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Handling and Storage of
Shrimp By-Catch at Sea

K. Crean Fisheries Centre, Hull Col-
lege of Higher Education, Queens

Gardens, Hull, England

The vessel Marsep, a double-rigged shrimp
trawler, was used in handling and storage trials at
sea. In these trials, three voyages were made in the
1979-80 season, and storage trials were completed
ashore after the voyages. Washing and icing by-
catch at sea yields a demonstrably better quality
than do other techniques of handling the by-catch at
sea. The results in this paper are based on trials that
may be representative of average operations of the
fleet in this area.

Each year, approximately 1.2 x iO t of fish
are caught in the Gulf of California by
trawlers based at the ports of Puerto Peñasco,
Mazatlan, and Guaymas. In 1970-71, the
Guaymas shrimp-fishing fleet comprised 282
vessels and had grown to 429 vessels by the
1978-79 season. Vessels continue to be re-
cruited to the fleet at a yearly rate of 25-30
boats. The recent trend in the design of
shrimp trawlers has been to produce large
(22-24 m, 71-80 t) vessels fitted with sophisti-
cated radar, communications systems, and
depth-finding equipment. Approximately
35% of the Guaymas fleet (mostly the newer
vessels) is equipped with fast-freezing and
cold-storage facilities capable of handling 15-
25 t of headed frozen shrimp during a single
voyage. The cost of building and fitting out
such a shrimp trawler ranges from U.S.
$120 000 to $240 000. The duration of a
voyage is 2-6 weeks, and the cost of a single
2-week voyage, calculated during the 1976-
77 season, is about $2640.

Not surprisingly, the large well-equipped
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shrimp fleets operating from the Gulf ports
have had a significant impact on the area's
shrimp resources. In the 1970-71 season,
when only 282 boats operated from Guaymas,
the total shrimp catch was 3866.9 t. In
the 1978-79 season, despite a 52% growth in
the fishing fleet, the total had risen only to
4382.0 t - an increase of 13.3%. Moreover,
the figures fell from 13.7 t/boat in the
1970-71 season to 10.2 t/boat in the 1978-79
season. The high export price, $8/kg, for
shrimp landed at Guaymas in the 1978-79
season ensured a revenue of about $19.52 mil-
lion, whereas total running costs for this fleet
rose to $7 million. If the overall catch of
shrimp continues to fall each season and the
fleet continues to expand, the profit margin
from shrimp sales will drastically decrease.

Shrimp-Fishing Methods

The vessels fishing in the Gulf are double-
rigged shrimp trawlers, generally fishing at
night for commercially valuable shrimp
species of the genus Penaeus and using
standard methods for trynet and twin trawis.

The crew (4-5 members) sorts the catch
using rakes to separate the shrimp from the
by-catch. The shrimp are headed and col-
lected in baskets. At the end of the sorting
operation, the by-catch is jettisoned to the sea.
The headed shrimp are thoroughly washed,
then either quick-frozen and cold stored, or
stored in ice.

Data collected for nine consecutive trawls
over 72 hours showed that the average
trawling time is 4.39 hours. The average time
taken to complete each step is: 8.2 minutes for
landing the trawl; 10 minutes for resetting
the trawl; 42.1 minutes for sorting catch and
heading shrimp; 5.3 minutes for clearing the
decks; and 13.3 minutes for shrimp washing
and stowage. Between the completion of these
deck operations and hauling the next trawl,
there is a mean interval of 2.9 hours during
which the deck is temporarily unused as the
crew rests.

In nine consecutive shrimp trawls made
over a 40-hour period, the average catch of
shrimp per trawl was 23 kg, the mean catch
rate of shrimp was 5.3 kg/hour, and that of
by-catch was 59.5 kg/hour (Table 1).
Although this rate agrees with that of 60 kg/
hour calculated from 45 trawls during the
1977-78 season, the mean catch rate of
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Table 1. Breakdown of time needed in shrimp-fishing operations (data collected for nine trawls).

shrimp in the latter study was much higher
(10 kg/hour).

A careful observation of the fishing activity
revealed that, above deck, space is not avail-
able for the permanent storage of items un-
essential to the fishing method - an im-
portant factor for considerations about the
possibilities for above-deck storage of by-
catch.

On-Board Handling

The plan for industrial use of the by-catch
considered applicable to the Mexican fleet in-
volves the initial separation of the finfish por-
tion. It was found during trials at sea that the
rate at which the crew could sort the finfish by
hand from the by-catch depended upon the
size and species of the fish caught. The aver-
age time of sorting determined from a number
of trawis of differing species composition was
1 kg finfish/0.7 minutes/worker (Table 2).

Thus, four workers could separate 2 t of by-
catch in about 350 minutes, or, in more
practical terms, if, during a 10-day voyage,
the catch-handling time were extended by
10-15 minutes after each trawl, it would then
be possible to sort and wash 2 t of by-catch.

The process of heading and gutting by-
catch finfish was examined in an attempt to
determine its effects upon the keeping quality
of the fish. The rate at which the process could
be carried out on board a commercially
operating shrimp trawler was, once again,
found to be dependent upon the size and
species of fish present in the catch, Because
the fish are generally small, gutting of the
major part of the finfish portion could only be
accomplished if the fish were cut in half. On
average, the time taken to gut and wash the
finfish for storage and preservation was 1 kg!
4.7 minutes/worker (Table 2). This rate was
derived from observations of workers unac-
customed to gutting and heading fish.
Observations at the shore-based plant of Pro-

Table 2. Trawl and prestorage treatment (for Marsep voyage).

Temperature Estimated weight Time for 3
(°C) (kg) workers to

Trawl
re-

setting
(mm)

Trawl
(mm)

Trawl
land-
ing

(mm)
Sorting
(mm)

Deck
clean-

ing
(mm)

Washing,
stowage

of shrimp
(mm)

Shrimp
Crew (kg)

By-
catch
(kg)

By-
catch!
shrimp

Shrimp
(kg!

hour)

By-
catch
(kg/

hour)

14 240 7 35 5 16 4 18 200 11:1 4.5 50.0
8 230 6 75 8 14 4 45 200 4:1 11.7 52.2
9 522 14 65 3 13 5 45 275 6:1 5.2 31.6

10 200 6 35 1.5 12 4 10 150 15:1 3.0 45.0
7 223 8 25 5 13 4 10 250 25:1 2.7 67.4

11 225 7 30 6 13 5 6 300 50:1 1.6 80.0
10 225 8 30 6 12 5 12 250 21:1 3.2 67.0

9 245 10 46 8 15 5 36 300 8:1 8.8 73.5
12 260 8 38 5 12 5 30 300 10:1 6.9 69.2

Trawl

Trawl-
ing

time
(mm)

Trawl
depth

(m)
Water
surface

Am-
bient
air

Shrimp By-
(whole) catch

Sorting Number of
time workers
(mm) sorting

Sort 100 kg
finfish

from by-
catch (mm)

Head, gut,
wash 30 kg

finfish
(mm)

1 175 8-10 19.0 20.0 80 500 60 5
2 155 8-10 19.0 20.0 70 300 35 4 25 45
3 230 8-10 19.0 19.5 90 350 65 5 20
4 205 15 19.0 19.0 40 200 45 5 49
5 260 30 19.0 20.0 20 210 45 5
6 320 30 19.0 20.0 50 200 40 5 29
7 260 18 19.0 23.0 2 100 15 5 20
8 265 30 20.0 21.5 28 250 35 5

9 240 30 20.0 18.0 60 150 30 5
10 270 32-40 19.0 18.5 10 350 60 4



ductos Pesqueros Mexicanos (PPM) showed
that trained workers could head and gut the
by-catch fish much faster: 311 kg of finfish
were headed and gutted by 11 workers in 1
hour, i.e., 1 kg fish/2.12 minutes/worker.

Preservation and Storage at Sea

Many of the modern shrimp trawlers are
equipped with quick-freeze units, capable of
freezing the catch from 20°C to -13°C in 30
minutes. The cold store operates at -8°C; there
is also an insulated storage area that is some
2-3°C lower than the ambient temperature.
The insulated storage area is suitable for
stowing ice and, during the storage trials, was
used to stow ice and ice/fish samples.

The effects of various prestorage and stor-
age treatments were evaluated on board
(Table 3). Gutting involved the removal of the
head and internal organs; where applicable,
the samples were washed with clean sea-
water. The finfish were treated with ice, in an
ice/fish ratio of 1 : 1. The samples were stored
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Table 3. Handling and storage of finfish sorted from the shrimp by-catch.

in boxes in the insulated area adjacent to the
cold store. When necessary, the boxes were
topped up with ice during the storage period,
and the quantity of extra ice used was noted.
The quality of each of the samples was as-
sessed by microbiological (total viable
bacteria in skin and muscle), visual, and
Torrymeter evaluations. Determinations
were carried out after 8 and 18 days' storage
(Table 3).

Because the correct storage conditions
could not be maintained, the quality changes
of the samples prepared during the first
(November 1979) and third (May 1980)
voyages could not be monitored. The only rel-
evant results were obtained from the second
voyage in which all samples were stored in ice
at least within 36 hours.

The study was undertaken jointly by the Over-
seas Development Administration technical co-
operation team and the Instituto Tecnologico y de
Estudios Superiores de Monterrey (ITESM). The
Centro de EducaciOn en Ciencias y Tecnologias del
Mar (CECITEM), Guaymas, provided the vessJ.

Treatment
Days

stored
Visual

appearance
Microbiological

analysis (TVC on skin)
Torrymeter

score

Gutted; 8 Very good 3.1 x 106 13.9
washed; iced 18 Good - 9.6

Gutted; washed,
stored at -8°C

8
18

Good
Acceptable

3.9 x 106
-

7.1
6.3

Gutted; washed; 8 Good 3.5 x 106 8.4
quick-frozen;
stored at -8°C

18 Acceptable - 6.5

Gutted; iced 8 Usually good 3.0 x 106 13.0
18 Good 10.9

Gutted; 8 Acceptable 1.3 x iO 7.4
stored -8°C 18 Unacceptable
Gutted; quick- 8 Acceptable 2.2 x 106 4.3
frozen; stored at 18 Unacceptable 4.0
-8°C

Washed; iced 8 Very good 2.4 x 106 13.6
18 Acceptable 11.3

Washed; stored 8 Acceptable 3.7 x io 6.9
at -8°C 18 Unacceptable 4.1

Washed; quick- 8 Acceptable 3.9 x io 5.8
frozen; stored
at -8°C

18 Unacceptable 5.3

Iced 8 Very good 3.0 x 106 12.8
18 Good 10.3

Stored at -8°C 8 Good 1.0 x io 8.3
18 Unacceptable 6.5

Quick-frozen; 8 Acceptable 1.0 x 106 6.4
stored at -8°C 18 Unacceptable 4.5


