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Effects of background color on seawater adaptation of masu salmon
Oncorhynchus masou

Takeshi Yamanome

Abstract

The present study was undertaken to evaluate whether background color modulated the seawater adaptability of masu salmon.

Juvenile masu salmon that were initially reared in fresh water were transferred to seawater tanks with either black or white

backgrounds. Survival of the fish in these tanks was monitored over 30 days. Among 7 independent experiments, statistically lower

survival rates were observed for fish in the black tanks compared to the white tanks in four out of the seven experiments. MSH is

a typical peptide hormone whose release is facilitated against a black background in salmonid fishes. Next, the effects of synthetic

MSH on the survival of masu salmon reared in a white tank containing seawater were examined. Implantation of a pellet containing

the hormone caused death of all experimental fish within 56 days, whereas no mortality was observed in the control fish. These

results suggest that environmental black backgrounds reduce the seawater adaptability of masu salmon.

Key words : Masu salmon; Black background; Melanocyte-stimulating hormone; Seawater adaptability

Introduction

In fish, neuroendocrine systems mediate changes in
the photic environment as shown by the modifying
effects of black and white backgrounds on the
production of hormonal peptides and pigment migration
and synthesis. For instance, a black background
increases the plasma levels of a-melanocyte-stimulating
hormone (a-MSH)'"¥, which darkens the body color,
whereas a white background increases the production of
melanin-concentrating hormone (MCH), which causes
the body color to become more pale 59. Thus, o-MSH
and MCH, which are generated in the pituitary gland
and hypothalamus, respectively, are representative
hormones associated with body color changes in fish!?,
In addition to body color changes, these peptides also
participate in food intake as orexigenic and

anorexigenic peptides, respectively, as has been shown

in mammals1112),

With regard to food intake, the roles of o-MSH and
MCH are not yet fully understood in fish. However,
some evidence suggests the possible involvement of
MCH in food intake. Specifically, barfin flounder
Verasper moseri reared in white tanks had higher mch
expression and higher MCH levels in the brain and
plasma ¥, showed increased food intake!¥, and grew
faster!® compared to conspecifics reared against a black
background. These results suggest that the white
background stimulated MCH production; elevated MCH
levels then stimulated food intake, and finally,
increased food intake resulted in somatic growth!® .

The stimulating effects of a white background on the
growth of barfin flounder led us to investigate whether
this phenomenon would also occur in other fish species.
This assumption was assessed using anadromous masu
salmon Oncorhynchus masou. In northern Japan, these
fish spawn in rivers mainly from spring to summer.

After remaining in their natal river for approximately
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1.5 years, juvenile fish migrate downstream to the
ocean!®. Based on the anadromous characters, the
present study was originally undertaken to know if
background color - white and black - would differentially
influence masu salmon growth reared in fresh water
and seawater. However, during the course of
experiments, it appeared that background color could
affect the survival of masu salmon. Thus the present
paper reports the possible effects of background color on

the seawater adaptation of masu salmon.

Materials and Methods

Fish

Masu salmon obtained from the Kamaishi Tobu
Fisheries Cooperative Association (Kamaishi, Iwate,
Japan) were used for fresh water to seawater transfer
experiments at the Iwate Fisheries Technology Center
(Kamaishi, Iwate, Japan) except for Experiment 1,
which was done at the Association. Sea concentration
was measured with a hand-held refractometer (IS/Mill-
E, ATAGO Co., Ltd, Tokyo). Fish were fed a commercial
pellet diet (Nosan Corporation, Yokohama, Japan).
Measurement of fork length (FL) and body weight (BW)
were performed under anesthesia with 0.05% 2-
phenoxyethanol. FL. and BW of the experimental fish
and seawater temperature are shown in Table 1. All fish
were reared under ambient photoperiod condition, i.e.,
these fish were reared indoor tanks and received
daylight in combination with light from fluorescent
lamps. Since we do not have a guideline for animal
treatment in Iwate Fisheries Technology Center, all
experiments were conducted according to the guideline
for the care and use of animals which were used in
Kitasato University where my partners shown in

acknowledgement section belong to.

Rearing masu salmon in white or black tanks

Rearing in fresh water (Experiment 1) : Effects of

background color on somatic growth of masu salmon
were examined in this experiment. In August 2004,
masu salmon in a gray tank were transferred to a black
or white tank (500 / each) at the Kamaishi Tobu
Fisheries Cooperative Association. Each tank contained
10 fish. The FL and BW of fish in the black tank were
12.5 £ 0.2 cm and 24.9 + 1.6 g, and those of fish in the
white tank were 12.5 + 0.1 cm and 24.6 £ 0.9 g. Fish
were reared for 6 weeks and fed twice daily (09:30 and
15:30) until satiety. The water temperature was 11—
12°C.

Transfer from fresh water to seawater (Experiment 2):
Effects of background color on seawater adaptation of
masu salmon were examined in this experiment at
Iwate Fisheries Technology Center. In April 2005, the
sea concentration of a blue tank (3,000 ) containing a
mass of fish was increased from 0% to 30% over one day.
On the following day, the sea concentration was
increased to 70%. After 2 days, the sea concentration
was increased to 100%, and the fish were reared for an
additional 5 days at this concentration. Subsequently,
28 fish were randomly removed and divided into 2
groups, and then transferred to a black seawater tank
(500 ) or to a white seawater tank (500 J), where they
were reared for 30 days. During seawater adaptation in
the blue tank, they were not fed. In the black and white
tanks containing seawater, small amounts of pellets
because this rearing

were given occasionally,

experiment addressed to clarify the effects of
background color on survival, not on growth, in
seawater. This feeding was also applied to the
experiments described below.

Transfer from fresh water to seawater (Experiment 3):
Effects of background color on seawater adaptation of
masu salmon were examined again in this experiment
at Iwate Fisheries Technology Center. In May 2005, the
sea concentration of a blue tank (3,000 ) containing a

mass of fish was increased from 0% to 30% over 7 days.

After 1 week, the sea concentration was increased to
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65%, and the fish were reared at this concentration for
a further 7 days. On the 8th day at 65% seawater, the
concentration was increased to 80%, followed by 100%
on the next day (9th day). On the 10th day, 60 fish were
randomly removed and divided into 2 groups, and then
transferred to a black or white seawater tank (500 J), in
which they were reared for 30 days.

Transfer from fresh water to seawater (Experiments 4—
8): Base on experiments 2 and 3, effects of background
color on seawater adaptation of masu salmon were
examined again in this experiment at Iwate Fisheries
Technology Center. Initially, masu salmon reared in a
blue freshwater tank (3,000 ) were randomly selected
and transferred to a black or white tank (500 J)
containing fresh water. Each tank contained 15 fish.
Shortly after the transfer, the sea concentration of these
tanks was increased to 70%, and the fish were reared
for 3 days at this concentration. Subsequently, the
concentration was increased to 100%, and the fish were
reared for an additional 30 days. These experiments
were conducted in April 2007 (experiment 4), May 2007
(experiment 5), October 2007 (experiment 6), January
2008 (experiment 7), and March 2008 (experiment 8),
because we have limited number of experiment tank, so
it was 1impossible to perform these five raising

experiments simultaneously.

Administration of Des-Ac-a -MSH
Des-Ac-a-MSH was
described

Preparation of MSH pellet :

synthesized according to  methods
previously!718. A cholesterol pellet containing Des-Ac-
o-MSH (MSH pellet) was prepared according to the
method of Lee et al. (1986) 19 with slight modifications.
In brief, Des-Ac-a-MSH (13.4 mg) was dissolved in 3 m/
of 70% ethanol and mixed completely with cholesterol
powder (1 g Wako, Osaka, Japan). After drying
overnight, the resulting pellet was pulverized and then
thoroughly mixed with 150 mg of cocoa butter. The
resultant material into pellets

was compressed

weighing approximately 25 mg, which contained
approximately 280 pg of Des-Ac-a-MSH. It was
demonstrated that this pellet was effective to enhance
pigmentation of barfin flounder2?.

Implantation of MSH pellet and rearing in seawater
Masu salmon were reared in a blue seawater tank
(3,000 ) 4 months prior to implantation of MSH pellets.
Fourteen fish were randomly selected; on the day of
implantation in October 2005, the FL. and BW were 16.0
+ 0.5 cm and 51.2 + 5.1 g. These fish were divided into
two groups. In one group (n = 7), the MSH pellet was
implanted intramuscularly (one pellet/fish) using a Tag
Tokyo, dJapan) under

injector  (K-Engineering,

anesthesia with 0.05% 2-phenoxyethanol. Control fish

Table 1. Experimental conditions and survival rate of masu salmon in seawater under white and black background.

Experiment age Folk length Body weight The number Seawater

Date  Survival rate (%) Survival rate (%)

of fish temperature at daylb in background at day 30 in background

(cm) (g cC) white  black white  black
2 0+ 19.9+0.2 77.1+2.3 28 6.9-9.1 April 2005 100 29 93 7 HEEE
3 1+ 10.8+0.2 154+ 0.4 60 8.9-10.9 May 2005 57 27 * 57 20 **
4 0+ 18.7+0.2 74.6 £ 6.3 30 7.7-9.6 April 2007 67 20 * 53 20 (NS)
5 1+ 19.7+£0.3 84.4+5.2 30 9.4-10.9 May 2007 80 33 * 73 il
6 1+ 125+01  21.5%0.5 30 14.3-16.9  October 2007 33 13 (NS) 20 7(NS)
7 1+ 174104 62.8+ 3.8 30 6.5-9.1 January 2008 73 33 (NS) 53 7*
8 1+ 19.0+£04 81.0+4.6 30 4.6-5.6 March 2008 40 40 (NS) 20 27 (NS)

* p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001, Yates' chi-square test or Fisher’s exact test. Statistical difference was analyzed

on days 15 and 30.
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received cholesterol pellets without De-Ac-a-MSH. Fish
were reared in white indoor running seawater tanks
(500 J) for 56 days. They were fed twice daily (8:30 and
16:00) until satiety. The seawater temperature during

this experiment was 13.0—18.5°C.

Statistics

All data are shown as means + SEM. Statistical
analyses were performed using StatView for Windows
5.0 (SAS Institute, Cary, NC, USA). Student’s t-test was
used for statistical analysis of the effect of tank color on
FL. and BW. Differences in survivability were
determined by Yates' chi-square test when all expected
values of the cases were >5, or by Fisher’s exact test
when any expected values were <5. Statistical

significance was determined at the 5% level.

Results

Effects of tank color on somatic growth

Initially, the effects of tank color on the somatic growth
of masu salmon in fresh water were examined
(Experiment 1). After rearing in fresh water for 6 weeks,
no significant difference was observed in both the FL
and BW between the fish reared in white tank and black
tank of the fish (FL; 13.9+ 0.2 cm, BW; 29.4+1.3g(n=
8) for the fish in a white tank, and FL; 13.5 + 0.2 cm,
BW; 27.4 £ 1.5 g (n = 10) for the fish in a black tank).
The effects of tank color on the somatic growth of masu
salmon were also examined using fish in seawater
(Experiment 2). Unexpectedly, most of the fish reared in
the black tank died during the 30 days in seawater in
experiment 2 (Fig. 1A). The survival rate in the black
tank on days 15 and 30 were 29% and 7%, respectively,
which was significantly lower (P < 0.001) than that
(100 % and 93%, respectively) of fish in the white tank
(Table 1). A possible cause of this high mortality was
that the acclimatizing procedure in experiment 2 was

inappropriate to facilitate the survival of masu salmon

in seawater; therefore experiment 3 using a modified
acclimatizing procedure was done in May. Subsequently,
similar results were obtained as in experiment 2 (Fig.
1B), in which fish reared in the black tank showed lower

survival rates than those in the white tank (Table 1).

A 100
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*** day 15
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Survival rate (%)
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Fig. 1. Survival rate of masu salmon in black or white seawater
tanks in experiment 2. Black and white circles show the
survival rates in black and white tanks, respectively.
Statistical analysis was done on days 15 and 30. (A) Initially,
each tank contained 14 fish. Significant differences were
observed between the black and white tanks on days 15 (p <
0.001) and 30 (p< 0.0001). (B) Initially, each tank contained 30
fish. Significant differences were observed between the black
and white tanks on day 15 (p < 0.05) and 30 (p < 0.01). *; p<

0.05, **; p< 0.01, ***; p< 0.001, ***%; p<0.0001.
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Fig. 2. Survival rate of masu salmon in black or white seawater
tanks in experiments 4 (A), 5 (B), 6 (C), 7 (D), and 8 (E).
Diamonds show the survival rate in 70% seawater. Black and
white circles show the survival rates in black and white tanks,
respectively. Statistical analysis was done on days 15 and 30.
Initially, each tank contained 15 fish. Significant differences
were observed on days 15 and 30 in experiments 4, 5 and 7. *;

p<0.05, %% p<0.001.

Effects of tank color on seawater adaptation

Fish were transferred from fresh water to seawater
following the same procedures used for experiment 2
and 3. The major differences were the seasons during
which the experiments were conducted and the body
size of fish (Table 1). Excluding experiment 8 (Fig. 2E),
which was performed in March, all the results of rearing
fish in seawater showed lower survival rates among fish
reared in black tanks than those reared in white tanks
(Figs. 2A-D). Significant differences in the survival
rates were observed in experiments 4 and 5 on day 15,

and experiments 5 and 7 on day 30.

Effects of Des-Ac- & -MSH on seawater adaptation
After implanting MSH pellets, masu salmon were

reared in a white tank containing running seawater. No

deaths were observed over 56 days in control fish with

implanted pellets containing no Des-Ac-o-MSH (Fig. 3).

100 =
* day 30 *¥,day 45 *¥* day 56

80 -
=
&
< 60 4
|
<
2
2 40 o
=
w2

20 =

0 T T T T 1

0 10 20 30 40 50 57

Days after treatment

Fig. 3. Survival rate of masu salmon implanted with MSH
pellets in a seawater tank with a white background. Black and
white circles show the survival rates of MSH-treated and
control fish, respectively. Statistical analysis was done on days
30, 45 and 56. Initially, each tank contained 7 fish. Significant
differences were observed between the two groups on days 30
(p<0.05), 45 (p < 0.01), and 56 (p < 0.001). *; p< 0.05, **; p<

0.01, ***; p<0.001.
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In contrast, the fish with implanted MSH pellets were
unable to survive in seawater. Fish died intermittently
on days 7, 9, 13, 26, 39, and finally no fish survived.
Statistical analyses done on days 30 (P< 0.05), 45 (P<
0.01) and 56 (P < 0.001) showed significant difference
between MSH-implanted fish and control fish. These
results indicated that Des-Ac-a-MSH had negative

effects on the seawater adaptation of masu salmon.

Discussion

The present study reports the effects of tank color
(black or white) on the somatic growth and seawater
adaptability of masu salmon. In fresh water, difference
in tank color (white or black) did not affect the growth
of masu salmon during 6 week raising. These results are
different from previous results obtained using barfin
flounder 1, in which barfin flounder reared in white
tank grew faster than those reared in black tank.
Although experiment 2 and 3 were performed to
compare the effects of background color on the growth
of masu salmon in seawater, it was unable to accomplish
these because of the remarkably high mortality of fish
in the black tank. However, these results did suggest
the alternative possibility that background color may
affect seawater adaptation of masu salmon. Both in the
experiment 2 (Fig. 2A) and 3 (Fig.2 B), masu salmon
reared in white tank showed higher survival rates than
those reared in black tank. In other words, black
background could reduce survival rates of masu salmon
compared to the fish reared in white tank. Thus, similar
examinations were repeated an additional 5 times to
evaluate the effects of tank color on fish survival.

A series of data showed that the survival rates of fish
reared in black tanks were relatively low compared to
those reared in white tanks, although the results
obtained from all experiments did not always show
statistically significant differences in the survival rates

between the fish reared in black tanks and white tanks.

Seasonal differences related to the timing of seaward
migration may be related to this inconsistency. For
example, in southern Hokkaido, juvenile masu salmon
begin to develop the characteristic silver and white
coloration of smolts in March and rapidly turns into
smolts in Aprill®. According to this morphological
changes, juvenile masu salmon may have better ability
of seawater adaptation in spring than other seasons.
The present study indicate white background well
contribute to seawater adaption of masu salmon in April
and May (Table 1), which may partially be related to
timing of smoltification.  Nevertheless, the black
background color showed negative effects on the
seawater adaptability of masu salmon in all experiment
points.

o-MSH is a typical peptide hormone whose release is
facilitated against a black background in salmonid
fishes!¥, suggesting that this hormone may be
associated with relatively high mortality of masu
salmon in black tank; therefore, the effects of o-MSH on
the seawater adaptability of masu salmon was
examined in the present study. Des-Ac-a-MSH was used
because MSH pellets transplanted into barfin flounder
were previously shown to work well2® and amino acid
sequence of the peptide is well conserved among teleosts
20, The result—high mortality of the fish received
exogenous MSH-—suggests that a black background
color possibly inhibits the seawater adaptation of masu
salmon by way of Des-Ac-a-MSH.

Des-Ac-a-MSH is generated from the precursor protein
proopiomelanocortin (POMC) in the pituitary gland10 22,
In addition to Des-Ac-a-MSH, which has no acetyl group,
o-MSH and diacetyl (Di-Ac)-a-MSH, which have one
and two acetyl groups at the N-terminal, respectively,
are also generated in teleost fishes 18 2325 These
peptides exhibit their activities via melanocortin
receptors, which are widely distributed throughout the
body 21 26.27 suggesting that Des-Ac-a-MSH as well as
a-MSH and Di-Ac-a-MSH could modulate the functions
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of cells in the tissues that participate in ion and water
movement, although, to my knowledge, no reports
demonstrating relationship between MSH and
osmoregulation have been published. Additional
interpretation could be proposed for the effects of Des-
Ac-a-MSH. In this experiment, all of the experimental
fish were reared in white background color, and hence
these fish probably increased MCH levels. Thereafter,
MSH levels were artificially increased by the
implantation. Thus it is speculated that the fish had
high levels of both MCH and MSH, and such unnatural
hormone levels influenced the survival of the fish. In
this context, MSH alone is not the mediator for the
death of fish in the seawater. Further experiments are
necessary to confirm the function of MSH.

The present investigation suggests that background
color may modulate the seawater adaptability of masu
salmon. Specifically, the survival rates of masu salmon
reared in a black tank containing seawater were low
compared to those of fish reared in a white tank. When
Des-Ac-a-MSH was administered via implantation of an
MSH pellet to masu salmon reared in a white tank
containing seawater, all fish died within 57 days. This
result suggests that the peptide lowered the ability of
the fish to adapt to seawater by directly or indirectly
modulating the functions of tissues or cells associated

with ion and water movement.
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BHIHD I AT EL RIXT Ephelota gigantea DEREE DNA |

ZXDHEAETH

INEREERE*L - IS AR L *2 - BB B *s

Prediction of the occurrence of Ephelota gigantea damaging cultured wakame seaweed

by environmental DNA analysis

Toshimasa Kobayashi*!, Takuya Kawashima*2and Akira Abe*3

Abstract

To mitigate the damage caused by Ephelota gigantea parasitism on cultivated wakame seaweed, Undaria pinnatifida, we

attempted to predict the occurrence of £. gigantea infestation. At three wakame seaweed cultivation sites, seawater samples

were collected approximately once a week during the harvest season from February to March, and E. gigantea DNA was

detected from the seawater. The results showed that E. gigantea DNA had been detected in seawater from the aquaculture

sites from 12 to 19 days before the actual occurrence of E. gigantea parasitism on the cultivated wakame was confirmed.

This suggests that the occurrence of £. gigantea parasitism can be predicted using environmental DNA analysis.

Key words : Ephelota gigantea, Undaria pinnatifida, environmental DNA

F—U—FR: AAM T XL, A, B DNA

FL®HIC

U H A Undaria pinnatifida 138 FROKEEICE
WCHERBHMNGHE oo TW5E, ATRIBFEOD
TABIATIE, BIZADTEZHOWTEE L, FRH
BIIIABROBIH e —FOE AL THRE S Y, =

2 H~4 HIZINFEL CTW5b, L, Z OUFEREH
KAU??X47EAVE@w%E®1l@?%5
Ephelota gigantea WD J1 AT KEIAFETH Z
Endy, MBELR->TWD 12, E gigantea l3&F
VDD AEIEEE O TITEIHRA A 7 X L LIEE
nNTkHY, ROMNERFERBENSRY, ORI
200~1000 1 m, HANEE 200~700 p m F2E T, N
YYAA 7 LVETIERROETH 5,

E. gigantea |37 71 A DEFITITREL RIT S v
HOD, REIZMETDHETUIADOKRRB KD, IX

MEt2\Z E. gigantea MR DM E DR NB YT L T H
REBHOZ LG, pEMMERKECIETS 5, &5F
VORI B ADELIIRANVINTENDH, BAn
MT% Y E. gigantea DI EENEZ D720, ML
LT i Al E O K T I8 T Hhvieuy,

FAEFENAEI 22 D 2 (SR ARG A T IR ACE &
OILMEE R O U 71 A BRI SN D Z L2 b,
WIFEEF 2372 <, BBREMPEIIA TN &
DHARBICRAZR RN Z N, HTPRIBFEO D I A5
WS TIL 3 A~5 AICHELT 208, 2l okl
ARG A TH D,

AL R Ch DM EFIC L VITDh, #E
AT & VT 5, 75T R A CIREE M a3 &
BICAELTOLMRELTHIET S IETHS B, 3
L7zl it S RIS ET A E TR LA
LNToH Y, —HARICES 2 HIMIL 6 Ak g

*1 258 FIRPN/KE K EEHF & > % —(Iwate Inland Fisheries Technology Center)
*9 & FIROKEH & % —(wate Fisheries Technology Center)
*3 N M EE A F AW 558 o % —(Iwate Biotechnology Research Center)
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NTW5B Y, 1[ENZ 4~5 EOWEEMIEZ FHT 25 2 &»
B, Uh AR CHRAET D & EHIIC A A A M
LTHEMERT D2 LR 20V, BEICD 3R K
HHENTWVDEN, 50L& ZAMEEN S FHFIEEFRL, &
W, RSN A B2t RPN BN DR BLR TH
5, oL, miRo &0 RAEDHE S TH D EHN
WA BN D72, (EDPHE I DN LS
TRFT D EMORFERRD LI TND,

AR, REKPICEENDMED DNA T2 2
L2k, JARICAERET2AMORESCEZERET S8R
B DNA OHFR5E L, FIRIFZEO 5B CIEREAKH
PHFEEEHRET 5 FEELTRHHIBD TN D
85), U h A KN T E. gigantea DNHEHET B BRI,
WAL S A TICRET 2 ¢E2 b5, TZT, K
FFETIXEREE DNA O a VT, WKk 7 amns
E. gigantea ® DNA #3252 &1LV, E gigantea
DFAZFRNCTRIT D2 L 2R BT,

MHERE

BRARDERER

2023 FEDOHEFLY A AJMICADLET, 2023 4F 2 A 1
A~3 A 30 FIZAFRIEO U H A BB TE=4 Y
VU AR B FEM LT, A E AR D U A EGE N O
SR, R, IO 3 RT, MERERRA B OFEREE, B
0.4km, R 1.6km, MK 2.7k mZ -7,

PR A I3 1 ERIMRE T, 2028422 A 1 A, 2 A8 A,
2H17H, 2A24H, 341H, 348H, 3420H, 3
H 30 HDF 8 A% L 7=,

A E TR 1L Z2ERANRIZER IR L 72, 7k 10> DNA
OHALEBEIET 572012, #E/K 1L 720 1ml O 10%H1k
NP A=y MREBRIKERITIRIN U Tz, BE L 7oAl
WD 5 %, FOHD S BITEFRKER& - % —ICR D
w0, St L,

FREE S TIIEROT TV 7 L RETC, B O
K b EFEE R 3R T oD T H A BB LTz, SR L7=Y
T ATIEER, POER, e 3 BANC, BICKIOLE
DICHEES, PR, RO 3 AT, 1 ARICOEEF 9 BT
DERZH 2em2 TOHV Y, 99% T J — R ATV
VT BRI AFLTREIE LTz,

TH ) —)VREE LT T A A ORERIE A K TR LT
RICHEBIEETIHREBL L, E. gigantea D45 DAT % fife
R, MEBELZFHNLE, #RECHOT I A 3EKD

3 AL, F 9 HFTOFBPFE RO EEEE FREERTO
E. gigantea D&% E (fflem2) & L7,

72¥, 2023 4E2 A 8 HiFHk, AOERITHEIRIC LY
KMlE Uiz, $£72, 2023 45 3 H 30 B OHROFIAE FILE
T 1 A DIHERKE T L2720, KOBRY 7Y 7
L7z,

E. giganteal B EME ) 7S A4 LPCRATS/4 < —
D&t
AFRNOT I AFGEES CHRELL, 99% =% / —/)L T
EE L7z E. gigantea 7»> DNA #HiH L CF 7 A4 ~—
DOFFHI AW, HILKENS E gigantea D77 A ~—
(W - RFK) OfFHRitE =), 774 ~—THIES
7 PCR EW D% > —/r > AL, NCBI BLAST T®D
5% C Ephelota gemmipara @ rRNA B&EHIN b v 7
by L2 ED0D, E gemmipara & 2N B 5 EFT T
TIA v —HRE LI, REFLZY T A PCR A
TIA—DEINIUTD LR,
Egi-qPCR-1-F 5- ATCCGATCGCAGAACTTAGTTGA
-3
Egi-qPCR-1-R 5-ATCCCAAGAAGCTCGACTCTGT -3’
INBDTTA=—IZOWT, E. gigantea )b L=
DNA TOHIEZ 8 L7z 9 2T, ARFFIEICHWT-

YEKY > LG D E. gigantea ® DNA OBH

2T A L — 4 —% T, BREOHEK 1L % 0.22pm
DALT VT 4 v H— (A7 58 Millipore Express
PLUS) TA L7z, =D, DNeasy Power Water Kit

(QIAGEN #H#) ZAWC7 4 /L& —5 DNA ZfiH L
7o (A E 100mL), il L7z DNA 711X StepOne
PlusTM Real-Time PCR system (Applied Biosystems
FEED) XV VT AZ A4 APCR Z{To7, YT VH A A
PCR ®ik3#£(21% KAPA SYBR FAST qPCR Master Mix
Kit (KAPA BIOSYSTEMS ##4) Zff L7, 33K
%1% qPCR Master Mix10uL, Egi-qPCR-1-F(10pmol)
0.4pL, Egi-qPCR-1-R(10pmol) 0.4puL, DNA template
1.0 pL, 8K 8.2 L THEMN 20 pL 2722 X 5 12
LT,

VT s A APCROKGSIE, 98°C T10 ), 52°C T
20%), 60°CT20fZ40Y 1 7 L DM CTHME LT,

E. gigantealKODNAEIILLTOFIETER LT,
£79, 99% ¥ /) — VEEINTE gigantea30fH K%
~A 7 uF a—7 %D, DNeasy Blood and Tissue



Ephelota gigantea DEEfE DNA (2

Kits (QIAGENt:H) |2 X W DNAZHHI L, A& 4
— R& Uiz (Bl #200pL) . A% & — R4 6B
ML TY 74 LPCREATV, MM EIEM LTz,
FRATDO A X o Z— KODNARE (8.27ng/mL) I
Qubit4 Fluorometer (ThermoFisher SCIENTIFIC#:
) TRIE Lz, BRSO &Y 7V ODNARE 4 5
ML, #EK1ILH 7=V D E giganteaD DNAJEE & HEE L
7o

#w R

KRAR, AEERTOWKFDE. gigantea®D DNA
epE L E. gigantea® U J1 A ~OD A} 75 % i % Table 1257
L7z, 2023F2H1H M U2H8H OFHE CTIIWVTINOH
BEEHRTYHE. giganteaDDNAIZHR I SN, #IU D
ASOfFE SR SR> 72, 2023428 17TH OFRAE
TIX3E AR T51~197ng/LD E. gigantea® DNAJM H
SN, U ASOMNE I S riroT72, 2023

12
HIET M

F2H 240 DA TH 3E M T18~35ng/LODNAL KR HY
SN2, U ASOMNETHR SR >72, 2023
FE3H1HOPFE TIE3E R TI8~112ng/LODNAN K H
S, FROERDOY B AT3.33l/cm D E. gigantea®
fERHERE N, —JT, W, BMOERTIXE
giganteaD [ B I IHER SN2 0> 72, 202343 H8H D
AL TIE3IE . T190~308ng/LODNAM R H S 7z, of
RDOERTDT A A~ L4938 /cm2IZ HE N
L, & OVl & S C % 0.04{E/cm?2 & Tr0.081#/cm?
LIRS B, giganteadD 35 3 HEFR S 1=, 2023
HE3H20H OFRAE TITAFEE R ODNARE, (F5EHE
LHAM L, 3EM T453~12,010ng/LODNADME H &
., 28.33~262.22 fHl/cm2dffF AR S, 2023
330 H O A T DNA M E 133 E & T405~
1,363ng/L & /b L7223, il & R0 o0 78 R T Of & %
FEILZ 21 292.44 8 /cm?2 K (N200.781E /cm?2 F CHE N
L7z (k@ s k)

Table 1. Changes in E. gigantea DNA concentration in seawater and E. gigantea parasite density on wakame seaweed at

three collection sites.

Colection date

Collection site ITtems
2023/2/1 2023/2/8 2023/2/17 2023/2/24 2023/3/1 2023/3/8 2023/3/20 2023/3/30
Offshore site DNA concentration (ng/L) 0 — 197 18 18 308 453 405
Parasite density (number/cni) 0.00+0.00 — 0.00+£0.00 0.00+0.00 0.00+0.00 0.04+0.05 28.33+15.76 292.44+206.49
. DNA concentration (ng/L) 0 — 51 25 112 190 12,010 1,363
Centralsite o osite density (numberferd) 000000 —  0.00£0.00 0.0040.00 3.33+4.02 4.93+11.23 226.22+146.38 -
DNA concentration (ng/L) 0 — 53 35 33 258 1,039 289

Nearshore site

Parasite density (number/cni) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.08+0.08

48.78+45.15  200.78+74.24

F =B

AIFIENZBNT, WIFNOERIZBW TS EU O
KN BHISOT E gigantea ® DNA 2MH Sz o
20232 1T HTh -/, —H T, BMEBEIC K
WEIED 3 A ~D E. gigantea D35 MBI THERS
NIeDIIHPRERT 20233 A 1 H, WIEREDY
FHERT3A8HTHY, XMAEE R T E gigantea
DOFEPHER SN D 12~19 BENZFDOHEK NS E.
gigantea ® DNA B’ EShi=2 it s, £, 4
B OFR CTlX, E gigantea DFFENHID CHER S
B O EB T 0.04~3.33 fH/em? TH Y, BAMKSE
BE IR CTE D L 00, WIRTIIFEITRRTE
RORETH T, ERRITERIE T B A Ol el 5%
AT O, FEBEMN 28.33~226.22 fl/cm? £ T

B L72 2023 4E 3 A 20 B TH Y, ¥ THEAD
b F. gigantea ® DNA 23 S22 A 17T B2 61X
1T HOHBINRSH 722 L1225, 2L DOREED
5, WhwHEE DNA OFEZFHTLZ LickY
E. gigantea O¥A % FRNC THIL, SIHIFES DX
KICFIATE D Z ENmme S,

E. gigantea \IFRERICATLITHTE L THENILR
THZERHMOLNTWAR, T TICEBEOEMA
5 COMFLOH & % fE BAITHYR LIz F T2, AR
W2 T, WA E A TIE 2023 45 3 20 H 12 28.33
ffl/cm? 72 > 7= FF 5% FE 23 3 H 30 A ICiX 292.44 fil/cm?

& 10 AR 10 51 LTV 2, [AR IS H o i A
TI% 2023 4E 3 A 8 HIT 4.93 ffl/em? 72 > = {of 25 55 FE )

3 A 20 BIT1% 226.22 ff/cm?2 & 12 H TR 45 {512
LTS, 4 E@%WJT“%%%%%@EET@@M%T
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BIED 1 A~D E. gigantea DIt EZ B L T D,
FEHLD 70 A O ps e iiAE 28 K IZAK T 47 25 %9 200 fH/cm?
D VYL ETHAENRINT 2 OICE L2 L 10 B
BEOHMM ChHoTztEXOND, BT I A DOH
BRI REIC I VSN D Z L 25
T 5 &, BRI DNA fifizfib3ic, T TORM
BHEOHT E gigantea D3 E % MR L TH 5 EHIN
FIZXoxfh L Lo LTH, INHERICEELTLE
HIFREMENE N EEZ BN D,

AHFFEICBWTEIEY I A ~D E. gigantea DI
B ORI R 25 it S5 DNA &6 1
M7z, L,»L, 202343 H 20 B»5 3 H 30 HIZ
T T EBERBML TV DIC 020 b 5T, W
THNOREELATH DNA BT Li-, Zhid,
REERELTCORMBI I A DOWRHEREATZZ L, Kk
W E. gigantea DAL LV INHEEZFIELIZU B AD
BEEVERENHEATZZ & T, BBEIRTD E. gigantea
OBFENED Licld LH#RIND,

E.gigantea 13NV Y~ AA 7 X LV BOBEHLD
FeHikbREOETHY, KExxLBRICIVEE
BEL, MEEZNETDZEBAETHD, D
DNV ¥~ Z2A 7 2 5@ OHETE R E FFE L7z
D AT OBEELTRET 5 2 LIFES TIEiRL,
ABFFRICBEBWTHEA LT 74 ~—ty hD E
gigantea \Zxt 3 DFRF BT+ ITRFETE TV
W, LML, KBFERBWTC, E gigantea OfIERE
ORI L CREEE» SR S s DNA 20
BERBMPRO N2 b, 5%, T—4%%
FELARNORBEZRIEL CW LEEZHDI b0, &
B RAWEZFEIIT D ARBIBOBGFICBIT 2 E
gigantea DFEETHNIZFIHAEETH D LB X BN D,

X ®m
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Stock changes of chum salmon (Oncorhynchus keta) returning to Iwate Prefecture
Yuichi Shimizu™*', Akira Okabe*', Jin Oikawa™' and Itaru Segawa**

Abstract
Chum salmon in Iwate Prefecture became an important species supporting the prefecture's fisheries through stock enhancement
programs, but recent catches have declined dramatically. This report summarizes long term resource fluctuations based on the age-
and year-class-specific return numbers of salmon in Iwate Prefecture, as well as the annual changes in fish body weight and
reproductive traits observed in same monitored rivers. As a result, the trend was organized into five distinct phases of gradual
change: @ The expansion phase up to the 1979 cohort, @ The high-level phase from the 1980 to 1994 cohorts, @ The initial low-
level phase from the 1995 to 2005 cohorts, @ The middle low-level phase from the 2006 to 2014 cohorts, & The late low-level
phase from the 2015 cohort onwards. The cause of the decline in resource abundance is unclear, but it is estimated that the survival
rate to age 1 has significantly decreased. To enhance future resource recovery, it is considered important to continue monitoring the

coastal environment at spring, juvenile release periods. This will enable immediate reinforcement of stock enhancement efforts and

whether ocean conditions in future resemble those during resource growth phases should be observed.

Key words

: Iwate Prefecture, chum salmon, age composition, stock changes, survival rate to age 1

F—U— R HTW, B4, ERR EIREE), 1AL

FC &I

Y74 (Oncorhynchus keta) 3L KRR 04T
LU BO—FT, LRFETOEREIIT T F~ A
(0. gorbuscha) \Z>\\T%L D, FE¥ LT CHEHE
RETH D, RIBRY T EROERIL, BR—KE /25T
Y AHL A T2 465 BB S0 08 T IO 55 oD H T 1 & 0 AR RIS
HeH 18 | ZOERDIFE A EN NSRRI X 25
B REIIKIF L T D,
Yo O ~OEYFAE RIS &> THEE Sh, Franid
VI RBORIPTHRV 2~THTHY, 3~5 izl

WZPEEIRD T2 IR T2 Z e bhd 39, bk
EPE & F OB O Y & O EE, 40~50 FEREHT
EahL, NLSEHBROZRITINZ, BHHR2KBEEB) D
PRI THEFPEBRBEANFHE U 72 1980 45X LA 2 I8 L
7200, ZZE bR oT, FII~DEYFERT 722 b B
BRI OFE L & REBEIR O/ MR, & IR R
DWAINR—Y > THETR Z 572 EHEE S, EIEHK
I X BTN EI R ST D DO, sElfmi
s & & BIZRE R0, Wl a O To R 7 VT 7
B, FREHEME T T 5 2 LIS & 0 sREABIGER N E < 72
D, BREEIRDSN SR ZEBRHEESI N P9, FT-,

*1 AEFBEKESMTE % — (Iwate Prefectural Fisheries Technology Center)
*9  —fRAEME A FR ST - T8RS (Iwate Prefectural Salmon and Trout Propagation Association)
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M1 EURKE, BItRE, RESEOEHR

& EREH(E) flEE S EREE (b)) FHRE BRER(TE) HERE )
A B ait (%) A BE ait (kg) M EREE S (%) (FA)
1970 52,348 182,285 234,633 223 157 638 795  3.39 46,028 46,028 nd
1971 128,863 431,714 560,577 23.0 387 1511 1898 339 97,274 97,274 nd
1972 134,126 501,142 635,268 21.1 402 1,754 2,156 3.39 120,321 120,321 nd
1973 113,260 417,428 530,688 213 340 1,461 1,801 3.39 137,670 137,670 nd
1974 104,381 451,142 555,523 18.8 313 1,579 1892 341 127,577 127,577 121 nd
1975 188,570 778,878 967,448 19.5 641 2670 3,311 3.42 144,712 144,712 0.99 nd
1976 132,290 909,768 1,042,058 12.7 436 3,002 3438 330 135,930 8,500 144,430 0.87 nd
1977 202,263 1,114,382 1,316,645 154 784 4,323 5107  3.88 192,211 15,699 207,910 0.96 nd
1978 262,278  1876,056 2,138,334 12.3 966 6,913 7879  3.68 197,677 15936 213613 1.68 nd
1979 376,592 2901414 3,278,006 11.5 1318 10,161 11,479 3.50 241,203 22,151 263,354 2.27 nd
1980 901248 4714878  5616,126 16.0 3,055 15,983 19,038  3.39 262,184 39,085 301,269 3.89 nd
1981 522072 5777177 6,299,249 8.3 1,708 18,905 20613 327 278,328 47890 326,218 3.03 nd
1982 641,784 5973862 6,615,646 9.7 2,158 20,091 22249 336 338,908 59,814 398,722 3.10 14,465,735
1983 456,710 8,188,201 8,644,911 53 1,584 28,407 29,991 3.47 309,277 67,060 376,337 3.28 10,624,198
1984 543,881 12,611,859 13,155,740 4.1 1,722 39,664 41386 3.15 330,857 77,704 408,561 4.37 22,410,157
1985 453479 13,406,006 13859485 33 1,647 47,450 49,097 354 324,506 96,723 421,229 4.25 19877114
1986 708,094 16,000,623 16,708,717 4.2 2,094 47,488 49582 297 330,598 106,363 436,961 4.19 17,678,756
1987 380,504 10,762,648 11,143,152 34 1,287 36,110 37,397  3.36 319,348 105,111 424459 2.96 22,158,109
1988 438910 11,768489 12,207,399 3.6 1,288 33,932 35220 289 343,838 98,931 442,769 2.99 22,612,841
1989 418464 11,895727 12,314,191 34 1,291 36,429 37,720 3.06 355479 81,237 436,716 2.92 21,938,934
1990 657,246 16,786,857 17,444,103 3.8 2,075 52,308 54383 3.2 390,361 69,527 459,888 3.99 17,588,589
1991 606,441 13,024952 13,631,393 4.4 1919 40,934 42853  3.14 378,718 59,613 438331 3.21 18,055,122
1992 532,000 11,758,967 12,290,967 43 1,571 34,717 36,288 295 390,636 53,250 443,886 278 24,127,123
1993 786,013 14,209,390 14,995,403 5.2 2,586 46,742 49,328 329 391,755 47,550 439,305 3.43 20,812,094
1994 737,766 11995077 12,732,843 5.8 2,078 33,789 35,867  2.82 395,264 48,150 443414 2.77 12,487,838
1995 728,867 13,227,499 13,956,366 5.2 2279 41,295 43574 3.12 410,798 31,950 442,748 3.18 8,760,802
1996 1,258,042 23212841 24,470,883 5.1 3,792 69,734 73526 3.00 416,567 22950 439,517 5.51 10,746,477
1997 1,140,576 15,483,381 16,623,957 6.9 3,650 49,164 52814  3.18 428,228 17,900 446,128 3.78 13,815,133
1998 1,133,414 11,443959 12577373 9.0 3,361 33,210 36,571 291 426,346 16,400 442,746 2.84 12,120,438
1999 564,959 6639312 7,204,271 78 1,906 21,858 23,764 330 424,320 16,400 440,720 1.63 10,528,480
2000 609411 6,544,811 7,154,222 8.5 2,042 21,663 23,705 331 435,170 11,700 446,870 1.63 10,018,529
2001 633,036 7,116,207 7,749,243 8.2 2,201 24,490 26,691 3.44 415,256 18,700 433,956 1.74 7,486,766
2002 755,686 7,036,816 7,792,502 9.7 2,867 25977 28844  3.70 422,112 13,000 435,112 1.76 7,650,837
2003 932,293 7,851,037 8,783,330 10.6 3,378 28,083 31,461 3.58 429,795 16,400 446,195 1.99 5,036,735
2004 1,173856 9,212,427 10,386,283 11.3 3,930 30,403 34,333 331 425,155 17,850 443,005 2.32 5,951,078
2005 1272589  8,083014 9,355,603 13.6 4,324 27,132 31,456 3.36 415,862 20,800 436,662 2.16 7,299,149
2006 1,029,748 7,833,271 8,863,019 11.6 3,275 25,147 28422 321 414,948 25390 440,338 1.80 9,595,442
2007 1,340,444 8,548,159 9,888,603 13.6 4,180 26,149 30329 307 417,615 27,300 444915 1.92 9,886,918
2008 796,580 7,609,543 8,406,123 9.5 2,504 24,079 26,582  3.16 409,356 31,100 440,456 1.90 10,146,041
2009 1,150874  7,843642 8994516 12.8 3827 25,714 29,541 3.28 389,000 38,500 427,500 2.06 6,992,905
2010%° 556,427 5,069,073 5,625,500 9.9 1,885 17,126 19,011 3.38 376,402 39,300 415,702 1.28 7,548,352
2011 353,436 2459775 2813211 126 1,106 7,657 8,763 3.11 269,366 21,900 291,266 0.63 4,629,525
2012 361211 2825479 3,186,690 11.3 961 7,557 8519 267 287,640 28,800 316,440 0.72 4,441,336
2013 519,660 4,763,769 5283429 9.8 1,555 14,277 15833 3.00 358,853 30,900 389,753 1.24 5,728,218
2014 445254 4,819,105  5264,359 8.5 1,505 16,077 17582 334 372,781 36,440 409,221 1.27 8,056,057
2015 326,307 2,775,063 3,101,370 105 1,022 8514 9,535 307 354,172 34,600 388,772 1.06 5,161,800
2016 235868  2,738613 2974481 7.9 704 8,041 8,746 294 275575 33,600 309,175 0.94 6,209,989
2017 290,383 2,115,702 2,406,085 12.1 890 6,398 7,288 303 331,462 38,100 369,562 0.62 6,395,047
2018 433,565 3074146 3,507,711 12.4 1,264 9,005 10269 293 372,758 40,100 412,858 0.86 5,614,624
2019 113,985 652,217 766,202 14.9 346 1,945 2292 299 168,116 12,100 180,216 0.20 1,482,008
2020%* 105,397 485,597 590,994 17.8 311 1,423 1734 293 211,507 20,930 232437 0.19 1,286,494
2021%* 39,782 99,621 139,403 285 118 296 413 297 50,979 2,100 53,079 0.04 373,431
2022%* 49,265 119,845 169,110 29.1 130 315 445 263 91,394 3,009 94,403 0.04 349,037
2023%* 14,933 29,367 44,300 33.7 45 89 134 302 55,008 1,644 56,652 0.02 128,941
202474 19,663 23,419 43,082 45.6 53 64 17 272 19,690 100 19,790 0.02 98,650
X1 )l L= EREH £ EFEH x 100 X2 BEHEFRE=LF0ORFREH-4EMOBTELR *x 100

X3 BT, REARELERICKYSMESATEL. TOEEEZ (T ¥4 2020~ 20244 (L EFRfE
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MER2  ERAIERRIENRRE, BitRE, FRS, FFROFHY

22

4R B TR RS FEAEIRER(E) i} EIPEES iy
' ! (FE) 2i% 3% 4% 5% 6% 7% &5t (%) F£H

1975 1976 144712 26925 684,793 2057661 923223 18,206 263 3,711,071 2.56 406
1976 1977 144,430 161,484 986,835 3,161,641 906428 44,190 0 5260578 3.64 3.94
1977 1978 207,910 65712 1423207 37363512 1097404 14203 26 5964064 287 3.93
1978 1979 213613 99311 1,871,336 3532161 936301 25804 126 6,465,039 3.03 3.83
1979 1980 263,354 139,767 1,604,177 4,694,884 1,274,146 75713 793 7,789,480 2.96 3.94
1980 1981 301,269 337451 2919701 10,388,714 7,772,284 886,367 7593 22,312,110 7.41 427
1981 1982 326218 79,822 1,357,632 4597088 3251703 161,023 11,226 9458494 2.90 422
1982 1983 398,722 109418 1364947 11513129 5570458 433,868 6,166 18,997,986 4.76 4.26
1983 1984 376,337 49327 999290 4228120 2795618 126,027 3229 8201611 2.18 424
1984 1985 408561 57435 1,050,636 7,513,154 3,853,305 301,794 4574 12,780,898 3.13 426
1985 1986 421229 125322 1,382957 6,566,227 5295450 437,013 5587 13,812,556 3.28 433
1986 1987 436961 70576 1,688,655 10,824,163 4626551 141,039 12,730 17,363,714 3.97 418
1987 1988 424459 73811 822816 5213607 2222749 896,761 2955 9232699 2.18 433
1988 1989 442769 196,651 3,291,627 8,603,192 5984526 267,753 10950 18,354,699 415 416
1989 1990 436,716 58,021 1,276,719 7073828 4,450,795 441,482 2,734 13,303,579 3.05 430
1990 1991 459888 41681 1016374 7514760 5746766 522,195 2822 14844598 3.23 438
1991 1992 438331 11,184 459303 5071935 5833757 248981 276 11,625436 2.65 450
1992 1993 443886 37277 2524082 16,184,669 5048615 477,593 2,640 24,274,876 547 414
1993 1994 439305 161,151 1,829,695  9,885531 5502,110 146,302 5616 17,530,405 3.99 421
1994 1995 443414 97833 1430969 6,037,184 2469501 97,390 675 10,133,552 2.29 410
1995 1996 442,748 7039 558293 4,047,768 1,645811 89,200 638 6,348,749 143 420
1996 1997 439,517 1917 534583 4,708,061 1,686,669 100,488 3096 7,034,814 1.60 419
1997 1998 446,128 3477 691,921 5376029 3060568 204,559 1,332 9,337,886 2.09 430
1998 1999 442,746 5423 577892 3,859,162 3,259,497 166916 624 7869514 1.78 4.38
1999 2000 440,720 18,778 743233 4553615 3605322 211,938 524 9133410 2.07 436
2000 2001 446870 28413 744718  5663,302 2073591 109,370 6574 8625968 1.93 418
2001 2002 433956 17,845 930,355 6,635,184 4,046,549 216,297 2,101 11,848,331 2.73 430
2002 2003 435112 19,056 417,875 3,808,696 2027751 58214 2,795 6,334,387 1.46 427
2003 2004 446195 16,391 878,076 6,637,968 3005016 174716 10402 10,722,569 2.40 423
2004 2005 443005 19,804 970,862 4,916,651 3524621 394578 3313 9,829,829 2.22 434
2005 2006 436,662 29,151 405269 4,797,091 23879008 145922 5255 8,261,696 1.89 433
2006 2007 440338 18872 474507 2,118,896 825261 38,775 569 3,476,880 0.79 411
2007 2008 444915 20786 210461 1623782 999258 110,852 3560 2,968,699 0.67 433
2008 2009 440456 12,155 182,662 1,806,630 1,539,201 147,176 763 3,688,587 0.84 444
2009 2010 440059 32271 334525  3506,347 3,045203 149,496 1,541 7,069,383 1.61 442
2010 2011 415,702 2247 103215 1610995 493275 23611 0 2233343 0.54 419
2011 2012 291,266 23245 425250 2,089,914 1058637 67,501 2413 3,666,960 1.26 420
2012 2013 316440 32175 355200 1666421 580,650 38264 0 2672710 0.84 409
2013 2014 389,753 12722 221642 1,400,147 528207 5,285 0 2,168,003 0.56 413
2014 2015 409,221 2,633 355157 2,842,348 436,317 9,788 54 3,646,297 0.89 403
2015 2016 388,772 2,630 83,216 138,273 27,122 206 0 251,447 0.06 3.76
2016 2017 309,175 13263 177,778 480,310 37,491 1,391 0 710,233 0.23 3.77
2017 2018 369,562 8,549 71,549 73,593 6,089 74 0 159,854 0.04 3.48
2018 2019 412,858 2,225 27,217 145,502 11,974 431 - - - -
2019 2020 180,216 1,347 14,945 17,346 3228 - - - - -
2020 2021 232,437 1,183 14,638 28,834 - - - - - -
2021 2022 53,079 268 10,416 - - - - - - -
2022 2023 94,403 173 - - - - - - - -
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EXE (mm)

HEE S8 ZON% (#i/ ) ATERRE S (GIS. %) BREFR (ml/#i)
AR @) EER) HEN @5 ) 28R HEN @8 ZER)I AR #EN RER AEN #EN 28R
iy 683 671 702 657 651 687 2635 2528 2972 198 19.7 193 0.26 0.27 0.26
1996 1992 #m#fmzE 45 53 53 33 40 38 603 618 521 20 25 24 0.03 0.05 0.03
AEERR 425 309 373 371 365 481 71 48 70 71 48 70 n 48 70
Fiy 673 678 709 676 656 681 2895 2354 2933 19.5 19.8 18.9 0.27 0.26 0.28
1997 1993 #HR#ER= 53 49 60 41 36 46 568 467 584 25 24 20 0.03 0.03 0.04
AEEGS 230 348 286 224 469 378 26 64 57 26 64 57 26 64 57
iy 654 652 695 648 644 678 2517 2535 2587 209 20.1 18.8 0.27 0.27 0.28
1998 1994 Hm#ERE 42 44 43 33 34 34 433 438 506 2.1 23 24 0.03 0.03 0.04
AEBAY 425 146 307 448 263 364 55 45 28 55 45 28 55 45 28
Fty 684 681 717 659 677 702 2974 2867 2575 203 20.5 18.6 0.31 0.27 0.30
1999 1995 #R#ER= 46 46 49 35 36 39 523 501 430 26 23 3.2 0.03 0.04 0.04
AEBEAY 147 112 205 179 164 158 5 14 24 5 14 24 5 14 24
Fi 696 700 716 676 687 709 3110 2869 2862 208 20.3 19.4 0.29 0.28 0.29
2000 1996 #HER=E 44 43 44 37 37 34 707 481 525 23 22 22 0.04 0.04 0.03
AEBEAS 364 193 293 503 289 295 67 61 38 67 61 38 67 61 38
Fiy 704 718 740 684 696 725 2,952 3,031 3,091 208 210 19.6 0.26 0.28 0.30
2001 1997 ##R= 41 46 43 36 35 30 571 446 514 25 1.6 33 0.03 0.04 0.05
REBEAS 347 374 341 412 478 446 58 72 66 58 72 66 58 72 66
i 712 724 750 693 703 731 2920 2,868 3056 213 19.1 18.7 0.28 0.28 0.30
2002 1998 #H#ER=E 51 47 51 39 38 35 533 522 445 3.1 28 1.9 0.03 0.05 0.04
REBEAS 187 236 309 253 284 335 34 33 48 34 33 48 34 33 48
F 699 716 739 685 695 723 3043 2918 2982 209 19.9 200 0.28 0.30 0.29
2003 1999 #H#ER=E 51 45 52 40 39 36 494 511 641 23 21 20 0.05 0.04 0.03
REBAS 423 326 194 508 393 160 69 74 18 69 74 18 69 74 18
Fi 692 706 734 669 679 703 2908 2589 2901 213 19.9 19.6 0.31 0.30 0.32
2004 2000 #EERE 51 48 50 43 40 41 487 501 635 23 24 25 0.05 0.05 0.06
AEBEGRS 446 303 287 464 315 336 74 46 35 74 46 35 74 46 35
F 684 703 732 664 676 686 2824 2,749 2985 2217 21.2 20.7 0.34 037 0.35
2005 2001 ##FEz 47 49 40 41 38 38 599 456 615 2.1 24 20 0.04 0.05 0.05
AEBEGS 350 402 434 390 378 485 48 76 62 48 76 62 48 76 62
Fi 674 686 724 656 657 678 2,714 3,008 3303 221 223 215 0.32 0.31 0.31
2006 2002 ##FEZE 49 47 41 37 37 41 581 575 743 30 217 35 0.05 0.04 0.04
AEBERS 398 281 161 405 322 187 54 48 25 54 48 25 54 48 25
F 679 688 724 653 667 691 2942 27780 3226 235 205 206 0.31 035 0.34
2007 2003 ##ERFEZE 42 49 43 36 37 41 528 529 567 25 25 22 0.05 0.05 0.04
AEBERS 722 329 418 766 337 432 65 56 63 65 56 63 65 56 63
Fi 667 671 722 656 650 683 2742 2617 3,199 21.1 18.6 204 0.29 0.32 0.34
2008 2004 ##ERFZE 49 49 54 38 42 51 627 804 636 36 4.6 3.2 0.04 0.05 0.04
AEBERS 587 369 256 566 422 249 47 40 28 47 40 28 47 40 28
F 673 682 725 657 669 688 2820 2932 3153 212 203 210 0.32 0.31 0.32
2009 2005 #R#ERZE 43 46 43 35 38 33 586 643 442 25 32 20 0.10 0.04 0.04
AEBERS 351 315 459 317 301 413 38 67 56 38 67 56 38 67 56
Fi 703 699 732 673 679 687 2903 3,181 3215 215 204 202 0.29 0.29 0.30
2010 2006 ##ERFz 43 44 48 33 37 37 459 517 559 29 21 22 0.04 0.05 0.03
REBRSY 354 424 233 398 388 280 30 54 45 30 54 45 30 54 45
4 640 661 707 638 647 682 2568 2749 2908 215 20.7 19.5 0.31 0.30 0.33
2011 2007 ##Rz 48 53 60 38 40 38 592 668 525 23 25 2.1 0.05 0.06 0.05
REBRY 496 250 302 493 214 301 53 26 23 53 26 23 53 26 23
FH 642 635 700 634 633 663 2453 2,654 3147 212 21.7 20.8 0.26 0.29 0.28
2012 2008 #R#ERz 40 41 49 34 35 44 437 453 566 23 22 1.9 0.03 0.04 0.04
REBERSY 332 314 297 313 326 332 50 55 37 50 55 37 50 55 37
FH 663 658 680 658 653 716 2884 2376 3,262 222 184 203 0.29 0.28 0.28
2013 2009 %Rz 45 48 42 37 35 46 772 703 502 33 4.6 2.1 0.02 0.03 0.04
REBREY 492 328 481 428 387 446 36 58 43 36 58 43 36 58 43
iy 689 689 723 662 678 664 2,796 3,172 3049 208 20.6 15.1 0.30 0.32 0.28
2014 2010 %Rz 41 45 50 37 38 37 579 506 256 28 2.1 1.3 0.06 0.04 0.05
RAEBRLY 175 293 131 154 366 351 14 53 3 14 53 3 14 53 3
Fiy 675 680 753 668 676 703 3,141 2,728 3,534 236 20.5 193 0.27 0.28 0.28
2015 2011 iR#Rz 46 47 51 34 43 45 625 694 1493 6.4 58 3.1 0.03 0.04 0.05
AEBEGS 453 165 308 490 222 301 38 44 42 38 44 42 38 44 42
iy 658 669 716 653 664 683 2,651 2490 2,731 202 18.0 16.8 0.28 0.27 0.27
2016 2012 #H#ER=E 46 49 57 41 42 44 576 594 623 53 3.1 30 0.04 0.04 0.04
AEEGS 305 350 473 289 405 677 44 64 57 44 64 57 44 64 57
Fiy 680 677 716 669 672 694 3277 2,651 3,045 230 18.6 18.8 0.29 0.29 0.28
2017 2013 ##%#FE= 47 54 56 32 39 40 426 639 609 2.1 3.1 25 0.04 0.05 0.04
AEBAS 350 192 359 331 202 359 54 34 45 54 34 45 54 34 45
Fiy 667 672 707 660 666 673 2953 2598 3024 212 19.6 19.7 0.26 0.28 0.28
2018 2014 ##FE= 44 47 52 35 40 48 628 613 558 26 3.1 3.0 0.07 0.03 0.03
AEBEKS 435 646 500 529 664 596 80 92 66 80 92 66 80 92 66
Fty 676 676 718 664 673 686 2677 2672 3162 202 19.1 193 0.29 0.26 0.28
2019 2015 ##FE= 46 45 66 36 36 48 739 557 410 3.6 33 1.6 0.02 0.03 0.03
AEEAS 81 154 113 50 185 17 15 30 14 15 30 14 15 30 14
Fiy 681 678 17 666 675 691 2954 2,278 2865 21.1 16.1 19.2 0.27 0.27 0.27
2020 2016 #H#ER= 43 44 53 37 37 36 690 780 630 35 4.2 25 0.05 0.05 0.05
REBEAS 277 470 624 227 558 664 91 Al 80 91 Al 80 91 7 80
Fi 677 686 716 686 679 694 nd 2927 3,846 nd 19.1 240 nd 0.27 0.30
2021 2017 ##mE= 34 43 52 32 37 40 nd 735 622 nd 40 4.2 nd 0.03 0.07
REBEAS 45 328 120 20 346 152 nd 22 29 nd 22 29 nd 22 29
Fi 666 654 700 646 654 666 2614 2359 3,128 184 174 18.4 0.25 0.26 0.26
2022 2018 ##R=E 37 44 54 32 35 44 876 658 720 48 3.7 38 0.03 0.03 0.09
REBEAS 218 341 599 129 308 811 24 47 83 24 47 83 24 47 83
F 682 694 710 678 692 681 nd 2495 2855 nd 16.6 19.0 nd 0.27 0.32
2023 2019 ##ER=E 39 47 66 37 34 48 nd 687 757 nd 32 1.5 nd 0.03 0.05
REBAS 19 130 123 26 107 117 nd 10 13 nd 10 13 nd 10 13
F 667 662 700 661 666 668 nd nd nd nd nd nd nd nd nd
2024 2020 #HEREE 37 44 45 30 35 36 nd nd nd nd nd nd nd nd nd
AEERS 51 379 392 47 290 352 nd nd nd nd nd nd nd nd nd
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