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Ecological Studies on 2-year-old Laminaria religiosa prox. Growing
on the Coast of Oshoro Bay, Hokkaido, Japan

Takashi FUNANO and Yoshio SAKAI

(Hokkaido Central Fisheries Experimental Station)

Laminaria religiosa MIYABE growing on the Japan Sea coast of Hokkaido has been recognized
an annual alga (KANDA, ’46). But few authors described some fronds of L. religiosa as a perennial
alga like other species of Laminaria from Hokkaido (OHNO, "32: HASEGAWA, '58; HASEGAWA et
al., '63). According to TOKIDA et al. ('59) L. religiosa MIYABE and L. cichorioides MIYABE are
growing on the coast of Oshoro Bay. On the other hand, some authors (MIYABE in OKAMURA, *34;
KANDA, *46; HASEGAWA, '59) reported L. religiosa and L. ochotensis from Shiribeshi Prov. in
which Oshoro Bay included. And the present authors studied not taxonomically but ecologically
on 2-year-old Laminaria—fronds in this Bay, and they described the alga as L. religiosa prox. in
this paper. An outline of the distribution of 2-year-old Laminaria-fronds on different beaches of
the Bay was observed from 1961 to 1963. Growth of the Laminaria-fronds and algal composition
of the Laminaria-bed were studied in the experimental area and its vicinity and other 6 stations
from 1963 to 1965.

From these studies, the following results were obtained.

1. Two-year-old fronds of L. religiosa prox. were few, and they distributed on several beaches
of the Bay, namely Nekodomari, Poromai, the vicinity of Oshoro Marine Biological Station of
Hokkaido Univ., Tateiwa, Ebisuiwa, the vicinity of the former Station of Tidal Observation and
Uchikabuto (Fig. 1). Generally, at the outside and the mouth of the Bay these Laminaria—fronds
grew on an inclined portion of a flat rocky reef. On the other hand, at the middle and inner
parts of the Bay these fronds grew on a flat rocky reef. Large number of 2-year-old Laminaria-
fronds were observed at the mouth and inner parts of the Bay from 1963 to 1965 (St. 4 and A*¥).

2. Growth of 2-year-old Laminaria—fronds were observed at the experimental area and its
vicinity from 1963 to 1964.

Many 1-year—old Laminaria—{ronds disappeared from late autumn and early winter. But, some

1-year-old Laminaria—{ronds regenerated into 2-year-old ones from December 1963 to January

oEd O Mo RERIEC L D), E (46) BLUEFN (39) mLhiE, @ERRRRY A
AV TORMCY) Y IS TERAEFTTHHBTHEY, FTLAWHEOBELUTWILD, KELLH
REELOREBETLONLLHIC. MeLToMMY»ES, TAhT. HoEMizsE>HEET-TH
NHZEEL, A#E Tz, BEHEA2 (539 OoBBBOBEABCI-T, —&, ZFHEv 22V
TELTEDN 2N 2t hds, LTORMBTH, ZFHEY 22y 7 BEZEHay 7 LTDA
o

##*  Each station is shown in Fig. 1,
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1964, and they fairly increased their blade length and width from January to February. In June
1964, the growth in length of the fronds was slow, and the increasing of the blade width was
continuous (Fig. 2).

The blade weight of these fronds increased successively throughout the experimental term
(Fig. 6).

The degree of thickness® of the fronds rose during December 1963 and January of the next
year, and fell in February, and after the month it rose again. The degree of thickness of mature
fronds were usually higher than that of non mature fronds in December 1963 (Fig. 8).

Most of the regenerated fronds had both first and second year blades in December 1963, and
many of them cast off the first year blades in January of the next year (Fig. 12).

The new filamentous hapters descended from the lowermost portions of the stipes from December
1963 to February of the next year, and after these months the numbers of hapters were not so
much increased as before (Fig. 11).

3. Growth of 2-year-old Laminaria—fronds at the 6 stations and the experimental area was
observed in December 1964 and April of the next year.

The blade length of the fronds collected from the mouth and middle parts of the Bay (St. 4
and 5) was considerably longer than that of the other stations (Fig. 3).

The fronds collected from the middle and inner parts of the Bay (St. 5 and A) were wider
than those of the other stations (Fig. 3).

The blade-form of the fronds collected from the mouth of the Bay (St. 3 and 4) was more
linear-lanceolate, and the fronds collected from the inner part of the Bay (St. A) were more ovate
than those of the other stations (Fig. 5. In each station, the blade-form of the fronds in December
1964 became more lanceolate in April of the next year.

The blade weight of the fronds collected from the middle part of the Bay (St. 5) was more
heavy than those from the other stations (Fig. 7). On the other hand, the degree of thickness of
the fronds collected from Uchikabuto (St. 6) and the mouth of the Bay (St. 4) was higher than that
of the other stations (Fig. 9).

Number of new hapters of the fronds collected from the mouth and middle parts of the Bay
(St. 3 and 5) was more numerous than those of the other stations in December 1964 (Tab. 2).

4. In the vicinity of the experimental area, 60 fronds of 2-year-old Laminaria were collected
from 10 quadrats in December 1964. One-third of them (20 plants) were mature, and half of these
mature fronds (10 plants) had the zoosporangial sori on one surface of the blades, and the others
had them on both surfaces (Tab. 4).

5. Density of the 2-year-old Laminaria-ironds was measured in the experimental area and
its vicinity and other 6 stations from 1963 to 1965.

In the first-year experimental area, the density of the Laminaria-fronds was about 12 per
1 m? in December 1963, about 10 in January of the next year, and about 9 in February. In the
second-year experimental area. the density of the Laminaria-fronds was about 4 per 1 m? in
December 1964, and a few of them (10% of all the number of fronds) disappeared in April of the
next year.

In the vicinity of the experimental area (St. A), 2-year-old Laminaria—fronds were found
abundantly in the middle parts of the reef in December 1964. And on this reef, the density of

* It was calculated by following expression: blade weight/blade area. And it was shown by
numerical value (mg per 1 cm?).
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these Laminaria—fronds was 4-48 per 1 m2, and mean value of them was 24.

Except for the outside of the Bay (St. 2), at the other stations the density of Laminaria—fronds
was about 40 per 1 m? in December 1964 (Tab. 2). In April of the next year, the density of the
fronds was 1/5-1/3 of the value observed in last December with the exception of 2 stations (Tab. 3).

6. Fronds of Sargassum confusum, 2-year-old Laminaria religiosa prox., Ulva pertusa,
Rhodoglossum pulchrum and Corallina pilulifera formed the Laminaria-bed in December 1963
at the experimental area (Fig. 14: Tab. 5. And the higher coverage of C. pilulifera brought

the lower density of Laminaria at all observed stations.

¥F A2 M &

F Y A v7 Laminaria religiosa MIYABE (3, b cie B RHgRROME, il X OEERRC
GATAH LAE C11) (Xo~XTw52%, Tof, il (46) LRI (59) (X, FEIRERTE A X D EEE
ke BREYSAAFRBHREYEEL, FIR, LBV THB EORTV B, —, V¥ av
7 L. ochotensis MIYABE Lt <2 v 7 L. japonica ARESCHOUG O4fit, @&l (Le) ik s &, iiiE
BFIR, LB EEC LTt~ 7 RE L AR BRRECREH, s LUEEMFOBEMILECET
GALTED, BEIAME (AAE) 2ECL T BEBHRY~TRfEEF Tofil w5, 20X5
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Vo YavFleavy7PE—lTHs LETHEH (Le) ORIEYTHEN, sV 42 v TRVEETE
BOYWMUME LT, SHESBEORAEYE->TIOEYEF LIV E LTS,
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PHBO—FA = v 7O HOEELHA -, 1961~ 63 Fiplt Tl CEERZRIL . Todiy
HIEWCEE A Lz,

1963 A LBFEICIL, AFYHS -0, BREOE#IC 2.0x2.8m2 oRBERX L 5T, KHD L0
BT E A vF v Py, EBE. B, 8L 2 Crvofril, FERoRSc HicowTHAR
B FPERE Lize AR, KEL»LHS0EDBALRNL, FEko L£HAOTo0 THEHRALE L1z

19644E 2, HBFIZIT, EFLHEXAS 0, NFLALHMCHS 2.0x3.5m? OHRIK L ETDR[iI
BIUBAMC 6 Bt SE L D, MBEKTRASRED £ 2 BE4Hc L TRERAEL, ENLEH
FAE T 50x50em? BHo k% ikl 50em oHREIC L » Tl L.

feds, FEEHIZ Tab. 1, [AEAL Fig. 1, Plate | iz L7-, Biks v+ v 712 Plate 1 IZiiL7.
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a. 4r Aii

N2 v FREEMOF = F= ) pabH e Bokh, KB, 8, AR, REg, o
FHT FOFEEFESFEL B L ACABNIz, FFERL LB L TR L. B 80 TRTERARE
Sl b ohILEL, BhifEBRTIITRICED 1z, ATiRBIL 50cm HiETh-7 (Bhic, 12A
FHoTi#E) . ¥, BEEH2 v FELTHEEERL L HEENEL LEROFETH- 12 (Fig.
1o St. 4 & St. A),

b. i =2

EEW o To—tEEH A Y 23 v AN HSBIZH FRIS T, 4 REHE L o Efis ke nn i,
A LV S A b iute s, o BEcdh -1, otk 1 HZAZIRE DR L,

1963-1964 Table 1 Date of researches
T date’63 e . . | —
locality | “Dec. 23rd | Dee. 24th | Dec. 25th (% gy | Jan. 17th | Feb. 19th | June 3rd
[ hi ' |
: punching,
ex e:il;:enta] e;et:rti‘r;r;tetrh:ﬁ tagging and Measuping | Mesaring
P P measuring the plants | the plants
area area thie nbuin |
Iheofv i‘cﬁgity [ r{tlndqm r:lllndqm r:ﬁndqm rﬁndqm
: collecting | collecting collecting  collecting
expe;:gntal the plants | the plants the plants the plants
| |
1964-1965
y date/64 } . 65 April 8th
locality { Dec. 17th | Dec- 18th | Dec. 2rd [Ty 19 | “& oth
the | measuring collecting
expe;‘:.l::ntai the plants ‘ all the plants

the yicinity | fﬂ‘e&ggfs \ '
of t '
: (belt transect
experlmenlalland quadrat‘ |
AEL method) ' -
‘ ‘ c}tl)l!ec!ting 3 c}{:lfecltiﬂg
o g the plants . the plants
stations 1-6 {quadrat | (quadrat
method) method)
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Oshoro Marine Biological
Station

0 100 200 300 400m
—— e

Fig. 1 A map of Oshoro Bay showing the places where the
experiments were carried out.
A : the experimental area and its vicinity.
1-6 : 6 stations.

FEOLRER S A D tbtze 52, 2 Anb 4 Hitod TER L MOBER LIE <o), WIEK]
DbDEEstce 1ANB4AZAETCRERMTH O K, —HiiiEkdPiehotze 6 AIZA
HERBNLRTFLL DB o1

2. £ "

a. i b3

19634 LREITHT T, HBE TRIZHIZESERIE 17.9cm CHhHotze 1 Hiziz, F4 28.5ecm ©
Hb, 126 10em @FLoMULBLABRE, 2 Hiziz, 13~110cm O T EY 46cm THo, 12H
&1 AT GBI ORI I D i1z (Fig. 2).

KT, 127 3R 18.4em C¢H 0, 1 Hicit. 8~55cm ofifiT¥EH 33em THb, 12
AXo 15em 2 EOMUMA BRI 2 HiZid, 20~109cm OFEHcFg 53em THH, 1AL H 20cm
OB, FlolBX & < TEEERIL Tem Bhrotze 6 HiTik, FHT72.2em THH, 20X
h 20em @ EOMUBABRIA, Blem LLEDEVG DA, 40~80cm D 00 EEHEDTEZIRE
LTt (Fig. 2),

19645E M BRIEIC AT, St 1~6 LRRIX™ o boi, 12AKRBOoo St 3 @B TRERZY

* 1964E12H L BE4 HO St 1~6 RBKXoMES B, &4 (Sts. 1,2), &0 (Sts. 3, 4), B (St
5), B (RBK) ¢ LTEedi, b, SLERBOAELC S, 9737 tOABOROHES
OUARBWLZAESmicd, BOAMLE W, ¥21280840 SL2 oboRBEEAMAY VO
THWk, iod, ¥RLBHTLEABERMALEN, B0, SHE, BRLLW5FLLFEL TV 5,
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2-year-old Laminaria—frond
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Table 2 Two-year-old Laminaria—fronds collected from the

Station

number of the fronds

mean area

stipe length
blade length
blade width
blade weight

number of the new hapters

blade-form (length/width)

degree of thickness (mg/cm?2)

number of the frond
having constricted portion

number of the {rond
having sporangial sori

blade base (lancolate/round)

associated algae
Ulva pertusa
Sargassum confusum
Melobesioideae
Corallina pilulifera
Grateloupia divaricata
Rhodoglossum pulchrum
Rhodymenia palmata
Gymnogongrus flabelliformis
Gelidium sp.

Lomentaria catenata
Symphyocladia latiuscula

non associated algae
diatom
Ralfsia sp.
Ectocarpus sp.
Petalonia fascia
Colpomenia sinuosa
Laminaria religiosa (1-year-old)
Cystophyllum hakodatense
Sargassum thunbergii
Porphyra pseudolinearis
Glacilaria sp.
Acrosorium yendoi
Lomentaria hakodatensis
Laurencia sp.
Ptilota pectinata
Antithamnion sp.

@®(10%) ®

number
1 7
L ]
® [
e
o

1
22
230 ¢cm?
range mean
’ 0.3~2.0cm  0.93
9.0~23 em  16.4
2.4~5.8cm 4.1
1~10g 5.2
‘ 5~10
2.3~7.2 3.5
37~114 77
6
8
‘ number of both type
St 148
qugdrat B
‘overage .
‘k 20% 19
10 10
10 5
®10%<) @
10
10 20
- 10
® e
®

2
3
1660
1.6~2.0 1.8
15~35 27
1.8~2.8 2.3
3~10 7.3
6~8
6.2~19 11.8
83~143 113
1
2
2/1
A B
L] ]
L ®
5 30
40 10
®
® ®




6 stations in December 1964 and April 1965.
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(Dec. 23rd 1964)

3 4 5 ‘ 6
20 23 21 \ 17
250 220 240 290
0.8~2.0 1.13 0.7~1.8 1.3 0.3~1.8 0.92 ! 0.3~1.6 1.1
14~48 24.2 5~24 17.1 10~49 29 | 4.2~23 13.3
2.3~6.8 4.7 1.0~4.5 2.9 2.6~12.4 6.3 1.3~6.0 3.4
2~17 6.8 1~8 3.9 3~25 11.9 | 1~7 4.2
4~12 3~6 4~11 3~9
2.4~10 5.2 3.9~9.4 6.0 1.8~10.7 4.6 0.9~8.5 3.9
37~84 60 33~102 80 43~92 65 48142 93
4 0 6 3
0 0 3 5
19/1 23/0 21/0 \ 11/6
A B A B A B A B
5 5 40 = ® - -
30 30 30 30 40
10 @ 10 10 5 5 & 10
5 10 5 10 5 & 5 5
® & @ L] 5 &
5 5 &
5 5 5
® 20 10 10 ® 5
A ) 15
@ i0 & -
@ ® 5 &
] L] @ @& @
@ &
®
®
9 5 25 4 2
®
®
o
@
L ]
@®
® &
@ ® ® |
® ® @
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Station 7 1 2

x number of the fronds 2 3

g mean area 1250 cm? I 830

é stipe length 2;1.5em 1.8 ——_ nean
3 blade length 67:48 cm 58 65~66 65.3
E blade width B.5i6.7em 7.6 12.2~13.7 12.%
~ blade weight 38:25g 34 38~64 47
Ec number of the new hapters

L blade-form (length/width) | 7.957.2 7.6 4.9~5.4 5.1
°l>'; degree of thickness (mg/cm?) 67:78 77 43~80 &7
[}

blade base (lanceolate/round)

1-year-old Laminaria religiosa number (20 cm>>) 292

other algae
diatom
Monostroma angicava
Monostroma pulchrum
Ulva pertusa ‘

~ 90000

Costaria costata
Undaria pinnatifida 2
Sargassum thunbergii
Sargassum confusum
Porphyra pseudolinearis
Porphyra yezoensis
Porphyra onoi
Melobesioideae
Corallina pilulifera
Rhodoglossum pulchrum
Neodilsea yendoana

Laurencia sp.

Ceramium sp. \ ®
Symphyocladia latiuscula ‘ @
Rhodymenia palmata ‘ ®

Number of the fronds of Costaria costata, Undaria pinnatifida and Sargassum confusum are

10~50 em ffiipiT, flio it sk~ TRVbonE <, FEFHOERE AR D D » o 4 A
i3, BHROECLON S o to DL, B0 LR TH D, EHEERE 110em LAETH-7A (Tabs, 2, 35
Fig. 3l —#ic, Whi#issno bosst L Bmo b o -~ THERIE- T i,

b. ¥ L

196342 HBEC T T, ABRE TR, 12ZHICFSERE 4.9 cem, 1k 7.1em, 2 §i2i2 10.5em
Thb, BIA XD 3.5cm BERIEL fr- Ttz (Fig. 2),

EEITi, 12853 EEE 5.55cm THh, 1 HiZit 6.21cm, 2 AiCit 11.6cm, 6 AiZit 9.6~
20.6 cm ORFHTFY 14.7cm TH O, BHBIOFEEEL I NiZ- &2 D LTz (Fig. 2),

19647 LEIEIZ T T, St 1~6 LRBE O Lo, 12AIREERHTIERG- 024, BofE
S THEbNchot: Tem BLEDLOHI0% R EX LD TV, —7, A0 St 4 TREROEETVL
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(April 8th and 9th 1965)

9

3 4 5 6
2 14 4 3
1250 180 625 830
1.55= 1.5 2.5~5.5 3.7 3~4 3.3 1.5~3.0 25
1305152 141 75~173 124 85~148 110.2 59~117 89
10.1:55.9 8.0 6.8~12.4 9.5 5.6~17.7 13.0 5.7~13.1 8.9
110;38 74 32~148 98 34~208 105.5 64~116 3
3~9
12.8;25.9 I7.7 7.8~19.3 13:1 8:3~415:2 8.5 8.6~11.6 10
84:42 66 44~124 83 61~78 74 75~110 92
14/0
== s . ———
39 | 100 55 0
— — = -
@ & @
4 | 3
\
® @
4 6 4
® k&
L] | @ &
o & [ ] L ]
@ ®
®
®
®
[

shown in this table.

D SEhotes 4 HiICk, S EEDTSCImo Mg St~ T EV & 028 % 5o o (Tabs. 2, 3
Fig. 3)c —fic, Sl BRo Lo, B4 L E00 L0~ THREG L0 Ehoto,

c. %

%ii‘

19630 LBEIZ T T, RBRE ik, 12012 2.1~5 OEMREO L0235 £4E080% % L, £—F
L 3.1~4 Wiz (Fig. 4 1 HIE 12AERLL =~ FIZ 3.1~4 iCh-70h, HEREOEVHIC
Th, fIRVEOLORME Tiz, 20 d, B— Nk 3.0~4 Kk -722%, FHioH LD X birifilE ji
DEDNRE Inotce

KEZTE, 12H1Ic

#*

DTh by

2.1~4 DEROLDA65% % L, BIEGFED & O 2% ot (Fig. 4, 1B
ﬁﬁ/%mwﬁf377®¥%%ﬁfc?tb%.ﬁ@ﬁmtmnwﬁvﬁ,ﬁw%@ummhﬁm%
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Dec. 24th 1963 The fixed experimental ares ™ Dec. 25th 1953 the vicinity of the fixsd expsrimental arsa
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<
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50 100 150cm 50 0 100 1500
Blade Tength
=B Tan [ 7th 1964 the fived éxpevimental aren o
Jan. 9th 1964 ol the fised experimentsl drad
s 1s5p
4 =
l‘ . . z
d 2l
' - .
W - .
U I ° sk *
' 1 ' N iy R
50 blade lengt 100 150em 50 blude lergrh Li00 15065
2 .
“1 Feb. 19th 1964 i :
. Feb. |9th 1964
the fixed cxperimental aro
15 )
15
= . - "
% . 5 - g £ .
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3 glor A -
= . = -
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S
n A A i n 'l L A n i ' ] & 1 3
50 ilide Tangn 100 150 r —
50 I 150 0
blade length b e
af
June 3rd 1964 e ity af the fixed okperimenial area ¢
is ) i
e o3 .
sk
L L ’
50 100 T50n
lade lengih

Fig. 2 Relation between blade length and blade width of 2-year—old Laminaria—
fronds growing on the experimental area and its vicinity from December
1963 to June 1964.
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Table 3 Two-year-old Laminaria—fronds growing on the experimental area in

December 1964 and April 1965, (Dec. 18th 1964)
3 2 ade— s angiz 2
number !stlpe length blade length | blade width M;{::}ﬁ Loll;ﬁh' p(:()'r?"'ml ]e;]f;]l? }?1'1;“]2(!
1 1.8¢m 11 em 4.5¢em Eaf
2 1.0 8 3.5 2.3
3 1.8 6.8 4.7 1.4
4 1.5 13:3 T2 1.9 12cm
5 1.7 135 3.3 4.1 one surface
6 1.2 17 4.3 4.0 [} 15
7 0.8 8.5 4.0 2.1
8 0.8 | 8 4.7 -7
9 1.5 8 4.5 1.8 O
10 2.0 | 10 6.0 1.7
11 2.0 14 6.8 2.1
12 1.8 17 5.1 3.3
13 2.4 16 5.2 3.1
14 1.4 13 5.4 2.4 10
15 05 7 3.2 2.2
16 1.b 17 5.8 2.9
17 1.b 7 30 2.3
18 1.0 8 6.2 1.3
19 0.6 6 3.1 1.9
20 1.8 14 3.8 3.7
21 1.5 15 6.8 2.2
22 1.2 18 5.4 3.3 15
23 1.0 14 4.2 3.3 |
24 1.2 12 3.2 3.8
2% 1.2 13 | 33 3.7 ‘
26 1.8 14 3.7 3.8
27 1.2 9 | 7.0 1.8 both surfaces
28 3.0 11 4.8 2.3
29 1.0 12 6.5 1.8
minimum 0.5 6 3 1.3 — =
maximum 3.0 18 1 4.0 — e
mean 1.44 11.8 4.8 2.45 — —
(April 1st 1965)
. ) \ ; . number of |blade-form | degree of
number ltsat:?:?h lb adt‘}a_l ‘ Erlxdﬂi “Pj.ddﬁ‘ the new (length/ | thickness
g eng ( b hapters width) | (mg/cm?2)
1 3.6 ¢m 68 cm 18.9¢m 88g | 6 3.6 [ 69
2 4.0 117 16.5 130 6 7.1 66
3 3.5 81 122 82 4 6.6 83
4 35 70 15.6 61 6 4.5 55
5 4.0 65 10.4 34 5 6.2 50
6 3.5 95 16.8 112 4 5.7 70
7 2:5 99 16.5 101 6 6.0 62
8 3.5 63 10.3 44 4 6.1 68
9 4.0 104 17.5 122 7 5.9 66
10 4.5 83 14.2 61 a5 5.8 52
11 6.5 79 17.2 94 8 ‘ 4.5 69
12 3.5 118 20.2 134 12 \ 4 d 56
13 3.5 102 16.8 | 123 | 4 6.1 72
14 3.0 69 13.3 ‘ 59 4 ‘ 5.2 64
15 2.0 45 9.3 26 ‘ 6 4.8 62
16 3.5 103 | 19.8 141 5 ‘ 5.2 69
17 3.5 82 16.3 108 8 5.0 81
18 1.0 98 14.6 83 7 ‘ 6.7 a8
19 2.0 52 11.3 44 ‘ 6 4.6 75
20 4.0 96 10.3 68 l 4 9.3 88
21 3.5 111 | 16.3 109 i < 7.3 64
22 3:5 87 14.8 101 7 6.1 56
23 3.0 65 ‘ 12.3 43 ‘ 4 b.3 54
minimum 2.0 45 9.3 2 4 | 36 50
maximum B.D 118 20.2 141 12 | 9.3 88
mean 3.6 85 14.8 85.5 e 5.7 68
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Fig. 3 Relation between blade length and blade width of 2-year-old Laminaria-
fronds collected from the 6 stations in December 1964.
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Fig. 4 Seasonal variations of the blade-form (length/width) of 2-year-old
Laminaria—fronds growing on the experimental area and its vicinity

from December 1963 to February 1964.
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Fig. 5 Local variations of the blade—form (length/width) of 2-year-old Laminaria-
fronds collected from the 5 stations in December 1964.
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Fig. 6 Relation between blade weight and blade area (length x width) of 2-year-old Laminaria-fronds
collected from the vicinity of the experimental area from December 1963 to June 1964.
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Fig. 8 Seasonal variations of the degree of thickness® (weight/length x width) of

2-year-old Laminaria—fronds collected from the vicinity of the experi-
mental area from December 1963 to June 1964.
*: vide “summary”.
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Fig. 10 Maturity of the 2-year-old Laminaria—fronds growing on the experimental
area and its vicinity in December 1963 and January 1964. Maturity of the
fronds are shown in this figure the rate of the sporangial sori length for

the blade length (sporangial sori length/blade length).
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Table 4 Two-year—old Laminaria—fronds collected from the

quadrat number 1 ' 2 3
| | number of the fronds I T 6 8
E mean area 357 em? 415 312
'gr ‘ stipe length Ofgf_ﬁ"j&_m "‘f%‘; | 0.5~1.8 115 | 1~25 1.6
S g blade length 5~29 ¢cm 13.7 1 7~21 10.6 8~22 14.4
== \ blade width 3~11cm 5.7|3.4~7 4.5 2.8~7 5.2
i ‘ blade—form (length/width) 1~3.6 2.4 1.1~5.2 2.35 | 1.6~4.2 2.76
E: ‘ number of the fronds hoth surfaces 2 1 1
2 A having sporangial sori one surfaces 2 2
Sargassum confusum nurréber 16 5
associated algae coverage
Ulva pertusa 20% 20
Colpomenia sinuosa 40
Corallina pilulifera 10 20 20
Neodilsea yendoana
Rhodoglossum pulchrum @(10%<") 20
Gymnogoengrus flabelliformis
Symphyocladia latiuscula [ ] 20
non associated algae !
diatom [ ] [ ]
Cystophyllum hakodatense | [ ]
Sargassum thunbergii [ ] ®
Laminaria religiosa (1-year-old) number 13 7
Costaria costata @ ®
Melobesioideae ® i ®
Grateloupia divaricata &
Glacilaria sp. [
Rhodymenia palmata @
Lomentaria catenata [ ] iy
Lomentaria hakodatensis & ‘
Acrosorium yendoi s ‘ E) [ ]
Polysiphonia sp.
Ceramium sp. ‘ ®
Laurencia sp. iy @
Gelidium sp. ‘

HT, 4~54KDLDpEh-70 1 AT, 2~1TEKDRHET6 ~T7 KDOLDHEL, 2 BT L
CRILTEY, 2Todon5 AL ETHN, 10K Eobod vt ) 2 bR eEkD20%i3 S Lb T
20 6 BiCiL, 6 ~13KDHHT2 AnLE IR ~TW B Lmb LT, BEOMMIPIichot T
%, Plate 111 @ Fig. 2 @/iLizX 51c, 2 A0 b0 LUVEEARELTHTETE D, —F, Plate
IV® Fig. 2 @6 Hod odlizibmic -\ LEFERIAZ D, £oMHEHFG 1HE 2 A0 b oich~mi
DI feo Tz, HER LB E OBFICoTAS £, 120 0L DRERTLOFTIEG A,
EAREGE SREREED S HEA A BR, 1 AR EBIZEofsit-%h LT (Fig. 11 £
HElBLTHAE, 12HMB2 A% Gk, BER—ENoE RO EfoZEHLRIEL, WE35 Han
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vicinity of the experimental area in December 1964. (Dec. 17th 1964)
+ | s | & | 7 | 8 9 | 10 | mean
1 ‘ o | 2 | & | s 12 1 6

2500 278 \ 1250 I 415 312 208 2500 415

2 ‘0.5"-'2.51.45 1:1.8 1.4 1~2 l.43i0.5"~2.5 1.510:6~2 0.97]| =2i2 1.38
18 8~31 18.2| 21:14 17.5| 7~32 15.4|3.6~24 13.6, 6~35 15.5 23 15.0
8 2.2~7.8 5.2/6.8:8.2 7.5/2.8~8.4 5.5|1.5~9.1 5.5|3.2"~8.5 5.3 7.5 5.45
2.3 |1.8~6.9 3.5/3.1:1.7 2.4[1.3~4.3 2.8/1.3~3.92.46|1.4~4.7 2.9 3.1 2.76

3 2 1 1
1 1 2 1 1
2 « | 3 | s | 4 7 | s | s
I ——— 7 T T |
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40 20 20 20 10 1016
60 R ™ S 10 o | W |
20 | 2
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e o | o | 2
| °
® |
19 12 7 12 2
o o
° |
1
1
L] i
L] ®
® ‘ |
© } °
a*
®
| 7 e "

Atz (Plate 111 @ Fig. 2), 6 Aoz < o i LRHZIES D, fHamiit 4
I B EEH A& Bt (Plate IV @ Fig. 2),

19644E12H D St. 1~6 DEARTIL, EEOR\V L 25080 LEPHO L OO R B 2\ M
BAbi, ¥RZhboOROFAERED L O E~HETEE TS HAA A bR (Tab. 2),

h. % %

1963412 L B 1 AORBK - XEIOFE THERO 7 € vaikbi: 0k, 12HiCX AN T28448
% KAMTI6AR, Thotze 1 A, AL L5 kDDA bhtz, ik, B4EHO 2 €vdiid-
2O LAVTHEXRLTW S 0dAbhiz,
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Fig. 12 Regeneration indicated by presence of the constricted portion of the
2-year-old Laminaria—fronds growing on the experimental area and
its vicinity in December 1964. The constricted portion of the fronds
are shown in this figure the rate of the new blade length for the
whole blade length (new blade length/whole blade length).

WD 2 € vofiBa* BEEOEIG GELEEISL2 L ETORS /ERE) T&3 L, 12HOEL DLD
WEHDILCIZH D, B 0.8 Ll EDMEICH - 12 & DI3394N0Y Th-7- (Fig. 12); ¥4, 7 E Vi
FRoRk\WL 0 FEMCBET L TWaBHA AR bRz, ERIICAS L, 0em DTOLD449%,
1~20cm DY DiE27463%, 21~30em O H D129 A21%, 3lem LLEDLDIE3 KT % THotoo

19644124 0 St. 1~6 FABAKTIL, # o St 4 TIRIHELX R Lol bhT, ottt
1314~29% © b DIIHIEL A B (Tabs. 2, 3),

i 4 KRh

19631202 HR4E 2 AITBRE €, lFC LIS IR L BRIz 2L T, ThizfEfErabh
o (Fig. 13), RicEEOMOD X\ d o (Fig. 13 o FR) 24 i o (FER) a4 Ttld iz
EROLIcOWTHSB L, 2 Aiz 50em B Ricie ot i3, 12HIZ 20em Bl ED 0% L 9 A80%
2ETHH, —5, 2AHIZ 50cm LT THo7-bDI212HIZ 20em LLTFCHho7-L D% < 8 K80% TH
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2 QiR EERES S0cem Ll Eicie -7 b or—An EE Mo L &<, —%, 50em LT Cth-7boix
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a. @ B X
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Fig. 13 Growth in blade length and width of 2-year-old Laminaria-fronds growing
on the experimental area from December 1963 to February 1964,
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flFERIc T RB E, 1963 FEI12AHRIE 7 YRS R, THTAY, TH-S, EVes, %220, 7
AARYF VYIS, YI2EO1LE, FLAR, =20, £V AFHFEENALRE., DS LEEYE
BLTWA0RARBR TR 7 A2 2 5B VERO FoBic A6, 1 HHZ 3 ~13ACHEIFS
930 (29.8) #/m? T= v 7OH3ETH -1 (Fig. 14 o EH), hbo#EEok Xz 10~60cm Tif
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Table 5 Associated small algae growing on A-J quadrat in the

experimental area in December 1963. (Dec. 24th 1963)
species quad_ri A . B | cC|D 1 E|F|G|H|I | ] Imean
Ulva pertusa N eoe |30 |20 |30 |40 15|25 |10 10|10 | 24

Neodilsea yendoana | ’ | )

Corallina pilulifera 10 5 (10|20 |10 15| @ v
Gymnogongrus flabelliformis 15 10 10 | 10 4.5
Rhodoglossum pulchrum 15 | 5 15|15 | 20|20 | 30 | 15 | 40 17.5
Chondrus sp. & 5 0.5
Rhodymenia palmata 40 | 4
Campylaephora hypnaeoides ! 5 0.5
Symphyocladia latiuscula 10 | 10 10 10 4

LTtz (Fig. 14 o FE),

YT ETVACES EORFICOLTRS L, 1963FI12HD | T2 v 7BE LT, CoE
ELTWAHRIRILZ YA E 2 2A&BRT, AMETCEFT LTV (Fig. 14 o ). F7-, 1964/F12H
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BEBWT, Y e 0EEYI5 ~20% Tlid o100
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EMz£ <, D,E K GEflcgs -1, —HicfiEGC-FBoFEGRBICHRc S AT LTV,
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. HEBEEIR10~80% THIE34% TH 1z (Tab. 4)s iz, No. 10 HTi380% &\~ 557 b BV %R L T
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Fig. 15 Sketch map of the station A (shown in Fig. 1).
@ : the experimental area.
A-E : belt transects.
1-10 : quadrats (a quadrat : 50 cmx50 cm).
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Plate I.

Fig. 1 The place where the experiments were carried out (St. A).
A : the experimental area.

Fig. 2 M

(a) at 5 cm above the blade base. These specimens were punched at the latter

ing method on 2-year-old Laminaria—frond by means of punching hole

end of November, and the punched holes removed upwards.
Fig. 3 Fronds (1-4) are associated in a stub. The demarcation of the first and second

vear blade is indicated by an arrow.

The specimens shown in Figs. 2 and 3 were collected from the vicinity of the experimental area
on December 25th, 1963.
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Plate II. The various forms of 2-year-old Laminaria—fronds collected from the vicinity

of the experimental area on December 25th, 1963



Plate II1.

Fig. 1 Tow-year-old Laminaria-{ronds, the lapse of about 2 months after regeneration

In these specimens old blades are not seen

)

2 New holdfasts issued from the stipes of 2

Fig.
The specimens shown in Figs. 1-2 were collected from
on February 19th, 1964

vear-old Laminaria—frond.

e vicinity of the experimental area



Plate 1V.
Tow-year-old Laminaria-fronds, the lapse of about 6 months after regeneration.

Fig. 1
Median fasciae and marginal undurations are seen in these specimens

Fig. 2 The blade base and holdfast showing round base, elliptic shape in the cross
section of the stipe.
The specimens shown in Figs. 1-2 were collected from the vicinity of the experimental area

on June 3rd, 1964



Plate V.

Tow-year-old Laminaria-fronds collected from the 6 stations on December 23rd, 1964,

1: Fronds collected from St. 1 Fig. 2 : Fronds collected from St. 2
3 : Fronds collected from St. 3. Fig. 4 : Fronds collected from St. 4
. 5 : Fronds collected from St. 5 Fig. 6 : Fronds collected from St. 6.
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Plate VI. Tow -vear-old Laminariz—fronds, the lzpse of about 4 months after regeneration.

Median fasciae and marginal undulations are seen in these specimens.

These specimens were collected from the vicinity of the experime nta! area on .-‘.prii 1st, 1965,
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Studies on the Coloration of Fish Eggs—III

Observations on the color tone of herring-roe
Masayoshi NAKAMURA and Toru FUKUMI
(Hokkaido Central Fisheries Experimental Station)

For the purpose of manufacturing high quality salted roes (so-called “Shiokazunoko”) from
herring and browned salted herring-roes imported from Russia in recent years, various chemical
treatments of these materials have been made. However, little information was available on the
peculiar pigment of the salted herring-roes, the causes of its browning and the effects of chemical
treatment on them except for a paper by K. Tamoto et al. in which they reported on the effects
of residual blood in the roes. We assumed that the following four important factors affect the
appearance of the color tone of herring-roes:

(1) Natural pigment of herring-roe

(2) Autolytic oxidation of lipids in the roe
(3) Residual blood in the roe

(4) Amino-carbonyl reaction.

We therefore investigated the influence of these factors on the color tone of the roes and the
behavior of these factors under various chemical treatments.

The results obtained are as follows:

1. It was ascertained that the natural pigment found in herring-roes is lutein. The lutein
remains stabile under freezing storage, but is lost during salting storage.

2. As a result of trying to extract the hemoglobin derived to hemin with HCI-MeOH, the
extracts from frozen herring-roes always contain hemin but the extracts from browned salted
herring-roes contain no hemin.

3. The absorption spectral curves of lipids in the herring—roes show that the degree of the
coloration of lipids gradually increases with autolytic oxidation.

4. Even after the removal of blood and lipids a yellowish brown pigment still remains in
the herring-roe. It is assumed that the remaining pigment is formed by the amino-carbonyl reacti
on, which includes some combinations of aldehydes brought by the autolytic oxidation of lipids
or reducing sugars with amino acids, peptides or proteins.

5. The color tone in frozen herring-roe is almost entirely dependent upon residual blood
and scarcely on lutein. In browned salted roes or HyOp-bleached roe the porphyrine ring as a
prosthetic group of blood is subjected to oxidation, opened, and further led to strongly reduced
derivatives in the constituent pyrrole rings. Corresponding with this, the porphyrine ring changes

its color from yellow to a colorless state. It is considered, therefore, that the color tone in these
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roes are not due to residual blood, but due both to autolytic oxidation and amino-carbonyl reaction.
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Table 1. Changes in color tone of herring-roe by removal of colored substances.

Sample | Lightness { Hue (mg) ’ Saturation (%)
Before extraction 10.4 585.5 56.5
. CM. extracted &
Frozen herring-roe e Mrasli_ii“e ’ 12.0 589.5 53.0
—Me extracte
e 28.7 576.0 22.0
Before extraction 22.9 578.0 59.0
Frozen herring-roe, CM. extracted
bleached by H,0, residue \ 21.5 579.0 39.5
HCI-MeOH extracted &
residne ‘ 18.0 580.7 52.0
— 1
| |
Before extraction 15.8 570.8 77.0
Browned salted CM. extracted |
herring-roe residue 28.5 ' 580.0 3_7'5
HCI-MeOH extracted
residue 11.3 584.0 3.0
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Scheme 1.
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Method of isolation of lipids.
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Fig. 3. Absorption spectral curves of
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0.40
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Fig. 5. Separation of the yellow pigment
by column chromatography.
. . i : Absorbent : activated alumina
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Fig. 4. Changes in absorption spectral
curves by refining of yellow
pigment.
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Fig. 6. Absorption spectral curves of
pigment 1 and 2.

Table 2. Compariscn of absorption maxima between the lutein isolated from
herring-roe and those frem goldfish skin. (Wave length in mau.)

SEitEes Sow?‘f " Petroleum etheri Chloroform Remark
Herring-roe 420 4445 472-3 430 457 488 | Data by the authors
Goldfish 420 444 473 432 457 487 ] Data by S. Hirao
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Fig. 8. Changes in absorption spectral
curves of the lipids during st-
orage.

Solid line : Before storage.
Dotted line : After 5 days storage.
Chain line : After 20 days storage.

Wave Length
Fig. 7. Changes in absorption spectral
curves of lutein during storage.
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Fig. 9. Comparison of absorption spectral
curves between HCl-MeOH extract
from herring-roe and those from
water-bleached herring-roe.

Fig. 10. Absorption spectral curves of
HCl-MeOH extract from pure
hemoglobin.
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Fig. 11. Changes in absorption spectral
curves of lipids from herring-
roe during freezing or salting
storage.
(After 10 days storage)

Solid line : Frozen herring-roe without

water—bleaching.

Dotted line : Water-bleached herring-roe.
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Fig. 12. Changes in absorption spectral
curves of lipids from herring-
roe during freezing or salting
storage.

(After 80 days storage)

Solid line : Frozen roe without water-

bleaching.

Dotted line : Water-bleached roe.

Wave Length
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Fig. 13. Changes in absorption spectral curves of HCl-MeOH
extract from fatless herring-roe during freezing or

salting storage.

(After 80 days storage)

Solid line : Frozen roe without water-bleaching
Dotted line : Water-bleached roe.
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Table 3. Effect of chemicals treatment on differept colored substances.

* | T _®
Sample (1 B:glvn ‘ (3) 4 Patless

Chemicals treatment Hemoglobin | pigment Lutein Lipid h :rr;?l:;fi,e
in acid e t + it H
Hydrogen peroxide | in neutral s ik - S + #H
| in alkali e E + +++ H
| inacid | ——— H o i b
Sodium hyposulfite | in neutral it He Hit Hit H
in alkali + it H + Hit
in acid + - + - +
Sodium isoascorbate | in neutral ——— - + - =+
" in alkali H - H - -
in acid - H . - +
Sodium nitrite in neutral | -~ } ++ + *+
in alkali l = 3 + + —

+ ~#i : The degree of decoloration.
—~———: The degree of coloration.
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Fig. 14. Distribution of four factors concerning in color tone of herring-roes.
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