Studies on the Rclationship Between the Respiration
and the Changes in Salinity in Some Marine
Plants in Japan®

By
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Notwithstanding the fact that many works have been done on the respiration of
marine algae affected by salinity change, some disagreements among the results, for
instance, those obtained by INmaAN (1921), FROMAGEOT (1923), HorrFMANN (1929) and
OcATA (1963) remained unsettled. HorrMaNN (1929) first advocated that scveral
algal species would be divided into two groups from view point of the changes in
respiration with changes in salinity by his precise investigation : Onc group showed
no remarkable change in respiration rate with salinity change, and on the other
hand, the other group showed considerably increased respiration with decreased
salinity. According to his opinion, Enteromorpha, Fucus vesiculosus, and Porphra laciniala
belong to the former group, but Fucus serratus and Laminaria digitata to the latter.
Although the respiratory trend of Enteromorpha obtained by HOFFMANN (1929) was
similar to that in Ulva by FroMaGeoT (1923), INMAN (1921) had formerly found that
the rate of carbon dioxide output of the respiration in Ulva and Laminaria were
always suppressed by hypo- and hypertonicity of artificial sea water.

By manometric technique, OcaTa (1963) recently worked the respiration of
Porphyra tenera, economically important species in Japan, with salinity change, and
found that the respiration increased in diluted sea water to half strength, and de-
creased under extreme hypo- and hypertonic conditions, and that it steadly increased
with rising temperature up to 30°C irrespective of salinity change.

In order to avoid such confusion as mentioned above, the following work was
undertaken to substantiate the changes in the respiration rate with changes in toni-
city under more strict conditions.

The experimental materials were obtained from coastal zone in Japan and some
marine higher plants such as Zostera marina were also chosen, because they are some-
times exposed to a drastic change in salinity by hcavy rainfall in rainy season. We
have carcfully chosen and treated the samples. For the mcasurement of respiration
rate, Warburg’s manomectric method was used as previously mentioned by OGATA
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(1963), because one of the causes of disagreement of the data obtained by each of
workers was attributed to the different techniques to determine the respiration rate.

Materials and Methods

Fresh materials of more than 10 species of marine plants growing in the coastal
region near Shimonoscki in Japan, were used.

Name of material in two series of cxperiment in 1958 and 1963 is arranged sys-
tematically in Tables | and 3, as green, brown, and marine or fresh water phancro-

gams.

Table 1. Names of materials arranged systematically and experimental conditions in the expsrimental

series in 1958.

! Classifi Frosh wt. . gy )
No. ' Date Spocies e g For | tem- | Qoz in normal
: use i perature
1 i June, 13 | UJlva pertusa Chlorophyta 300 .30 3.54
2 | # 19| Undaria pinnatifida Phacophyta 500 Lo 1.45
3| 4 19 | Sargassum thunbergii 7 ‘ Vs » 1.59
4 // 6 | Gloiopeltis furcata Rhodophyta » P 1.16
5 4 11 | Gracilaria verrucosa # ” o 1.60
6 » 19 | Glotopeltis tenax ” # Loy 0.86
7 July, 10| Ceramium sp. » : 300 L —
8a » 28| Polysiphonia urceolata ” : 500 P —
gb ' v 30 p P P L 300 p —
9a | # 9 | Zostera marina Angiospermae | 500 »” 1.89
9b l v 19 2 14 i 2 ‘ » # 2.47
1} l # 19 | Zostera nana v ‘ 300 y 3.70
11 | Aug., 6 | Ulva pertusa i Chlorophyta o Lo 2.57
12 1 July, 28 | Polysiphonia urceolata [ Rhodophyta v 1 7 —_

Table 2. The chlorinity at varicus concentration of sea water as experimental medium in the exper-
imental series in 1958,

T
Concentration of sea water ! 1/8 | 1/4 ‘ 1/2 1 ' 2
. - pa— 7777*,‘ — O ————
Chlorinity in %9 2.76 5.14 11.44 i 21.37 | 38.80
‘ i ‘
pH ‘ 7.0 | 1.2 7.4 0 77 7.6

Hypotonic and hypertonic media were made by diluting the natural sea water
with distilled water or by evaporating it to onc-half or two-thirds of original volume,
respectively.  Solutions of diluted or concentracd sea water were designated as 0
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(zcro), 1/8, 1/4, 1/2, 3/4, or 3/2, 2 and so on, respectively. After the preparation of
medium at a given concentration, all media were once boiled to sterilize. The con-
centrations of such prepared media and their chlorinitics are presented in Tables 2
and 4, respectively.

Fresh plant materials were all collected from their habitats just before experi-
mental use, and were brought into the reaction flasks containing a media at a given
concentration, and after quick treatments of sweeping off the water on the surface
of material, cutting into several pieces and weighing were made.

To dctermine the respiration rate by means of the ordinary manomectric tech-
nique in darkness (Umsrerr et al, 1957) readings were taken for one hour after 15-
min. pre-shaking at the bath-temperature in Tables | and 3. The endogenous oxygen

Table 3, Names of materials arranged systematically and experimental conditions in the experimental
series in 1963.

Fresh wt, Bath-

‘ i
No.  Dato Species oo | oxponmamal_tom- oz 1 tormel
; | use perature
13 June, 29 Ulva pertusa Chlorophyta | 100 I 25 2.57
14 July, 7 Enteromorpha linza ‘ y ‘ 4 |o# ‘ 2.50
15 ” 7 Sargassum thunbergii Phacophyta 300 i PR 1.58
16 ” 10 Ishige okamurai # v | ” 0.75
17 | June, 24 | Gracilaria verrucosa Rhodophyta » ‘ ” 1.18
18 v 25 Gloiopeltis tenax o P } P ‘ 0.58
19 July, 21 Gelidium amansii ” 20 | 7 1.99
20 ” 7 . Laurencia okamurai 7 300 7 1 1.28
21 y 3 . Zostera marina Angiospermae P o 1.07
22 ” 2 . Zostera nana ” 4 Lo ‘ 1.53
23 . # 23 Potamogeton crispus ” 200 P27 | 2.35
236 | # 24 Ceratophyllum demersum s ” . \ 1.76

Table 4. The chlorinity at various concentration of sea water as experimental medium in the exper-
imental series in 1963.

of sea water

Chlerinity in % (2.58)¢ | 5.79

* Only used in the case with fresh water phanerogams

10.36 4.84

—

19.79 27.90 36.30

Concentration C/ey* ‘ 114 ) 12 304 1 312 2
I . ‘ .
| | |

uptake was cxpressed as #/nct [resh weight<hour in the early series in 1938, but as
#l/mg dry wt. hour (Qos) in the latter case in 1963.

In order to estimate the resistibility of samples to salinity change for somewhat
prolonged period after the pre-acclimatization which was prepared by pre-immersion
to different media at a respecitive concentration for 24 hours, the respiration was
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also examined in normal sea water.

Results

l. Respiration in the drastic salinity change

The results obtained under the experimental condition, as shown in Tables 1 and
2, are presented in Figs [~12.

In Ulva pertusa, two layered leafy green alga, the respiration was slightly en-
hanced at 1/2 sea water, and then reduced gradually with decrease in concentration
of medium as seen in Fig. 1. Hypertonic medium suppresscd the respiration to some
extent.
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0, uptake by 300 mg fresh algal body (ul/ hr)
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Fig. 1. Respiration rate of Ulva pertusa offected by hypo-
and hypertonicity of sea water.

Respiration rate of brown alga Undaria pinnatifida, useful seaweed as food in
Japan, at 1/2 concentration was, however, scarcely enhanced as seen in Fig. 2, and
it was more remarkably suppressed than in the case of the former sepcies in more
dilutied medium.

Respiration rate of Sargassum thunbergii, thick brown alga, was gradualy sup-
pressed in both sides of hypo- and hypertonic conditions as presented in Fig. 3.

Somewhat particular trend was found in the case of a red alga Gloiapellis furcata
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as presented in Fig. 4. Hypotonicity gradually made to increase the respiration rate
with somewhat remarkable enhancement at 1/8 concentration. Extreme hypotonicity,
namely 0 (zero) concentration, however, rapidly suppressed the rate.

A similar trend to the above case was also observed in a parenchymatous red
alga Gracilaria verrucosa which is an important material as the source of agar industry.
The enhancement of respiration ratc in hypotonicity was, however, not so remarka-
ble as in the above species, but in hypertonicity it was also suppressed as presented
in Fig. 5.
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Fig. 2. Respiration rate of Undaria pinnatifida offected
by hypo- and hypertonicity of sea water.
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Fig. 3. Respiration rate of Sargassum thunbergii affected
by hypo- and hypertonicity of sea water.

In Gloiopeltis tenax, (Fig. 6) no remarkable changes in the respiratory rate with
changes in tonicity of medium was found with rather broad plateau regardless of
systematic proximity to G. furcata (Fig.4).
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The respiration rate of a red alga Ceramium sp. having the finc and delicate thal-
lus structure, was very sensitive to changes in the environmental tonicity, especially

in hypotonicity as scen in

of cells appeared to be damaged by significance of red-coloured clute from the cells

into medium, and the resp
normal sea water.
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Fig. 7. In an extreme hypotonicily as pure water, a part

iration ratc was suppressed to about one-half of it in
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Fig. 4. Respiration rate of Gloiopeltis furcata affected by

hypo-

and hypertonicity of sea water.
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Fig. 5. Respiration rate of Gracilaria verrucosa affected
by hypo- and hypertonicity of sea water,

In the case of a red alga Polysiphonia urceolata which is the most delicate among
ed cstimations were made in the materials with cach 300

It was clearly indicated that this specics was the most
The respiration in more than 1/4 diluted medium was

cxamined ones, two separat
and 500 mg fresh weight.
sensitive to hypotonicity.

J. Shimonoscki Univ. Fish., 16 (2, 3)
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completely suppressed and the tissue came to bleach lethally.  In two separated
examinations, however, the results of the respiration rate somewhat differed from
each other. The rate obtained at 1/2 concentration was greater than that in normal
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Fig. 6. Respiration rate of Gloiopeltis tenax affected by
hypo- and hypertonicity of ces water,
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Fig. 7. Respiration rate of Ceraminm sp. affected by hypo-
and hypertonicity of sea water.
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medium (open circles), but on the other hand it was lessend (closed circles), as
presented in Fig. 8.

On marine phancrogam Zoslera marina, two lots of result obtained under the
entirely identical condition in separated experiments were cssentially identical with
cach other as seen in Fig. 9.

The rate of respiration was enhanced more or less at 1/2 concentration in both

cases, and the somewhat significant depression was observed in hypertonicity such as
2-fold concentration,
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Fig. 8. Raospiration rate of Polysiphonia urceolata offectod
by hypo- and hyportonicity of sea water.  Two sets of
measurements with different raw woights, 300 mg (open
circles) and 500 mg (closed circlos) are presented.

The similar sensitivity to hypertonicity was also found in the case of Zostera

nana which is another common marine phancrogam in Japan, but the enhanced rate
in hypotonicity was not found (Fig. 10).
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Fig. 9. Respiration rate of Zostera marina sffezted by hypo-
and hypertonicity of sea water. Two sets of measurements
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ll. Respiration rate affected by the prolonged immersion period under hypo-
and hypertonicity.

After immersing the sample in hypo- or hypertonic medium for more prolonged
period, the subsequent changes in respiration rate were cxamined.  The materials
were immersed in 1/2 or 2-fold concentraied media during 1, 2, and 3 hours before
the determination of respiration rate.

Ula pertusa indicated rather lower sensitivity at both sides of hypo- or hyper-
tonicity, and the rates in 1/2 (open circles in Fig. 11) and in 2 sca water (closed
circles in Fig. 11) were kept almost unchangeable after the pre-imersion in the
respective medium for | hour, but the rate was enhanced in the sample acclimatized
to 1/2 sea water for 2 howrs, and the morc prolonged acclimatization for 3 hours
remarkably suppressed in both hypo- and hypertonicities.

00

0 uptake by 300 mg fresh algal body (gl / he)

Hour

Fig. 11. Respiration rate of Ulva pertusa affected by dure-
tion of pre-immersion in hypo- and hypertonicity of sea
water. Open circles : 1/2 concentration, closed circles :
2.0 concentration, '

A sensitive rate of red alga Polysiphonia urceolata came to be enhanced or sup-
pressed by only I-hour pre-immersion under hypo- (open circles) or hypertonicitics
(closed circles) respectively, as shown in Fig. 12 and the once elevated rate came to
be suppressed in hypotonicity by only 2-hour pre-immersion.
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The varied grade of the respiratory rate of Polysiphonia with 1 hour pre-immer-
sion under hypo- and hypertonicities coincided with those in respective medium
presented by cach curve with open circles in Fig. 8. Qos values in normal sca water
obtained in cach specics arc also presented in Table 1.

200

0, uptake by 300 mg fresh algal body (s1/ hr)

Hour

Fig. 12. Respiration rate of Polysiphonia urceolata affected
by duration of pre-immersion in hypo- and hypertonicity
of sea water. Open circles : 1/2 concentration, closed
circles : 2.0 conceatration,

Ifl. Recovery and resistibility from the depressed respiration by drastic changes
in salinity after prolonged pre-acclimatization.

The varicd respiration rate by drastic salinity change under the experimental
conditions in Table 3 and 4, is expressed as Qo on dry weight basc instcad of
fresh weight in the previous experimental series in 1958.  The results are shown by
solid lines with the open circles in Figs. 13~23.

Resistibility of samples to salinity change after prolonged acchm:mmuon period
were shown in terms of the respiration rate in normal medium after pre-immersion
for 24 hours into a given concentrated medium (closed circles).

In Ulva pertusa in Fig. 13, the respiration was markedly enhanced at 3/4, 1/2
concentrations and then was gradually suppressed at 1/4 and 0 concentrations. T hese

_.77 o
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data did ncver conflict with those irrespective of some difference from those in
hypotonicity in Fig. 1. In the present results, hypertonicity at 3/2 and 2 concentra-

tions increased the rate to some extent.

Qo,
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Fig. 13. Respiration rate of Ulva pertusa affected by hypo-
and hypertonicity of sea water (open circles), and recovery
or decrease in respiration rate (resistibility for prolonged
salinity change) measured in normal sea water after pre-
acclimatization for 24 hours (closed circles).

Rates of respiration in normal medium in Ulva were lessened by pre-acclimatiza-
tion under extreme hypotonicity such as 1~1/4 concentration for 24 hours considera-
bly but the onc pretreated at 2 concentration kept almost unchangeable in normal
medium as conuol did.  These results are presented by the curve with closed circles
in Fig. 13.

Fig. 14 indicated the corresponding results of a green alga Enteromopha linza being
closely related to Ulva. The respiration of this alga was remarkably enhanced at 3/4
and 1/2 concentrations, and was hardly suppressed even at 1/4 and O concentrations.



as seen in Fig. 3.
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Hypertonicity suppressed the rate slightly. Transfer of algal body from 24-hour pre-
acclimatization at 2 concentration medium to normal one markedly enhanced the
rate beyond the one before transfer. Rates alfected by pre-acclimatization at 1/2 and

1/4 concentrations were kept almost unchanged, but those in 3/4 and cven normal
concentrations fell slightly as well as in 0 concentration.
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Fig. 14. Respiration rate of Enteromorpha linza affected
by hypo- and hypertonicity of sea water (open circles),
and its recovery or decrease in respiration rate after pre-
acclimatization for 24 hours (closed circles).

Although the results of Sargassum thunbergii in Fig. 15 may be corresponded 1o
those in Fig. 3. the rate of the respiration was markedly enhanced at some hypo-
tonicity at from | to 1/+4 concentrations as scen in Fig. 15, without gradual decline

At this time, the resistibility could not be examined because of
damage of a thallus by immersing in the medium for long period.

Rigid brown alga Ishige okamurai was slightly affected by hypotonicity with the

gradually increased rate of respiration as decreased concentrations.

- 79
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Fig. 15. Respiration rate of Sargassum thunbergii affected
by hypo- and hypertonicity of sea water.

This alga showed stable resistance to salinity change, hence the examined rate
after the prolonged pre-acclimatization period up to 24 hours indicated almost
constant rate of respiration as seen in Fig. 16.

Qo,

0 “Ww ¥ 3% 1 ¥ 2
Concentration

Fig. 16. Respiration rote of Ishige okamurai affected by
hypo- and hypertanicity of sea water (open circles), and
its recovery of dacrease in respiration after pre-acclima-
tization for 24 hours (closed circles).

In a red alga Gracilaria verrucosa, the enhancement in hypotonicity was also
observed in both present (Fig. 17 open circles) and the former (Fig. 5).  'T'he en-
hancement of the rate at 1/4 concentration in the present series was remarkably
higher than in the former case.

The once suppressed rate by pre-acclimatization in hypertonicity rapidly re-
covered over the rate of control, but once enhanced rate in hypotonicity was depressed
still original value at standard concentration and the rate retained in O concentra-
tion decreased considerably by returning back the material 1o standard medium.

.._BO_..
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Qo,
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Fig. 17. Respiration rate of Gracilaria verrucosa affected
by hypo- and hypertonicity of ses water (open-circles),
and its recovery or decrease in respiration after pre-accli-

matization for 24 hours (closed circles).

The data in Fig. 18 corresponds to those in Fig. 6 in a red alga Gloiopeltis tenax.
Respiration rate affected by drastic change to low salinity was slightly enhanced in
the present mesurements (Fig.18, open circles) but was kept almost unchanged in the
former case (Fig. 6) with only meagre deviations in both cases. Resistibility of this
species after 24 hour pre-acclimatization was weak at low salinity such as 1/4 or 0
concentration as shown by curves with closed circles in Fig. 18.

Concentration

Fig. 18. Respiration rate of Gloiopeltis tenar affected by
hypo- and hypertonicity of sea water {open circles), and
its recovery or decresse in respiration after pre-scclima-
tization For 24 hours (closed circles).

Deep sea red alga, Gelidium amansii, being important material for agar industry,
showed rather sensitive to both hypo- and hypertonicities. because, as seen in Fig. 19,
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the respiration was markedly increased by hypotonicity, especially at 1/2 concentra-
tion, but was markedly suppressed by hypertonicity.
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Fig. 19. Respiration rate of Gelidium amansii affected by
hypo- snd hypertenicity of sea water (open circles), and
its recovery or dacrease in respiration pfter pre-acclima-
tization for 24 hours (closed circles).

The resistibility of this species to hypotonicity for long period such as 24 hours
was not so strong, and the respiration affected by pre-acclimatization at O concentra-
tion was completely undetectable. This species, therefore, was proved to be the most
sensitive one to extreme low salinity.  On the other hand, once suppressed respira-
tory ratc by pre-immersion in hypertonicity recovered when the samples were trans-
ferred from 2 to normal concentration.

Fig. 20 presents the results obtained in Lawrencia okamurai, which is delicate and
fragile red alga. This spccies reacted sensitively 10 drastic salinity change and also
to prolonged pre-acclimatization in hypotonicity.  The respiration rate was tremen-
dously enhanced at 1/2 and 1/4 concentrations, showing maximum at 1/4 concentra-
tion.

The rate retained after pretreatment at 1/4 concentration for 24 hours was,
however, drastically suppressed, and this became more conspicuous in 0 concentra-
tion. Once elvated rate at 1/2 concentration by drastic salinity change was on the
other hand, remained almost unchanged even after prolonged pre-acclimatization in
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1/2 concentration. According to these results, it clearly proved that this delicate and
fragile red alga was most sensitive specics among those examined.

ol 1 ) f ] 1 1
U oy k¥ oK 1 % 2
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Fig. 20. Respiration rate of Laeurencia okamurai offezted
by hypo- and hypertonicity of sea water (opon circles),
and its recovery or decrease in respiration after pre-acclima-
tization For 24 hours (closed circlas).

Next, the similar rates of respiration of Zestera marina which have been shown
in Figs. 9 and 21, were found between the data in Fig. 21 and the data shown by
the curves with closed circles in Tig. 9.

That is, hypotonicity even at extreme low salinity scarcely suppressed the rate

despite of suppression presented in another survey at extreme low salinity with open
circles in Fig. 9.
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After the pre-acclimatization at low salinity for 24 hours. the rates did not
decrease, and on the other hand those affected by hypertonicity markedly rose.

| S P SR SR L |
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Fig. 21. Respiration rate of Zostera marina affected by-
hype- and hypertonicity of sea water {cpen circles), and
its recovery or decrease in respiration after pre-acclima
tization For 24 hours (closed circles).
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Fig. 22. Respiration rate of Zostera nana affected by hypo-
and hypertcnicity of sea water (open circles), and its

racovery or decrease in respiration after pre-acclimatiza-
tion for 24 hours (closed circles).

The results from Zostera nana were shown in Fig. 22 as well as Fig. 10. The hypo-
tonicity rather enhanced the respiration in the series in Fig. 22, but it was suppres-

._84_
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sive in the former case. Amplitudes of deviation from the rate in standard medium
in both cases were, however, not so wide that this confliction might not essential.

This species was also resistant to prolonged hypotonic condition as seen well recog-
nizable in the data with closed circles in Fig. 22,
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Fig. 23. Respiration rate of fresh water phanerogam affectod
by hypo- and hypertonicity of sea water. Open circles :
Potamogeton crispus, closed circles: Ceratophyllum
dmersum.

Some attempts to survey the influence of drastic osmotic changes on the respira-
tion of fresh water phanerogams was made with Potamogeton crispus and Ceratophyl-
lum demersum by using the samc medium as shown in the case of marine plants (Fig.
23). It was a very interesting fact that the respiration was enhanced temporalily by
both hypotonic (0 concentration) and hypertonic condition.

In comparison with the respiratory changes with saline condition as described
above, the some experiments were made to scc those of fresh water phanerogams.

At only 0.05 % chlorinity of pond water at natural habitat, the respiration rate

_85 —
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of Potamogeton was lowest at some point between 0 and 5.79 % (1/4) and in Ceralo-
phyllum it was lowest at somec point betwecen 0 and 259 % (1/8).  Hypctonicity
above 5.79 and 2.59 % both suppressed the rate in both species, respectively.

Discussion

According to the results obtaincd in the present work, some definite conclusions
may be abstracted.  First, hypertonicity always suppresses the respiration of marine
plants with the exception as Ulva pertusa.  On the other hand, without attention to
the cffect of hypertonic condition, somewhat different cffects of hypotonic condition
on the ratc of algal respiration werce often found in different species and among
these examined at different data on the same species. In the experimental series in
1958, for example, enhanced respiration rates were found in Ulva at 1/2 concentra-
tion, in Gloiopeltis furcaua, and Gracilaria at 1/8 concentration and other examples in
Polysiphonia and Zostera marina at 1/2 concentration. We can show somc examples
which were more or less suppressed by hypotonicity, such as Sargassum, Ceramium,
Zostera nana and polysiphonia, among aboves, Polysiphonia being the most sensitive
species. In Undaria and Z. marina the rates at 1/2 concentration were kept almost
unchanged, but was suppressed under more heavy hypotonicity.

In the experimental series in 1963, however, the rates of the respiration of all
species were enhanced morc or less under hypotonic condition. For instance, in Ulva,
Enteromorpha, Gloiopeltis tenax and Gelidium, the rates of the respiration were enhanced
at 1/2 concentration, in Sargassum, Gracilara and Laurencia at 1/4 concentration, and in
Ishige, Zostera marina, 7. nana with gradual increase as decreasing salinities.

Some conflictions were, therefore, found among the results obtained in 1938 and
in 1963 in same species such as Sargassum thunbergu, Gloiopeltis tenax, Zostera marina,
and 7. nana respectively. The hypotonicity acted somewhat suppressively in the 1958,
but somewhat enhancingly in 1963 on one spccies. Good coincidence was found only
in the casc of Gracilaria verrucosa, in hoth years, and on the other hand in Pelysiphonia
and Zostera marina, the results obtained on different days were conflicted cach other.

The fact that the effect of hypotonicity on the respiration is not always constant
but labile according to the undetectable and unavoidable deviation in the materials,
despite of the precise experimental technique and of carcful attention which may
ellucidate enough the conflictions among the above results and those by above noted
workers.

However, over such conflictions, it may be noted as common wend that the
enhancement of respiration by hypotonicity is in general more significant in finely
or delicately constructed or thin leafy species such as Polysiphonia, Ceraminm, Laurencia
or Ulva and Enteromorpha than in rigidly constructed specics such as Ishige, Gloiopeltis,
Gracilaria or Zostera,

According to above reason, the responses of the rate of respiration to low salinity
resulted in the structural rigidity of thallus rather than the characteristics of the

_86_



Respiration and Changes in Salinity in Marine Plants 137

habitat. For example, such trends are observable in the thin two layered lealy green
alga Ulva, and in delicate red alga Laurencia. In spite of -its rigid construction,
deep red alga Gelidium amansii are also very sensitive to prolonged acclimatization in
cxtreme low salinity.

On the contrary, hypertonicity always suppress the respiration in marine plants
with only one exception of the case in Ulva in Fig. 13. The grade of depression
-aries with different species case by case.  In general the rate in deep sea algae or
delicately and fragilely constructed specics tend to be more remarkably suppressed
than in rigidly and tightly constructed intertidal-species.

Any cxplanation of the enhancement of the respiration in hypotonic side has
not been found, but the clongation of algal body in hypotonicity as reported by
Ocata and Takapa (1955), seems to be one explanation because the clongation of
algal body will give rise to considerable expantion of respiratory surface of plant
cells. As another explanation the temporary clevation of respiration was also caused
by slight injury (OGATA, unpublished data). The pretreatment may result in the
changes in cellular respiratory material and then they affected the causal respiratory
changes. The enhancement of the respiratory rate consumed rapidly the respiratory
material such as carbohydrates.

It is very interesting that the respiration in fresh water higher plants affected
by high osmotic condition temporarily rose to some cxtent. ‘This has never been
observed in marine plants.

Summary

In order to survey the respiration in marine plants alfected by difterently diluted
or concetrated sea water, numerous and carcfully selected (resh materials more than
10 species were chosen for respiration measurements by the manometric technique.

Two experimental scries were repeated in 1938 and 1963, From the changes in
the rate of respiration by transfer the thallus to low salinity. four types were ob-
served as follows. 1 : An enhancement by hypotonicity at 1/2 concentration, 2 @ An
enhancement by hypotonicity at 1/8 concentration, 3 ¢ Scarccly enhancement, 4
Sensitive to hypotonicity.  Ulva, Enteromorpha, Gelidium, and pevhaps Polysiphonia and
Zostera marina belong to type 1 ; Gloiopeltis furcata, Gracilaria and perhaps  Sargassum,
to type 2 ; Ishige, Gloiopellis tenax, Zostera nana, and sometimes Zostera marina, (o 1ype
3 : Polysiphonia and Ceramium sp. to type 4.

The meaning of sensitivity to salinity change, however, varies according to wwo
ways of pre-experimental conditions, namely the way the sensitivity to drastic salinity
change as above described, and the way the prolonged acclimatization in hypo- or
hypertonic medium.

After 24 hours, respivation in Ulva. Gelidium, Lawrencia aftected by extreme hypo-
tonicity such as 0 hardly recovered cven when they were returned in to normal
medium. ‘That is. these species were most sensitive to prolonged hypotonic condition,
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and on the other hand Ishige, Zostera marina, Z. nana were proved to be more re-
sistant.  Above noted resistibility of marine plant to prolonged acclimatization also
depended not only on the difference in their habitat but also on the difference in
their construction.

In general, fine filamentous or thin leafy algae were casily affected by the
salinity change, but rigid parenchymatous species were hardly affected during short
as well as prolonged periods so far the respiration was concerned.

Some conflictions which were found in the identical species by different authors
are probably due to the fact that the effect of hypotonicity is rather labile character
depending on the minor undetectable deviation in the nature of materials.
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