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INTRODUCTION

Bottom trawl surveys of demersal fishes have been conducted since 1948 by the
fisheries laboratory at Woods Hole. The frequency and scope of these surveys increased
markedly in 1963 with acquisition of the research vessel, Albatross IV, when the
Northeast Fisheries Center began an intensive bottom trawl survey program in SAs 5,

6 and Division 4X.

The major objective of these surveys was to provide an annual quantitative inventary
of fish populations; and the critical characteristics of the surveys involved the use of
standardized trawl gear and fishing methods on a research vessel, an unbiased method of
station selection, and complete records of the weight and length frequency of all fish species
in each trawl catch.

A detailed description of the survey methods used by Woods Hole was presented to
the ICNAF Working Group on coordinated Groundfish Surveys in January, 1971 (see Res.
Doc. 71/32), but until now the methods have not yet been summarized in a readily available
form. The purpose of this Paper is to document the key elements of the USA survey methods,
with emphasis on those aspects where standardization and accuracy of methods are critical
for reliable results. Topics are arranged with a view toward a useful format for an ICNAF
manual on trawl surveys,

VESSELS AND TRAWL GEAR

Virtually all of the fishery surveys conducted by Woods Hole since 1963 have been
carried out with the research stern trawler, Albatross IV, which was designed with this
type of work in mind (see Table 1 for general specifications). Features of major importance
from the standpoint of survey work are the ability to operate 24 hours a day and adequate
space for scientists and scientific work. The Albatross IV can carry up to 15 scientists in
addition to a full crew (18), and there are 4 laboratories available for scientific work, At
present, Albatross IV is equipped to handle trawls as large as a #41 Yankee and to fish as
deep as 200 fathoms.

The Delaware I, another research stern trawler has also been used for trawl surveys.
This vessel is somewhat smaller (155 ft as opposed to 187 ft for Albatross IV) and can only
carry a scientific party of 6-8 (Table 1). However, Delaware II can handle large trawls more
easily by virtue of deck design, has better hydroacoustic equipment, and thus is better suited
to midwater work,
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The #36 Yankee trawl has been the standard survey trawl used b‘y Woods Hole sincebthe
1950s, and a nylon #36 with specifications as shown in T_ablt_e 2 and I:'"lgures la, 1b, .has:ad ee_z;h t
used for all groundfish surveys since 1963. This trawl is rigged with r.olle.rs and. fished wi hou
ground cables to permit trawling over rough bottom; and a small mesh liner (1/2 1nch-.stretc
upper belly and cod end - see Table 2) has been used routinely for a%l.sur.vey's to retain
juvenile fish. Each trawl is carefully checked against the exact specifications of th?a standard
before it is used. On occasion towing performance of standard trawls is checked with trawl
mensuration instruments to check on wingspread and headrope height. Ideally this should be
done routinely an a haul by haul basis on surveys.

At the beginning of the Albatross IV surveys, fishing power of the #36 trawl was judged
adequate for providing useful indices of abundance of most groundfish species. However, in
recent years, abundance of fish has declined so much, particularly in Subareas 5 and 6, that
the #36 is now considered to be too small for effective survey work, especially during the spring
when particular emphasis is directed towards herring and mackerel. Consequently beginning in
the spring of 1972, Albatross IV switched to a #41 Yankee trawl, modified to provide a greater
vertical opening than the standard commercial version of this trawl. Mensuration tests on this
trawl and comparisons with the standard #36 are still in Progress, and additional tests are
planned in 1974 in cooperation with a USSR vessel. Specifications of the modified version of the
#41 for 1974 studies are presented here (Table 3, Figure 2). Note that the fall sur veys by
Albatross IV are still being conducted with the standard #36, and a changeover for the fall is
not planned until a satisfactory conversion factor is obtained from joint US-USSR trawl
comparison studies; the earliest changeover date would be fall 1975.

SAMPLING DESIGN

There is now rather wide recognition of the advantages of the stratified random sampling
design for demersal fish surveys which are designed to monitor changes in stock abundance,
and these advantages have been reviewed by Grosslein (1969), by the reports of the ICNAF
Working Group on Coordinated Groundfish Surveys (see Res. Doc. 71/32), and most recently
in the FAQ manual on demersal fish surveys (Mackett, 1973). For this reason, and the fact that
we already have a workable stratification scheme for most of the ICNAF area, the emphasis here

Stratification
2rdtification

The first stratification plan based on depth was used in 1964 when the survey covered
the area from Hudson Canyoen to western Nova Scotia (strata 1-40, Figure 3). Four depth zones
defined by the boundaries~-15, 30, 60, 100 and 200 fathoms-~were used to subdivide each of
the four ecological zones (southern New England, Georges Bank, Gulf of Maine, and western
Nova Scotia) which are unique in one or more aspects of the groundfish community and
hydrography. The 60-~fathom contour represents the approximate depth limit of marked
seasonal changes in bottom temperature on Georges Bank and southern New England, and
therefore was an obvious choice for the purpose of monitering the general relation between
fish distribution and temperature. The 30-fathom contour represented another useful
boundary related to the depth distribution of some of the species sought by U.S, traditional
fisheries, including haddock and yellowtail. The other boundaries were chosen largely for
practical reasons,

Strata 41 and 42 wer- add d to the survey in 1965, and strata 61-67 were add.d in the
fall of 1967 for the first joint UsA-USSR survey (Figure 3). Since the fall of 1970 we have
used the Canadian stratilication scheme east of Browns Bank, i... strata 41-4% as shown in
the outset of Figure 3. Note that Canada uses a different numbering system for Div 4X
(Halliday and Kohler. 1971).

Also it should be noted that since 1972, the trawl surveys have been extended south
to Florida and inshore practiczlly to the beach all along the U.S. east coast from Cape Cod
to Florida. These Phases of the survey are being carried out by other U.S, laboratories,
using Delaware IT and other vessels. The same basic stratification scheme has been extended
to these waters,
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Random Selection of Stations

Random selection of stations within strata is accomplished essentially as follows. Each
stratum is subdivided into rectangles of 5 minutes of latitude by 10 minutes of longitude, and
each of these rectangles is regarded as a homogeneous sampling unit within which only one
trawl haul is necessary to characterize that unit. Each of the 5x10' rectangles are further
subdivided into 10 smaller rectangles (each 2-1/2' Lat x 2' Long)} and these are numbered
throughout the entire stratum, with the 10 numbers within any one 5x10' rectangle being in
consecutive order. Numbers are then drawn from a table of random numbers (subject to the
restriction that no more than one number is chosen within any given 5x10' rectangle) until
the required number of 5x10' rectangles is obtained, corresponding to the number of trawl
stations specified for the given stratum. Numbering and random selections are done
independently in each stratum. With the above procedure every possible trawling site in
each stratum has an equal chance of being selected, and the probability of sampling a
particular depth (or ecological niche) within the stratum is proportional to the area
represented by that depth (or niche) within the stratum.

Since stratum boundaries are irregular relative to lines of latitude and longitude, it
is not possible to subdivide the entire stratum into uniform 5x10' rectangles. This is
particularly true around stratum perimeters and in long narrow strata. The problem is
largely circumvented by forming irregular-shaped blocks where necessary, with the area
of each block equivalent to that of a 5x10' rectangle, and subdividing and numbering as before.

Occasionally random sampling results in a clustering of stations such that thereis a
rather large area without a single station. In such cases extra stations are deliberately placed
along the cruise track to fill such a gap. This is done to insure more uniform coverage for
hydrographic ohservations as well as groundfish and plankton sampling. No more than 3 or
4 such extra stations are normally added to any one cruise for the entire survey region from
Hatteras to Nova Scotia. This represents less than 2 percent of the total number of randomly
pre-selected stations and therefore the effect on variance estimates and the unbiased character
of abundance indices is negligible.

Allocation of Stations to Strata

After fixing the total number of stations for a survey, stations are allocated to individual
strata roughly in proportion to stratum areas. Certain areas such as western Nova Scotia,
southern New England, and Georges Bank are sampled somewhat more heavily than others
because of priorities given to these areas. Also, the deep narrow strata (100-200 fm) are
sampled more intensively because of the requirement that there be not less than two stations
per stratum to allow variance computation. Assuming that a survey is multispecies oriented,
then in general optimum allocation (based on stratum variances and areas) probably will
yield little gain in precision over proportional allocation (based on stratum areas alone).

About 300 stations are occupied in a standard survey from Hatteras to Nova Scotia by
Albatross IV, representing a density of about 1 station every 250 square miles. Allocation
of sampling effort by strata and for varicus sets of strata on a recent cruise are shown in
Table 4.

Occupying Stations at Sea

Trawl stations are occupied on a 24-hour basis following a systematic cruise track which
ignores stratum boundaries and tends to minimize steaming time. Most extremely rough bottom
areas have been excluded from the survey area (and the station selection process) thus in
most cases the trawl is set without searching the area for good bottom. The haul commences
when sufficient wire has been payed out to obtain the desired scope and haulback begins 30
minutes later. Scope used for the #36 is 3:1 except in depths greater than 150 fm where a
scope of 23:1 is used. For the #41 a graduated scale is used as follows: 5:1 for < 15 fm, 4:1
between 15-30 fm, 3:1 between 30-150 fm, 2}:1for > 150 fm. Direction of tow usually is on a
heading toward the next station except when towing along a steep edge when the course is
determined by the contour of the shelf at the specified depth interval. Sometimes it is
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necessary to set into the wind to allow setting the plankton gear which is towed off the side
of the ship simultanecusly with the trawl tow.

Some rough bottom areas, notably inside 60 fathoms in the Gulf of Maine and alt?ng
western Nova Scotia, have been included in the trawlable category and these do re.quu'-e
some searching time for a suitable trawling site. Whenever possible an alterna.t? site is
sought within adjacent 5x10' rectangles in the same depth range and prefef'abl}ir in the
direction of the next station, and always within the same stratum. Searching time seldom
exceeds one hour, after which the station is usually abandoned (and sometimes but not
always removed from future consideration as a trawlable location since we often make
"successful" hauls over quite rough bottom). An alternate station location may or may not
be selected depending upon the number of stations originally assigned to the stratum,

In cases of severe malfunction (e.g. hang-up after 10 minutes of towing, or crossed
doors) or severe damage to large sections of a wing or belly, the tow is repeated or made at
an alternate site nearby. Tows resulting in only minor damage (e.g. few moderate-size
holes in the forward and lower parts of a belly where most tears occur) are counted as
standard hauls since trawl efficiency probably has not been significantly reduced.
Occasionally the duration of the haul is less than or greater than 30 minutes as a result of a
hang-up of some malfunction with a winch. In such cases the haul is considered standard so
long as it is at least 20 minutes and no more than 40 minutes, and given that net damage is
below acceptable tolerance limits. Depth variation is also allowed as long as the tow remains

Station Procedures

A standard survey station begins with a bathythermograph cast (surface to bottom},
meteorological observations, and a surface salinity sample, followed immediately by a
30-minute haul with the survey trawl at 3.5 knots (speed through the water as indicated by
ship's magnetic log).

When the brakes on the main winch are set, a pair of Bongo plankton nets are set over
the side, and a single 15-minute oblique haul is made in a2 manner similar to that used on the
ICNAF larval herring survey; plankton sampling has been done routinely since 19468,
Beginning in 1973 at selected trawl stations (forming approximate transects across the shelf)
an STD instrument has been lowered and/or water samples obtained in addition to the BT cast.
Station location is recorded as the position where the ship first commenced observations;

hydrographic work normally precedes setting the trawl. For each trawl haul a tracing of the
bottom profile is saved,

DATA COLLECTION

Environmental and Plankton Data

Observations on weather, sea state, and station data related to bathythermograph and
hydrographic casts, are recarded on a standard BT log (Figure 4). In addition, when water
samples are collected and/or an STD cast is made, a hydrographic station record is prepared
along with necessary detail sheets for identification of salinity samples (Figures 5a, 5hb, 5¢).
A number of other forms are required for submission of hydrographic data to NODC,

A separate log is Prepared for each plankton haul, including station data and pertinent
data on tow profile, volume filtered, speed of haul, et

¢. (see Figure 6). A more generalized
plankton log is being considered. Plankton samples are preserved for shoreside Processing,
pPrimarily by the NEFC plankton sorting center at Narragansett, Rhode Island .

Trawl Cateh Data Collected

Basic minimum data are the total weight and length frequency of each species,
Weights are recorded in pounds and lengths to the nearest centime
or on aluminum punch strips attached to the boards.
without forked tails in which case total length is rec

ter on measuring boards,
Fork lengths are used except for species

orded. Carapace lengths (to eye sockets)
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are taken for lobsters, carapace width for crabs, mantle length for squid, wing-width for )
rays, and shell lengths for scallops; shrimp are weighed only. Length frequency by sex is
currently being recorded routinely for lobsters and crabs.

Scale or otolith samples are obtained routinely from 15 priority species; these samples
are stratified by length, and except for clupeoids the scales or otoliths are placed dry in small
coin envelopes, labeled with cruise and station number, and length, sex, and maturity stage.
Scales are collected from haddock and flounders (yellowtail, winter, grey sole, American dab),
and otoliths are taken from ced, pollock, hake (red, silver and white), redfish, mackerel,
sea herring, blueback and alewife. In the case of the last four species, whole specimens or
heads (with individual data on length, etc. attached) are usually frozen and otoliths removed
ashore. More detailed biclogical information is also obtained on priority species including
observations and/or samples of gonads, stomach contents, and usually whole frozen or
preserved specimens are collected for study in the laboratory.

Sampling Trawl Catches

Except for occagional large hauls, catches are dumped into a checker (box 4x8x1’
slotted at one end) from which fish are either picked out by hand or pushed through a slot,
sorted into species, and placed in steel baskets of 1 and 2 bushel capacity (about 70 pounds of
fish per bushel, net weight). Baskets are weighed to the nearest whole pound from a suspended
balance (steelyard). Small catches ( < 10 pounds) are weighed in small plastic containers on a
suspended spring scale.

It is usually possible to weigh the entire catch of each species, but for large catches it is
necessary and desirable in terms of time and required sample size, to measure only a sample
of the catch of the more abundant species. Normally catches are sorted by species prior to
recording, and care is taken to avoid size-selection by having each person pick all species
and sizes of fish from one section of a pile or the checker at a time, tossing them into the
appropriate baskets. When baskets of unsorted fish are filled from the slot of the checker, a
systematic sampling of the baskets is taken (i.e., 2nd, 5th, 8th baskets, etc.) to avoid bias
from possible uneven distribution of fish in the checker. In Processing unsorted catches, large
fish are removed first and processed separately, so that there is a fairly uniform size distrib-
ution of only smaller fish left in the unsorted category. After weighing, the unsorted baskets
are sorted and re-weighed by species before length frequencies are taken.

No exact guidelines are followed as to size of sample or subsample to be measured,
but suggested minimum sample sizes for each unimodal portion of the length frequency for a
given species (or sex if males and females recorded separately) have been as follows:

Range of Length (cm) Minimum Sample Size (No. Fish)
1-5 25
6-10 50
11-15% 75
<15 100

The above sampling rates probably provide estimates of the preportion of fish at each em
interval to within a few percent of the correct value in most cases. However » no comprehensive
analysis has been made of the actual sample sizes and levels of Precision achieved.

An arbitrary distinction is made between the terms samples and subsamples, to try to
reduce errors in documenting the fraction of the catch which was weighed and/or measured.
That is, a sample refers to that portion of a catch (e.g. 1 or more baskets) saved for
processing when the remainder of the catch is discarded (with amount of discard recorded in
terms of numbers, pounds, or number of volumetric units). A subsample refers to a portion
of a sample used for a length frequency. Whether a sample or a subsample, the same guide-
lines are applicable relative to sample size noted above.
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Recording Catch Data

All basic catch data and also station data (location, time, etc.) are recorded on a single
trawl log (93"x14" actual size) which has two sides. One side contains station data and length
frequency tallies (Figure 7), and the other side contains data on weight, volume and length
frequency, as well as sampling of the catch (Figure 8). This log serves the dual purpose of:

1) an original written record of all basic catch data for
each trawl haul usually on cne sheet, and

2) a coding form from which the coded data are punched onto cards.

Examples of typical entries are shown in Figures 7 and 8, illustrating the major types
of sampling used on survey. A number of specific conventions have been defined for
indicating various types of a sample but these are not described here; the important peint is
to devise some clear means of recording the exact nature of the sample or subsample for each
species, so that proper expansion factors can be calculated.

Processing of the data are kept to a minimum at sea because errors are easily made
due to fatigue and normal loss of personnel efficiency at sea. That is, such things as
expansion factors and even net weights are usually not calculated at sea. However, length
frequency tallies of priority species are often prepared so that the data are ready for
immediate punching and preliminary analysis shortly after a cruise. In all cases, the
watch chief or chief scientist examines each log carefully after each haul, and checks for
accuracy and completeness.

DATA PROCESSING

Hydrographic Data

After a cruise, XBT temperature traces are checked against reference surface
temperatures and for anomalies which might be related to malfunction of the XBT system, and
they are read and recorded at 10 m intervals from surface to bottom. Copies (xerox) are then
made of the traces and they are sent to the National Oceanographic Data Center (NODC) for
digitizing and archiving in NODC format. Surface salinity samples are processed in the
laboratory with a salinometer to the nearest .01 o/co, and the values are transcribed onto
the standard BT logs (Figure 4), which are also copied and sent to NODC. Accuracy of BT
station data (location, depth, etc.) is checked by comparing BT plots and records with
master track chart derived from the original survey charts used at sea, Next contour charts
are prepared for bottom and surface temperatures, and surface salinity, and are filed with
the NEFC oceanography unit.

Procedures for the processing and recording system including quality control for STD
data are still being developed. At the present time, NEFC hydrographic staff analyze the
salinity samples from the Nisken bottles checking results against the STD traces, and also
record salinity values at every 10 meters. The salinity traces are then sent to other
laboratories for further processing, and ultimately to NODC for archiving in digital form
with the original traces being returned to NEFC, Reliability of oxygen readings on the STD
instruments has yet to be evaluated.

To date, NEFC is not doing any machine processing of hydrographic data, but is
exploring feasibility of using NODC services in relation to current needs.

Station Data

The first phase of processing involves checking the accuracy of station data. Station
positions and depths recorded on trawl logs, and BT logs are compared with the original
survey charts used by ship's officers, and a master cruise track is prepared. In addition,

a station index is prepared which summarizes and cross-references basic station data
(location, time, depth, temperature, sea state, etc.) for all types of stations including trawl,
hydrographic and BT (only) stations. After verification of all entries the station data are
coded on the trawl logs and station index forms and then punched onto cards.
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Basic Catch Data

The next phase of hand processing involves checking the individual trawl records on
total weight and length frequency for each species. Information on sampling and subsampling
fractions is carefully reviewed, and the total catch of each species is calculated in terms of
net weight and total number of fish; length frequency expansion factors are calculated and
recorded, and stroke tallies are converted to numbers. The data are then coded on the
original trawl log in preparation for keypunching.

Other Bioclogical Data

An inventory of the scale and otolith samples is prepared shortly after completion of a
survey, by comparing records on the envelopes or vials with information on scale-otolith
sampling recorded on the trawl logs. Age readings are entered on a special coding form
(Figure 9) and then keypunched onto cards. A data listing from the cards is compared with

the original scale-otolith envelopes to check for errors in the age-length data, before transfer
to tape.

Data processing methods are still being developed far plankton, maturity stage records,
and fish food habits data. In all cases, preliminary hand processing is required to check on
the accuracy and completeness of the original field record sheets, coding must be done
followed by keypunching onto cards and subsequent audits, and finally transfer to magnetic
tape files. The station format for these types of data are compatible with the basic format used
for the groundfish survey file so that results of the other types of biclogical data may be
compared or integrated with the basic information on abundance and size distribution in
an efficient manner.

Card Formats

The basic catch data card format used for groundfish survey data is shown below.
Any single card 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 and
denoted in card I.D., column 80) 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), and age-length frequency (card type 3).
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Usually there is only one type 1 card per species per tew (unless catch < 9999 fish),
but in most cases there will be more than one type 2 card species per tow. If age-frequency
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 10.

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 either by hand or by computer before transfer to
final type 2 cards. In contrast, age-length data on type 3 cards usually represent only a
sample of the fish in a catch; these data are pooled into age-length keys and then applied to
appropriate length frequencies using a computer program.

Note that except for columns 8-9, columns 1-27 and 76-80 are identical in all three card
types. This similarity in format simplifies the problem of simultaneous 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 11). Station
cards (type 4) contain exactly the same data {and in the same columns) on location and
characteristics of each traw] station which appear on the #1 card, but the total otter trawl
catch of all species combined is put in the place of caich of individual species. 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. The first 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 temperature. 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.

Computer Audits

The basic catch data on weight and length frequency (#1 and #2 cards) are checked for
punching and recording errors by means of two computer audits. The first audit checks for:
1> consistency of station data between #1 and #2 cards which are punched independently; and
2} accuracy of station data relative to 2 master card which contains acceptable values for the
specific cruise, or acceptable limits of values for general items such as depth, position,
temperature for each stratum. The first audit also checks for errors in total numbers of fish
of each species on each haul, by comparing the #1 card total with the summation of expanded
length frequencies on #2 eards. This comparison can detect errors in punching and recording,
particularly errors in hand calculations (both totals and expansion factors), and also missing
data.

The second computer audit is designed to detect gross mistakes in weight or length
frequency which cannot be detected by the initial audit, and at the same time recheck for the
same type of errors looked for in the first audit (including missing cards, or cards out of
order after corrections due to the initial (audit). The new feature in the final audit is the
comparison of "observed" vs "calculated" weight of catch for each species in each haul,
where "observed" weight is calculated by hand at the time the original trawl logs are checked
and coded, and "calculated" weight is derived from the expanded length frequency and a
length-round weight equation. Stations for which deviations between "observed" and
"calculated" weights exceed + 25% and are automatically flagged by the computer. The final
audit also displays on one page of output for each species, the length frequency of each haul
within a stratum, thereby making it easy to detect gross anomalies in LF's with a quick
eye-scan of these listings. After completion of both audits, we are reasonably sure that
all major errors of any consequence have been eliminated, and the basic catch data are then
transferred to the magnetic tape file before any further processing is done with the data cards.
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LOGISTICS

On the average it requires from 40-45 days at sea {including time lost from bad weather)
for Albatross IV to complete a 300-haul survey of the entire area from Cape Hatteras to Halifax,
representing nearly 75,000 square miles, which works out to be about 7 stations per day.

The survey is normally done in 3 separate legs, and covers an elapsed time of about two
months. Recently, however, with changeover to the #41 trawl on spring surveys, and the
addition of inshore trawling and special hydrographic and plankton stations, an additional

5 days of sea time or a total of about 50 days are required to complete the survey. Average
time spent on each standard trawl station is about 1 hour, and average steaming time between
stations is about 11 hours.

Frequency of severe net damage with the standard #36 has usually been relatively low
(< 5 percent of total hauls in a survey). However, it is expected to increase with the #41 trawl
partly due to the greater scope used with this trawl, and it may be necessary to exclude more
areas from the trawlable category when using the #4! trawl. This has yet to be determined.

Approximately 700 man-days (14 scientists x 50 days) are invoived in the collection of
data at sea on each standard survey. This includes manpower required to obtain a variety
of special non-routine biological samples which are not discussed in this paper. It should be
noted that 3 to 4 of these are often trainees or visitors who are not fully efficient or know-
ledgeable in the standard survey operation. Abcut another 100 man-days are involved in
pre-cruise preparations, and data processing up to and including final audits for the basic
survey data (weight and length frequency only); this does not include age data or other types
of bioclogical data such as maturity stages or stomach contents, or any hydrographic data
other than surface and bottom temperatures, and surface salinity. Thus a total of about 800
man-days are required to accomplish the collection and preliminary basic data processing
for a single survey. The collection phase uses up an elapsed time of only 2 months (not
counting pre-cruise preparation time), but the preliminary processing phase requires from
4 to 6 months elapsed time due to lag time imposed by ADP schedules, and because the
groundfish survey staff (4-6 full time people) has many other responsibilities related to
assessment work.
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Mackett, David J. 1973. Standard Methods and Techniques for Demersal Fisheries
Resource Surveys. FAO Fisheries Technical Paper No. 124.
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operated research vessels Albatross IV and Delaware II.

Specifications of the National Marine Fisheries Sérvice's NOAA-

Specifications

Albatross IV

Delaware II

Year built
Length, overall (LOA)
Displacement, full load
Draft
Vessel type
Cruising speed, Knots
Cruising range, Miles
Main engine
Propellar
Normal days per cruise
Maximum days per cruise
Accommodation:
Officers and crew
Scientists
Freezer capacity, scientific

Fish hold

Navigation and Fish
Location Equipment

Trawl winch
Type
Power
Speed
Cable

Hydrographic winch
Type
Power
Speed
Cable

Laboratories

Oceanographic and
Meterclogical Equipment

Special Features

1962

187" (53 m)

1088.5 short tons
13.75' (3.9 m)
Stern trawler, steel
11.5

9,000

1000 h.p. diesel
Controllable

10-20

30

20

10-13

Approx. 125 ft.3 (9.5 m3 )
None

Radar(2) RDF

Magnetic and Gyro

Compass with Reporters (12)
Echosounder (3), echoranger

Loran, Ship's Log, Auto Pilot

Electric -2 drum
125 hp

0-400 fpm (122 m)
1000 fm (1829 m)
7/8 in. dia.

2-electrie

15 hp

2000 fpm (61 m}
20,000 £t (6,096 m)
1/4in. dia.

1 each-Rough, Dry, Wet,
Hydro, Darkroom, Chemical

Standard equipment plus
STD, XBT capabilities

36" bow thruster driven by
reversible 125 hp electric
motor .

1968

156’ (44 m)

720 short tons
11.5' (3.3 m)
Stern trawler, steel
12.5

8,000

1000 h.p. diesel
Fixed

10-20

30

14

6-8

4-5 portable chests
1800 £t.3 (51 m3 )

About same

Hydraulic~2 drum
227 hp

0-650 fpm (198 m)
2000 fm (3658 m)
1/4 in. dia.

Hydraulie
0-150 fpm (48 m)
10,000 ft (3048 m)
1/4 in. dia,

Wet-Hydro Lab
Dry Lab-Darkroom
Radie-Chart room

same

F1l
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TABLE 2 ., Specifications - Yankee #36 Survey Trawl
Mesh Size Length Width (meshes)
Part Material {stretched mesh) {meshes) Fore Aft.
inches
Upper wings No. 54 Tan braided 5" 64

nylon (flymeshes) 10 60
Lower wings " 5" 108 30 45

(flymeshes }
Square " g 35 180 140
Bellies " 5" & 4" 85 140 42
Codend u 43" 50 80{around) 80

Chafer mat. of polyethelene strands covering aft half {underside only) of cod end.
Groundwarps (none)

Bridles Top 60'x5/8" wire
Bottom 60'x3/4" wire

Headrope total length 60'x7/8" wire rope in three 20" sections.
Floats 8" dfameter, spherical {no collar) aluminum deep sea type.
8 floats evenly spaced on each wing, and 20 floats evenly
spaced on bosom section.
Footrope Total length 80'x3/4" wire in five sections 22%'~--10'--15'--10'--22%"
Roller Gear Hard rubber 16" diameter x 5" wide separated by rubber spacers 5%"
diameter x 7" long. Center section of 15' with 9 rollers separated by
2 spacers -- two 10' sections each with 5 rollers separated by 3
spacers -- two 22%* sections with 4" rubber discs.
Doors  Steel, 1200 pounds BNV oval.

Liners 1/2" stretched mesh white knotless nylon in aft half (35 meshes)
of top belly only.

1/2" stretched mesh white knotless nylon throughout cod end.

F12
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TABLE 3 . Specifications of Modified #41 Trawl
Part Material Mesh size Width Meshes
inches Length Fore Aft
{stretched mesh) (meshes)
Upper wings No. 54 braided 5" 80 60 75
nylon (f1y-meshes) {V-cut wing tips)
Lower wings No. 84 braided " 125 60 60
nylon (f1y-meshes) (V-cut wing tips)
Lengthening
piece--(none)
Square No. 54 braided nylon 5" 45 220 170
Top belly No. 54 " " s" 100 170 - 50
Lower belly No. 84 " " 5" 100 170 50
Codend No. 102 " " 45" 50 80(around) 80

Chafer Mat of polyethylene strands covering aft half (underside only) of cod end.
Groundwarps {none)

Bridles Top 65'x5/8" wire
Bottom 60'x3/4" wire

Headrope Total Tength B0'x7/8" combination wire rope in three sections
{33'x14'x33')

Floats --- 8" diameter, spherical (no collar) aluminum deep sea type. 20 floats
evenly spaced on each wing and 13 evenly spaced on bosom section*

Hanging Line Total length 125'x3/4" polydacron rope.

Footrope Total length 100'x7/8" wire in 8 pleces 8" each and
2 end pieces 18'each. ATl pieces connected with
7/8" chackles

Roller Gear First sections (end)- 18' each with 4" diameter discs.
Second sections - 8' each with rubber spacers 5%" diameter x 7" long.

Third sections - 8' each with three hard rubber rollers 13" diameter
x 5" wide and spacers.

Fourth Section - 8' each with hard rubber rollers, three 14" and
two 16" diameter x 5" wide separated by rubber
spacers.

Fifth Section {Center) - 8' each with hard rubber rollers, one 16"
and three 18" diameter x 5" wide separated
by rubber spacers.

Doors Steel, 1500 1b BMV oval.
white
Liner 1/2" stretched mesh/knotless nylon in aft half (50 meshes) of
top bally only.

1/2" stretched mesh white knotIess'nylon throughout cod end.
Chain 60 pounds of heavy chain attached to the bottom of each wingend.
* There are also four standard 8-inch floats on each gore, one at the junction of the

square and the belly with the remaining three floats equally spaced between there and
the forward end of the wing.
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Table 4 . Stratum areas, and allocation of sampling effort by stratum,
fall 1972 groundfish survey by Albatross IV.

Stratum Area No. of Stratum Area No. of
Subregion No. {Sq. Naut, Hauls Subregion No. (Sq. Naut. Hauls
Mi.) Mi.,)
Cape 61 1318 3 Georges 13 2374 9
62 243 2 14 656 4
Hatteras 63 86 2 Bank 15 230 3
64 60 2 16 2980 12
to 65 2832 7 and 17 360 4
66 555 3 18 172 3
Hudson 67 86 2 Great 19 2454 9
68 52 2 20 1221 6
Canyon 69 2433 6 South 21 424 4
70 1024 4 22 454 4
71 281 2 Channel 23 1016 5
72 105 2 24 2569 6
73 2145 5 25 390 4
74 1273 4
75 139 2
76 60 2
Totals 16 12692 50 13 15300 73
(Ave., 1 sta/254 mi.2) {Ave. 1 sta/210 mi.z)
Hudson 1 2516 7 Gulf 26 1014 5
2 2078 7 27 720 4
Canyon 3 566 3 of 28 2249 7
4 188 2 29 3245 9
to s 1475 7 Maine 30 619 3
6 2554 11 36 4069 9
Nantucket 7 514 3 37 2108 5
8 230 3 38 2560 5
Shoals g 1522 5 39 730 5
10 2722 9 40 578 3
i1 622 3
12 176 3
Totals 12 15163 64 10 17892 55
(Ave. 1 sta/237 mi.?) (Ave. 1 sta/325 mi.2)
Western 3 2185 7
32 712 5
Nova 33 861 4
34 1766 6
Scotia 35 1097 4
41 157¢ 6
42 156 2
43 860 4
44 934 6
45 150 2
46 247 2
47 1159 4
48 1184 5
49 198 3
Totals 14 13079 60

(Ave. ! sta/218 mi.2)
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STANDARD GROUNDFISH SURVEY TRAWL
BCF, WOODS HOLE, MASS.
#36 YANKEE TRAWL
MESH
TWINE
®
<
p %
5"
20 Fioots #54 &
1 60 eo % .
180 \‘%;.L
0 e 9R Ilu{
o P C]ls. rs
140
1 140
9 S >
. 1oz N __ oz
3 S o 9
1 42 I 42
i
8 3 ¥4I€2 3
- 80 MESHES -
ARQUND
SCHEMATIC FIGURE
Trawl dimensions in meshes — Mesh sizes in inches — Footrope ond headrope sections in fest.

FIGURE 1a . Specifications of standard #36 Yankee trawl used for
groundfish surveys.
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ROLLER RIGGING
for
YANKEE 36 TRAWL

FIGURE 1b . Roller rigging on standard #36 survey trawl.
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170
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BELLY UNER

PesieN

MATERIAL . BOTToM ® 00 viRGl BRAP NvON, $° MESH
ToP %54 VIZeIN BRAID NYLON, 5" MEsH
HEAD ROPE LENGTU: S8OFT (%" COMBINATION WIRE)
FOOT ROPE \ENGTH: |OQFT (%" $TEEL WIRE)
GORE: 3 MESHEs UN CACH $IDE REINFORCED %" POLYPLUS
* NUMBER § 5I1ZE OF FLOBTS: 20, B"5TANDIRY FLOATS ON EAcH WiNe (CVENLY $PAcLD)
13, 8"$TANDARG FLO8T5 W BOSOM (EVENLY $PACED)
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COD ENP: 50 MFsH ON EOUND K 5Q MF5#H DEEP wWiTh k" UNER ($TRETCHED MEMSRE)
BeLey UMEZ: B USTRETCRED LEMURE) FROM Cob EMp 50 MESH PEEP INTO ToF Ly
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FIGURE 2
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FIGURE 5b

STD LOG _ PRGE____ (
CRUISE: STATION:

DATE: TIME: LOCAL

BUCKET TEMP: ° BOTTOM DEPTH: FMS.

OF

SURFACE SALINITY BOTTLE #
FREQUENCIES AS READ FROM COUNTER

SURFACE
SALINITY TEMP:
DEPTH3 D.0.

BOTTOM OF SCALE 1 OR BOTTOM OF CAST
SALINITY: TEMP:
DEPTH: D.0.

TOTAL WIRE OUT

BOTTOM OF CAST (SCALE )
FIRST NISKEN SAMPLE

SALINITY: TEMP:
DEPTH: D.0..

SECOND NISKEN SAMPLE
SALINITY: TEMP:
DEPTH: D.0.

THIRD NISKEN SAMPLE
SALINITY: TEMP:
DEPTH: D.0,

FOURTH NISKEN SAMPLE

SALINITY: TEMP:
DEPTH: D.0.
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FIGURE 310 . Format of survey data card types 1-3.
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