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Analysis of sampling data from Norwegian bottom trawl and acoustic surveys for cod
and haddock in the Barents Sea and the Svalbard area indicate a complex set of factors
at work, among them the vertical distribution of fish. In this paper catch data for cod
and haddock collected during six different experiments carried out within a limited area
of the same survey strata were examined according to time of day. Catches of cod and
haddock for all length groups were higher by day, particularly catches of small
haddock. The impact of diurnal variation in bottom trawl catches on estimated
abundance indices from both bottom trawl and acoustic surveys is discussed.



INTRODUCTION

The Institute of Marine Research, Bergen, has carmried out combined bottom trawl and
acoustic surveys in the Barents Sea and the Svalbard area since 1981. Resulting data
have been used to estimate abundance indices for cod (Gadus morhua L.) and haddock
(Melanogrammus aeglefinus L.). Length and species composition data from trawl catches
have been used to calculate bottom trawl indices and to convert echo abundance from
acoustic surveys into estimates of fish density. In these estimates length and species

compositions of cod and haddock from bottom trawl catches are assumed to represent
the entire water column.

Bottom trawl surveys are performed continuously during a 24 hour period. There are no
organized time schedule to insure equal numbers of day and night trawl stations within
each strata between years and surveys. In calculation survey abundance indices, diurnal
patterns are assumed to bias results equally from year to year (Godg and Wespestad
1990). Analyses of such bottom trawl survey results reveal a sampling problem
involving a complex set of factors, among them the vertical distribution of fish (Hylen
et al. 1986).

Trawl catches are known to vary throughout the day (Woodhead 1964, Beamish 1966,
Jacobsen 1986, Shepherd and Forrester 1987, Erich & Grgger 1989). If variation in the
vertical distribution of gadoids between surveys, and diumnal changes within a survey
are known and accounted for, accuracy survey estimates will be increased.

Objectives of this study were: I) to quantify diurnal variations in length and species
composition for trawl catches of both cod and haddock in a single restricted area, II) to
evaluate the impact of diurnal variations on the accuracy of both bottom trawl and
acoustic indices.



MATERIALS AND METHODS

Analyses presented are based on trawl catch data from six different experiments carried
out in a the same restricted area (Fig. 1) during two seasons of five differsnt years
(1982, 1985, 1987, 1988, and 1989) (Table 1). Water depths ranged from 270 to 340 m.
A standard Norwegian sampling trawl (Campelen 1800) for bottom fish and shrimp
surveys in the Barents Sea and Svalbard areas was used. During 1982 and 1985 experi-
ments, the trawl was rigged with bobbins ground gear; rockhopper gear was used in
subsequent experiments (Engis & Godg 1989). Tow duration was generally 30 minutes
at 3 knots (doppler log); a 60 minute towing time was used in February 1982 survey.
Trawl geometry (wing spread and vertical opening) was monitored continuously during
each tow using Scanmar instrumentation, except for the 1982 experiments. The vertical
trawl opening was approx. 4 m. Navigation lights only were used onboard vessels while
trawling.

Acoustic data, recorded onboard research vessels participating in the trawl experiments,
were collected during 1987, 1988 and 1989. Acoustic equipment, used onboard the
vessels, was the same used on standard surveys for cod and haddock in the Barents Sea
(Hylen et al. 1986); standard instrument settings were maintained. Depth of the bottom
channel was not the same in all experiments: 5 m in 1987, 2 m in October 1988, 4 m
in February 1988 and October 1989. Therefore, direct comparison of bottom channel
values between years is not possible. Integrator values have been assigned to the most
abundant species using standard procedures, based upon species composition of trawl
catches and identification of fish traces on echo recordings (Dalen & Nakken 1983).
Cod, haddock and redfish (Sebastes spp.) were most abundant in the trawl catches. The
redfish was, however, excluded from further analyses. Cod and haddock were divided
into three length groups: Small (<30 cm), medium (30 to 49 cm) and large (>50 cm).

Trawl catches were grouped by time of day (day, night, or twilight) according to the
medium towing hour (calculated as the hour of starting the tow plus half the tow
duration). Daily hours of sunrise, sunset, and duration of twilight were taken from the
official Norwegian calendar, and then adjusted to specific longitude and latitude. Hauls
between sunrise and sunset were classified as day hauls. Night hanls were taken after
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dusk, but before dawn. And, hauls taken during twilight periods at dawn and dusk were
treated as a separate group in statistical analyses.

Results of trawl catches were tested using analysis of variance (ANOVA), pertaining to
different experiments, times of day, and experiment/time interactions. These experiments
were not designed to maximize information relative to different factors influencing catch
size. Catch data was extracted as a byproduct from several trawl experiments carried
out for different purposes. The "experiment” factor includes annual differences in stock
level, vessel and gear (bobbins/rockhopper) effects, factors which could not be separated
by the ANOVA procedure due to the experimental design. Separate tests were
performed for autumn and late winter catches.

Day/night differences in species composition were analyzed using a statistical test
designed for the analysis of composition data, CODA (Aitchison 1986). The null-
hypothesis assumed no day/night differences in the proportion of cod relative to
haddock.

RESULTS

Results from ANOVA (Table 2) show significant day/night differences in total numbers
of cod and haddock from trawl catches, in both late winter and autumn. Significant
diurnal differences were also found for all three length groups of both cod and haddock
with two exceptions: small cod (<30 cm) in late winter, and large haddock (>50 cm) in
antumn. As would be expected, there were also significant experiment effects in all
cases, with the exception of large cod in autumn.

Figures 2 and 3 show the number of cod and haddock in the catches plotted against
medium towing hour. A sudden increase in number of fish was seen at the onset of
dawn, lasting until night. Diumnal changes in catch rate were more pronounced during
autumn than in late winter (Tables 3 and 4), the variance in total catch was larger
during day than by night. The most significant increase was observed in numbers of
small fish during automn, particularly for haddock (up to 30 times as high by day), but
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alsoforcod(upto7t1mcsaslngh) In late winter experiments small cod and haddock
were msxgmﬁcantmboth day and night catches (Table 5 and 6).

The amount of cod relative to haddock in the trawl catches varied significantly by time
of day in the autumn experiments (Table 7). The proportion of haddock was
consistently higher during day. The same trend was not found in late winter. The shift
in the cod/haddock ratio during autumn was largely due to large amounts of small
haddock entering the trawl catches during daytime.

The variability in acoustic abundance of cod and haddock was large, both between years
and within each experiment period (Table 8); no trend was found from year to year in
day/night differences. When interpreting Table 8, it should be noted that the width of
the bottom channel varied between years; the values presented cannot be directly
compared. Within each year, the proportion of acoustic abundance measurements for the
bottom channel were larger when the total acoustic abundance was low when abundance
was high (Fig. 5a-d).

DISCUSSION

When trawl catch data is used to form catch dependent indices, or in the conversion of
acoustic abundance to absolute abundance, the basic assumption is that each trawl catch
provides representative estimates of density for each species over the entire length
range. It is also assumed that length distributions obtained are the "true" ones (Hylen et
al. 1986). In this study the above assumptions were not fully supported. Which leads to
the following question: To what extent do the observed diurnal changes in the species
and length composition from sampling trawl catches influence the accuracy of the stock
assessments?

The trawl experiments presented in this paper were carried out continuously during a 24
hour period, and all within a limited area of the Barents Sea bottom trawl survey
(Dalen & Smedstad 1983). Indices estimated have been based on the average trawl
catch in each strata. There is no organized time schedule for hauling strata. The
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proportion of day and night hauls may vary from year to. Particularly in strata where
few hauls are carried out, the distribution between day and night hauls may often vary
and influence the indices.

In the strata where the experiments were carried out, 9 trawl stations are performed
each year. The experiments showed large diumnal differences in the total number of cod
and haddock; individual trawl catches showed differences in both species and length
distribution. Trawl indices based upon day catches alone tend to give a much higher
figure for total stock both for cod (up to 3 times as high) and haddock (up to 20 times
as high). The increased catch rate by day is true for all length groups of both species,
but in particular for fish less than 30 cm (up to 7 times as high for cod, and 30 times
for haddock).

No diumal migrations are expected, in or out of the investigated area. Although
differences in fish reactions towards the gear may change during day (Wardle 1986),
observed diurnal differences in total catch and catch composition are thought mainly due
to a species and size dependent vertical migration. Therefore, trawl catches would not
be representative of the whole water column regarding both species and size
distribution. Representation is, however, one important assumption for using bottom

sampling trawl catches in conversion of echo abundance to fish density.

The variance in the number of cod and haddock caught by the sampling trawl were
found to be higher by day than by night. Shepherd and Forrester (1987) found that
trawl hauls carried out by night, provide a better correlation with fisheries dependent
stock estimates than hauls taken by day in the Northwest Atlantic. To found indices in
the Svalbard area and the Barents Sea on night hauls alone is attractive in that this
would lead lower catch variances to narrower confidence limits for stock estimates.
However, this would be of limited usefullness, because small cod and haddock are
almost lacking in the night catches. A primary objective of the trawl and acoustic
surveys in the Barents Sea (Dalen & Smedstad 1983) is to improve indices of recruiting
year class strength for cod and haddock. Fishing by day, when these size groups are
available to the sampling gear, is critical to the accuracy of the young fish assessment.
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Vertical distribution of cod and haddock in the Barents Sea has been observed to extend
higher up in the water column when stocks are abundant than when stocks are low
(Engds & Godg 1986, Hylen et al. 1986). The same trend was observed the present
experiments. Numbers of fish standing above the headline of the trawl (approx. 4 m)
were larger when the total acoustic abundance was high. As before stated, species and
size dependent diumal vertical migration makes the fish distribution in the trawl zone
untypical for the total stock. This tendency is expected to increase as the extent of
vertical distribution widens, accuracy of the trawl indices will become more biased
when stocks are high.

In combined trawl and acoustic surveys, length and species distributions from trawl
catches are used to convert acoustic values to total numbers. Bias in trawl catch
composition will introduce bias to acoustic stock estimates. Therefore, large amounts of
small cod and haddock entering trawl catches by day greatly influence estimates of
target strength (TS) and conversion factor (CF = 10('TS/ 10)/41r). As an example, the
catch data from the October 1988 experiment was used to calculate the average TS and
CF for cod and haddock on the assumption a) that the day catches were representative
for the stocks, b) that the night catches were representative for the stocks. The TS is
calculated from the equation TS = 21.8logL - 74.9, where L is the root mean square
length of the fish in cm (Hylen et al. 1986). Alternative a) gave TS of 45.8 and CF of
3027, while b) gave TS of -38.5 and CF of 564. The length frequency of the day
catches used to convert echo abundance to total fish number will in this case lead to an
estimate over 5 times higher than if only night catches were used. Although day and
night hauls are used during surveys, this example indicates the inaccuracy that diumal
changes in length frequency for bottom trawl catches may introduce in abundance
estimates for cod and haddock.

CONCLUSION

Survey time is limited and expensive and has to be fully utilized to maximize output.
Trawl sampling has to be carried out throughout day and night. Although for practical
reasons, it may be impossible to keep the number of day and night hauls within each
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reasons, it may be impossible to keep the number of day and night hauls within each
strata constant between years, diurnal differences should be taken into account when
interpreting data from trawl surveys. Day and night catches should be compared, and
when large differences are noted within certain periods, areas, etc., special care should
be taken in the weighting of results.

Acoustic sampling should always be carried out parallel to trawl sampling. Echo records
give information on the extent of the vertical fish distribution, and may indicate the
precision of near-bottom trawl sampling. Pelagic trawling should be used more
frequently in periods/areas with a wide vertical distribution to gather better information
on species and size composition above bottom. However, more research is needed to
evaluate differences in catching efficiency of the bottom and pelagic sampling trawls
(Engds and Godg 1987).

Detailed knowledge of the distribution and behavior of the fish stocks in the survey
area is of vital importance in every assessment program to maximize the information
that may be extracted from the survey data. Factors influencing survey results are many,
and further trawl experiments and mini-surveys should be carried out parallel to the
standard surveys in an attempt to model and quantify different sources of error.

ACKNOWLEDGEMENTS

We thank Margaret Mary McBride for construcive comments upon the manuscript.

REFERENCES

Aitchison, J. 1986. The statistical analysis of compositional data. Chapman & Hall,
London & N.Y.: 417pp.

Beamish, F.W.H. 1966. Vertical migration by demersal fish in the northwest Atlantic.
J.Fish.Res.Bd.Canada 23: 109-139.



9

Dalen, J. & Nakken, O. 1983. On the application of the echo integration method. ICES
" _CM. 1983/B:19: 30 p. (Mimeo.)

Dalen, J. & Smedstad, O.M. 1983. Abundance estimation of demersal fish in the
Barents Sea by an extended Acoustic method. Symp. Fisheries Acoustics. Bergen,

Norway 21-24 June 1982: 232-239.

Engis, A. & Godg, OR. 1989. Escape of fish under the fishing line of a Norwegian
sampling trawl and its influence on survey results. J. Cons. int. Explor. Mer, 45:
269-276.

Engls, A. & Godg, OR. 1987. Near-bottom sampling with bottom and pelagic trawls.
ICES C.M. 1987/B:15: 9 p (Mimeo.).

Engis, A. & Godg, O.R. 1986. Influence of trawl geometry and vertical distribution of
fish on sampling with bottom trawl. J. Northw. Atl. Fish. Sci., 7: 3542.

Erich, S., & Grpger, J. 1989. Diumal variation in catchability of several fish species in
the North Sea. ICES C.M. 1987/B:15: 9 p. (Mimeo.)

Godg, O.R., & Wespestad, V. 1990. Monitoring changes in abundance of gadoids with
varying availability to the applied survey techniques. In prep.

Hylen, A., Nakken, O. & Sunnani, K. 1986. The use of acoustics and bottom trawl
surveys in the assessments of North-East Arctic cod and haddock stocks. In: A
Workshop on Comparative biology, assessment, and management of gadoids from
North Pacific and Atlantic Oceans, pp. 473-498. Edited by M Alton. Seattle,
Washington, USA, 1986.

Jacobsen, J.A. 1986. Bunntrilfangster: Representativiteten av tetthets-, arts- og

lengdefordelinger for torsk og hyse i Barentshavet. Thesis, Univ. Bergen, Institute
of Fishery Biology, 120 p (Mimeo., in Norwegian).




10

Shepherd, G. & Forrester, J. 1987. Diumal variation i catchability during bottom trawl
-surveys off the Northeastern United States. ICES C.M. 1987/B:44: 15 p.
(Mimeo.).

Wardle, C.S. 1986. Fish behaviour and fishing gear. In: The behaviour of teleost fishes
p. 463-495. Edited by TJ. Pitcher. Croom Helm Ltd., London and Sidney, 1986.

Woodhead, PM.J. 1964. Diurnal changes in trawl catches of fishes. Rapp. P.-v. Reun.
Cons. int. Explor. Mer, 155: 35-44.



11

l;"igure. Egends

Figure 1.

Figure 2.

Figure 3.
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Figure 5.

Figure 6.

Areas covered by routine cod and haddock surveys (shaded) and the
experimental trawling area (black).

Total number of cod in the catches from the different trawling
experiments plotted against time of day.

Total number of haddock in the catches from the different trawling
experiments plotted against time of day.

The length distribution of cod and haddock in the catches from one
selected late winter experiment (February 1988).

The length distribution of haddock in the catches from one selected
autumn experiment (October 1989).

The echo abundance in the bottom channel in % of total echo abundance.



Table 1. ~Trawl experiments included in the analyses.

Survey No. of Duratioa Acoustic
no.  Vessel Season hanls of hauls Ground gear data
1 Masi/Vikheim March 1982 13 60 min. Bobbins No
2 Eldjam/Raiti Oct, 1985 17 30 min. Bobbins No
3 Masi/G.O.Sars Febr. 1987 25 30 min Rockhopper Yes
4 T.O.Senior/M.Sars Bebr. 1938 16 30 min. Rockhopper Yes
s Aany Kremer/M.Sars  Oct. 1988 21 30 min. Rockhopper Yes
6 Anny Kremer/Eldjam  Oct. 1989 23 30 min. Rockhopper Yes
Table 2. ANOVA results for no. of cod and haddock in the trawl catches.
MODEL EFFECT
Experiment Time of day Exp * time
B Pr>F F Pr>P 3 Pr>F
COoD
<30 em Spring 122 <0.001 1.7 0.199 1.0 0.423
Aunmmn 4.0 0.023 19.9 <0.001 43 0.004
3049 cm Spring 17.1 <0.001 4.0 0.025 4.6 0.003
Automn 8.9 <0.001 8.9 <0.001 3.0 0.025
> 50 dm Spring 64.0 <0.001 83 <0.001 52 0.001
Autumn 23 0.106 52 0.008 03 0.904
Total Spring 85 <0.001 6.0 0.004 49 0.002
Autumn 09 0407 25 <0.001 32 0.019
HADDOCK
<30 ecm Spring 26.6 <0.001 109 <0.001 125 <0.001
Antumn 225 <0.001 254 <0.001 22 0.075
3049 cm Spring 17.5 <0.001 5.6 0.006 7.0 <0.001
Antomn 85.7 <0.001 55 0.007 64 <0.001
>250cm Spring 133 <0.001 111 <0.001 6.3 <0.001
Antumn 9.6 <0.001 0.1 0.926 14 0250
Total Spring 17.83 <0.001 6.0 0.004 6.9 <0.001
Antomn 36.3 <0.001 272 <0.001 26 0.047




Table 3.- Mean total number of cod divided by time of day.

Day Night
N x+ SD N x +SD x+ SD
October 1985 7 65.9 + 21.8 9 54.1 + 2238 39.0
1983 9 914 + 38.7 10 37.7 + 180 56.5 + 26.1
1989 9 114.7 + 423 10 348 + 14.5 517 £ 215
February 1982 4 197.5 + 4.8 7 121.3 + 39.5 102.0 + 26.9
1987 3 133.3 + 502 17 132.5 + 489 126.7 + 23.7
1988 6 368.8 + 2304 9 139.9 + 68.3 464.0
Table 4. Mean total number of haddock divided by time of day.
Day Night Twilight
N x + SD N x + SD x + SD
October 1985 7 1141.9 + 273.0 9 434.0 + 164.0 1089.0
1988 9 610.3 + 498.3 10 93.7 + 57.9 392.5 + 2029
1989 9 243.2 + 1324 10 1.3 + 139 129.5 + 1109
February 1982 4 278 +173 7 127 + 46 350 + 2.8
1987 8 637.5 + 1893 17 455.1 + 100.1 571.3 + 1885
1988 6 1453.8 + 12712 9 648.3 + 565.8 3713.0




Tablo S..” Mean number of different length groups of cod (+ a.d.) in day and night caxches.

DAY NIGHT
N <30 3049 cm >50 cm N < 30 em 30-49 cm > 50 cm
Feb. 1982 4 0 20+80 176.0+387 6 0 100 + 3.6 1032 + 425
1987 8§ 162 +104 1024 +409 146+83 17 127 +85 1022 +435 175+ 64
1988 6 155+ 103 2535+ 1712 1000+ 634 9 82+41 962 +524 353 +164
Oct. 1985 7 167 +92 214+75 27.7+108 9 177 + 103 168 + 8.7 19.6 + 85
1988 9 582+364 128+69 206+72 10 133+101 94 +47 150 + 89
1989 9 572+257 342+127 28+121 10 84 + 64 134 +82 13.0+5.1

Table 6. Mean number of different length groups of haddock (+ s.d.) in day and night catches.

DAY NIGHT

N <30 em 30-49 cm >50cm N <30 e 30-49 cm >50 ecm

Feb. 1982 4 0 50+20 23.0+67 6 0 47 +37 107 +538
1987 8§ 621+136 546+1796 292+123 17 253 +170 407.0+862 227 +9.38
1988 6 262+ 15213167 + 1203.71103 + 634 9 214 + 119 606.8 + 5379 244 + 184

Oct. 1985 7 9183 + 2503 2164 + 955 7.6+ 35 9 3169 + 1256 1109 + 372 5.6 + 4.1
1988 9 5669 +498.1 350+ 151 84 +63 10 463 +428 337+179 137+ 108

1989 9 2342 + 1292 46 +22 47 +25 10 7.7+ 138 12+13 25+18




Table 7. _ The proportion of cod and haddock in day and night catches.
Day Night Difference
© day/night
N Cod Haddock N Cod Haddock (CODA
sign.level)
October 1985 7 0.06 0.94 9 0.11 0.89 p < 0.001
1988 9 0.15 0.84 10 Q31 0.69 p < 0.001
1989 9 034 0.66 10 0.78 022 p < 0.001
February 1982 4 0.88 0.12 7 0.90 0.10 NS
1987 8 0.18 0.82 17 022 0.78 NS
1988 6 022 0.78 9 021 0.79 NS
* dusk
Table 8. Total echo abundance and echo abundance in bottom channel day and night.
Difference
M-value day M-value night day/night
(t-test)
1
L 1987 Bottom channel 12 +1.0 62 +42 p < 0.001
Total 24.9 + 13.9 30.5 + 18.0 p = 0.05
19882 Bottom channel 23.2 +23.1 43.6 + 49.3 NS
Total 275.8 + 3334 143.1 + 1855 NS
October 19883 Bottom channel 04 + 0.7 1.5+ 18 p < 0.001
Total 18.1 + 13.9 127 + 84 p = 0.02
1989°  Bottom channel 62 +32 37 + 25 NS
Total 163 + 9.6 130 + 65 Ns
2 Depth of bottom channel § m
3 Depth of bottom channel 4 m
Depth of bottom channel 2 m



Q400 Q800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200 S5500 6000 5400
aloo 1 1 L 1 1 L 1 5 L t

o ;,.3,_ | B ICV{(Q 'uQ%zbv(_
o, 5 el

| )%
E e |
:, ///%’{: %>SVALBARD L

3o <

7S00 -

30 - 3 -
7 4004 s 1} Experimental -

30 4 area i~
7 300 4 . 0

304 : - ) !
7200 4 -

30 - i
71004 . . i

30 s gt = i

7000
3o

~ [ o . . @P , :
690:: % : O@ T\ O/«}/Lrﬁ\-
6820 —_— .% ? T Y U.SSR T T 7 I




1N

-0

00 b2 00 :87 00 27 00 :9 00
b. 3 2 1 2 1 1 N 2 1 2 2 _uo

0
i . 007
o 05T
002
. 0G2

861 UoJde

ystid JO Jaqunn



1N

00 2 00 87T 00 :27 00 :9
1 1 2 1 | a2 1 1 1 i 1 N 1 _..O

M @ P ® .OO.ﬂ

® < ﬁ
- " . 057

> i

<P ® I
* o ..OON
L 0Ge

L8671 Aren.aqsq

ystid JO JasQuUNnN



oy bu

1O

00 2 00 87T 00 27 00 :9 00
S — —}o

H T T " looz

i -00Y

009

) 008

Woooﬁ

8861 Aren.aqsj

ysti4 JO dJdaquinn



00 -bc

00

81

1WY

00 .ct 00

-9

G861 124031920

-0G

007

-0G7T

ystj 40 Jdsqunn

- o g



~ .

00 -Fc

IRAR

00 :87 00 :27 00 :
1 . R 1 . . | . ; . 1 - _-O !
= 07 . ) 05
S o mooﬁ
°. Wom«
Woom

8861 124031900

4st4 10 Jaquinn

a



Pt

00 vc

00

81

LW

00 2T 00 .

i 1 1 1 1

6861 1240100

-0G
007

-0G7T

002

ystd4 40 JaguUnN



wve 911

1N

00 :¥2 00 ‘87 00 ‘27 00 9 00 0
1 2 1 | N 1 | 2 2 1 1 _....O
- . for
R o . 02
[ 0E
O
tog
o861 Yode

ystid 40 JdsdqunN



00 -¥c

00

87

1NO

00 :c? 00

-9

00 -0

,86T Aren.aqs g

002
00V
009

008

L0007

ystid 40 J3aQunN



00 2 00 87 00 27 00 :9 00 :0
L % 2 N ] 2 1 3 1 2 2 1 | N 1 N X o
. L0007
® 0002
[
L 000€E
000V

8861 Arenaqaq

Ustjd J0 JdadqunnN



e Yy

00 vc

00

87

1NO

00 ¢t 00

-9

00 -0

G861 1290190

-00G

-0007

-00GT

UST4 40 Jaqunp



bt X

9y

00 -Fc

00 :B7

<>

<
<@

00 ¢

8861 1240190

006G

-0007

-0067

0002

ystd 10 JaqunN

e TPt bt =



b o

00 e 00 :87 00 27 00 00 :0
T T e — | vo mo

) eoo ° . i ”,oom

”.oov

...oom

6861 1203190

ystd 30 JdaqunnN

e B b o



00 {¥e 00 87 00 ¥ 00 9 00 “O_.
: . i 1 i " i 1 i y " ] . . _.O ;
@ ® e .
@ ® .
* - < < - 0T
< L 4 i
02
®
-0€
¢ :
Loy

8861 1484 POO [[elds JO 'ON

ystj 10 JagunnN



00 bc

L9
00 :87 00

cl 00 9 00 -0

8861 1494 pOo WNIpaWl JO "ON

002
- 00E
00V

008

009

ystij 10 JaqunnN



1NO

00 ve 00 87 00 2% 00 :9
—. M 2 2 1 " Y Y [ 2 N o 1 2 B __ -lo
. ) 05
= 00T
L0GT
&
002

8861 "Igo, pPOoO aduae] Jo ‘ON

ystj J0 Jagqunn



1W9

00 -vc 00 cl 00 9 00 -0

87 00

.09

08

<@

-007

8861 "Iq34 ooppey [[ews JO 'ON

ystil J0O JdaqunnN



00 :p2 00 :87 00 27 00 :9 00 :0
| M 2 2 [ L 3 " i 3 ] n 3 —..o
L ® @ L
- <> ®* o
L 3
- > 0007
<>
- -0002
-000€E
® <>
000V

8861 "J1(4°4 AO0ppey WNIpaW JO "ON

ystid 310 JaqunN



.

00 P2 00 :87 00 :2% 00 :9 00 :0
— ...ro.o”._.o
.o . 0g
) ) 007
) . 057
- 002

8861 "1q9 yooppey adJae] Jo 'ON

Ustij JO dJdagqunN

G- e



00 e 00 87 00 271 00 :9 00 :0
1 1 1 L 2 1 8 I | 1 ' 1
Y L0
® ® * o 2 .
L PN e
°® * © ..ON
o - 1
- L Op
< @
.09
0 y
< < Tom
<
00T

6861 1940300 POO [[ewIs JO "ON

USTJ4 JO JdaqunN



6861 120100 POO wnipaw Jo ‘ON

07
02
w.om
_.ov

0G

-09

Ustij JO Jdsqunn



00 :¥e

L

6861 19q010(Q POD aduae[ Jo ‘ON

-0c
OE
Xol’

05

.09

Ustl 40 Jdsqunn



« ® ”_ooﬂ
- ”_oom
.”.oom
”_oov

008

: 009

6861 12q030( }OOppeY [[eWs JO ‘ON

UstJ 40 JdsqunnN



<

6861 12q0310(Q }do0ppey WNIpawW JO 'O

07

N

UsSTtJd JO Jdaqunn

T L e

——de



Ly

6861 19q0}0(Q Mooppey adae| Jo ‘ON

07

Ustid 3J0 Jdsqunn



F)'(, 6(

: 3
t g
+ y
+ :_
> 5
Q [
(@) N
i + * E
S o
© + f
= ! + -
i + + [
05 K g
= + + ++ + ; . -
P = o
t t #+ 1:
+ o+ Fi
+ + + X
+ + + t & R
+ b + f [
+ + g F 4+ +H

+
+t t + f o
+ + + C
%4 R A * g
+ ++ + t + t + & +f
+ + HE + + s 1 -
+ t 38
o o o o o )

9] < m o <t

SNTeA Tauueyds wo3l30q %

130 140

20 30 40 650 60 70 80 90 100 110 120

i0

Total integrator value

-



-\ ﬁ.b

9NTeA dJojedbajur T1e30]

0007 006 o008 01074 009 005 ooy 00€E ooc (010 0 ..

%...._...._...._...._...._...._...._..-_...._...._.

of

Lot
IR
+ 02
N .
+
- OE
L ov
05
+ fog

+ fos

88671 Arenaqeq

SNTEeA [3uueyd wo3z3o0q ¥

e e



-
’ ﬂx__

08

s

9NTeA Jdojedbajur [ej0]

0S oy 0] 0c o7 0

-....--.-.-.-...-—-P.-.-.--...-.-..---..--

-+

+ +—4 +—+ e e 4 S
-+ -+ |-IT+|I|..T|T|T+IT+

8861 1920100

0
0
0z
o€
oy
05
09
oz
08

- 06

tLoos

8NTeA [8uueyd wo3l30q %



e )

October 1989

14 L] | J L L | v r

v v | J L | ) [ | L L] v l L v | v LJ L4 1 | J 1 4 l L L LJ v v

SNTeA [3uueysd wo3l30q

+
. #
+
+
* 4
+
+
+
+
+ + '
t +
ty
P Nnarenae AR ancs e
N (o) 0 < m 9]

2
%

40

30

20

i0

Total integrator value

-



