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ABSTRACT

Catch results frombottomtrawm surveys conducted by the Northwest and
Al aska Fisheries Center (NWAFC), National Marine Fisheries Service, are used
to estimate the abundance of demersal fishery resources in the northeast Pacific
Ccean and the Bering Sea. The nmgnitude and conposition of bottom traw
catches is influenced, anmong other factors, by the physical performance of
the traw. Cbservations of the vertical and horizontal dinensions of the nouth
openi ng of 83/112 Eastern bottomtraws (a type of trawl commonly used by
NWAFC) were nade during routine survey operations aboard the NOAA ship Mller
Freeman. This paper describes the results of these observations and identifies
some of the physical factors of the towing situation that were found to affect
trawl performance. Under identical towi ng conditions, different trawms, even
though built to identical specifications, had different characteristic vertical
openi ngs. Vertical openings were also found to respond to changes in the
physical structure of the trawls, or their rigging, and vertical openings
increased about one foot when a third-wire netsonde was deployed. No single
variable was found to cause changes in vertical opening greater than two feet,
and alnost all of the observed vertical openings were between 4.5 ft and 7.5 ft.
The horizontal opening of these traws fell between 60 and 66 ft and was found
to increase with increased depth (from6l to 64 ft), with reduced wi ngspread
when the towing warps were let out in excess of the standard scope ratios for
the depths where the tows were made. Qher factors found to influence traw
performance were the use of roller gear, which increased the vertical opening,
and the presence of following currents, which caused poor horizontal spread-

ing (to as low as 40 ft).
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| NTRODUCTI ON

Results from bottom traw surveys conducted by the Resource Assessment
and Conservation Engineering (RACE) Division of the Northwest and Al aska
Fi sheries Center (NWAFC), National Marine Fisheries Service (NWS), are used
to estimate the abundance of fishery resources in the northeast Pacific Ccean
and the Bering Sea. The catch per unit of effort (CPUE) in these surveys is
affected by the density of bottom organisms in the area sanpled and the catch-
ability of those organisns with the gear used. To accurately estinmate abun-
dance fromtraw survey catch data, it is inmportant to understand the physical
behavior of traw s used in the survey. This includes such considerations as
the vertical and horizontal dinensions of the traw opening and the extent
and force of contact between the footrope and the bottom  Since it has been
dermonstrated that there can be considerable variability in these trawm perform
ance characteristics fromtow to tow (Wathne 1977), it is particularly inportant
to know what factors affect this variability. Considering the bottom traw as
a sanpling tool, it is also necessary to understand all the perfornmance charac-
teristics of the traw in order to evaluate the bias and precision of abundance
estimates derived from samples taken with that tool. Constant, unchanging
performance is the ideal (though probably unattainable) goal; understanding
the causes and the extent of variability is a desirable alternative.

Al though on both cruises the object of study was the 83/112 as fished

fromthe MIller Freeman, there are a nunber of differences between the two

cruises that suggest that they should be considered separately. The Cctober
1979 cruise was devoted solely to gear experinents, while in March 1980 the
gear observations were made incidental to survey fishing operations, with no

attenpt to conduct controlled tow ng experinents. This difference alone



necessitated a different approach to each data set. The data from the Cctober
1979 experinments were subjected to an analysis of variance in order to exam ne
the significance levels of factors suspected of influencing traw performance
The March 1980 data were acquired in such a way that preparation of descrip-
tive statistics was pernissible, but exami nations for statistical significance
were inappropriate. In addition to these differences in methodol ogy and ana-
[ ytical approach, the paraneters observed during the two cruises were not
identical. For these reasons, it was felt that the methodol ogy and results
for the two cruises should be described separately, in two parallel and inde-
pendent subdivisions of this paper, followed by a unifying discussion section
where results from the two cruises are conpared

The purpose of this paper is to describe the results of observations of
the performance of one of the traw types frequently used by NWAFC, the 83/112

Eastern bottom trawl, while being fished from the NOAA ship MIller Freeman

These observations were made during a cruise dedicated to trawl perfornmance
studies (Cruise M-79-05) conducted during Cctober 17-26, 1979, off the Wash-
i ngton coast and during a bottonfish survey off southeast Al aska during March

1980 (Leg |11, MF-80-01).

MATERI ALS COWON TO BOTH CRU SES

The MIler Freeman (length overall - 215 feet, 1,515 tons gross, and

2,200 horsepower), in addition to conventional deck gear for bottom and m dwater
trawing, is equipped with warp tension meters, which neasure the amunt of
resistance to forward notion exerted by the warps, doors, other rigging, and
the traw itself

The 83/112 Eastern traw (Figure |), so nanmed because the headrope is 83 ft

long and the footrope is 112 ft long, is used frequently on NWAFC groundfi sh
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Figure 1. --Plan and specifications for the construction and rigging
of the 83/112 Eastern bottom traw .




Netting

Headr ope

Foot r ope

Rol | er gear

Breast!|ines

Ri bl i nes

Fl ot ati on

Codend i ner

Chafing gear

Si deseans

Ri ggi ng

Boors

83/112 Eastern

nyl on, preshrunk, and dyed green

83.9 ft, I/2 in diam 6 x 19 galv. wire rope, wapped with
5/16 in polypropyl ene rope,

111.9 ft, 5/8 in diam 6 x 19 galv. wire rope wapped with
5/16 in polypropyl ene rope, the whole wapped with split

pi eces of heavy rubber hose; 172 ft of 5/16 in galv. chain hung
to footrope, every tenth link seized to the footrope at 8-in
intervals, the |ower edges of the wings and throat hung to the
| oops of chain thus forned.

optional

11.3 ft upper and 10.5 ft |ower sections, joined with a
"hammer-1ock," made of |/2 in diam galv. wire rope, w apped
with I1/4 in poly rope. Breastline lengths may vary slightly.

3/4 in diam braided nylon or equivalent extending the length
of the first internediate or beyond on some traw s.

17 8-in alumnum floats along each wing. In the bosom 3 16-in
alum floats, one in each corner and one in the niddle, plus

4 8-in alum floats, all 7 floats spaced equally. Total =

41 floats.

[-1/4 in nmesh, No. 18 nylon, 360 nmeshes around, 200 neshes
deep, laced to inner bag 63 meshes fromthe end, 3 liner
meshes to each bag nesh. Actual mesh counts of l|iners en-
countered in the field may vary; but when the bag is enpty,
the codend untied and the bag and liner stretched out, the
l'iner should protrude some 2-3 ft beyond the end of the
codend.

varies, may be 3/8 in diam poly rope, hog-ringed to form
9-1/2 in meshes, each piece 46 neshes deep x 55 meshes around.
Alternatively may be | /2 in diam poly rope, interwoven into
g-in meshes, 18 meshes deep x 36 neshes around. In either
case, chafing gear should be laced to the bag with 2 ft of
bag protruding.

upper and | ower wing panels and body panels |aced together
gathering 21 neshes (3 knots) from each panel. These plans
allow for this, giving mesh counts for each panel as it shoul d
be cut out; nesh counts on panels in finished trams wll be
reduced accordingly.

dandylines: 25 fmsingle, 15 fmdouble, all wires 58 in galv.

6 ft x 9 ft V-doors, 2,000 Ib.

Figure 1 (Continued)



cruises. It is a conventional two-seam bottom trawl (see Figure |), although
in contrast to standard commercial traws, which have the side seam webbi ng
hung into slack riblines, the 83/112 design calls for riblines that are shorter
than the stretched mesh length of the webbing, the rationale being that these
short riblines will relieve sone of the longitudinal strain on the webbing in
the forward parts of the traw, theoretically facilitating an increase in the
vertical opening of the traw nouth. The trams were fished with 7 ft by 10 ft
steel V-doors, weighing 3,000 Ib each, on 1 inch dianeter warps. Dandylines
were 40 fathoms (fm) overall, with a single 25 fmlength com ng back from each
door, branching into two 15 fmlegs, one going to the headrope and one to the

f oot r ope.

THE OCTOBER 1979 GEAR EXPERI MENTS

Experiment Design
Experinments conducted with several 83/112 trawls were designed to exam ne
the relationship between headrope height (vertical distance fromthe center of
the headrope to the botton) and wingspread (horizontal distance between the
wingtips) to towing speed, scope ratio, and water depth. In addition, differ-
ences between nets were evaluated, as were the effects of "hanging in" the

side seam webbing to riblines shorter than the stretched mesh length of the

webbi ng.

Material s Enpl oyed
Three 83/112's were tested: an unused net (Net #l); a net that had been
used for sone time with the consequent stretching of webbing, repaired danage,
etc. (Net #2); and an 83/112 rigged with roller gear (Net #3). Except for the

presence or absence of roller gear, all three traws were built to the sane



speci fications. They were fished with the same doors and rigging as described
above. The dinensions of the trawl openings during the experimental tows were
measured with the NWAFC traw nmensuration system (Wathne 1977). The net
mensuration instruments (NM) nmeasured headrope height (HH) and w ngspread

(W) hydroacoustically at 3.3 second intervals and recorded these neasurements

on a magnetic tape within one of the units.

Experimental Methods

The experinental tows were made on traw ing grounds between Cape Flattery
and Cape Al ava, Washington, along the 50 fm and 100 fm contours

All three nets were tested originally with riblines hung-in to the side
seans, after which the riblines were renoved and the test sequence repeated
Nets 1 and 2 were tested at 50 and 100 fms; but due to time constraints, net
#3 was tested at 50 fms only. At the 50 fm depth, a scope ratio of 3:I was
defined as "normal" and 3.75:1 as "high". At 100 fm 2.5:1 was nornal and
3:1 was high. Scope ratio was defined as the anount of warp let out in fathons
divided by the depth in fathons.

The testing procedure was carried out as follows: codends were |eft
untied during all experinental tows to avert possible changes in net geonetry
caused by the accumulation of fish in the bag. After the NML were attached
and the gear was set, the vessel nmoved ahead at slow speed for 5 minutes to
allow the gear to settle to the bottom  Speed (using speed over the ground
determ ned from position fixes) was then increased to 3 knots (kn) and the tow
continued for 10 minutes, when speed was increased to 3.5 kn. After another
5-minute stabilization period, the tow continued for 10 nminutes. Warp length
was then increased to the higher scope ratio and the net was tested again at

the two speeds, as described above. The gear was then haul ed, the vesse



turned 180°, the gear set again, and the test series was repeated in the opposite
direction. These steps were taken in an effort to allow neasurenment of the
effects of currents, which were assuned to renain constant in speed and direction
during the time required for conpletion of a pair of north and south tows. After
compl etion of the paired tows, a new net was rigged and was tested at 50 fm

When all three nets had been tested at 50 fm the ship noved out to the 100 fm
contour and the cycle was repeated. Upon conpletion of that cycle of tests

the riblines were renoved fromthe three nets and they were put through the

full test sequence at both depths, except for net #3, as noted above. During

the tests, an observer recorded the tow nunber, depth, speed, direction of

tow, scope ratio, and towing tension as recorded on the tension neters. Any
unusual events that might affect or reflect gear behavior were recorded and

the time noted (for exanple, a sudden drastic change in tow ng tension).

Met hod of Analysis

After the experinmental tows had been conducted, it was decided that the
average warp tension (sinple nean of the readings fromthe port and starboard
tension neters, recorded during each tow) was a better indicator of the speed
at which the gear passed through the water during a particular tow than the
variables "tow ng speed" and "direction of tow'. In the original experinmenta
design the effect of changes in tow ng speed on HH and WS was the rel ationship
of interest, with the direction variable included to allow for the effect
of currents. However, during prelimnary analysis of the data, neither tow ng
speed nor direction had any apparent relationship to either headrope height
or wingspread, so all further analyses were perforned on the relationship

between HH and WS and tension, instead of tow ng speed and direction.



Even though tension was considered a better predictor of gear performance
than the towing speed-direction conbinations, in sone ways the recorded tension
measurenents were less than ideal as raw material for statistical analysis.
The port tension neter consistently indicated a |lower tension value than the
starboard instrunent, often showing a false discrepancy of as nuch as 5,000 Ib
of line pull. Conpounding this problem the tension neters had not been
calibrated for some time, either against each other or against any absolute
standard.  Al'though these circunstances precluded the use of tension as an
absolute neasurenent, it was felt that the average towi ng tension was useful
as an index of differences in speed through the water fromtow to tow

At one stage of the analysis, it was necessary to code tension scores
into one of two categories: "high" or "low'. To do this, the sinple nean of
the average tension values for all tows was calculated; then average tension
val ues that exceeded this value were classified as high, while average
tension values that were less than this value were categorized as |ow

For the sake of convenience, each lo-nminute experimental tow ng period

will be referred to hereafter as a "tow," although in reality each of these

tows was nothing nore than a lo-minute span characterized by a particular
combi nation of experinental factor levels during a much |onger tow

In all, 84 tows were conpleted, With usable data recorded from 75 tows.
Data from a tow were considered usable if there were 30 or nore pairs of sinul-
taneously recorded HH and WS neasurenents, indicating that the NM were
functioning properly during that tow. Data fromthe other nine tows were not
used in the analysis.

In the laboratory, the tapes were subjected to prelimnary processing,
using a program devel oped by the RACE Division. The program considered each

set of neasurenents and rejected any sets where HH or WS val ues were mi ssing



or lay outside preset upper and lower linits. From the values that were
retained, the program conputed the following statistics for each tow mean
headrope height and standard deviation, mean and standard deviation of wi ngspread,
and the coefficient of correlation between headrope height and w ngspread.

Once these statistics had been conputed, further analysis was perforned
to deternine which of the factors had a significant effect on headrope height
and/or wingspread. To reiterate, the factors being considered in this analysis
were: "net" (three different nets consisting of one new (No. I), one old (No.
2), and one with roller gear (No. 3)); "riblines" (present or absent); towing
tension (high or low; depth of tow (50 or 100 fm), and "scope ratio" (normal
or high).

Mean headrope hei ght and wi ngspread val ues were conputed for all the dif-
ferent experinental conditions using the SPSS "CROSSTABS' procedure (Nie et
al. 1975). In order to determne whether or not the various factors had a
significant effect, an analysis of variance was performed on the coded data.

A packaged program BMD IOV, was used, which assumes a nultiple linear regres-

sion nodel :
(or Ws) = p + ayN + apRL + apT + apD + agpSR +
interaction effects + E
wher e u = Mhean HH (or W) over all tows
N = net effect
RL = riblines effect
T = tension effect
D = depth effect
SR = scope ratio effect

Eis anornally distributed error term

ai is the regression coefficient associated with effect i
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Each tow was treated as a single observation using the mean HH or W5 obt ai ned
for that tow as the dependent variable and assigning appropriate values to the
various dummy variables representing the independent variables. The procedure
was first run with all pairwi se interactions represented; those that were not
found to be significant were elinmnated fromthe equation for subsequent

runs (Dunn and Cark 1974)

Hi gher-order interactions were not considered because it is difficult to
interpret the results if any higher-order interactions are found to be signifi-
cant. Consequently, the values associated with the variables found to be
significant should be approached with some caution, since the multiple regression
techni que averages across all factors not naned in the regression equation
I.e., the higher-order interactions. It was necessary to choose some conpronise
bet ween a conprehensi ve anal ysis and conprehensible results, and it was felt

that the balance should be tipped towards the latter.

Resul ts

In the early stage of analyzing the data, it became apparent that something
unusual had been occurring during 12 of the 75 tows analyzed. During these
12 tows, mean HH val ues were greater than 7 ft and nean WS val ues were around
40 ft or less, while during the 63 other tows, nean HH val ues were 6.5 ft or
less, with W5 neasurenents of at |east 55 ft. These conbinations of high HH
and low WS values were sinmilar to readings that had been obtained during other
net observations when the trawls were not fully contacting the bottomor the
doors were not spreading properly.

The followi ng factors were observed and neasurenents obtained with the
vari abl es shown.

Considering the 63 on-bottom tows only, mean headrope height was 5.75 ft,

SkD$ = 0.635. It was found that, holding all other factors constant, each net

had a significantly (P<.OQ) different headrope height
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New net ad net Net with rollergear

Mean headrope height over all tows, 5.31 ft 5.99 ft 6.16 ft

all other conditions conbined

The presence or absence of riblines was found to be significant (P =

0.003):

Ri bl i nes present Ri bl i nes absent

Mean headrope hei ght 5.55 ft 5.96 ft

There was a significant (P = 0.001) interaction between the riblines

factor and the net |ID factor:

Net
Ri blines 1 2 3
Mean headrope Present 4.9 ft 5.92 ft 5.98 ft
hei ght Absent 5.73 ft 6.05 ft 6.47 ft

There was a significant (P = 0.009) interaction between the net ID

factor and the tension factor.

Net
Tensi on 1 2 3
Low 5.35 ft 6.11 ft 6.4 ft
Hi gh 5.29 ft 5.76 ft 5.77 ft

QO her factors tested and found to be not significant were the tension
depth, and scope ratio variables. No other pairw se interactions were

found to have a significant effect on headrope height
Still considering only the 63 on-bottomtows (rmean W = 62.25 ft, S.D. =

4,711, several factors were found to have a significant effect on w ngspread
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Depth was found to be a significant factor (P < .00):

Dept h

50 fm 100 fm

Mean wingspread (ft) 60.8 ft 64.06 ft

Scope ratio was found to have a significant effect (P = 0.023):

Scone Ratio

Nor nal Hi gh

Mean wingspread (ft) 63. 13 ft 61.34 ft

The level of towing tension was found to have a marginally significant

effect (P = 0.046):

Tensi on

Low Hi gh

Mean wi ngspread (ft) 61.46 ft 63.23 ft

The interaction between depth and scope ratio was found to be significant

(P = .026).
Scope Ratio
Dept h Nor mal Hi gh
50 fm 60.61 ft 60.94 ft
Mean wi ngspread (ft)
100 fm 66.3 ft 61.83 ft

The other primary factors (net ID and riblines) were not found to be sig-
nificant, nor were any of the other pairw se interactions.

An abbreviated version of the sane analysis was performed on all 75 tows,
including the 12 off-bottom tows. Mean HH was 6.19 ft, S.D. = 1.23, and nean

WS was 59.55 ft, S.D.) = 7.77. It was found that towing tension and the depth
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of the tow had a significant effect on headrope height and on wi ngspread but
not the other factors. Interaction effects were not exam ned.

Coefficients of correlation were conmputed for the correlation between
mean headrope heights and mean wi ngspreads: considering all 75 tows, R =

-0.737, P < 0.001; excluding the off-bottomtows, R = -0.093, P = 0.235.

Di scussion

One of the mobst inportant factors influencing traw behavior is the
amount of spreading force generated by the doors which in turn is related to
the speed at which the doors pass through the water and the degree of door
contact with bottom The speed of passage through the water is affected by
the interaction between the speed of the ship over the ground and water cur-
rents. In this analysis, tow ng tension was used as an index of the speed at
whi ch the gear passed through the water. Not surprisingly, towi ng tension was
found to have a significant effect on wingspread when all tows were considered,
as well as when off-bottom tows were excluded. After this experinment was
conduct ed, discussions with oceanographers fanmiliar with local current pat-
terns revealed that during Cctober there is a net flow of water from north to
south at speeds of up to 1 knot along the bottomin the tow ng area. It is
interesting to note that all of the off-bottomtows occurred while tow ng
fromnorth to south, possibly the result of strong followi ng currents.

Two interrelated factors govern the amount of warp deployed during a tow
the depth of the tow and the scope ratio chosen. For any given depth, there
is sone particular scope ratio that will permt optinumtraw performance in
terms of horizontal spread, vertical opening, good bottom contact along the
footrope, etc. For strictly on-bottom tows, both the depth and scope ratio

variables had a significant effect on w ngspread but not on headrope height.
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During deeper tows the nets spread farther, and the high scope ratio condition
had an apparent constricting effect on wi ngspread. However, a significant
interaction between depth and scope rati o was observed, since in the shallow
tows the constricting effect of the high scope ratio was dininished. Wen
of f-bottom tows were included, depth (but not scope ratio) had a significant
effect on w ngspread

Possibly the nobst surprising result to emerge fromthese observations was
t he absence of any significant correlation between headrope height and w ng-
spread, when only the on-bottom tows were considered. In all other studies of
trawl behavior, this relationship has been denonstrated repeatedly. One
possi bl e explanation hinges on the traw doors used during these experinents

The 7 ft by 10 ft doors used by the MIler Freeman may generate so much

spreading force that they cause the net to spread to its maximm horizonta
opening for any particular set of towing conditions. CQher forces then acting
i ndependently to cause changes in headrope height were domnated by this
spreading force, thus influencing headrope height only within a narrow range
of openings.

The original purpose for hanging-in the webbing along the side seans to
riblines shorter than the stretched nesh length of that webbing was to take
sone of the strain off of the webbing, allowing the traw to open higher and
wi der . In contrast, standard commercial practice is to hang the webbing to
slack riblines, so that the riblines do not take any strain unless there is a
load on the trawl, stretching the webbing. Consequently, the observed (and
statistically significant) increase in headrope height when the nets were
towed with their riblines remved (off-bottom tows excluded) was noteworthy.

The mechani sm underlying this increase in vertical opening is not known.
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The fact that in the analysis of variance the net factor had a signifi-
cant effect on headrope height indicated that each of the three nets responded
in a different way to changes in the other towi ng influences. Although this
effect was significant in statistical terns, in operation the magnitude of
these differences is so small that it can probably be ignored.

When of f-bottom tows were included in the analysis, both headrope height
and wi ngspread responded significantly to the same two factors: tow ng
tension and depth of tow. At higher towi ng tensions w ngspreads were greater
and headrope heights were less than at |ower tension |levels. Wen naking
deeper tows, the traw s spread farther and headrope heights were | ower than
for the shallower tows.

Further research is needed to determine exactly what is occurring during
the off-bottom tows. It appears that off-bottom excursions occur when the
speed of the gear through the water has been reduced due to followi ng currents.
Further study might try to determine what mininum speed is needed to achieve
full spread. Wile changes in headrope height and wingspread were recorded,
no observations were made on the extent and/or force of bottom contact by the

footrope, and this should be exanined.

THE MARCH 1980 GEAR OBSERVATI ONS

Format of the Cruise
Gear specialists fromthe RACE Division of NWAFC acconpanied the M1l er
Freeman during Leg IIl of the MARVAP Bering Sea and Culf of Alaska bottom fish
study, Cruise M-80-01. Traw performance was observed during 80 sanpling tows.
Unli ke the October 1979 gear experinents described above, these observa-
tions were recorded incidental to standard traw ing operations. Any variations

in towing procedures that may have occurred were strictly in response to |ocal
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weat her and/or bottom conditions encountered at the individual stations and
not according to any kind of experinental franework. Consequently, it was

felt that the results of these observations should be considered descriptive

only.

Materials and Met hods Enployed During this Cruise

Five bottom trawls were observed during this leg: three 83/112 Eastern
tramls without roller gear, an 83/112 rigged with roller gear, and a 90/105
Nor- Eastern traw fitted with roller gear (Figure 2). During the survey,
several tows were made with a Diamond midwater traw, but systematic obser-
vations of this net's performance were not made. This discussion wll be
restricted to observations of the 83/112 Eastern's performance.

Two of the 83/112s without roller gear were fished at different tines
with headrope setbacks (short lengths of cable with an eye at each end)
inserted between the upper bridles at each end of the headrope.

Information on vertical opening (distance from the center of the headrope
to the sea botton) was acquired during each observed tow with one or nore of
the following systems: an ELAC LAZ-72 Netsonde System a Sinrad FE4 Trawl Eye
Net sonde System or the self-contained Hydroacoustic Net Mensuration System
devel oped by the RACE Division (Wathne 1977). Data on the horizontal opening
of the trawl (fromwng to wing) were acquired on a few tows, but malfunctions
in the net mensuration system precluded further observations of this dinension.

On nost tows either the RACE Division net mensuration instruments or one

of the two off-the-shelf netsonde systens used aboard the MIler Freeman (ELAC

|-AZ-72 and Sinrad Trawl Eye) were attached to the net. However, on a few
tows, both the NML package and one or the other of the netsonde systems were
attached to the nets sinultaneously to facilitate conparisons of headrope

hei ght neasurenents nade by the two systens.
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O her performance-rel ated characteristics observed were the weight and species
conposition of the catch and the settling time, or the amount of time required
for the net to reach the bottom after the warps were out and the brakes set.

Data on net performance were recorded on nagnetic tapes in the case of
the NM, and on paper recordings in the case of the netsonde systens. In the
| aboratory, the tapes fromthe NML were subjected to prelimnary processing using
a program devel oped by the RACE Division. The program considered each set of
measur enents (nmeasurenments of HH and W5 and other characteristics were automati-
cally recorded every 3.3 seconds) and rejected any sets where HH or WS val ues
lay outside of preset upper and lower limts. From the values that were retained
the program conputed the following statistics for each tow nean headrope
hei ght and standard deviation, nmean and standard deviation of w ngspread, and
the coefficient of correlation between headrope height and w ngspread. Average
headr ope height values for tows where the NML were not used were estimated
from the netsonde paper recordings, using the range marks printed onto the
paper as a scale

To elimnate biases due to a lack of calibration between the NML and the
net sondes, headrope height data from tows where both the NML and the netsonde
had been depl oyed together were used to prepare fornulae for converting net-
sonde HH readings into NM-equivalent units ("NM-feet"). Wen the netsonde
data and the NML data were conpared from any of those tows where both systens
had been used sinultaneously, the two systems gave slightly different readings
for headrope height throughout the tow. Since both systems gave essentially
continuous neasurenents of traw performance, it was possible to overlay
the two records for a particular tow by matching the records of events such
as setting or hauling the gear, which generated distinctive land marks in

the records. Pairs of neasurenents were then selected from the two records of
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a particular tow, one fromthe NM record and one from the netsonde trace,
each pair consisting of measurenments taken by the two systens at the same

i nstant. Due to noise in the data, it was necessary at tines to shift the
two records sonmewhat relative to each other to approximate sinultaneity, so a
certain subjective elenent entered the pair selection procedure at this step.
More pairs were arbitrarily selected during the settling and hauling phases of
the tows in question than fromthe relatively steady state observations during
the bulk of the towto provide a wi der range of values for the regression
analysis. The sanple pairs fromthe two tows (Tows 95 and 112) where the ELAC
and NML had been used were pooled, as were the data fromthe three tows (Tows
151, 155, and 156) enploying the Sinrad netsonde system and the NM. The two
sets of sanple pairs thus obtained were subjected to a | east-squares |inear
regression analysis, using the SPSS "REGRESSION' subprogram (Nie et al. 1975).

In both cases, HH values fromthe NML were regressed onto HH val ues fromthe

net sonde recordings.

Table 1.--Parameters obtained by regressing headrope heights obtained from
Net Measurenent Instrunment recordings onto headrope heights from

net sonde traces.
Correl ation Nunber

coefficient of
Net sonde Tows a b (1) pairs
ELAC 45 & 112 1.6063 . 7932 . 96362 47
Si nr ad 151, 155, 156 -. 4604 . 9435 . 99188 74

These results indicated that netsonde readings are a fairly good predictor
of NML neasurenents.

Using the regression paraneters listed in Table 1, correction formlas
were prepared (see Table 2) for converting headrope heights obtained by net-

sonde nmeasurenents into NM-feet to permt conparisons of headrope heights
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observed during tows when a netsonde was used without the NM, and vice versa.
In essence, these formulas predict what the NM woul d have neasured if it had

been attached during tows where only one or the other netsonde was depl oyed.

Table 2.--Fornulas for converting netsonde HH observations into NM-feet.

ELAG-ft to NM-ft: 'y = .7932X + 1.6063

Sinmrad-ft to NM-ft: y = .9435X - . 4604

(Note :  The term NM-ft is used instead of feet because the net neasurement
instruments have not been calibrated in some time. Such calibration
will be done as performed as soon as possible by the RACE Division.)

For all tows where a netsonde was used and not the NM, the observed
headr ope hei ghts were converted into NM-ft using the appropriate formula
fromTable 2. Using the corrected HH neasurenments and the NM -obt ai ned
measurenents, the pooled HH val ues were anal yzed using the SPSS subprogram

"BREAKDOMN' (Nie et al. 1975), using the descriptive variables net, rigging,

and netsonde. Net refers to which of the four nets was used, rigging is

related to the three different rigging conditions (no headrope extensions,

2 ft extensions, 3 ft extensions) , and the netsonde variable refers to whether

or not a netsonde was used on a particular tow. Prelimnary exam nation of

the data had indicated that the depth of the tow had no effect on headrope
hei ght, so depth was not considered in the analysis. Because so many (33 out
of 51) of the data points in the analysis were actually predicted val ues, not

direct neasurements, it was felt that attenpting to analyze the statistical

significance of the factors net, rigging, and netsonde was not appropriate.
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Results of the Observations

Table 3.--Mean headrope hei ght observation&.

No headrope 2' headrope 3' headrope Measurement
Net extensions extensions extensions system used
------------------- feet—=—=——mmomcnnnn——
83/112 #1 7.9 (2) 10.3 (4) 8.3 (1) Netsonde (ELAC)
(no rollers) 7.9 (2) 9.8 (4) 8.2 (1) Corrected netsonde2/
6.0 (2) 11.0 (1) 6.7 {(2) NMI
7.0 (4) 10.0 (5) 7.2 (3) Average
83/112 #2 6.9 (2) - 11. (4) Netsonde (ELAC)
(no rollers) 7.1 (2) - 10. (4) Corrected netsonde2/

1.0
0.5
- - 8.9 (3) NMI
7.1 (2) 9.8 (7) Average

83/112 #3 10.7 (8) - - Netsonde (Simrad)
{(no rollers) 9.9 (8) - - Corrected netsonde2/
8.6 (3) -- - NMI

9.5 (11) Average
83/112 #4 11.3 (12) - - Netsonde (Simrad)
(roller gear) 9.9 (12) -- - Corrected netsonde2/
7.2 (7) - - NMI
8.9 (19) Average

Note: Figures in parentheses show the number of tows in each condition.

I/ Averaged over all tows within each condition.
2/ Corrected netsonde val ues are netsonde headrope hei ght neasurenents
converted to NM-equivalent feet by using the formulas in Table 2.

Table 3 shows the descriptive statistics provided by the "BBEAKDOM'
anal ysis of headrope heights. Upon examination of these statistics, several
generalizations can be made:

Al most  without exception, nean headrope heights in each net and rigging

condition were higher when a netsonde was used than when it was not (conpare
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corrected netsonde values with NM values). These differences (1 to 2 ft) are
remarkabl e both for their magnitude and their consistency.

It appears from these data that different nets may have different char-
acteristic headrope heights, all other factors held constant. Nets #1 and #2
appeared to open about the same in the "No headrope extensions" condition, but
Net #3 and Net #4 had nean headrope heights in this condition that differed
from Nets # and #2, and from each other. The relatively high opening of Net
#4 is not surprising since that trawl was rigged with roller gear, but Nets
#1, #2, and #3 were supposedly identical, and the consistently high opening of
Net #3 is harder to explain.

Changes in the rigging of a given net by inserting or renoving short
headrope extensions also had a marked effect on headrope height, although the
response of different nets to the sanme rigging was variable. For instance,
with 2-foot extensions, Net # showed a considerable increase in
headrope height, but with 3-foot extensions, headrope height was reduced to
| evel s conparable with the no extensions case. However, Net #2 responded to
the 3-ft extensions with an increase conmparable to the opening of Net # with

2-ft extensions. Unfortunately, net #2 was not measured with 2-ft extensions.

Di scussion
Vertical openings of all four 83/112 Eastern trawls were neasured while
fishing with the netsonde attached and with the NML system In all four cases,
even when netsonde HH measurements were converted to NM-equivalents, the
average operating heights of the nets with the netsonde were 1 to 2 ft greater
(see Table 3) compared to the mean headrope heights from tows neasured with
the NML when the netsonde was not used. Vertical opening neasurements obtained

by both netsonde and the NML when both systens were used sinultaneously during
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a tow were higher than average, usually in the range of observed heights
obtained with the netsonde alone. The inplication is that the presence of the
net sonde somehow raised the headrope, at least in the vicinity of the netsonde
transducer attachnment point. Both netsondes operate with a "third wire" sys-
tem relying on an auxiliary winch preset to a constant tension to control the
amount of netsonde cable out, so this is the nost likely candidate for the
mechani sm causing the increased headrope heights. Since the wi ngspread
measurenent function of the NML was not operating, it is not known to what
extent changes in horizontal opening occurred corresponding with the observed
increased vertical openings

The anount of tension (nmeasured in pounds of line pull) exerted by the third
wire winch can be regulated fromthe trawl control house by adjusting the flow
rate and pressure of the hydraulic fluid powering the winch notor. In practice
the tension was adjusted until the winch just held the cable, preventing it
from freewheeling off the spool but |ow enough that the cable could pay out
and come in to correspond with notions of the ship (as it rode over the swells
for exanple) and the trawm (as it passed over changes in bottom topography)
relative to each other. Each operator had his own idea as to when this equilib-
riumtension was reached, particularly when responding to changes in weat her
and sea conditions, and frequently winch tension was manipulated in attenpts
to resolve ragged or confusing netsonde displays. In consequence, netsonde
wi nch tension often varied considerably fromtow to tow and sonetimes within a
tow as well. Although quantitative analysis was not performed, neasured headrope
hei ght appeared to be quite sensitive to winch tension. As mght be expected
hi gh wi nch tensions were acconpani ed by high vertical openings, and when tension

was reduced, headrope heights followed suit, as observed on the netsonde display
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O the four 83/112s neasured, the strongest responses to changes in net-
sonde wi nch tension were observed with Net #4, the 83/112 rigged with roller
gear, possibly because the greatest magnitude of changes in netsonde tension
occurred during tows made with this net. In order to reduce hangups and gear
damage due to rough bottom a great deal of experinentation was done with
reduced scope ratios and increased netsonde winch tension in an effort to get
the gear to "fish light." Some of the highest headrope height neasurenents
observed on 83/112 nets were obtained during these tows. Several tines wnch
tension was reduced during a tow and headrope height fell with it. Catches
fromthe tows with abnormally high headrope heights were conpared to catches
fromother tows in the same area with the same net, and in many cases the
catches were snaller and were unusually low in bottom organisns (crabs, flat-
fish, sea pens, snails, etc.) and high in |arger cod and pollock (often found
hi gher off the bottomthan smaller individuals) relative to the tows with
| ower vertical openings. This suggests that bottom contact was poor during
these tows.

On at least tw tows (171 and 172) fishing was conducted with a strong
following current. During these two tows, headrope heights were unusually
high (83/112 #3, no rollers), inplying |low w ngspreads and/or poor bottom con-
tact.

O the four 83/112 traw s observed, Net #4, rigged with roller gear, had a
hi gher mean headrope height than did two of the other 83/112s (see Table 3).
How much of this was due to the presence of roller gear and how much due to
differences in the way the gear was fished (lower scope ratios, higher net-
sonde winch tensions) is not known. This higher headrope height also may have
been associated with a reduction in wi ngspread due to the reduced spreading

power of V-doors on hard ground (Main and Sangster 1979). It is notable that



24

catches with this net were markedly |ower than were catches with the other
three 83/112s. It may be that this is due to differences in fish density
bet ween rough and snmooth bottom or due to decreased fishing power of nets
fitted with roller gear.

Al'though the wi ngspread-measuring circuits in the NML package failed
early in the cruise, they did function during three tows: one tow on 83/112
#1, a towwth 83/112 #2, and part of a tow with 83/112 #3. The nmean wi ng-
spread values after the nets were on bottom and fully spread are shown in

Tabl e 4.

Table 4. --Mean wi ngspreads of three 83/112 nets.

Net no. Mean wi ngspread Tow
1 59.7 ft 92
2 58.7 ft 109
3 60 ft 128

Fromthe time the warps were let out to the desired scope and the traw
cable winch brakes were set, 4 to 7 minutes elapsed before the nets reached the
bottom during nost tows. There were no trends discernible fromnet to net.
There was, at tinmes, fairly high variability of settling times fromtowto tow
with the same net, requiring as little as 1 minute to as nuch as 19 ninutes
for the net to settle down and spread fully. Differences in the way the nets
were rigged had no distinguishable effect on settling tine due to this inherent
high variability.

After the beginning of haul back, from5 to 7 mnutes were needed to bring
the nets off bottom During that 5-to-7-nminute interval, headrope heights
usually remained fairly stable, i.e., about the same as they had been prior to

haul back.
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More understanding i s needed of the ways in which the presence of a net-
sonde and its ancillary equipment affect traw performance. It is particularly
inmportant to deternmine to what extent the abnormally high vertical openings
associated with use of a netsonde are acconpani ed by changes in the horizontal
spread of the net. It is also inportant to exanmine footrope contact with the
bottom under varying circunstances of netsonde use.

The effects of roller gear on the fishing power of a given net design
should be studied, as well as the effects of roller gear on the physical oper-
ation of traws. This is particularly inportant if density estimtes are
prepared based on the fishing power of a given tram wthout roller gear but
wi t hout know edge of the extent of any changes in effectiveness caused by
rigging that trawl with roller gear.

Further study is needed on the extent to which a net continues fishing
during haul back. Questions to be answered include:

1) Does the net keep noving over the bottomand, if so, at what speed?

2) Do wi ngspread val ues change? and

3) Are there other unspecified changes in fishing effectiveness?

If it develops that the net is actually fishing during haul back (or
losing fish already caught, for that matter), it mght be desirable to adjust
catch per unit of effort (CPUE) formulas to allow for this effect.

More research is needed to identify factors causing variability in
settling times. On hauls where the netsonde was not used, the usual approach
was to assunme that the net was down, spread, and fishing 5 minutes after
the traw winch brakes were set. This was not always the case, and bias could
be introduced into CPUE estimates in this way.

Different regions along the footrope may differ in the degree of bottom

contact they encounter. Presumably, if only the center of the footrope is on
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the bottom the effective fishing width of the net will be less than its full
wi ngspread for sone organisns, such as crab. This should be exam ned.

The spreading force acting on the doors is partially determned by the
speed at which they pass through the water and the drag forces acting on the
net are dominated by water speed. In areas of strong bottom currents, the
speed at which the gear passes through the water can differ fromthe speed
measurenents now available, i.e., ship's speed through the water and ship's
speed over the ground. Being able to measure the speed at which the traw
passes through the water would further our understanding of traw perfornance,
thus fishing power.

Early in the cruise, gear specialists fromthe RACE Division and ship's
of ficers studied netsonde recordings fromhauls nmade during the preceding | eg
to identify optinmal scope/depth ratios for various depths. From these consider-
ations, a table of scope values versus depth was prepared in |-fmincrenents.
It was felt that this would be an inprovement over the previously used system
whi ch specified constant scope ratio values over 50-fm depth intervals. The
fornula for scope versus depth was as follows: Scope (in fathoms) = Depth (in
fathoms) X 1.7365 + 68.5103 fm Al subsequent tows were made using val ues
fromthe tables thus conputed. It was found that the nets tended to maintain
bottom contact well using these scope values but that the specified scope
val ues may have been excessive for sonme conditions. In other circunstances,
such as fishing in heavy weather, scope values from the table may have been
| ess than adequate. It appears that the table values are a reasonably good

first approximation but further refinement is called for.
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Summary of Findings from this Cruise

Each net had a different characteristic headrope height, although differ-
ences between nets of the same type rigged the same way were sonetines snall
Changing the rigging of the net by extending the effective length of the headrope
general ly caused an increase of about 2 ft in headrope height, although the
way in which particular nets responded to these extensions was not always
predictable. Attaching a third-wire netsonde to any net caused an increase of
a foot or two in its vertical opening, the anount of increase directly dependent
on netsonde w nch tension to the point where, in some cases, it appeared that
the netsonde cable was actually holding the net off bottom  Strong followng
currents appear to have caused an increase in headrope hei ght on one of the
nets and an apparent |oss of bottom contact. It appeared that the presence of
rol l er gear caused an increase of about 1 foot in vertical opening, although
other factors (described above) could have caused the observed differences
Depending on the net and other tow ng conditions, headrope heights from 6 ft

to 10.5 ft were observed, with w ngspreads of about 59 ft

DI SCUSSI ON OF THE FINDINGS FROM THE TWO CRU SES
Al t hough the phil osophies underlying the traw observations during the two
cruises differed (planned experiments versus passive observations), upon ccm
paring the results, some interesting trends emerged (see Table 5). In both
cases, it appeared that each net had its own characteristic headrope height
other factors being held constant, and that headrope height was quite sensi-
tive to any changes in the physical structure of the net conponents (e.q.

removal of riblines or the insertion of headrope extensions).
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Table 5.--Factors found to have a significant effect on traw performance.

Dependent vari abl e Tows consi dered | nportant factors

Cruise M--79-5

Headr ope hei ght Al tows Towi ng tension, depth
No of f-bottom Net identity, presence
t ows or absence of riblines
W ngspread Al tows Towi ng tension, depth
No of f-bottom Towi ng tension, depth,
t ows scope ratio
Crui se MF-80-1
Headr ope hei ght Al tows Net identity, rigging,
presence or absence of
net sonde

Al t hough headrope heights were found to vary fromtow to tow, responding
to changes in the physical conditions of the tows, the magnitude of these
variations is probably not inportant in an operational sense. \Wen the gear
was set properly with no following currents, no netsonde attached, and no
headrope extensions, in nost instances the vertical openings of these 83/112s
were about 6 feet, with nearly all the observations falling within 4.5-7.5 ft.
As long as catch results fromtows using this gear are used to estinate
abundances of strictly denersal organisns, this kind of variability should not
be troubl esomne.

It is inportant, however, to get better estimates of the area swept by the
trawl during each tow. The area swept during a tow can be fornulated as foll ows:
wi ngspread of the traw during the tow tines the actual distance over which the

traw was dragged while it was in full contact with the bottom It has been
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denonstrated that followi ng currents can have a severe adverse inpact on both
wi ngspread and bottom contact, causing the true area swept to be nuch less than
what m ght have reasonably been estimted, using the usual assumed values for
wi ngspread, time on bottom and tow duration and speed. Qher factors that
were shown to influence area-swept val ues were depth of tow, the scope ratio
enpl oyed, and towi ng tension (which can be interpreted as an index of the
relative velocity of the traw through the water, conbining the effects of
ship's speed and bottom current effects).

Perhaps the best approach to the area-swept problemis through traw
instrumentation, wth first priority going towards devel opment of a sinple,
reliable system for indicating footrope-bottom contact. Likew se, instrumen-
tation for routinely nonitoring traw wi ngspread would be mpst val uable.
Failing that, a useful strategy mght be to nake sure that all tows are made
into the current whenever possible to facilitate proper spreading and good

bottom cont act.

RECOMVENDATI ONS

To prepare abundance estimates from traw survey catches, biologists
have been forced, through lack of better information, to assune constant behavi or
of the gear. In these and other gear studies such as Wathne's report (1977),
trawl behavior has been shown to be quite dynamic and sensitive to a nunber
of physical features of the trawing situation. Because this sensitivity can
influence the area sanpled in ways that are difficult to predict, it is desirable
that instrunentation be developed that will pernmt nore realistic estimtes of
the actual area swept on each tow. In the meantime, strategies should be
devel oped that will reduce this variability, such as towing into any currents

(if the local currents are strong enough to cause problens) and to utilize
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proper scope ratios for the depths involved. Standardization of the gear and

its rigging, already accepted practice, should be enphasized even nore.
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Appendix I.--Summary of the physical conditions and the results of the experimental tows conducted from the
Miller Freeman Cruise MF-79-5,

SCOPE SPEED DIR. MEAN TENSION HERDRDPE HEIGHT WINGSPREAD COEFF.

HAUL TOW NET RIB- DEPTH SCOPE N
LINES (FM.) RATIO RATIO (KTS.) TENSION SCORE FT. (FT.) CORR.
SCORE (LBS.) MEAN S.D. MEAN S.D.
1 - MWT - - - - - - - - - - - - -
2 - MWNT - - - - - - - - - - - - -~
3 - MWT - - - - - - - - - - - - -
4 - MWT - - - - - - -~ - - - - - -
5 1 837112 #1 W Se 311 LOW 3.8 N cSoe  HIGH 5.5 .3859 63.1 8447 -~.0891
S 2 83r7112 #1 W 50 Je:l1 LOW 3.5 N g500  HIGH 5.4 3123 e2.1 i.0117 -.1662
6 3 837112 #1 W 50 3.7511 HIGH 3.6 N 500 HIGH 5.5 3051 61.8 .6781 -. 2067
6 4 83112 #1 W 50 3.75:1 HIGH 3.5 N S0 HIGH 5.5 .2288 61.6 9103  —.2484
6.1 5 837112 #1 W 50 J:1 1LOW 3. S 3o LOW 10.9 8075 42.2 1.4203 0776
6.1 6 83112 #1 W 50 3:1 LW 3.5 S 3000  LOW 8.6 .7rel 43.0 2.2402 » 4531
6.1 7 8311241 W S 3.75:1 HIGH 3.0 S 3200 LOW 8.5 6757 41.7 1, . 3236
6.1 8 837112 #1 W 50 3.75:1 HIGH 3.5 S 4560  LOW 8.4 .7954 43.3 2.9401 .8419
7 9 83/112 #2 U 50 3.75:1 HIGH 3.5 § 4500 oW 7.2 1.e516 49.4 3.5667 2 —.6774
7 1o 83112 #2 W 58 3.75:1 HIGH 3.6 S 6000 HIGH 6.0 .4076 61.6 1.6791 . 5805
7 11 837112 #2 U 50 31 O 3.5 S 10000 IGH 5.6 .3645 62.6 5587 . 2298
7 12 837112 2 U 59 3:1 Lo 3.6 S B0  HIGH 6.1 .34e2 61.9 . 6460 .2158
8 13 837112 #2 W 5o 3:1 oW 3. N 7000  HIGH 4.9 . 64.2 LJIE27S —.4240
8 14 837112 #2 U =1 3:1 LOW 3.5 N 900 HIGH 5.3 .4294 61.8 .6 =.185
B 15 83r112 #2 U 5@ 3.75:1 HIGH 3.5 N 9902 HIGH 5.9 6774 63.0 4.1750 . 2593
8 16 B83r112 #2 W 5@ 3.75:1 HIGH 3.¢ N 820 HIGH 5.4 3366 63.2 . 6534 . 0266
8.1 17 B83-112 #1 W 10 2.5:1 0K 3.0 N 6000  HIGH 4.5 .1019  67.1 2. -.e198
8.1 18 B3-1i2 #1 W loe 2.5:1 LOW 3.5 N 6000 HIGH 4.6 2266 63.1 1.9466 6702
8.1 19 83112 #1 W 100 J:1 HIGH 3.0 N 6250 HIGH 4.5 0.0 64.5 1.1361 2.0
9.1 20 B83r112 #1 W ige 2.5:1 LOW 3.¢ S 2500  LOW 4.5 .1819 B67.6 1.30483 -.1233
9.1 21 83112 #1 W e 2,5:1 LOd 3.5 S 3750  LOW 4.5 o.e 63.9 1.1754 0.0
9.1 22 837112 #1 W lee 3:1 HIGH 3.8 S J250  LOW 4.5 0.9 65.9 9957 8.9
9.1 23 837112 #1 W 100 3:1 HIGH 3.5 S 5500 HIGH 4.8 .6384 64.5 2.1345 .5816
9.2 24 834112 #1 W 100 3:1 HIGH 3.5 N 5500 HIGH 5.0 .4510 66.3 3.8070 . 0246
i0 25 83112 #2 W lee 2.5:1 O 3. 5 3509 LOW 6.3 . 7701 58.4 2.5050 -.2446
10 26 83112 #2 W ie@ 2.5:4 LOW 3.5 S 3500  LOW 6.2 7642 66.2 3.8346 ~—.5441
1l 2v 837112 #2 W 100 3:1 HIGH 3.@¢ S 2500  LOW 6.7 .7858 52.9 2.2240 -.1642
16 28 83112 #2 W 109 3:1 HIGH 3.5 S 4000 LOW 5.7 .6840 61.8 5.6627 -.3554
11 29 837112 2 W le@ 2.5:1 LOW 3.¢ N 5580 HIGH 6.4 @72 68.0 1.0864 .2169
11 30 837112 #2 W le@ 2.5:1 LOW 3.5 N 3500 LOW 5.9 .4636 66.0 1.1i202 -.2708
11 31 83112 #2 W lee 3:1 HIGH 3.% N 4500 LOW 6.2 6201 66.6 1.311@ .8620
11 32 83112 2 W 100 3:1 HIGH 3.9 N 3500 LOW 5.8 4520 57.3 1.3400 -—-.1265
12 33 83112 #1 WO 50 3:1 LOW 3. N 5080  LOW 5.6 .3268 58.4 .9419 .1342
12 34 837112 #1 WO 5@ 3:1 LO4d 3.5 N 7000  HIGH 5.4 .5831 57.3 9772 —.0565
12 35 83-112 #1 WO 50 3.5:1 HIGH 3.5 N 8000 HIGH 5.6 9119 57.9 1.5461 -.0924
12 36 B83-112 #1 WO S@ 3.5:1 HIGH 3.@¢ N 4250 LOW 5.7 .4599 5.8 1.1816 . 2047
13 37 B3-/1i2 #2 WO 50 3:11 LOW 3.0 S Seoe  LOW 6.1 3721 60.3 6409 . 2640

ce



Appendix I.-—-Continued.

HAUL TOW NET RIB- DEFTH SCOPE SCOPE SPEED DIR. MEAN TENSION HEADROPE HEIGHT  WINGSPREAD COEFF.
LINES (FM.) RATIO RATIO (KTS.) TENSION SCORE (FT.) (FT.) CORR.
SCORE (LBS.> MERN S.D. MEAN S.D.
13 38 83112 #2 WO 50 3:1 LOW 3.5 S 5008 LOW 5.6 .6387 53.9 65657 .2428
13 38 83-112 #2 WO 5@ 3.75:1 HIGH 3.5 S 5000 LOW 5.6 .4433 62.9 . 7832 . 1026
13 40 B3/112 #2 W0 5@ 3.75:1 HIGH 3.6 S 4000  LOW 6.1 . 3808 52.2 .8728 .2135
14 41 83-112 #2 WO 50 3:1 LO4 3.6 N qo00  LOW 6.4 . 3508 58.9 .6917 . 9236
14 42 83112 #2 W0 50 31 O 3.5 N 5508  HIGH 6.0 .4593 58.7 .5793 .1e82
14 43 B83-1i2 #2 WO 5@ 3.75:1 HIsH 3.5 N 5000  LOW 5.8 4777 60.8 .8246 -.0778
14 44 837112 #2 WO 5@ 3.75:1 HIGH 3.¢ N 4000  LOW 5.8 4013 58.@ .6552 .@67?
15 45 83-112 #1 WO 5o 3:1 Lad 3.e¢ S 4500  LOW 9.5 .6478 42.4 3.31686 -
15 46 837112 #1 WO 50 3:1 Lad 3.5 S S50 HIGH 7.2 5609 B2.7 4.2812 -~.3883
15 47 83-112 #1 WO 58 3.75:1 HIGH 3.8 S 300 LOW - - = - -
15 48 83r112 #1 WO 5@ 3.75:1 HIGH 3.5 S 32506 LOKW 7.2 .5653 47.6 4.0360 -
16 49 83112 #1 WD 50 3:1 Lo 3.0 N 4000 LOW 5.8 . 3515 61.3 1.2460 . 8461
16 50 83-1i2 #1 WO 50 3:1 Lo 3.5 N 4250  LOW 5.4 4102 60.2 9851 -. 0704
16 51 83-112 #1 WO 50 3.75:1 HIBH 3.6 N To0Q  HIGH 5.5 .3797 61.9 o777 . 4593
16 52 837112 #1 WO 50 3.75:1 HIGH 3.5 N 600Q  HIGH 5.4 .4116 61.3 .9943 ~.Q275
17 53 83-112 #2 W/0 e 2.5:1 Lol 3.0 S 3500 LOW 6.9 .87392 63.6 8.2763 -.8084
17 54 83112 #2 WO ie0 2.5:1 o4 3.5 S 4500 LOW 6.4 5262 66.2 3.3972 -.4558
17 55 83-ii2 #2 WO 100 J:1 HIGH 3.@ S 3500 LOW 6.8 . 7001 53.1 5.8682 -.5537
17 S6 83-112 #2 WO 100 3:1 HIGH 3.5 S 5500  HIGH 5.8 . 3585 58.3 4.8277 . 2366
18 §7 837112 #2 WO ied 2.5:1 Lod 3.¢ N 4000  LOW 6.1 .5173 69.5 3.2947 -.1783
18 58 83112 #2 W0 100 2.5:1 WOW 3.5 N oo  LOW 5.8 . 3615 63.6 7965 -.1139
18 59 83-112 #2 W/0 180 3:1 HIGH 3.5 N 4500  LOW 5.6 .3131 64.7 8720 . 8425
18 60 837112 #2 W0 100 3:1 HIGH 3.¢ N 7ege  HIGH 6.0 4722 66.5 3.5466 -.©236
19 61 83-112 #1 WO 18@ 2.5:1 LOWd 3.2 S 3750  LOW 6.6 .6617 69.2 2.9182 -.5468
19 62 B3r1i2 #1 WO 166 2.5:1 Lol 3.5 S 5500  HIGH 6.8 1.3280 75.8 5.6883 .B490
19 63 83-112 #1 WO 100 3:1 HIGH 3.5 S 4500 LOMW 5.8 .2886 74.3 5.8586 -.9955
i9 64 B3-112 #1 WO 100 3:1 HIBH 3.0 S 4000  LOW 5.1 . 8305 48.9  7.3267 . 8563
20 ~ 83112 #1 WO 100 - - - N - - - - - - -
21 65 837112 43 U 50 3:1 Low 3.0 N 4200  LOW 6.0 .2757 66.8 . 5295 .1358
21 66 837112 #3 W =0] 3:1 Lol 3.5 N 4500 LOW 5.7 2677 60.0 L9568 -.4204
2l 67 837112 #3 W 50 3.75:1 HIGH 3.5 N 5500  HIGH 5.6 . 2890 62.8 9916 -.1134
2l 68 83-112 #3 W 5@ 3.75:1 HIGH 3.@¢ N 7000  HIGH 5.7 . 3430 62.7 7736 —.3156
22 69 83112 43 W 50 3:1 Lol 3.6 S 2002  LOW 9.2 . 9469 41.9 2.1063 -—.6926
22 70 837112 #3 W 50 3:1 Lok 3.5 S 3500  LOMW 6.9 4676 56.7 2.8609 —.4711
22 71 83112 #3 U 5@ 3.75:1 HIGH 3.5 S 2500 LOW 7.1 3882 53.9 2.2683 -.2324
22 72 83-112 #3 W 56 3.75:1 HIGH 3.6 S 4500  LOW 9.6 003 41.@ 7271 ~.2942
23 73 83-112 #3 WO 58 3:1 Lol 3.@ S 1752 LOW 8.6 5554 45.4 3.0730 -.0541
23 7 B3r112 #3 WO 50 3:1 Lo 3.5 S 4875  LOW 6.8 .2837 63.7 1.3677 -.2121
23 75 B83r112 #3 WO 5@ 3.75:1 HIGH 3.5 S 5500  HIGH 6.2 .2482 66.8 9162 -.1576
23 76 837112 #3 WD 58 3.75:1 HIGH 3.0 § 4500  LOW 6.6 . 2765 1.5 2.2848 -.4027
24 - 837112 #3 W0 5@ 3:1 LO4 3.0 N Seeo  LOW 6.1 . 2450 - - -
24 - 83r112 #3 WO 50 3:1 Lod 3.5 N Seea@  LOW 6.1 3157 - - -
24 -~ 83112 #3 WO 5S¢ 3.75:1 HIGH 3.5 N E5e@  HIGH 5.6 1924 - - -
24 -~ 837112 #3 WO 5@ 3.75:1 HIGH 3.@ N 5500  HIGH 5.7 . 2932 - - -

(583
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Appendix |l .--Sunmary of the physical conditions and the results
of the bottom trawl hauls conducted from the
M LLER FREEMAN, Cruise M--80-1, Leg III.
Mean observed headrope
height (HH)
HH HH HH
Tow Net Net Depth Scope Settling Netsonde Measured Correc- Meas- Catch Comments
no, used rigging (fm) (fm) ‘time used (ft) ted to ured by
NMI-ft NME
91 83/112 2 ft head- 160 320 12 ELAC 9.8 9.4 8.8 4,000 1b benthic --
#l(no rope exten-
rollers) sions

92 " " 150 300 - No - - 19,000 1b benthic Wingspread = 59/7 ft.

93 " " 124 240 12 ELAC  13.5 12.3 -- 500 " " Bottom contact poor.

94 " " 110 270 6 ELAC 7.2 7.3 -- 1,200 " " --

95 " " 107 270 S ELAC  10.7 "10.1 10.9 600 " " HH declined when net-
sonde winch tension
reduced.

96 " " 108 268 -- No -- -- .- 600 " " --

97 " " 127 250 -- No -- - -- 1,000 " " -

98 " " 95 250 -- No -- -- -~ 900 " " --

99 " " 85 220 13 No -- -- 1.0 1,400 " " --

100 " " 121 250 -- No -- -- -~ 1,200 * " Stbd. bridles twisted

101 " 2 ft head- 147 300  -- No - -- -- 5,700 " " --

rope exten-
sions

102 o No head- 126 310 3 No -- -- 6.1 1,300 " "

rope exten-
sions

103 " " 115 285 8 ELAC 7.5 7.6 -- 1,600 " "

104 " " 111 278 3 ELAC 8.3 8.2 -- 2,300 ¢ "

105 " No head- 120 290 3 No -- -- 5.9 3,600 " "

rope exten-
sions
106 v 3-(t head- 100 250 6 ELAC 8.3 8.2 -- 900 1b --
rope exten- benthic
sions
107 » " 85 210 4 No -- -- 6.4 -- Hung up
108 83/ " 85 210 3 No .- -- 7.0 -- Hung up net, badly
112 damaged, changed nets
#1
109 83/ " 100 250 5 No -- -- 9.1 1,300 1b Wingspread = 58.7 ft
1%2 benthic

(no ﬁol]ers)

mo " " 110 275 4 No -- -- 8.4 2,500 1b --

benthic

111 " " 118 295 19 ELAC bad trace -- 10.3 1,700 " "

112 ¢ " 131 265 9 ELAC 9 8.8 9.3 1,100 " " At first, ELAC showed
HH = 17 ft,then net-
sonde winch tension
was reduced § ELAC HH

83/ 3-ft head- went to 9 ft.
113 112 #2 rope exten-149 296 5 No -- -- 9.1 1,200 " "
sions Thi N b
. o ~ is catch was charac-
114 Diamond  © 148 300 -- ELAC 8 fm . -- 7,203 lbh' terized by larger cod
midwater vcrt}c% epi-benthic and pollock,no crab,
trawl opening flatfish,small pol-
lock, etc.
3-ft head-
115 83/ rope exten-169 340 -- No -- -- - 8,300 1b
112 #2 sions benthic

(no rollers)

ne " " 149 300 .- No -- -- - 200 1b

benthic
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Appendi x |1 (continued).
Mean observed headrope
“height, (BH)
. HH H TH
Tow Net Net tiepth Scope Sett- Net- Mcasured  Correc- Measured Catch Comments
no. used ripping (fm) (fm) ling  sonde (f) ted to by NMI
time  used NMI-ft
117 ” 97 242 6 ELAC 11.3 10.6 -- 500 1b --
benthic
118 o " 120 274 5 FLAC 12.8 11.8 -- 1,000 " " --
19 " 124 284 -- No --  -- -- -- 1,500 " " --
3-ft head-
120 o rope exten- 130 299 -- ELAC ne trace  -- -- 2,500 " -
sions
121 No head- 150 326 7 ELAC 5.25 5.8 -- 22,000 " " Mostly pollock
rope ex-
tensions
122 33/112 " 170 364 5 FLAC 8.6 8.4 -- 31,000 " " Mostly poliock
123 Diamond « 165 248 -- ELAC 8 fm- -- -- -- Trawl aborted.
midwater 12-14 fm Vertical opening
trawl inversely related
to towing speed.
#
124 %%ﬁgr 4 125 286 Mo - .- . 200 " " Bad tow,trawl
gear) hung up
83/112 #3 "o
125 (no rollers) 160 346 6 No -~ -- 8.4 1,300 --
126 " 165 368 -- No -- -~ -- 1,800 " " -
127 » " 140 313 -- No -- - - 400 " " -
128 » " 129 293 5 No -- -- 8.4 2,300 " " --
129 ¢ " 101 246 .- Simrad 12 10.9 -- 1,600 " "
. Gear expt. Un-
130 » " 130 varied S Simrad 10.6 9.5 -- 1,800 "™ equal amts of
throughout warp out from side to
tow side(approx.3fm diff @
max) little change in MH
131 » “ 152 331 6 Simrad 10.5 9.5 -- 1,000 1b .-
: benthic
83/112 varied n . N o¢
132 3 126 during tow Simrad 12 10.9 Tore up gear.
(rol- little effect on HH
ler gear)
134 " " 141 varied 4 Simrad 27 25.0 -- 600 " ' (same as abovef133)
135 " " 122 280 4 Simrad -- -- -- -- Net fouled, bad tow.
136 " 120 277 5 " 32.5 30.2 -- 500 " " --
137 " v 86 216 4 " 22.3 20.6 -- 900 " " --
138 " " 83 214 4 " -- - -- 100 """ Net fouled during set
139 Nor'eastern " 100 242 .- " 19.4 17.8 -- -- Net torn up
83/112 44, . " & . "o ..
140 o11er gear) 167 360 10.7 9.6 31,000 o
. - . . v  HH very hig
141 " ' 150 332 2 " bad trace 300 " " Sbout 18 £t,net may
be off-bottom.
4z " " 164 353 stbd. 4 Y1446 13.3 - 1,300 " " HH appeared to in-
353,358 port crease slightlywhen
. ) . moTe port warp putout.
u3 ' 143 317 5 No - 8.2 1,100 1b  benthic_
a1 " " 118 %gg Sﬁbd~ 4 No - -- 7.9 . 900 1b HH constant in
benthic spite of change
“in port warp
length.
145 " 150 332 1 No -- -- 7.4 1,300 1b -
benthic
" "
146 131 296 5 Simrad 12 10.9 -- 600 " " -T
147 " " 155 333 4 No -- -- - 500 " " o
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Appendi x |1 (continued).

Mean observed headrope

HH HH HH
Tow Net Net Depth Scope Sett- Net-  Measured Correc- Meas- Catch Comments
o, used rigging (fm) (fm) ling sonde (ft) ted to ured by
time used NMI-ft  NMI
g " " 165+ 355 4 No -- -- 6.0 800 1b --
" " . benthic
149 119 275 2. No -- - 7.3 600 1b benthic --
150 " " 130 294 stbd
294,291 port 4 No .- -- 6.7 1,900 " ' No change in HH
when port warp pulled
in halfway thru tow.

151 » " 150 329 7 Simrad 8.1 6.6 6.6 700 1b benthic --

152 v " 138 312 4 Simrad 11.2 9.6 -- 1,100 " " --

153 " 133 305 3 Simrad 9.6 8.1 -- 2,400 " " HH declined when
netsonde winch tension
reduced.

154 o " 123 289 9 No -- -- 6.8 1,400 1b  benthic --

155 " " 127 291 5 Simrad 11.0 9.4  10.4 1,500 " " --

" " . 500 1b epi- Mostly large

156 120 277 4 Simrad 11.6  10.0 9.3 benthic pollock & cod.

) High HH recorded-
poor bottom
contact?

157 " 11 263 -- Simrad - -- -- 400 b giprag turned

benthic ;i jeways, mounted
on wing.

158 v " 87 216 -- No -- -- -- 300 1b benthic --

159 " 138 312 -- No -- -- -- -~ --

160 " 144 313 7 Simrad 13.2 11.5 -- 300 1b benthic --

varied

161 " " 108 1less than 5 Simrad 8.9- -- -- 500 1b Gear expt...very

200 11.4 benthic low scope ratio,
high netsonde
winch tension,
high HH.

162 " 89 223 -~ Simrad 9.8 8.3 .- 300 1b benthic  --

163 " " 107 220 6 Simrad 8.5 7.6 - 700 "

164 " 150 varied

280-300 5 Simrad 8.9- 7.9- -- 2,100 " " Gear expt. HH re-
12.2 11.1 sponded more to
changes in net-
sonde winch ten-

sion than to gross

changes in scope.

165 8112 275 495 8 Sinvad  13.4  12.2 - 4,100 " " HH declined when

4 (rol- netsonde winch
ler gear) tension reduced.

166 83/112 " 162 310 9 Simrad 11.0 9.9 -- 400 "' " --

#3 (no ’
rollers)

167 " 154 331 8 Simrad 9.8 8.8 -- 3,000 " " --

168 " " 167 368 6 Simrad 9.0 8.0 -- 31,000 " ' 100% pollock.

169 83/112 No head- 162 350 6 Simrad 13.0 11.8 == 16,000 1b 100% pollock

k3 rope ex- benthic

tensions

170 Diamond

midwater

trawl " - -- - Simrad  -- -- -~ --(bad tow) --
171 83/112 " 155 338 S No -- -- 9.1 2,400 1b --

#3 (no benthic

rollers)
2 " 151 338 - - - - -- -- -
173 " 150 324 -- - - - -- - -

174 v " - . 6 No -- -- 8.3 -- .-
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