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Experiments were de signed to test whether the yie ld s of cer 
tain important b ottom organisms by bottom trawling could be af
fected by the direction of the tow in relation to prevailing b ottom 
currents . Specifically, the trawl was towed with, a ga inst, and 
across the direction of the prevail ing bottom curre nts, which 
were measured shortly before the tows were made. It was found 
that significant improvements in the yields of flatfish specie s were 
achieved with tows made against the bottom currents or across the 
currents in c ontrast to those made in the direction of the bottom 
current under otherwise similar conditions. Lobster yields were 
also significantly improved by orienting the trawl against the b ot 
tom current. Some evidence was also obtained to suggest that the 
y ield of crabs and pelagic fishes might also be improved by or i 
enting the gear against prevailing currents in its vicinity. How 
ever, further work with these species needs to be done in order 
to provide conclusive information. 

Although it has been known for some time 
t hat bottom and surface currents in many 
areas may be quite different, relatively little 
trawl gear research has been done with an 
adequate knowledge of bottom currents. This 
lack of information may cast doubt on the 
reli ab ility of some instrumented gear results. 
In addition, Carruthers (1964) noted that 
knowledge of bottom currents might be useful 
in improving the catching efficiency of trawl 
gear by permitting determination of an opti
mum attack angle of the gear relative to the 
orientation of given fish species to the cur 
rent. 

Laevastu (1 965) and Laevastu and Hela 
(1 970) have r eviewed much of the literature 
c oncerning the effects of currents on the 
swimming behavior and orientation of fishes. 
T he ir conclusions indicate passive movements 
with t he current and normal swimming move 
ment s against it, depending upon the species 
and the e nvironmental conditions. For many 
de me rsal species, available information to 
dat a suggests that normal or ie ntation is 
a gainst the current with an effective l oss of 
a ctual swimming speed. An a rtic le qu ote d by 
Carruthers (1955) regarding some Nor wegian 
work pointed out that the cur re nt at fishing 

depth often runs in a different directi on fr om 
that at the surface . Furthermor e , this f actor 
seemed more pronounced at dept h s of 50 - 60 
fathoms than at depths of 27 - 33 fathoms . At 
that time, Norwegian cod fi s herme n u rge d 
that means be made avail able to t hem to k n ow 
how the water rrroved at fi s h ing depth in or der 
to improve the i r catche s . 

Some evidence is a ls o available t o indi 
cate that the geometr y of the t rawl ne t is 
affected by the di re ct i on of the t ow . Ketchen 
(1957 ) found that the ope ning of t he trawl was 
smaller when the ve sse l was running with the 
tide than when it was running against t he tide . 
Saila and F l ower s (1969 ) have shown f rom 
the oretical stu die s of fishing tac tic s that a. 
knowledge of both the be havior of fishes and 
of gear performance in relation to current 
s peed a nd di recti on is requisite to obtaining 
optimum performance from t owed fi shing 
gear . 

This rep ort desc ribes the result s of an 
expe riment de signed tote s t whether the c a tch 
of mar ine or ganisms by trawling could be 
affecte d by t he direction of the tow based on 
k n owledge of t he direction and velocity of 
bot tom currents near t he fishing ground . 

Th e authors are with Marine Experiment Station, Univers ity of Rhode Isl a nd, Kingston, Rhode Island 02881. 
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MATERIALS and METHODS 

The directional towing experiment was 
conducted in an area of apgroximately one 
mile in radius centered at 41 -17 N, 71 031 W 
in Rhode Island Sound during July-September 
1972. The depth at this l ocation ranged from 
100-150 feet with a depth of 138 feet at the 
center. Bottom s ed i men t s were fair ly 
uniform and consisted primarily of com
pacted muds. 

Currents were mea sur e d with a type 
110/119 Remote Reading Current Meter with 
Temperature and Depth. This instrument is 
manufacture d by E n vir 0 n men t a I Devices 
Corp., Marion, Massachusetts. The remote 
reading de ck read -out unit was equipped with 
200 feet of connecting cable to the axial flow, 
ducted impeler current meter. The meter 
was lowered to depth on a one -half-inch 
diameter polypropylene rope, which had a 
lead weight attached one fathom below the 
meter. The deck read -out unit permitted 
sequential measurements of water tempera
ture' depth, current speed, and current di
rec tion. 

The ducted fan sensor on this instrument 
has a speedrangefromO-2.5 knots. Accord
ing to the manufacturer, the resolution is 
iO.05 knot and the accuracy is i 3 percent of 
full s c a I e deplection. Magnetic current 
direction reads from 0 -3600 with a sensi
tivity of t 50 at 0.05 knot, a resolution of 
i 10 and an accuracy of ~ 1 percent above 
0.05 knot. 

Current measurements were made during 
each day of the experiment while anchored at 
the center of the experimental area. Meas
urements of direction and velocity were taken 
at the surface (approx. 1 fathom), mid -depth, 
and at the bottom (approx. 1 fathom from the 
sediment-water interface). After three ex
perimental tows, the current measurements 
were repeated while anchored, and from these 
data the directions for the next three tows 
were determined. On some occasions when 
conditions were unusual, additional current 
measurements were made at the end of the 
sixth tow. Carruthers (1955) has described 
a simple fishermen's current cone consist
ing of a conical casing which can vary its 
attitude according to the speed and direction 
of water flow. He has developed a simple 
mechanism for recording the se factors. 
Later, Carruthers (1964) described a Pisa 
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Current Indicator consisting of a bottle 
partly filled with jelly and a circular compass 
in the bottle which permitted crude esti
mates of current speed and direction as the 
jelly set. Neither of these devices was con
sidered suitable for the purposes at hand due 
to their limitations in operational accuracy. 

The trawling experiment was conducted 
with a standard 71-91 Yankee trawl operated 
from a 57 - foot LOA western rigged stern 
trawler powered by a 671 GM diesel. The 
same trawl was used during the entire ex
periment and no changes were made in any 
of the rigging. All tows were made at a 
constant 1450 r .p. m. engine speed . 

The entire experiment was planned prior 
to execution, and it consisted of two repli
cates of three tow directions during each day 
of operations. It was designed to compare 
the relative effectiveness of trawling against 
the direction of the prevailing bottom current 
(A), with the direction of the prevailing bot
tom (W) and crossing at 90 0 to the direction 
of the prevailing bottom current (C). 

The duration of each experimental tow 
was 15 minutes from the time the wire was 
out to the time hauling back was initiated. 
At the end of e ach tow, all organisms cap
tured were placed in containers and labeled 
with the date, treatment, and replicate num
ber. All c ounts and weights were recorded 
for individual species upon return to the 
field laboratory. 

The experimental design used for this 
study consisted of a two-factor analy sis of 
variance model with replication. The set of 
treatments which consisted of tows against, 
with, and across the bottom current was 
replicated two times each day under similar 
conditions. 

The number of replications within days 
and the number of days for the duration of 
the experiment were determined by economic 
and logistic constraints. For example, it was 
found that six experimental tows could be 
made within a day and still permit time for 
processing the fish and crustaceans upon 
return to the laboratory. Conditions on the 
experimental site change with time , and ex
tension beyond the period considered would 
not have increased experimental precision 
appreciably. 
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RESULT S 

Table 1 lis t s s ome of the current meas 
urements and tempe r atur e s obtained during 
the experiment . Alt h ough some m idwat er 
observations were m ade, these were not 
directly utilized in the e xperiment and are 
omitted from thi s table . Graphical repre 
sentation of the s e lim ited data as ve ctors 
suggested that the circulation is dominated 
by the east - we s t semi diurnal tide, and that 
there may be a small ne t nontidal transport 
in a southwesterly d irec t i on . These r esults 
are roughly in corresp ondence with more ex
tensive current mea sur e rne n t s made in 
nearby areas by P olgar (1 972) and Shonting 
(1969 ). 

There was re la tively little r egularity in 
the observed differences bet we en s urface and 

bottom current directions , and this justif ied 
empi rical observations immediately prior to 
fishing operations. The speed of bottom cur
rents in the experimental a r e a was found to 
be greater than surface v alues in only seven 
of the 19 sets of data . These observations 
are in contrast to thos e r e p orted for deeper 
Scottish water s by Carruthers (1 955 ); there, 
near - bottom cur rents of 92 fathoms in the 
F irth of Clyde were faster than those near 
the surface . In general, the spee d of the 
bottom currents in this stu dy had a smaller 
range (0 .13-0.50knot) thanthe su r fa c e values 
(0 .15-1.00 knot ) and a lower average value, 
which was on the orde r of 0.30 k not . 

Because all organi sms c aptured were 
separately handle d by specie s , it was possi
ble to assess the response of indiv idual spe
cies or e c o l ogicall y similar groups of 

TABLE 1 SELECTED HYDROGRAPIII C DATA OBTAINED DURING TH E TRAII'L TOll' DIRECTION EXPEIWIENT IN 
ru{ODE ISLAND SOUND. 1972 . 

SURFACE DATA BOTTO~I DATA 

DATE TI~IE WATER SPEED DIRECTION TH 1P. SPEED DIRECTION T5'IP. 
DEPTH (ft) (knots2 (~la![letic2 (OC ) (knots) (~jagnetic) (oC ) 

7/21/72 09:05 134 0. 20 290 20 .0 0 . 27 120 11.5 

7/21/72 13 :10 105 0.50 100 21.0 0 . 35 250 

7/26/72 09: 50 125 0.30 225 19.3 0 . 40 300 10.5 

7/26/72 12:30 145 0.30 180 19 . 7 0 . 13 200 10.5 

7/26/72 15: 10 145 0.70 120 19 . 2 0.15 200 10.5 

7/27/72 10:05 140 1.00 210 19 . 0 0 . 35 290 11.2 

7/27/72 13:00 138 0 .15 270 19 . 0 0. 20 170 11.5 

7/28/72 10:10 140 0 .45 290 19 .1 0.32 270 11.4 

7/28/72 13:45 145 0.35 175 19 .0 0.15 225 11.5 

8/4/72 10 : 10 138 0 .30 90 19 .5 0.30 150 U.S 

8/4/72 13:05 148 0 .25 150 20. 1 0.35 270 _2.6 

8/16/72 10:30 140 0.20 270 18.0 0 . 35 300 12.4 

8/16/72 12:40 145 0 .50 285 18 . 2 0.40 300 11.6 

8/31/72 09:30 135 0. 45 10 18.0 0.15 355 14.1 

8/31/72 12:10 140 0.50 90 18 . 0 0.25 5 13.2 

9/6/72 09:55 140 0.50 295 18.6 0.15 260 14.2 

9/6/72 12:40 145 0 .40 70 18.6 0. 50 135 14.2 

9/7/72 09:45 135 0 . 85 285 18.6 0 . 25 315 14.1 

9/7 /72 12: 10 140 0.25 235 18.1 0.30 225 13.9 



organisms . Of special signifi c ance to New 
England fishery operations are s ome s pecies 
of flatfishes, especially yellowtail and winte r 
flounder. Thus, the results of t his exp eriment 
using all species of f 1 a t f i s h e s captured 
(window-pane --Scopthalm us a qu osus , winter 
flounder - - Pseudopleurone ctes a meri canus, 
fourspot flounder - - Paralic hthys oblongus, 
summer flo un d e r - - Paralic hthys de ntatus, 
and yellowtail flounder Lim anda ferruginea) 
are considered first . 

Examination of the t rea t me n t means 
clearly showed that 15-m inute tows made in 
the direction of prevai ling current (W) pro
duced about 29 pounds le s s than tows across 
the current (C) and about 18 pounds less than 
similar -duration t ows against the current (A). 
It is clear also fr om examination of these 
data that the y ie ld from the experimental 
area improved considerab ly toward the end 
of the study, and that there is considerable 
variation in the day-to - day and treatment 
results. The data of Table 2 were there
fore subjected to stati sti cal analysis. The 
results , shown in Tab le 3, indicated that 
the differences obse r ved were of a causal 
nature and cannot b e a ttributed to chance 
alone. The interaction te r m which relates to 
the i nt e rplay of t he factors at work was not 
statistic ally s i gnificant in the abovemen
ti oned d ata. 
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p roduced a still l ower value than towing with 
t he curr e nt , but the s e values are not very 
differe nt. The results of an analysis of vari 
ance for the s e dat a are shown in Tab le 5 . 
F r om t he table it was evident that the inter 
acti on term is negligible, but the differences 
among t rea t men t s (tow directions ) were 
highly s i gnificant . The observed impr ove 
me nt in trawling efficiency induced by towing 
against the current was not a chance phe
nomenon with respect to the lobster data . 

Jonah crabs (Cancer borealis ) we r e a l so 
taken consistently during the trawling experi
me nt. The crab data resulting from seven 
days of trawling are shown in Table 6 . Data 
for only seven days were used because envi
ronmental conditions and crab abundance 
changed dramatically during the last two days . 
Again, it appeared from a visual comparison 
of treatment means that more crabs were 
taken by towing across or against the current 
then by towing in the direction of the prevail
ing bottom current. It was also evident that 
the total yields by day and by individual 
treatments were quite variable. This vari
ability is further substantiated by the results 
of the analysis of variance shown in Table 7 . 
The treatment effects (tow directions) were 
not statistically significant at the conventional 
0.05 probability level. However, they were 
significant at the approximately 0 .15 prob-

Table 3 - Two-Way Classification Trawl Tow Direction Experiment, 1972 
(Weight of all Flatfish species per 15 minute tow in pounds) 

Source of variation Degrees of freedom Mean square F 

Tow dire cti on 

Day 

Interaction 

Error 

Total 

2 

8 

16 

27 

53 

3747.05 

38324.44 

2792.50 

1250 .88 

2. 995'~ 

2.232 

Significant at a = 0.05 

Since the lobster (Homarus americanus) 
is a very valuable organism , the tow direc
tion experiment was als o ana lyzed to assess 
lobster response. Table 4 illustrates the 
tow data with the number of l obsters taken 
pe r 15 -minute t ow as t he re s p onse variable. 
The last row of this table showed that a lmost 
twice as many lobsters (2 5 versuS 13 ) were 
taken by towing against the current than with 
the current. Towing a c r 0 s s the current 

ability level. Interaction effects were not 
significant in this instance either. 

Similar analyses were performed for total 
benthic fishes (which included 13 species) 
but excluded the pelagic forms such as shad, 
bluefish, hake species, and herrings. These 
data did not reveal any significant differ
ences in the total yield as related to current 
direction. A tentative explanation for this is 
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TABLE 2 Data for Trawl Tow Direction Experiment - 1972. The Response 

Variable is Pounds of Flatfish Species Caught per IS Minute 

Tow. W, C, and A refer to tows made with, across and against 

the bottom current direction, respectively. 

DAY TREA1MENT TOTAL MEAN 

W C A 

7/21 63.0 102.0 53.5 
23.0 14.5 19 . 5 
86.0 116.5 73.0 275.5 45.9 

7/26 16.0 15.5 50.0 
17 . 0 55.5 31.5 
33.0 71.0 81.5 185.5 30.9 

7/ 27 29.5 125.5 27.5 
23.0 174.0 22.0 
52.5 299.5 49.5 352 . 0 58.7 

7/ 28 18.5 43.0 11.5 
44.5 83.0 18.5 
63.0 126.0 30.0 219.0 36.5 

8/ 14 116.0 104.5 137.5 
65.0 94.0 83.0 

181.0 198.5 220.5 600.0 100.0 

8/16 90.0 46.0 137.0 
57.0 56.0 81.0 

14'7.0 102.0 218.0 467.0 77.8 

8/31 46.5 153.0 154.0 
75.0 129.5 192.0 

121.5 282.5 346.0 750.0 125.0 

9/6 234.0 264.5 296.5 
313.0 328.0 142.5 
547.0 592.5 439.0 1578.5 263.1 

9/7 179.0 156.5 231.5 
209.0 197 . 0 254.0 
388.0 353.5 485.5 1227.0 204.5 

= = 

TOTAL 1619.0 2142.0 1943.0 5654.5 670.4 

MEAN 89.9 119.0 107.9 314.1 74. 5 



37 

Table 4 Data for Tr awl Tow Direction Experlment - 1972. The 

Response Var iab l e is the Number of Lobsters Caught 

per 15 Minut e Tow. W, C and A refer to tows made 

with, across and against the prevailing bottom current 

direct ion r espectively. 

DAY TREATMENT TOTAL MEA.:' 

W C A 

7/21 0.0 0.0 4.0 
1.0 1.0 38.0 
1.0 1.0 42.0 44.0 7.3 

7/26 4.0 6.0 25.0 
10.0 2.0 17.0 
14.0 8.0 42.0 64.0 10.7 

7/27 21. 0 9.0 56.0 
11. 0 6.0 40.0 
32 .0 15.0 96.0 143.0 23.8 

7/28 11. 0 10.0 21.0 
32 .0 8.0 35.0 
43. 0 18.0 56.0 117.0 19.5 

8/4 9 . 0 22.0 25.0 
25 .0 12.0 17.0 
34. 0 34-:0 42.0 110.0 18.3 

8/16 28 . 0 15.0 32.0 
13.0 12.0 42.0 
41.0 27.0 74.0 142.0 23.7 

8/31 7.0 29.0 18.0 
4. 0 10.0 23.0 

11. 0 39.0 41. 0 91. 0 15.2 

9/6 23.0 6.0 19.0 
22.0 15.0 18.0 
45 .0 21.0 37.0 103.0 17.2 

9/7 8.0 4.0 11.0 
6 .0 4.0 3.0 

14. 0 8.0 14.0 36.0 6.0 

= = 
TOTAL 235.0 171.0 444.0 850.0 l·H. -

MEAN 13 .1 9.5 24.7 .t 7.2 15 . 
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Table 5 - Two-Way Classification Trawl Tow Direction Experiment. 1972 
(Number of lobsters per 15-minute tow transformed by X + 0.5.) 

Source of variation Degrees of freedom Mean square }. 

T ow direction 2 18.31573 18 . 31573t~* 

Day 8 6.00725 

Interaction 16 1.65807 1.65887 

Error 27 0.(2701 
---

Total 53 

Sigmficant at Cl '" 0.01 

Table 6 Data for Trawl Tow Direction Experiment - 1972. The Response 

Variable is Pounds of Crabs caught per 15 finute Tow. W, C, 

and A refer to tows made with, across, and against the bottom 

current direction, respectively. 

DAY TREA TI>fENT TOTAL MEAN 

W C A 

7/21 18.0 4.5 14.0 
16.0 40.0 36 0 
34.0 44.5 50.0 128.5 21.4 

7/26 27.0 19.0 33.0 
27.5 17.0 44.0 
54.5 36.0 77.0 167.5 27 . 9 

7/27 17.0 27.5 30.5 
23.5 67.0 35.0 
40.5 94.5 65.5 200.5 33.4 

7/28 37.0 50.0 25 . 0 
44.5 41.0 25.0 
81.5 91.0 50.0 222 .5 37.1 

8/4 10.0 45.0 34.0 
43.0 29.0 44.0 
53.0 74.0 78.0 205.0 34.2 

8/16 23.0 43.0 24.0 
14.0 19 . 0 12.0 
37.0 62.0 36.0 135 .0 22. 5 

8/31 18.0 27.0 48.0 
6.0 22. 0 26 .0 

24.0 49 . 0 74. 0 147 .0 24.5 
'" 

TOTAL 324.5 451.0 430 . 5 1200. 0 201.0 

MEAN 23.2 32.2 30.8 85 . 7 28 . 7 



39 

Table 7 - Two-Wa'y Classification Trawl Tow Direc tion E xpe rime nt , 1972 
(Welght of all Crab spe c ies per 15-minute tow) 

Source of variation Degree s of fr ee dom Mean square F 

Tow direction 2 

Day 6 

Interaction 12 

Error 21 

Total 41 

that suc h a dive rsity of spec ie s has a variety 
of responses t o currents which average out 
signifi c ant diffe r e nces in the yield for a par
ticular tow directi on . 

Although the ge ar fished was bottom trawl 
gear and not midwa t e r gear, a preliminary 
analy sis of the r e sp ons e of pe l agic fishes to 
tow_ direction was als o made . The response 
variable was t he p ou nds of all hake species, 
shad, and he rring per 1 5 -minute tow. The 
results of the expe rime nt s h owed an increase 
in the c atch of pe lagic fi sh when the net was 
towed against the prevailing bottom current 
as contrasted with t ows made in the direction 
of the curre nt. The result s of the statistical 
analy sis of t hese data were inconclusive, 
prima r i ly because the gear used was not de
signed for catching these species, and there 
was considerable v ariati on in the yield per 
tow. 

CONCLUSIONS 

The results of t he s e experiments with 
directional t r awling demonstrated that sig
nificant increases in t he y ie lds of flatfishes 
and lobsters were a c hieve d under the con
ditions of the expe rime nt. These amounted 
to an approximate ly 27 percent increase in 
the yield of flatfishe s when tows were made 
against or acr oss t he bottom current versus 
tows made in the d i re ction of the bott om 
flow. In the c ase of lobsters, a lmost a 
doubling of yield wa s obtained when tows 
were made against the bottom current versus 
the other directions of tows. The explana-

329 .268 2.046 

232.151 

17 0 .198 1 .094 

1 55 .536 

tion for these improvements is tentatively 
suggested as being related to the net fishing 
harder by digging into the sediments and 
therefore fishing more efficiently for these 
bottom forms. The tension on the tow warps 
a s measured by warp tension meters was 
higher during tows made against bottom cur
rents than during tows made in the direction 
of bottom currents . The significance of this 
work relates toincreased trawlingefficiency 
based on knowledge of bottom currents. The 
limitations of this work include the fact that 
no tests were made with midwater trawls, 
which would have provided more objective 
tests regarding pelagic fishes. The instru
mentation used in this study was relatively 
expensive, and it remains for someone to 
develop relatively cheap and efficient means 
for measuring current direction on the bot
tom suitable for fishermen to use . In addi
tion' an examination of the current and yield 
data demonstrated that it would have been 
desirable to have had more frequent meas
urements of bottom current directions in 
order to further reduce the unaccountable 
variation observed . 
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