 

Problem 2 How can we get to the statistical abundance assessment on the basis of the great 
number of sample values received during trawl survey? 

Most of the information from the extract is not interesting itself, but as the information 
about the total population in the research area. Figuratively we can imagine the random sampling 
process I) as the off-chance extraction of XI' X 2'" X n values from the total population, which 

contains various values according to the proportion corresponding to the X variate frequency 
distribution, and these values are mixed in depth (Myatlev, Terekhin, \990). 

More often the symmetric bell-shaped, or so-called normal (Gauss) distribution occurs in 
nature. That's why the overwhelming majority of statistical methods are figured on such 
distribution pattern handling. Most ordinary procedures: the contrast of means on t-criterion, the 
variance analyses of the environmental factors' influence on the biological object or process, the 
correlation and regression analyses of characteristics' interrelation - they all require the normal 
distribution of analyzed values. Otherwise, the initial data normalizing conversion is necessary. 

We know (for example, Elliott, 1977) that the organisms' abundance frequency distribution 
depends on spatial distributions of individuals (Fig.7). 

3 main types of the spatial dispersion and corresponding frequency distributions are 
discerned: 
1. random dispersion with typical normal distribution; the dispersion is about uniform equal to the 

simple average S2 ,:::;: x; 
2. regular or uniform dispersion makes underexpanded frequency distribution because the measure 

of deviation (values' variability) is S2 <l x; 

3 aggregated dispersion causing the skew rediffused distribution with large dispersion S2 <l x and 
big right "tail". 

The frequency distribution of catches and related the salmon abundance value corresponds 
to the third type. This is confirmed by too large dispersions, which are few times more then the 
average, by the typical skewness of the bar graph, by the remarkable nonlinearly of the points on 
the probit-graphics (Fig.S, 9). The fish inclination for concentration with more or less empty spaces 
between them leads to the situation when the large catches are scarcer then small ones. 
Consequently, the trawl survey data does not correspond to the normal distribution. That's why the 
disposal of regular (parametric) procedures, even such elementary as the average analyses with 
standard error, makes incorrect results. 

The logarithmic transformation of common use for such cases y = Ig(x + 1); x - the initial 

data, y - the transformed data, (Aksyutina, 1965, Elliott, 1977, Dulepov and others, 1995) provides 
satisfactory normalization (see the sample on the Fig. 10). It evidences that we handle with 
logarithmically normal dispersions. 

It's thought that the variate x has the logarithmically normal dispersion in case the value 
y, = log(x, + fJ) is normally dispersed. It's notable that the logarithmically normal dispersion 

doesn't identically clarify itself by own moments. Its behavior is conditioned by the appropriate 

normal dispersion behavior. The logarithmically normal dispersion has two l
) parameters yand 

s~ which are the average and the y dispersion. If we use the common logarithm, so the x frequency 

function is as follows: 

!(x) = [f(lg(x+fJ)-y]],= 1ge exi_(lg(x+fJ),-y)21. 
Sy (x+fJ)'Sy.J2; L 2·s; J 

I) In particular, the process of trawl survey 
I) If we do not take into account the parameter 0, which can be zero in case there is no empty sampling in the catch. In 
this case I lIsed 0 0= I for the abundance estimation. 



The x variate's moments can be described by the equation j/ = 10 

order, so the x average and dispersion is 

average 

dispersion 

s' 
v~~·tnlO 

x=10' 2 -e, 

S~ =10 2Y+ S;lnIO(10<;lnI0 -I). 

J..i< -k: iii 

, k - the moment 

(4) 

(5) 

These and following equations contain the constant In 1 0 ;::: 2.303, anstng from disposal of the 
common logarithm2

) in the normalizing transformation. 
The sample average x is the point estimate of the true average (total population average) 

calculated on the basis of relatively small sample. The replicate sample, even at fully identical 
conditions, can hardly result in the same average value. The average will be less or much, than the 
last time. Under such circumstances the probability of its lower value is very high, The probability 
of its much value is low. So it's also necessary to get the interval estimate except the point estimate, 
ie. to make some interval on the basis of x1,x2 , •.• ,xn sample value, and this interval should contain 

the actual average abundance with the specified probability. It can be done using the equation: 

10 2 v~ -e'5,X'5, 10 - n-i e, 
[ 

Y+~'ln 10-/ rsfJ [ Y+*'ln IO-tv
l s; J' (6) 

11 - amount of sampling, i.e, number of trawling stations, t - table Stewdent value for the specified 
probability. For example, taking the 95% confidence interval it's possible to assert that if we repeat 
100 trawling stations under standing conditions, so in about 95 cases the abundance estimation 
should be within the 95% confidence interval, and in 5 cases will be outside of this area. 

In practice it's necessary to know the absolute fish abundance at the certain area. To get the 
point estimate of this value, the square or the volume of the research area usually multiplies the 
relative abundance average. To get the interval estimation they use the confidence interval limit 
instead of the average. 

In case of the skew logarithmically normal frequency distribution of the initial data they use 
the limit of completely other confidence interval (for example, Aksyutina, 1968, Elliott, 1977). 

[lOy,gJ~e ~ x ~[lOYHgJ-e (7) 

It's located more left at the number axis than the previous one. The thing is that the equation 

(7) includes the expression x = lOy - e - the geometric middling, which is not the average of 
distribution estimate, but the logarithmically normal distribution median!), i.e. such average that 
admits the equiprobable drift to the less and to the more. This characteristic of the average in 
particular is used for calculation of the absolute abundance on the basis of the relative one. 

That is why the upper and the lower value of exactly this confidence interval are used for the 
estimation of the appropriate fish absolute abundance limit at the research area with the specified 
probability of admissible error. On the basis of the sample in Table 4 we can imagine, how can shift 
the statistical assessment of fish abundance in case of ignoring the logarithmically normal 
distribution of the trawl survey data. 

In conclusion it's necessary to note that textbooks on the biological statistics (Aksyutina, 
1968, Lakin, 1973, Elliott, 1977, others) usually admit on the basis of the central limit theorem that 
in case of mass sampling (n > 30, 50 or hundreds) the organisms' abundance distribution becomes 
normal. This is the fallacious opinion. The main characteristics of the logarithmically normal 

21 Mentioned above equations could be simplified by replacing the cOlllmon logarithm by the natural logaritlun, and the 
10 base of power by the exponent [ didn't do it specially, for practical calculation ability because the majority of 
calculators and some simple PC software have not equipped Witll tlIe natural logaritlun function, exponent function and 
e value reproduction. 
I) For tlIe logaritlunicaUy nonnal dispersion, in contrast to tlIe nonnal one, the mode. (he medilUl and tlIe average 
mismatch. They are located at tlle number axis exactly in such order - (he medilUl is between the average and !lIe mode 
(see Fig.78). 



dispersion - the product of independent variates with logarithmically normal dispersion, is also 
depends on the logarithmically normal dispersion The analog of the central limit theorem exists 
the product of II independent variates' distribution under some common conditions tends to the 
logarithmically normal dispersion at n ---+ Xl (Mathematical ., 1982) Consequently, there is no any 
reason to hope that increasing of the sampling value can lead to the data normalization of itself The 
abundant number of trawling stations is absolutely useless. 

The precision of statistical estimation of fish abundance is the other story. It always 
increases by increasing the sampling value. Actually, it's possible to determine some permissible 
precision limits and the appropriate number of trawling stations, and the exceeding of this number 
can lead to excessive man-hours, but its detraction can make the research useless because of the 
invalid data. 

Problem 3: What is the actual precision of the fish abundance assessment on the basis of the 
trawl survey data, and how many stations are enough for the reasonable precision limits? 

The part of confidence interval equations (6, 7) is the expression t· J S2 , determining 
n -I 

their limits Primarily in case of the normal frequency distribution of the data XI' x2 ' . .. , XII' the 

mt Js; is the representativeness error of the x average. As much is sampling value n, as less is 
n -1 

this error. The t tabulated point is also decreasing depending on the n increasing. So, we invariably 
improve the assessment precision by increasing the n. 

The measure of the statistical assessment precision is generally agreed as its error relation to 

the assessment itself. The assessment precision l
) Cs = ~i: ·100 shows the percentage of the average 

X 

in its representativeness' error. The less is Cs the better is precision: the limiting value is Cs = 0% -
the maximal precision; Cs = 50% - the error is a half of the average; Cs > 100% - the error exceeds 
the average itself. The upper numerical limit of the Cs does not exist in principal (everything 
depends on the correlation Sx / x), i.e. the error can be arbitrary large2

). 

On the basis of the mentioned above equations arises the following expression, which can 
allow us to calculate the sampling value (il) necessary for the fixed precision level of the 

7 

assessment with any probability: n = (2 . s; 7 ' at Cs is the desired precision of the 
(O.OI·Cs·xt 

average. 
The appropriate t tabulated point determines the probability, at that the common is the 

traditional for the biology 95% confident coefficient. There are no common standards of assessment 
precision in the biology. Somebody consider that the precision is enough at Cs not over 3-5% 
(Lakin, 1973). For the experimental research the desirable is often hundredth of the percent. For the 
field hydrological research at rather small water areas the planned is not over 20% precision (Elliott, 
1977). In further calculation we assume that for the trawl survey the 20-30% precision is 
satisfactory and 5-10% is good. 

Before taking on the specific samples I'd like to remind that mentioned in this section 
mathematical expressions are correct for the normal dispersion of the data, but we deal with 
logarithmically normal dispersions. That's why all calculations should be made not on the basis of 
the initial data XI' but on the basis of the normalized y" i.e. according the equation (taking into 

account Llsed symbols): 

: I The tcnninology and the symbol Cs is from the popular textbook (Lakin, 1973), sometimcs this symbol is used not for 
the statistical precision, but for indication of significant value after Ihe comma. 

, 
')TI (' I I' . (~ 1 (Cs)" " Ie s ca cu allon also conta1l1s tlle error mcs = .s --+ -

2·ft 100 
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Cs = ·100, (9) 
Y 

n=t 2 . __ -,-__ 

(OOI·n··y)" . 
(10) 

For the transformed data with symmetric normal dispersion, the average, the moda and the 
median coincides. Consequently, we can accept the Cs as the assessment precision measure for all 
three parameters. 

The exemplified TINRO trawl surveys were conducted mainly in summer season not all 
over the Sea of Okhotsk (Fig. I). More often and complete surveys had been held in South Okhotsk 
Sea - from South Kuril Islands to the southern cape of Kamchatka peninsula (43 - 51 0 N). Within 
the mentioned 2-year period there were three I-month surveys at this area (Fig. 10) The same 
attention is paid to the Western Kamchatka area (51 - 58° N) - two surveys within the observed 
period (Fig. 1 I). Both conditionally chosen areas are salmon' habitat. The record of their abundance 
in this area has been keeping for many years on the basis of trawl surveys. 

Now, only for the purpose of result comparison let's use 2 calculation variants. First, we 
assume that the initial data is normally dispersed (actually it's not true - see Fig. 10) and make 
calculation for the 1 survey using non-transformed data. 

If rely on such analyses result (Tab.5) we'll find out that the assessment precision is not high 
even for mass species. For the pink salmon - it's about 20%, for the chum salmon - about 50% 
according to some abundance indexes. It's possible to conclude that in July 1995 there were too 
little trawlings in Southern Okhotsk Sea. With 5 mistakes in 100 cases allowance (95% probability) 
it was necessary to conduct hundreds and thousands of stations in order to provide the stable 
satisfactory result. 

The actual (see Tab.6) density of the trawling stations in the Southern Okhotsk Sea is quite 
enough for the reliable abundance estimation for mass fish species. The actual precision of the 
abundance and the biomess assessment in this area in 1995 - 1996 was 5 - 10% for the pink salmon 
and 10 - 15% for the chum salmon. Even taking into account the error probability it's possible to 
consider that 60-70 stations can let us estimate the pink salmon abundance per the square or volume 
unit with 5-10% precision, and the chum salmon - with 20-30% precision. 

Much more trawl stations are necessary for the satisfactory assessment of other rare in this 
area specimen's abundance. 

Certainly unreal numbers - sometimes about 2000 stations, is common for the ecology 
result (see, for example, Dulepov, 1995). The population research analyses shows that many 
parameters, in particular survey area and number of stations, depends not on the calculation, but on 
the finances and man-hours available. Comparing this and other it's possible to determine the 
optimal confidence probability which has to be met (Eberhardt, 1978). 

In respect of this, there are two Western Kamchatka surveys noteworthy. They are much 
differs by the survey area and station density (Fig. 11). Let us examine every survey separately. 

During 1995 survey (Tab.7) the salmons, except pink and chum salmon actually were not 
trequent. The abundance assessment precision for the first species exceeded 30% in fact, for the 
second was not over 20%. In case of required 20-30% precision for pink salmon abundance 
assessment it was necessary to make 5-10 times more stations (in this case the precision for the 
chum salmon could reach 10-20%). 

In 1996 the new approach to the data collection appeared - few times Jess area is covered by 
denser stations (Fig. 11). As a result of this, it became possible to get the good and satisfactory 
precision of the assessment for almost salmon species. 

In 1995 probably it was possible to get the more reliable data in case of concentration the 
efforts at the smaller area. But during planning of the survey in some local area it's necessary to 
keep in mind that the assessment precision depends not only on the station density (the number of 
trawling per square unit of the survey area), but also on the fish spatial distribution within the 



survey area. And this distribution changes because have seasonal and inter annual tluctuations That 
is why it's desirable to take into account as much results of pervious surveys as possible or to 
improve the plan right at the sea conforming to the specific conditions 

In conclusion let's pay an attention to the following rule. To estimate the fish abundance 
and the biomass per the volume unit the less stations are required comparing to the esti mation per 
the square unit. And per the square unit - less than per the trawling or trawling hour (Tab 6-8) It's 
related to the diminution of the abundance characteristics' variation by increasing the number of the 
trawling technical parameters (see Fig.2). 

The mentioned let us return to the set of questions in the beginning of this paper The 
proceeding from the catch to the catch per trawling hour, then to the catch per the distance unit, 
then, finally, to the relative abundance leads to the successive increasing of the reliability and 
precision of the fish abundance and biomass quantitative assessment. But the scheme on the Fig:2 
shows two variants of the relative abundance index. Is one of them has the advantage over the other, 
and which is better for the absolute fish abundance assessment - this is also a problem. 

Problem 4: If the trawl survey assessments of the fish relative abundance per the volume 
unit and per the square unit are of equal worth? 

Most often in practice they use two approaches to the fish absolute abundance estimation at 
the research area. In case of the tI.rst one, the square of the whole research area multiplies the 
average abundance per the square unit. In case of the second, the whole research volume multiplies 
the average abundance per the volume unit. The common name for these methods is "square" and 
"volume" method. Sometimes it's considered that in case of epipelagic (or bottom) survey both 
methods are equal and the preferable is the first one. 

The uncertainty of such decision is conditioned by that we make research of the three
dimensional space by the flexible fishing gear of irregular configuration. It's easy to imagine how is 
the straight-line motion of the trawl mouth makes the rectangle projection on the water surface. The 
square of this rectangle depends on the trawl horizontal aperture and the distance. 

The horizontal aperture can be the same at different size of the vertical one (see Fig.5). In 
this case absolutely the same trawling square will correspond to the different water volume. The 
reversed situation is also possible. 

Even if we neglect the net strechability and consider the mouth perimeter of some ideal 
trawl as fixed, just for simplicity - the problem will remain. It's well known that the circle has the 
largest square among all geometrical figures with equal perimeter. In particular, the square of the 

fixed perimeter ellipse increases (up to m- 2
) if the difference between its small and big radius is 

decreasing, and decreases (to 0) in case of this difference's increasing. Thus, the much the ideal 
trawl is stretched horizontally, the less is the trawled volume and the much is the square (Fig. 12). 
Of course, at the same conditions the less is the catch in larger area (i.e. smaller volume). 

Taking on the real examples, let us advert again to the RV "Professor Levanidov" survey in 
1996. The trawl vertical aperture was measured according to the device data for every station. At 
the station 76 the correlation of the vertical and horizontal trawl aperture was 35.0 to 51.8 m, 
trawling speed 4.5 knots, trawling time 1 hour, survey area 0.432 km 2 and 0.01186 km 3 At the 
next station the trawl aperture was 58.0 to 44.2 m, trawling speed 4.4 knots, trawling time 1 hour, 

7 3 actual survey area 0.360 krn - and 0.01640 krn . 
Adrift the same technical parameters of the trawling could be observed at any time and at 

any survey station. For the simplicity and clearness of the case let's admit that the fish in this area 
was distributed absolutely uniformly and at the same distance horizontally and vertically. And we 

know in advance that the fish density is, tor example, 1300 individuals per km 3 (ie the catch from 

l km 3 is exactly 1300 individuals). The elementary arithmetical calculation (Tab.9) shows the 
intluence of the trawling parameters on the fish abundance assessment. 

The mentioned sample shows that the relative abundance per the square unit is evidently 
depends on the size and the trawl mouth configuration. The much is tlsh density, the more is the 
assessment error. Only the absolute abundance figure shows the invariably correct result. 

In conclusion of this paper I'd like to note that it covers far from all problems of the fish 
abundance assessment on the basis of the trawl survey data. In particular, the scheme on the Fig.2 is 
wittingly simplified by the absence of the fishing efficiency coefficients, which is not subject of this 



paper. For calculation purposes [ used the fishing efficiency coetTtcient 0.3 - the working standard 
for salmon in TINRO-centre Applied Biocenology Laboratory. From the point of view of the above 
mentioned ideas this empirical figure requires the adjustment. The complexity and the importance 
of this problem require its detailed study in the individual paper using more facts Besides, the 
mentioned abundance assessment, as repeatedly emphasized, is related to the specific survey areas. 
The problem of the data extrapolation to the other areas is also requires the special discussion. 

Thanks to 

Sincere thanks to Dr. Shuntov V.P. (TINRO-centre), Dr. Gabryuk V.I. and P-g Osipov E. V 
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V. V. (Institute of Marine Biology FEB RAS), candidate of science Trischenko E. V. (FESU) for the 
frequent consultations within this paper and important reclamation. Thanks to the staff of TINRO
centre Regional Data center for the kindly granted data files and also to all research survey 
participants, whose data was used as examples. 
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Table I. 
Examples of trawl parameters for model RT 108; 528 m taken from standard TINRO cruise reports 
and technical documentation about this trawl 

Data source 

Report ... , 1986, 1987, 1992a; 
Cruise report ... , 1995 

Initial data 
Vertical Horizontal 
aperture aperture 
a(m) b (m) 

50 70 

Aperture 
I ([ b 2 I S=T(·_·-(m) 
I 22' 
I 

I 
I 

2748.694 

60 - 66 85 - 90 14005.531 - 4806.637 
i 2748.894 - 3023.783 

I 
I Report ... , 1990 

Report ... , 1991 a 50 55 70 
45 70 I 2474.004 

45 - 50 70 12474.004 - 2748.894 
50 46.7 I 1833.905 : 

Report ... , 1991 b, 1992b, 1994 
Cruise report ... , 1993 
Project characteristics 



Table 2 
Some estimates of salmon abundance 1-21.08.1996 by data of 59 trawl stations of scientific rlv "Professor Levanidov" calculated in suppose about 

fixed opening of trawl for while survey (parameters of trawl opening are taken from Table 1), also with taking into account actual opening of trawl during 
each trawling. 

'"' Oncorhynchus 
Salmon species 

o gorbuscha 

o keta 

O. kisutch 

O. masu 

O. nerka 

O. tschawytcha 

Remarks: 

Trawl aperture Abundance ----Bioma~;--

(vertical x horizontal) Pcs/km 2 

max'" - min Arithmetic max· - min Arithmetic max'" - min Arithffil ,* - n 
average 

.-
average average ____ r---

50 x 70 m I. 72 - II 10. 10 5034 43.65 - 28268.42 1281.98 0.88 - 172077 69.98 22.26 
66 x 85 m 1.41 - 914.20 41.46 27.23 17636.27 799.81 0.72 - 1417.10 5763 13.89 
actual* 2.40 - 1466.17 70.10 67.90 53336.65 2223.36 1.22 - 2272. 71 9709 34.63 --- . __ ._-

~-=-13T35 
f-------. 

50 x 70 m 1.68 - 41.14 10.10 42.70 - 1047.61 257.31 24.26 31.43 
66 x 85 m 1.38 - 33.88 8.32 26.64 - 653.59 160.34 1.02 - 108.99 19.98 1961 

actual 2.30 - 58.77 14.49 67.90 1753.81 422.72 1.80-18907 34.85 53.64 
50 x 70 m 1.68 - 94.28 11.55 42.70 - 2400.78 294.12 0.50 - 54.78 9.43 12.66 240.17 
66 x 85 m 1.38 - 77.64 9.51 26.64 -1497.81 183.50 0.41-45.12 7.77 7.90 0.36 149.84 

actual 2.35 - 134.68 16.56 69.44 4082.95 486.24 0.67 -79.89 \3.55 23.09-_. 21.00 -----
50 x 70 m 1.58 - 8.57 0.36 40.10 - 218.25 9.08 0.13 -- 1.04 0.04 3.34 - 2 6.63 096 
66 x 85 m 1.30 - 7.06 0.29 25.01 - 136.16 5.66 0.11 -- 0.86 0.03 2.08 I 6.61 0.60 

actual 2.20 - 11.54 0.50 63.78 - 367.25 15.14 0.19 - 1.41 0.05 5.69 - 4 4.80 -----
50 x 70 m 1.72 - 10.06 0.82 43.65 - 256.21 20.75 0.14-16.82 1.05 3.49 - 4: 8.30 26.68 
66 x 85 m 1.41 - 8.28 0.67 27.23 - 159.84 12.94 0.11- 1385 0.86 2.18 2( 16.64 

actual 2.30 - 14.37 1.16 61.23 - 457.52 34.96 0.19 - 24.03 1.49 5.82-7( 

50 x 70 m 1.68 - 8.76 0.87 42.70 223.21 22.20 0.30 - 30.70 175 7.69 71 
66 x 85 m 1.38 -7.22 0.72 26.64 - 139.26 13.85 0.25 - 25.28 1.44 4.80 - 41 

actual 2.22 - 12.78 1.26 69.44 - 369.91 37.11 0.44 - 43.86 2.48 12.72 -- I 

*) The bare minimums for all species was zero. As "minimum" for the abundance and the biomass are taken the least values exceeding zero. 
**) The vertical and horizontal aperture is different for every trawling. The "actual" vertical aperture was measured dunng the trawling, the 
horizontal one was calculated according to the equation (1 ). 
All calculations were made without inserting the fishing efficiency coefficient. 
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Table 3 
Parameters of trawl RT 108/528 m used for estimation of fish abundance in different surveys of 1995 

1996 and with taking into account other trawling parameters by formula ( I). 
I Vessel name ! Trawling dates I Trawl aperture 

I I Vertical (m) '~-=-=~=-=H~o:'=r~iz=-o-n-ta-I-(-m-)--------j 

I I Cruise records Cruise records I Calculated fi 7ure 
Professor Ka anovsk . i 10.07-29.08.95 constant 45 constant 90 38 - 45 
Professor Levanidov I 18.07-04.09.95 I constant 50 constant 70 46 - 51 

I Professor Levanidov ! 20.11-28.12.95 I constant 45 constant 70 43 53 
TINRO : 21.06-16.08.95 constant 50 constant 70 37 - 48 

, Professor Kizevetter ! 31.07-23.08.96 constant 42 constant 70 48 - 53 
I Professor Levanidov i 28.07-15.09.96 , different 35 - 58 ! different 44 - 55 ! 44 55 
I I 27.08-15.09.96 I constant 42 ! constant 70 I 48 - 53 

Table 4 
Some estimates of salmon numbers at sea studied on rlv "Professor Levanidov" 1-21.08.1996 
calculated without taking into account distribution of initial data and with taking into account 
10 ormaIi of distribution b formula (4)-(7). 

Abundance Abundance per square unit 
salmon statistical km 2 is calculated: 
specIes estimates without with 

Abundance per volume unit (km 3 ) 

is calculated: 
without with logarithmic 

normality 

O. gorbuscha I Average 1032052,93 
I Cloftheaverage 1030,68-13799,66 339053,79-
, 3141483.30 
I Median 16,64 128,50 
~I __________ ~~C~I~o~ft~h~e~m~ed~i~an~ __________ +_~7~,7~4--~34~,5~8~~--__________ ~~4~1.~54~-_J~~9~3~,1~8 __ ~ 

I 
O. keta Average 48.13 85,26 1404.27 24362,98 

Cloftheaverage 3410-62.15 53,75-134,91 994,83-1813.70 1109713-53485,82 

I I Median I - 18,28 ! - i 274,36 ! 
CI of the median ! - 1123 - 29,37 - 124.43 - 603,51 

, O. kisutch Average 55.22 85.66 1620,83 35219,80 
CI of the average 29.37 - 81.08 51.55 - 141.92 862,26 - 2379.40 1486303 - 83455,86 

Median - 13.12 - 158,76 
CI of the median - 7,56 22,29 - 66.42 377.55 

O. masu Average 1.65 0.93 

I 
50,58 11.61 

CI of the average 0,12-3.19 0.55-1.41 2,76 - 98.41 i 6,62-19.87 
Median - 0.35 I - I 1.00 I 

CI ofthe median - 0.08 - 0.69 - ! 0,21-2,31 

O. nerka 

I 
Average 3.86 2.79 116.49 

i 

115.36 
CI of the average 1.50 - 6.22 1.78 - 4,17 43,00 - 189.99 5804 - 228.34 

Median 
I 

- 089 
I 

- 3.13 
I CI of the median - 0.39 1.58 - 1.10-715 

1
0 . 

I Average , 4,21 3.76 I 123,61 298,00 I I 

CI of the avera e 2,18 - 6,23 I 2.45 - 5.55 , 64,94 - 182, 7 
, 

~ 685 -I tschawytcha ,I g I 
2 14.).69 61 

Median I 126 
I i CI of the median I 0,64 - 2, 12 

Remarks The calculation is made on the basis of the fishing efficiency coefficient OJ 
- the average coincides with the median for the symmetric normal dispersion 

556 
2,18-12,56 

CI - confidence interval 95%, "-" 



Table 5 
Imaginary (calculated without taktng into account data of frequency 

distribution) precision of estimating some characteristics of salmon abundance in 
July 1995 in the southern Sea of Okhotsk Number of trawl stations is presented 
which is needed to get 30%, 20%, and 10% precision with 95% probability. 

Oncorhynchus I Abundance Assessment Number of stations necessary for the 
salmon species I unit precision precision 

30% 20% 10% 

PcsJtrawl. 171±I~oo 78 176 703 
Pcs./hour 17 1 :t: I 6 ~o 78 176 703 
Pcs'/km 172 ± I 6 0 '0 79 178 712 
Psc.lkm2 17.2 ± I 6 0

0 79 177 708 
o gorbuscha Psc./km 1 17.4±16°0 81 182 727 

Kg/trawl 16.6±15~o 74 166 665 
Kg/hour 16.6 ± I :; 0/0 i 74 166 665 
Kg/km 167±15% I 75 168 671 
Kg/km2 165± 15':.;' .." 163 654 IJ 

K Ikm3 16.6 ± 1 5~;' 74 166 665 
Pcs.!trawl. 46.1 ±4.2 % 567 1276 5104 
Pcs.lhour 46.1±4.2% 567 1276 5104 
Pcs.lkm 46.5 ± 42 % 576 1296 5184 
Psc.lkm2 47.0 ± 4.3 % 589 1325 5299 

o keta Psc.lkm3 48.0 ± 4.4 % 616 1385 5541 
Kg/trawl 27.9 ± 2.5 % 207 466 1863 
Kg/hour 27.9 ± 2.5 % 207 466 1863 
Kg/km 28.1 ± 2.5 "io 211 474 1897 
Kg/km2 29.0 ± 2.6 % 224 505 2018 
Kg/km3 29.6 ± 27 % 233 525 2099 



Table 6 
Actual precision of some estimated characteristics of Pacific salmon abundance in the 

southern Sea of Okhotsk during summer survey of 1995 1996. Number of trawl stations is 
presented which is needed to get 30%, 20~o, and 10% precision with 95% probability. 

Oncorhynchus 
salmon species 

Abundance I 
I 

Time of the 
survey 

Species trequency, 
stations (also in %) 

Assessment 
precision 

Number of stations necessary 
for the recision: 

July 1995 
August 1995 

July 1996 

55 from 61 (902%) 
85 from 92 (92.4%) 
57 from 63 (905%) 

6.2 ±0.6 % 
5.1 ± 0.4 % 
5.5 ± 0.5 % 

30% 
10 
10 
8 

20% I 

23 
10% J 
92 

Pcs.!trawl. 

Psc/kmJ 

o gorbuscha 

I K gltrawt 

Kg/km1 

Kglkm3 

Pcs./trawl. 

Psc.lkm2 

I Psc.lkm3 

o keta 

Kg/trawl 

Kglkm2 

Kglkm3 

Pcs./trawl. 

Psc.lkm2 

Psc.lkm3 

O. kisutch 

Kg/trawl 

Kg/km2 

KglkmJ 

July 1995 
August 1995 

July 1996 
July 1995 

August 1995 
Jul 1996 
July 1995 

A 199-ugust ) 

July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 
J I 1995 Uy 

August 1995 
July 1996 
July 1995 

August 1995 
July 1996 

55 from 61 (902 
85 from 92 (924 
57 from 63 (90.5 
55 from 61 (902 
85 from 92 (92.4 
57 from 63 90.5 
54 from 61 (88.5 
85 fr 92 (92 4 om 
57 from 63 (905 
54 from 61 (88.5 
85 from 92 (92.4 
57 from 63 (90.5 
54 from 61 (885 
85 from 92 (92.4 
57 from 63 (905 
29 from 61 (47.5 
48 from 92 (522 
43 from 63 (68.3 
29 from 61 (47.5 
48 from 92 (52.2 
43 from 63 (68.3 
29 from 61 (475 
48 from 92 (52.2 
43 from 63 (68.3 
29 from 61 (47.5 
48 from 92 (52.2 
43 from 63 (68.3 
29 from 61 (47.5 
48 from 92 (522 
43 from 63 (68.3 
29 from 61 (47.5 
48 from 92 (52.2 
43 from 63 (68.3 
I from 61 (1.6 %) 
14 from 92 (15.2 

9 from 63 (14.3 %) 
I from 61 (1.6 %) 
14 from 92 (15.2 

9 from 63 (14.3 %) 
I from 61 (1.6 %) 

5.7±0.5% 
4.5±0.3% 
5.2 ±0.5 % 
4.9±0.4% 
3.6±0.3% 
4.5±04% 
6.2 ± 0.6 % 
47 040/, ± 0 

5.3±0.5% 
5.8±0.5% 
4.2 ± 0.3 % 
5.1 ± 0.5 % 
5.2±0.5% 
3.5±0.3% 
4.5 ± 04 % 
16.4±L5% 
II.7±0.9% 
10.2 ± 0.9 % 
15.4±14% 
11.2 ± 0.8 % 
9.8±0.9% 
14.2± 1.3 % 
JO.4± 0.8 % 
9.1 ±0.8% 
14.8±1.3% 
11.9±0.9% 
9.6±0.9% 
14.4±1.3% 
1l.5 ± 0.8 % 
9.3 ±0.8 % 
13.9± 1.3 % 
lO.7±0.8 % 
9.0±0.8% 

100.8 ± 9.2 % 
254 ± 1.9% 
31.9±2.8% 
100.8 ± 9.2 % 
25.1 ± 1.9 % 
31.7 ± 2.8 % 
100.8 ±9.2 % 

14from92(152 24.9±1.8% 
9 from 63 (14.3 %) 31.4 ± 2.8 % 
1 from 61 (1.6 %) 100.8 ± 9.2 % 
14 from 92 (15.2 25.1 ± 1.9 % 

9 from 63 (14.3 %) 32.8 ± 2.9 % 
I from 61 (I 6 0/, ) 100 8 ± 9 2 % 0 0 

14 from 92 (152 25.0 ± 1.8 % 
9 from 6304.3 %) 32.4 ± 2.9 % 
1 from 61 (16 %) 100.8 ± 9.2 % 
14 from 92 (152 24.9 ± 1.8 % 

9 from 63 ((43 %) 31.6±2.8% 

9 
8 
7 
6 
5 
6 
10 
9 
8 
9 
7 
7 
7 
5 
6 

72 
55 
29 
63 
50 
26 
54 
44 
23 
58 
57 
25 
56 
53 
24 
52 
45 
22 

2712 
257 
279 

2712 
251 
277 

2712 
248 
272 

2712 
251 
295 

- -
250 
289 

2712 
248 
275 

24 
19 
19 
18 
17 
14 
12 
13 
23 
20 
18 
20 
16 
16 
16 
II 
lJ 

162 
123 
65 
142 
112 
59 
120 
98 
51 
\31 
128 
57 
125 
118 
54 
117 
102 
50 

6102 
577 
628 

6102 
565 
623 

6102 
558 
612 

6102 
566 
665 

6102 
561 
650 

6102 
557 
620 

94 
74 
78 
72 
66 
58 
47 
51 
94 
8 I 
71 
82 
65 
63 
65 
45 
51 

648 
493 
260 
568 
448 
238 
482 
392 
204 
525 
512 
227 
SOl 
473 
216 
466 
408 
199 

24407 
2310 
2513 

24407 
2261 
2490 

24407 
2231 
2446 

24407 
2263 
2658 

74407 -
2246 
2599 

24407 
2230 
2479 

I 
i 

I 
I 
I 

I 
I 

I 
I 

I 

I 

I 



Oncorhynchlls 
salmon species 

o masu 

o nerka 

O. tschawytscha 

I 

Ti\b~~d~~~~; Time of the 
unit survey 

_ Table 6 (continued) 
I Species treq~ency, i Assessment i Number of stations necessary 
I stations (also in %) II precision I for the precision: ' 

I 

I 

l , 

-=-__ ~-'-_____ -LI ___ :--:~-:::-:-:-,--=:-::----::-::-::---,-r-- 30% I 20% I 10% 
,Pcs./trawl Julvl995 3trom61(49%) 572±5.2% 874 1966 7865 

Psc IkmJ 

Kg/trawl 

Kglkm1 

Pcs ItrawL 

Psc !km2 

Psc/km3 

Kg/trawl 

Kg/km2 

Kglkm 

Pcs.ltrawl 

Psc.lkm" 

Psc.lkm· 

Kg/trawl 

Kg/km2 

Kg/km-

August 1995 3 ITom 92 (33 %) 57.4 ± 4 2 % 1315 2959 11834 
Julvl995 3ITom61 (49%) 57.3±5.2% 875 1968 7871 

August 1995 3ITom92(33%) 57.5±4.3% 1318 2966 11863 
Julv1995 3ITom61(49%) 572±5.2% 874 1966 7866 

August 1995 3 ITom 92 (33 %) 57.4 ± 4 2 '% 1316 2960 11841 
Julv 1995 3 ITom 61 (49 %) 62.4 ± 5.7 % 

August 1995 3 ITom 92 (33 %) 60.6 ± 4.5 % 
Julvl995 3ITom61(49%) 6\.9±5.6% 

August 1995 3 ITom 92 (33 %) 58.8 ± 4.3 % 
Julvl995 3ITom61(49%) 58.0±53% 

Au st 1995 3 ITom 92 33% 577 ± 43 % 
Julv1995 3ITom61(49%) 58.0±5.3% 
July 1996 4 ITom 63 (63 %) 49.8 ± 4.4 % 
July 1995 3ITom61 (49%) 575±52% 
July 1996 4 ITom 63 {63 %l 49.5 ± 4.4 % 
Julv 1995 3 ITom 61 (49 %) 57.3 ± 5.2 % 
July 1996 4 ITom 63 (63 %) 492 ± 4.4 % 
July 1995 3 ITom 61 (4.9 %) 578 ± 5 2 % 
July 1996 4 ITom 63 (63 %) 52.6 ±4.7 % 
July 1995 3 ITom 61 (4 9 %) 575 ± 5.2 % 
July 1996 4 from 63 (6.3 %) 512 ± 4.6 % 
July 1995 3 ITom 61 (4.9 %) 57.3 ± 5.2 % 
July 1996 4 from 63 (6.3 %) 49.6 ± 4.4 % 
July 1995 1 ITom 61 (1.6 %) 1008 ± 9.2 % 
July 1996 7 ITom 63 (11.1 %) 36.2 ± 3.2 % 
July 1995 1 from 61 (16%) 100.8 ± 9.2 % 
July 1996 7 ITom 63 (11.1 %) 36.2 ± 3.2 % 
July 1995 1 from 61 (1.6 %) 100.8 ± 9.2 % 
July 1996 7 ITom 63 (11. I %) 36.2 ± 3.2 % 
Julv 1995 1 ITom 61 (1.6 %) 100.8 ± 9.2 % 
July 1996 7 ITom 63 (ll.l %) 38.0 ± 3.4 % 
July 1995 1 from 61 (16 %) 100.8 ± 9.2 % 
July 1996 7 from 63 (11. 1 %) 37.3 ± 3.3 % 
July 1995 1 from 61 (1.6 %) 100.8 ± 9.2 % 
July 1996 7 from 63 (ll.l %l 36.5 ± 3.3 % 

1037 
1463 
1022 
1380 
897 
1328 
898 
682 
882 
674 
876 
667 
890 
761 
882 
723 
876 
678 

2712 
361 

2712 
361 

2712 
361 

2712 
398 

2712 
383 

2712 
366 

2333 
3292 
2299 
3104 
2018 
2987 
2021 
1535 
1984 
1517 
1970 
1501 
2002 
1712 
1984 
1627 
1971 
1525 
6102 
812 

6102 
812 

6102 
812 

6102 
895 

6102 
861 

6102 
825 

9333 
13167 
9196 
12417 
8071 
11948 
8083 
6140 
7937 
6069 
7881 
6004 
8007 
6847 
7937 
6506 
7884 
6098 

24407 
3248 

24407 
3250 

24407 
3249 

24407 
3580 

24407 
3446 

24407 
3298 

Remarks: Here and in Tables 7, 8 the calculation is made on the basis of trawl catchability coefficient 0.3 for salmon. In 
order to estimate the average catch per 1 hour trawling with fixed precision it's necessary the same number of 
stations as for the appropriate estimation of the average catch per 1 trawling. In August 1995 there were not 
sockeye and king salmon in catches, and in July 1996 there was not masu salmon. 

I 
I 



Table 7 
Precision of some estimated characteristics of Pacific salmon abundance in the western 

Kamchatka region during survey in July of 1995. Number of trawl stations is presented which is 
needed to get 30%, 20%, and 10% precision with 95% probability. 

I Oncorhynchus salmon I Abundance unit Assessment precision I Number of stations necessary for the 
I species and frequency I I orecision: 
I of their occurrence 30% 

, 
20% 10% ! 

i I Pcs.ltraw1 

I 
32.0 ± 35 % [95 438 

I 
1751 

o gorbuscha ! Psc./km2 30.51: 3.3 % 177 399 1594 
10 from 43 PCS.lkm3 28.9±3.1% 159 357 1429 
samples Kg/trawl 31.6±3.4% 190 428 1712 
(233 %) Kg/km2 30.4 ± 3.3 % 176 395 1580 

KWkm3 28.9±3.1% , 159 358 1430 
Pcs.ltrawl [5.7 ± I 7 % 47 106 I 423 

o keta Psc.lkm1 14.8± 1.6% i 42 94 I 375 
I 

25 trom 43 Pcs.lkm3 13.7± 15% 36 80 322 
samples Kg/trawl 14.9 ± 1.6 % 42 94 378 
(581 %) Kg/km2 14.3 ± I 5 % 39 88 350 

KW'km3 \3.6 ± 1.5 % 35 79 317 
O. kisutch Pcs.ltrawl 1012± 11.0% 1946 4378 17512 

and Psc.lkm2 101.2 ± 11.0 % 1946 4378 17512 
O. nerka Pcs.lkm3 1012±11.0% 1946 4378 17512 

[ 
by 1 from 43 Kg/trawl 101.2 ± 11.0 % 1946 4378 17512 

samples Kg/km2 IOL2 ± 11.0 % 1946 4378 17512 
(23 %) K.W'km

3 1012±11.0% 1946 4378 17512 

Remarks: There was not masu and chinook salmon in catches. 
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Table 8 
Precision of some estimated characteristics of Pacific salmon abundance in the western 

Kamchatka region during survey in August of 1996. Number of trawl stations is presented which is 
needed to get 30%, 20%, and 10% precision with 95% probability. 

Oncorhynchus salmon I Ab da e n't i A 'ses 'me t prec's'on I Number of stations necessarv for the I un nc u 1 S S n 11 Ii " 
I 

I species and frequency I nrecision 
I of their occllrrence I 30% 20% 10% I I 

Pcs./trawl I 13.8 ± 1.4 % 
, 

41 92 370 
o gorbuscha Psc.!km2 13.2 ± 1.3 % 37 84 336 

30 from 49 Pcs.!km3 12.2 ± 1.2 % 32 72 289 
samples Kg/trawl 13.7±1.4% 41 91 365 
(6\.2%) Kglkm2 13.1 ± 1.3 % 37 84 334 

I Kglkm3 
i 12.2 ± 1.2 % 32 72 289 I 

Pcs.ltrawl 
, 

9.3 ±0.9% 19 I 42 169 ! 
I 

O. keta Psc/km2 

i 
8.8 ± 0.9 % 17 38 151 

38 from 49 Pcs.!km3 8.1 ±0.8 % 14 32 129 
samples Kg/trawl ! 9.0 ± 0.9 % 17 39 157 
(776 %) Kglkm2 

! 
8.7 ± 0.9 % 16 36 146 

I Kg/km3 8.1 ± 08 % 14 32 128 
Pcs.!trawl I I LO ± 1.1 % 26 59 237 I 

O. kisutch Psc.!km2 10.5 ± 1.1 % 24 ! 53 213 
35 from 49 Pcs.!km3 9.6±1.0% 20 45 180 

samples Kg/trawl I 16± 12% 29 65 259 
(71.4 %) Kglkm2 10.9 ± 1.1 % 25 57 229 

KW'km3 9.8 ± 1.0 % 21 46 185 
Pcs.!trawl 37.4 ± 3.8 % 301 678 2711 : O. masu Psc.lkm2 36.6 ± 3.7 % I 289 I 651 2603 

7 from 49 

I 
Pcs.!km3 35.9 ± 3.6 % I 278 I 626 2504 I 

samples Kg/trawl 44A ± 4.5 % 424 954 3817 
(i4.3 %) Kg/km2 40.8 ±4.1 % 359 809 3235 

KlZIkm3 36A ± 3.7 % 286 643 2573 
pcs.itrawi 28.4 ± 2.9 % i 173 390 1561 

O. nerka Psc.lkm2 27.9 ± 2.8 % 
I 

167 377 1507 
11 from 49 Pcs.lkm3 27.3 ± 2.8 % 161 I 362 1447 i 

samples Kg/trav::1 30.5 ± 3.1 % 201 453 1811 

I (22.4 %) Kg/km" 29.6 ± 3.0 % 189 426 1704 
Kg;km3 27.9 ± 2.8 % 168 378 1511 

Pcs.!trawl 20.7±2.1 % 93 208 833 • 
O. tschawytscha Psc.lkm2 20A ± 2.1 % 90 203 811 

17 from 49 Pcs.!kmJ 20.1 ±2.0% 87 196 783 
samples Kg/trawl 24.9 ± 2.5 % 134 301 1206 

I 

I 
(34.7 %) Kg/km2 23.2 ± 2.3 % 116 262 1048 

KW'km3 20.9±2.1 % 94 211 845 

Table 9 
Examples of distinctions in hauls and of relative fish abundance estimates with different density of 
fish aggregations and different technical trawling parameters (condition of trawling are taken 
arbitrary, the technical parameters are actual from stations of rlv "Professor Levanidov", 1996). 

Trawling conditions Abundance 
assessment 

Technical parameters of trawling: 
Station 76 Station 80 

Assessment 
difference 

I Fish density, pcs.!kmJ Pcs./traw\ 15 II 21 ! 
I 
j 

6 
24 
o 

I Individual fishes are dispersed Pcslkm2 

I unitormly 92 m from each other Pcs.lkmJ 

! Fish density, pcs.lkm~ I Pcs Itrawl 
Individual fishes are dispersed I Pcslkm

2 

unitormly 43 m from each other Pcs IkmJ 

Fish density, pcs.!kmJ Pcs./trawl. 
Individual fishes are dispersed Pcslkm

2 

uniformlv 20 m from each other Pcs.lkm
3 

36 59 
1300 
154 
357 

13000 

1542 
3569 

130000 

I 1300 
213 
592 

13000 

2132 
5922 

130000 

Remarks: All figures are expressed lU round numbers for clearness purpose. 

59 
235 
o 

590 
2353 

o 
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Fig. I. Epipelagic trawling stations (O-m horizon) in the Sea of Okhotsk in 1995-1996. 



Fig.3. Spatial distribution of chum salmon number 21.06.95-30.06.95 in the north-eastem Sea of 

Okhotsk according to data about: a - hauls (ind.ltrawl) , b - haul per trawling hour (ind.lh), c 

- baul per trawled kilometer (ind./km). Tr:lwling time varied fi-elm 0.33 to lAO h , trawling 

speed - fi'om 3.6 to 6.2 knots, trawled distmce - ti-om 3.12 to 12.96 km. 
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Fig.4. Spatial distribution of chum salmon number 1.07.95 - 29.07.95 in the south-eastem Sea of 

Okhotsk according to data about: a - haul per trawling hour (ind./h) and b - haul per trawled 

kilometer (ind.Ikm). Trawling time is equal Ih, trawling speed varied from 4.0 to 6.0 knots, 

trawled distance - from 7.44 to 11. 11 km. 
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at 0-1000 m depth and speed 4-6 knots. 
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Fig.6. Dependence of horizontal opening of trawl RT 108/528 on other trawling parameters. 

Influence of different parameters pair-combination shown on each graphic. On z-coordinate -

hOlizol1tal opening (a, m). On abscissa and ordinate: vertical opening (b, m), speed (v, knot), 

vaer's length (1, m). 
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Fig.8. Histograms of fiequency distribution of salmons' number estimates by data collected during 
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Fig.9, Histograms of fi'equency disttibution of biomass estimates of salmons by slllvey's data collected 

on scientific vessel" Professor Levallidov" 1 - 21. 08, 96, Same designation as for Fig.8. 
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(under them) frequency distribution of some salmon number estimates - before and after 
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.. 



July 1995 

43 t.rav,rling 

145 0 

.<-'. ~. 

'._0- ... ___ - .r-.. I -'~ __ o t.J "-1"ff) 

OO'-OOO~ 

o 0 0 0 8/ 
00000 

''''; 

150 0 1 5 5 0 

August 1996 
56 0 

49 traT,;vlitlP o 

'-' 

160 0 145 0 1 5 0 0 155 0 

Fig.II. General allocation of trawl stations in summer 1995 - 1996 in the west-Kamchatka region of the Sea of Okhotsk, 

~ 
160 0 



· 

a1 

p - p erllneter 
S - square 

., 
~':::::""""'..:-"':-~--=::.:r ...... ~~.::.r ...... ¥.:::=r--=:::.-.::r ....... ...:::--"-"-''':::.:r .......... ~?'-='''=::-.:r.........:.-' 

a1 > 
p -1 

S1 < 

a·, 
"" 

p ., 
"" S ., 
"" 

Fig. 12. Conelation of parameters of trawl mouth presented as ellipse and circle with the same perimeters. 


