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The dive fishery of sea-cucumbers
in Washington State

The landings of Parastichopus californicus from a
commercial dive fishery in Washington State have
been recorded since 1971.

This fishery is particularly noteworthy as the five
longitudinal muscles are stripped from the body
wall, frozen and exported mainly to Asian markets
(Taiwan). The body wall itself isalso processed into
beche-de-mer for export.

In afirst review, Sloan (1985, 1986) states that 'the
fishery is still characterized by incomplete market
development which imparts instability and causes
non stock-related fluctuations in landings'. Until
1987, there were no seasonal nor areal restrictions
for the divers. The development of the fishery was
assessed through mandatory log books filled in by
divers holding a licence.

Following signs of overfishing, the Washington
State Department of Fisheries
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Fankboner, 1989) has permitted a more scientific
basis for the management of this fishery. Limited-
entry legislation has also been approved in 1990
and the number of boats licensed is now declining.

The annual landings of the Washington sea
cucumber fishery are shown in Figure 1 though
these figures should be viewed with caution, due
to unreporting. Landings stayed under 10 tons
until 1977, then fluctuated for ten years at an
intermediate level and not exceeding 200 tons. The
figure shows a large increase in landings between
1988 and 1990, with the record catch, in 1989, of
over 1,000 tons.

A summary of the production from the beche-de-
mer fishery is given in Table 1. The value per
kilogram has more than doubled during the last
four years, making the fishery attractive for divers.
Since 1983, the number of boats, fishing effort (dive

divided state waters into four
harvest areas - San Juan Islands
(1), Strait of Juan de Fuca (2), 3
Central Puget Sound (3) and ]
South Puget Sound/Hood Canal .
(4). Seasons now rotate, so each
area goes unfished for 3.5 years
after a six-month harvest. A
seasonal restriction has also been
implemented, with a six month
fishing season extending from
May to October.
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The closed period was based on
the seasonal atrophy of the
visceral organs as described by
Fankboner and Cameron (1985). 1

These rotating area closures give
sea-cucumbers the chance to
spawn at least once before being
harvested. The recent progress
in understanding the biology of
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Evolution of Parastichopus landings from the Pacific coast of

North America.
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hours) and commercial buyers have all increased | Among the different measures taken to prevent
markedly. The CPUE, in number of seacucumbers, | overfishing,the limited-entrylegislationisprobably
although variable, is decreasing in the different | the most important conservation strategy.
districts forcing the diversto fish in deeper waters.

Table 1. Sea cucumber exploitation by divers in Washington State (U.S.A).

Value(1) District 1 District 2 District 3 District 4
Year Catch Total per kg | Number | Effort CPUE (4) | Effort CPUE (4) | Effort CPUE (4) | Effort CPUE (4)
(kg) (US$*10"6) (US$) |boats(2) | (3) n kag| n kg 3) n kg 3) n kg

1971 3,629
1972 2,722
1973 4,536
1974

1975 1,361
1976 6,804

1977 28,577
1978 57,607
1979 107,050
1980 190,966
1981 125,194
1982 12,247

1983 170,554 9 99 530 281 275

1984 39,917 14 68 271 225 495 310 220 28 502
1985 146,966 15 74 232 162 397 1,763 272 336 636
1986 181,894 16 345 200 253 425 1116 249 237 321
1987(5) | 127,008 0.89 0.7 25 837 248 69

1988 871,366 1.07 123 78 6,492 381 106.1

1989 1,146,701 1.87 1.63 125 11,437 239 66.7

1990 992,794 1.75 1.76 79 5,833 264 735

(1) Estimated from the average price paid per bucket of slit, drained cucumber
(2) Number of boats making at least one landing

(3) Total dive hours

(4) Mean number (n) or weight (kg) per dive hour, from harvest logs

(5) Since 1987, area openings are rotating (districts 1 to 4).

In the meantime, assessments of the present Parastichopus californicus (Echinodermata:
resources and of the holothurian population after Holothuroidea). 1. Observations on the ecology
the fishing period, are being conducted by fishery of development, recruitment and juvenile life
biologists. stage. Journ. Exp. Mar. Biol. Ecol., 127: 43-67.
Atpresent,the Washingtondivefisheryisprobably | Fankboner P.V. & Cameron J.L., 1985. Seasonal
the best documented and most carefully managed atrophy ofthe visceral organsinaseacucumber.
sea-cucumber fishery. Can. J. Zool., 63: 2888-2892.
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biology of the commercial sea cucumber
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Measurement of size in live sea cucumbers

The need to devise a suitable and reliable measure
of size in live sea cucumbers has been a consistent
problem for researchers investigating the popula-
tion ecology of this group. This was noted by Alex
Bradbury (Washington State Department of Fish-
eries) in a recent issue of Beche-de-mer Information
Bulletin. Any person faced with a sea cucumber
deflating in one’s hands will probably despair of
ever getting a repeatable measure of size.

Measurement has usually been based on two vari-
ables — total length and total weight. However,
there are problems with both these measures.
Length is difficult to measure because of the mor-
phology and elasticity of the body wall. Variation
isalsoobserved intotal weight due to differencesin
the amount of food in the gut, seasonal changes in
the size of the alimentary canal and respiratory tree
(insome species of sea cucumber), and the quantity
of water contained withintherespiratory tree (Choe,
1963; Conand, 1981, 1989).

For research on the aspidochirote Stichopus mollis, a
reliable measure of size was needed for calculation
of gonad indices and size-frequency distributions.
The method devised required that the animals be
brought to the laboratory, but provided fairly reli-
able results. Although this method is described ina
recent paper (Sewell, 1990), details of the methods
are given here.

To get a reliable measure of size, the animals were
placed in aquaria for 24 hours in order to clear the
sediment from the alimentary canal. Each animal
was put in a small mesh bag constructed from
surplus onion sacks (mesh size 5 mm). The bags
were approximately 20 x 20 cm square, just large
enough to contain the animals. In the area studied,
sexually mature Stichopus mollis were 13—24 centi-
metres in length. A large metal frame (a salvaged
rectangular quadrat) was hung over a pool of run-
ning sea water (500 litres) as shown in Figure 1.

Then'hangers' were constructed from two squeeze-
type clothes pegs connected by string. The bag was
closed by this hanger, and suspended from the
metal frame so thatthe animal was totally immersed
in the running sea water. Animals suspended in
this fashion shed faeces to the bottom of the tank,
and could not reconsume the sediments. After 24
hours, each animal was transferred to a small
laboratory aquarium (15 1) of aerated sea water for
15 minutes. This allowed the animal to achieve a
natural body form after being held in the mesh

by M. A. Sewell,
Zoology Department,
University of Alberta, USA

Holding

Running sea water bag

Figure 1. Side-view of aquarium showing position of
holding bags. (Not to scale)

bags. Mostanimals started respiratory movements
soon after entering the tank, and began moving
tentacles after 5 —10 minutes.

Two measures of size were made — total length
and weight. Each seacucumber was removed from
the aquarium and its length measured dorsally
from the anus to the centre of the tentactular crown
with a dressmaker's tape to the nearest 0.5cm. The
animal was stimulated to expel the excess water
remaining in the respiratory trees by gently
squeezing the posterior half, and then quickly
blotted dry and weighed.

To obtain an estimate of the errors associated with
the total length and total weight measures used, ten
sea cucumbers were measured ten times at 15-
minute intervals. Details of the analysis and table
of results are included in Sewell (1990). Raw data
are included in Table 1.

The results showed that total length was not a very
reliable measure of size (Sewell, 1990). Individual
sea cucumbers varied up to 6 cm in length. In this
study, however, there was no correlation between
the size of animal measured in the field prior to
collection (i.e. underwater), and the mean of the ten
repeated measures in the laboratory. |, therefore,
do not recommend the use of length to measure
size.

Total weight appeared to be a reliable measure of
size in Stichopus mollis, provided that sediments
were removed from the gut and excess water
squeezed from the respiratory trees. Analysis
showed that a single measure had a reliability of
approximately 95 per cent in estimating the mean
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Table 1: Repeated measures analysis of total weight
and total length in Stichopus mollis

These methods were found to be suitable for
calculation of gonad indices; however, if animals

are to be reweighed for estimates of

Animal | Weight range | Mean| S.D. | Lengthrange | Mean| SD. growth a number of measurements
(9) (@) (9) (cm) (cm) | (em) | should be taken, and a mean calculated.
1 [1781-2050 [189.4 | 83 | 175-205 [ 185 [ 1.0 | The method described here reduces
2 1782-206.1 |1983| 88 | 170-215 194 | 13 some ofthevariation, by atleastensuring
3 |1386-1569 |1456| 61 | 165-195 |179 | 0o | that all the animals have empty guts
4 |1464-1500 [1547| 62 | 145-200 |169 | 19 | Pefore measurement.
5 |[1736-1944 |1839| 71 | 16.0-220 | 181 | 19 ,
References:
6 183.2-1931 |1881| 34 18.0-195 18.9 0.5
7 |1038-1156 [107.1| 34 | 125-170 |[148 | 14 Choe, S.(1963). Namako no kenkyu
8 [1486-166.1 |1568 | 57 [ 160-195 |181 | 09 | (Bjology of the Japanese common sea
9 |1547-1638 |1587| 31 | 155-190 | 177 | 11 cucumber Stichopus japonicus, Selenka).
10 [175.9-203.7 |1916| 75 | 185-200 | 194 | 05 Pusan National University, Japan,

ofthetenmeasures (Sewell, 1990). Ahighcorrelation
was also found between total weightand the drained
weight used in the calculation of the gonad index
(r=0.95, n=480), suggesting that total weight was a
reasonably accurate and non-destructive measure
of size in this species.

So in conclusion, a reasonable measure of weight
could be obtained by the following protocol for
Stichopus mollis

(i) Empty the alimentary canal in such a
way that sea cucumbers cannot reconsume
the sediments released as faeces;

(i) Allow a relaxation period in the tank;

(iii)  Squeeze excess water from the
respiratory trees;
(iv) Blot quickly and weigh.

Recent trends in sea cucumbers
exploitation in New Caledonia

The history of the sea cucumber fishery in New
Caledonia has been traced back to the nineteenth
century fromvarious documents and statistics. The
exports have shownwide fluctuationsin connection
with political and socio-economic events, as well as
with the status of the biological resource (Conand,
1989, 1990).

Evolution of the exports

The most recent period of revival started in 1983,
when a few New Caledonians of Chinese

226 pp. (in Japanese with English
summary).
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New Caledoniaareall exported, the exportstatistics
provide easily obtainable accurate data.

Table 1 shows the fluctuations in tonnage between
1983 and 1990. For this period, the mean annual
export was 103 tons. Production was not constant
butoscillated betweenyears, giving peaks in landed
volume during 1984, 1986, 1988 and 1990.

Table 1. Evolution of the recent beche-de-mer
exports from New Caledonia

origin undertook to organise the fishing,

Y ear

1983] 1984|1985 1986| 1987] 1988 1989| 1990

processing and trade. As the catches in

Tonnage | 15
exporters| 2 4 7 6 4 3 3 4

150 | 89 | 180 | 77 | 135| 55 | 126




