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Primary production and contribution of “new” production

in the warm-core ring and the cold streamer
off Sanriku in May 1990

Akihiko SHIOMOTO®, Katsuyuki SASAKI* *and Toru SHIMODA **

Abstract: The primary productivity in the warm-core ring (0.15-6.89 mgC m~*h™') ‘and cold
streamer (2.85-7.91 mgC m *h™") were roughly equal, and the values were nearly constant shal-
lower than the 10% light level. Daily primary production was estimated to be 930 mgC m™*
d~'in the warm-core ring and 811 mgC m~*d "' in the cold streamer. Chlorophyll a concentra-
tions within the euphotic zone were several times higher in the cold streamer (1.93-4.23 mg
m~*) than in the warm-core ring (0.76-1.11mg m™®). In contrast, primary productivity per unit
chlorophyll a was about two times higher in the warm-core ring (0.15-7.41 mgC mg Chl. @ !
h ") than in the cold streamer (0.63-3.18 mgC mg Chl.a ' h™"). The difference was probably be-
cause of the differences in size and/or species distributions of phytoplankton. The contribution
of “new” production to total production at the surface was estimated to be 43% in the warm-
core ring and 3195 in the cold streamer, by using maximum uptake rates of nitrate and ammo-
nium. Comparison of the results obtained in this study with the results previously obtained
suggested the importance of nutrient flux from deeper layers in regulating primary producti-

vity in the warm-core ring off Sanriku.

1. Introduction

Many observations have been made to eluci-
date the physical, chemical and biological fea-
tures in the Kuroshio warm-core rings (e.g.
TomoSADA, 1986; R1 and SuciMoTO, 1989; YASUDA
et al., 1992; HamA, 1992; MATsuO et al., 1993;
SAsaK], 1993 ; YokoucH! et al., 1993 ; CHIANG et
al., 1994). Only Hama (1992) and MATSUO et al.
(1993), however, reported primary productiv-
ity in the warm-core rings and adjacent waters.
Outlining Hama’s results in September 1987,
the depth-integrated primary productivity at
the warm-core center was about 900 mgC m?
d~! and increased to 1,200 mgC m* d~"' after a
storm. The values at the center were roughly
equal to the values in the Oyashio water,
whereas the value in the warm streamer, 480
mgC m~?d ™!, was about half that of the center.

*National Research Institute of Far Seas Fisheries,
7-1, Orido 5-chome, Shimizu-shi, Shizuoka, 424
Japan

**National Research Institute of Fisheries Science,
12-4, Fukuura 2-chome, Kanazawa-ku, Yokohama-
shi, Kanagawa, 236 Japan

The depth-integrated primay productivity in
the warm streamer was also measured to be 296
mgC m~*d ™" in October 1991 by MATSUO et al..

Primary production is roughly divided into
“new” production and “regenerated” produc-
tion (DUGDALE and GOERING, 1967). It is essen-
tial to estimate the contribution of “new”
production to total production to determine the
flow of materials to higher trophic levels in the
marine ecosystem. The contribution is gener-
ally more than 30% in eutrophic region and
mostly less than 10% in oligotraphic region
(reviewed by SHIOMOTO et al., 1994b). The vales
obtained in the warm-core rings in the Gulf
Stream were roughly within the range of the
values in eutrophic region (McCARTHY and
NEvIs, 1986). The contribution, however, was
estimated once to be 11% in the warm streamer
off Sanriku in October 1991 by MATSUO et al.
(1993).

In late May 1990, a warm-core ring was ob-
served off Kinka-zan and a cold streamer was
observed dragged into the warm-core ring
from the east side (Fig. 1a, b). According to
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a: Location of sampling stations off Sanriku in May 1990. Dottoed line shows a warm-

core ring in May 1990 (YokoucHi ef al., 1993). Primary productivity and contribution of
“new” production to it were measured at solod circles and only CTD cats were done at

open circles.

b: NOAA-11 AVHRR infrared image east of Japan on 30 May 1990. W and C shows a
warm-core ring and a cold streamer, respectively.

YokoucH! et al. (1993), the warm-core ring ex-
isted from May to September 1990 off Kinka-
zan. We measured primary productivity and
the contribution of “new” production to total
production in the warm-core ring and cold
streamer. In this paper, we compare the results
obtained in the warm-core ring with those ob-
tained in the cold streamer, and also compare
the results of this study with those previously
gleaned in the warm-core ring off Sanriku.

2. Materials and methods

This study was conducted during the cruise
of the R/V “Soyo Maru” of theNational Re-
search Institute of Fisheries Science, in 25—29
May 1990 (Fig.la). Satelite imagery (NOAA
AVHRR) taken on 30 May 1990 indicated that
Sta.6 was located in the Kuroshio warm-core
ring and Sta. 3 in the cold streamer originated
in the Oyashio water (Fig.1b). Measurements
of primary productivity and the contribution
of “new” production to total production were
conducted on 28 May at Sta. 6 (warm-core
ring) and on 26 May at Sta. 3 (cold streamer).

Primary productivity was measured by the
in situ method using a “C-technique (HAMA ef

al., 1983). Samples were taken from five depths
corresponding to 100, 50, 30, 10 and 1% photon
fluxes just above the sea surface, using a 10/
Van Dorn sampler. To determine the depths
corresponding to these light levels, photon-flux
densities in the water column were measured
with a flat quantum sensor (LI-COR Model
1000). Water samples were collected between 8
and 10 am.

The samples (21) were immediately sieved
through a 200 £ m mesh screen to remove large
zooplankton, and then dispensed into 2!
ploycarbonate bottles (two light bottles and
one dark bottle). Incubations were begun
within about one hour after collection. The *C
enrichment was about 10% of the total inor-
ganic carbon in the amibient water. Incubation
experiments were conducted for about three or
four hours. The experiments were terminated
by the samples onto precombusted 47 mm
Wahtman GF/F filters (450°C for 4 h) with gen-
tle suction. The filters were then rinsed with a
3.59% NaCl solution. The filter papers were im-
mediately frozen and preserved for later iso-
tope analysis ashore. After the filters were
treated with HCl fumes for 4 h to remove



Contribution of “new” production 3

inorganic carbon, they were completely dried
in a vacuum desiccator. The isotopic ratios of
BC to "“C were determined by quadruple mass-
spectrometer (NICHIDEN ANELvA TE-360). Par-
ticulate organic carbon was determined
simultaneously. Primary productivity was cal-
culated according to Hama et al. (1983). The
dark uptake was always corrected for primary
prodctivity.

The contribution of “new” production to
total production was estimated as the ratio of
the nitrate uptake rate to the total nitrogen
uptake rate (nitrate uptake rate-+ammonium
uptake rate) (EppLY and PETERSON, 1979). Sam-
ples of surface seawater were collected with a
submersible pump (Ebara Type DVSN). These
samples were sieved through a 200 x m mesh
screen to remove large zooplankton and then
used in uptake experiments. Seawater collec-
tions were made between 8 and 10 a.m.

The samples (27) were dispensed into 21
polycarbonate bottles and enriched by the ad-
dition of either Na**NO; (99.6 atom% '*N) to a
final concentration of 0.25 to 8 # mol /™' at Sta.
6 (warm-core ring), and 0.125 to 2 ¢ moll™' at
Sta. 3 (cold streamer), or d"*NH.CI (99.6 atom %
N) to a final concentration of 0.125 to 2 4 mol
{~' at both stations. Incubation experiments
were begun within one hour after collection
and conducted under simulated surface condi-
tions, being dooled with near-surface seawater
for about three to four hours. The experiments
were terminated by the samples onto precom-
busted 47 mm Whatman GF/F filters (450°C for
4 h) with gentle suction. The filters were then
rinsed with a 35% NaCl soluction. The filter
papers were immediately frozen and preserved
for later isotope analysis ashore. They were
completely dried in a vacuum desiccator. The
isotopic ratios of N to "N were then deter-
mined by quadruple mass-spectrometer (Nichi-
den Anelva TE-360). Particulate organic nitro-
gen was determined simultaneously. The
nitrogen uptake rate (mgN m*h ', denoted as
o) was computed according to equation (2)
described by DuGDALE and WILKERSON (1986).

Temperature and salinity were measured
with a Neil Brown Mark Il CTD system. On-
deck photon fluxes were monitored every fif-
teen minutes with a flat quatum sensor (LI-

COR Model 1000) on the upper deck during the
sampling period. Seawater samples were used
to determine the size-fractionated chlorophyll
a (Chl.a) concentrations. The samples were fil-
tered using 10, 2 and 0.4 # m Nuclepore filters.
Chl. a was determined by fluorometry using a
Turner Designs Model 10 fluorometer after ex-
traction with N, N-Dimethylformamide (Suzuki
and IsHIMARU, 1990). Water samples for nutri-
ent determinations were stored frozen, and
analyzed ashore with a Technicon Auto Ana-
lyzer I or manually according to PARSONS et
al. (1984). The total carbonate in the seawater
was measured with a Beckman Model 365 infra-
red analyzer.

3. Results
3.1 Physical and chemical environments

The weather was fine during the observa-
tion. The mean light intensity during the incu-
bation was about 1,700z Ein m ? s !, and the
total amount of light intensity in a day was
about 50X 10°x¢ Ein m~* s~ ' at Sta. 6 (warm-
core ring) and Sta. 3 (cold streamer).

The vertical profiles of temperature, salinity
and nutrient concentrations shallower than
200m at Sta. 6 (warm-core ring) and Sta. 3
(cold streamer) are shown in Fig. 2. At Sta. 6
(warm-core ring) and Sta. 3 (cold streamer)
wtih depth from the surface to 30m, and
thermocline was observed between 10 and 30m.
Isothermal water that is characteristic of the
warm-core ring was observed below 30m.
SASAKI (1993) reported that the temperature of
isothermal water was about 10°C and that such
water extended down to around 300m. Based
on the result he judged that the warm-core ring
had once passed the winter. Salinity was about
34.25 from the surface down to 200m. At Sta. 3
the temperature decreased with depth from the
surface, whereas salinity was about 33.75 at
least down to 200m. In addition, the tempera-
ture and salinity in the water shallower than
50m at Stas. 3 and 7 were lower than at other
stations in the warm-core ring (Table 1). The
results obtained in the shipboard observation
were consistent with the stellite imagery
(NOAA AVHRR) of 30 May 1990 (Fig. 1).

At Sta. 6 (warm-core ring) all nutrient con-
centrations were very low at the surface. They
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Fig. 2. Vertical profiles of temparature (Temp),
salinity (Sal) and concentrations of nutri-
ents (NO,+NQO;, SiO;, PO,) shallower than
200m at Sta. 6 (warm-core ring) and Sta. 3
(cold streamer) off Sanriku in May 1990. Ar-
rows indicate the depths of euphotic zone
(1% light level).

increased rapidly, however, from 20 to 50m and
were nearly constant below 50m. At Sta. 3 (cold
streamer), nitrite+nitrate and silicate were
nearly exhausted at the surface, whereas phos-
phate existed minimally. All nutrient concen-
trations increased dramatically with depth
from 30m.

3.2 Chlorophyll a and primary productivity
Total Chl. a concentration, primary produc-
tivity and primary prodctivity per unit Chl. a
within the euphotic zone at Sta. 6 (warm-core
ring) and Sta. 3 (cold streamer) are summa-
rized in Table 2. Total Chl. @ concentrations
were about 1 mg m™* through the euphotic
zone at Sta. 6 (warm-core ring). The concen-
tration were 2-3 mg m~? shallower than the
10% light level and 4.23 mg m~* at the 1% light
level at Sta. 3 (cold streamer). Total Chl. a

1996

Table 1. Mean values of temperature and salin-
ity above the depth of 50 m at 11 stations off
Sanriku in May 1990

. Tmeperature Salinity
Station 0 (Psu)
1 14.38 34.40
2 15.20 34.36
3 11.63 33.73
4 19.39 34.77
5 13.10 34.09
6 11.95 34.12
7 9.62 33.56
8 17.09 34.62
9 19.37 34.74
10 10.32 33.71
11 16.23 34.55

concentrations at Sta. 3 were several times
larger than those at Sta. 6. Depth-integrated
Chl. a Sta. 3 was about two times larger than
that at Sta. 6. The size-fractionated Chl. ¢ con-
centration is shown in Fig. 3. At Sta. 6 every
size existed more or less equally at the 100 ane
19 light levels, whereas the 2 —10 um fraction
dominated and other fractions existed roughly
equal at other light levels. At Sta. 3, >10um
fraction dominated through the euphotic zone
and accounted for about 70% of the total Chl.
a concentration. Other fractions existed moreor
less equally (about 15%). In addition, <10 ¢ m
fraction accounted for 70 -80% of total Chl. a
consentration at Sta. 6, whereas >10 ym frac-
tion accounted for about 70% of total Chl. a
concentration at Sta. 3.

At Sta. 6, primary productivity shallower
than the 10% light level was nearly constant.
The mean value=SD was calculated to be 5.91
+0.68 mgC m *h '. The same result was ob-
served at Sta. 3 where the mean value®£SD was
6.30=1.44 mgC m~*h~" The mean values at the
two stations were nearly equal. Primary pro-
ductivity differed at these stations’ 19 light
level, but the values were considerably lower
than at shallower than the 109 light level.

The depth-integrated production during the
indubation period was estimated by averaging
the productivities between two dejpths, multi-
plying by the depth interval and summing
these values. Multiplying the depth-integrated
production by the ratio of the photon flux of a



Table 2. Chlorophyll a (Chl. a), primary productivity (productivity) and primary productiv-
ity per unit chlorophyll a (Productivitiy/Chl.a ) within the euphotic zone at Sta. 6 (warm-
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core ring) and Sta. 3. (cold streamer) off Sanriku in May 1990

Depth Chl.a Productivity Productivity/Chl a
% m mg m* mg m °h™! mgC mgChl.a 'h™*
Sta.6 100 0 091 5.32 5.85
(Warm-core ring) 50 2.5 0.76 563 741
25 6 1.11 6.89 6.19
10 105 1.10 5.81 5.28
1 25 1.01 0.15 0.15
(26) (930)
Sta.3. 100 0 2.73 457 1.67
(Cold streamer) 50 15 1.93 5.79 3.00
25 3.5 2.18 6.91 3.17
10 7 2.49 791 3.18
1 165 4.23 2.65 0.63
47 (811)

Values in the parentheses indicate chlorophyll a for the entire euphotic zone per m” sea surface (mg Chl. a

m~*) and daily primary production for the entire euphotic zone per m® sea surface (mgCm™2d™").

full day to the photon flux during the incuba-
tion period gave the daily primary production
as reported in Table 2. Daily primary produc-
tion was 930 mgC m~2d " at Sta. 6 (warm-core
ring) and 811mgC m~% d~' at Sta. 3 (cold
streamer). The former value was about 100 mgC
m~*d ! higher than the latter value.

Primary productivity per unit Chl. ¢ was
nearly constant at shallower than the 10%
light level at Sta. 6 (warm-core ring). The
mean valu=xSD was calculated to be 6.18 =
0.90 mgC mgChl.a ' h™'. At Sta. 3 (cold strea-
mer) the values at the 50, 25 and 10% light lev-
els were nearly equal ant the value at the 100%
light level (surface) was about half of those.
The mean value at shallower than the 10%
light level was calculated to be 2.76+0.73 mgC
mgChl. ¢ 'h~'. The mean value at Sta. 6 was
about two times higher than that at Sta. 3.
Primary productivity per unit Chl g at the 1%
level of these stations was different, but the
values were remarkably lower than those at
shallower layers above the 109 light level.

3.3. Nitrogen uptake and contribution of “‘new”
production to total production
The nitrate uptake rates conformed to the
Michaelis-Menten equation and saturated
within the range of the injected substrate con-
centration at Sta. 6 (warm-core ring) and Sta. 3

Chlorophyll a (%)

Sta.6 (Warm-core ring)
100

50 -

7

>10 pym

i 7
BN

L 1

100 50 25

Sta.3 (Cold streamer)
100
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L
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Fig. 3. Vertical changes in relative composition
of size-fractionated chlorophyll @ concentra-
tion at Sta. 6 (warm-core ring) and Sta. 3

(cold streamer).
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Table 3. Maximum uptake rate ( 0...), maximum uptake rate per unit chlorophyll @ ( 0 max/
Chl. a), half-saturation constant (Ks) and contribution of “new” production to total pro-
duction (“new” production/total production) at the surface at Sta. 6 (warm-core ring) and
Sta. 3 (cold streamer) off Sanriku in May 1990

Sta. 6 Sta. 3
(Warm-core ring) (Cold streamer)
Omax (MgNmM *h ) NO,~ 0.456 0.330
NH.* 0.626 0.736
Onex/Chl.a (mgN mgChl.a ' h™" NO,~ 0.501 0.121
HN.,* 0.687 0.270
Ks (gmol [7) NO,~ 0.310 [0.7] 0.031 0]
NH,* 0.080 [0.16] —0.044 [0.14]
“new” production/total production (%) * 43 31

* 0 max™ NOs/ (0 max—NOs+ 0 e — NH,) X 100
[ ]: Ambient concentration (g mol [™")

(cold streamer). Ammonium uptake rates were
nearly constant within the range of injected
subsrate concentration. The maximum uptake
rate ( ), maximum uptake rate per unit Chl
a (pus/Chl. @) and half-saturation constant
(Ks) of the nitrate and ammonium obtained by
concentration dependency experiments are
shown in Tabel 3. The P of nitrate at Sta. 6
was higher than at Sta. 3, whereas ammonium
showed an opposite result. The 0 n.x 0of ammo-
nium was higher than that of nitrate at these
stations. The Ouw./Chl. a of nitrate and am-
monium were several times higher at Sta. 6
than at Sta. 3. The Ks of both nitrogens were
lower at Sta. 3. than at Sta. 6, but the values at
these stations were roughly equal to the ambi-
ent concentrations.

The in situ rates of nitrate and ammonium
uptake can be calculated using kinetic parame-
ters, pmx and Ks, and ambient substrate con-
centration. We were unable, however, to
calculate the rate when the ambient concentra-
tions of nitrogens were close to or beneath the
detection limit. Furthermore, the preservation
of seawater samples by freezing may have re-
sults in uncertainties in ambient concentra-
tions. In this case, the uptake rates calculated
were probably far from true values. We there-
fore estimated the contribution of “new”
production to total production using 0 m. for
nitrate and ammonium, which is unaffected by
the reliability of ambient concentrations of
nitrogens. The contribution was estimated to
be 43% at Sta. 6 and 31% at Sta. 3. (Table 3).

4. Discussion

The satelite image shows that the warm-core
ring originated in the Kurosho water and the
cold streamer in the Oyashio water (Fig. 1b).
Daily primary production in the Kuroshio
water was 100-300 mgC m 2d~! (e.g. SALO et
al., 1970). The value in the offshore Oyashio
water was 200-800 mgC m~* d! in non-bloo-
ming period and 1,000-2,000 mgC m~? d ! in
blooming period (e.g. SHIOMOTO et al., 1994a). In
this study, the daily primary production was
930 mgC m *d!'in the warm-core ring and 811
mgC m~? d ' in the cold streamer (Table 2).
The primary productivity in the warm-core
ring was consequently higher than in the
source water, similar to previous information
(e.g. SAsAKL 1993). On the other hand, in the
offshore Oyashio, OcisHiMa (1991) reported at
spring bloom in May that the total Chl. @ con-
centrations attained more than 5 mg m *in the
surface layers, and >10 £ m size (large-sized
phytoplankton) accounted for more than 80%
of the total Chl. a concentration. In this study,
the total Chl. @ concentration was 2-4 mg m~°
(Table 1) and the Chl. @ concentration of the
10 # m fraction accounted for about 70% in
the cold streamer (Fig. 3). These results sug-
gest that spring bloom occurred in the source
water of the cold streamer, the Oyashio water,
during our observation. Hence, we can not de-
clare whether primary productivity in the cold
streamer is higher than that in the source
water.

Hama (1992) measured primary productivity
in the warm-core ring 86B that once passed the
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winter, in September 1987; the daily primary
production at the center was about 900 mgC
m *d~’ The daily primary production in the
warm-core ring in this study was estimated to
be 930 mgC m~*d ' (Table 2). This value is al-
most equal to the value in warm-core ring 86B
reported by Hama (1992). The nitrate in warm-
core ring 86B was exhausted at the surface
layer, whereas the nutricline (about 0.3 ¢ mol
{"'m~") was noticed from 40 to 60m, and nitrate
concentrations were about 10 g mol 7 'm '
below the nutricline. The same results were
found in the vertical profile of nitrite+nitrate
concentration in the warm-core ring in this
study (Fig. 2). The vertical grandient of the nu-
trient that was observed between 20 and 50 m
was calculated to be about 0.2 # mol ["'m™".
Theses facts suggest that a nearly equal supply
of nutrient from deeper layers contributed
much to the equal daily primary production in
both warm-core ring. Thereby nutrient flux
from deeper layers probably plays an impor-
tant role in regulating primary productivity in
the warm-core ring off Sanriku.

Conversely, the total Chl. @ concentration at
the surface was more than two times larger in
the warm-core ring in this study (about 1 mg
m~*) (Table 2) than in warm-core ring 86B (0.2
05 mg m *) (Hawma, 1992). Phytonplankton
biomass was significantly different between
the two warm-core ring although daily pri-
mary production was nearly equal. This vari-
ance probably reflects the differences in
species and size distributions of phytoplankton
and grazing pressure by zooplankton between
the warm-core ring. Furthermore, considering
that the observation seasons of the two warm-
core rings were dissimilar, the differences in
these biological factors may be the result of
seasonal vaiations in the factors. Seasonal ob-
servation of primary productivity and other
biological factors is required in the future.

Primary productivity per unit Chl. ¢ was
about two times higher in the warm-core ring
than in the cold streamer (Tabel 2). Small-sized
phytoplankton (<10 #m fractions) dominated
within the euphotic zone in the warm-core ring
and large-sized on (<10 # m fraction) in the
cold streamer (Fig. 3). The cell numbers of dia-
toms was 7.1 X10* cells /™' at Om and 5.7 X 10°

cells 7' at 2bm, and that of flagellates was 1.3
X 10° cells I7" at Om and 2.4 X10* cells ! at 25m
in the warm-core ring (NAKATA pers. comm.)
The cell numbers of diatoms was 6.7 X 10* cells
{7 at Om and 6.4 X 10" cells /™' at 26m, and that
of flagellates was 1.5 X 10* cells /™' at Om and
9.5x10°% cells /' at 2bm in the cold streamer.
Flagellates dominated in the warm-core ring
and diatoms in the cold streamer. The tempera-
ture and nutrient concentrations in the surface
layer in the warm-core ring and cold streamer
were roughly equal (Table 1; Fig. 2). The pri-
mary productivity per unit Chl. a of small-sized
phytoplankton is generally higher than that of
large-sized one under the same environmental
conditions (MALONE, 1980 ; GLOVER et al., 1985).
Kawamura (1963) and Tanicucti (1969) re-
ported that the value was high in the popula-
tion dominated by flagellates than in the
population dominated by diatoms. The differ-
ence in primary productivity per unit Chl. a be-
tween the warm-core ring and cold streamer
was thus probably attributed to the differences
in size and/or sepecies distribution of phyto-
plankton.

Nitrite +nitrate concentrations at the surface
were very low (1-2 gmol[™') in the warm-core
ring and were exhausted in the cold streamer
(Fig. 2). Were phytoplanktons nitro-gen-
deficient in both locations for that reason? The
atomic ratio of carbon to nitrogen in
phytoplanton is nearly equal to the Redfield
ratio (6.6) (REDFIELD et al., 1963) when phytop-
Jankton is not nitrogen limited and is growing
at or near its masimum rate (GOLDMAN et al.,
1979). The ratio increases, however, and rises
to above 10 when phytoplakton becomes
nitrogen-dificient (DONAGHAY et al., 1978;
GOLDMAN et al., 1979). In this study, the atomic
ratio of carbon to nitrogen in particulate or-
ganic matter at the surface was 7.6 in the
warm-core ring and 8.9 in the cold streamer.
These values were slightly higher than the
Redfield ratio. Furthermore, KaANDA and
HaTTORI (1989) reported that the uptake ratio
of carbon to ammonium is remarkably lower
than the Redfield ratio when phyto-plankton is
nitrogen-deficient: 1.8 for Thalassiosira pseudo-
nara and 2.0 for Platymonas sp. The ratio ob-
tained in this study was 9.9 at the surface in the
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warm-core ring and 7.2 in the cold streamer.
These values were slightly higher than the
Redfield ratio. From these results, we con-
cluded that phytoplaktons were not nitrogen-
deficient in either location.

The contribution of “new” production to total
production obtained in this study (Table 3)
were within the range of the values in eutro-
phic region (C>30%: reviewed by SHIOMOTO et
al., 1994b) as reported in the warm-core ring in
the Gulf Stream (McCARTHY and NEVINS, 1986).
The high contribution positively reflects the
copious supply of nutrients from the deeper
layers (McCARTHY and NEvins, 1986). This is
probably one of the characteristics of warm-
core ring.

The diffusional flux of nitrate through the
thermocline is an important nitrogen source
for supporting “new” production. The flux can
be obtained by the equation:

Fn:Kz'dn/dz

where F,is the diffusional flux of nitrate, K; is
the eddy diffusion coefficient and d./d; is the
slope of the nitracline. “New” production can
thus be estimated on the basis of the vertical
profile of nitrate concentration if K; has been
obtained. Kz, however, has not yet been re-
ported in the warm-core ring off Sanriku. Here,
we tried to estimate K; in the warm-core ring
based on several assumptions. Provied that the
nitrate is supplied from the deeper layer solely
by diffusion and nitrate concentration in the
surface layers is in a steady state, F. is equal to
the nitrate amount taken up by phytoplankton
within the euphotic zone. Nitracline was no-
ticed from 20 to 30m, and the nitrate (nitrite +
nitrate) concentration was 1.9 zmol [~' at 20m
and 45 mol [~ at 30m (Fig. 2). Accordingly,
d./d; is caluculated to be 0.26 mmol m™* and
thereby F.is 0.26 mmol m**K,. From the daily
primary production in the warm-core ring
(930 mgCm~2d "), the nitrate amount taken up
by phytoplankton is calculated to be 5.0 mmol
m~*d~' by assuming that the uptake ratio of
carbon (primary production) to nitrogen is
equal to the Redfield ratio (6.6 by atoms), and
the contribution of “new” production to total
production within the overall euphotic zone is
equal to the value at the surface (43%). From
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the above, 0.26 mmol m~*+K; is equal to 5.0
mmol m~2d 'and thereby K; is calculated to
be 2.2X107* m* s~!. The value is nearly equal to
the deep-euphoticzone eddy diffusion coefi-
cient in the Gulf Stream warm-core ring in
calm conditions prio to a torm: 0.5-5X10"* m”
s~' (McCARTHY et al., 1992).
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Automatic recording system of
the position of a lobster in experimental tank

Takashi KOIKE*, Miyuki MAEGAWA ", Masako HIRAYAMA
and Yutaka NAGATA™

Abstract: In order to trace the movement of the spiny lobster, an automatic recording system
of the position of the lobster was designed and applied in our experimental tank. The upper
part of the lobster cage is supported with a triangle frame. A pointed supporting bar is set at
each corner of the frame, and is placed on an electronic balance. The measured weights of the
cage at three corners are fed to a personal computer, and the position of the lobster is automati-
cally calculated and recorded for every 2.7 sec. The accuracy of the position determination is
less than 0.9 cm. Several results of the preliminary experiments are also introduced. The record-
ing system is very useful to trace the lobster, especially in the nighttime when we cannot see

its movements by eyes.

1. Introduction

Spiny lobsters have nocturnal habit. KOIKE et
al. (1993, 1995 and 1996) observed moving ac-
tivities of Japanese spiny lobster, Panulirus
japonicus, in an experimental tank, and found
that it scarcely moves when underwater
brightness is higher than 5.2X107% [x and that
it moves actively when brightness is lower
than 2.3X107° [z. In these experiments, the lob-
ster was kept in the relatively small rectangu-
lar cage which is hung by three wires. We
measured variation of the tension of one of
three wires, and obtained a measure of lobster
activity by counting occurrence frequency of
significant tension changes. The lobster move-
ment in the traverse direction, however, would
not be detected in this simple system, and the
exact moving distance or the moving speed of
the lobster cannot be observed. In order to
measure the position of the lobster on two di-
mensional plane, we improved the recording
system by measuring tensions of all three sup-
porting points of the lobster cage. The new sys-
tem works successfully enough to detect two
dimensional movements of the lobster. The re-

"‘MFaculty of Bioresources, Mie University, KaEA
hama-cho 1515, Tsu, Mie 514, Japan

cording system is introduced with several pre-
liminary experimental results in this paper.

2. Constitution of the recording system

A cylindrical plastic tank of 100 cm diameter
and of 80 cm depth is used, and the lobster is
kept in a cylindrical cage of 80 cm diameter and
of 40 cm depth. The cage is made by plastic net
of 0.3 cm mesh size which is put on an alumi-
num frame work. The upper part of the cage is
supported by a triangle frame made of alumi-
num angles as shown in Fig. 1. A pointed sup-
porting bar is set downward from each corner
of the triangle frame, and is placed on elec-
tronic balance. Each electronic balance (A&D
Co., EWA/B) is set on a small tabel, the surface
of which is carefully adjusted to be horizontal
and to have the same level as the other tables.
The electronic balances has zero adustments,
and their outputs are set to be zero at the be-
ginning of each experimental run.

The experimental tank is set in a large dark
box in a dark room of the main building of the
Faculty of Bioresources of the Mie University.
The sea water used is collected in the sea off
Kumano-nada by R/V Seisui-maru or off the
Fisheries Research Laboratory of the Mie Uni-
versity located on Zaga Island in Ago Bay of
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Fig. 1. Schematic view of the experimental ap-
paratus.

the Mie Prefecture. To keep the water fresh, the
water is supplied to the tank through two filter
tanks filled with ceramic filtering grain and
coral sands. The water is supplied through a
sub-tank where the water is overflowing so as
that the pressure head and so the supply rate
of the water is kept to be constant (about
9/ /min.). Multiple intakes and drains are ap-
plied in order to minimize flows in fixed direc-
tion in the experimental tank. Three intakes is
set near the bottom, and two drains near the
water surface and two drains near the bottom.
The water in the tank is lost by evaporation at
the rate of about 2/ per day, and the tap water
which has been kept in the room for several
days is supplied every two days.

Three fluorescent lamps are used as light
sources as shown in Fig 1. The lamps are set at
the level significantly lower than the tank sur-
face, and only the reflected lights are allowed
to penetrate into the tank. All of the instru-
ments are painted with frost black paint. The
measured brightness distribution on the level
of the water surface is shown in Fig.2. The
shadow of the side wall of the tank appears to
exist, and the brightness near the edge is a lit-
tle lower than that at the center. The lamps are
put on at 7:00 and off at 19:00 every day, and the
bright daytime of 12 hours and the dark night-
time of 12 hours produced.

The output of the three electronic balances
are lead to a personal computer (PC 9801 F)
through RC232C cable, and the lobster position
is calculated for every 2.7 sec and recorded in
floppy disks. The movement of the lobster is
also displayed and monitored on a Braun tube.

The lobsters used in our experiment were
caught in the sea off Wagu of the Shima
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Fig. 2. An example of the measured distribution
of the brightness in [x on the level of water
surfacet.

Peninsula, Mie Prefecture. The lobsters were
put in the experimental cage a few days after
their catch, but they can be used usually longer
than one year. Only male lobsters of medium
size (carapace length from 7.0 to 85cm and
weight from 250 to 350 gw) are used as large
lobsters are often not so active. The activity of
female lobsters appears to be changed in their
spawning season. The lobsters in the tank are
fed with one living mussel Mytilus edulis hav-
ing the weight from 3.0 to 5.0 gw once a day in
daytime. The shell of the mussel is partly bro-
ken so as the lobster can easily eat it.

3. The determination of the lobster position
and its accuracy
We take the positions of the edges of the tri-
angle support or the measuring positions of the
weight to be A(0,0), Ble,f), and Cle, —f), and
the position of the center of gravity of the lob-
ster G(m, n) as shown in Fig. 3. We denote the
measured weights at A with e, at Bwith & and
C with ¢, respectively. If we adjust the outputs
of the three electronic balances to be zero be-
fore the lobster is put into the cage. We have
the relations:
m= (b+c) e/(a+0),
n= (b—c) f/la+c).
e and f can be represented by the side length
of the triangle L (=138.5cm) or by the semi-
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] B (e, f)

G (m, n)

C (e, -T)

Fig. 3. Coordinate system used in the calcula-
tion of the lobster position G (m,n ). A, B and
C denote three positions where the weight of
the cage is measured. See details for the text.

A0, 0)

diameter of the cage r (=40cm):
e=(3%/2) L =3r,
F=(1/2) L=3"%.

If we take the origin of the coodinate at the
center of the cage(or the center of the gravity
of the triangle), and if we denote a+b+c with
the weight M of the lobster in the water, the po-
sition (z, y) of the lobster in the new coordi-
nate system is

=3 (b+c)/M—2r={b+c—2a) r/M
y=3"%r (b—c)/M.

The measurable range of the electronic bal-
ances used is 300 gw in full scale and their pre-
cision is 0.1 gw. If one of the measured weight
has an error of E, the resulted error of the lob-
ster position would be 7E/M in the z-direction
and 32 #E/M in the y-direction. If we take E
=0.1gw, M=2bgw and r=40 cm, the errors in
the z-and y-directions are 0.16 cm and 0.28 cm,
respectively. The total error resulted from
three weight measurements would be 3 times
of these estimation in maximum. We may
evaluate the error, however, to be about 2 times
as one of the measurements is not independent
from other two, as the weight of the lobster M
is constant for each experiment. We checked
the errors in the position determination by
placing a lead weight of 25 gw at various points
on the bottom of the cage. The obtained error
is smaller than 0.9 cm, and the measurement is
accurate enough judging from the size of the
lobster (carapace length from 7.0 to 8.5 cm).

aw
30

287
zeuz—vw\,\/\/\/\‘!/_'w ) |
24}

221

20 T TS RN PN AT RN e NS
0 60 120 180 240

Time (sec)

Fig. 4. An example of the change of the total
weight (in gw) during the feeding operation.
Black circle indicate the time when we put a
mussel into the tank. The time is taken in ab-
scissa.

Error of the measurement may be caused by
feeding processs. In Fig. 4, the variation of the
total weight M when we put a mussel of 4.8 gw
(in air) in the vicinity of the center of the cage.
Some irregular variation was observed during
the feeding operation as we inevitably touched
the cage, though no movement was recognized
in that time. The weight was increased by 0.34
gw due to the added mussel weight. However,
the error of the lobster position caused is only
0.58 cm. So, we did not make any correction
during each experimental run.

4. Several preliminary results
4-1. Moving speed of the lobster

A male lobster of 8.1cm carapace length and
of 285 gw weight (27.0gw in water) is used in
the preliminary experiment to test our auto-
matic recording system of lobster position. We
set 12 hours bright period of 3.4-39/x bright-
ness (daytime) and 12 hours dark period of
0/x brightness (nighttime) on each day, re-
spectively. The experiment was made for 6
weeks from January 5 to February 15, 1995.

An example of the moving trajectory of the
lobster is shown in Fig. 5. Though the lobster
usually stays near the cage wall and moves
around the circular cage, this example shows a
movement to reach the mussel place at the cen-
ter of the cage. The lobster left its usual mov-
ing path rounding the cage, and approached to
the mussel. The lobster stayed for a while at
the center of the cage, and then the lobster car-
ried the mussel near to the wall. Therefafter,
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Start

Fig. 5. An example of the moving path of the
lobster. The trajectory is shown for the pe-
riod from 22:41 to 22:50 on February 15, 1995.
Though the lobster moves usually clockwise
along the cage wall, the lobster appears to
find the mussel placed at the center of the
cage, and approached to carry it to the vicin-
ity of the cage wall. The positions deter-
mined for every 2.7 sec are shown with white
circles. The moving direction is shown with
arrows.

the lobster started again to move clockwise
along the cage wall. The lobster never ap-
proaches to the mussel in daytime, and the
movement shown here is firstly recorded by
the new recording system. This example also
shows that the adopted interval of the position
determination (2.7 sec) is frequent enough to
trace the lobster position even in nighttime
when the lobster moves actively.

The moving speed of the lobster averaged
over this experiment is 0.64 cm/s. The lobster
moves much actively in nighttime with aver-
aged speed of 1.15 cm/s, while the averaged
speed in daytime is only 0.12 cm/s. The moving
distance for each day ranges from 172m to 1484
m, and its average value is 549m (52m in day-
time and 497m in nighttime). In our previous
exeriment (KOIKE ef al., 1995), they traced a lob-
ster with a small red luminous diode on its
back in the shaded outdoor pool for 24 hours.
The averaged moving speed of the lobster was
2005m/h (66.8 cm/s) in nighttime (0/r) and
was 123 m/h (4.1 cm/s) in daytime (4.6 X 10?
Ir). The moving deistance of a tagged Japanese
spiny lobster was estimated as about 1,800 m/
day by Takaal (1972) in the sea south of the
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Boso Peninsula, and that of New Zealand spiny
lobster, Jasus edwardsii, as 5,000-7,000 m/day
by HERRNKIND (1980). The influence of the en-
vironmental conditions on the moving speed
has not clarified yet, but our results appear to
coincide with these previous works.

4-2. Diurnal variation pattern of spiny lobster
The variation of the moving distance for
each hour is shown in Fig. 6. The diurnal varia-
tion of the lobster movements, active in night-
time and almost rest in daytime, is clearly seen
in this figure. This figure shows that the lob-
ster does not move continuously all night
through, and the variation pattern of the night-
time movement is very changeable day by day.
The nighttime activity patterns found in the
previous papers, however, appears to keep
nearly constant high level in nighttime, and do
not exhibit such day-by-day variations as
shown in the figure. The moving distance is
adopted here as an indicator of the lobster ac-
tivity, while the frequency of the lobster move-
ment in the longitudinal direction larger than a
prescribed value is used in the previous paper.
The new system may describe much more de-
tailed nature of the lobster movements, which
was not resolved in the simple old system.
Also, the differences in the cage size and cage
shape, and in the lightening system which may
influence the experimental results. The further
investigations are needed to clarify the differ-
ence of the variation pattern discussed above.
However, the basic nature of the diurnal
variation pattern measured in the new system
is just same as that measured in the old system.
The averaged diurnal variation pattern of the
moving distance (Fig. 7) is very similar to that
of the activity frequency discussed in the pre-
vious papers (KOIKE et al., 1995 and 1996): the
lobster starts to move actively at 19.00 just
after the lights are put off. The sharp change
from the inactive phase to the active phase is
always observed exactly in phase with the
brightness variation, while the shift from the
active phase to the inactive phase does not
occur exactly in phase with the brightness
change. The pahse relation of the shift from ac-
tive phase to inactive phase to the time when
the lights are on appears to be changed lobster
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Fig. 6. Temporal variation of the moving distance per hour of the lobster during the ex-
perimental period of 6 weeks from January 5 to February 15, 1995. The variation is
shown separately for each week, and the segments are aligned from top to bottom. The
measurements were interrupted for about 8 hours on January 17 due to shock of the
Hanshin Large Earthquake and from January 20 to is shown in the bottom of the fig-
ure, and the black bar and white bar indicate the nighttime and daytime, respectively.
The scale of the moving distance is shown at the right-down corner of the figure.
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Fig. 7. The diurnal variation of the moving dis-
tance per hour averaged over the experi-
mental period. The moving distance in m is
taken in ordinate. The time of day is taken in
abscissa, and the night time and daytime are
shown with black bar and white bar, respec-
tively.

by lobster. The figure indicates that the activ-
ity in the first half of the nighttime tends to be
higher than in the second half of the nighttime.

Similar tendency is also seen in some of the
variation patterns in the previous experiments
(KOIKE et al., 1995 and 1996). These similarities
suggest that the simple measuring system is ef-
fective enough if we discuss only the diurnal
variation pattern of the lobster activity.

4-3. Preferable position of the lobster in the cage

An example of the nighttime moving trajec-
tory for one hour is shown in Fig. 8. The lobster
usually moves around along the wall, but occa-
sionally leaves the side wall and crosses the in-
terior of the cage. The moving speed of the
lobster is faster in crossing the central part
than in rounding along the wall, except when it
found the mussel there.

In order to clarify the preferable position of
the lobster in the cage, we set 24 sub-domains
having the same area as shown in Fig. 9. The



16 La mer 34,

Fig. 8. Same as in Fig. 5 except for the period
from 22: 00 to 23: 00 on February 15.
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Fig. 9. Sub-domains where the residence fre-
quencies of the lobster are obtained.

frequency in % that the lobster stays in each
subdomain is calculated and are shown in Fig.
10 and 11. It is clear that the lobster selects
rather to stay in the vicinity of the cage wall.
The frequency distributions both in the outer
sub-domains and in the inner sub-domains are
almost symmetrical, indicating that our appa-
ratus including the lightening system is ar-
ranged symmetrical enough.

5. Concluding remarks

By supporting the lobster cage with a trian-
gle frame and by measuring the weights at its
three corners, the automatic recording system
of the lobster movement is designed and
adopted in our experimental tank. The prelimi-
nary experiments showed that the system is
accurate enough to observe the detailed lobster
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Fig. 10.

10 9

Residence frequency in % each outer

sub-domain from domain 1 to domain 16.
The domain numbers are shown outer rim
of the figure (see Fig. 9 for positions of the
sub-domains). Frequencies are calculated for
nighttime (the full line) and for daytime
(dotted line), separately. Note that the total
frequencies shown in this figure is not 100
9% : they would become 100% if we add the

frequencies shown in Fig. 11, respectively.
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23 —
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Fig. 11.

21

18

20

19

Same as in Fig. 10 expect in each inner

sub-domain from domain 17 to domain 24.
Note that the furequency scale is much ex-
panded in comparison with Fig. 10.
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movements, and showed that it is very useful
to trace the lobster especially under a pitch
dark condition when the lobster movement is
not visual.

This automatic recording system would be
applicable also to observe the other benthic
animals, such as clawed lobster, shrimps and
various kinds of crabs in the experimental
tanks.
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Studies on the relation between volume of visual pigment
in the rods and maturity of fish

Eiichi HasecawA* and Akiko NAGANAWA ™~

Abstract : In order to investigate the relation between volume of visual pigment in the rods and
maturity and the relation between fish behaviour to the light and maturity, we made the experi-
ments with Japanese anchovy, cobaltcap silverside, pacific saury and mosquito fish. The quanti-
tative analysis of visual pigment was made by the retinaloxime method. Each kind of fish were
measured body weight and gonad weight, and calculated gonad somatic index (GSD. The indi-
cation of the behaviour of fish to the light was the following rate to the moving light screen.
More maturity mosquito fish tended to more less following rate, but have nothing to do with the
volume of visual pigment. And the GSI of other kind of fish werc unrelated to the volume of vis-

ual pigment.
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Fig. 1. Plane view of the experimental appara-
tus used to induce the optomotor reaction of
fish.
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Fig. 2. Relation between GSI (gonad-somatic

index) and visual pigment content (mol/ml

/eye) in japanese anchovy Engraulis japon-

ica.
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index) and visual pigment content (mol/ml
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Fig. 4. Relation between GSI (gonad-somatic
index) and visual pigment content (mol/ml
/eye) in cobaltcap silverside Hypoatherina
tsurugae.
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Fig. 5. Relation between GSI (gonad-somatic

index) and visual pigment content (mol/ml
/eye) in pacific saury Cololabis saira.
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Table 1. Rate of optomotor reaction of Mos- Table 2. Visual pigment content in Mosquito
quito fish fish
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Analysis of cutting mechanism of the roll type Nori harvester

Sadami YADA", Jia Kang CHEN* and Masayoshi Topa*

Abstract : Theoretical analysis was carried out on cutting mechanism of the roll type Nori har-
vester in reference to revolution locus, cutting resistance force and velocity vector of V type
knife. 1) Working boat was more easily controlled when force of the frame for picking up Nori
net was stronger and when resistance force acting on the frame was smaller, enabling the effi-
ciency of picking up Nori net and the cutting accuracy better. 2) When revolution direction of
the roll type harvester and advance direction of the boat were the same, V type knife cut and
pushed Porphyra thalli to advance direction. Largeness and direction of cutting resistance force
changed as momental cutting quantity and number of operating knife changed when cutting
thalli. 3) Practical cutting resistance force was reduced when the point angle of V type knife
was small. 4) In the present case, a harvester equipped with triple V type knives was found to
work more efficiently than that with a single knife, remaining the variation of stubble length
smaller. 5) Pulling cut was appoximately 70% and shearing cut appoximately 309%.
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Fig. 1. Outline of boat for harvesting Nori. 1:frame for transporting Nori net, 2: guide for pre-
vention of Nori net slipping sideways, 3: operation room, 4: hydraulic pressure control
valve, 5:drive apparatus for sliding of diving frame, 6 : Nori harvester, 7:diving frame for
hauling net (at rest), 8:diving frame for hauling net(at work), 9:boat body, 10: hydrau-
lic motor, 11:tube, 12: hydraulic unit, 13: outboad motor.
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Fig.2. Arrangement of Nori net (a) and nets per
Nori farmer (b).
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advance direction

diving frame for slide net T N
I . -

Fig.3. Resistance force when net is picked up.
@ : force when frame picks up net, 7T': tensile
force of spread net, P: resistance when net
acts on diving frame, &: diving angle of
frame for picking up net, ¢:angle between
tensile direction and horizontal direction, S:
length of net, f: maximum deflection of net,
S, : distance from bow to water surface, S.:
diving depth of frame top, A and B:both
ends of net.
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belt, 3:cover, 4:V type knife, 5: roll
with V type knife, 6: pulley, 7: fence to
protect net, 8:roller.
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Fig. 5. Resistance force when Porphyra thalli act
on V type knife. ¢: point angle of V type
knife, @, : resistance forceto revolve direc-
tion of V type knife, @, : friction loss when
Porphyra thalli slide on knife face,  :angle
velocity of roll, L :length of V type knife,
6: available cut angle, O: origin of coordi-
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Fig.6. Shape and various angles of V type knife
(a) and helix knife (b). a: rake face, b: rand,
c:back face, a: rake angle, B: end relief
angle, 7.:angle of first clearance, 7,:angle
of secound clearance, 4: helix angle.
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Nori net

. Porphyra thalli after harvesting

T ;_E; k — X
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iNx /
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advance direction |
advance direction lY |~Y
(@ (b)

Fig. 7. Resistance force (a) and velocity vector
(b) when V type knife cuts Porphyra thalli.
A:roll center, O: origin of coordinates, 6:cut
angle of revolution, w: angle velocity, G:
weight of Porphyra thalli, T: resistance when
V type knife acts on Porphyra thalli, N: cut-
ting force of V type knife, Nx: horizontal
component force of N, N,: vertical compo-
nent force of N. v: peripheral velocity of V
type knife edge, u: advance velocity of V
type knife, @:optional position of rotating
V type knife, X: advance direction of V type
knife. Y: dangling direction of Porphyra
thalli, &,:scattering angle of Porphyra thalli,
Tr: elasticity resistance force of Porphyra
thalli.
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Fig.8. Revolution loci of V type knife edge (sin-
gle knife). O: origin of coordinates, Z: roller
center, M,—Z,: longest length of stubble.
Single knife: X=17860 +125 sinf8, Y=125
(1-cos 6 ). Double knives: X=17.88 +125
sin( @ +27/3), Y=125[1-cos( 6 +27x/3)].
Triple knives: X=1780 +125sin(8 +47/3),
Y=125(1-cos( @ +4 7 /3)].
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Fig.9. Comparision of revolution loci on single
V type knife edge. O—M: cutting pitch, O-
M, : fair cut area per revolution, O-M,: head
cut area per revolution. Thick solid line:
cutting area, thick dotted line: no cutting
area, thin solid line: cutting area, thin dot-
ted line: no cutting area, thick line: revolu-
tion to right, thin line: revolution to left.
Thick line: X=1780 +125sin 6, Y=125
(1-cos 8). Thin line: X=1.786-125sin 4,
Y=125(1-cos 0).
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Observations at the two offshore tower stations
during the Typhoon 9426’s passage

Shigehisa NAKAMURA *

Abstract : Observations at the two offshore tower stations during a typhoon’s passage are intro-
duced and studied. A case of the Typhoon 9426 which landed on 29th September 1994 is the inter-
est in this work. The two offshore tower stations recorded oceanographical and meteorological
records during the typhoon’s passage. Two considerations are given, namely; a) relationship
between the surrounding topography and the obtained distorted wind records on that day, and
b) relationship among the surrounding toporgraphy, wind data, sea surface tempcrature and

tidal data at the said of two stations.
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Fig. 1. Track of Typhoon 9426 and the location
of one of the offshore tower stations (T).
The cross mark is showing the typhoon’s
center at 21h JST on each day during 25th to
30th September 1994.
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records obtained at the new offshore tower
(T) located at 33°42.2" N, 135°21.1" E.
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Fig. 3. Relation between the recorded wind

speeds by the sonic wind meter (US) and by
the wind meter of a vane with an impeller
(UV). The numerals are time (hour) on 29th
September 1994.
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Fig.6. Relation between the tides and sea sur-
face temperature. A relation between tide
level (Z) and temperature (T) at the new
station refering the new station (T) and at
the oceanographic tower station (T").
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Book review

CADBOROSAURUS : Survivor from the Deep.

Paul H. LEBonD and Edward L. BOUSFIELD, 1995.
Horsdal & Schubart, Victoria, BC Canada.

ISBN 0-920663-33-8.

In this little book, two Canadian scientists re-
view the evidence for a large unidentified ma-
rine animal seen off the west coast of North
America. The animal is called Cadborosaurus,
or Caddy for sort, after Cadboro Bay, near Vic-
toria, BC, where it has often been seen. Because
this animal is known only through eye-witness
reports or inadequate material and documen-
tary evidence, it remains a “cryptid”, i.e. an un-
discovered creature which is of interest to
cryptozoologists. This monster has attracted
the attention of scientists since its feature was
introduced on the cover of “Science” in 1979
(vol. 205, no. 4402) with its description as “The
Sea Hag”, an 1800-pound monster sighted in the
Gulf of Geogia, British Columbia. Sightings of
sea and lake monsters have been reported from
ancient times to the present and have been the
subject of some serious research. “More fa-
mous, but not necessarily more real, cryptids
include the Loch Ness monster of Scotland! and
the ape-like Sasquatch of western North Amer-
ica.

The authors begin by showing evidence
from native artifacts, such as petroglyphs,
which depict a serpentine creature with small
flippers, big head and teeth, reminiscent of
later eye-witness reports. Much of the evidence
for Caddy comes from descriptions by sur-
prised sailors, fishermen and beach combers,
who often were very hesitant about reporting
such an unknown animal, for fear of ridicule.
Of the hundreds of reports over the last cen-
tury, the authors have selected 150 which sat-
isfy their criteria that: 1- the object seen must
clearly be an animal (not a branchor a wave);
2-it must clearly be an unfamiliar animal (not
a seal, turtle, sea-lion or other well known ma-
rine animal). Any report where doubt arose
was discarded. What remains is an impressive

collection of detailed observations of an animal
characterized by a long neck, a horse-like head
(sometimes described as camel, or giraffe-like),
a sinuous, sometimes coiled body reaching 10m
in length. Sometimes a mane or coarse hair are
mentioned. Large eyes and a big mouth, with
prominent teeth are reported. The animals
swims quite rapidly, surfaces only briefly, and
is sometimes seen in pairs.

What would satisfy a biologist would of
course be a specimen, dead or alive. The
authors review strandings of strange carcasses
on the coast of the northeast Pacific. Most of
them turn out to have been basking sharks.
One carcass however stand out on its own. It
was found in the stomach of a sperm whale at
Naden Harbour, a whaling station in the Queen
Charlotte Islands in 1937. The creature was so
unusual that all work stopped and the long (a
little over 3m) slender body was laid out on
boxes and photographed. Its camel-like head
and sinuous appearance suggested at the time
that it might be a juvenile Caddy. The authors
found a living witness of the event who
authenticated the photographs. Unfortunately,
the carcass was not preserved. There is also a
more recent report by a local mariner of an ani-
mal interpreted as a baby caddy.

The authors attempt to classify the animal
on the basis of its observed qualities, tenta-
tively describing it as a reptile : Cadborosaurus
willsi, in honor of Archie Wills, a newspaper
editor on the 1930’s who took a strong interest
in Caddy.

Not everyone will be convinced that Caddy
exists, or that it is a reptile. Nevertheless, eve-
ryone who is curious about strange marine ani-
mals will appreciate the information presented
by LeBlond and Bousfield, who, in the end, in-
vite the reader to draw their own conclusion on
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the strength of the evidence presented.

Both authors are distinguished scientists,
members of the Royal Society of Canada, and
experts in their respective fields of physical
oceanography or zoology. Professor Paul H.
LeBlond is director of the Program in Earth
and Ocean Sceinces at the University of
Britishu Columbia, Vancouver. Dr. Edward L.
Bousfield is a retired Chief Zoologist of the
Canadian Museum of Nature, Ottawa.

In the past, 30 and more years ago, oceangra-
phers used to engage in scientific investiga-

1996

tions in an atmosphere of romance and adven-
ture. However, at present, in the space age, they
tend to look upon the oceans as if it was just
water for experiments in glass flasks or beak-
ers. This is a sad situation for orthodox ocean-
ographers, and this welcome little book
restores some of the romantic emotion of
discovery which is such an important motiva-
tion for marine science.
Humitake SEKI
University of Tsukuba, Japan.
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