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Article spécial n° 10

Cryptozoology at the fuzzy edge of ocean discovery

Paul H. LEBLOND"

Curiosity is the mainspring of science. The
urge to discover and to explain is truly irre-
pressible. It cannot be satisfied by dogmatic
explanations, nor will it be constrained within
the narrow disciplines of organized science.
Anyone can be curious about anything: it is
not rare to find physicists or chemists fasci-
nated by biological questions, or biologists at-
tracted by geological problems. Sometimes
these wanderings lead to a major career reori-
entation; sometimes they remain a part-time
amusement, an enriching hobby. So it is with
my interest in cryptozoology.

Cryptozoology is the study of animals whose
existence remains doubtful because of insuffi-
cient material evidence. It is a field which at-
tracts very wide interest. Rumours about a
serpentine animal in Loch Ness, or a giant
snow ape in the Himalayas, to mention the best
known cryptids (hidden animals) have in-
trigued everyone for decades. It is unfortu-
nately also a field reputed for hoaxes,
gullibility and lack of scientific rigour. Most
scientists will not waste their time not risk tar-
nishing their reputation by publicly succumb-
ing to cryptozoological curiosity.

1 certainly used to be one of those who
laughed at the idea of sea-serpents.. dreams of
drunken sailors, I thought. My un-informed
skepticism was however severely shaken when
I read Bernard HEUVELMANS' (1968) serious and
meticulously documented tome on the subject.
There had clearly been many observations, by
reliable and reputable witnesses, over the past
centuries, which could not by any means be ex-
plained in terms of known marine animals.
Some of these had even occured in coastal wa-
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ters near my home in western Canada. It was
tempting to believe that HEUVELMANS, working
from Europe, might have missed some local re-
ports and I decided to investigate further. This
led me to discover a rich folklore and much ear-
lier work on Cadborosaurus (mnore familiarly
known as Caddy), the large serpentine cryptid
spotted by many observers in coastal waters of
the eastern Pacific, and to associate with other,
similarly minded, scientists and amateurs at-
tracted to the mysterics of the sea. I have had
no reason to regret the youthful impulsc which
suggested this eccentric interest. My profes-
sional life has been broadened beyond the
bounds of physical oceanography, which has
however remained my primary discipline and
the basis for the scientific rigour which I have
tried to apply to cryptozoology.

It would be absurd for a marine scientist,
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who devotes his career to exploring the sea, to
claim a priori that there is nothing new to dis-
cover in the oceans. Many marine creatures
easily avoid our nets and only a small portion
of the deep ocean has been visually inspected.
Human exploration has thrown a mere flicker
of light in a vast hidden darkness. We have
quickly become used to the presence of giant
clams and tube-worms living near deep hot
vents on spreading ridges, but recent discover-
ies of other chemotrophic communities near
cold seeps in the Gulf of Mexico and the Medi-
terranean (CORSELLI et al., 1996) or over meth-
ane vents off the Oregon margin (WHITICAR et
al., 1994) have expanded even further the range
of habitats and life forms to be expected in the
ocean. New species of pelagic octopus, filmed
from submersibles, remain at large (LuTtz and
VOIGHT, 1994). Unexpected species of fish, like
the coelacanth, or the megamouth shark
(TAYLOR et al., 1983), keep turning up. What
else might the sea hide? Might there not be
some real animal behind these hundreds of ob-
servations of sea-serpents?

Previous findings do not of themselves imply
future discoveries. To claim that the acciden-
tal discovery of the coelecanth must necessar-
ily lead to other similar discoveries is com-
pletely absurd. Evidence, rather than expe-
ctations must guide interpretation. Those
same rules which apply to the interpretation of
data in other areas of science should apply to
cryptozoology. Being willing to accept that
there may still exist undiscovered animals in
the sea does not mean that every unexplained
shadow counts as evidence of their presence.
In many cases, as I quickly realized, it is impos-
sible to be sure and one must remain in doubt,
cumulating a growing body of observations
which never quite add up to the certainty of a
specimen in hand.

Cryptozoology operates within that realm of
cognition which lies between suspicion and
certainty. Scientific discovery normally takes
place over an interval of time, starting with
glimpses, un-explained observations, synthe-
ses, insights and explanations culminating into
consensual certainty. A new animal may be
discovered by science through eye-witness re-
ports, fragments of anatomy, photographs, and

eventually a carcass or a live specimen. There
are numerous classic examples (the giant
squid, the gorilla, the okapi, the platypus)
where initial skepticism gradually led to accep-
tance as evidence accumulated. A recent ex-
ample is that of the new bovids recently
discovered in Vietnamese forests (Vu Van
DONG ef al., 1993).

Of course, it is only the success stories which
eventually enter the zoology textbooks. Un-
confirmed rumours remain within the nebu-
lous realm of cryptozoology. In order to
enhance the probability of eventual success
and avoid misleading reports, rules of evidence
have to be introduced. There are too many
cases where witnesses have clearly been car-
ried away by their imagination or have been
misled by waves, floating objects and already
known animals which they failed to recognize.

Two simple rules have been my guide in sift-
ing eye-witness reports of Caddy and other
cryptids. First, to be worth attention as a
cryptid sighting, an observation must unambi-
guously pertain to an animal: not to waves,
branches, algae or other natural or artificial ob-
jects. If there is any doubt in the eyes of the
witnesses, or of immediate commentators, the
observation is rejected. This first criterion
eliminates a large number of unexplained sur-
face phenomena not directly associated with
an animal. In particular, it eliminates all those
wakes or shadows which have been attributed
to a putative animal hidden below the surface,
unseen by observers.

The second rule states that the animal ob-
served must clearly not be one which is al-
ready known to science. Again, if there is any
doubt in the minds of the witnesses, or if their
description of the animal which they saw is
clearly reminiscent of an animal known to oth-
ers, if not to the observers themselves, the ob-
servation is rejected. In many cases, possible
sightings of Cadborosaurus have been ex-
cluded because of possible confusion with sea-
lions.

Strict observation of the above rules may
lead to dismissal of some valid sightings. For
example, many of the observations made in
Loch Ness consist of unexplained surface
wakes, which would not satisfy the above
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criteria. An unexplained surface phenomenon
need not always have been caused by an ani-
mal. The quality of cryptozoological evidence
is so often debatable that every effort must be
made to exclude doubtful reports right from
the beginning. The application of these strict
rules still leaves us with a solid body of
cryptozoological evidence. HEUVELMANS{1968),
and more recently BricHT (1989) and ELLIS
(1994) have reviewed world-wide reports of
marine cryptids.

Observations which I have collected and ana-
lyzed off the west coast of Canada have been
published in LEBLonD and BousricLb (1995).
Our conclusion is that there appears to exist a
large deep-water animal, a serpentine, fish-
feeding, air breathing, long-necked creature
with a mixture of reptilian and mammalian
characteristics and puzzling habits. This is the
animal referred to as Cadborosaurus. Only an
actual specimen, dead or alive will provide de-
finitive proof of Caddy’s existence. Crypto-
zoological interest may help in finding that
specimen and recognizing it when it is at hand.

Laboratory analyses may also be helpful
when there is some parcel of material evidence
at hand. The piece of blubber preserved from
the mysterious giant blob discovered near St.
Augustine in 1896 has already been subjected
to analyses which have helped in determining
its nature (VERRILL, 1897; WooD and GENNARO,
1991; MANGIACOPRA et al., 18994; PigrCE et al,
1995). Similarly, a piece of the carcass col-
lected by a crew member of the Zuiyo Maru off
New Zealand in 1977 could be used to perform
an immunological analysis which suggested
that the animal was indeed a shark (SAsAki,
1978). In the absence of material remains, other
analyses may be used, most particularly in the
interpretation of photographs. Using simple
results about wind waves, 1 tried to estimate
the size of the Loch Ness cryptid from the
length of the waves visible in the famous "Sur-
geon’s photograph” (LEBLoND and COLLINS,
1987). Unfortunately, it has since been re-
vealed that this photograph was a hoax and
that the actual object was smaller than what
we calculated (Boyp and MARTIN, 1994) .

Another issue of interest to oceanographers,
and indeed to all scientists, is that of

recognition of significant information in noisy
data. Physical oceanographers commonly ex-
tract signals from images or time series by
using filters or spectral methods. These meth-
ods also apply to the interpretation of alleged
cryptid images. 1 have had interesting argu-
ments with Nessie and other cryptid enthusi-
asts attempting to find significance in the
grain pattern of enlarged photographs. As in
all observations, one must not read more infor-
mation than is contained in the data.

In a more philosophical vein, cryptozoology
brings one face-to-face witin the problem of in-
corporating new knowledge within the body of
science. How much information is necessary
for new facts to be accepted? Are unconfirmed
reports to be entirely dismissed until the day
when material proof becomes available, at
which point full acceptance is granted? What is
the curious seeker to do during the intervening
period, while searching for more solid evi-
dence? Speculate, of course. Formulate theo-
ries, for discussion and guidance. Astro-
physical journals, for example, are replete with
logical speculations, based on physics and
chemistry, and framed in the language of
mathematics, about unexplained cosmic phe-
nomena. These speculations guide and stimu-
late further observations. Similarly, crypto-
zoological publications speculate, as logically
as possible, and within the laws of science,
aboui how to interpret poorly cobserved ani-
mals. The observations arc usually based on
eve-witness reporis and are thus "fuzzy” in the
sense that they are stated in words and in sub-
jectively produced drawings rather than in ob-
jective measurements. One somelimes refers to
activities which cut away the veil of doubt as
being at the "cutting” edge of science. Because
cryptozoology deals with fuzzy data, il never
quite eliminates all doubt and remains at a
"fuzzy” edge of discovery. As soon as proof is
achieved, for example through capture of a
specimen, zoology replaces crvptozoology and
the search is over.

Finally, given the intense public interest in
mysterious creatures, I have found crypto-
zoology to be an excellent way to introduce
marine science to people who might not other-
wise be interested or might be daunted by a
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more traditional approach... a bit like teaching
paleontology to children through their interest
in dinosaurs. As a teacher, I have found
cryptozoology a useful pedagogical support.
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Effects of cobalt and vitamin B,; additions on the
growth of two phytoplankton species

Ana Z. SEGATTO", Edna GRANELI" and Conny HARALDSSON ™ *

Abstract: The effect of cobalt on the growth rate/biomass accumulation of a diatom, Ditylum
brightwellii Bailey and a dinoflagellate, Prorocentrum minimum (Pavillard) Schiller was investi-
gated. Experiments were performed under laboratory conditions in polycarbonate flasks with
diluted (26 %), sterilized, and nutrient enriched sub—surface Atlantic water as growth media.
Cobalt was added in concentrations between 0.5 and 3 nM, which corresponds to Co concentra-
tions found in oligotrophic oceans and coastal waters of the Kattegat and the Skagerrak. Cell
densities and chlorophyll a concentrations were monitored daily during the course of the experi-
ment. P. minimum growth rate and biomass accumulation were not affected by cobalt additions,
while D. brightwellii had both its growth rate and biomass accumulation inhibited by cobalt ad-

ditions.

1. Introduction

As essential cofactors in metalloenzymes
trace metals can influence the metabolism of
algal cells (Sunpa, 1988 - 1989). Different
phytoplankton species have different require-
ments for, and sensitivities to, trace metals
(BRAND et al., 1983; BrRAND, 1991). Laboratory
studies (SUNDA et al., 1981; RUETER and MOREL,
1981) and field studies (MARTIN ef al., 1989;
MARTIN and GORDON, 1988) have indicated that
trace metals may affect not only algal growth
but also the primary production, species com-
position and the trophic structure of phyto-
plankton communities.

Cobalt is one of the most important limiting
trace metals for algal growth, since it is needed
for the synthesis of vitamin Bi. It has been sug-
gested that the synthesis of this vitamin can be
limited by the amount of cobalt in the environ-
ment (SANGFORS, 1988; SwirT, 1980).

Cobalt can stimulate nitrogen fixation and
growth rates of blue-green algae (HoLM—HAN-
SEN et al., 1954; SAUBERT and STRIJDOM, 1968).
Recently it has been found that cobalt and cad-
mium can substitute for zinc, another limiting

* Department of Marine Ecology, Ecology Building,
University of Lund, 223 62, Lund, Sweden
** Department of Analitical and Marine Chemistry,
University of Gothenburg, 412 96, Gothenburg,
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trace element, promoving the growth of the
diatom Thalassiosira weissfloggii (PRICE and
MOoOREL, 1990). GraNELI and RISINGER(1994)
have recently shown that cobalt (as
cobaltacetate or vitamin Be) favours the
biomass accumulation of the toxic flagellate C.
polylepis.

The aim of this experimental study was to
test the effect of different additions of cobalt
and vitamin B on two coastal phytoplankton
species : the diatom Ditylum brightwellii and
the dinoflagellate Prorocentrum minimum.

2. Material and methods

The experiments were performed at labora-
tory conditions (temperature of 15°C; 16:8
hours light : dark cycle) with monocultures of
the dinoflagellate P. minimum and of the dia-
tom D. brightwellii.

Light intensity was measured with a QSL-
100 spherical quantameter (Biospherical In-
struments Inc.) and was approximately 120
#E m™* s7'(Philips cool-white fluorescent
tubes) for the diatom and 90 ¢«E m %~ for the
dinoflagellate.

Surface water (= 35.0 %) was collected in
the Northern Atlantic (61°11" 14N — 45°00° W),
and contained low cobalt concentration (= 0.02
nM). In the laboratory the water was prefil-
tered through a GF/C filter and diluted to 26.0



6 La mer 35, 1997

%0 with ultraclean water (obtained from a Milli
—Q purification system) in order to maintain
the same salinity as that at which these algae
had been kept in cultures. The initial concen-
trations of dissolved inorganic nutrients in the
Atlantic water were 0.11 uM of nitrate; 0.1 g M
of phosphate; 0.28 M of ammonia and 2.74 uM
of silicate. After autoclaving in 20/ Teflon bot-
tles, the water was transferred to 1 1 poly-
carbonate flasks, which had been pretreated
for one week with a 1 : 1 mixture of 1.0 M HCl
and 1.0 M HNO; (Merck, Suprapure), followed
by two weeks soaking in a weaker acid mix-
ture.

D. brightwellii and P. minimum were first cul-
tured in full /2 medium (GUILLARD and Ry-
THER, 1962), including cobait (at concentra-
tions of 5 X 10°* M). Nufrient stock solutions
were pretreated in a chelating ion exchange
resin (Chelex 100) column in order to eliminate
possible contaminations by metals (MOREL el
al., 1979; PRICE et al., 1988-1989). During the ex-
ponential phase of growth, we made sequential
transfers of algae to a cobalt—free medium and
phosphorus (0.5 ¢M as Na.HPO,.), and nitrogen
(5 #M as NaNO.) were added to all bottles
while silicon (5 uM as Na,SiQ;, 5H.0) was
added only to the diatom D. brightwellii cul-
tures.

Different cobalt treatments were tested : ad-
ditions of cobalt (as cobaltacetate, (CH.COO).
Co.4H,0) alone or together with 500 nM of the
chelator EDTA (added as the disodium salt)
and vitamin Be (as CeHxCoNuOisP), both in
the range 0.5 to 3.0 nM. The different added vi-
tamin B concentrations were calculated in
order to have the same amount of inorganic co-
balt added as for the treatment with cobaltace-
tate. Four replicates were made for each
treatment, making a total of 64 bottles. The rea-
son to choose this range of cobalt concentra-
tions was that we would like to compare our
results with the results found by GRANELI and
RISINGER (1994) on the effects of cobalt on the
toxic blooming flagellate C. polylepis.

Phytoplankton biomass in bottles was esti-
mated as iz vivo chlorophyll flurescence using
a Turner 112 filter fluorometer and trans-
formed to absolute chlorophyll a values(asug
17') after spectrophotometric analysis of

extracted chlorophyll a {according to JEFFREY
and HUMPHREY, 1975) during certain days of
the experiment. Daily phytoplankton samples
were preserved with acidified Lugol’'s solution
and cell counting was performed using Palmer
Maloney Chambers in an inverted Nikon TMD
Diaphot microscope.

Growth rates based on cell densities ware cal-
culated for every bottle during the exponential
phase of growth. Growth rates (div. day ')
were calculated according to the formula:div.
day ~'=(log.N-log.N,) /t, where N,=cell num-
bers on Day 3; N=cell numbers on Day 9 and
t=7 days.

Samples for cobalt analyses in the growth
media were collected at the beggining of the
experiment (Days 1 and 4 for the dinoflagellate
and the diatom, respectively) ; during the expo-
nential growth phase (Days 11 and 16 for the
dinoflagellate and Days 6 and 8 for the diatom)
and at the end of the experiments (Days 48 and
17 for the dinoflagellate and the diatom, respec-
tively). One hundred m! of water was then fil-
tered (0.45 pm acid-washed Whatmann GF/C
filter) through an acid cleaned filtration sys-
tem, in a laminar-flow sterile bench in order to
avoid bacterial and/or metal contamination.
Measurements of the total dissolved cobalt
concentrations in the medium were carried out
using the method of DaNIELSSON ef al. (1982).
The methed consists of complexing the total
amount of cobalt present in the sample with a
complex agent, such as carbamate. Afterwards
the Co-dithiocarbamate complexes are then ex-
tracted with an organic solvent (Freon-TF)
and finally back—extracted, i.e. extracted from
the organic solvent with nitric acid, to an aque-
ous solution. The total amount of Co present in
the solution is then measured.

3. Results

Cobalt concentrations in the initial medium
and during the exponential growth phase for
the treatments with additions of Co (as
cobaltacetate) are shown in Table 1. The re-
sults indicate that there was an uplake of co-
balt by D. brightwellii during the exponential
growth phase (on Days 6 and 8 for the control
and the treatments with 0.5 and 3.0 nM of
added Co) and by P. minimum (on Days 11 and
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Ditylum brightwellii

15
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Co —— 0.5 Co
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Fig. 1. Effects of different cobalt additions (as Co; Co+EDTA and vitamin B,) on the cell
densities of Ditylum brightwellii. Control: no Co or vitamin B,, additions.
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Table 1. Specific growth rates (doublings per day,
u) from day 3 to day 9.
Values are mean of 4 replicates + standard de-
viation.
The Mean-Whitney U test was used in order to
compare the growth rates in the controls with
the different {reatments.

Treatment D. brightwellii P. minimum
Control 0.25610.05 0.15£0.00
0.5 nM Co 0.19:£0.01" 0.20+0.01"
3.0 nM Co 0.18+0.03* 0.19+0.01"
Con+EDTA 0.2410.02 0.18+0.02
0.5 Co+EDTA 0.20+0.02 0.1920.00
3.0 Co+EDTA 0170017 0.22=0.02"
Control B12 0.25=0.05 0.1610.01
0.5 nM Biz 01720007 0.19+0.02
3.0 nM B12 0.19+0.02" 0.20+0.01"

“p<C0.05

16 for treatments with 3.0 nM Co additions and
in the control flasks).

The growth response of the two phytoplank-
ton species to cobalt additions were different.
Maximal cell numbers of the diatom D.
brightwellii (Fig. 1) were reached for the con-
trols (no Co or B, added) of cobalt and vitamin
B additions, and also the controls with addi-
tions of only EDTA. There was a significant
(p<0.05, Mann—Whitney U-test) increase of
cells in the control treatments of D. brightwellii
compared with the treatments with 0.5 and 3.0
nM of added cobalt (as cobaltacetate or as vila-
min By). D. brightweilii reached the maximal
biomass accumulation (12 gg 17 of chloro-
phyll @) during the stationary growth phase,
for the controls of Co and vitamin B additions.
For the other treatments, maximal chlorophyll
a values were less than 9 pg 17" Maximal chlo-
rophyll @ concentrations were significantly
higher in the controls than in the treatments
with additions of 0.5 and 3 nM of Co (Fig. 2; p<
0.05, Mann -Whitney U test). The chlorophyll
accumulation of the diatom in the treatment
with additions of 0.5 and 3.0 nM of cobalt to-
gether with EDTA was significantly higher
compared with additions of 0.5 and 3.0 nM of
cobzlt alone (as a salt or as vitamin Bu).

Max. chlorophyll a (ugi-1)

— B o
- O co+EDTA
o T
3 € B Bz
L -
=S
L
[=%
o
o
£
[%]
%
©
=
0.5 3
Co additions (nM)
Fig. 2. Maximal biomass accumulation (expressed

as chlorophyll a concentrations) of Ditylum
brightwellii grown at different additions of Co,
Co+EDTA and vitamin By. The initial chloro-
phyll a concentration just after the inoculation
(Day 1) was 2 ng 17\

W Co
. - [ Co+EDTA
.
Ry ] & B2

0.5 3

Co additions (nM}

Fig. 4. Maximal biomass accumulation (expressed
as chlorophyli @ concentrations) of Prorocentrum
minimum grown at different additions of Co,
Co+EDTA and vitamin B.,. The initial chloro-
phyll @ concentration just after the inoculation
(Day 1) was 4 ug 1"

For P. minimum (Fig. 3) the effect of adding
Co as a salt, with EDTA or as vitamin B, were
similar. There was a lag phase of approxi-
mately 6 days, whereafter exponential growth
started. Maximal cell densities were reached
after approximately 16 days. The dinoflageliate
was maintained for a long time in the station-
ary growth phase (almost 30 days), and maxi-
mal cell densities reached approximately 20 X
10® cells ml . No significant differences in cell
numbers were observed between the different
treatments (p<{0.05, Mann—Whitney U-—test).
Just after the stationary phase, cell numbers of
the dinoflagellate were significantly higher in
the treatments with Co+EDTA additions com-
pared with the treatments to which we have
added Co (as cobaltacetate or as vitamin Bui).
The maximal chlorophyll @ accumulation (20
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Prorocentrum minimum
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Fig. 3. Effects of different cobalt additions (as Co; Co++EDTA and vitamin Bi,) on the cell
densities of Prorocentrum minimum. Control: no Co or By, additions.
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Table 2. Cobalt concentrations (in nM) in the me-
dium for the treatment with no Co additions
(Control) and cobalt added at concentrations of
0.5 and 3.0 nM. The initial concentration of Co in
Atlantic water was 0.02 nM.

Days Control 05 Co 3.0 Co

D. brightwellii

4 0.07 0.41 2.72

6 0.04 0.43 1.72

8 0.02 0.24 0.73
P. minimum

4 0.08 0.32 1.72

11 0.05 0.45 1.33

16 0.04 0.47 0.54

ug 171 was not affected by the different addi-
tions and no significant differences in chloro-
phyll @ concentrations were observed among
the treatments (Fig. 4).

Growth rates based on cell numbers were cal-
culated for the dinoflagellate and for the dia-
tom during the exponential phase of growth
according to the following formula: u = (log:N
-log:Ny)/t, where N, represents the total num-
ber of cells on Day 3, N is the cell number on
Day 9 and t==6 days.

Growth rates for the diatom D. brightwellii
(Table 2) were significantly higher (p < 0.05,
Mann—Whitney U-test) in the controls than in
the treatments where cobalt (as a salt) was
added in concentrations of 0.5 nM and 3.0 nM.
The same tendency was observed for the treat-
ment with additions of cobalt as vitamin Bi..
The controls of the treatment with additions of
cobalt together with EDTA were only signifi-
cantly higher than that treatment with 3.0 nM
of cobalt added together with EDTA.

Growth rates for the dinoflageliate P. mini-
mum (Table 1) were significantly lower (p <C
0.05, Mann—Whitney U-test) in the controls
than in the treatments with 0.5 and 3.0 nM of
cobalt additions. For the different treatments
of cobalt+EDTA and vitamin B, additions, the
growth rates were only significantly higher (p
< 0.05, Mann—Whitney U-test) when 3.0 nM of
cobalt was added together with EDTA and 3.0
nM added vitamin B,; treatment.

GRANELI and RISINGER (1994) have studied
the effects of additions of cobalt (alone or

Chrysochromulina polylepis

200+

O ¢o

B12

0.5

Ditylum brightwellii

Maximal celis (x10 3 mli-1)

0.0 0.5 3.0

Co additions (nM)

Fig. 5. Maximal cell densities for the cultures of C.
polylepis, P. minimum and D. brightwellii grown at
different additions of Co, Co+~EDTA and vitamin
B, C. polylepis figure is redrawn from GRANELI
and HarALDssON (1993).

together with EDTA or as Bi:) on the toxic
prymnesiophycean flagellate Chrysochromulina
polylepis. The authors have shown that cell
numbers of C. polylepis increased more or less
linearly with additions of cobalt increased from
0 to 1.0 nM. An addition of 3.0 nM of cobalt only
increased cell number accumulation slightly
over the cell numbers produced at the 1.0 nM
addition.

Comparing to our study (Fig. 5), the re-
sponse of the three algae to the different cobalt
additions was not similar. It was observed that
not only cell densities were higher compared to
the other two algae, but also their chlorophyll
accumulation and growth rates as well (see
also GRANELI and HARALDSSON, 1993).

B cosEDTA
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4. Discussion

Cobalt (as cobaltacetate or vitamin Bi)
favours the biomass accumulation of the
prymnesiophycean flagellate C. polylepis
(GRANELI and RISINGER, 1994). In that experi-
ment cobalt concentrations up to 1.0 nM in-
creased significantly the cell yields of the
flagellate. In addition, the produced maximal
cell numbers of C. polylepis increased propor-
tionally to increasing cobalt (added as
cobaltacetate or as vitamin Bw) levels.

Our results in the present study show that
the two tested species were affected in differ-
ent ways by cobalt additions. The cell yield
and chlorophyll accumulation of the diatom D.
brightwellii were inhibited by the three differ-
ent forms of added cobalt, while the cell yield
and chlorophyll accumulation of the dinofla-
gellate P. minimum were not affected by any of
the three different forms of cobalt additions.

For both tested species, cobalt (as cobaltace-
tate) concentrations were lower in water fil-
tered from samples in the middle or at the end
of the experiments compared to samples taken
at the beginning (Table 1), indicating that
both algal species were able to take up cobalt
from the media, independently of the treat-
ment. Cobalt concentrations in the treatments
where originally 0.5 and 3.0 nM of cobalt was
added, decreased respectively 42 % and 73 %
from Day 4 to Day 8 for the diatom. For P. mini-
mum, a slight increase in cobalt concentrations
was observed in the filtrates from Day 1 to Day
16 in treatments where 0.5 nM cobalt was origi-
nally added. However, a decrease of app. 69 %
was observed in treatments with original addi-
tions of 3.0 nM of cobalt. We do not have data
on the uptake rates for the two tested species,
but some studies have shown that the uptake
of two radioactive forms of cobalt, (*CoCl; and
“Co-cobalamine) by diatoms is very and essen-
tially complete after 30 hours (NOLAN et al,
1992). According to FISHER et al. (1983) this is
supposed to be a typical pattern of accumula-
tion of metal ions by phytoplankton. PRICE and
MoreL (1990) have shown that cobalt stimu-
lated the growth rates of the diatom Thalassio-
sira weissflogii after the third day of incuba-
tion. In addition, some authors (ZHou and

W ANGERSKY, 1989) have also considered the im-
portance of the dissolved organic matter
{DOM) released by phytoplankton during the
exponential and stationaly phases of growth in
cultures. DOM is able to chelate trace metals,
including cobalt (ZHANG et al., 1990), and form
complexes which can be retained by 045 g m
membrane filters. In our experiments, there is
also a possibility that cobalt may have been
bound to cells or to DOM released by cells, dur-
ing the exponential and stationary phases.
Thus, the total cobalt concentrations in the fil-
trates could have been understimated. But, to
what extent these extracellular metabolites ex-
uded by phytoplankton may influence the me-
dium chemistry and trace elements concentra-
tion, is still uncertain.

A chelating agent, in general, has two main
functions in algal culture medium. It either
keeps trace metals soluble and thus available
to algae, or it reduces the toxicity of some met-
als, such as copper. EDTA is known as the most
widely used organic synthetic chelator in algal
cultures, and was used in our experiments as a
chelator for cobalt. We added 5 X 107" M of
EDTA together with different cobalt concen-
trations. This EDTA concentration is in the
range of that suggested by JounsTON (1964),
who recommended a use of at least 107" M of
EDTA to support algal growth. In our studies,
as expecting, the biomass accumulation (ex-
pressed as cell vield or as chlorophyll a concen-
trations) of the diatom was significantly
higher in the treatments to which cobalt was
added with EDTA than in the treatment with
only cobalt (added as cobaltacetate or vitamin
B..). We believe that the added concentrations
of EDTA was enough to alleviate the toxic ef-
fect of cobalt on the growth of the diatom. P.
minimum did not have its maximal cell yield
significantly affected neither by increasing in-
organic cobalt or vitamin B, additions, nor by
adding cobalt together with EDTA.

It has been shown that additions of high con-
centrations (up to 107° M) of strong chelating
agents, such as EDTA, may decrease phyto-
plankton growth rates and reduce the concen-
trations of free metal ions in solutions to very
low levels (JACKSON and MORGAN, 1978). Trace
metal bioavailability to phytoplankton may be
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determined not only by the concentration of
the different chemical species of the metal but
also by the relative concentration of cells and
chelators in the medium (PRICE ef al., 1988
1989). The relatively low growth rates for the
two tested species during our experiments
(less than 0.25 doublings day ', for all the treat-
ments), can not entirely have been due to a
possible toxic effect of cobalt or EDTA when
they were added alone.

Problems concerning sampling procedures in
the field and in laboratory studies, as well as
contamination of samples, are known to have
introduced significant errors in studies of
phytoplankton—trace metal interactions. We
have chosen to use North Atlantic offshore
water in our experiments, as it contained only
0.02 nM of cobalt. Due to the great volume of
water required for the experiments we have
autoclaved the Atlantic water using a standard
laboratory autoclave, which is known as a
source of contamination for some trace metals
(PRICE et al., 1988-1989). In addition, the cobalt
concentrations in the control flasks were at the
beginning (Day 1) of both experiments 0.08
nM, suggesting that a relative low contamina-
tion of about 0.06 nM must have occurred.

Effects of vitamin B;. additions on phytoplanikton
growth

The growth rates and cell densities of the
diatom D. brightwellii were negatively affected
by increasing levels of vitamin B during the
experiment. However, this inhibition is contra-
dictory to the findings of GUILLARD and CASSIE

(1968), who stated that D. brightwellii is a By
—requiring species. In general, 80 to 90 % of the
dinoflagellates are vitamin B..—requirers. P.
micans, e.g. requires Bj, and biotin for growth.
AcuiHa and Iwasaki (1990) have studied the
growth characteristics of Alexandrium tama-
rense and observed that this dinoflagellate
needed 0.005 nM of vitamin By to be able to
grow in cultures.

As stated by some authors (see e.g. DROOP,
1968; PINTNER and ALTMEYER, 1979; SwiFT,
1980), media of algal monocultures in station-
ary phase can contain a substance that is able
to bind vitamin Bi.. This substance is found in
greater concentrations in monoalgal cultures

that reach very high densities, such as diatoms.
Once bound, vitamin B, can not be taken up by
the algal cells, even in such small amounts that
the cells require. This inhibition can be over-
come by adding an excess of vitamin B
(SwirT, 1980). However, should the concentra-
tions of vitamin B reach too high levels, the
algal growth rates might once again be inhib-
ited.

Vitamin B.. is found in surface oceanic wa-
ters only in very low concentrations (from app.
107° to 10® nM). Inshore waters and estuaries
have higher concentrations of vitamin Be. In
some areas such as the Gulf of Maine (SwIFT,
1981), concentrations range from 0.1 to 1.9 ng
170 (= 73%X107° to 14X 107 nM). In other
coastal regions such as Long Island Sound, con-
centrations may reach as high levels as 16 ng
17" (1.1 X 1072 nM). Our additions of vitamin
B by far exceed the concentrations found in
natural waters. Thus, the added high B.: con-
centrations could explain the inhibition in
growth rates and cell yields observed for the
diatom D. brightwellii. We accordingly believe
that high additions of vitamin Bi; could lead to
a decrease in the growth of D. brightwellii in
offshore waters, since this type of water was
the one we used in the experiments. However,
the dinoflagellate P. minimum did not show
any significant negative response to the in-
creasing additions of this vitamin. In contrary,
it seems that the dinoflagellate was able of
using cobalt (in any of the three different
forms added) to maintain theirselves in the
long stationary phase (almost 40 days).

In this experiment, the cell yields and chloro-
phyll a concentrations of D. brightwellii were
inhibited at cobalt and vitamin B:: additions of
up to 0.5 nM. However, if a synthetic chelator is
added together with cobalt, then the biomass
accumulation of the diatom is significantly in-
creased compared with the controls. The
biomass of the dinoflagellate P. minimum was
not significantly affected by any of the three
forms of Co additions.

These findings agree with the hypothesis
suggested by GRANELI and HARALDSSON (1993)
that cobalt may affect phytoplankton growth
in coastal waters in concentrations between 0.1
and 1 nM, which are the concentrations found
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in Kattegat. Thus, phytoplankton growth in
these waters may be affected both positively
and negatively by cobalt additions. The same
authors have discussed the possibility that at-
mospheric deposition of acidifying substances,
through the inputs of trace metals, including
cobalt, by riverine waters, can alter the balance
between different phytoplankton spesies in
coastal waters, thus promoving the formation
of harmful phytoplanton blooms. A large part
of the catchment area of the Kattegat/
Skagerrak basin has been severely acidified
during the last decades and it can therefore be
pointed out that the transport of cobalt to this
basin has been increased during the last 20
years (BORG, 1988).

The mechanisms that led to the C. polylepis
bloom in Kattegat/Skagerrak in 1988 are, in
general, poorly understood. According to
MAESTRINT and GRANELI (1991), C. polylepis may
have found favorable growth conditions: a
shortage of silica, suficient amounts of inor-
ganic nitrogen and cobalt. GRANELI and
RISINGER (1994) have shown that C. polylepis
has a cell quota of 0.6 fg Co. Thus, the concen-
trations of cobalt found in the Kattegat would
be sufficient to promove cell densities of up to
20X 10% cells 1 '. Considering that during the
bloom in 1988, C. polylepis reached densities of
200 10° cells 17!, the hypothesis that cobalt
may control the phytoplankton speciation in
Kattegat/Skagerrak can not be excluded.

It has been shown that cobalt can enter into
different geochemical and biological interac-
tions (BRULAND ef al., 1991) depending on its
chemical speciation, i.e. in which chemical form
cobalt could be found in natural waters. The
determination of the chemical speciation of
trace metals in natural waters and in labora-
tory studies has recently advanced substan-
tially. Further research on chemical speciation
will be necessary in order to try to understand
the role of cobalt in phytoplankton growth in
laboratory as well as in natural conditions.
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A three-dimensional numerical model of tide and
tidal current in the Gulf of Tongking

Dinh-Van MANH® and Tetsuo YANAGI®

Abstract: On the basis of the finite defference method and the vertically o-stretched transfor-
mation, a 3-D numerical model is established to calculate the tide and the tidal current as well
as the tide-induced residual flow in the Gulf of Tongking. The model is calibrated by using the
data at the tide gauge stations as well as from satellite observation. The most important tidal
characteristics of 4 major constituents K,, O,, M, and S ; are reproduced well. Next the tide-
induced residual flows due to K, and M, tides are calculated. The strongest residual flow of
about 10 cm/s in the case of K, tide occurs in the south-west coastal zone of Hai-Nan Island.

1. Introduction

The Gulf of Tongking, situated between Hai-
Nan Island of China and the north coast of
Vietnam, is one of the two largest gulfs in the
South China Sea. This is a rather shallow sea
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Fig. 1. Geometry of the Gulf of Tongking and
the observed data locations.
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area with the average depth of about 46m and
the maximum one of 100m at the mouth (Fig.
1). It is known that the tidal regime is diurnal
nearly in the whole gulf (HUANG et al., 1994).
The tidal amplitude is changed noticeably and
the largest one reaches 2.5m at the head of the
gulf.

Up to now some studies on the numerical
simulation of tide in the South China Sea as
well as in the gulf of Tongking have been car-
ried out (Tuuy, 1969; HUANG et al, 1994). In
these studies the elliptical equation system
without friction term or the 2-D horizontal
shallow water equations were solved, therefore
the vertical structure of tidal currents has not
been revealed yet.

In this paper, a 3-D numerical model based
on the 3-D Saint Vernant equation system
(NiHOUL and JAMART, 1987) is used to simulate
the propagation of tidal wave as well as to con-
sider the tidal currents and the tide-induced re-
sidual flow in the Gulf of Tongking.

2. Governing equations and solving proce-

dure

It is common in tidal models to make some
simplifying approximations in the equations of
fluid motion. The fluid is assumed to be incom-
pressible. The vertical momentum equation
can be approximated by the hydrostatic pres-
sure equation, that is a hydrostatistic approxi-
mation. With these assumptions, the con-
tinuity equation and the horizontal momentum
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equations take the following forms :
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Here z, y, z is a Cartesian coordinate with the z
axis pointing vertically upwards and the xy-
plane being the undisturbed position of the
water surface. «, v, w are x, y, z velocity compo-
nents, respectively ; ¢ (z, y, £), height of the
water surface above the mean sea surface; Q,
Coriolis parameter (=2wsin¢, w is the angu-
lar velocity of rotation of the earth ; ¢ is lati-
tude); g (=980cm/s?), the acceleration due to
gravity ; and A,, A,, vertical and horizontal
eddy viscosities, respectively.

In addition to the above equations, there are
boundary conditions at the sea surface z=0, at
the bottom z= —h, and at the lateral bounda-
ries. They are
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6 2

atz=0: gi u 6§ +v%§~w =0, €Y
02 —0, pa %t~ 0 ®)
atz=—h :u—'gﬂg+—v%f+w:0 (6)
0A, ZZ 72, pA,;%Z*' =t )

At the solid boundary: The velocity component
normal to this boundary is suppressed :

V,.=0, (; is the unit outward vector) €))

At the open boundry: The sea water level is
prefixed on the basis of observational results :

{=flz,y 0 9

The vertical viscosity A,, according to the
Prantl’s mixing length theory, is taken as

A, = A+ 1% (6u/02)*+ (0v/62)?,
1= ko(z+h+z))[1—(z+h)/h)] 10

where k,(=04) is the Karman constant ; z,

(=10cm) is the sea bed roughness length ;
A, is a small number to prevent the case of di-
viding by zero during the calculation.

The components of bottom friction stress
(78 %) are got the following form :

(2, @) = py(u?+v?) (uv) an

where B is the bottom friction coefficient
(=0.026).

In order to solve the above mentioned equa-
tion system to determine velocity components
as well as sea water level, the finite defference
method is applied. Some parameters of the nu-
merical model are taken as : the horizontal
space steps equal to 1/6 degrees ; the number
of layers is 6 ; the horizontal eddy viscosity,
A,=10°cm?/s. The solving procedure at each
time step is described as follows :

Firstly, the depth averaged velocity compo-
nents and sea water levels are determined. By
integrating the above equations over the range
from z=—h to z= { and using the boundary
conditions of(4) to (7), the modified shallow
water equations are obtained. These equations
with the boundary conditions can be solved by
one of the existing two dimensional algo-
rithms, and in this computation an alternative
direction implicit (ADI) Scheme (RAMMING
and KowAaLIK, 1980) is employed.

Secondly, for 3-D velocity components com-
putation, a vertically o-stretched grid (NmiouL

and JAMART, 1987) is applied with ¢ =&+h)
/(h+ ¢ ) and hence ¢ varies between 0 and 1.
Therefore the spacing steps on each vertical
grid line are regular and the accuracy of
bathymetry approximation is improved. Using
the depth mean velocity components and sea
water levels determined in the first stage, as
well as the boundary conditions of (5) and (7)
the equations of (2) and (3) are approximated
by a finite difference scheme, implicit in the
vertical direction and explicit in the horizontal
ones (LARDNER, 1988), in order to get a pair of
recursive formulae on each vertical grid line

Ui+ — RJ’Ltj+ Sﬂ}j+ Qf, Vi1 — Sjvj+R]uj+ ij
where j denotes the jth vertical grid level. Co-
efficients R}, S;, @;", @;¥ are computed recur-
sivelydownwardsfromj=N (z={) toj=1(z=—
k). Then the horizontal velocity components u
5 v; are computed recursively upwards from j
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Fig. 2. The observed data and computed results of K, tide(above)and O, tide(below)at the stations.

=]toj=N.

Lastly, the vertical velocity component is ob-
tained by integrating the equation (1) from
bottom to surface.

It is known that tide-induced residual flow
plays an important role in the long-term trans-
port of substances. It may be obtained by aver-
aging the tidal current over one tidal cycle.

3. Results

Data used for the open sea boundary condi-
tion and the model calibration are the har-
monic constants of 4 major constituents K, O,
M., S: at the tide gauge stations and from satel-
lite observation, TOPEX (YANAGI et al. 1997).
At the open sea boundaries, the sea surface os-
cillations due to each of the above mentioned
constituents are given by using the data along
the AA’ pass of TOPEX and at 3 tide gauge sta-
tions Da-Nang, Yu-Lin-Kan and Teng-lou-
Chiao. The data at 6 other stations and 5
points, denoted by T1,--* T5, of TOPEX are em-
ployed for the calibration. Among these, Cua-
Hoi, Hon-Dau and Bei-Hai are 3 standard tide

gauge stations. The data locations are shown
in Fig. L.
a. Diurnal Tides:

The comparison between the calculated re-
sults and the observed data of two diurnal tides
K, and O, are presented in Fig.2. For K, tide,
the maximum absolute error of amplitude is
less than 4 cm (6.2%), and of phase is 13.5° (54
minutes). In the case of O, tide, the error of
amplitude is larger, reaches 6.7cm(8.5%), but
the errors of phase is smaller, not exceed 5° (20
minutes), except at Thuan-An.

The amplitude and phase distributions of
these constituents obtained from the numerical
model are displayed in Fig. 3. An amphidromic
point exists near the Thuan-An in both two
cases. Tidal amplitude increases gradually in
the south-north direction and gets the maxi-
mum value, greater than 80cm, at the head of
the gulf. Tidal ellipses of K, constituent at
three layers ; the upper(—5m), middle(—20m)
and lower layers (—50m), are expressed in Fig.
4. The predominant direction of tidal currents
is parallel to the shoreline. The strongest
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Fig. 3. The calculated co-range and co—phase charts of K, tide(left)and O, tide (right).
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Fig. 5. The calculated tidal ellipses of K, tide in the vertical direction at some points.

currents (reach 60cm/s) occur in the south- clockwise. The major axes of tidal ellipses ro-
west coastal zone of Hai-Nan Island. The rota- tate slightly in clockwise direction downwards
tional direction of tidal ellipse is mainly as shown in Fig.5. The comparison between
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(FANG, 1986) and the calculated one shows that
the calculated currents well reproduce to the
observed data in quantity as shown in Fig.6.
The O, tidal ellipses are similar to the K, ones
(not presented here).

b. Semi-Diurnal Tides :

Figure 7 presents the amplitudes and phases
of M, and S, tidal waves from observation as
well as the model results. It is shown that the
model results agree with the observed data. In
the case of M., the maximum absolute error in
amplitude is 3cm (32%) at T2, and in phase is
22° (45 minutes) at Thuan-An. For S. tide,
with the amplitude about 2 times smaller than
M,, the phase errors at almost stations are a lit-
tle greater (up to 24°).

1 The amplitude and phase distributions of
semi-diurnal tides are presented in Fig.8. The

Fig. 6. The Maximum current velocity distribu-
tions of K, constituent.
———-observed (FanG, 1986), — —calculated.

maximum amplitude region is the northeastern
part of the gulf. However, there is another re-
gion having relatively large tidal amplitude,
around Cua-Hoi. The amplitude near Hon-Dau
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Fig. 7. The observed data and computed results of M, tide(above)and S, tide(below)at the stations.
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Fig. 9. The calculated tidal ellipses of M, tide at three layers.

region decreases. In Fig. 9 the tidal current el-
lipses of M, constituent are shown. In this case
the tidal currents mainly rotate in the counter-
clockwise direction. The S; tidal currents have
the similar pattern to the M. ones but smaller
in magnitude.
c. Tide-induced residual flows

The tide-induced residual flows are calcu-
lated in two cases, those due to K, tide and M.
tide. The residual flows at three layers due to
K, tide are displayed in Fig. 10. It is shown that
the strongest flow of about 10cm/s occurs at
the middle layer in the south-west coastal zone
of Hai-Nan Island, where the K, tidal currents
are the strongest. Another region with the con-
siderable strong flow is the coastal zone from

Thuan-An to Quang-Khe of Vietnam. In the
northwestern part of the gulf the flow speed is
small. There is a large anti-clockwise eddy
with the center located at 107° 50'E and 18° 10’N.
Besides, some other small eddies exist in the
northern part of the gulf. The M. tide causes a
weaker residual flow. The remarkable residual
flow due to M. tide is along the shore from Hai-
Nan Strait to Thuan-An. The flow is quite
small offshore and in the coast zone of Hai-Nan
Island as shown in Fig. 11.

4. Discussion

Obviously, the tidal wave propagates into
the Guif of Tongking mainly through the
southern open boundary. The tidal amplitude
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is increased due to decreasing of the water vol-
ume. On the other hand, the wave is reflected
by the shore line and this process is repeated
complicatedly in a semi-closed sea area as the
Gulf of Tongking. Therefore, the tidal ampli-
tude is the highest at the head of the gulf and
this part of the shore line plays the most impor-
tant role in the wave reflection. As a result, an
amphidromic point of the diurnal tidal wave of
K, and O, exists in the coastal zone of Thuan-
An. In other word, the incident wave ampli-
tude is canceled by the reflected one there. In
the cases of the semi-diurnal waves, whose
wave lengths are about 1/2 of the diurnal ones,
there is no amphidromic point. However, a
smaller amplitude region appears in the coastal
zone of Hon—Dau, i.e. about a half of the dis-
tance from Thuan-An to the head of the gulf,
because in this region the tidal amplitude is in-
fluenced strongly by other different parts of

the shore line as well as the Hai-Nan Strait.

The horizontal distribution of tidal type

F( _ Hgit Ho

HM2+HSZ
model is drawn in Fig. 12. It shows that nearly
in the whole gulf, except near Thuan-An, the
tidal type is diurnal(#>>1.25). The remarkable
amplitude increase of the diurnal tides in com-
parison with the semidiurnal ones during
propagating in the gulf is due to the resonant
phenomenon. This is suitable to the results of
a study on natural oscillation of the Gulf of
Tongking (NINH and DUYET 1995): one of the
natural oscillating periods of the Gulf of
Tongking is about 19.6 hours, i. e. near the diur-
nal period.

In this model a horizontal grid size of about
18km is used, therefore it is impossible to in-
clude the local topography effects in detail.
The obtained results show that the calculated

) obtained from the numerical
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results at some stations are worse than at oth-
ers, for example, at Lo-Chuc-San. One of rea-
sons may be the complication of local
topography. Because of the lack of tidal cur-
rent information, the tidal currents are as-
sessed in only quantity. However, on the basis
of the obtained results it can be said that the
model simulates well the main characteristics
of tidal process in the Gulf of Tongking.

In this study the TOPEX data are exploited.
Therefore, the calculated results are verified
not only at the tide gauge stations but also at
some offshore points. Furthermore, the 3-D
structure of tidal currents are taken into ac-
count. These have not been considered in the
former studies (THUY, 1969, HUANG et al., 1994)
yet.

5. Conclusion

The 3-D numerical model of tide and tidal
currents in the Gulf of Tongking is established.
The obtained results are as follows.
1-The co-range and co-phase charts of 4 major
constituents K, O;, M, S, are reproduced well.
As a result, the chart of tidal type is drawn. It

shows that the tidal type in the gulf is diurnal,
except near Thuan-An.

2-The 3-D characteristics of tidal current in the
gulf are simulated. The predominant direction
of tidal currents is paraliel to the shore. The
strongest currents occur in the south-west
coastal zone of Hai-Nan. This agrees well with
the observed data in quantity.

3—The tide-induced residual flows due to K,
and M, tidal components are calculated.
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Mechanisms of squid falling off and preventing
dropping out from jig of automatic jigging machine

Sadami YADA*, Haibo Guo*
Masayoshi Topa* and Yoshihiko NAKAMURA *

Abstract : The mechanisms of squid falling off and preventing squid dropping out from a jig of
an automatic jigging machine were theoretically analysed. The results were as follows :

1. Because of centrifugal force, the probability of squid automatically falling off from the jig on
the guide roller increased when drum rotated with a faster angle velocity.

2. Hook open angle was determined according to a synthesis of squid falling off from the jig and

the jigging operation effect.

3. When the hook open angle is further smaller, the catch efficiency of the jig is raised, and con-
tributing to reduce the squid dropping out from the jig.

4. In order to prevent large size squid dropping out from the jig, the following methods were
concluded to be effective by means of enlarging the jig, widening the hook, and using a multi

step hook.
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Fig. 1. Schemes of jigs and Jig hooking into squid. x:length of hook, d: diameter of hook, d.
- horizontal length of hook, #: radius of jig bottom, d,: vertical length of hook, B : open
angle of hook, 7,: radius of ordinary jig, 7.: radius of improving jig, D: diameter of squid
arm, F': pulling force, x.: length of hook cutting across squid arm, z.: length of hook point,
¢ : angle of hook point, d;: distance from upper-hook to under-hook of jig.
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Table 1. Tear tensile and stress of squid arm.

Stress of squid arm

Case Weight Length Tear Oxu Tear oxu Tensile Guun
No. (& (mm) (gf/mm?®) (gf/mm*) (gf/mm?®)
(1 hook) (2 hooks) (3 hooks)
1 292 250 489 58.2 34.5
2 285 240 540 56.5 35.3
3 280 238 547 54.8 324
4 290 250 532 55.7 32.8
5 288 247 497 49.8 34.8
Average 287 245 521 55.0 34.0
Note : 1. Samples were caught fresh squids
2. Hooked position was centre of squid arm’s diameter and length
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Fig. 2. Scheme of squid jigging operation. L,:
long side length of drum, L,: short side
length of drum.
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side wall

to sea

guide roller’s surface

to hauling drunm
fishline

Fig.3. Scheme of squid on guide roller and squid falling off from jig. f: frictional force, m: mass
of squid, 7: radius of guide roller, w: angle velocity of drum, g: acceleration of gravity, a:
contact angle between fishline and guide roller, 6 : angle between the line of squid mid
point with guide roller center and horizontal line with squid fall off guide roller, X: X axis,
Y: Y axis, L.: length of squid arm, L.: length of squid head, A ,: hooked area of squid head.
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Fig. 4. Relationship between contact angle(a ) and coefficient (k) of velocity lost.
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Fig. 6. Relationship between hook open angle ( ) and acceleration (a.) of squid when it falls
off jig. This figure is the calculation of equation (5), calculation condition: friction factor
of squid to hook ,: 0.30, angle( ) between the line of squid midpoint with guide roller
center and horizontal line with squid fall off guide roller, angle of squid to horizontal line
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