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Feeding Patterns of Marine Ciliates Fed on
the Heterotrophic Bacteria*®

Tsuneo KUME**

Abstract:

The feeding patterns of marine ciliates, Uronema spp., fed on 42 strains (five

genera) of marine heterotrophic bacteria isolated from sea water samples in coastal areas of
Japan and in the North Pacific Ocean were studied to elucidate the difference between various
types of food bacteria in influencing the feeding rate and growth of the ciliates and to clarify

the feeding selectivity of the ciliates on bacterial strains.

A ciliate Uronema sp. (U36) fed

on the bacterial strains of Pseudomonas and Vibrio as favorable food sources. Feeding on
the latter resulted in higher growth rate and growth constant, shorter generation time and

lower feeding rate of the ciliate compared with feeding on the former.

The strains of Vibrio

were proved to be more effective food for the ciliate than the strains of Pseudomonas. The
feeding selectivity of each clone of Uronema was recognized on several types of mixed bacterial

foods of the Pseudomonas and Vibrio strains.

The growth rate and feeding rate of the

Uronema species were different by the combination of strains in the mixed bacterial foods.
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Table 1. Sampling areas for bacterial strains.
Area Stfltlon Latitude  Longitude
No.

Sagami Bay A -1 35°04'N 139°19'E
Suruga Bay U -1 34°55'N 138°38'E
U -2 34°40'N 138°35'E

North Pacific
Ocean NP-3 39°59'N 155°00’'W
NP-24 20°30'N 125°00’E
NP-28 24°00'N 125°00'E
NP-29 30°21’N 127°11'E

Table 2. Sampling stations for the isolation
of Pseudomonas spp.

Strain Sampling Depth Sampling
No. station (m) date

P01 T -9 0 June 3, 1974
P02 T -8 50 June 2, 1974
P03 A -1 50 June 4, 1974
P04 A -1 50 July 6, 1975
P05 A -1 50 July 6, 1975
P06 U -1 0 June 6, 1974
P07 NP-29 0 Jan. 28, 1975
P08 NP-24 0 Jan. 25, 1975
P09 NP-28 0 Jan. 26, 1975
P10 NP- 3 0 Aug. 30, 1969
P11 NP- 3 0 Aug. 30, 1969
P12 NP- 3 0 Aug. 30, 1969
P13 NP- 3 0 Aug. 30, 1969
Table 3. Sampling stations for the isolation

of Vibrio spp.

Strain Sampling Depth Sampling
No. station (m) date

V21 T -8 0 June 2, 1974
V22 T -8 50 June 2, 1974
V23 T -8 0 July 4, 1975
V24 A -1 0 July 6, 1975
V225 A -1 0 July 6, 1975
V26 A -1 20 July 6, 1975
va7 U -2 50 June 6, 1974
V28 U -2 100 July 6, 1974
V29 U -2 Zp* July 6, 1974
V30 NP-29 0 Jan. 28, 1975
V3l NP-24 0 Jan. 25, 1975
V32 NP-28 0 Jan. 26, 1975
V33 NP-3 50 Aug. 30, 1969
V34 NP-3 50 Aug. 30, 1969
V35 NP-3 100 Aug. 30, 1969
V36 NP-3 100 Aug. 30, 1969

* Zp: Bacteria attached on zooplankton samples.
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Table 4. Sampling stations for the isolation
of Flavobacterium spp. (F), Caulobacter
spp. (C) and Spirillum spp. (S).

Strain Sampling Depth Sampling
No. station (m) date

F41 T -9 0 June 3, 1974
F42 T -3 mud June 1, 1974
F43 T -1 5 June 1, 1974
F44 T -8 0 July 4, 1975
F45 A -1 20 July 6, 1975
F 46 U -1 Pp* June 6, 1974
F47 NP-29 0 Jan. 28, 1975
F48 NP-28 800 Jan. 26, 1975
Csl T -3 0 June 1, 1974
C52 T -1 5 June 1, 1974
C53 A -1 0 July 6, 1975
C54 A -1 20 July 6, 1975
S61 T -8 0 July 4, 1975
S62 A -1 0 July 6, 1975
S63 A -1 100 July 6, 1975

* Pp: Bacteria attached on phytoplankton samples.
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Table 5. Growth constant and generation time
of a ciliate Uronema sp. (U36) fed on five
genera of bacterial strains.

Growth constant (Kjy)

Table 7. Maximum growth rate of a ciliate
Uronema sp. (U36) fed on five genera of
bacterial strains.

Maximum growth rate (¢, day™")

Bacteria Range Average Bacteria Range Average
Pseudomonas spp. 0.010-0. 060 0.0379 Pseudomonas spp. 0.55-3.31 2.095
Vibrio spp. 0.028-0. 058 0. 0449 Vibrio spp. 1.56-3.22 2.674
Flavobacterium spp. 0.027-0. 054 0.0383 Flavobacter spp. 1.46-2.98 2. 100
Caulobacter spp. 0. 032-0. 041 0.0353 Caulobacter spp. 1.75-2.28 1.951
Spirillum spp. 0.034-0. 047 0.0427 Spirillum spp. 1.87-2.57 2.345
Generation time (7%, hours) } e X )

—— = . HERICIERNE D b e (Fig. 8), —7,

acteria ange verage ~ N i .
Uronema sp. (U61) OMGEIL, HEEE OH AL
Pseudomonas spp. 5.02-30.1 9.768 . . N . .
=AY ¥ L2~ 3 7 73 <
Vibrio spp. 5.16-10.7  6.971 EORNC LYIAET 23D I <, EnEND
Flavobacterium spp. 5.58-11.3 8.345 THERRIC T 5 £ DR AR L Uronema sp. (U36)
Caulobacter spp. 7.33- 9.54 8.615 DBE L IAEENED b (Fig. 9, 517, 8
Spirillum spp. 6.43- 8.88 7.253

Table 6. Feeding rate of a ciliate Uronema sp.
(U36) fed on five genera of bacterial strains.

Feeding rate (cells of bacteria/ciliate/hour)

Bacteria Range Average
Pseudomonas spp. 10.3 -812 128.1
Vibrio spp. 3.40-200 66. 35

11.2 - 73.7 27.05
25.6 - 73.8 41. 20
40.5 -128 81.00

Flavobacterium spp.
Caulobacter spp.
Spirillum spp.

Feeding rate (107® mg dry wt of ‘bacteria/ciliate/hr)

Bacteria Range Average
Pseudomonas spp. 1.39-69.0 17.57
Vibrio spp. 1.23-83.3 16.94
Flavobacterium spp. 1.23-31.6 8.50
Caulobacter spp. 13.9 -39.6 23.25
Spirillum spp. 29.7 -36.4 31.93

PHIEROMZA5EIIEL ¢h - T, Uronema
Sp. /v —VNERHEARIL, TNENLD BB
ROt T LR RN 2 K Rieh, —FHD
e =~V RS- Thfio s v — vtz
LRI GRS s (Fig. 10),

4. = s

YKEEREE SO O BTEBRIERNIC b5 % B R
BT DO T, AR R O MO B
H» 5, KIDDER and STUART (19399 12 k -
T, derobacter sp. I Ed Colopoda steini O
RN EZ) Td - 7o, Rhodococcus sp., Serratia
macrescens, Chromobacterium violaceum %D
REABEBOMERE L R L mE SN TY
%, COLER and GUNNER (1969)'® &, Esche-
richia coli <2 Aerobacter sp. i} Colopoda sp.

Table 8. Growth parameters of a ciliate Uronema sp. (U36) fed on various
bacterial strains of Pseudomonas spp. and Vibrio spp.

Food bacterial

Ratio of
Growth parameters B/A
(A) Pseudomonas spp. (B) Vibrio spp.
Growth constant, Ky 0.038=0. 004 0.045=0. 002 1.185
Generation time, 7% (hours) 9.768+1.814 6.971+0. 396 0.714
Maximum growth rate, ¢ (day™) 2.095+0. 207 2.674£0.196 1.276
Feeding rate (bacteria/ciliate/hr) 128.1+59. 86 66.35+13.16 0.518
Feeding rate (X107 mg bacteria/ciliate/hr) 17.57£5.770 16.94+0. 501 0.964

5 )
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(b) Growth of a ciliate Uronema sp. (U61) fed on the mixed bacterial food of
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(b) Growth of a ciliate Uronema sp. (U56) fed on the mixed bacterial food of

Pseudomonae sp. (P04) and Vibrio sp. (V24).
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Optical Properties and Modeling of Turbidity
Components in Sea Water (I)*

Noburu TAKEMATSU**, Motoaki KISHINO** and Noboru OKAMI**

Abstract: Optical properties of turbidity components in sea water are examined, and a
method of measuring the concentration of each component is described.

Phytoplankton’s absorption coefficient shows strong wavelength dependance because of
absorption by plant pigments, whereas the wavelength dependence of the attenuation coefficient
is comparatively weak. As for inorganic particulate matter such as silicate minerals and
biogenous remains, the wavelength dependency of their attenuation coeflicients is relatively
weak for particle sizes larger than 2 #zm. In contrast, the attenuation coefficients of dissolved
and particulate organic matter decrease exponentially with wavelength.

On the basis of these results, a method of measuring the concentration of each turbidity
component in sea water is suggested. The phytoplankton’s contribution to turbidity in sea
water is estimated from the concentration of chlorophyll a, which is measured by an in siu
fluorometer. The attenuation coefficient resulting from dissolved and particulate organic
matter is estimated from the difference between the attenuation coefficient at 450 nm and that
at 600 nm. The contribution of inorganic particulate matter is obtained by subtracting the
above-estimated attenuation coefficients due to plankton and organic matter at 600 nm from
the total attenuation coeficient of sea water observed at 600 nm. The attenuation coefficient
resulting from inorganic particulate matter is also estimated from the concentrations of
particulate aluminum, iron and silicon in sea water collected at some observation stations,

and compared with that estimated above.
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Parasites of Chaetognaths in Suruga Bay, Japan*

Sachiko NAGASAWA** and Ryuzo MARUMO**

Chaetognaths obtained from Suruga Bay were frequently infected with gregarines,
This paper describes ecological

Abstract:
ciliates, larval trematodes (=metacercariae) and cestodes.
characteristics of these parasite organisms based on the observations of living and preserved
samples of parasitized chaetognaths. Micrographs of parasites show what various parasites
look like in the parasitized specimens.

(1) Large numbers of gregarines were found in the gut of seven epipelagic species.
Gregarine-parasitized chaetognaths such as Sagitta nagae, S. enflata, S. pacifica and S. ferox
inhabit only the shallow waters. In contrast, Sagitta regularis, S. neglecta and Krohnitta
pacifica were infected with gregarines in waters above 100m. Most of gregarines were
Lankesteria leuckarti (MINGAZZINI). (2) Large numbers of ciliates, Metaphrya sagittae
IKEDA, were found in the body cavity of Sagitta enflata, S. nagae and S. pacifica. (3) The
above-mentioned gregarines and ciliates are gregarious parasites, while larval trematodes are
Most of these metacercariae belong to the family Didymozoidae
Except Monilicaecum-group metacercariae chaetognaths were infected

usually solitary parasites.
Monilicaecum-group.
with metacercariae of the family Didymozoidae Torticaecum-group, and of the family Acca-

coeliidae Tetrochetus sp. and Guschanskiana sp.
in the chaetognaths inhabiting waters 150 m deep.
These larval cestodes belong to the order Tetra-

Eukrohnia hamata and Pterosagitta draco.

phyllidea, but it was impossible to identify them to the family level.

(4) Infection by larval cestodes was found
Metacestode-parasitized chaetognaths were

(5) Except these

endoparasites a micrograph of ectoparasites is also shown, although their taxonomic position

is unknown.
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1. #
U LOFE YT 5 EEE S 2L EE
»Y, BEELFEEHOBEL TR OEENE
#x Hyman (1959)9, DoLLFUs (1960)% ¥ X
8 ALVARINO (1965 miesi I T\5b,
BE» b RE LR LOFEEME LT,
oA BT g, AR A, WD metacercaria,
oY LI LERR L, FHEAmTEE L
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G LDAN= ) VEEEAR LU A EARD
BRITHESNT, b OKEOHEALEMT o
T OERENIFEEE LT 5, $7., FiE
EYOBE DB CVEBORERTR 5,

2. MEEHE
FHERFHFEEIRE LD STV T,

1969 4E 5 A 75 1977 4F 2 JJITERES o> & 7 8
LIciRBHC oW TC, RO LOFEAY 2 R 2
(Table 1), #l# L ety Lk Sagitta nagae, S.
enflata, S. minima, S. pacifica, S. ferox, S.
regularis, S. neglecta, Krohnitta pacifica, Ptero=
sagitta draco B X8 Eukrohnia hamata Tl -
7o 19754E9 H26-28 HiciN12.y, (Fig. 1) iEF
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Table 1. Parasite organisms of chaetognaths in Suruga Bay.
Parasites
. Depth
Host species Date (m) Gregarines Ciliates  Metacercariae ~ Cestodes
19-21 Sept. 1974 0 O
25-26 Sept. 1975 0 O
27 Feb. 1976 0 O
12-13 June 1976 0 O
Sagitta nagae 7 Aug. 1976 0 @) O
12-13 June 1976 10 O O
13 June 1974 50 O
12-13 June 1976 50 O
9 May 1969 100 O
1-2 Nov. 1972 0 O
25-26 Sept. 1975 0 O O
Sait fat 2 Nov. 1972 10, 20 O O
aguiia enjiara 25-26 Sept. 1975 25 O O
1-2 Nov. 1972 30, 40 O O
1 Nov. 1972 60 O O
Sagitta minima 1-2 No. 1972 40 O
21 Sept. 1974 0 O
Sagi i 1 Nov. 1972 10 C
agitia pacifica 26 Sept. 1975 25 O
12 June 1976 25 O
20 Sept. 1974 0 O
Sagitta ferox 12 June 1976 0 @)
7 Aug. 1976 0 O
13 June 1974 0 O
19-21 Sept. 1974 0 O
23 June 1977 0 O
Sagitta regularis 26 Sept. 1975 0 O @)
26 Sept. 1975 10, 25 O O
27 Sept. 1975 50 O
26-28 Sept. 1975 100 O C
N 19-21 Sept. 1974 0 o
26 Sept. 1975 0 O
Sagitta neglecta 23 June 1977 0 @]
26 Sept. 1975 25 O O
26-28 Sept. 1975 100 O O
26-27 Sept. 1975 0 O
. . 26-27 Sept. 1975 10, 25 O
Krohnitta pacifica 96-27 Sept. 1975 50 3
26-28 Sept. 1975 100 O
Prterosagitia draco 19 Feb. 1977 150
Eukrohnia hamata 13 June 1974 150

Q: present
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10" 20 30 40 50° 139°€
10°

< 35°N

- 49

. s L n 39

TFig. 1. Sampling stations of chaetognaths infected
with gregarines between 26 and 28 Septem-
ber 1975 in Suruga Bay.

WOERE LRI S\, Sagitta regularis,
S. neglecta % L 8 Krohnitta pacifica @ gre-
garine AR AP~ 1o, Fio, 197446 AU,
M R TR ER B THELP LI DWW,
LIERIZ B 5 FAELEHOTE B L, HR
RPN B = IR ERITC ST, By
B THRELCEEEAY AT 2 LoF g
LERE T,

EEGOREE, BERTRER JOEE SR
RO WTIRE GME) &, W H¥E D metacer-
ccaria B X V4 IO\~ Tid SHIMAZU (1978)%
ZH STz,

3.0 &

BREORLE LOFENICEHFEL CocEHir (D
A4, WA+ BIED gregarine, (2) FAH)
Y, WEE¥E O R # %, R 2D meta-
cercaria, (4) RILEM, LHETh o7 215
WIS A DENC (5) AEFEEY S A b i,
(1) WpAle-F 4, gregarine

LU LOBILERNCEHFET S5 (2F4), ¥
LD Eficfiz s L Tz h, ?ﬁ{[ﬁ%‘é—iﬁill%ﬁ
HELTW5HFig. 2), gregarine (X FREERT L
FECHFEEL Tz (Tablel), TED 5 b, Sagztm

Table 2. Infestation (%) of Sagitta regularis,
Sagitta neglecta and Krohnitta pacifica by
gregarines. Figures in parentheses show

number of specimens examined.

Stion 6l mgpeon
1 7 (68) 0 (82) 9 (70)
2 15 (27) 0 (93) 0 (24)
3 17 (36) 8(101) 20 (44)
4 27(103) 10 (62) 12 (41)
5 35 (26) 5 (20) 38 (13)
6 35 (46) 18 (39) 50 (16)
7 39(114) 18 (57) 20 (30)
8 53(102) 19 (77) 46 (54)
9 50(111) 23(121) 34 (47)
10 46 (52) 4 (84) 30 (44)
11 56 (41) 14 (42) 18 (40)
12 52 (83) 9 (92) 31 (32)

nagae, S. enflata, S. pacifica BX U S. ferox
EGE, i Om Tk gregarine DR T
We, BLWEALBREI NI K 1L gregarine

B L CWishote (Table 1D, ZhizxtL,
Sagztta regularis, S. neglecta % X 0% Krohnitta
pacifica 11 0~100 m DF & T gregarine ITREHY
LTwi (Table 1), #ER124 (Fig. D TRiT 5
NG 3O L gregarine K Yt R (Table
2) DIehT, Sagitta regularis Wb &<, T~
56 %, Sagitta neglecta VI H K<, 0~23 9%,
Krohnitta pacifica '3 0~509% DEEECTH -
7o Sagitta regularis aiﬂ%%%ﬁ@%)ﬁfﬁo % ¥
BOEGEREREY R U, Mo 2ot
WHRIECTHT LS E < 7ed -7,

DB ULNED X 5T gregarine YT % L
Fololbho Thicl, Inh IEDPLEH LI
R CEENTEBAEC B L, EEE9 A
BRIt h, BETED Sagitta nagae I DI
HPCEGERERE T L, if::h%@?ﬁﬂ:
BT T gregarine 2N Sagitta nagae W RiT 5
~Eﬁﬁbfb6:&i, f3@@%ub
B BT 4 LIFC gregarine TG L Ty
HrXHrEBbhb,

BRE oot LIS % gregarine © K5y
i¥ Lankesteria leuckarti (MINGAZZINI) Tk »

21>
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Fig. 2. Gregarines Lankesteria leuckarti found in the gut of chaetognaths in Suruga Bay.
Living specimens were photographed. (a) A large number of gregarines (arrow) are found
at the upper part of gut of Sagitta regularis. Mass of gregarines looks black. (b}
Gregarines at the upper part of gut of Sagitta neglecta. (c), (d), (e) and (f) Gregarines
are found in some parts of gut of Sagitta neglecta.
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fo (WBaE, FAE)., 19764E8 H7TH I HHE L 1Y Lankesteria leucharti ¥ LRBICH DS, FET
Sagitta nagae, S. ferox TILEHDT/NE L, E VRN SO D oo, BIENEDORI LI
FH & LD gregarine 23ELE O ERMEANIC A % 4 3 % gregarine & [R URMHIL Algiers B0
b Krohnitta pacifica IZ25H§ % gregarine Sagitta enflata (RAMULT and ROSE, 1945)% 7>

2504

Fig. 3. Ciliates Metaphrya sagittae found in the body cavity of Sagitia nagae. Living
specimens were photographed. These ciliates were moving in the trunk coelom. (a), (b}
and (c) Enlarged views of Metaphrya sagittae. (d) Anterior part of Sagitta nagae infected
with Metaphrya sagittae. (e) Posterior part of Sagitta nagae infected with Metaphryva
sagittae.
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», Nhatrang D S. enflata (HAMON, (1956)%
HHEX R T b, FURNESTIN (1957)7 it
Sagitta friderici ¥ S. bipunctata TEKEZTHE
HE¥ L gregarine, Lankesteria leuckarti Tk
% EHEREL T D,

(2) #WThHE

RO LOKRENCEHEHEET L, ZoMERR
FREe L (Fig. 3), @ECHiFBOFINLT, »is
DRI Gt 0.27mm, $0.1mm) 7o, HIC
DERTV, ZHOFEDIF AL THEEP

Fig. 4. Monilicaecum-group metacercariae found in chaetognaths in Suruga Bay. Alive
specimens were photographed. (a) Metacercaria passing through the gut of Sagitta nagae.
(b) and (c) Metacercaria moving about in the trunk coelom of Sagitta nagae. (d) Meta-
cercaria contracting in the trunk coelom of Sagitia ferox. (e) and (f) Metacercaria
extending in the trunk coelom of Sagitta ferox.
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B LokEFEEEE - T (Fig. 3d,e),

ERWE ClL = o 25 A i Sagitta enflata, S.
nagae, B X% S. pacifica CHEEL, TOFER
i S. enflata TE T, HEHT 0~60m I
HEET% S. enflata THEHE L CTieh’, S. nagae
B IO S. pacifica Tk 0, 10m OFEWERAR
T AR EE L Tt (Table 1), Z off
F£4z IKEDA (1917)% A=l CHREL P L
WTH R UTe Metaphrya sagittae “Cdr -7z, Meta-
phrya sagittae (3. S. enflata (RAMULT and ROSE,
1945%; FURNESTIN, 19577), S. minima (GHI-
RARDELLI, 19509 ; 1952'9; FURNESTIN, 19577),
S. bipunctata (MASSUTI, 1954)1", Eukrohnia
hamata (STADEL, 1958)'9) /¢ PIoHH T 5,
(3) W H¥E, metacercaria

2h Lok BRHKCEFE T 5, gregarine D
Lankesteria leuckarti, ik & 51 © Metaphrya
sagittae VL L{REDRL LICEHEAET 50X
L, metacercaria % 1 fiifko ¥ Lic L{AKZAE
3%, metacercaria X 0~100m wHEBA 55 S.
nagae B Y 8 S. regularis WHL L TUeH,
S. enflata TiL 25 m PEICE BT BRI DA
FEL Tz (Table Do St L OKEAZFH
R8T X % metacercaria lt, isL DR/ <Y
v EEEEA TR, AlEo&ia, RARLE
KD \AA NS TR 5 &7z, metacercaria
MWEE T S. nagae DEELXEHEELT,

HOKBICTTL 52 b b -7 (Fig. 4a), Fig.
4 121t metacercaria 2MEFE L 7s D S. nagae ¥
L8 S. ferox DEEIEAOKNLE IREL
T~ LT

B > 2 LIC B4 % metacercaria O KE
1% Didymozoidae §, Monilicaeccum BB L7z,
Monilicaecum &Y. Didymozoidae FLZETE T X
% —#ED metacercaria ¥ E T EABHLTHD
(YAMAGUTI, 1970)'®, Sagitta B® 5FBIHOR
LN Z OO metacercaria IZ K Y L T W7
(Table 3), % 7z, Monilicaecum % © metacer-
caria 131977426 H 23123l B CHRELL T
SV s rvhRBBTRHEEN, 2 DO HMO
metacercaria (IfE X ThH DWW LENCL L
LTTEbDEBbhb,

77 ) A ALFEEOKFEENLRE L TV s
FYDSh, b LE F2EE BEREY ©
5 U (Sagitta bipunctata, S. enflata, S. friderici,
S. minima, S. serratodentata, S. hexaptera,
Pterosagitta draco, Spadella sp.) ¥ Didymo-
zoidae F} metacercania %5 L T\ 7z (REIMER
et al., 1975, = 1 & 1T Monilicaecum % ©
metacercaria @ X 5 Th 5 (SHIMAZU, 1978)%,

Monilicaecum % metacercaria Oz Torti-
caecum Tl metacercaria 25 Sagitta minima &
S. pacifica 7> BEH &tz (Table 3), zDoHoD
metacercaria 13 Monilicaecum B X I < U5 M,

Table 3. Larval trematodes found in the infected chaetognaths in Suruga Bay.

Parasites Date Hosts No. of hosts examined
Accacoeliidae
1) Tetrochetus sp. metacercaria 1 Nov. 1972 Sagitta enflata 1
2) Guschanskiana sp. metacercaria 2 Nov. 1972 Sagitta enflata 1
Didymozoidae
1) Monilicaecum-group metacercariae 1-2 Nov. 1972 Sagitta enflata 3
12 June 1976 Sagitta ferox 1

9 May 1969

Sagitta nagae

12-13 June 1976 11
7 Aug. 1976

26-28 Sept. 1975
26-28 Sept. 1975
1-2 Nov. 1972
26 Sept. 1975

2) Torticaeum-group metacercariae

Sagitta neglecta 10
Sagiita regularis
Sagitta minima
Sagitia pacifica

=N N
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BaERLZETEENSKETE 5 (YAMAGUTI,
1942)15)

Accacoeliidae ® © Tetrochetus sp. ¥ X &
Guschanskiana sp. © metacercaria % Sagitta
enflata O R 72 A FENHEHE L7 (Table 3),
REIMER ez al. (1975)' 1Lk F4E Ch B M Tetro-

chetus W27z metacercaria % Sagitta bipunctata,

S. enflata, S. friderici, S. minima, S. serrato-
dentata, S. decipiens 7> & % B 1 %, Guschan-
ckiana alveolata DR WL % A1F 5 Orthagoriscus
mola B AL T % (ROBINSON, 1934)18) 7%,
T ® metacercaria D | 4 1% fov, BTIED S.
enflata WFH:3% Z DB D metacercaria o PE
R Guschanckiana alveolata OE & © 30 #

Fig. 5. Micrographs of fixed specimens of parasites. (a) Moni, [caecum~group metacercaria
from Sagitta regularis. (b) Cestode Tetraphyllidea fam. gen. sp. plerocercoids from
Eukrohnia hamata. (c) Unidentified external parasites of Sagitta nagae.
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(ROBINSON, 193! & —FH Lic Ll b %, -
T, BEEED Guschanckiana vt G. alveolata O
COBDORILWDOE D
metacercaria T & % 7 A TH S (SHIMAZU,
1978)9,

215 Ltk metacercaria © 8 b5 X CH B H
Wb LELYAT S Z L 1T LT, metacercaria
ZRETOTHA 5 GERFRIEE), Hig T,
Mod U Paracalanus 24T A CHRIET 520 L
Sagitta minima, S. friderici ¥ XU S. enflata
i, 2ok L% L T metacercaria 1T g4
3% (PEARRE, 1976)'7, ¥ LIL X LITEXD
REEEOEY, & XACHBENSDT,
metacercaria [ ZRITHITL TV, 2oz EE

metacercaria T b D

R OPED B ES O RINIZR 0 R Bk
T %
(4) ZbH

gregarine, FETLAHE, metacercaria [34E X 7o
TLOBZETC LELERB S, &b
F =) VEFERA TOREE S, KRR

EmEe B R G FET A EAR S
- 7z (Table 1), Tetraphyllidea B = & 3 %
metacestode % Eukrohnia hamata (Fig. 5),
2 LT e (Table 1) 53
Bov-r sz cii@EcEnhroat,. MUAK Jrﬁ
3% Scolex pleuronectis (=S. polymorphus) ik
St. Lawrence &0 Sagitta elegans 75 HH S
7= (WEINSTEIN, 1972)'8) “REEO K BIE R
M0 Sagitta enflata, S. pacifica ¥ X 8 Ptero-
sagitta draco D F 3,1, 1{E{kz&EA LT
iz (Table 1),
(5) SMHBHELELEY

U L DEREICIHET L9 L
iz (Fig. 5) 25, A TEon- to

Pterosagitta draco

LIZRH

4. = 2=
TR, FHAEGNLU LBEEDIR TR
FTRE, FHEEYOEFEORTEEELTO
R LR TR E 72 BT o BT
&7z, WEINSTEIN (1972)'8) (2 BFHEEMTH 5/

BB IR AR T ST ARYHEOES

H A A& WY 135

— BB OBBRE AL M BRI, AeiE s
LTHHATE2 2L, $7o, bAEHOEE Y
BT, RERIHREREL S HRAETO
BITHL ML, FEEYHEFORTRLAE
g e _omfﬁnﬁ“éz%ﬁ: HHZ L%
2, oty U Sagitta elegans & F DEHEY DR
FRIZ DWW TCHEFE R 1778 - 72, PEARRE (1976)'7 i&
FHEEHIELE Lo LIt [EEEE ] b
n, ESEOBL, —HMROESOEEX -5

T EHEL T A, PEARRE (19799 11 & ik
HE DL B (metacercaria) I L L (U
%’ TRt LJ L1%) DOHRENICRE, Bk
OCRERERPT LEEE 2D LI DETEN ENC
J:"zﬂﬁbuﬂ’ L, Bt hLodsy if&&ﬂ:

v—ém,ﬁ%ﬁ,%ﬁ,ﬁ@,ﬁéﬁ~m&%
WETEROBBRAYRAN LT 5b, FoEMIKRD
LBV THD

BELT LR URBED EH e 25 LIS
T, IhERBEL T, XoWsuBrisEL (7
B0z, LEEOE), BRLDREW (A
ADEAD e ZO L5 E LB X0t L OEH
& LM/ metacercaria R FHH S [ 5 13
(BEOEM LY, BELCLLTICHY>D
T, HHRMSEEY T 5HAeE R OFoFHIC
DTy 2D X 51T, metacercaria O
HETH 2 ALEELL LA BROCHEAET 5,
metacercaria %, MEEFEETTHL0 LEIE
RS LD ﬁ_&dﬁbﬁ,ﬁE%Lﬁi@Eﬁ
BEYETSED, ¥, A ILZEBARHLO
BRI 7oA, E?ﬂltisd’é%%%(hb@%b
FTUERR § b,

BEVTIS T35 2 b 308 & B G OBIIGIC oL
T KoMarl (1970)20 1 k b e a3 5 oo o,
Bkl Fuphausia similis G.O. SARS D& H A
B2 (% i3 0> metacercaria) 235 M ic Ko, o
DEFERIBEHATHL, Bl cidmus
HIECERIS S B 52555 Thb, T,
metacercaria WG U7z E. similis VTI3 IS 1 R
RO D Z Enh, HABLIMTILIcRED
SR I H BB RECHT T2 5 Lw 2 &,
metacercaria THMIRIE L L TH & HABEDIT
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BEHOHERN TR THL ZEBNBH I L T W
%5

BRI 81 5oty LOFHEEYIC O WTE,
WEINSTEIN (1972)!®, PEARRE (1976'7, 1979'9))
D8 E B D HHEEBIC o T KOMAKI (1970)%0
DFFTe o e AR D ETHRISBCE I ]
HThHD, KHIETHLNC > EEEYDE

ELHSE, 48, hd LEHOFEEYORE, -

HEhEBERCETAEL DT — 2% EMT 578
HUE, HAEE, BPREE, FEANEFCRITT
HE, FhEhosyisE s UCoRARE, i
Lad < HaYRr ERNRHTEDTHD S,
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Environmental Properties and the Distribution of
Phytoplankton Biomass and Photosynthesis in
a Small Eutrophic Estuary of Shimoda Bay*

Takuji TERADA** and Shun-ei ICHIMURA®**

Abstract: The relationships between the environmental properties and the distribution of
biomass and photosynthesis rate of phytoplankton were investigated in a small eutrophic
estuary. A sharp gradient of salinity and nutrient was formed seawards. Abundance and
photosynthesis rate of phytoplankton were relatively low in the enriched upper region and
high in the saline lower region of the estuary. Within the estuary, photosynthesis rate was
correlated linearly with the salinity and inversely with nutrients. It can be surmised that
an essential factor for governing the distribution of phytoplankton in highly eutrophic estuary

is salinity.

1. Introduction

In a previous paper (MAEDA et al. 1973),
photosynthetic responses to salinity changes
were examined of phytoplankton growing in
the estuary of Shimoda Bay and the authors
postulated that photosynthesis of estuarine
phytoplankton is not so much affected by salinity
variation. Such photosynthetic property is
thought to be favorable for phytoplankton to
survive in estuarine environment being exposed
to varying salinity. However, the situation of
the estuary is considerably complex and the
photosynthesis of phytoplankton is not a function
of salinity alone. For understanding the phyto-
plankton dynamics in the estuary, we need more
precise information on the locational variation
of environmental factors and its relation to
metabolic activity of phytoplankton there.

The purpose of this paper is to describe more
details of the physico-chemical properties and

* Received March 19, 1979
Contributions No. 344 from the Shimoda Marine
Research Center, The University of Tsukuba.
Department of Botany, Faculty of Science, Tokyo
Kyoiku University
Present address: Kinomoto Senior High Schools,
Kumano, Mie, 519-43 Japan
*** Department of Botany, Faculty of Science, Tokyo
Kyoiku University
Present address: Institute of Biological Sciences,
The University of Tsukuba, Sakura-mura, Ibaraki,
300-31 Japan

kK

distribution of phytoplankton in the estuary of
Shimoda Bay and the effect of salinity variations
on phytoplankton photosynthesis is discussed.

2. Materials and methods
Field survey was performed in a small estuary
of the Inohzawa River and its adjacent Shimoda.

T 1 T ‘|
2
3
4
5
40" - MARINE i
]
.12 N
yd 5 =
//
3LITNF ( ’
0 1 2km .
e “’@4;7 sz
o, l ,f;f'/kuﬁosuzo
I < . 1 4 i
138°56'E 58

Fig. 1. Location of the sampling stations in
Shimoda Bay and its adjacent area. Solid
and broken lines indicate the direction of
mainflow of river and ocean waters, re-
spectively.

295



138 La mer, Tome 17, N° 3 (1979)

Bay (Fig. 1) during October 1975 to November
1976. The Inohzawa River runs into the bay
and forms a small estuary. The Kuroshio
counter current flows just outside of the bay
(SEKI et al. 1975), thus the aquatic environment
changes sharply from the freshwater to the
seawater, and physical and chemical gradients
are well developed.

‘Water samples for various analyses were
collected from the surface by a PVC bucket
and from a depth of I1m by a PVC tubing
sucked by a hand pump. After filtration through
a Whatman GF/C glass fiber filter, salinity and
nutrients (ammonium, nitrite, nitrate, reactive
phosphate and silicate) were measured by the
procedures described in STRICKLAND and PAR-
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Fig. 2. Locational variation of physico-chemical properties of water at the surface
and a depth of 1 m in November 1975 and August 1976.
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SONS (1972).
carbon and chlorophyll @ were determined by
an infrared gas analyzer (UNOR-2) and by the
method of SCOR-UNESCO (1966). Photo-
synthetic activity of phytoplankton was measured
by the *C technique at in situ temperature at
a light intensity of 30 Klux provided from an
incandescent lamp (3200°K).

Concentrations of total inorganic

3. Results
Salinity and nutrients

The results of survey are indicated only for
November 1975 and August 1976. As shown
in Fig. 2-A, the surface salinity increased rapidly
beyond St. 3 and reached the normal seawater
level of 34 % at St.11. On the other hand,
salinity at a depth of 1m was always higher
than that of the surface, and its spatial change
was not as drastic as that of the surface. The
study site can be divided arbitrarily into three
types of water on the basis of the surface
salinity, although the boundary of each water
moves with changes in the state of river water
discharged; river water (from St. 1 to St. 4,
with salinity lower than 1 %), estuarine water
({from St. 4 to St. 10, with a salinity range of
1 to 33 %o), coastal water (near St. 12, with
salinity higher than 34 %.). It is evident that
the outflowing river water introduced into the
estuary is overlaying sharply on the seawater
and forms a salt wedge estuary. Silicate and
nitrate showed an oposite distribution pattern
(Fig. 2-B and C). The highest values were
found in the river and dispersed rapidly over
the estuary regions. Ammonium, nitrite and
reactive phosphate showed a little different
distribution pattern (Fig. 2-D, E and F). These
nutrients were rather low in the river, highest
in the upper region of the estuary and then
fell off rapidly seawards. The concentration of
nutrients, especially silicate, decreased linearly
with increase of salinity. This inverse relation-
ship indicates that silicate is mostly supplied by
the inflowing river system and the scattering of
inorganic nitrogen at lower salinities is con-
ceivably due to sewage effluent from Shimoda
City rather than to the river. The pH and
total inorganic carbon ranged from 7.5 to 8.4
and 5.7 to 25.3 mg C//, respectively, and overall

patterns were the same as salinity.

The data available for seasonal fluctuations of
physico-chemical parameters were those obtained
at each station in three water masses. As seen
in Fig. 3, seasonal changes were not obvious
but rather sporadic fluctuations were observed
at every individual stations. Especially, the
great variability was found in ammonium at the
estuary regions (St. 5 and St. 7) during the
summer season with values ranging between
0.23 and 25 pg-at. N/I. Nitrate also fluctuated
largely in the river and the upper region of the
estuary during the summer. The differences
between the maximum and minimum were
40 ug-at. N/ in the former and 23 ug-at. N// in
the latter. Reactive phosphate showed little or
no seasonal changes at all of the stations with
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Fig. 3. Seasonal variation of ammonium, nitrate
and reactive phosphate in the surface water
at Sts. 1, 5, 7 and 12 during October 1975 to
November 1976.
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a range between 0.5 and 2 ug-at. P/l in the
upper region of the estuary and between 0.19
and 0.4 #g-at. P// in the coastal water.
Chlorophyll a and photosynthesis rate

Phytoplankton populations in the estuary
were comprised of the following genera; in the
coastal water, Skeletonema, Navicula and flagel-
lates were dominant in May, Skeletonema in
August, and Navicula and Chaetoceros in
November. Navicula was dominant in the river
water throughout the year and associated with
periphytic freshwater diatoms including many
dead cells. Phytoplankton population in the
estuary consisted of both freshwater and neritic
phytoplankton as described above.

Fig. 4 shows locational variations of phyto-
plankton biomass as measured by chlorophyll a.
Significant difference between stations could not
be seen in November but pigment values in
August were very variable and drastic changes
were observed in the estuarine water. Chloro-
phyll a concentrations representative 5
stations are presented in Table 1. Chlorophyll
a showed a typical seasonal variation with two
peaks in spring and summer, and the minimum

for

in winter. A most prominent change was found
in the estuary with the highest value of 10.66

mg/m?® in summer at St. 7. A similar pattern,

La mer, Tome 17, N° 3 (1979)

but less significant, was observed in the coastal
water with the maximum of 0.63 mg/m? and
the minimum of 0.17 mg/m3.

As shown in Fig. 5, photosynthesis rate for
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Fig. 4. Variation of chlorophyll a content in
water taken from the surface and a depth
of 1m at different stations in November
1975 and August 1976.

Table 1. Seasonal changes of chlorophyll a content (mg/m?) at stations 1, 2, 7,
11 and 12 during the period from October 1975 to November 1976.
Station 1 5 7 11 12
——— —_——— —_—— —_———
Depth (m) 0 0 1 0 1 0 1 0 1
Date
1975
Oct. 21 0.55 0.47 0.95 0.71 0.86 0. 48
Nov. 22 0.83 0.73 1.37 0.46 1.08 0.37 0.44 0.36 0.32
Dec. 17 0.18 0.14 1.58 0.52 1.40 0.49 0.71 0.37
1976
Jan. 13 0.68 0.68 1.39 0.82 1.02 0.40 0.43 0.33
Feb. 17 2.83 0.86 1.03 0.79 1.35 0.99 0.51
Mar. 18 0.63 0.36 1.63 0.51 1.32 0.52 0.29 0.55 0.50
Apr. 28 1.02 1.01 2.14 2.11 4.34 1.60 1.85 0.45
May 27 1.06 0.95 1.52 1.47 0.93 0.50 0.82 0.32 0.35
June 28 0.40 0.26 0.37 0.32 0.68 0.38 0.34 0.17
July 6 0.95 0.73 1.37 0.79 1.42 0.63 0.75 0.45
Aug. 11 0.54 0.58 4.95 1.86 10.66 3.47 2.09 0.61 0.63
Sep. 24 1.12 2.08 3.43 2.80 3.17 0.70 0.75 0.63 0.45
Nov. 8 0.45 0.49 1.10 0.59 0.83 0.49 0.51 0.39 0.43
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the surface samples was fairly low in the river
and dropped further in the upper region of the
estuary (St. 4) but increased rapidly in the
estuary reaching a maximum at St. 10, sub-
sequently decreased towards the open sea. The
activities for 1m samples were always higher
than those for the surface samples and mostly
identical over the estuary region; but difference
between the surface and 1m samples became
insignificant near the boundary of estuary and
open sea.

Seasonal of photosynthesis rate
occurred at each station (Table 2).
pattern was observed in the estuarine water,
where photosynthesis rates were 0.25-3.19 mgC
/mg Chl. a/hr in winter and showed the highest
value of 9.71 mgC/mg Chl. a/hr in May, then
Con-
siderably lower values were measured in the
river water showing the highest value of 2.62
mg C/mg Chl. a/hr in August. Photosynthesis
rates of coastal phytoplankton were roughly the
same as those measured at St. 7 in the estuary
but the range of variation was not as much as
that in the estuary.

variations
Most obvious

gradually fell in the following seasons.

4. Discussion
Numerous papers dealt with the effect of

141

salinity on the growth and photosynthesis of
phytoplankton but the problem of whether the
salinity is essential for phytoplankton dynamics
in the estuary still remains  to be examined.
NAKANISHI and MONSI (1965) examined the
photosynthetic responses of phytoplankton to

O 0m Nowv -

mgC/mg Chl.a/hr

Photosynthesis,
w

(e}

g~e_ % g 27°

. . L

4 5 6 7 & 9
Station

w b

1 2

Fig. 5. Locational variation of photosynthesis
rate for the samples taken from the surface
and a depth of 1m in November 1975 and
August 1976.

Table 2. Seasonal changes of photosynthetic activity (mg C/mg Chl. a/h) at stations 1,
5, 7, 11 and 12 during the period from October 1975 to November 1976.
Station 2 5 7 11 12
—— ——— —_——— ———
Depth (m) 0 0 1 0 1 0 1 0 1
Date
1975
Oct. 21 3.50 8.10 11.58 10. 40 9.67 5.06
Nov. 22 0. 80 0.65 3.35 0.77 4. 88 4.17 4.27 3.33 3.17
Dec. 17 0.80 0.75 5.95 3.60 4.15 6.10 3. 66 3.40 2.95
1976
Jan, 13 0.50 1.60 2.00 3.00 2.55 2.30 2.01 1.30
Feb. 17 0.33 0.25 2.57 1.33 1.52 0.54 0.88
Mar. 18 0.19 0. 40 3.13 0.70 3.19 1.50 0.74 0.52 0.51
Apr. 28 0.72 1.68 2.99 3.61 4,35 3.33 3.18 4.31
May 27 0.68 0,53 4.05 6.24 9.71 13.35 11.78 9.47 9. 83
June 28 1.63 1.39 8.71 8.18 9.76 6.24 7.88
July 6 1.32 4.13 5.21 9.52 8. 89 5.97 6.58 4. 36
Aug. 11 2.62 2.53 6.58 5.28 6. 48 7.51 5.24 4.42 4.44
Sep. 24 0.98 3.60 2,82 4.56 5.18 4,29 4.25 4. 08 4.97
Nov. 8 0.72 2.11 2.91 3.16 1.71 1.60 1.24 2. 17 2.01
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salinity = variations and realized that photo-
synthesis rate of estuarine phytoplankton is
maximum in seawater with salinity above 20 %o
and that of freshwater phytoplankton decreases
In contrast, QASIM
et al. (1972) confirmed that in a tropical estuarine
environment, where changes in salinity are very

with increase of salinity.

large, maximum abundance and photosynthesis
rates of phytoplankton occur at exceptionally
low salinities. They also suggested that the
increase of photosynthesis rate in low salinity
corresponds to the condition associated with
the enrichment of water brought about by the
monsoon. ADMIRAAL (1977) found that the
photosynthesis of benthic estuarine diatoms is
only slightly affected by changing salinity and
this contradicts the results of WERFF (1960),
who indicated that salinity is the main factor
governing the distribution of benthic diatoms
within an estuary. Such being the case, it
seems rather to be reasonable to consider that
one parameter such as nutrient, light and
temperature affects the rate of photosynthesis
at any one time (TAKAHASHI et al. 1973).
Data from the present survey indicate that
the estuary of Shimoda Bay is highly eutrophic
and a sharp gradient of salinity as well as
nutrients is formed in the surface layer. Under
these conditions, photosynthesis rate is lower
in the upper region than in the lower region of

1 ,\_\o_.._-, R Gt

Relative Photosynthesis

L

River | Estary
Low ¢——— Salinity ————> High
High e€—— Nutrients ——— Low

" Open Sea

Fig. 6. A scheme for photosynthetic response of
phytoplankton to salinity and nutrient gradient
in the estuary of Shimoda Bay and its adjacent
area. Curves a and b, under salinity limiting
condition; curves ¢ and d, under nutrient
limiting condition; curve e, combining curve.

the estuary even if the concentration of nutrients
is highest in the former region. Similar result
has been reported by CARPERON et al. (1971)
in the Kaneohe Bay estuary, Hawaii. They
inferred that the lower photosynthesis rate in
the upper region of the estuary having rich
nutrients is due to the depletion of a nutrient
species that is relatively abundant in the sur-
rounding open ocean waters.

The concentration of nutrients in the Shimoda
Bay estuary was very high and did not appear
to be a limiting factor governing phytoplankton
photosynthesis as well as biomass. For illus-
trating the photosynthetic responses of phyto-
plankton to varying salinity and nutrient concen-
tration in the estuary, a simplified scheme is
given in Fig. 6. If the nutrient is abundant
and nonlimiting, the change of photosynthesis
may be represented by the curve (a) for marine
phytoplankton and (b) for freshwater phyto-
plankton as a function of salinity. Under salinity
nonlimiting situation, photosynthesis rate is
controlled by the nutrient concentration as
indicated by the curve (c), and by the curve (d)
when the river is meso- or oligotrophic and the
estuary is enriched with sewage from surround-
ing city. The curve (e) obtained by combining
the curve (a) with the curves (b), (¢) and (d)
may depict an appearance of changing photo-
synthesis rate in the highly eutrophic estuary.
The relationship between photosynthesis rate
and salinity or nutrient concentration in the
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Fig. 7. Relationship between photosynthesis rate
and salinity or nutrient concentration in the
estuary of Shimoda Bay and its adjacent area.
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estuary of Shimoda Bay are presented in Fig. 7.
Photosynthesis rate was measured at each cor-
responding stations. Within the estuary, photo-
synthesis rate is correlative linearly with salinity
and inversely with nutrient concentration. The
present result coincides fairly well with the
scheme described above (Fig. 6) but is incon-
sistent with the previous result (MAEDA et al.
1973) that photosynthesis rate of estuarine
phytoplankton is only slightly affected by a wide
range of salinities. The cause of this disagree-
ment is probably attributed to the difference of
sampling method. The water samples used for
‘the previous study were taken from a depth of
lm by a Van Dorn sampler (length 50 cm),
thereby the sample was a mixed water from the
near-surface and a depth of 1m. It is likely
to be said that photosynthesis of phytoplankton
in the surface layer of highly eutrophic salt
wedge estuary is governed primarily by salinity.

Depression of photosynthesis rate occurred in
‘the estuary of Shimoda Bay is presumably due to
‘the salinity stress for freshwater phytoplankton
in the upper region of estuary and to the nutrient
depletion for marine phytoplankton in the
WHITE (1968) reported that the

salinity for growth of Gonyaulax

adjacent area.
optimum
excavata, a marine dinoflagellate, is 30 % and
it grows well over a range of 20-40 %.. The
growth-salinity curve in his paper coincides very
well with the photosynthesis-salinity curve a in
Fig. 7. The photosynthesis-salinity curve for
Skeletonema costatum obtained by SHIMURA ez
.al. (1979) also shows a plateau at about 30 %o
S and this very similar to our result. The
characteristic photosynthesis response of this
species of diatom to salinity may be responsible
for the photosynthetic maximum at 30 % in
Fig. 7. At this point, further study is needed
for photosynthetic adaptation of phytoplankton
to varying salinity.
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PHRITB T 2BODOET & AR
BHE OBERITONWTT

On the Relation between Decline of Biting in Angling
and Appetite of Fish School*

Naonori ISHIWATA**

Abstract: Fishing experiments with sweetlip, Parapristipoma trilineatum, were carried out
with rod and line in reserve tanks (240cm long, 180cm wide and 40cm deep) of the Aquarium
afliliated to the Misaki Marine Biological Station. In schools composed of 7, 15, 30 and 60
fish the time required for the fish to take a baited hook (¢ sec.) and the schooling behavior
were recorded during each fishing experiment.

When the fish are caught from a school composed of hungry fish, at the beginning of
the experiment the fish actively compete for food and take the hook. However, as the fish
are caught, the fish gradually do not take food and the time # becomes longer. Finally, the
fish show a tendency to form a school, swimming speedily around the tank, reacting sharply
to stimuli and taking no food. Several fish cannot be caught and remain in the tank (Table
1). The relationship between the number of fish at the beginning of the experiments (N)
and the number of fish caught () can be expressed by the equation, F=aN—b, where
a and b are constants. When F=0, N=6. In small schools the ratio (F/N) is smaller
than that in larger schools (Fig. 1). Further, in small schools the time z is longer from the

beginning of the experiments than that in larger schools (Fig. 2).

In short, when fish are

in small schools it is very difficult to catch them.
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Table 1. Record of the time required for sweetlip to take a baited hook
and schooling behavior in a school composed of 30 fish.
Frequency Time Schooling behavior
min. sec.
1 2 Actively compete for food
2 2 "
3 2 ”
4 1 ”
5 6 ”
6 3 ”
7 2 ”
8 3 ”
9 4 » (Fail to catch a fish)
10 8 ”
11 20 18 Gradually do not take food
12 16 36 ”
13 3 45 ”
14 1 24 ”
15 5 13 ”
16 1 44 ”
17 17 40 » (Fail to catch a fish)
18 8 55 ”
19 1 47 4
20 5 44 ”
21 3 31 ”
22 25 39 Begin to form a school, reacting to stimuli and taking
no food
23 36 ”
24 5 5 » (Fail to catch a fish)
25 55 8 Form a school, swimming speedily, reacting sharply to
stimuli and takmg no food
26 24 4 ”
27 (An hour passed without catching any fish)

Number of fish caught, 23;

(19609 A1 B, K 23.3°C, ABoOBRER
NEDEE) T L, Table l X515,
EBROPDIIHETATE, ABREIIHLT,
TERICE - THICM Z, #E»»BH, 90 B
BE Sz 50T, BFERELILD, L
MHoT, Bl AKE), REBKEHEEYTAL
THENE TP, o, HISY T,
BrgYERIN5,
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ORFEE LOEEOH Y EF I oWTHH @) O
ElERD T bbb E, Fig. 1 BLO 28Tk
51t b, Fig. 1 ;v N & F & 0B —xR

number of fish remaining, 7.

Water temp., 23.3°C.
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Growth and Photosynthesis Properties of Some Planktenic
Marine Diatoms at Various Salinity Regimes®

Sooji SHIMURA**, Harue SHIBUYA*** and Shun-ei ICHIMURA**

Abstract: Effects of salinity on the growth and photosynthesis of four species of marine
diatoms, Skeletonema costatum, Chaetoceros sp., Phacodactylum tricornutum and Cylindrotheca
closterium, were investigated by the cultures in various salinity regimes. All diatoms
examined are euryhaline with a wide range of salinity tolerance. Although the range of
tolerance was distinctive to each species, their tolerance patterns changed depending on their
preculture condition to some extent. This adaptability of the diatoms seems to contribute to

their large habitat in estuary.

1. Introduction

A noticeable salinity gradient is one of the
characteristic features of estuarine environments,
and it is reasonable to assume that salinity
variations are strong enough to control the
biological processes in the estuary. For under-
standing phytoplankton dynamics in the estuary,
therefore, it is necessary to realize the photo-
synthetic response, consequently, the mode of
growth of phytoplankton in various salinity
regimes. From the point of view, considerable
studies have been made and the results are
well reviewed by GESSNER and SCHRAMM(1971).

Besides the subjects, photosynthetic adaptive
response to changing salinity should also be
considered in the attempt to elucidate the estu-
arine phytoplankton dynamics. It is thus
essential to test whether phytoplankton could
shift adaptively their salinity optimum for
photosynthesis when they are placed under
If they have adapt-
ability, to what extent they can withstand
lower or higher salinity environments. On this
subject, however, we are aware of little infor-
mation except for NAKANISHI and MONSI (1965),
QASIM et al. (1972), MAEDA et al. (1973), LIU

different salinity regimes.
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and HELLEBUST (1976) and HELLEBUST (1976).

In the present paper, we intend to describe
the growth and photosynthetic responses of
planktonic marine diatoms in various salinity
media for giving information to explain the
natural phenomena of estuarine phytoplankton
dynamics.

2. Materials and Methods

The diatoms used were marine species;
Skeletonema costatum, Chaetoceros sp., Phaeo-
dactylum tricornutum and Cylindrotheca closte-
rium. These diatoms were precultured for
many days in test tubes with enriched sea
water medium (34.6% S) at 20°C under the
continuous illumination of 81 #E.m™2?-sec™! (400
—700nm, ca. 3 Klux) provided by an ordinary
incandescent lamp. The concentration of nutri-
ents except NaNOj; was essentially the same to
that of the modified ASP-2 medium described
previously (SHIMURA and FUJITA, 1973). Sodium
nitrate was added at two times higher concent-
ration than the modified ASP-2 medium.

To examine the effect of salinity changes on
the growth of diatoms, algal cells were harvested
by centrifugation at the middle of exponential
growth phase and washed once or twice with
fresh medium, and inoculated into new media
with salinities from zero to a maximum of
103.8%. The low salinities were made by
diluting sea water with distilled water and the
high salinities were obtained by adding NaCl,
MgSOy4 and KCl to sea water. In the latter
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case, the ionic ratio in the medium was main-
tained roughly at the same level as that of
The nutrients added were
same level regardless of
salinity differences. The inoculated tubes were
incubated in the same manner as the preculture.
Growth of diatoms

natural sea water.
maintained at the

in each tube was followed
by counting the cells with a haematocytometer.
Specific growth rate (k) was calculated for ex-

ponential growth phase by the following

formula;

k(doublings/day)= t3 3? (log1o n2—logio m1),
211

where 2; and n2 are cell numbers at the time
#1 and 2p, respectively.

Photosynthesis and respiration were measured
with a Clark type oxygen electrode assembly
described by EBATA and Fujita (1971). Light
source was a 6560 W iodine-tungsten lamp and
actinic light was obtained through both an in-

La mer, Tome 17, N° 3 (1979)

frared cutting filter and a water layer of 5cm
thickness placed between the light source and
a reaction vessel. Photosynthesis measurement
was performed for 10 minutes at 20°C for each
light regime. Various light intensities were
adjusted by Light
intensity, in was

inserting neutral filters.
of pE.m™%.sec™t,
measured with a quanta spectrometer (Techtum

Instrument, QSM-2500).

terms

3. Results
Growth of cultures at various salinity regimes
Growth curves for each treatment are shown
in Fig. 1. The diatom S. costatum grew in
each medium of 8.7, 17.3, 25.0, 34.5 and 40%c
S, and cell density reached a maximum level
of 107cells/ml on the fourth day. On the
contrary, the cells inoculated into the medium
with salinity of 4.4 or 69. 2% gradually became
greenish and did not show any detectable growth
during the experimental period. The growth
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Fig. 1. Growth curves of four species

of diatoms, precultured at 34.6 %0, after transfer to

new media of different salinities at the middle of their exponential growth phase.
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pattern of the other three diatoms was identical
with that of S. costatum but the range of
salinity differed slightly between
species. P. tricornutum and C. closterium were
able to grow in a wide range from 1.0 to 69.2
%0 S and either no growth occurred or cell
number decreased in the media with 0 and 103
%c S. Chaetoceros sp. was grown in the salinity
higher than 4.0% but no detectable growth
was observed in the medium with 2.0%. There
was a lag phase in each treatment and the
induction was noticed in the initial growth
period when cells were transferred into new
media from parent cultures. As shown in Fig.
2, the length of the lag was closely related
with the salinity of new media and it prolonged
progressively in media with salinities lower or
higher than that of parent culture.

tolerance

The curves of specific growth rates as a

151

A
noticeable difference was observed among species.
The specific growth rate of S. costatum and
Chaectoceros sp. was nearly the same in the
salinity range between 10 and 40.0%.,
sharply dropped with further increase or decrease:
of salinity.

function of salinity are shown in Fig. 2.

and

P. tricornutum and C. closterium
maintained high growth rates over a wide range
of salinity between 1.0 and 40. 0%0. The optimum
salinity for the specific growth rate was around
25%c for S. costatum and Chaetoceros sp., and
17.3%0 for P. tricornutum and C. closterium.
The maximum specific growth rate was about
2 doublings per day for three diatoms, S. costa-
tum, Chaetoceros sp. and C. closterium, and
the value of 3.1 doublings per day for P.
tricornutum was the highest.

The growth response to salinity changes
further examined with S. costatum and P.

was
tri

T T T T T T T

Skeletonema costatum

80

(hour) (--x---)

304

T T T T T T 7T T

Phaeodactylum
tricornutum

LAG OF GROWTH

60

70

SPECIFIC GROWTH RATE (doublings/day)(——)

Ll Jo
70 80 100

SALINITY (%)

Fig. 2.

The effect of salinity on the lag period and the specific growth rate in exponential

phase of four species of diatoms after transfer of the cells precultured at 34.6 %o.
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Fig. 3. (A) Growth courves of S. costatum at
various salinities, and (B) the lag of growth
phase and the specific growth rate in the
exponential phase after transfer of the cells
precultured at 8.7 %0 to fresh medium.

cornutum precultured at low salinity of 8.7%
for the former and 1.0% for the latter. As
shown in Fig. 3, S. costatum did not show any
lag phase in medium with 8.7% and also in
those with 17.3 and 25.0%, but it began to
grow slowly after very long lag phase more
than 4 days in media with 4.4 and 40%.. In
P. tricornutum, cells could grow well over a
range of 1.0 to 17.3% S with no detectable
lag phase, but they showed relatively long lag
in the salinities higher than 25.0% (Fig. 4).
The specific growth rate of S. costatum and P.
tricornutum was nearly constant over a broad
range of 8.7 to 40% S for the former and 4.4
to 40.0%c S for the latter, varying from 1.4
to 1.7 and from 1.8 to 2.2 doublings per day,
respectively.

From these experiments, it can be expected
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Fig. 4. (A) Growth curves of P. tricornutum

at various salinities, and (B) the lag of growth
in the initial growth phase and the specific
growth rate in exponential phase after trans-
fer of the cells precultured at 1.0 %o to fresh
medium.

that the optimal salinity for growth of the
marine phytoplankters cultured in the low
salinity medium was lower than that of the
same phytoplankters cultured in high salinity
medium. Some marine phytoplankters could
probably shift their optimal salinity for growth

depending on the salinity in their habitat.

Phytoplankton photosynthesis at various salinities

The effects of salinity changes on the photo-
synthesis were investigated with S. costatum
grown at 34.6 and 8.7% S. The photosynthetic
rate was measured at a low light intensity of
90 gE-m~2-sec™! (5.1Klux) and a high light
intensity of 692 pE."%.sec™* (39.3Klux), im-
mediately after the cells transferred into the
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(ug0z2/10%cells/ h)

PHOTOSYNTHESIS

!

i3 1
60 80 100
SALINITY (%)

1
20 40

Fig. 5. Photosynthesis-salinity curves for S.
costatum grown at 34.6 % S (—(C—) and at
8.7%0 S (-—=—-).
sured under a weak light of 90¢E-m
sec”’ (A) and a strong light of 692 #gE+m™2-
sec™’ (B). Closed symbols indicate the

salinity at which the cells were grown.

Photosynthesis was mea-
.,

new media with various salinities. Photosynthetic
rates as a function of salinity are shown in Fig.
5. Under weak light, photosynthetic activity of
the cells grown at 8. 7% S was high at salinities
lower than 8. 7% S, and low at salinities higher
than 17.3% as compared with that of the cells
grown at 34. 6% S. Shapes of the salinityphoto-
synthesis curves obtained at high light intensity
were nearly identical to those obtained at weak
light intensity but photosynthetic activity of the
cells grown at 8.7% S dropped rapidly at 25
% S. The trend of the depression of photo-
synthesis corresponded roughly to the length
of the lag (Fig. 2). This indicates that the lag
of growth in S. costatum is probably due to
the suppression of photosynthesis induced by
salinity stress.

Relative photosynthesis- and relative growth-
salinity curves for S. costatum obtained under
weak light conditions are presented in Fig. 6.
The shape of curves somewhat differed each
other both in the cells precultured at 34.6 and
8.7% S. Comparing the curves of photosynthesis
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Fig. 6. Relative photosynthesis (—®—) and
growth rate (——O--) curves for S. costatum
as a function of salinity. Cells were precul-
tured at 34.6% S (A) and at 8.7% S (B).

and growth rate, the former had narrower
range of salinity optimum than the latter.
Photosynthesis was appreciably positive at ex-
tremely high and low salinities even though the
growth rates were zero.

4. Discussion

Table 1 summarizes the data reported by
several investigators on the range of salinity
tolerance and the optimum salinity for growth
of marine diatoms. Our results coincide fairly
well with figures in the table. The diatoms
used in the present study are euryhaline because
of a broad range of their salinity tolerance. In
this respect, it is of interest to note that the
diatoms in question have extended their habitat
into waters with lower salinity. They seem to
be one of the marine phytoplankters which
have adapted most predominantly to lower
salinity. The diatoms examined had a range
of salinity tolerance somewhat different with
species, and they also showed some capability
of physiological adjustment to new salinity
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Table 1. Salinity tolerance and optimum salinity for growth of marine diatoms.
Optimum
Diatoms Salinity of Salinity salinity for Authors
parent cultures tolerance maximum
(%c) or habitat (%o) specific growth
rate (%o)
Skeletonema costatum 34.6 4.4-40.0 25.0 Present paper
Skeletonema costatum 8.7 4.4-40.0 17.3 ”
Chaetoceros sp. 34.6 4.4-40.0 25.0 ”
Phaeodactylum tricornutum 34.6 1.0-69.2 17.3 ”
Phaeodactylum tricornutum 1.0 1.0-69. 2 8.7 ”
Cylindrotheca closterium 34.6 1.0-69.2 17.3 ”
Skeletonema costatum 3 20.0 TAKANO (1963)
Skeletonema costatum 12.5-49.5 MATSUE (1954)
Cerataulina pelagica 6 -45 TAKANO (1963)
Chaetoceros radians 4 -48 15.0 ”
Leptocylindrus danicus 6 -45 ”
Thalassiosira decipiens 5 -45 ”
Thalassiosira decipiens 15 - McLACHLAN (1961)
Cyclotella sp. 2.5-35.0 ”
Cyclotella cryptica 11.2 3.4-51.0 11.2 L1U and HELLEBUST (1976)
Cyclotella nana (3H) Estuary 0.5-32a 16.0 GUILLARD and RYTHER (1962)
Cyclotella nana (5A) LEstuary 0.5-322 4-24 ”
Cyclotella nana (e.p.) Estuary 0.5-322 8-24 ”
Cyclotella nana (7-15) Open sea 0.5-32a 16-24 ”
Cyclotella nana (13-1) Open sea 17.0-352 23-35 ”
Detonula confervacea Open sea 8.0-32a 24-32 "

a:

condition.

Photosynthesis was consistently depressed at
low and high salinities. Furthermore, the range
of optimal salinity for photosynthesis is narrower
(Fig. 6).
Since the organic matter production of the
diatoms is determined principally by photo-
synthetic activity, the rates
measured immediately after (starting within 10
minutes) the transfer of diatom cells into a new
medium may indicate an immediate growth
response of the inoculated cells to salinity change.
On the other hand, specific growth rate, which
was measured within a few days, may indicate
the growth after the cells adjusted to each new
salinity condition. Discrepancies between the
photosynthesis-salinity curve and the growth-
salinity one indicate some possible changes in
growth-salinity properties with time due to
adjustment or deterioration of the algal cells
in a given salinity condition. The hatched area
in Fig. 6 may show such a long term adjust-
ment (performed in the period of hours to days

than that for specific growth rate

photosynthetic

Not examined beyond the indicated salinity.

in this case) of algal cells to salinity.
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