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DATA PROCESSING METHODS FOR GROUNDFISH SURVEYS 

by 

M. D. Grosslein 

Bureau of Commercial Fisheries, Biological Laboratory 

Woods Hole, Mas.sachusetts 

]iNTRODUCTION 

The purpose of this report is to describe the methods used in 

processing groundfish survey data. These methods have been evolving 

over the past few years along with the development of our ADP (automatic 

data processing) system at the Woods Hole Laboratory. 

Our capacity to process the &arvey data has gradually increased 

/ ';"ith the expansion and improvement of our ADP faqilities, and now we 

have reached a point where we can efficiently process all of the routine 

catch data obtained on groundfish surveys. However there are a fair 

number of different operations required, and they must be done in a 

definite sequence in order to achieve an efficient flow of data and make 

the best use of people and machines. This report will serve as a guide 

to the present processing scheme and perhaps also as a stimulus toward 

improvement of our system. 

By processing essentially we mean producing a basic deck of data 

cards containing all of the information on survey catches, and for which 

all significant errors have been corrected. What represents a significant 

error depends upon the demands made upon the data, and this will be 

discussed in the report. Elimination of all errors of cour se is virtually 

impossible, and in our case is not necessary. It will suffice to say that 

with respect to our objectives, we believe we are near the point beyond 

which further time and effort spent searching for errors would not yield 

sufficient benefit to justify the cost. 

In addition to a description of the processing which leads to the 

basic deck of data cards, I have included a brief description of the avail­

able computer programs which were designed to analyze groundfish 

survey data. None of these programs are currently run routinely on 

a cruise-by cruise basis. Their description in this report is merely, 

to indicate the potential at hand. 

- 1 -



/ 

Data processing begins the moment the vessel returns to the 

dock with distribution of various kinds of data to various places. The 

principal categories of data and their disposition are summarized in 

Figure 1. In this report we are primarily concerned with the proce~sing 

of trawl catch data and associated temperature observations. 

Many details of the processing are related to the sampling pro­

cedures used on groundfish surveys, and parts of this report will not be 

clear without an understanding of the stratified random sampling design 

used to select stations, and the methods of sampling trawl catches. 

These sampling procedures are described in another report (Grosslein, 

1969 Lab. Report #~). 

Part I of this report describes the arrangement of data on cards 

and the various coding schemes employed. Parts II and III describe the 

general features of the two basic phases of routine processing, initial 

hand processing and machine processing. Part IV is a detailed outline 

of specific processing steps in proper order, and is intended as a guide 

for use within the laboratory. 
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HYDRO PROJECT 

INDIVIDUAL 
INVESTIGATORS 

BENTHIC PROJECT 

AGE READING UNIT 

I. Ground fish trawl logs 
2. Echo trace records 
3. Unidentifiod fish specimens 

4. Cruise charts 

5. All information relevant to 
performance .of trawl or 
interpretation of trawl catches 

6. Other logs for routine 
biologica I observations (such 
as stomach content log~). 

GROUNDFISH SURVEY PROJECT 1----------------' 

FigUre 1. Types and distribution of data from groundfish surveys. 
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:pART I 

CARD FORMATS AND CODE SCHEMES 

The basic catch data card format used for groundfish survey data 

is shown below. Any single car.d contains catch data for only one species 

in a single tow; however, usually more than one card is necessary to 

contain all the available data for a single species in a single tow. Three 

different card types (using different parts of the basic card shown) have 

been designated to hold the following data: total weight and number of a 

species in a single catch (card type 1), length frequency (card type 2), 
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and age-length frequency~(card type 3) . 

. There is only one type 1 card per species per tow, but usually 

there will be more than one type 2 card per species per tow. If age-freq-

uency data are collected on a species there will be one type 3 card for 

each centimeter length interval in the sample. The arrangement of data on 

each of the three types of card is illustrated in Figure 2. Details of coding 

these three card types including changes made from time to ti.me are shown 

in Tables 1, 2 and 3. 

The data from all type 2 cards combined for a single species in a 

single tow, represent the length frequency (actual or estimated) of the 

total catch of that species in the tow. That is, sample length frequencies 

are expanded before transfer to final type-2 cards. In contrast, age-length 
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data on type 3 car'ds usually represent only a sample of the fish in a catch; 

these data are to be expanded with the age-frequency computer program 

(see Table 10, Part III). 

Note that except for columns 1l-9, columns 1-27 and 76-80 are 

identical. This similarity in format simplifies the problem of simultane­

ous processing of different card types, particularly in the case of the 

initial machine audit which, among other things, checks for discrepancies 

among corresponding columns. 

In addition to the three basic catch data cards, there are two other 

card types (4 and 5) containing principally station data with only one card 

for each station (Figure 3). 

Station cards (type 4) contain exactly the same data (and in the same 

columns) on location and characteristics of each trawl station which appear 

on the #1 card, but the total Jotter trawl catch of all species combined is 

put in the place of catch of individual species (Figure 3). The station cards 

are useful in a variety of ways including analysis of factors such as scope 

and weather on the efficiency of trawling. 

Station Index cards (type 5) contain sequential trawl station numbers, 

and corresponding numbers for other types of data (BT, plankton) taken 

at the given trawl station. TheJirst seven columns (cruise, stratum-tow) 

are identical to the other card types. Index cards also contain data on 

position (nearest minute), depth (meters) and bottom and surface tempeTa­

ture, in the same format as used by Hydro project for temperature analysis. 

Thus the Station Index provides a useful cross..;reference listing (particularly 

by matching corresponding stratum-tow and sequential trawl station 

numbers), and at the same time it provides all the temperature records 

(bottom and surface) for a survey including those without. corresponding 

trawl stations. Note that the data cards required by the Hydr:o project 

for bottom temperature analySis, can be produced by machine directly 

from the Station Index cards. Details of coding for card types 4 and 5 

are given in Tables 4 and 5. Format of the station index (initially filled 

out by hand) is shown in Table 6. 
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Current statistical subareas coded on survey cards are shown in 

Figure 4. These areas are drawn onto a standard plotting chart which is 

used as an overlay for the cruise track, thereby providing a quick visual 

determination of subarea for each station. Subareas can also be added 

by machine. Codes used for bottom types are shown in Table 7. This 

system was used by the Benthos project prior to 1 June 1966. 

A 3-digit species code is employed which is to a large extent 

arbitrary, although an attempt was made to arrange number series in 

some phylogenetic order (Table 8). Bony and cartilaginous fishes are coded 

with numbers between 1 and 29~; invertebrates are coded with numbers 

.2. 300. 
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Figure 2. Formats for groundfish survey data card types 1, 2 and 3. 
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Table 1. Format of card type 1. Station data including total catch of each species in numbers and pounds. 
'. 

I I 
_________ ~_L possIble 

number of 
Type of Information Columns digits Coding Details 

Cruise Code Number 1-3 

Station Number 4-7 

I Day of Month 8-9 

3 

4 

2 

Consecutive listing of all cruises, 1948-1962. Beginning in 1963 (with Albatross IV cruise 
63-5) listed cruises consecutively within each calendar year. See Inventory (Lab Report 
ilfifl::L) for cruise code numbers. 

Station (cols. 4-6) and tow <Col. 7), 1948-1962. Stratum (cols. 4-5) and tow (cols. 6-7) 
beginning with Albatross IV 63- 5. Note that tow numbers within strata usually do not 
reflect cruise track. \ 

Numbers 01-31. 

~'------------------------------------------------------------------------------------------------------------------------------------------------------------------

Month 10-11 2 • 
Year 12-13 2 

Cruise Purpose 14 1 

Catitude 15-17 3 

Numbers 01-12. 

Numbers 48-99 (20th century) 

All routine survey cruises coded with digit 1. Any other number in col. 14 indicates cruise 
of different type. In the following special cases (Albatross IV 64-6, 65-4, 68-10; and 
Delaware 65-6, 68-6) col. 14 was punched 1 but cruise was not a routine survey. See 
trawl log files for details on'individual cruises. 

Latitude in degrees (2 digits) and 6- or 10- minute units (1 digit) as follows: 

Pre - 1963 
Miillites C()de 

03-08.9 
09-14.9 
15-20.9 
21-26.9 
27 -32.9 
33-28.9 
39-44.9 
45-50.9 
51-56.9 
57-02.9 

1 
2 
3 
4 
5 
P 
7 
8 
9 
o 

r' 

Begn. 196,3 
Minutes Code 

0- 9.9 
10-19.9 
20:"29.9 
30:-39.9 
40-49.9 
50-59.9 

o 
1 
2 
3 
4 
5 

. ~ 



Table 1. (Cont.) 

Possi5Ie 
number of 

" 

I I 

•• 

Type of Information Columns digits Coding Details 

Latitude (Cont.) 

Longitude 18-20 3 

Time • 21 1 

Depth 22-24 3 

Species 25-27 3 

. . ~: . 

.. -.----~-.. - .. -.... -.-_ .. _.-._ .. ---------...;.-.---------

Prior to Albatross IV 68-7, coded approximate midpoint of tow. Begin with 68-17 and 
thereafter, coded position at begin of tow. 

Same as for Latitude. 
\ 

Time Interval 
2400-0359 
0400-0759 
0800-1159 
1200-155~) 

1600-1959 
2000-2359 

Code 
-1-

2 
3 
4 
5 
6 

Prior to 1969, eastern daylight saving time was used whenever in effect (usually April 
to October - check records for individual years); beginning with 1969 punch Eastern Standard 
Time on all cards. "Use time at beginning of trawl haul. " 

Midpoint between beginning and ending depth during trawl haul. Note this may not 
represent average depth if bottom very irregular. 

See species code list, Table 8. Prior to 1962 coded yoy haddock separately as 071. 
Beginning with Delaware 62-12 included all haddock under code 074. The species code 
system is somewhat arbitrary, and often cannot be expanded in a systematic fashion as 
new species are added because all the numbers are used up within the original interval 
assigned to a group . 



Table 1. (Cont.) 

Type of Information 

Gear 

" 
possible .4 '. 
number of 

Columns digits Coding Details 

28-29 2 Code with 2 digits. 

TRAWL 

Type 
1f3SYankee 
1-1/2 Iceland 
#35 
#41 
Isaac-Kidd 
M & M Midwater 
Mark II Universal 
27.1 m (Soviet) 

Code 
(lst digit) 

1 
2 
3 
4 
5· 
6 
7 
8 

RIGGING 

'I'ype 
Liner, rollers 
Liner, chain sweep rope· 
Unlined, rollers 
Unlined, chain sweep 
Liner, rollers, 10 fm 
. ground cable 

Unlined, comb. sweep 

Code 
( 2nd digit) 

1 
2 
3 
4 
5 

8 

~-------------------------------------------------------------------------------------------------------------------------------------------------------------------------
tv 
I Duration of T'JW 30 1 

Condition of Gear 31 1 

~ 

Pre -
Minutes 

10 
15 
20 
30 
40 
50 
60 
70 
80 
90 

Other 

Code 
-0-

1 
2 
3 

1968 
Code 
-1-

2 
2 
3 
4 
5 
6 
7 
8 
9 
o 

Begn. Alb. IV 68-3 
Minutes Code 

20 -1-
20-24 2 
25-35 3 

35 4 

Gear Condition 
Noaamage,llauI representatIve. 
Slight damage, haul representative. 
Serious damage or malfunction, haul not representative. 
Possible damage or malfunction, but insufficient information - catch data may 
not be representative. . 

,. 
. ~ 



~ . 

Table 1. (Cont.) 

Possible 
number of 

'. 

Type of Information Columns digits Coding Details 

Bottom Temperature 

Statistical Subarea 

..... 
wBottom (sediment) Type 
I 

Wire Out 

Coarse 

Wind Direction 

Wind Speed 

Wave Height 

.. 

32-33 2 

34-36 3 

38-39 2 

40-42 3 

43-44 2 

45-46 2 

47';'48 2 

49-50 2 

Coded to nearest whole degree. of prior to Albatross IV 63-5. 
°C beginning with Albatross IV 63-5. 

Correspond with statistical areas used for commercial data. Beginning coding with 
Albatross IV 63-5. Prior to Albatross IV 64-13, the entire area west of 71 0 40' was 
coded 600; beginning with Albatross IV 64-13 and thereafter, the statistical subareas 
used are shown in Figure 3 with the following exception: 

From cruise 64-13 through cruise 67 -20 (including Soviet Albatros 67 -20), the 
hatched part of subarea 537 was coded 526, and the unhatched part of 537 was coded 
527. Beginning with Albatross IV cruise 68-3, subarea 537 was used as shown on 
Figure 3 . 

Coded only for following surveys (when bottom sample obtained with pipe attached to 
trawl): Albatross IV 64-13, 65-2, 65-10, 65-14, 66-1. 
See sediment code, Table 7. 

Main trawl wire out in fathoms. 

Midpoint of ship's heading while towing, degrees/ 
10; for example 1400 = 14. If course changed 
more than 900

• punch 99. 

Direction from which wind is. blowing in degrees / 
10. If no wind punch 99. 

Speed of wind in miles per hour. If no wind 
punch 00. 

Height of waves in feet. If no waves, or less 
than 1 foot, punch 00 . 

Begin coding with Albatross IV 
68-17. 

II II II 

" 
II " 

II " " 

" " " 



,Table 1. (Cont.) 

Possible 
number of 

" 
•• 

Type of Information Columns digits Coding Details 

Minimum Trawl Depth 

Maximum Trawl Depth 

Tow Distance 

Average Towing Speed 
Over Bottom 

Miscellaneous 

Length Frequency 
Expansion Factor 

W eight of Catch 

Number of Catch 

Card Type 

~~ 

c 

51-52 2 

.53-54 . 2 

55-57 3 

58-59 2 

60-65 6 

66-69 4 

70-75 6 

76-79 4 

80 1 

Minimum depth recorded (fathoms / 1 0) 
during trawl haul, e. g. 85 fathoms'" 08. 
Requires that an echo trace record be available. 

Maximum depth recorded (fathoms/l0) during 
trawl haul, e. g. 195 fathoms'" 20. 

\ 

Distance towed over bottom in miles and 
hundredths. Data not yet available. 

Speed over bottom in miles and tenths. 
Data not yet available. 

Perhaps tidal currents and trawl configuration. 
Data not yet available. 

Factor (to two decimal places) by which sample 
length frequency must be multiplied. 

Total net weight (lb) of ~atch of species in given tow. 

Begin coding with Albatross IV 
68-17. 

" " " 

Space available on card. 

" " " 

" " " 

Begin coding with Albatross IV 
68-17. 

Total number of species in given haul; will require two cards if number") 9999. 

Punch 1 for card type 1. 



Table 2. Format of card type 2. Length Frequency data. 

Type of Information 

Cruise Code Number 

Station Number 

Bottom Temperature 

Month and Year 

Cruise Purpose 

Latitude and Longitude 

Time 

Depth 

Species 

Length Frequency 
Sequence 

Sex 

Length Frequency 

Total Number Fish on 
Card 

. Card Type 

Columns 

1-3 

4-7 

8-9 

10-13 

14 

15-20 

21 

22-24 

25-27 

28-29 

30 

31-75 

76-79 

80 

Possible 
number of 
digits 

3 

4 

2 

4 

1 

6 

1 

3 

3 

2 

1 

4 

1 

" 

- 15 -

Coding Details 

SAME AS FOR 

CARD TYPE 1 

Sequence 01, 1-15 cm; sequence 02, 
16-30 cm, etc. 

Male = 1, female = 2, unsexed = blank .. 

Note there are 3 columns for each 
length, therefore if frequency at any 
length exceeds 999, need more than 
one card for the sequence. 

Represents total number of fish for 
given length frequency sequence 
number on card - may need more 
than one card. 

Punch 2 for card type 2. 



Table 3. Format of card type 3. Age frequency data. 

Type of Information 

Station Data and Species 
Code 

Length of Fish 

Age Frequency 

Total Number Fish at 
given Length 

Card Type 

Columns 

1-27 

28-30 

31-75 

76-79 

80 

possible 
number of 
digits 

3 

4. 

1 

- 16 -

Coding Details 

Same as card type 2. 

Length (to nearest whole centimeter) 
of group of fish. 

Three columns for frequency at each 
age; ages are froJ;Il 0-14 as shown 
on card. 

Sum of age frequencies for specified 
length. 

Punch 3 for card type 3. 



Table 4. Format of card type 4. Station data identical with card 1; 

total catch in numbers and pounds for all species combined. 

Possible 
number of 

TZEe of Information Columns digits Coding Details 

Station Data .1-57 Exact duplicate of carcj. #1 except 
that there is nothing in columns 25-27 
(species code); there is only one 
station card for each trawl station. 

Weight of Catch 68-72 5 Weight of total catch in pounds of all 
species combined for given trawl 
station. 

Number in Catch 73-79 7 Total number fish (all species com-
bined) in catch at given trawl station. 

Card Type 80 1 Punch 4 for card type 4. 

17" -



Table 5. Format of card type 5. Station Index. (First used 

Type of Information 

Cruise Code Number 

Stratum 

Tow Within Stratum 

Sequential Number of 
Trawl Station 

BT Station Number 

Other Station Type 

Other Station Number 

Time 

Quadrangle 

Latitude 

Longitude 

Month 

Day 

Year 

for Albatross IV 69-2). 

Columns 

1-3 

4-5 

5-6 

8-10 

11-13 

14 

15-17 ~ 

18-21 

24 

25-28 

29-32 

33-34 

35-36 

37-38 

Possible 
number of 
digits Coding Details 

3 Same on all card types. 

2 Same on all cards beginning with 
Albatross IV 63-5. 

2 Same on all cards beginning with 
Albatross IV 63-5. Note again that 
numbering of tows within strata is 
chiefly to provide identification and 
a count, and bears no relation to the 
actual cruise track. 

3 Number of bottom trawl station 
following sequence of cruise track. 

3 Number of BT station following 
sequence of cruise track. 

1 To be used for routine stations such 
as: Plankton (1), Midwater trawl (2), 
hydrographic (3), etc. 

3 Number of other station following 
sequence of cruise track. 

4 Station time to nearest minute, 
Eastern Standard Time, on 24-hour 
clock basis. Represents :start of trawl 
(or other) station; or time of cast if 
only BT taken. 

1 10 blocks are subdivided into four 30-
minute quadrangles numbered as follows,: 

4 

4 

2 

2 

2 

- 18 -

4 
2 

3 
1 

Leave blank if no BT 
taken. 

Latitude of station in degrees and 
minutes represents BT latitude if 
within 2 minutes of corresponding 
trawl (or other) station. 

Longitude of station in degrees and 
minutes, represents BT longitude as 
for latitude. 

As on other cards. 

As on other cards. 

As on other cards. 



Table 5. (Cont.) 

Type of Information 

Depth Zone 

.. Comparison of BT and 
Trawl (or other) station 
depth. " 

Depth 

'("::0':C-

. Bottom Temperature 

0.1,., 

S{{rfac'e Temperature 

Columns 

39 

40 

41-44 

45-48 

49-52 

Possible 
number of 
digits Coding Details 

1 Depth of bottom in meters as indicated 
by BT and coded as follow s: 

1 

4 

- 19 -

Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Depth (meters) 

1-20 
21-40 
41-60 
61-80 
81-100 

101-150 
151-200 
201-250 
> 250 

If no BT record, col. 39 should be 
left blank • 

Column 40 left blank if BT and coded 
trawl (or other) station depth within 
20 meters or if no BT record. If 
depths of corresponding BT and trawl 
(or othe r) stations differ by more than 
20 meters, punch 1. See station card. 
listing for trawl station depth. 

Depth of bottom in meters as indicated 
by BT. If BT did not reach bottom, 
or if;BT taken, punch depth (in meters) 
fished by trawl. If neither BT nor bottom 
trawl station made, depth at other 
station alone is coded. 

Temperature at bottom in degrees and 
tenths, centigrade. Column 48 represenlll 
tenths of a degree - decimal point is 
not punched. 

Temperature at surface, same format 
as for b.Qttom temperature. 

surface 



~rliise 
:::ode No. 

(3) 

tv 
o 

Table 6. Groundfish Survey Station Inde~ 
". 

Vessel .1 I I Cruise ________________________ __ 

Survey Bottom Seq. bottom BT OTHER STA. LAT. LONG. Depth Depth TEMP °eY 
Stratum trawl tow trawl sta. Sta. Type Seq. No. Time Quad Deg. Min. Deg. Min. Mo. Day Yr. zone meters Bottom Surface 

(2) (2) (3) (3) (1) (3) (4) (1) (2) (2) (2) (2) (2) (2) (2) (1) (4) (4) (4) 

]) Note that this index and corresponding card format were first designed in January 1969, and they were used for the first time on Albatross IV 69-2. 
Numbers in ( ) represent number of columns on data card. 

'Y. Last digit of temperature represents tenths of °c. 



Table 7. Codes for Bottom types 

SEDIMENT TYPES 

Gravel 

Sandy gravel 

Muddy gravel 

Silt gravel 

Gravelly sand 

Pebbly- sand 

Tilloid (S Si C G) 

Sand 

Silty sand 

Muddy sand 
/ 

Clayey sand 

Sandy silt 

Silt 

Clayey silt 

Sand-silt~play 

. Sandy mud 

Sandy clay 

Silty clay 

IBM CODE 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

SEDIMENT TYPES 

Clay 

Shell 

.£iravelly shell 

Sandy shell 

Shelly gravel 

- 21 -

IBM CODE 

27 

28 

29 

30 

31 

32 

33 

• 



"Table 8. Species code list used for groundfish surveys (cumulative list upthrough 

Feb-r-uary ~Tg091. 
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:pART II 

INITIAL HAND PROCESSING 

A. Need for Hand Processing 

The data routinely recorded for each trawl catch represents a 

considerable quantity of information, and we have found that accuracy 

and completeness of the catch records require the use of a simple log 

format as well as minimizing the actual amount of recording at sea 

- Jsee Lab Report #69-2 for discussion of trawl log format in relation to 

recording and s.ampling procedures). However as a result of simplifying 

the recording process at sea, it is necessary to do some coding and com­

puting by hand back at the laboratory to put the data in a form suitable 

for efficient punching onto cards. At the same time it is desirable to 

check by hand all the data on each log for gross errors, some of which. 

cannot be detected by existing computer audits. 

There are basically two kinds of data on the trawl log, station 

data and trawl catch data. Station data are recorded on one side of the 

trawl log along with length frequency data (Figure 5), and the data on 

weight, volume and length frequency of the catch including sampling 

information, are recorded on the other side (Figure 6). Both types of 

data must be checked and coded for punching. Station data are coded in 

a special array of "boxes" along the bottom of the log (Figure 5). Coding 

of catch data involves si;nply entering species code numbers as shown 

in figures 5 and 6. 

In addition to species code numbers, the total catch (lb. net, and 

number of fish) of each species and factors for expanding length frequency. 

samples, must be computed by liand,-and recorded on the log (Fi gure 6). 

These steps are specifically omitted from the recording process at sea 

because of the. hjgh probability of error. This is the most time-consuming 

and one of the most important steps in the entire processing sequence 

since these hand-computed values are compared with values generated 

by computer, and these comparisons form the basis for the computer audits 

of the catch data. This hand processing is referred to as initial because 

the later computer audits also require checking by hand, but usually this 

task is small relative ·to the initial hand processing. 
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VESSEL CRUISE ,'TRAWL STATION/STRATUM-lOW BT SLIDE NO, 

AI b IV, c,r-3 fa / o~ 0/ 1.;l;Z 

• DAY MONTH YEAR OTHER STATION 

I I I I I I I I I ItJ- 7lL ('8 PI<l,,-K'to>1 g 3 
2 2 2 2 I 2 2 2 2 2 '. 

"3 3 ~ 3 3 3 3 3 3 
4 4 4 4 4 4 4 4 4 
5, 5 5 ' 5 5 5 5 5 
6 6 :L 6 6 6 6 6 6 6 
7 7 7 7 ,;, 7 7 7 7 7 

TRAWL WIRE OUT I <if'EED COURSE 
#~ , • 

SW. S~ 'IS"o rf.. 3 .• 5' Kd5 07~ - 0'10 

8 8 8 8 I 8' 8 8 8 8 TIME DEPTH LATITUDE LONGITUDE LITTON LOG 
9 9 I 9 9 9 9 9 9 9 
0 30 I 0 30 0 0 0 0 0 
I I :t I I :z.. I I I I I 

START ;?-133 1(;:) 'l-o-()tJ,~ 7/-/(; IN.5.f'.35" 

2 2 ~ 2 2 2 2 2 2' ~ 
3 3 :l. 3 3 I 3 3 3 3 3 
4 4 I 4 4 2.- 4 4 4 4 4 

END ;);2() 3 11() ¥o - 0/ 1/- /3. '5' ~'I-{,o. :.tt 
IH~ LORAN IH t> CONDo OF TRAWL 

5 5 I 5 5 3 5 5 5 5 5 
6 6 I 6 6 S- 6 6 6 6 6 
7 7 'I 7 ' .. 7 ? 7 7 7 7 7 
8 8 Z- 8 

..•. 
8 , 8 8 8 8 8 

START 5"330 I'lS'1 srnuLP~ ........ 
END 5" 3 t,t.7- 17~1 ~ UR.y I 

9 9 3 9 9 3 9 9 9 9 9 
0 !f0 .., 0 1'1<) lI- 0 0 0 0 0 
I I Y. I I 3 I I I I I 
2 2 7- 2 2 2- 2 2 2 2 2 
3 3 ~ 3 3 L 3 3 3 3 3 
4 4 ,;3 4 4 4 4 4 4 4 

OTHER GEAR WIRE OUT SPEED COURSE 

( J -J.- $ir.wlt"",,,"ous 
PIJo.<Ktol< i5DK1D' 6:71"f 3.6" J(,,{s wi+l.. .Tr~\J' 

k"l!l 
1 TIME DEPTH LATITUDE LONGITUDE LITTON LOG 

5 5 ~ 5 5 5 5 5 5 5 
6 6 6 6 I 6 6 6 6 6 START .;;213'1- 10 g'/-~i'.7'7 
7 7 7 7 -. 7 7 7 7 7 
8 8 8 81~ 8 8 8 8 8 
9 9 I 9 9 l/-J,- 9 9 9 9 9 

END ,?/!>/ ",:~'S 811:>1. Z'y-L--... _____________ _ 

-;:::::;;-,., 0 0 0 0 
-r I I I I I 

NOTES ON SHIP OPERATIONS 

~~ 2 2 2 2 2 
3 3 3 3 3 

I 4 4 4 4 4 
5 5 5 5 5 , 
6 6 6 6 6 

/>L4
4fl ::!) r..J- i3~r . ~ 

'0 I? 7 7 7 7 7 
lL :l.~ 8 8 8 
11- ~ 9 9 9 9 9 

-::;::::;:-- 0 0 0 0 
Jk) I I I I I 

SPECIAL SAMPLES COLLECTED 

2 2 2 2 2 
3 3 3 3 3 
4 4 4 4 4 
5 5 5 5 5 
6 6 6 6 6 
7 7 7 7 7 
8 8 8 8 8 

~' f~ 1ltP7' ~ rr 
tf)~ IJ{YI-{{,e~; U-L, ~ 

" -#- ~ / , . "w~ , 
9 9 9 9 9 
0 0 0 0 0 

CRUS ~ /I/
P 

LAT. I LONG. I ~ I DEPTH 
o N / / WIRE STR TOW TEMP MON YEAR U GEAR R T TEMP AREA BOT OUT 

8/0/3 olg 011 HH~oI3Ibl~11 ~loloI71/1/ Ibl / l'181/11 3 I 01'1 6'13 111 I 1'1-151 
Figure 5. Sample groundfish sun(cy trawl log, showing one side with station data and length f"requencies . 
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31 3! I 31 I 3 

51/11/ I If- I 51 I 51 fI( I 5 
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7 1/ C). 1 7 7 C' nA 7 

~. 

-~'7-i 

8/.; 
/17(. 
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3 

1;1.. 

II I II I J 

51· 151 I 51T~ 
161 ';) I 61 I 6 

71 Ii I 71 I 7 
31/- I 81 I 8 ~ 

9 
10 

Ii ~ r;rBl_~ 

~Ml1'l 
4 • 

5 
6 
7 
B 
9 
0 

D . 
Figure 6. Sample log showing, other side with weight, volume and length frequency Of catch including sampling information. ," 
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B. Computing Expansion Factors and Total Catch. 

After entering species code numbers the first step in hand pro­

cessing the trawl catch data is computation of expansion factors. These 

factors are used to estimate weight and (or) number, and length frequency 

of the total catch of individual species when only a sample of the catch is 

processed. It is suggested that this step be done as soon as possible 

following a cruise to maximize the chance that confused sampling records 

might be straightened out via recall by the people who were out at sea. 

Mistakes in interpretation of the size of sample relative to the total catch, 

have the potential for very large errors in the f~nal expanded estimates -

hence the reason for putting this step first and emphasizing timing. 

Weight expansion factors are not recorded on trawl logs, and they 

are used only for hand computations and are not punched on cards. The 

length frequency (LF) expansion factor is the only expansion factor put 

on cards and it is punched ,on the #1 card. In routine production of the 

basic data deck of #1 and #2 cards with the present ADP system, only one 

LF expansion factor can be used per species per tow. This occasionally 

requires that expansions be done by hand rather than by computer. For 

example, if the catch of one species was sorted into two size groups, 

and a different fraction taken in the LF sample from each size group, the 

LF expansion must be done by hand and the code box for LF expansion 

factor left blank. 

In the event that LF data are required by sex, as is presently the 

case for spiny dogfish, the LF data must be punched for each sex separately 

as if the two sexes were different species, and the resulting cards must 

be treated as special decks and filed separately from the basic deck of 

#1 and #2 cards. Whenever dogfish LF expansion is to be done by machine, 

it will be necessary to punch a #1 card for each sex for each haul, and to 

indicate sex on the #1 card by a special punch. The details of the coding 

and punching procedures are still being worked out. Whether or not LF 

expansions are required, the dogfish data must be combined by sex before 

it is put into the basic data deck of #1 and #2 cards. 
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The basic quantity represented by an expansion factor is the ratio 

of total catch to size of sample and units of weight are preferred because 

they are usually more accurate. Some examples will serve to illustrate 

the computations, and it will be convenient to refer to the sample log 

shown in Figure 6. 

When the total catch is weighed and measured, as is frequently the 

case on Albatross IV, no expansions are necessary and this is shown for 

the last two species (cod and sea herring) which have no expansion factors 

recorded. 

The most common case involving sampling is where the total catch 

of a single species is weighed but only a sample is measured, thus requir- . 

ing only a LF expansion. For example 4 bushels of haddock were caught 

and weighed, and only one bushel (circled) was measured. This required 

/ calculation of a LF expansion factor as the ratio of total catch (lb, net) 

to LF sample (lb, net): 

62 + 65 + 59 + 63 - (32) 
59 - (8) 

= 217 = 4.25 
51 

Note that 1- bushel baskets weigh about 8 lb. and 2-bushel baskets weigh 

11 lb. 

Another variant of this procedure is where the total catch is 

weighed, but only a very small volume (too small to be weighed accurately 

by shipboard scales) is measured. In this case it is necessary to use a 
/ 

ratio of volumetric units to compute the LF expansion factor. For example, 

about 3/4 bushel of round herring were caught and weighed, but only one 

small plastic container was measured. It was necessary to determine 

the volume of total catch in terms of the number of full plastic containers. 

As shown in the notes on the log, 14 containers of round herring were 

counted over the side, and 1 container was measured. The LF expansion 

factor was therefore 15. 

When a portion of the catch of a species is discarded, and only a 

sample is weighed and measured, it is necessary to estimate the total 

weight of the catch as well as expand the sample length frequency. On 

-_our sample log, 3 bushels of silver hake were weighed (one of which was 

measured, as indicated by the circle) and 8 bushels were discarded. The 

estimate of total weight. of the catch is simply the average weight (lb, net) 
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of sample bushels times the total number bushels in the catch: 

69 + 66 + 6 2 - 24 X 11 = 634 lb. 
3 

The LF expansion factor for silver hake is: 

634 = 10.93 
(66-:8T 

In the case of scup, about 7-2i3 bushels were caught of which 5 full 

bushels were discarded, 2-2/3 were weighed and of the partially full 

bushel, approximately 1/2 (i. e. 1/3 bushel) were measured. Here the 

estimated weight of the total catch wo uld be compu.ted as: 

(68 + 66 - 16) (7) + (48 - 8) = 453 lb.; net. 
( 2 ) 

Note that average weight per bushel was based only on the two full bushels 

in the sample, and the observed weight of the partially full bushel was 

simply added to the total. It is felt that weight is a more accurate measure_ 

of sample size than are estimates of the fullness of baskets. Therefore 

weight should be used routinely for computing expansion factors. Follow­

ing this same reasoning-the LF expansion factor for scup is computed as 

follows: 

453 = 26.65 
17 

Note that the subsample (17 lb., net) measured was recorded at the bottom 

. of the log in the remarks section since it was already included in the. 

recorded sample weight 548 lb., gross) of the partially full basket. 

If weights are not available then expansion factors must be based 

on ratios of counts or volumes. For example if only the relative volume 

(approximately 1/3 bushel) of measured scup had been recorded, the 

approximate LF expansion factor wo uld have been: 

7-2/3· = 23 
1/3 

Generally it is advisable to compare the expansion factor based on weight 

with that based on volume, as a check. If there is a large discrepancy, 

either weight or volume is incorrect, and at least the weight of sample can 

be compared with an independent estimate of weight based on average length-

weight data. 
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In the case of large catches of large fish, chiefly spiny dogfish, 

it is often more convenient to count the total number of individuals and 

weigh and measure a sample. This procedure is illustrated on the sample 

logs for female dogfish, where 6 bushels (64 fish) were weighed and. 

measured, and 91 females were discarded. 

The total weight of the female catch must be estimated as the 

product of average weight of individual female dogfish in the sample, 

times the known total number in the catch: 

(113 + 116 + 116 - 33) X 155 = 756 lb. 
( 64 ) 

The LF expansion factor for females is: 

756 = 2.42 = 155 
312 64 

Male. dogfish were weighed and measured in entirety and therefore 

no expansions were required. Note that a separate #1 card is punched for 

each sex. 

The most complicated type of sampling involves mixed species. On. 

our sample log 5 bushels of "mixed" species were caught and 3 bushels were 

included in the weighed sample. Therefore estizm. ted total weight of the 

mixed catch. was: 

(68 + 75 + 74 - 24) X (5) = 322 lb. 
( 3, ) 

Only one bushel (74 lb., gross) was sorted into separate species, and the 

species composition was: 
Sample Propor- Estimated Total 

SEecies (lb, net) tion (lb, net) 
Spotted hake 24 .364 117 

Butterfish 30 .454 146 

Squid (Loligo) 12 .182 59 
66 1. 000 322 

The estimated total weight of each species is obtained by pro:-rating the 

total (mixed species) on a proportional basis as shown here. Assuming 

that all baskets were uniformly filled it is clear that a simple ratio of total 

number baskets to the number of baskets sorted, would be a satisfactory 

weight expansion factor - in this case approximately 5. Howeverbaskets 

are not always uniformly filled, and furthermore the sum of weights of 

individual species often will not add up exactly to the same weight recorded 
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for the sample before sorting. Hence it is recommended that the propor­

tional method illustrated above be used routinely when sampling mixed 

species. 

Turn;ng now to the LF expansions, all of the spotted hake an~ Loligo 

in the sorted sample were measured, therefore the LF expansion factor 

for both these species is: 

322 = 4.88 
66 

Note that this is the ratio of total weight to sample weight of the 

mixed species category, where sample weight refers only to the one bushel 

which was sorted. The factor is slightly less than 5 because the sorted 

basket was slightly heavier than the average weight of the three baskets 

that were weighed. 

In the case of butterfish only 5-1/2 lb (net) were measured out of 

the 30 lb. derived from the sorted basket. The LF expansion factor for 

butterfish is estimated by the single ratio: 

146 = 26.54 
~ 

The same ratio can be estimated as the product of (1) the proportion of 

the total mixed species catch that was sorted, on a weight basis (i. e. 4.88) 

and (2) the proportion of the sorted catch of butterfish that was measured, 

on a weight basis (i. e. 30/5.5 = 5.45). The product, 4.88 x 5.45 = 26.60, 

is the same as that computed above except for rounding errors. The 

former method is preferred since it is simpler. 

c. Processing Length Frequencies. 

After computation of total catch weights and LF expansion factors, 

the next step is to assemble LF tallies for punching. Species code numbers 

are entered,. tally strokes are converted to number frequencies and summed 

and estimates of total numbers of individual fish are computed where expan-

sions are required. The latter computation involves the product of the 

sample total (number of fish measured) and the LF expansion factor as 

illustrated on the sample log. 
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The vertical lines separating tally strokes or boxes from number 

frequencies should be used because they help increase the speed and 

accuracy of punching. Unordered lengths of individual fish (see Cod at 

extreme left of log) may be left in their original form although it is best' 

to convert them to frequency format before punching. 

D. Miscellaneous Instructions 

Note that there is no code nUzr!ber recorded for mixed species 

- even though there are entries on the line indicating sample size and 

estimated total weight. This is because none of this information is 

punched on cards - only the final estimates of catch of individual speCies. 

This should not be confused with the category "miscellaneous", code 

number 000, which is a legitimate code number sometimes used for fish 

without adequate identification. It is desirab Ie to punch a separate weight 

( ~ 1 lb) .for each species even if you guess the approximate weight at the 

time you check the log; in cases of large catches the guessed weight can be 

replaced with a calculated weight from the final audit. 

With the completion of hand processing of trawl catch data (including 

the coding of previously unidentified fish), and assuming all st8;tion data 

have been checked and coded, the trawl logs are ready to be sent to ADP 

for punching data onto cards. Further details on punching are discussed 

in Part III. 
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Concurrent with development of the final audit, the initial audit 

was made more comprehensive. That is, all of the station data were included 

in the #1 vs #2 card checks, and this expanded version of initial audit has 

also been applied to all Albatross IV survey decks. 

B. Initial Audit 

This audit is performed on a UNIVAC 9200 computer and it detects 

punching and recording errors by (1) matching the first 27 columns (exclusive I 

of columns 8 -9) on the # 1 card with the same columns on the #2 cards for 

the corresponding species and tow, (2) comparing station data punched 

on both card types with a master card containing values specific for the 

: cruise such as cruise code number, or acceptable limits for general items 

such as depth, temperature and location for each stratum, and (3) matching 

the total catch (number) of each species on #1 cards (columns 76-79) with 

the total number derived from corresponding #2 cards for each tow. 

Item (1) checks for consistency of station data between card types 

#1 and #2, and item (2) checks for correctness of the station data relative 

to the master card. _ The consistency check is a valid verification because 

station data for each card type are punched independently - usually by 

different operators, or at different times if by the same operator. This 

check is important not only for eliminating errors but also because basic 

station data on both types of cards must match exactly for a given species 

and tow, in order that both types of card can be processed simultaneously 

by computer. 

Item (3) is useful for detecting errors in punching, recording and 

(or) hand computations in the data on length frequency, expansion factors 

and total catch in 'numbers; missing data can also be detected (e. g. a #1 

card without corresponding #2 cards or vice versa- will appear as an error). 

:Recall that the total number of each species measured is computed by hand, and' 

these totals (or appropriate expansion.s) are entered on the log, and are punched 

on the #1 card along with any LF expansion factors. The only catch data 

punched on the #2 cards are the recorded sample length frequencies. Length 

frequency subtotals (for 15 cm intervals) are not punched onto the #2 cards 

by the keypunch operators, but are computed and punched later by the 

computer, after any expansion. Thus the actual comparison on the initial 

audit between the #1 and #2 card totals (number of fish) is between the #1 

card total and the sum of sub-totals for all the #2 cards . for the correspond-

ing species and tow. 



PART III 

MACHINE PROCESSING 

A. Development of Audit Procedures. 

Prior to 1963 there were no machine audit procedures used on survey 

data and both #1 and #2 card listings (80-column) were laboriously compared 

with original data by eye. This was extremely inefficient and it was 

impossible to detect all errors, large or small. The situation improved 

considerably with development of the first version of the initial machine 

audit which compared #1 and #2 cards of corresponding stations, and detected 

:: discrepancies in part of the station data. and in the total numbers of fish 

on #1 and #2 cards. 

However, it was clear that a length frequency still could be grossly 

in error (e. g. offset 10 or 20 cm) even though the total number of fish was 

correct. Thus '#2 card listings continued to be checked against original 

records by eye, tow by tow and species by species. This was still laborious 

and could not guarantee detection of all major errors in total weight or 

length frequency, because occasionally the original records themselves were 

wrong. This was a problem chiefly where sample data had been incorrectly 

expanded to estimates of total catch. Such errors can be overlooked even 

when they involve hundreds of pounds or individuals. 

The obvious need/was for a computer audit to compare the observed 

average weight of individual fish with a theoretical average weight based on 

the observed length frequency and a length-round weight equation for the 

species. A computer program for such an audit was written in 1967 and was 

first used on data from the 1967 joint US- USSR survEY. All Albatross IV 

cruises prior to and following the 167 survey have been put thro,ugh this 

final audit. . 

The important gains achievedwith the final audit are offset slightly 

by the fact that we no longer compare length frequency data listings against 

original records by eye. We have sacrificed some completeness in 
, 

checking length frequency data in exchange for security against large errors 

in catch data which could not pe detected with previous methods. We believe 

the gain far outweighs the loss because it is the large errors in terms of 

biomass of commercially important species with which we are primarily 

concerned. 
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A minor problem exists in that small discrepancies between these 

totals can arise simply because of "rounding errors" in applying fractional 

expansion factors, particularly when length frequencies are spread out and 

when the tails contain a substantial proportion of the total frequency. The 

initial audit will pick up any discrepancy, but in many cases these prove 

to be rounding errors· only. In such cases the discrepancy need not be 

rectified. The only rounding errors spotlighted by the final audit ar~ those 

where the discrepancy exceeds·10 percent of the #1 card total; therefore 

there is no problem of checking the same rounding errors twice. 

Output of the initial audit is a listing of #1 and corresponding #2 

cards in that order for each species and tow, with any discrepancies indicated 

by error flags on the listing (Figure 7). Definitions of error flags are 

given in Table 9. Discrepancies indicated on the initial audit listing are 

checked against original trawl logs and necessary corrections marked on 

the data cards for repunching. When corrections have been verified the #1 

and #2 cards are ready for the final audit. 

c. Final Audit. 

1. General Description. The primary purpose of the final audit is to 

detect gross mistakes in weight or length frequency which cannot be detected 

by the initial audit, and at the same time re-check for the. same errors 

looked for by the initial audit, in the event any may have slipped through 

(including misSing card~, or cards out of order, either of which can foul up 

computer runs). The principal new feature in the final audit is the compar­

ison of "observed" vs IIcalculatedll weight for each total catch of each species, 

where "observed" weight is calculated by hand at the time the original logs 

are checked and coded, and "calculated" weight is derived from the total 

length frequency and a length-round weight relation. Stations for which 

deviations between "observed" and "calcul'ated" weights exceed! 25"/0 are 

listed at the end of a run for each species, along with stations for which other 

kinds of discrepancies were detected. The final audit program requires 

considerable memory space and therefore a large computer is needed; 

currently we are using a GE 415. 
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The final audit is not foolproof in that certain types of discrepancies 

are not spotlighted by the computer. In particular the computer cannot be 

depended upon to detect length frequency errors for catches less than 

about 10 pounds, partly because weighing methods at sea are not prepise. 

This limitation applies chiefly to small catches of small species. However 

since data for each catch is listed and since visual scanning of individual 

catch data is a necessary part of the final audit procedure, some of these 

discrepancies can be detected by eye. For example the final audit output 

lists length frequencies in column form, displaying individual catches 

within a given sampling stratum on one page. This format is convenient 

for quick scanning of length frequencies for abnormalities in positions of 

modes. 

Another limitation of the final audit is that gross discrepancies 

l'letween "observed" and "calculated" weights are not isola!a:l by the computer 

if the length-round weight relation is not representat~ve of the catch. This 

situation complicates interpretation of the final audit and it will be discussed 

below following a description of the final audit output. An outline of proced-

ures for checking the final audit is given in Part IV. 

2. Output of Final Audit. There are two types of output -- (1) data 

listings, and (2) punched cards (representing a portion of the summary data 

-listed at end of the run for each species). The data listings are described 

first and punched output 'is described at the end of this section. 

A single run of the catch audit usually will consist of all the major 

species (the more abundant species and those for which we have adequate 

length-round weight data) for a single cruise. An independent audit is 

performed on each species and the format for each species is as follows: 

1. Listing of catch data for each stratum 

a. Le,ngth frequency (LF) of each catch in a given stratum, 'and 

the combined LF for all catches in the stratum, on one 

output page (require more than one page if ;:1' 9 catches. 

b. Station data and other.. catch data including relative deviations 

(D values) between observed and calculated weights for the 

same catches of the same stratum, on adjoining output pages. 

2. Summary of audit results for all catches in the cruise for the 

given species, at end of the listing of all strata. 
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a. Frequency distribution of relative deviations (D values) 

between observed and calculated weights of catches, for 

catches with observed weight :::. 10 lb. 

b. Grand total LF of all catches of the species on the cruise. 

c. ' Listing of stations in which "errors" were detected, and 

including a description of type of "error. " 

The LF listing for each individual stratum (Item 1 a. above) is largely 

- ..;elf-explanatory (see Figure 8), except for the following details. For 

each species a range of lengths is specified (input data) within which lengths 

are printed out in unbroken sequence from the smallest to the largest fish 

in the stratum. For example in the sample output, the specified range for 

haddock is 10-70 cm., and within this range the smallest and largest haddock 

in the stratum happened to be 34 and 70 cm respectively; therefore the 

/ interval 34-70 cm is printed out in unbroken sequence (even though there 

_were no haddock caught at cerLain lengths within this interval). Outside the 

specified range of length~s for a species, only those lengths are printed out 

which are represented in the actual stratum catch. In this example, there 

were two haddock outside the specified range, one at 71 cm and one at 76 

cm. Note that if printed, the limits of the specified range (upper limit of 

70 cm in this example) -are marked with an asterisk. However if no fish 

as small or large as these limits are actually caught, the limits of the 
{ 

specified range are not printed out. Finally, note that fish a:. 200 cm will 

be listed in the summary as an rlerror. " 

The second part of the data listing for each stratum (Part 1 b. 

above) is also largely self-explanatory (Figure 9). Note that mean values 

_of depth, temperature and time represent only those tows (stations) within 

the stratum where the given species was caught. Average lengths and 

weights of fish in each stratum are computed in two ways: "s~ratum ave. " 

refers to the total stratum catch without regard to variation between 

individual tows, and "tow ave. II represents the average of individual tow 

means. The three categories of total numbers are as follows: 

1-crd T -- Total number punched on 111 card. 

2-crd T -- Sum ,of totals punched on #2 card(s). 

Sum Int -- Sum of individual frequencies on #2 card(s). 
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Part c of Item 2, the audit summary, is self explanatory as shown in 

sample output (Figure 10). Part b is simply the total length frequency 

for all catches and is not illustrated. Part a of the audit summary pre­

sents the frequency distribution (in table form) of the relative deviat~ons 

between observed and calculated weights (Figure 11). The primary signi­

ficance of this frequency distribution is discussed in the next section. 

Note that the deviations are classified according to average size of fish. 

and according to size of total catch (observed weight) resulting in two 

tables. 

The punched card output simply duplicates the data shown in these 

two tables, to make it more convenient to analyze results of several 

cruises (with respect to deviations). The card format is described in the 

._ final audit program description filed with the Population Dynamics unit. 
/ -

3. Observed vs Calculated Weights in Final Audit. For each 

catch the final audit computes the relative deviation between observed and 

calculated weights. (observed-calculated) divided by the observed. where - ( . 

the observed weight is that recorded on the trawl log (and punched on the 

#1 data card) and the calculated weight is derived from the total length 

frequency (#'2 data cards) and a length-round weight equation. At the end 

of a block of data for a given species (usually all the catches for one· 

. cruise) the stratum and tow numbers are printed out for all catches where 

the observed weights are Z. 10 lb. and the relative deviations are z: 25 

percent. Under the ideal condition that the LW relation is perfectly repre­

sentative of the population being sampled. the listing of these catches 

would contain most of the major errors in catch data (i, e. errors in weight 

or length frequency). This ideal condition can only be approximated. and 

for some species the approximation is very poor. because there is a 

large bias in the J,.,W relation. relative to the sampled population. The· 

bias could be due. for example. to the fact that the LW relation is based 

on a sample which does not accurately reflect the LW relation for the 

season and area of the cruise under consideration. Differences associated 

.. with sex and size of fish may also cause bias. ,particularly in cases where 
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o GF SURVEY CATCH-DATA AUDIT, CRUISE ALB IV 68-03 ~AR-APR 68 (CODE 803) SP 74 HADD 'STRAT 16 

o 
GE415SEPT2468GFA1QO 

LNTH(CM) LF TOW '~1-,-----'::-~---2- ~-- 3~- 5-----~-- 6-----------8-~--~·-~~----- 9 ---

o 
34 -
35 .~. 2 
3 6-~- -----~-----.' ~~-------~.'-----,-------------~--. ----' -. ----

37 ~~ 8 
38 - -7-------

o 

39 5 
40 - ----~---~-- -----~~----------------~-------- 14·----o 
41 9 
42 3 
43 1 4 

o 

o 

'. 

TOT LF 

1. 
2. 
O. 
8. 
7. -
5. 

14. 
9. 
3,-

-~-----_:_-----44- 5 
- 5. 
5. 
7. 
3. 
2. 

Cl 45 .:~,;,. ' 7 
-' ~ --- ----- 46 .. ~)~:::.:.. 3------------· -. ---------.----~-

47' 1 1 
O---~--~---4 8 2 '-'2 -~-------------~-----.- 40-

6. 49 23 1 
50- 14 

O. 51 2 3 

---.-- 5;--" 

5. 
-~-- ~~- - 6 ,-"",-- ~~----- -52 ~·-~------1 -4 1-----'--

tI>- 53 1 1 3 
O-·-----~---5 4 1 - 1 3 

55 1 2 

5. 
---~-5 ;~ 

3. 
------·56 -----. -2 ~--:-3 2 -------7, 

57 1 3 1··· - 5. 
58-3--~-' -'----1 -,~-----,-----.. - .. -~----- ---~-.~----- 4 i o 
59 2 1 3. 

o--~-.------~ 60------·-.:....- . 1 ", ~---.-. ---1, ---. -. ------~- ~-2 .---
61 4 \ 4. 

.62 1 ~ 2 --~--.--.-- .. ---.-. --".~--' .~.-::.---.~--.~-.------~-~--------~.~-.-.-.-, -----·~- .. ~-·~-----3.-
o 63 1',., 1. 

- ------- 64------------~-----.-_ --~-1 1 ----~---- 2,--
65 1 .' 1. 

----- -~.~ 66 -- . - :-. -----~~-------~-----~-- 0 •. ··· 
a 67 .. O. 

------ ---.. -- 68 ---~-------~----~- -·-----·----·---------~--~-·Oi 

69 . O~ 
- 0 70 --~~--~----------.-----~~-.-----~- -------.~---~------------------ - O. 

:1"r: 71 '<;-';- 'H " 1 1 _ 2 • 
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o 

Q---

------ ----~--

PC lor 

0.69 
1.38 
0.00 
5.52 
4,83 
3.45 
9,66 
6.21 
2.07 
3,45 
3.45 
4,83 
2.07 .-
1,38 
2,76 
4,14 
~3.45 

3,45 
4,14 
3,45 
3.45 I 
2,07 

- 4 , 8:5 ---- -- ~----~ ----

3,45 
2. 76 ~ --
2,07 
1,38---~ 

2,76 
2,07 
0,69 

. 1,38-
0.69 
0, OO-~ 
0.00 
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0,00 
0.00 
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Sample output page from final computer audit, illustrating length frequencies of haddock catches in a Single sampling stratum. o Figure 8. 
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GF SURVEY CATCH-DAtA AudlT. CRUISE AL9 IV 68-03 ~AR-A~R 68 

TOW 

DEPTH 
BOT TEMP 

TIME 

TOT: NO~ . 

, (CODE 803) SP 74 HADD 
( 

STRAT 16 
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\ 
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o 
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; 
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. - - . - ---""Figure 9. Sample output of final computer audit illustrating remairrler of data printed out for each cfl:tch of a species in a 

() single stratum. Note comparisons cif totals betweenlti -and #2 cards-, and between observed and calculated weights (both total and avel'age). 
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KEY TO ERROR LISTING 
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-------------- - ... _-

230 WRONG CRUISE OR SPECIES ON DATA CARD. X=CRUISE ON CARD, Y=SPECIES ON CARD. 
----265----TYPE-2 CARD NOT PRECEEDED BY TYPE u l--CARD .--- ---____ ~ 

- 270 TYPE-2 CARD NOT PRECEEDED BY TYPE.l CARD. 
---- 275-TYPE-2 CARD NOT PRECEEDED BY TYPE-1CARD 

280 LN. INTERVAL OVER 200 CM. X=INTRVL, Y=FREQNCY. 
----305 TYPE-l CARD WITH NO CORRESPONDiNG TYPE-2 CRDS.MAY BE A DUPLICATE FOR LARGE CATCH. 

625 DEV GRlR THAN .25. X=08S.WT, Y=CALC,WT, Z=UEV \ 
--630 ---OBSV WT=O ,- CAL-IoJT-OVER 5 LBS. --X= CAL--WT .--- ---.----------' ----------------------------~----

__ 685 l-CRD,TOTL NO. DIFFERS FROM 2-CRD TOT BY MORETHAN 10 PCNT. X=lCRD TOT,Y=2CRD TOT,Z=MAGNITUDE OF REL DIFF; 
---- 695 ---- 2-CRD TOT NO; - -. NE. SUM I NT VL F RQS.- X=2CRDTOT • Y::SUM I NTVL F RQS. , Z =ABS D I FF---------------------- ----- -------- ----------

II>­
-----Q) 

CODE CARD NO. STRATUM TOW x 

I 62565 17 2 - ~.14000000E+02 
___ ::-=='~~625 --:=--.:--234 --- ---31 4-----0;2950000 OE + 0 3 

625 - :234 __ :---31 5 _ O.52000000E+02 
---625---~-- -310 - -----=~~7---------------5-·-__:-::-:0-._3200 0 0 0 OE + 02 

~ ... -

y 

O.19869357E+02 
----0; 37 0 0 54 25E + 03 

0.66297336E+02 
-----0 ;-15069107E+02 

r 

z 
------ --_._--- ---------.-

-,58693569E+Ol0/\ 
------. 75054249E+02 VAl C~ .IV4-, 

-."4297336E+02 oK 
----- 0 • "693 Q893E + 02 L/,U C i\.k:. \'!,~-. 

:~:':;~~~~;;'--

----------------,:--- -------.------. -------~--------,------------------------------ --- --- ----- --f'. 

i' 

. Fig;;~-io._-sa~pk-;_~tput -;h~et from final co~p;;t-;~- auditill~-stratlng--summary-Iisting--of "ei-raJ-s"-detected fiy-~oinr)ute-r:------ --­
"-. 

9CI 

,­. 



() 

o 

o 

o 

0' 

(j 
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the LW relation is based on a small sample. The important point here 

is that the audit run cannot be interpreted properly with respect to the 

differences between observed and calculated weights, without first 

examining the frequency distribution of relative deviations (printed 

at end of output for each species) which indicates the representativeness 

of the LW relation. 

Given a perfectly representative LW relation and no errors in 

the catch data, the expected frequency distribution of relative deviations 

would be approximately like curve A shown in Fig'ure 12. Note that the 

distribution is centered about zero with the bulk of deviations small or 

moderate in size. Remember also that the plotted deviations (shown in 

table form on actual computer output) represent only catches where the 

observed weight was at least 10 lb. (below which our shipboard.weighing 

procedures are no more than 25 percent accurate). 

Curve B would be the type expe~ted if the LW relation was repre­

sentative but some gross errors were present; the exce.ss of deviations 

in the tails of the distribution (shaded areas) normally would include 

the major errors, and in this hypothetical case the logical interpretation 

is that positive and negative errors were equally abundant. Note that the 

scale is truncated at ! .25, that is, all deviations ~ .25 (!) are plotted 

at the point corresponding to .25. 

Curve C is similar to B in shape but the mean is shifted away from 

zero indicating a non-representative LW relation; in this case some of 

the positive deviations included in the shadedarea may r.epresent significant 

errors even though the deviations are <.25, and thus wo uld not be listed 

at end of the run. On the other hand some of the moderately large negative 

deviations (.25 to .50, say) are less likely to represent significant errors 

than in the case of Curve B. 

Curve D shows an even greater shift of the distribution away from 

zero but in the other direction. Here the isolated group of negative devia­

tions probably represent errors; but since they are < .25 they would not 

be listed. The problem of interpreting the positive deviations z:.. 25 is 

exactly the same as described for the negative deviations in Curve C, 

except that even more deviations larger than. 25 will be listed that do not 

represent gross errors. 
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Curve E represents extreme bias in the LW relation and in such a 

case the listing of catches with deviations 2:. .25 will represent mostly 

data which is correct. Only very large deviations are likely to be 

mistakes. 

Thus in any case where the LW relation has a large bias, the 

detection of either positive or negative errors (depending upon whether 

bias is positive or negative) will require visual inspection of unusual 

deviations for individual catches; and what constitutes an outlier or 

unusually large deviation for one species (or cruise) may not be unusual 

for another species (or cruise). The problem will diminish as additional 

length weight data are collected. 

D. Routine Catch Data Listings. 

After the final audit is checked and errors corrected, then the #1 

and #2 cards are listed giving station data and catch data for each species 

in every haul. The #1 card listing contains numbers and pounds and the 

#2 card listing numbers and length frequency (but length frequencies are 

arranged by 15 cm intervals in rows rather than in columns). At the same 

time that the #1 card listing is made, a deck of station cards is punched 

on the UNIVAC. Each station card contains all the station data plus the 

total catch (numbers and pounds) of all species combined for the trawl 

haul. This deck is also listed routinely. 

In addition to th~ above listings and the audit listings, there are 

also listings of station index cards and #3 cards. A summary of all data 

listings and other output of routine processing is presented in Table 11 

in Part IV. 

E. Analytic Computer Programs. 

A number of programs have .been written to provide analysis of 

various aspects of the distribution and relative abundance of fishes, within 

the framework of the stratified random sampling design. Basically these 

programs compute average catch per tow (in terms of numbers, pounds, 

numbers per length group, or percentage length frequency; linear or log 

scale) and its associated variance. In some cases either linear or log 

scale is available but not both, and in some cases variance is not computed 

(or is not applicable). 
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A very brief description of each program is included in Table 10, 

Further details on the potential of each program, including samples of 

output, are presented in the program descriptions filed with Population 

Dynamics, 
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Table 10. Summary of available computer programs for analysis of groundfish survey aata (stratified random sample design) . 
... 

~~:-ame of Program -- ----- ---- - --- Type of 
. or Subroutine) Type of Analysis Scale card used 

List-Weight 

Subroutine 210 

Subroutine 215 

List-length 

CJ1 
tv 

Domain 

Stress 

Age Frequency 

"i-~( --i 0""' - " '/,T." ,. 
_' ::'> c: ~ , 

Percentage species composition of catches in both numbers and pounds, 
mean cat ch per tow in numbers and pounds, average weight per 
individual for each species. 

Mean catch per tow in numbers and pounds and associated variance. 

Mean catch per tow in numbers by variable length groups (any length 
intervals may be chosen up to a limit of six different intervals on 
anyone run) and associated variance. 

Mean catch per tow in numbers and percent by fixed length groups. 
Any length interval may be chosen but only one interval can be used 
on anyone run, i. e. could use either 1 cm intervals, or 3 cm 
intervals, or 18 cm intervals, etc., but interval is fixed on any 
one run. 

Stratified mean and variance of numbers or weight per tow based on 
post-stratification (over and above original stratification) by one 
factor (e. g. temperature, statistical area). 

Mean and variance of numbers and weight per tow, mean temperature 
and mean d.epth by individual sampling strata. Printed and punched 
card (2 types) output. 

Relative age frequency in terms of stratified mean numbers of fish per 
tow per age-length group derived from stratified length frequency analysis 

. of the List-length subroutine. Cannot be run without List-length. 

.. - ._._-._---

" 

Linear 

Optional transformation 
(natural log) 

Optional transformation 
(natural log) 

Linear 

Optional transformation 
(natural log) 

Optional transformation 
(natural log) 

Linear 

. ~ 

#1 

#1 

#2 

#2 

#1 

#1 and station 
cards (for all 
species com­
bined) 

#2 and #3 



PART IV 

OUTLINE OF DATA PROCESSING 

A. Scope of Outline. 

This outline is intended for use in the laboratory as a guide to the -

proper sequence of processing steps. Familiarity with the earlier parts 

of this report is a necessary prerequisite to efficient use of the outline, 

but it should be noted that there are a number of details described in the 

outline which are not given elsewhere. 

In order to insure orderly progress in processing and to keep 

track of operations, it is recommended that an operations schedule be 

kept, showing date of completion of each step from beginning to end of 

processing for each cruise. 

B. Initial Hand Processing. 

1. Accuracy of station data (position, time, depth, etc.) 

a. Record BT station numbers, time and BT positions (to 

nearest minute) from BT log onto the Station: Index (see 

format of Index in Table 6, Part I.). This index is an 

expanded version of a previous station index and it was 

first used for Albatross IV 69-2. Note also that this 

was the first cruise for which station index data was 

put o!l cards. 

b. Check and record station data for each trawl station in 

following concurrent steps:' 

(1) Plot positions recorded on trawl logs onto track charts 

used in pilot house and compare with original pre­

selected stations. If positions do not agree within Z­

minutes (and, or, if recorded depth d~ffers sub­

stantially from chart depth at pre-selected station) 

then check loran bearing.!.! Do not erase original 

entries on field logs. Cross out any incorrect entry, 

enter corrected version, and make appropriate 

explanation. Note that we code position on basic 

Jj This represents the approximate limit of accuracy of our navigation system. 
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data cards only to the nearest 10 minutes. Positions 

to the nearest minute are punched on station index 

cards. 

(2) Compare time and position (to nearest minut~) at 

beginning of trawl haul with BT time and position 

already recorded on Station Index. These positions 

usually correspond exactly, and times usually are 

within 30 minutes, since the BT is routinely taken 

just before a trawl haul. If positions differ by more 

than 2 minutes or time differs by more than 1 hour, 

treat the trawl and BT stations as separate entries. 

That is, each will appear on a separate line in the 

Index. If differences are less than this use data 

recorded from BT log as is. 

(3) Note time elapsed between successive station and 

check date and station numbers (stratum-tow, and 

. sequential numbers for all types of stati.on, including 

BT) fo~ proper sequence. Record all station numbers 

on Station Index. Note that a code number is required 

to identify type of "other" stations. See Table 5, 

Part I. 

c. Plot trawl station positions on standard plotting chart show­

ing sequential station numbers and cruise track (trawl 

station charts filed in Groundfish Biology). 

d •. Plot BT station positions on separate starrlard plotting 

chart showing sequential BT station numbers and cruise 

track. (BT station charts are filed in Hydro project). 

e. Compare cruise tz:cks of trawl stations and BT stations 

(overlay one over the other) to pick up errors in record­

ing and (or) plotting. Plot final cruise tracks in ink. 
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2. Summarize temperature data.l! 

a. When BT records are returned from WHOI, compare BT 

positions on these records with positions on Station Index 

for each BT station. They should be exactly the same. 

Complete the remainder of the Index, for each BT station, 

which includes date, time, depth, and bottom and surface 

temperatures. File completed Station Index with trawl 

logs. 

b. Prepare chart (standard plotting) of bottom temperature 

contours, and file with Groundfish Biology. 

3. Code trawl station data. 

Enter trawl station data (cruise, stratum and tow no., position 

etc., and including bottom temperature, gear condition, and other informa-

.. tion) in code boxes shown on sample log, Fig. 5, Part II. Card code formats 
" 

and coding conventions are described in Part 1. 

4. Check and code trawl catch data. 

This is the most time consuming and the most important phase 

of processing and it must not be rushed. Sloppy work at this stage either 

wastes time later through excessive corrections, or worse, perpetuates 

errors which the computers may not detect, and which unnecessarily 

reduces the overall quality of the punched data. 

Processit;g the trawl catch data (see sample log and further 

details, Section II, appendix) breaks down into the following steps: 

a. On the side of log with weight data, enter species code 

numbers, and compute and enter total catch (lb), and 

length frequency expansion factors (if any). Check 

any total weight estimates .or expansion factors which 

were recorded at sea. Expansion factors are simply 

ratios of total catch to sample size in terms. of weight, 

volw,ne or nUmbers, with the same units for both 

numerator and denominator of the ratio. 

J:./ Processing of temperature data including plotting of BT station positions, 

is currently done routinely by Hydro project. 
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b. Enter species codes above length frequency tallies, 

convert tally strokes to number length frequencies and 

record total number of each species measured at the 

bottom of each length frequency. 

c. Compute total catch in numbers for each species and 

enter in appropriate boxes on trawl log (check any 

figures in these boxes which were recorded at sea). 

Note that these hand-computed totals are an essential 

part of the comparison between observed (hand-computed) 

and calculated weights in the final computer audit. 

C. Routine Machine Processing. 

1. Punching #1 and #2 cards. 

The basic cat ch data cards (types 1 and 2) are punched, and 

./ . necessary format conversions and length frequency expansions are performed 

by the UNIVAC 9200. 

2. Initial Audit of #1 and #2 Cards. 

a. This audit detects punching and recording errors as 

described in Part III, and prints out error flags on a 

listing identifying the type of discrepancy. 

b. Each potential error must be checked against the 

original log and appropriate corrections made on the 

log and on the Station Index if station data are involved. 

Corrections should be marked directly on the data cards 

for repuncw.ng, and the preferred marking of a card is 

in large bold writing as follow s: 

"Columns 52- 54 should be 048" 

If a large number of columns need to be re-punched it 
.~ 

will often be preferable to repunch f{Iflm the original data, 

as for a whole length frequency. 

c. A re'-audit of corrected cards is desirable to verify the 

corrections. Note that the audit listing is a convenient 

record of the frequency and type of errors encountered, 

which can indicate weak pOints in the processing sequem e. 

- 56 -

! ~. 



3. Punch and List Station Index Cards. 

At this point it may be assumed that all errors in station 

data have been eliminated and the Station Index data may be punched 

(Station Index deck) and listed by sequential trawl haul numbers and also 

by stratum-tow numbers of trawl stations. The cards should be verified 

either by 1) comparing the listing with the Station Index, or 2) by punching 

deck twice and comparing cards, 

4. Final Audit of #1 and #2 Cards. 

After corrections from the initial audit are completed, the 

basic deck of #1 and #2 cards is put through the final audit. In this audit the 

principal check is a comparison of "observed" vs. "calculated" weight 

for each total catch of each species, where "observed" weight is 

calculated by hand at the time the original logs are checked and coded, and 

"calculated" weight is derived from the total length frequency and a length 

round weight relation. Stations for which d~viations between "observed" 

and "calculated" weights exceed! 25% are listed at the end of a run for 

each species, along with stations for which other kinds of discrepancies 

(similar to initial audit) were detected. 

As with the initial audit, the output of the final audit is in 

the form of a listing. In addition to the deviations noted above, the final 

audit gives a tow by tow listing of length frequency of each species in 

column form. Other data such as numbers and pounds in each catch, and 

average length and weight are also listed for each catch. A detailed des­

criptio~the final audit and the listing, are given in Part ill. 

5. Procedures for Checking Final Audit. 

a. Examine the frequency distribution of'relative deviations 

between observed and calculated weights which is printed 

at the end of the run for each species. This distribution 

will indicate how the summary listing of deviations ~ . 25 

should be in.terpreted, and it will also indicate what 

smaller deviations (not included in the summary listing) 

should be considered unusual and looked for in the list-

ing of in~ividual catches. 
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b. In addition to checking discrepancies listed in the "error" 

summary, examine output for each stratum and tow for 

the following kinds of irregularities: 

(1) Tows out of sequence. 

(2) Large discrepancies between average length and 

printed LF. 

(3) Missing observed weights (resulting in dev. = 0). 

(4) Unusual discrepancies between observed and 

calculated weights (either total or average) as 

. suggested in part a. above. 

Remember that regardless of the relative size of the 

discrepancy, deviations are not put in the summary listing 

for catches <: 10 lb. Given that a discrepancy is judged 

to be "unusually large, " and the catch is ~ 10 lb and (or) 

-' 10 fish, then it will be worthwhile to go back to original· 

trawl records to check for possible error. 

Pullout data cards requiring correction and mark cards 

and correct original logs as before. Also make correc­

tions to the audit run listing itself since it will rarely 

be necessary to re-run the final audit. 

c. Repunch cards and verify corrections. 

6. #1 and. #2 Card Listings. 

When the last step of the final audit is completed, the basic data V 

(#1 and #2~ds) should be listed immediately or at least before the cards 

are made available for any anal)"sis._ This is to insure that the -listings are 

complete, and also to produce a deck of station cards at the same time the 

#1 cards are listed. After the data deck becomes available for analysis 

there always is a chance that cards will be lost or misplaced-no matter how 

elaborate the control system. This problem will be largely avoided when 

it is possible to put the data directly into tape or disc storage. 

- 58 -



/ 

7. Age-Length Data. 

The routine scale-otolith collections from survey cruises 

. are processed by the age-reading unit. The sampling and processing are 

most complete for haddock, and are at various stages of development for 

yellowtail, red and silver hake. Occasional samples of other commercial 

species are also being processed as time permits. 

Age readings are currently being put on cards (#3 type) only 

for haddock. After the age reading unit tallies the ages and lengths on 

special forms, the data are coded and sent to ADP where they are punched, 

run through a par~ial audit (compared with station, #4, card deck), and' 

listed. A more complete audit should be developed. 

D. Summary of Routine Processing Output. 

A summary of the output from the various steps in the routine pro­

'. cessing is shown in Table 11. Eventually a basic data report may be 

published for each cruise containing part of data shown on data listings. 

) 
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Table 11. Summary of data listings and other output of routine processing (both *hand and ** machine) of groundfish survey data. 

Name of Output 

Station Index* 

Trawl Station Chart* 

BT Station Chart* 

Bottom Temperature Chart* 

Initial A udit** 

Final Audit** 

#1 Card Listings** 

#2 Card Listings** 

Station Card Listing** 

Station Index Listing** 

#3 Card Listing** 

~ : 

'. , , 
Type of data and its arrangement 

Lists position, date, time, depth and bottom and surface temperatures at each station and matches all corresponding 
station number~. Includes trawl stations, BT stations and other types of station occupied routinely on the survey. 

Trawl stations ~d cruise track on standard plotting chart. 

BT stations and cruise track on standard plotting chart. 

Bottom temperature contours on standard plotting chart. 

Lists #1 and #2 cards with error flags (in addition to detection of mistakes, this listing is useful as record of type 
and frequency of errors). 

Lists length frequencies in columns and also catches in numbers and pounds. Data are arranged by individual species 
(i. e. one species at a time), and within a sp~cies, data are arranged by stratum and tow in that order. Stratum 
summaries of LF1s and numbers and pounds are provided as well as grand summaries for all strata combined. Average 
weights and lengths for strata and individual tows within strata are also computed. At end of run for each species, 
prints out several summaries of discrepancies detected. 

Lists individual trawl hauls giving station data for each tow and catch of each species in numbers and pounds; one listing 
arranged by stratum and tow, and one listing arranged by species. 

Same as #1 card listing arranged by species except gives length frequency (in row format) and total number in each tow. 

Lists station data for each trawl haul and gives total catch (all species combined) in numbers and pounds. 

Lists all station data shown on Station Index in sequential order. Note that sequential station numbers for all types of 
station, appear. only on Station Index cards. However stratum-tow numbers (used only for trawl stations) appear on 
all types of data cards used 'in the groundfish survey program, including station index cards. 

Lists length-at-age for all fish sampled (so far only haddock) at each station. 


