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INTRODUCTION AND SUMMARY

Since 1957, small otter trawls (shrimp trawls or trynets) have been
used in southern California to sample and monitor bottom fish and
invertebrate populations of the coastal shelf. The gear used by
public, private, and academic agencies have varied in terms of net
size and type, mesh size, size of otter trawl boards (doors), and
bridle lengths; towing speed and duration has also varied from
agency to agency. For this reason, it has been difficult to make
judgments about the relative abundance and health of epibenthic
fauna in the different sampling regions (some of the general aspects
of this problem are discussed by Allen et al. (1960)).

These considerations have prompted the Coastal Water Research
Project to investigate the trawl gear and procedures now in use.
Our studies, conducted in cooperation with other private and public
agencies, include a detailed review of existing literature on
trawling, actual field tests to compare catches taken by various
gear, and a program to construct, modify, and generally improve
upon the kind of gear most useful for sampling coastal shelf fish
and invertebrate communities. We have already reported on the
effect of variations in mesh size on catches of small fishes
(Chapter 7, Southern California Coastal Water Research Project
1973). This report contains results of direct surface~towing ob-
servations of the spread characteristics of the nets of six local
agencies.

In general, there was a threefold variation in the spread of the
trawl boards on the nets tested. The spread of the boards, which
determines the width of the net opening, was not necessarily a
function of headrope length: Major differences in spread may be
related to major differences in field rigging procedures, door
size, and towing speed.

In our initial attempts to relate the gear differences we observed
to catch statistics, we found that data from three agencies, two
of which trawl off Orange County, should be directly comparable.
However, data taken by the two agencies surveying the areas of
heaviest wastewater discharge (Santa Monica Bay and Palos Verdes)
are not comparable, either to the data from each other or to that
of agencies working in other areas. Replicate field tests are
required to confirm apparent relationships and provide information
on absolute difference in gear efficiency.




METHODS

Otter trawl nets and boards were obtained from the six agencies

that have been conducting most of the trawl monitoring in southern
California in recent years (Table 1). Our detailed description of
each gear type was based on direct measurement (Figure 1) and
examination of the specification data available from purchase
orders. The features of interest were (1) net dimensions, (2) bag
and cod-end mesh size, (3) number of meshes along all joined edges
(including wings and square), (4) thread types, (5) length of head-
rope, footrope, leglines, and bridles, and (6) number of headrope
floats. From the nets examined, six net and door assemblies were
selected for direct observation of relative spreading efficiency
under tow at 1.3 m/sec (2.5 kn) near the surface. Tows were made in
relatively calm water at Morro Bay,_ California, during April 1973.
Each net was attached to a standardl set of 22-m (72-ft) bridles and
towed close astern so that the spread of bridles could be measured.
These experiments were similar to those reported by Ketchen (1951)
in which he found an inverse relation between vessel speed and
distance between otter boards.

Estimates of trawl board and net openings were made by directly
measuring the spread (in inches) of the bridles at a distance of

3 ft from their point of attachment to the towing cable (Figure 2).
Trawl board spread was estimated by the relationship:

Bridle length x Spread of Bridles at 3 ft

Trawl board spread (ft) = 3 ft

These observations and estimates provide a relative (rather than
actual) basis for comparing gear, because the bridle used in our
test differed in length from those actually used in the various
field surveys.

Finally, field data obtained using some of the gear in question were
examined to determine whether or not gear differences might be
related to catch differences.

RESULTS

Gear and Geary Use Procedures

Each of the six agencies uses one or more of the nets we examined
(Table 1); net headropes vary from 4.9 to 12.2 m (16 to 40 ft).
During actual field surveys (Table 2), all agencies except Hyperion
tow at speeds between 1.3 and 1.5 m/sec (2.5 to 3.0 kn)--Hyperion

l. As a general rule, bridles should be at least three times as
long as the headrope.
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Figure 1. Basic features of the small two- and four-seam otter
or shrimp trawls used in southern cCalifornia bottomfish surveys.

Figure 2. Measurement of trawl net opening. During surface tow-
ing, width between bridles (aA-A') was measured; distance between
trawl boards (B-B') was estimated by calculation.
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tows at 0.8 m/sec (1.5 kn). Four of the agencies use a scope ratio
(towing cable length vs. depth) of 5 to 1: Los Angeles County uses
4 to 1, and Hyperion, 3 to 1. Bridle lengths vary considerably,
from 28 to 105 ft. Otter trawl boards also vary considerably in
size (Figure 3 and Table 3).

Four of the agencies use Marinovich 25-ft and 16-ft nets (Table 3).
These nets are similar except in bridle lengths, which vary from
50 to 150 ft, and trawl board dimensions.

£

The two sanitation districts (Hyperion and Los Angeles County) use
Wilcox nets. The 25-ft nets used by each agency are identical for
all parameters except legline lengths (3.5 ft for Hyperion, 31 ft
for Los Angeles County), the use of 1/2 in. cod-end liners (not
used by Hyperion), and the dimensions of otter boards (24 x 12 in.
for Hyperion, 36 x 19-1/2 in. for Los Angeles County). These
agencies used short bridle lengths (Hyperion, 28 ft, steel wire:
Los Angeles County, 60 ft, polypropylene).

Los Angeles County was the only agency using a 40-ft net (wWilcox).
In addition to size, this net differed from all other nets in that

Figure 3. Otter trawl boards used by six agencies in southern

California trawling surveys. Front, left to right: 16-ft Marino- -
vich, Marine Biological Consultants; 25-ft Marinovich, Coastal

Water Project; 16-ft Marinovich modified for Orange County Depart-

ment of Education; 25-ft Wilcox, Hyperion; and 25-ft Marinovich,

Marine Biological Consultants. Back: 25- and 40-ft wilcox,

Los Angeles County.
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it had the largest mesh size (body and cod end) and long leglines
(22 ft). 1In actual field surveys, 60-ft bridles were used with

this gear.

In summary, differences found among Marinovich nets of similar

size were not substantial compared to the differences between
Marinovich and Wilcox nets and the differences among the three
Wilcox nets. Legline length, body and cod-end mesh, use of cod-end
liners, bridle lengths, and trawl board dimensions were the promi-
nent gear variables. Towing speed and on-bottom trawl time (and
therefore distance trawled) were similar for all agencies except
Hyperion (which trawled at 1.5 kn) and Occidental College (which
frequently trawled for 20 min).

Towing Observations

Relative board spread of the nets varied threefold (9 to 26 ft,
Table 4) during our surface tow observation with 75-ft bridles.

Door spread was only generally related to headrope length. The
widest spreading net was the 40-ft Wilcox (Los Angeles County:

26 ft) followed by the 25-ft Wilcox (Los Angeles County: 24 ft).
All three 25-ft Marinovich nets tested produced similar and narrower
spreads (15 to 16 ft), followed by an ll-ft spread for the 16-ft
Marinovich. Finally, the 25-ft Wilcox net used by Hyperion spread
only 9 ft and therefore deviated substantially from the general
‘relation between net size and board spread.

DISCUSSION

Since these observations do not include comparable tests with catch
statistics and since bridle length was standardized, they provide
only a relative comparison of differences in the efficiency of the
gear. Nevertheless, we found that under similar operational con-
ditions, there was a threefold range of door spread. With double-~
warp nets, this could account for a similar order of differences

in catch per unit effort, perhaps equivalent to the threefold to
fivefold variation due to seasonal and annual fluctuations in abun-—
dance of demersal fish within a survey region sampled by uniform
procedures (for example, see data in Carlisle 1969 and in Southern
California Coastal Water Research Project 1973).

A discussion of possible factors affecting opening efficiencies is
presented by gear type below. Tables 4, 5, 6, and 7 show recent
catch statistics for a parameter of interest to this discussion,
median“ catch per haul per survey.

2. Catch (number of specimens) per haul in a survey is not normally
distributed and requires log transformation or some other method of
accounting for skewness, e.g., the median (Taylor 1953; Barnes and
Bagenal 1951; Gulland 1956; Roessler 1965).
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Table 4.

Spread of 72-ft bridles at 3 ft from cable*
and calculated spread of trawl boards for seven nets
used in southern California trawl surveys.

Bridle
Head- Spread Calculated
rope at 3 ft Board
Net Size Length from Cable Spread
Agency and Make (ft) (in.) (ft)
Los Angeles Co. £0-ft Wilcox 40 13 26
San. Dist.
25-ft Wilcox 27 12 24
Hyperion 25-ft Wilcox 27 4.5 . 9
MBC, Inc. 25-ft Marin- 25 8 16
ovich
Occidental 25-ft Marin- 25 8 16
College ovich
Coastal water 25-ft Marin- 25 7.5 15
Research Project ovich
MBC, Inc. 16-ft Marin- 16 5.5 11

ovich

*Towing speed: 2.5 knots in 2 to 3 meters of water at Morro Bay,
California.

Marinovich Nets

Marinovich nets are in wide use in many types of coastal surveys,
and their continued use seems certain (Marinovich and Whiteleather
1968).

Three 25-ft and two 16-ft nets were examined (the only net we did

not observe under tow was the one used by the Orange County Depart-
ment of Education). The 25-ft nets used by the Coastal Water Project,
Marine Biological Consultants, and Occidental College showed rela-~-
tively minor differences in trawl board spread under the test con-
ditions. All appeared to open efficiently.

At eight standardized stations off Orange County (February 1971
through November 1973), the Marine Biological Consultants net
produced median catches ranging from 216 to 880 fish per haul

(Grand Mean = 479 fish/haul/survey, Table 5). At similar sites in
September 1973, the 25-ft net used by the Coastal water Project
produced a median of 364 fish/haul, 'a value well within the seasonal
variations observed by Marine Biological Consultants and closely




0T

Table 5.

Comparison of median fish catch per haul
for southern california trawl surveys, 1971-73.2

Palos Verdes,

Santa Monica Bay, Los Angeles County

San Pedro Bay,

Hyperion, MBC, Inc.,
Year and 25-ft Wilcox, 40-ft Wilcox, 25-ft Wilcox, 25-ft Marinovich,
ocmhdmﬂw 1.5 kn 2.7 kn 2.7 kn 2.5 kn
1971 1 169 (15) 164 (13) - 373 (8)
2 108 (6) - - 880 (8)
3 132 (28) 82 (28) - 598 (8)
4 - 102 (11) - 454 (8)
1972 1 - - - 470 (8)
2 ) 28 (31) 214 (25) - 512 (8)
3 - - - 394 (8)
4 - - 494 (26) 414 (8)
1973 1 - 167 (18) 297 (19) 303 (8)
2 - - 684 (21) 588 (8)
3 - - - 216 (8)
4 - - NAC 549 (8)
X of Survey 127 146 492 479
Medians % SEgx *15.8 (4) £23.9 (5) +112 (3) +49 (12)

mewmz.oommwmw hoo va wwHva umb va
Water Project,

Sep 73, 25-ft

Marinovich

a, DNumber of samples in parentheses; all surveys within depth range of 18 to 200 m.
b. Quarters: 1 = Feb-Apr; 2 = May~Jul; 3 = Aug-Oct; 4 = Nov-Jan.
¢c. NA = Not yet analyzed.




approximating a low median of 216 by Marine Biological Consultants
during the third quarter of 1973. Although similar data is not
presently available for the Occidental College net, all available
observations suggest that under somewhat similar towing and rigging
conditions, data from the three nets and agencies should be directly
comparable. Vessel speed, bridle lengths, on-bottom time, cod—end
mesh and trawl board sizes may account for more subtle differences
in catches and should be considered in any future comparisons of
the data from these agencies. 1In actual practice, for example,
bridle lengths are known to be 50 and 72 ft (Coastal water Project),
100 ft (Marine Biological Consultants), and 150 ft (Occidental
College).

The 16-ft Marinovich net used by Marine Biological Consultants also
appeared to open efficiently (11 ft) under test conditions. We
presently have no door spread data on the 16-ft nets of Occidental
College or Orange County Department of Education with which to com—
pare this observation.

Not reported here are trawl survey data being taken by Marine Biolog-
ical Consultants for the City of Oxnard, Ventura County. A recent
report (Whitt and Mitchell 1974) cites the use of a 25~ft net (Marin-
ovich) towed at 1.0 to 1.5 kn; due to the relatively slow trawl
speed, these data are likely not be be comparable to those mentioned
in this report.

Wilcox Nets

The three Wilcox nets tested (Hyperion 25-ft and Los Angeles County
25- and 40-ft nets) showed considerable differences in opening that
were not proportional to headrope lengths. The Hyperion net spread
the smallest amount of all the nets tested during the test trawl

(9 ft); as Hyperion also had the slowest trawl speed (1.5 kn), and
therefore the shortest distance trawled per unit time, we would
expect the lowest catch per unit effort from this agency. In the
field, median catch per haul for the 1971 and 1972 Hyperion data
(santa Monica Bay) averaged 127 fish compared to 548 fish per haul
off Orange County (Marine Biological Consultants) during the same
sampling seasons (Table 6). The recent Coastal Water Project survey
(September 1973) using the Marinovich net produced considerably
higher catches (400 fish per haul) in Santa Monica Bay, and the
catches were similar to those in San Pedro Bay (364 fish per haul;
Table 5). These differences may, in part, reflect the lower effi-
ciency of the Hyperion sampling gear and operational procedures.
Replicate sampling in the field is required to confirm this con-
clusion.

The poor opening efficiency of the Hyperion net may be due to
several factors including the relatively low trawl speed. The

trawl boards used, which were designed by Hyperion, were small

(288 sq in.) relative to those used by other agencies using 25-ft
gear (480 to 702 sqg in.) and were found to be inadequate_on even the
16-ft net used by Orange County Department of Education.S3 Moreover,

3. Mark Howe, Orange County Department of Education, Marine Sciences
Department, Santa Ana, California, personal communication.
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the 25-ft net was observed to open only one-third of its total
potential height (maximum footrope-to-headrope digtance). Th%s may
partially account for the relatively high proportion of benthic '
invertebrates (starfish, urchins, shrimp) and low abundance of fish
in hauls taken by this agency.

The two Wilcox nets used by Los Angeles County present a slightly
different picture (Table 5). In 1971-73, this agency used the 40-ft
Wilcox net with legline extensions that produced a long distance
between the very large doors and net wings (22 ft). Median survey
catches averaged 146 fish/haul (5 surveys, 95 samples). In November
1972, the County switched to the 25-ft rig using the same doors and
31-ft leglines. Median survey catches with this gear averaged 492
fish/haul (3 surveys, 66 samples) and were comparable to Marine Bio-
logical Consultants' results in San Pedro Bay during the same period
(Table 7). 1In March 1973, both nets were used at the Palos vVerdes
sampling site. The 40~ft net produced a median of 167 fish/haul

(18 samples) compared to 297 fish/haul produced by the 25-ft net.

These observations confirm the possibility of higher catches off
Palos Verdes and suggest that the 25-ft net was slightly more effi-
cient than the 40-ft net. As noted in Table 3, these nets did not
differ considerably in their estimated door spread (26 ft for the
40-ft net, 24 ft for the 25-ft net). Examination of length fre-
quency data indicated that the smaller mesh of the 25-ft net contri-
buted larger numbers of small fish (data in preparation). In addi-
tion, it is possible that the actual net opening may have been
greater in the 25-ft net. Considering the use of long leglines
(compared to Hyperion) and larger mesh sizes than other nets (Table 2),
it is presently difficult to determine the factors that are important
in comparing catches from the three variations of the Wilcox nets,
but it is quite clear that actual spread between the doors is regu-
lated by factors other than headrope length. Field tests with repli-
cate sampling should be conducted with all the variations on these
gear.

CONCLUSIONS

These observations, together with examination of field performance,
indicate major differences in the spread characteristics of otter
trawl gear now in use by various coastal monitoring agencies. The
differences may account for major regional differences in catch
statistics, but replicate field tests are required to determine the
degree to which previous catches have been influenced.

For 25-ft headrope trawls, differences in spread characteristics
appear to be related more to differences in basic operational rig-
ging (bridle lengths, legline lengths, door size). cCatch statistics
suggest that secondary differences may be due to cod-end mesh size,
seasonality of populations, and minor gear and gear use differences.
Allowing for some variation for adjustments in the field, standard-
ization of bridle length, legline lengths and door sizes for 25-ft
gear are required before regional differences in the abundance of
bottom fish populations can be adequately assessed and before the

12
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Table 6.

Comparison of average fish catches per survey
for southern California trawl surveys,
February 1971 through May 1972.

Santa Monica Bay, Palos Verdes, San Pedro Bay,
Hyperion, Los Angeles Co. MBC, Inc.,
25-ft wilcox, 40-ft Wilcox, 25-ft Marinovich,
1.5 kn 2.7 kn 2.5 kn
X +* SEx 127 + 15.8 141 £ 30.1 548 +* 72.9
No. of 4 4 6
Surveys
Table 7.
Comparison of average fish catches per survey
for southern California trawl surveys,
November 1972 through May 1973.
Palos Verdes, San Pedro Bay,
Los Angeles Co., MBC, Inc.,
25~ft wilcox, 25-ft Marinovich,
2.7 kn 2.5 kn
% * SEg 492 + 111.7 . 435 £ 82.9
No. of Surveys 3 3

effects of other gear differences (e.g., scope ratio, see Pererya
1963) or behavioral patterns (Blaxter and Parrish 1966; Foster 1969;
High et al. 1969) can be checked. 1In any case, it appears that
under similar operational procedures, data taken by Marine Biologi-
cal Consultants (using the Van Tuna), the Coastal Water Project,

and Occidental College may be directly comparable, while previous
data taken by Hyperion and the County of Los Angeles cannot be com-
pared directly with each other or with the data of other agencies.

The goal of trawl monitoring should not be to catch as many fish as
possible, but to take adequate samples (for the purpose of estimat-
ing diversity and abundance), to sample frequently (for determining
seasonal differences), and to sample in a regionally standardized
manner (for determining to what degree local populations reflect
large~scale distirbutional patterns). Thus the best gear and
sampling procedures mdy not necessarily be those that are most
efficient or catch the most fish, but simply regionally acceptable
gear whose efficiency and characteristics are known.

We are presently preparing recommendations for the use and mainten-

ance of gear in coastal monitoring. These will be pPresented in
a future report.

13



ACKNOWLEDGMENTS

The efforts of Jim Willis, Netmaker, Morro Bay, cCalifornia, and
Ricard Gammon, who performed gear comparison tests and measurements,
are greatly appreciated. I also thank Charles Mitchell (Marine
Biological Consultants, Inc.), Dr. John Stephens (Occidental Col-
lege), Mark Howe (Orange County Department of Education), Douglas
Hotchkiss (Los Angeles County Sanitation Districts), and Joe Nagano
(Hyperion Treatment Plant, City of Los Angeles) for the courtesy of
loaning us their gear and providing additional gear data.

LITERATURE CITED

Allen, G. H., A. C. DeLacy, and D. W. Gotshall. 1960. Quantita-
tive sampling of marine fishes: A problem in fish behavior and
fishing gear. In Waste Disposal in the Marine Environment,

pp. 448-511. New York: Pergamon Press.

Barnes, H., and T. B. Bagenal. 1951. A statistical study of varia-
bility in catch obtained by short repeated trawls taken over inshore
ground. J. Mar. Biol. Assoc. U. K. 29(3):649-60.

Blaxter, J. H. S., and B. B. Parrish. 1966. The reaction of marine
fish to moving netting and other devices in tanks. Marine Research

No. 1. N

Carlisle, J. G., Jr. 1969. Results of a six-year trawl study in an
area of heavy waste discharge: Santa Monica Bay, California. calif.
Fish Game 55(1):26-46. -

Foster, J. J. 1968. The influence of fish behavior on trawl design
with special reference to mathematical interpretations of observa-
tions on the swimming speeds of fish and results of C. F. experiments.
Proceedings of the FAO Conference on Fish Behavior in Relation to
Fishing Techniques and Tactics. FAO Fish. Rept. No. 62, vol. 3,

pPp. 731-44.

Gulland, J. A. 1956. A note on the statistical distribution of
trawl catches. Rapps. et Proc. Verb. du Cons. Perm. Int'l Explor.
Mer. 140(1).

High, W. L., I. E. Ellis, and L. D. Lusz. 1969. A progress report
on the development of a shrimp trawl to separate shrimp from fish
and bottom dwelling animals. Comm. Fish. Rev. 31(3):20-33.

Marinovich, S., and R. T. Whiteleather. 1968. Gulf of Mexico shrimp
trawls: Current trends in design and indicated future developments.
In Proceedings of the Conférence on the Future of the U.S. Fishing
Industry. Univ. of Washington, Seattle.

Pererya, W. T. 1963. Scope ratio-depth relationships for beam
trawl, shrimp trawl and otter trawl. Comm. Fish. Rewv. 25(12).

14

En )

[t



Roessler, Martin. 1965. BAn analysis of the variability of fish
populations taken by otter trawl in Biscayne Bay, Florida. Trans.
Amer. Fish. Soc. 94(4):311-18.

Southern California Coastal Water Research Project. 1973. The
ecology of the Southern California Bight: 1Implications for water
quality management. TR104, E1l Segundo, Calif.

Taylor, C. C. 1953. Nature of variability in trawl catches.
Fishery Bulletin 54:145-66.

Whitt, M. L., and C. T. Mitchell. 1974. cCity of Oxnard predischarge
receiving water monitor study; First quarterly report. Environmental
Quality Analysts, Inc., and Marine Biological Consultants, Inc.

15



