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OBSERVATIONS ON TRAWL-DOOR SPREAD AND
A DISCUSSION OF INFLUENCING FACTORS
By Fredrick Wathnex
SUMMARY

During the spring and summer of 1958, biologists of the Bureau of Commercial
Fisheries conducted a population survey of the king crab, Paralithodes camtschatica
(Tilesius), in the Southeastern Bering Sea, using an otter trawl. In the course of the
investigation, measurements of the trawl-door spread were obtained. These meas-
urements were examined to determine the effect of water depth, vessel speed, and

total catch on door spread.

It was found, when using a warp-scope ratio of 3:1, that the spread of the doors
was greater in deep water than in shallow water. Door spread in shallow water ap-
peared to decrease with increased vessel speed. There was also some indication
that larger catches reduced door spread; however, the relationship was not strong.

=

Fig. 1 - 75-foot schooner-type vessel Tordenskjold chartered for the king crab survey.

The work of DeBoer (1957) who used especially designed instruments, Qemon—
Strated that door spread is largely determined by the degree of contact betl\l& een the
ope
wd the bottom. The present paper proposes that, when using a sn}alxnd sc 1pR
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search and Services, U. S. Bureau of Commercial Fisheries, Seattle, Wash.

| B




8 COMMERCIAL FISHERIES REVIEW Vol. 21, No. 1

¥
ratio in shallow water, the pull by the warp at the door is upward. This results in
the tilting of the door outward and forward as observed by DeBoer. Because con- “‘J
tact between the door and the bottom in this case is poor, the spread is small, In
deeper water the door theoretically loses its tilt and operates squarely, resulting in
good bottom contact and increased spread. In still greater depths the door may tilt
back and in. Although the contact would seem to be reduced, the spread increases
further. This effectishere interpreted as the probable result of the downward pull
by the warp at the door, which forces it into the bottom resulting in better contact
and increased spread.

BACKGROUND P

During the spring and summer of 1958, biologists of the U. S. Bureau of Com- ;
mercial Fisheries conducted a population survey of the king crab, Paralithodes
camtschatica (Tilesius), in the Southeastern Bering Sea. In the course of the trawl-
ing operations, records of distance traveled, cable scope, and catch were kept, and
measurements of trawl-door spread were obtained. Data collected were made avail-
able to the Bureau's Branch of Exploratory Fishing and Gear Research for evaluation
of the effects of these variables on the spread of the trawl during fishing. The meas-
urements of door spread were taken to assist in a population study and were not
specifically designed to accrue information for gear evaluation. Controlled experi-
ments covering various depth ranges and speeds were not conducted. The observed
relationships, therefore, should be considered as qualitative rather than quantitative.

GEAR AND METHODS

A 75-foot schooner-type vessel, the M/V Tordenskjold, was chartered for the
survey (fig. 1). The vessel, powered by a 180 hp. engine, has a mean draft of 9 feet
and a beam of 18 feet. The trawling gear, typical of Pacific coast trawlers, was
towed from davits on each side of the stern and hauled over the starboard side. A
400-mesh eastern otter trawl, with a 71-foot headrope and a 94-foot groundrope, was

Legend:
A - Sextant and rangefinder on stern of vessel.

B - Float attached starboard door.
C - Float attached to port door.

Fig. 2 - Angles and distances measured to determine door spread.

fished using 3 by 6-foot doors weighing approximately 550 pounds each. Seven-
fathom extensions were added forward of each wing and the extended wings were
secured directly to the doors.
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The spread of the doors, while trawling, was determined as follows: Spherical
floats, 18 inches to 20 inches in diameter, were secured to the doors with 100 fath-
oms of fg-inch stainless-steel cable. Since all fishing was conducted in waters shal-
lower than 80 fathoms, this amount of cable insured that the floats would reach the
surface while the gear was being towed. The angle between the floats, from a point

on the stern of the vessel, was measured with
i a sextant, and the distance from this point to
sk the floats was measured with a U. S. Navy
s range finder. The distance between the doors
was obtained by solving the triangle formed by
the vessel and the floats (fig. 2). This method
is similar to that used by Carlson (1952).

The distance traveled by the trawl on the
bottom was measured by a meter attached to
the cod end (fig. 3). The meter was equipped
with two counters that made independent read-
ings. This served as a check and insured a
measurement in the event that one counter mal-
functioned. The speed of the vessel was calcu-
lated by relating the measured distance to the
dragging time.

3 ] " "
B mennuee RESULTS

developed by the Fisheries Instrumentation Lab-

eratory, U. S. Fish and Wildlife Service, Seattle, During the survey a total of 120 dragswas
i made, of which 91 were used in this analysis.
These drags were made at depths ranging from 20 to 62 fathoms and at vessel speeds

from 2.0 to 3.0 knots. The total catch per drag ranged between 350 and 5,000 pounds.
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Fig. 4 - The relationship between water depth and door spread.
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DEPTH AS RELATED TO DOOR SPREAD: The average door spread pe
using a constant scope ratiol/ {2.9-3.1 to 1), as related to water depth
figure 4. The results demonstrate a greater spread as the water depth .
This suggests that a scope ratio of 3:1 was not adequate for obtaining th
spread of this trawling gear in shallow water. The need for greater scop
shallow water is in agreement with the observations of numerous investig;
cluding Miyamoto (1957). Saito (1957) and Bullis (1951) report that fishe:
scope ratios greater than 3:1 in shallow waters, DeBoer (1957), using ‘
ratios in a constant water depth (81 fathoms), demonstrated a progressive
of door spread with scope ratios varying from 3.4:1 to 8.1:1.

DOOR SPREAD AS RELATED TO VESSEL SPEED: To minimize bias ¢
the effect of increasing door spread with increasing depth, the data have b
arated into two groups: drags at 38 fathoms and shallower, and drags dee
38 fathoms. The relation of vessel speed to door spread is shown in figure
shallow water there is a tendency for the door spread to decrease with gre:
speeds, but in deeper water this trend is not apparent. A decrease in door
in shallow water, following increased vessel speed, is consistent with the
obtained by Ketchen (1951).
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Legend:
o - Average spread of tows in 38 fathoms and shallower.
() - Average spread of tows deeper than 38 fathoms.
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Fig. 5 - The observed relationship between vessel speed and door spread.

DOOR SPREAD AS RELATED TO TOTAL CATCH: In evaluating the
catch on door spread, the data were again separated into shallow and dee)
using the depth of 38 fathoms as a division point. An effect of total catch
spread (fig. 6) is not apparent. It is possible that catches of greater m
those that were obtained are necessary to affect door spread, or that
ferences, independent of catch, mask this effect. To preclude inter-
the average of the deviations of individual observations, taken at sp
1/Ratio of towing cable out to water depth. =B
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vals, from the average w.ithin firag spread were calculated and the resulting points
were plotted (f-lg. 7_). Using this technique, a trend of decreasing spread with in-
creased dragging time is indicated. The spread of the doors apparently decreases

as the dragging time pro-
gresses, presumably be-
cause of increased catch.
The relationship, however,
is not strong; and as previ- 90f
ously noted, the size of the
catches may have been in-
sufficient to markedly af- okl /\
fect door spread.
70|

The foregoing observa-
tions between scope ratio, s0f Legend:
Speed, and door spread are @ - Average spread of tows in 38 fathoms and shallower,
in agreement with experi— O - Average spread of tows deeper than 38 fathoms.
ments and observations of
other research workers 500 1000 1500 2000 2500 3000 3500 4000 4500
directed at the evaluation IRTSECRTCH (POUNRS)
of these factors. The con-
firmation of those previous
studies, however, is primarily of academic interest in that it offers little more quan-

titative knowledge than is already available. The variation in spread between drags,
observed in this study, demonstrates the wide variability in behavior of the trawl in

FACTORS AFFECTING
DOOR SPREAD
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Fig. 6 - The observed relationship between total catch and door spread.
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Fig. 7 - The average of deviations from the average within-tow spread at specific time intervals.
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operation and illustrates the value of a more complete understanding of the factorg
which determine the spread of the trawl doors. The following discussion is based
largely on observations and a synthesis of ideas resulting from a survey of perti-
nent literature.

Since the most pronounced change in spread was found to be associated with the
depth-scope ratio, it is appropriate to examine the relationship between the w
length and the shape or configuration of the warp. Pode (1951) points out that the
equilibrium configuration (in a vertical plane) of a flexible cable in a stream is de-
pendent on three factors:

1. The hydrodynamic force that arises from the water flow (vessel speed),
2. The weight of the element of cable in the water (length of cable out).

3. The tensions in the cable at the ends of the element (pull of vessel and drag
of the net and doors).

Fig. 8 - Hypothetical trawl warp configuration--projected to a vertical plane--in various water depths using a constant
scope ratio.

In trawling, when depth is increased and the scope ratio, vessel speed, and
terminal tensions remain approximately the same, the only factor affected is cable
weight. With more cable out, and without a compensating increase of speed and
terminal tensions, the downward force of gravity in relation to the hydrodynamic
lift becomes greater. The result is a change in the equilibrium configuration or
shape of the cable (fig. 8). As viewed in a vertical plane, when the water depth is
increased but the scope ratio is held unchanged, the direction of pull by the cable at‘
the trawl door theoretically changes from an upward to a horizontal direction. This
is in agreement with results of studies of trawl warp configuration by Kullinberg
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(1951) and Kobayashi and Takashashi (1951 a and b).
lateral configuration of the warp with increased depth
shown in figure 9. The direction of pull on the door b
is apparently forward, and with increasing depth, ten
ward, toward the mid-line, Similar changes of confi
be obtained by either increasing depth, using a const
scope ratio in a constant water depth.

The theoretical change in the
(scope ratio unchanged) is

y the warp in shallow water

ds to become progressively in-
guration or shape of a warp may
ant scope ratio, or increasing

| 2

Fig. 9 - Hypothetical trawl warp configuration--projected to a horizontal plane--in various water depths using a constant
Scope ratio in (1) shallow water, (2) deep water.

The effect on the performance of the trawl door produced by t‘hese various di-
rections of pull of the Izavarp is indicated by the work of DeBoer (ibid). In ac;dltlon
to observing instrumental evidence of increased 'door spread with increase scopg_
ratio (in a constant depth), he found that the longitudinal tilt of the door, 'as'; redcct)}lz
ed by his instruments, was from forward to aft; the lateral‘ tilt, from out to ;n an s (el)
angle of attack, from large to small. Figure 10 shows t_he above effect's‘ lln lﬁglii e :
the door is tilted out and foreward. The door show_n m.flgur.e 10(§)bls kate;g }ir}?i}
longitudinally square, and in figure 10(3) the doo'r is tilted in im 10&2(2:) w:nd .10(3)
warp is pulling upward, forward, and downward in figures 10(1), : )(3),
respectively.

The resultant effect of the mentioned factors on door spread w;lzitixfrzh: LV‘E}:H“ a
ter depth and towing speed. In shallow water, using a Smallllsf};)pz 2 bot?oxn
1s apparently pulling up and forward. This would tend to pu e itﬁde oft e hattor
resulting (because of its construction and the direction ang. m:gtr}lle £y b s oo
affecting it) in a tilting of the door outward and forwa‘rd._ ! t)nc1 Cpacioral gul oo
Probably minimal in this situation, the angle of attack wi ] ? a gt}ie C
tilt, hOWever, reduces the contact with the bottom and, theIi.orii, cgnagiee =
fect, resulting in reduced spread. Using the same scope ratio i e gmh Kater.ithe.
Warp apparently pulls forward and in, resultmg in a minimum T P
and a smaller angle of attack. Since contact with the bottfomtt;ka e s
effect ig increased. Although in this instance .the angle of a Erie A scopé et
o - 8~ DcBoer i) foung that'Wlth o m(v:e ratio) the door tilt
alagous to a further increase in depth using the same scop
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became slightly aft (tilt 0.5°) and in; and although the angle of attack decreaseq N&
ther, the spread of the doors continued to increase. This is probably because the
warp was pulling down (in a vertical plane) since it was on or near the bottom ahead
of the door, and tended to force the door into the bottom. Although slightly tilted,
the contact of the door with the bottom would be better than in the previous instances,
and therefore, the shearing effect and the spread would be greater.
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Fig. 10 - Hypothetical longitudinal (left) and lateral tilt of the trawl door using a small scope ratio, progressing from
shallow water (1) to deep water (3).

The effect of vessel speed on door spread is similarly related to the change of
equilibrium configuration of the cable. In this instance the hydrodynamic force,
which is increased when speed is increased, results in a greater lift on the warp.
The warp is, therefore, pulled away from the horizontal, resulting in a more up-
ward pull on the doors and consequently a decreased spread. This effect is more
pronounced in shallow water (when using a small scope ratio) because the warp _iS
initially pulling upward, and the greater speed increases the upward pull, reducing
the bottom contact and, consequently, the spread. In deeper water, with the sameé
scope ratio, an equivalent speed increase will also alter the shape of the cable. The
effect on the warp at the trawl door, however, is much less and it lies within arange
that will not produce significant changes in the position of the door.

The foregoing observations and considerations indicate that the spread of a
trawl is determined principally by the degree of contact between the doors and the
bottom. Considering the number and variability of the factors which influence door
spread, it is apparent that obtaining consistent optimum spread is extremely eom=
plex. Development of doors that will produce optimum contact with the bottom ¥ ith-

in a wide range of scope ratios and speeds, or that will produce maximum spf@@;@{
independent of bottom contact, could be rewarding. "
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WHAT ATTRACTS FISH?

The sense of smell plays a fairly important part in the lives of all
fish, but it is not the only sense upon which they rely to obtau} food.
They rely also upon the or gans of sight and hearing; however, if these
should fail, they could probably locate food by smell alone.

In some fish the sense of smell is extremely acute. The smell of
blood or of decaying fish, for instance, attracts sharks from great dis-
fances. The extent to which the sense of smell is employed for locating
food varies notonly with the species of fish but also with circumstances.

The U. S. Bureau of Commercial Fisheries has conducted some re-
search on the effects of sound on fish and from that work it is fglt .that
| except for the initial "'start' when sound is first perceived, there is little
effect either as an attracting force or as a repelling one.

fish that the sense of sight is probably the most important sense to the
fish in terms of recognizing danger, food, etc. Consequer}tly, it would
| seem that attractants designed to stimulate the sense of sight would be
| the most effective. This applies to fishin both fresh-water and the ma-
i€ environments.

“'%":‘3“ In summary, it appears from research done on stimuli whichattract
‘l‘ 2
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