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It is said that Ulva pertusa has increased in abundance with the progression of eutroph-
ication in the Seto Inland Sea. The authors drew distribution maps of U. pertusa, and
estimated the quantity of total nitrogen in U. pertusa, seawater (DIN, DON, and PON),
and sediment (solid and liquid fractions) in Yamaguchi Bay in July and November 1976.
U. pertusa existed thickly at the middle part of both east and west sides of the bay. The
highest standing stock was 5.3kg (wet weight)/m? in November. The total amount of
nitrogen in U. pertusa in the bay was estimated to be about 3.8 and 12.1 tonnes in July
and November, respectively. The analyses of the other materials showed that the sum of
nitrogen in the sediment exceeded that in any other component. The total amount of
nitrogen in U. pertusa in the bay greatly exceeded that in the seston including phyto-

plankton.
materials in the nitrogen cycle in the bay.

Key Index Words:

Recently, for understanding the eutroph-
ication in estuarine or coastal regions,
studies of nitrogen or phosphorus cycles in
the sea have been carried out at many re-
search bodies. Nitrogen and phosphorus seem
to be the main factors involved in eutro-
phication. It is thought that plants in large
seaweed beds play an important role in the
nitrogen and phosphorus cycles. Recent
works on nutrient cycles in the sea have
concentrated on phytoplankton, the predom-
inant life in the sea, and have not paid
much attention to the seaweeds. However,
some recent investigators ([izumr 1975, PEN-
HALE et al. 1977, etc.) studied the ecocystem
of the eelgrass (Zostera marina) beds.

The present authors have studied the
nitrogen stock in U. pertusa beds in Yama-
guchi Bay. U. pertusa is ordinaly seen on
any shore of the Seto Inland Sea and is said
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It is thought that U. partusa holds the most important position among living

nitrogen cycle; nitrogen distribution; Ulva pertusa.

to have increased in abundance with the
progression of eutrophication in the sea.

Study area

Yamaguchi Bay is situated in the western
part of the Seto Inland Sea. It is a second-
ary slender bay which is separated from
Aio Bay by lwaya Peninsula. The mouth
of the bay is about 4km wide and its length
is about 8km. The area discussed in this
paper is 15.18km® and is indicated by stip-
pling in Fig. 1. The deepest point at the
mouth exceeds 10 m, and the 5m depth line
extends into the bay parallel to the peninsula.
The average depth of the bay is 1.04m at
mean level.

As five small rivers are flow into the
bay, chlorinity of the water is low: the
chlorinity of the surface water at Stn. 2
varied from 8.3 to 17.1%. The maximum
current speed was 25cm/sec at the mouth
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Fig. 1. Maps of Yamaguchi Bay and the
Seto Inland Sea. Solid circles: stations for
seawater and sediment analyses. Open tri-
angle: a station for sediment analysis. Open
square: stations for the determination of
standing stock of Ulva pertusa. Numerals at
isodepth contours are in meter.

of the bay in November. The grain size
composition of the surface sediment in the
bay widely varied with time and sampling
stations. The main components of the sedi-
ment were silt and sand.

Methods

Field observations were carried out on
July 13 and November 24, 1976. The distri-
bution of U. pertusa in the bay was observed
by naked eyes and m‘nutely recorded on the
map. U. pertusa in the quadrat of 50 cmX
50cm was sampled for the estimation of
total amount of the plant in the bay. Then
standing stock of U. pertusa were determined
at seventeen stations on the intertidal zone.

While U. pertusa in the deep water were
sampled by nets, or counted by diving ob-
servation.

Determinations of organic carbon and nitro-
gen in U. pertusa and sediment were carried
out by a Yanagimoto CN Coder MT-500 with
measurement error less than 2%. Sediment
samples collected in July were weighed and
then centrifuged to separate theoretically
liquid (dissolved) from solid (particulate)
fraction. The deposited solid materials were
weighed again and then dried. Finally, they
were tared to determine dry/wet weight
ratio of the sediment.

Seawater was sampled from surface and
bottom layers at high and low tides. They
were also sorted into two parts: particulate
matter collected on Whatman GF/C glass
fiber filters and the rest dissolved matter
passed through the filters. A Yanagimoto
CHN Corder MT-2 was employed to deter-
mine particulate organic nitrogen (PON).
Dissolved inorganic nitrogen (DIN) is the
integrated value of nitrate, nitrite, and am-
monium nitrogen, determined by the methods
of SOLORZANO (1969), BENDSCHNEIDER and
RoBINSON (1952) and WoOD et al. (1967),
respectively.  Dissolved organic nitrogen
(DON) was analysed with Kjeldahl digestion
method based on STRICKLAND and PARSONS
(1968).

The large tidal range cause remarkable
variation of the volume of seawater in Yama-
guchi Bay. For convenience, the authors
estimated the nitrogen stock in the water
at the mean tidal level for assessing the role
of U. pertusa in the nitrogen cycle in sea-
weed beds.

The nitrogen in U. pertura (N,) in the
whole bay, is expressed as equation (1):

Nu=U'fu'Fy (1)

where U is the total amount (wet weight)
of U. pertusa in the bay, f, is the ratio of
dry to wet weight of U. pertusa, determined
as 0.15 in the present experiment, and F is
the ntrogen content on a dry weight basis
of U. pertusa determined as 0.037 here.
Each of the nitrogen as DIN, DON, and
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PON in seawater of the bay (Nw), is ob-
tained by equation (2):

Nw=2n'dw's/py (2)

where n is the nitrogen concentration of
each sample in gN/m?, d,, is the mean water
depth of the bay in meter, S is the area of the
bay concerned in this paper in m? and p is
the number of samples collected.

In July, nitrogen in the sediment was
divided into two parts: the solid fraction
(sediment completely excluding water), the
liquid fraction (all the volume of interstitial
water). Total nitrogen in the solid fraction
(Ny) and in the liquid fraction (N;) of the
sediment in the bay are calculated by equa-
tions (3) and (4).

Ns=2ns'Vs'dc'S/(Vs+Vsi)'p, (3)
_Ni=2ni'(Vi+Vsi)'dc'S/(Vs+Vi+Vsi)'p’
4)

where ns is the nitrogen content of dried
sediment in pgN/g and ni is the nitrogen
concentration of liquid fraction in gN/m?® at
each station sampled, d. is the thickness of
the sediment core concerned with nitrogen
cycle in the bay (assumed to be 0.1 m), V,,
V; and V,; are volumes of the dried sedi-
ment, interstial water taken by centrifuging,
and the water contained in the sediment
after centrifuging. These values are obtained
by the solution of following equations :

Vet ViV =V
o=Vt Vo) pit Vi ps
r=Vs-0s/pn
ra=Vepu/ (Ve pit Ve py),

where V is unit volume of the whole sedi-
ment in 0.1m° p,, p; and o= are specific
gravities of the solid fraction (determined
as 2.6 as the average of all the three sta-
tions), liquid fraction (calculated as 1.02 at g,5),
and the whole sediment, respectively, 7, and
r, are weight ratios of solid fraction to the
whole sediment determined as 0.61 as the
average), and to the sediment after centri-

fuging (determined as 0.73).

Nitrogen of the whole sediment in Novem-
ber is expressed by the sum of - N; plus N;
in equations (3) and (4). '

Results and Discussion

Figs. 2 and 3 show distributions of U.
pertusa in the bay in July and November,
respectively. In July U. pertura was found
most densely at the middle part of the both
east and west.sides of the bay. The highest
standing stock was about 2kg/m® in wet
weight. At the central part of the bay U.
pertusa existed thinly with the value from
0.5 to 10 g (wet weight)/m2 In November
the areas of high density were also located
at both sides of the middle part of the bay.
The highest standing stock was 5.3kg/m?
in the month. The total amounts of U.
pertusa in the bay were 684 tonnes in July
and 2187 tonnes in November.

l___] <0.02kg/m?
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Fig. 2. Distribution of Ulva pertusa (wet
weight) in Yamaguchi Bay in July 1976.
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Fig. 3. Distribution of Ulva pertusa (wet
weight) in Yamaguchi Bay in November 1976.

Organic carbon and nitrogen of . pertusa
are shown in Table 1. The average carbon
and nitrogen contents of healthy growing
U. pertusa were 7.6 and 3.7% dry weight
respectively. Nitrogen content of U. periusa
was about half that of Porphyra vezoensis
in which it varied from 6.2 to 7.9% in a
day (OOHUSA et al. 1978). The present
figures of U. pertusa did not differ very
much from that of Zostera marina (1.9-4.3
%, after HARRISON and MANN 1975).

The average carbon/nitrogen ratio of .
pertusa was 7.42 by weight. Both of the
carbon and nitrogen contents gradually de-
creased with decline of the growth of U.
pertusa.  Nitrogen content decreased at
quicker rate than did carbon, so the C/N
ratio of U. pertusa tended to rise with
decline of the growth as indicated in Fig.
4. Such values of the C/N ratio have been
also recognized in phytoplankton. REDFIELD
(1934) and FLEMING (1940) showed a C/N
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Fig. 4. Relationships between nitrogen
content (% dry weight) and C/N ratio in

Ulva pertusa of three different discolouration
types.

ratio of 7.0 based on the number of carbon
and nitrogen ‘atoms (the ratio by weight is
about 6.0) for natural phytoplankton. UNO
(1974) indicated that the average C/N ratio
of the diatom Skeletonema costatum in con-
tinuous culture was 5.75 by weight. Further-
more, UNO (1978) also found that many
organic materials in the sea showed a tend-
ency to increase the C/N ratio as nitrogen
content decreased.

Table 2 shows the total amount of nitrogen
in six components in the bay. Almost all
the nitrogen in the bay existed in the solid
fraction of the sediment with the value of
about three order of magnitude higher than
that of any other component. Values of
nitrogen existed in the other components
did not much differ from each other. U.
pertusa in the whole bay comprised 3.80
tonnes of nitrogen in July and 12.14 tonnes
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Table 1. Carbon and nitrogen content in Ulve pertusa under three different types.
Normal : all the area of frond was green, sampled in seawater or intertidal zome. Dis-
coloured I: 50-80% of the area of frond was discoloured, sampled in seawater or intertidal

zone. Discoloured II: 70-80% of the area of frond was discoloured, sampled in splash zone.
Sample Dry Weight Analyzed Value C/N Ratio Average
(mg) (%) (Weight)
27.40 C: 3.9 7.98
N: 4.00
82.13 C:29.45 7.00
N: 4.21
144.70 C: 26.73 7.39 C: 27.55%
Normal N: 3.62 N: 3.72%
C/N:7.42
174. 86 C:27.74 7.80
N: 3.56
189.11 C:25.13 6.56
N: 3.83
220.90 C:25.14 8.05
N: 3.12
79.52 C:23.18 10.17
N: 2.28 C:22.66%
Discoloured 1 N: 2.27%
187.81 C:22.14 9.81 C/N:9.99
N: 2.26
96. 94 C:20.18 10. 34
N: 1.9
108. 31 C:17.98 11.27 C:19.99%
Discoloured II N: 1.60 N: 1.73%
C/N: 11.6
125. 53 C:21.80 13.24
N: 1.65
Table 2. The estimated amounts (in tonnes)
of nitrogen in Ulva pertusa, seawater, and sedi- 7.7(6.0) 2.3(1.8)
ment in Yamaguchi Bay, July and November 1976. @ DON /™ DIN

Components July November

Ulva 3.80 12.14
DIN 2.06 1.63

Seawater DON 6. 88 5.37
PON 0.89 1.27

Sediment Solid 1,395.10 1,333.11
Liquid 6.74

Total 1,415.47 1, 343.52

in November. Fig. 5 express schematically
the nitrogen cycle in the bay, taking the
value of PON in July as the standard.

The column thickness of seawater in the
present study was ten times greater than

T
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4.3(13.6)
Ulva

l

Sediment
(1497.9)

1567.5
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7.6
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Fig. 5.
gen cycle in

relative to PON in July.

Schematic diagram of the nitro-
Yamaguchi Bay. Each values in
In parentheses are

shown the November values.

the core thickness of sediment samples.
Nevertheless, nitrogen stock in the sediment
exceeded that in all other components of
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the bay, due to the remarkable difference
of nitrogen concentration of sediment (ca.
700 ppm) from that of the others (e.g., ca.
60 p1g/1=0.06 ppm as PON). The nitrogen
content in the sandy sediment of Yamaguchi
Bay was lower than that of Harima-Nada,
in the eastern part of the Seto Inland Sea,
which was 1630 ppm in average at 46 stations
(Uno 1978). In the sediment of the East
China Sea, HamMADA and HamADA (1963)
found that the nitrogen content varied from
300 to 700 ppm.

For convenience the present authors
selected a sediment core thickness of 10 cm,
even though nitrogen should exist in the
sediment below 10 cm depth. lizumi (1975)
indicated that nitrate, nitrite, and phosphorus
in the interstitial water from the sediment
of an eelgrass bed decreased below 10cm of
core depth, but ammonia increased. Accord-
ing to him water content and ignition loss
of the sediment did not changed vertically.
Living organisms in the sediment usually
exist in a thin layer at the surface.
PERKINS (1974) and TEAL and WIESER
(1966) pointed out that meiobenthos are
commonly most abundant in the upper 1-2
cm layer of the sediment. Additionally,
TANIDA and OKUDA (1958) indicated that
more than 90% of macrobenthos have been
found within the upper 10cm core depth.
Consequently, the layer of sediment appears
the most important for the nitrogen cycle.
The amount of nitrogen in interstitial water
of the sediment represented only 0.48% that
of solid fraction, but its nitrogen concen-
tration was twenty time shigher than the
dissolved nitrogen in seawater.

In Table 2, nitrogen contained in phyto-
plankton was included in the PON calculation
because of the difficulties of separating it
from the other particulate materials in the
seawater. Usually phytoplankton is attributed
to the most abundant living organism in the
sea. However, in the shallow waters of
Yamaguchi Bay U. pertusa was the most
dominant living organism in the nitrogen
cycle. The amount of nitrogen in a water
column is directly dependent on the thick-

ness of water column. If the mean depth
of the bay were 10 m, the amounts of DIN,
DON, and PON would be about ten times
greater than the present results.

In 1981, meiobenthos of Yamaguchi Bay
was observed and the biomass was varied
from 20-2645 and 157-2333 mg/m? in July
and December, respectively. In Oumi Bay,
the next bay at east side of Aio Bay, macro-
benthos existed with the value from 714 to
3450 g/m* in June and from 270 to 2340 g/
m? in November 1982, while meiobenthos
also existed from 223 to 1080 mg/m?in June
and from 159 to 581 mg/m? in November.

TANIDA and OxuUDA (1958) showed that
the biomass of macrobenthos in Matsushima
Bay was 2.28kg/m?® (average value of three
stations). This value is fairly close by its
weight to the higher values of standing
stock of U. pertusa in the coastal zone of
Yamaguchi Bay. Usually, the macrobenthos
have 10-100 times more biomass than the
meiobenthos (FENCHEL 1969). However, if
the almost components of macrobenthos are
bivalves, the biomass of macrobenthos in
weight will be much higher than that of
the meiobenthos just like as Oumi Bay. We
have no numerical data on the macrobenthos
in Yamaguchi Bay, but have recognized
many bivalves there. Therefore the biomass
of benthos in Yamaguchi Bay would be
equivalent to the standing stock of U. pertusa
in the bay.

In Yamaguchi Bay the total nitrogen
decreased by 92 tonnes from July to Novem-
ber. This was mainly caused by a change
in the sediment nitrogen. However, vari-
ation of the sediment nitrogen between July
and November was smaller than that of
other materials. The values of nitrogen in
Table 2 were all determined based on many
assumptions and definitions. The nitrogen
in U. pertusa would be closest to the actual
value. On the other hand, the estimate of
nitrogen in seawater was based on the mean
value of the surface and bottom samples at
three stations during low and high tides.
The nitrogen in the sediment of various
stations changed from sample to sample, but
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wasibased -on‘the mean value of four stations
at ‘low tide. ~It: will .be necessary to take
more samples to-improve the accuracy of
the nitrogen estimation.

~In estuaries, especially:-where algal beds
-are spresent, seaweeds could play a pre-
dominant role in the nitrogen cycle by
virtue. of its quantity. It is thought that U.
-pertusa occupies the most important .position
among the living materials in the nitrogen
cycle in Yamaguchi Bay. As such, it must
perform a role of buffer for nutrients in
estuarine water.
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