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Movement and growth of tagged hatchery-reared Japanese flounder Paralichthys olivaceusin
the Sohya waters off northern Hokkaido

Yoshihiro IMAI®, Keizo YOSHIMURA"™ and Susumu KIYOKAWA™

To examine movement and growth, [TOIIT hatchery-reared Japanese flounder Paralichthys olivaceuswere
tagged and released in the Sohya waters, the Sea of Japan and the Okhotsk Sea, off northern Hokkaido in
September and October [(TTT3 [TTT]. Most recovery was recorded around the release locations within one year
after release, and there the recovery continued over [0 years post-release. Also the area south of the
release location one year or more after release. The distribution of flounder tended to expand toward the
south. The flounder recovery concentrated from May to December, about O and OO0 year after release,
and the number of recaptuerd fish in 0000 0000 were OO 00% of the total number except in OO,
respectively. About [T} [TJ% of each the total recovery in (1110 and [I11J, under O years till return, were
recaptured around the release locations. A few fish was recaptuerd off Ishikari, Shiribeshi, Hiyama, Oshima
subpref. and Aomori pref.. In both the Sohya and the northern Rumoi waters the flounder was recaptured
mainly with the gill nets or the set nets. The flounder was thought to grow rapidly during June to
November after [TT] days post-release, and not to grow in other months. The tagged flounder released in
(I1T0 was O- Ocm larger in the total length than fish in (IT1] and (011 during the period O- O year after
release. It was no appeared the growth of tagged flounder is associated with the release locations.
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Figl Release locations (solid circle) for
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Table 0 Release year( date[ locationd number and total length of the hatchery-reared Japanese
flounder tagged and released from (1110 to (IT1] and number of fish recaptured Data were

collected until December (OO0

Release Release Release NoO of Total length 0 O NoO of
year date location release Mean Range recaptured

M Sepd Rebun Mmr mm [Mm-+om O

T [ Sepd Rishiri mr m M-+ O

1 Sepd Koetoi mr m [Mm-+om ™

subtotal M [mE|

1 Sepd Koetoi mr md M- ™

aaan M Sepd Yuchi [ [ -1 0

0 Octd Sarufutsu O Mma MOm-+0m ad

subtotal M HN|

[ Sepd Koetoi mr m M-+ 1

Raes M Sepd Rishiri Mmr mm [Mm-+om ™

[ Sepd Yuchi [ (Jm (M- 1

subtotal M (RN

M Sepd Koetoi [ [ -1 0

T 1 Sepd Bakkai mr md M- O

M SepOd Rebun [ [ [ m-+110m 0

subtotal M [mE|

total EER[IINE [1T]
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FigM4 Recapturest open marksO and releases solid marksO of hatchery-reared Japanese
flounder tagged and released at Koetoill Rebun and Rishiri in (ITTJ0 Date represent
the periods of recaptured and figures the number of fish recapturedd
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Compensation for temperature in the respiratory metabolism
of the sea urchin(Btrongylocentrotus nudus™

Syohji OHSAKI™

As a preliminary approach to the bioenergetics of the sea urchin, Strogylocentrotus nudys oxygen
consumption measurement with special emphasis on thermal adaptation of the species was carried out with
(O individuals at a time in a mildly aerated free-surface water. The respirometric method secured
statistically stable data as well as the respiration independent ambient oxygen tension zone of the animals.
A prominent compensatory thermal adjustment was emerged in the respiratory metabolism of S. nuduswith
laboratory acclimation to [1J, [TJ, and (IO for at least thirty days. No clear indication of thermal adjustment
was found in the respiratory metabolism of the (10 -acclimated urchins under the subsequent subjection to
nine days’ stepwise temperature increasing from [IJ to (1JO. Neither the [TJO -acclimated urchins nor the
(IO -acclimated ones showed substantial thermal adjustment in respiratory metabolism during the subsequent
acclimation to [(1J0 and IO respectively for six days. The rate-temperature relationships, together with an
ordinary allometric relationship between oxygen consumption and body weight, were expressed by a
multiple regression model as an attempt to predict the oxygen consumption of field acclimatized S. nudus
and several factors affecting it were discussed to evaluate the model.”

Key words: Sea urchin; Strongylocentrotus nudys Oxygen consumption; Metabolic

rate; Temperature

acclimation; Respirometory; Echinoderm physiology; Bioenergetics

O0Ontroduction

Compensation for temperature in the metabolism
of poikilotherms, although it has some exceptions, is
now a well accepted physiological conception. It is
generally assumed that, within a certain range of
temperature, the metabolic rate of a poikilotherm
increases [0 or decreasesd as ambient temperature
increases [0 or decreasesll] When the temperature
change is slow enough, however, the poikilotherm
will maintain a relatively moderate metabolism,

although, still, the rate will be higher in the higher

“

temperature regime. This is called

n2)

partial
compensation In intraspecific comparison, when

measured at some intermediate temperature, a
poikilotherm which has long enough inhabited in the
lower temperature regime will generally exhibit a
higher metabolic rate than a poikilotherm which has
long enough inhabited in the higher temperature

regime. Because, the poikilotherm in each of the
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0 In usages of the* terms acclimation”,* acclimatization”, and“ adaptation”, this paper follows the precedent
of Percy”: acclimation” refers to“ the compensatory change in an organism under maintained deviations
of a single environmental factor O usually in laboratory [0 Prosser and Brown [ITTJ00“ acclimatization”
refers to" those compensatory changes in an organism undergoing multiple natural deviations of milieu—

climatic, physical and biotic’ 0 ib00 and the term“ adaptation” encompasses these two terms.
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regimes has achieved adaptation to the ambient

temperature to acquire a certain moderate

metabolism, but can not maintain it in the new
temperature regime due to the acuteness of the
temperature change. This is sometimes applicable
also in

interspecific comparison: the comparison

between similar species with the difference in
habitat. Since reviewed by Bullock” in [OII1J, the
conception has been introduced into marine ecology
on teleosts™™. As for regular echinoids, we can find
relevant works on Strongylocentrotus droebachien$is
S. purpuratus™®; S. francicanus® Allocentrotus fragilis’™;
and Eucidaris tribuloideS”.

“ Efficient utilization of marine resources requires
of the

communities of the sea. Measurement of respiratory

knowledge bioenergetics of the major
metabolism of plants and animals constituting these
communities is an important aspect of bioenergetic

»00

studies™". As for regular echinoids, an attempt was
made by Miller and Mann™ to apply the bioenergetics
of Strongylocentrotus droebachiendis efficient utilization
can be

of seaweed zone resources. A few works

found in respect to the respiratory metabolism of

the regular echinoids of Japan O Strongylocentrotus

nudus™™; S. intermediu$”; Hemicentrotus pulcherrimuti
Anthocidaris crassispiid; and Toxopneustes pileolts]
however none of these works are concerned with
thermal adaptation in the respiratory metabolism.
The northern sea urchin, Strongylocentrotus nuduss
the most important benthic herbivore of the rocky
shores on southwestern Hokkaido’'s Japan Sea coast,
where it is both the subject of fisheries and an
influential factor in coralline flats called “ isoyake™™™",
The present author thus undertook a preliminary
study on the compensatory adjustment for temperature
in the respiratory metabolism of the species with

laboratory acclimation.

OMaterials and methods

O@DRespirometry

Oxygen consumption by [T individual urchins ca.
(Mg in mean wet weight was measured in a [ ¢
its surface freed. Moro-oka’s method™
but with

water with

was applied, some modification. To

encourage diffusion of dissolved oxygen, the water
was mildly aerated by an air pump through a V
shaped nozzle, with the flow rate of air regulated
at J¢0min by a flow meter with a needle valve
O FigdO A water depth was[TJ 0. On the assumption
that the water depth is shallow enough to neglect
the difference in the oxygen partial pressure
between the atmosphere and the bubbles and that
the rate of oxygen consumptiond QO.0is constant,
oxygen deficiency DO =0 - saturation rate(J at time
TO hrOis given by an equation:
D =0 Ky IKEI Ko Ik D, MEXA- KITO (1),

K, and Dg

the oxygen consumption coefficient;

where Kg, are constants representing

the over-all

diffusion coefficient; and the initial oxygen deficiency
respectively. Values of these three parameters can
be determined in such a way that the theoretical
curve expressed by Equation 1 will be best fitted to
values of T- D by actual measurement at regular
time intervalsd described laterd Then, the QO is
obtained from the following equation:

M = 10000 KOMIC, MZWe,

where M is the QO, per unit wet weightO u ¢ 0 g lhrJ

V is the volume of watef] ¢[JC, is oxygen concentration

at saturationd m¢0 ¢ 0 and Wi is the wet weight of

an individualO g O
Figure O shows a six-chambered tank and its

water circulating systems employed for the
respirometry. YSI model [IJ DO dissolved oxygen[]
meter and its electrode with a submersible stirrer
were used for DO measurement. The procedure for
the respirometry was as follows:

(1) All water circulations were turned on for a few
days prior to measurement, and urchins were
placed in a respiration chamber the day before
the measurement was conducted.

(2) The DO concentration of nearly saturated water
in a calibration chamber
determined by the Winkler method.

(3) The DO meter was calibrated in the calibration

was  previously

chamber.
(4) The
chamber was turned off, and the DO saturation

water circulation for the respiration

rate of water in the respiration chamber was
determined at - min intervals for O hours.

(5) After the measurement, the circulation was



turned back on for a few minutes.

(6) Then, with the circulation turned off, water in a
filter tank for the respiration chamber was fully
changed for water in a reservoir.

(7) And the circulation was kept running for at
least O hour until the next measurement was
conducted.

(8) Step number (3)-7) were repeated several times
on the same experimental condition.

The apparatus enabled two series of
measurements simultaneously to be made. The
water temperature of each circulating system was
independently

within an accuracy of z0OIIO. The temperature

regulated by a thermoregulater

change of water in the respiration chamber for
the duration of a measurement was withint OO ,
and the DO saturation rate of the water never
fell below (11%0 a partial pressure of (1110 He(l

O Calculation

An iterative least-squares technique was employed

for fitting the theoretical curve

expressed by

12

2\l
Al

A
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Equation O to the T- D data obtained from the

actual measurement. The procedure was as follows:

Equation O represents a modified exponential curve,
D = A-BEIC",
where
A = KuIK; B = Kok Do; C = ExpO- KOATIO
n =O0OTIA t;
and At is a time interval in minO0 =00 Thus,
approximate values for the parameters A, B, and C
are given by a three-points estimation method.
Then, approximate values for Ky, K, and Dy are
also given. The true or best values for Ky, K, and
D. are calculated by means of trial and error, with
the approximate values as the initial ones, so as to
yield the
coefficient on the T- D data.

maximum value of the correlation
The calculation was performed automatically on a

personal computer™. Figure O shows an example
of the oxygen depletion curve obtained from the
respirometry. In all cases, the correlation coefficient
exceeded OO N =110

The relationship between body weight W g [

AN
<

Lz

.-

P

AR

Lzzzgz2zzz

Fig.1 Schematic diagram of the respirometry of Strongylocentrotus nudusn a mildly aerated
free surface-water, with a six-chambered tank and its water circulating systems: 1.

calibration chamber; 2.

respiration chamber;

3. water reservoir, 4. filter tank; 5.

magnetpump; 6. cooling unit; 7. heater; 8. air diffuser; 9. thermosensor; 10. thermoregulator;
11. oxygen electrode with a submersible stirrer; 12. DO meter; 13. air pump; 14. flow meter
with a needle valve; 15. V-shaped nozzle. Arrows indicate the direction of water flow.
Two line edges indicated by the same letter are connected to each other.
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and QO per individual MOWO p ¢ 0hr0 is generally
expressed by an allometric equation:

MIW = ADOW,
where A constants™™".  On the

relationship is

and r are
assumption that this applicable,
resulting values of the QO., were adjusted to that of
a3} g urchin:
M, = I°E sWil ZWi' MM (2),

where Mg is the QO. of a I3 g urchin per unit
wet weightOp¢0g/hrd0 The value of the weight
exponent r for S. nuduswas given by Ryabshkg™
as O3 0O, so that an approximate mean of

OO was adopted.
O@DCExperimental conditions
Experimental  specimens collected by

SCUBA at a depth of B[ m off the coast of
Iwanai. They were kept in perforated containers

were

held in circulating water tanks O or Ot in bulk, and
were acclimated to [, (0 and 110
thirty days. A quarter of the water in each tank

for at least
was changed daily, and with feces removed, dried
Laminaria angustatawas provided ad libitum. The
deviation of water temperature in the tanks during
the acclimation was within +00, with the water
salinity [(M+00PSUO and no urchins died. The
urchins were starved for four days prior to use.
After

respirometry, they were placed on paper

towels for a few minutes to drain, and the test
0.15
>
Q
o
§ 0.10t+~-—-———————
Y
[}
o
T 0054
(=)}
> ® Observed
5 p ~ Calculated
0.00 T T T
0.0 0.5 1.0 1.5 2.0

Time (hr)

Fig. 2 Example of raw data obtained from the
respirometry of Strongylocentrotus nuduswith
30 individuals at a time in a mildly aerated
free-surface water and the theoretical oxygen
depletion curve best fitted to the data with
an iterative least-squares technique. In all
cases, R>0.998 (N=25).

diameter and weight for each individual were
measured. In this study, seasonal factors other than
temperature were obliged to be neglected (discussed
later), and some of the urchins were reused after
complete acclimation.

The measurement of QO. for the specimens, with

particular reference to thermal adaptation, was
conducted under four temperature conditions:
acclimation; acute temperature-change; stepwise

temperature - increasing; and short term acclimation.

2[BML0 Acclimation and acute temperature-change

The QO, of two [TI0 -acclimated groups, one [0 -
acclimated group, and two [0 -acclimated groups
were measured at their acclimation temperatures.
Each group comprised [11 individuals, which were
measured at a time. Six to nine measurements
were conducted for each of the groups during the
daytime for two or three days.

For the two 110 -acclimated groups and the two
(00O -acclimated groups, the QO, at acutely changed
in the

two [0 -acclimated groups, one was measured at

temperatures was subsequently measured;

MO, and the other was measured at (100, while in
the two [0 -acclimated groups one was measured
at [0,
Temperature was started to
000010 when  the
temperature had ended,

and the other was measured at [O.
change at night
experiment on acclimation
and the experiment on
acutely changed temperature commenced the next
morningdO T The thermoregulater was allowed to
achieve the temperature change of £+ O 0O inOIhours
in O@hours.

Six measurements were conducted for each of the

and the temperature change of + [0

groups during the daytime for two days.

The experimental conditions are summarized in
TableD'. The experiments extended over a rather
long period April-July [OTT], thus, seasonal factors
such as the reproductive state of the animals and
photo period may have affected the results. To
examine the effect, another experiment on
acclimation temperature was conducted during the
following January with one group for each of
and [MO. The

urchins used in all experiments ranged (I3 (111 & in

acclimation temperatures [11, [1J,



wet weightdM} OO in test diameter(] and group
mean wet weight was [ to [0 g0 to (IO in test
diameterl Although no statistical analysis was
made to identify the difference in size composition
among the groups, the QO, values were corrected
to an approximate group mean wet weight of (118

by Equation 0.

OIDIDStepwise temperature-increasing

Prior to the above experiments, the respirometry
was tested with [OJ individual OO -acclimated
urchins in March OTTJ. The QO of the urchins was
to (IO
for nine days. Two or three measurements were

measured at ca. 00O intervals from DO
conducted at each temperature during the daytime,
and the temperature was altered at nightOITTD0O
Owing to the trouble of

cooling units, the

temperature intervals were obliged to be made
irregular. The urchins used were of [TJ+x[11g in
wet weight, and M+ 00O

SDO The QO: values were corrected to [1J g in wet

in test diameter(] meant

weight by Equation O .

000000000000000000000000mooD0 17

OMMmCshort term acclimation

In the above experiment on acutely changed
temperature, the measurement for the one [0 -
acclimated group and for the one 110 -acclimated
group at (OO and (IO respectively were continued
for another four days to examine thermal adaptation
in the respiratory metabolism of the animals within
a short term of six days.

OCResults

dmmCAcclimation and acute temperature-change

QO. values for all of the experimental conditions
in Fig.O0 .
temperature, the QO. values of two experimental

are presented In each measurement
groups acclimated to the same temperature were
cases] Mann-Whitney’'s U-test,
P>0000 while the QO, of a group acclimated to
the lower temperature was significantly higher than

identical in all

the QO of that acclimated to the higher temperature
in all case§] P <OMOO In each acclimation temperature,
on the other hand, a QO. measured at the higher
temperature was significantly higher than a QO

Table 1 Summary of experimental conditions on the oxygen consumption measurement of

Strongylocentrotus  nudus

atacclimation and

acutely changed temperatures.

Experiments were carried out from April to July 1998 at first, and additionally in
January 1999 to examine the effects of seasonal factors. Each group comprised 30

individuals.
Acclimation Measurement Date of Test diameter Wet weight
temperaturgl 00O temperaturg OO measurement O meant SDO O Omeant SDg 0O

[N May [0 Jun@IITT
M O+ 00 MM+ 0m
M JunO OOOMOTT
[N May [0 JunITO
DM+ 00 MO+ Mm
M Jund 0000
M AprIO0MMTN MM+ 00 MM+ M@
™ Jull DO00OmT™
M MM+ 00 MM+ M@
M Jull OO00OMT™
M Jull MOMmrT
M O+ 00 MO+ Mm
M Jul MO
M M JanO MO M@ MM+ O MM+ Mm
M M JanOMO MM O+ 00 MM+ Mm
[mE| M JanO MO MO M+ 0m M+ 0m
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measured at the lower temperature in all case8 P <
omoa

These rate - temperature  relationships  were
expressed by a multiple regression model™
|Og Mo = As+BdID 0- eu O+ B_DGJ (3),

where 0 is the measurement temperatured O [0 6. is
the acclimation temperatured 00 and A, B: and B
are constants. In making the analysis, data obtained
from the same temperature conditions were pooled.
The result is depicted in Fig. O, where A.=0M0T1T7;
B, = OT; and B, = OO R = OO, N =
00O Further, for a given body weight W g [ the

15
Measured at 10C
10=4 e e VR R R P REEREE
0 T T T
May 30 May 30 Jan.18-19 Jui.4-5
-Jun. 1 -Jun, 1 ,1999 ,1998
,1998 ,1998
20

Measured at 15C

Oxygen consumption (ul/g /hr)

Jun.2-3 Apr.21-23  Jan.21-23  Jul.28-29
,1998 ,1998 ,1999 ,1998
25 =
Measured at 20C
20- B I T LT Lo e -
157
10
5%
0 T
Jun.4-5 Jul.1-3 Jul.25-27  Jan.21-23
,1998 ,1998 ,1998 ,1999

D 107 acclimated
15%C acclimated
[l 20 acclimated

Fig. 3 Results of the oxygen consumption (QO.)
measurement of Strongylocentrotus nudusat
acclimation and acutely changed temperatures.
Each column indicates a mean group QO: in
6 to 9 measurements with 30 individuals at
a time; vertical bars indicate +SD. All values
are adjusted to represent rates for 75-g
urchins.

model of this form can be used:

log M = A+BII6- 6,0+ B[16:

£10- rMlo@mMIWO (4).
A temperature coefficient for the acutely changed
Qu and that for the
temperature Qu’' here are given by equations:

log Qu O 1@B, (5 and log Q. O OB, (6).

temperature acclimation

Then, the Qu value O and the Qu' value O]
were obtained.

ODB5tepwise temperature-increasing

The relationship between the QO, of the [0 -
acclimated group under subjection to the stepwise
temperature-increasing and the temperature of
subjection is shown in Fig. 0. The data are plotted
on the theoretical curves given by Equation O

expressing the rate-temperature relationships in
acclimation and acute temperature-change. The
curves are extrapolated over a measurement
temperature range [(TJf10. At any temperature of
subjection within the range [Tf00

the QO

for eight days,

under subjection was near to that

25

Observed
O Acclimation
@ Acute change
Calculated
— Acclimation
— = Acute change(10°C accl.)
== Acute change(20°C accl.)

Oxygen consumption (ui /g /hr)

10 15 20

Temperature (°C)

Fig. 4 Rate-temperature relationships expressed by
a multiple regression model derived from the
results of the respirometry of Strongylocentrotus
nudus at acclimation and acutely changed
temperatures. Each open circle represents a
mean QO: at the acclimation temperature in
2 or 3 series of measurements 16 to 23 in
total; each closed circle represents a QO. at
the acutely changed temperature in a series
of 6 measurements; vertical bars indicate
+ SD. For each series, 30 urchins were used.
All values are adjusted to represent rates
for 75-g urchins.



110 -acclimated urchins in acute

temperature - change ,

predicted for
while at a  subjection
temperature of [JO on the ninth day, the former

was far lower than the latter.

OmBhort term acclimation

In Fig. O, the QO: values of both the [TO-
acclimated group and the [J0O -acclimated one
measured at the acclimation temperatures for three
days and at acutely changed temperatures of [(TI0
and [0

are plotted against time in day. For each of the

respectively for the subsequent six days

groups, predicted values for the QO. in the acute
temperature-change O at [1J00 in [1JO -acclimation or
at (OO in OO -acclimationd the QO, at IO in
(100 -acclimation; and the QO, at (MO in [MO-
acclimation given by EquationO each are indicated
as horizontal bars.

During the first three days of measurement at
both the 0[OOO -
the OO0 -acclimated one

the acclimation temperatures,
acclimated one and

maintained similar QO., values to those predicted

50
Observed
h Py ® Stepwise increasing
" (10°C accl.)
- /' ° @ Calculated
o —— Acclimation

= = Acute change (10°C accl.)
- = Acute change (20°C accl.)

104

Oxygen consumption (w1 /g /hr)

5 T T T T T T T
8 10121416182022242628
Temperature (°C)

Fig.5 The relationship between the QO. of 100 -
acclimated  Strongylocentrotus nudus under
subjection to stepwise temperature-increasing
at cad20 intervals from 100 to 2600 for
9 days and the subjection temperatures,
plotted on theoretical curves expressing the
rate-temperature relationships in acclimation
and acute temperature-change— the curves
are extrapolated over a measurement
temperature range 20-2600. Each data point
represents a mean group QO. in 2 or 3
measurements, where the group comprised
of 30 individuals. All of the QO. values were
corrected to 75g in wet weight.
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viz. the predicted QO at O in [0 -acclimation
and that at IO
After the acute temperature-increasing to [0, the

in O -acclimation respectively.

QO of the MO -acclimated group was near to the
predicted QO- at (110 in IO -acclimation, and much
than that at [OJ0O
throughout the subsequent six days. On the other

higher in 000 -acclimation
hand, for four days after the acute temperature-
decreasing to (100, the QO. of the 110 -acclimated
group was near to the predicted QO. at [TJO in
M0 -acclimation, and much lower than that at [T
in (OO -acclimation. Then for the following two days,

l+—20C~»tt——1 0 C—m—{

20

154

Oxygen consumption (wl/ g/ hr)

101

Time (days)

—@— Observed

Calculated

- = ~~ 20%C acclimation ——— 10°C acclimation

— - — Acute change - = Acute change
(10°C to 20C) (20°C to 10C)

Fig.6 QO. of both 100 -acclimated individuals (A)
and 200 -acclimated individuals (B) of
Strongylocentrotus nudus measured at the
acclimation temperatures for 3 days and at
acutely changed temperatures of 200 and
100 respectively for the subsequent 6 days
plotted against time in day. Each data point
represents a mean group QO. in 2 or 3
measurements. All values are adjusted to
represent rates for 75-g urchins.
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it was intermediate between the two.
O[Discussion

In the results of the experiment on acclimation
and acute temperature-change, no evidence of
seasonal and/or size related influence was seen( Fig.
00 although the data are inadequate to conclude
that these factors had entirely no effect on the
On the

negligible

respiratory metabolism of the animals.
that
(discussed later), however, the results indicate that

assumption these factors are

the animals showed a prominent compensatory
adjustment of respiratory metabolism to the

acclimation temperatures at the measurement
temperatures after the acclimation for at least thirty
daysO Fig. 0 O

Although no statistical analysis was made, the
result of the experiment on stepwise temperature-
increasing suggest that the animals showed no
thermal adaptation of respiratory metabolism during
the eight days’ stepwise temperature-increasing
from OO to OOOFg. OO A
coefficient between (IO and [0

temperature-increasing was O], which was much

temperature
for the stepwise

the same as that for the acute temperature-change.
The stagnation of respiratory metabolism at the
subjection temperature of [(IJ00 on the ninth day is
considered to have occurred owing to physiological
limitation rather than to achievement of thermal
adjustment discussed later(]

In the experiment on short-term acclimation, the
results imply that both the (1JO -acclimated and the
00O -acclimated
improve adaptation of respiratory metabolism to the

urchins could not completely

new temperatures of [1JO0 and [TJO respectively
within the six days of the exposing periodO Fig.00 O
The OO0 -acclimated
exhibited some compensation on the fifth day and

urchins seemed to have
the sixth day of the subjection period; however, the
statistical significance of it is obscure, and the
incidents of both the [1JO -acclimated and the [0 -
acclimated ones in this period contradict a common
belief that acclimation to low temperatures takes
longer than acclimation to high temperatures™.

As Barcroft stated,” nature has learned to so to

exploit the biochemical situation as to escape from

the tyranny of a single application of the Arrhenius

equation”™. Jobling™, in this regard, emphasized a

distinction  between “ acute responses” and

acclimation responses”:“ acute responses” refer to

those resulting from rapid daily fluctuations” in

“

environmental temperature, and acclimation

responses” refer to" responses to be expected with

long-term or seasonal changes” in environmental
temperature.
Figure 7 shows seasonal changes in [m-

temperature off the coast of Tomari in lwanai Bay.
Environmental temperature experienced by the S.
nudus varies from OO in February to (DO in
Monthly

temperature are OO of the minimum in January

August in a year. changes in the
and February; OO of the maximum in May, June,
and October; and 0 OO

These temperature changes are so slow that

in the other months.

laboratory acclimation for at least thirty days can
be considered as approximating to the seasonal
environmental temperature condition. Tamurd™ and
Ryabushko et. AI"” measured oxygen comsumption
rates for field acclimatized S. nudusat the ambient
temperatures, and presented values of them in
terms of wet weight: OMp¢0g/r for a O0g
OO0 in Mutsu Bay in February and
(O Mp €0 g0hr for alg urchin at (00 in Vostok

Bay in August respectively_— each of them was

urchin at

measured in a closed respirometer by the Winkler
method. Based on the above approximation, theoretical
values equivalent to these are given by the substitution
of* 60 Ba” into EquationO :

log M = A.+B06, 41 0- rMlogmIwO
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Fig. 7 Seasonal changes in 10m temperature at the
site of Tomari Offshore Monitor, 1990-1999
mean (Hokkaido Electric Power Co., Inc.).



Then the theoretical values are OMIu 40 g/hr and

(Omu ¢ 0 g0hr respectively, both of which are
similar to the actual values.
This approximation, however, is a mere

extrapolation from the results of acclimation and
measurement conducted in a narrow temperature
range [TJ- (DO each, and the multiple regression
model Equation O or O is based on the assumption
that the temperature coefficient for acutely changed
temperature Qu is constant regardless of acclimation
temperature or measurement temperatured Equation
0 O—thus, the temperature coefficient for acclimation
temperature Q' is also constantd EquationOd [ In
fact, in ordinary cases, Qu is lower in the higher

range of measurement temperature”, and

the results of the experiment on stepwise

temperature - increasing, in view of the wider
measurement temperature range [J- [T10, suggests
such a tendency; the slope of the actual
rate-temperature relationship of the IO -acclimated
urchins is steeper in low temperature ranges than
in high temperature rangesO Fig.00 O Furthermore,
adapted to the

temperature exhibit the higher Q.°™ although such

generally, individuals higher
a tendency was not found so far as this study was
conducted; if the Qu of the 110 -acclimated urchins
than that of the [JO -acclimated

the rate-temperature

were higher

urchins, relationship of the
(IO -acclimated urchins would have a steeper slope
than that of the (TJO -acclimated urchinsO Fig.O [1 In
addition, the acute temperature-change in this study
can not be necessarily considered as approximating
to rapid daily fluctuations in environmental
This is due to the fact that the

measurements were conducted in 32 hours from [1J

temperature.

hours after commencing the temperature-change,
and there lies a possibility of rapid adaptation
having occurred in the respiratory metabolism of
the animals before the measurements™.

The data analyses in this study are based on the
that the

constant regardless of acclimation temperature or

assumption weight exponent r is
measurement temperature, and is O of the value
0O Equation0 O This value is, as stated before, an
r values 00T and

OO in allometric equations given by Ryabushko™,

approximate mean between
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whose data, in fact, are expressed in terms of dry
weight, whereas no more information on the data
0O e.g. adaptation temperature; measurement
temperature; and the range of body weightO was
available, and percentage water of S. nudu§] ca. [1J
%0varies with the individual. Jobling™ reported that,
to (g

weight, r is constanfl #1MJregardless of acclimation

in plaice pleuronectes plates§al] in wet

temperature or measurement temperature in the
range [OJ- OOO Percy”, on the
hand, in green
O Strongylocentrotus droebachienSid] to [1J 8

each. other

pointed out that, sea urchins
in wet
weight, small individuals adapt to temperature
better than large individuals; as a result, the r of
summerJ110 Oacclimatized urchins was significantly
than that of

urchins, although, in each of the seasons, the r was

higher winterO O O O acclimatized
substantially constant ca. OII in summer and ca.
Om in
temperature in the range O- (1JO with exception
of the valued =000 of
acclimatized measured at the

winter0  regardless of measurement

highest r the winter
ones summer
temperature [1J00 . At any rate, the majority of the
estimates of r for regular echinoids lie within the
range OII- Om.

The experiments as a whole were carried out

from January to July. The experimental animals

were well fed under the maintained laboratory
conditions for a month or more before being used,
nonetheless the reproductive state of the animals in
use was still considered to vary with the individual
as well as with the experimental period. Several
authors, in this regard, coincidently reported that
neither the indication of the significant effect of
gonadal conditiond and sexd on QO nor a significant
correlation between QO, and gonad index was found
tribuloideS” and
A"

attributed the result to the following facts: the

in  regular echinoidsO Eucidaris

Strongylocentrotus  purpurattis™ . Giese et.
specific gravity of gonads is near to that of
perivisceral fluid, and as gonads increase in volume
inside the test of an

urchin, they displace

perivisceral fluid which consumes only a small
amount of oxygen (the raw weight of the urchin
thus

containing organic matter nonetheless also consume

remains constant), whereas, the gonads
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only a small amount of oxygen (the QO per
individual thus also remains constant), although the
excised tissues of them consume a considerable
amount of oxygen in vitro due to the increment of
respiratory surfaceld this implies the limitation of
oxygen supply inside the testd; thus, the QO. per
unit nitrogen content was found to fall with rise in
the gonad index. These facts are in agreement with
the result of the present study: at least when
measured at the acclimation temperatures, the QO
values of the wurchins acclimated at the same
temperature were statistically identical regardless of
the experimental periodd Fig.0 O

It is generally accepted that the
routined QO, of an

subjection to diminishing ambient oxygen tension

restingd or
aquatic poikilotherm under
O AO.Owill remain relatively constant at least within
a certain high AO, range, but will decrease with
decrease in AO, below the range™™". Ryabushko et.
AI™ reported that S. nudusshowed the respiratory
independence of DO concentration down to [0 mé] ¢
at (00O 0% saturationt] The respirometric method
applied to the present studyO Fig.d O allowed the
measurement within the high AO: rangeO[M{T1%
saturationd to secure the oxygen adaptation of the
animal, with an equilibrium point between oxygen
absorption and oxygen depletion in the water raised
by the mild aerationd Fig. O O which simultaneously
encouraged the oxygen diffusion in the water. The
interfaceé™, the
theoretical basis of Moro-oka’s method, is applicable

double film theory on gas-liquid

only when the water is well mixed; otherwise

accumulated oxygen in the surface layer of the
water will avoid further absorption of oxygen into
the water™. Although formation of bubbles varies in
cycle, this phenomenon as a whole is statistically
stable at a constant air flow rate™.

Ryabushko et. A*® also pointed out that the QO
of S. nuduswas found to vary considerably with the
in a high AOQ

saturated tensionO due to difference in motility with

individual rangeJ up to oxygen
the individual;, according to their notion, the QO: in
the high AO. range is “ the sum of both basal and
active metabolism”, and true“ basal metabolism” is
a stable QO, which lies within the lower AO. range.

The respirometric method in the present study

allowed the measurement for 30 individuals at a
time to secure statistically stable data, eliminating
variance among individuals and the influence of
occasional changes in QQ., both of which might be
caused by the random motility of the animal in the
high AO. range. The resulting data were well fitted
curve RO, NG the

assumption that QO is constant thus appears to be

to the theoretical

appropriate in practice O Equation( O The QO: values
here are to be routine rates, because environmental
oxygen tensions experienced by the animals in field
are ordinarily nearly oxygen saturated tensions, and
the activity of the animals in measurement is
spontaneous without stress™.

All measurements in the present study were
carried out in the daytimeOIID)- (OITTT100 and no
indication of the significant effect of time of day on
the QO. was found. The result is in agreement with
reports of several authors; no clear indication of
rhythms associated with a particular time of day or
tidal cycle was found in the QO of S. purpuratus™,
and moreover, the difference between day and
night in the QO.-size relationship was not found to
Another
factor, feeding, however, affects the QO. of Eucidaris
tribuloides™, S. droebachiensi§, and S. papuratus®,

while measurement

be significant in Diadema antillarurii”.

in present study aimed at
minimal metabolism after fasting. More data are
then considered to be required to predict the

oxygen consumption of S. nudusunder field conditions.
dBummary

(1) As a preliminary approach to the bioenergetics

of Strogylocentrotus nudys oxygen consumption
0 Q0.0 measurement with particular reference to
thermal adaptation of the species was carried out.
(2) The measurement was made with 30 individuals
at a time in a [IJ¢ mildly aerated free-surface
water. An iterative least squares technique was
employed for the analysis of oxygen depletion
curves.
(3) The

respiration

respirometric method secured both the
independent ambient oxygen tension
zone of the animals and statistically stable data.
The resulting QO, values are to be routine rates.
(4) A prominent compensatory thermal adjustment



emerged in the respiratory metabolism of S. nudus

with laboratory acclimation to [1J, [1J, and [0

for at least thirty days in a measurement
temperature range of (13 (110 .

(5) The DOOO -acclimated the
subsequent subjection to stepwise temperature-

to (10

for nine days showed no clear indication of thermal

urchins  under

increasing at ca. 0O intervals from [T
adjustment in respiratory metabolism.

(6) Both the IO -acclimated urchins and the 1J0 -
the

respectively could

acclimated urchins under
acclimation to (O and [0

not completely achieve thermal

subsequent

adjustment in
respiratory metabolism within the six days of the
acclimation period.

(7) As an attempt to predict the QO, of field

acclimatized S. nudus the rate-temperature
relationships were expressed by a multiple
regression model of the form:

log M =000 +0 01110 6- 6, 0+00116,

41 0 - rDlogOmowg

where M is the QO, per unit wet weight

Ou¢0eglhrd 6 is ambient temperaturel O [ 6, is
adaptation temperaturél J 0 W is body weight
O &0 and r is the weight exponent, to which O
0O was adopted.
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Summer and winter feeding habits of adult walleye
pollock in the offshore waters of western
Hokkaido, northern Japan Seal Short Paper"”

Kouji KOOKA™ [ Akihiko WADA™ [ Ryotaro ISHIDA™ 0O Takashi MUTOH""[]

Kouki ABE™ and Hiroya MIYAKE™

Key wordd] feeding habitsO Japan Seal walleye pollockd Themisto japonica

Walleye pollock Theragra chalcogrammaoccurs in
North Pacific,
largely exploited by commercial fisheries™ It is also

including the Japan Sea, and is

one of the dominant components of fish assemblages
in the northern Japan Sea’ In the northern Japan
Sea, adults ingest large zooplankton in spring and
autumn. " However, feeding habits during other
seasons are not known. In this study, we report on
the summer and winter feeding habits of adult
walleye pollock collected in the offshore waters of
western Hokkaido, northern Japan Sea.

Summer sampling was conducted aboard the RV
Maru" of the Wakkanai
Experimental Station off western Hokkaido from [T

"Hokuyo Fisheries
August to O September I1T]. Fish samples were
collected with a bottom trawl net (head rope: (I
m; ground rope: [JI m; net mouth: 000 x (I m)
with a [TJ-mm mesh codend, and were immediately
frozen on board. When target fish observed with
echo sounder] see belowOwere above the bottom, the
trawl net was towed away from the bottom. Seven
trawling at depths of (I3 (1TJ mO and an acoustic
survey were made between Hiyama and Musashi

Bank. Winter samples were obtained from longline
fishing at Hiyama, which is near the spawning
ground,”on [0 December [II1. An acoustic survey
was not made in winter. All samples were collected
during the daytime.

In the laboratory, summer samples were thawed,
and the fork length] FLOand body weightl BWDOwere
measured to the nearest mm and g, respectively.
Dissected stomachs were fixed in [11% formaldehyde.
Food

taxon,

items were sorted to the lowest possible

and the wet weight of each item was
measured to the nearest mg. Fishes with everted
stomachs or regurgitated stomach contents were
excluded from the analysis. The relative importance
of a prey item was expressed as a percentage of
the total wet weight of all the items present in the
samples0 %W0O The

occurrenceld %FO was also calculated. A stomach-

percentage frequency of
content indeXd SCIOwas calculated as the percentage
of the stomach contents weightd g0 to the fish body
weight 0O g0 Stomach- content data were weighted
SA[ area
coefficient] which is proportional to the fish density.

using the mean of backscattering
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data were recorded with a calibrated
echo sounderd Simrad EkKOOOat [OJ kHz and
processed using BF[IT] software. SA-values for OI-

Acoustical

nautical-mile intervals were averaged by [T]-minute
square blocks. Echo-integration data of adult pollock
were extracted by means of length frequency
distributions and the relationship between target
strength and fish length O TSOMlogO FLO - 0’0
Winter

measured, fixed, and analyzed in the same method

samples, which were not frozen, were
as the summer samples. In winter, saury bait of
longline fishing found in the stomachs was omitted
from the analysis.

In summer, adult fish is abundant in the southern
part of the study area and concentrate at (1T} [TTJ
m depthO Miyake et al, unpubl. datall The mean
stomach-content index was O0I% BW in summer
and O0% BW in winter. The percentage of empty
stomachs was O0M% in summer and [TM% in
winter. The sampling method used in winter might
selectively catch hungry fish, resulting in a bias.
However feeding activity generally decreases in the
spawning period”. So it is obvious that feeding of
adult pollock is inactive in winter. The mean
stomach-content index was about OI} 00MN% BW in
spring and O0F0O0I% BW

results are consistent with the annual feeding cycle

in autumn”™ These

in Toyama Bay, southern Japan Sea™ Therefore, it
is suggested that the feeding activity of adult
The
composition is given in Table 0. In summer, the

pollock is high in summer. overall diet
hyperiid amphipod Themisto japonicamade up [TJMM%
of the diet
abundance by Cephalopada. In winter, T.
also dominated the diet OIM%0O

The great importance of T. japonica in the diet of

by weight and was followed in

japonica

walleye pollock has been previously reported in the
southern Japan Sea™ Although the data in this
study is limited, it might be possible that walleye
pollock and T. japonica play important roles through
the prey-predator relationship in the pelagic food
web of the Japan Sea ecosystem. Further research
is needed to discuss the spatial and inter-annual
variations of the diet.

We wish to thank the captain and crew of the
RV "Hokuyo Maru" for their help; S. Takayanagi,

Tablel Summer and winter diet of walleye pollock in
the offshore waters of western Hokkaido, northern

Japan Sea
. August December
Prey item
%F %W %F %W
CRUSTACEA
Amphipoda
Themisto japonica Om Mm Om mm
Primno abyssalis m 0om [[m om

Euphausiacea
Euphausia pacifica
Thysanoessa longipes

m Om Om Om
m Om om gm

Thysanoessa inermis om O

Unidentified euphausiids  [1J{0 d
Mysidacea

Meterythrops microphthalma [ O
Copepoda

m a am am
m Om om am

Neocalanus cristatus
Paraeuchaeta elongata

Metridia pacifica om 0
Unidentified copepods am ad
Decapoda om 0

CHAETOGNATHA m O mj mjn
CEPHALOPODA Mmm om om
Other prey items am ad
Fork lengthl O O meant SDO IO+ O I+ O
Number of fish examined NN 0
% empty stomachs O o
SCID %BWY OO+ O OO+ O
Total wet weight of oom mm

stomach contentsl g O

%HJPercentage frequency of occurrencell

%WPercentage of the total wet weight of all the items pre-
sent in the samplesO

0000m

“Weighted meant deviation around the weighted meanO

Hokkaido Central Fisheries Experimental Station for
assistance of summer sample measurement; K.

Konishi, Graduate School of Fisheries Science,
Hokkaido University for assistance of winter sample
measurement; and J. R. Bower, Graduate School of
Hokkaido

correcting the English of the manuscript

Fisheries  Sciences, University  for
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