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ABSTRACT

The nitrogen assimilation rate of nitrogenous nutrients by reservoir phytoplankton was
measured in the in situ condition in the euphotic layer of Lakes Soyang, Chuncheon and Uiam
located on the upper reaches of the North Han River System in August, 1983, Korea,

The assimilation rate of ammonia, nitrate and urea nitrogen in surface water was 13, 2 and 13ug
at. N-m™3-(12:10~18:15) ! in Lake Soyang, 325, 27 and 59xg at. N-m™7-(12:30~18:30) "' in Lake
Chuncheon, and 174, 12 and 454g at. N-m™*-(12:30~19:30) "! in Lake Ujam. Ammonia and urea
were preferentially utilized by reservoir phytoplankton. The dark /light ratios of nitrate assimi-
lation were much lower than those of ammonia and urea assimilation, The contribution of am-
monia in total nitrogen assimilation was 47 to 79%. The assimilation of nitrate showed little con-
tribution, The primary production was estimated as 59 mg C-m ?-day ! and 6.9mg N-m~2-day !
in Lake Soyang, 217mg C-m™*-day ! and 26mg N-m~*.day ! in Lake Chuncheon, and 110mg C-
m ?-day~' and 13mg N - m™?-day~! in Lake Uiam, with production ratios of 8.6, 8.4 and 8.4, re-
spectively. The turnover time of ammonia and urea in the upper euphotic layer was 2 to 47 days
and 4 to 38 days, respectively. Nitrate required much longer periods.

In the euphotic layer of reservoirs, ammonia and urea played significant roles in the
biogeochemical nitrogen metabolism.
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INTRODUCTION

Information regarding nitrogen assimilation has been accumulated to elucidate the im-

portance of nitrogen sources for phytoplankton growth, and contributed to an appreciation
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of their significance in the biogeochemical cycle (Axler and Gersberg 1981, Axler of al.
1981, 1982, Takahashi and Saijo 1981, McCarthy ef al. 1982, Miyazaki et al. 1985, Mitamura
1986a, 1986b, Mitamura and Saijo 1986a, 1986b, Whalen and Alexander 1986, Takamura ef
al. 1987, Priscu et al. 1989, Binhe and Alexander 1993). Mitamura (1986a) and Mitamura
and Saijo (1986a) demonstrated that the principal nitrogenous compounds which sustain
the standing crop of phytoplankton in the euphotic layer of Lake Biwa were ammonia, ni-
trate and urea, and that relative nitrogen assimilation rates by phytoplankton were am-
monia > urea > nitrate. It 1s possible that these three nitrogenous compounds play an im-
portant role in the nitrogen metabolism not only in freshwater lake but also in reservoir
ecosystems.

Knowledge of the nitrogen assimilation by phytoplankton populations in the reservoirs,
however, is quite limited. In this paper, the significance of the assimilation of nitrogenous
compounds in three reservoirs located on the upper reaches of the North Han River Sys-
tem is described for the first time. The in sif assimilation rate of ammonia, nitrate and
urea nitrogen by phytoplankton was measured in the euphotic layer of reservoirs to clarify
the nitrogen source for reservoir phytoplankton, the preference of phytoplankton for ni-

trogenous nutrients, and the turnover time of each nitrogenous compound.

MATERIALS AND METHODS

Lake Soyang, [ake Chuncheon and Lake Uiam are the reservoirs located on upper
reaches of the North Han River System, in Korea, covering areas of 70, 14 and 15km? at
full water level. The in situ experiments were carried out at station near the dam of three
resevoirs in August, 1983(Fig. 1).

To measure the in situ rate of nitrogen assimilation in the euphotic layer, water samples
were taken with a Van Dorn type plastic sampler of 6 1 capacity from depths of 0, 3, 7 and
15m in Lake Soyang and 0, 2, 5 and 10m in Lakes Chuncheon and Uiam. Water samples
were poured into three series of 200ml glass-stoppered bottles to measure the nitrogen as-
similation rates of ammonia, nitrate and urea. After adding five concentrations of
BN-labelled ammonia, nitrate and urea solution to each glass bottle, considering the ambi-
ent concentrations of these nitrogenous compounds in the surface water, 1ml of
concentrated formaldehyde solution was immediately added to a series of control bottles.
The second series of bottles were wrapped in a black sheet to measure the dark nitrogen
assimilation rate. Light and dark series of bottles were suspended from a buoy at the re-
spective depths from which sample waters were taken. After leaving the bottles from
noon to sunset, biological activity of phytoplankton was stopped by adding formaldehyde
solution to each bottle. The experiment was incubated in sit# during 12:10 to 18:50 in
Lake Soyang on Aug. 31, 12:30 to 18:30 in Lake Chuncheon on Aug. 27 and 12:10 to 18:50
in Lake Uiam on Aug. 12, respectively, Sample water in each glass bottle was filtered
through a Whatman GF /C glass fiber filter which was free of organic matter by ignition
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Fig. 1. Map of station location in Lake Soyang, [L.ake Chuncheon and Lake Uiam, located on the upper
reaches of the North Han River System, Korea.

at 450°C. The ratio of N to YN in filter sample was determined by the technique of optical
emission spectrometry with a Nihonbunko “N analyzer (type NIA-1) after dry combusting
with calcium oxide and copper oxide in a capillary by micro-Dumas’ method. The in situ ni-
trogen assimilation rates of nitrogenous compounds were extrapolated using a linear trans-
formation of the following Michaelis-Menten equation, assurming that the rate was related

to the ambient concentration of each nitrogenous compound:

_ S
S "G

where p is the nitrogen assimilation rate, S is the concentration of nitrogenous compounds,
pmax 15 the nitrogen assimilation rate at saturating levels of S, and K, is the half-saturation
constant at which p= gmx /2.

The photosynthetic carbon assimilation rate was measured by the technique of
Steemann Nielsen (1952), simultaneously with in sifu experiments for the nitrogen assimi-
lation measurements. The total CO. in the sample water was determined with an infra-red
CO; analyzer, as described by Satake ef al. (1972).

For the chemical analysis of lake water, the collected sample waters were immediately
filtered through glass fiber filters (Whatman GF /C) treated by ignition at 450C. The
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filters and filtrates were then stored at —20%C in a deep freezer until chemical analysis in
the laboratory. Ammonia concentration was determined by the method of Sagi (1966), ni-
trite after Bendschneider and Robinson (1952), nitrate by the method of Wood et al.
(1967), and urea after Newell ¢/ al. (1967) with a modification by Mitamura (1887). Par-
ticulate carbon and nitrogen were determined with a Yanagimoto MT-2 type CHN Corder.
Chlorophyll-a concentration was determined by the method of SCOR /Unesco (1966).

RESULTS AND DISCUSSION

Concentration of nitrogenous nutrients and particulate matter

The concentrations of nitrogenous nutrient compounds and particulate matters in the
euphotic layer of three reservoirs are shown in Table 1. The concentration of dissolved
total nitrogenous nutrient (sum of ammonia, nitrite, nitrate and urea nitrogen) ranged
from 20 to 45 xg at. N-171. The greater part of total nitrogenous nutrient was nitrate. On
the other hand, the concentration of ammonia and urea only took 4 to 11% and 1 to 5% of
total nitrogenous nutrient, respectively. The concentrations of nitrate in Lake Uiam were
much higher than those in Lake Soyang and Lake Chuncheon.

The concentrations of particulate carbon(PC), nitrogen (PN) and chlorophyll-a were
considerably low. The amount of particulate matter in surface layer of Lake Soyang
showed a lower level than in the other two reservoirs. The weight ratio of PC to PN con-
centration was calculated as 6 to 12.in the surface layer of three reservoirs. The PC /Chl.a
ratio was 110 to 240. High ratios for these parameters were obtained in Lake Soyang.

Table 1. Concentrations of ammonia, nitrate and urea nitrogen, and the particulate carbon(PC), nitro-
gen (PN) and chlorophyll-a amount in the euphotic layer of three reservoirs.

Reservoir Depth Ammonia Nitrate Urea PC PN Chl.a
(m) (pgat. N-17Y (mg-m™?)
L. Soyang 0 1.2 19 1.0 245 22 1.1
(Aug. 31) 3 1.5 18 1.1 271 23 1.1
7 2.3 18 0.9 2580 26 1.1
15 2.1 26 1.1 156 15 0.7
L. Chuncheon 0 1.4 26 1.0 443 70 3.0
(Aug. 27) 2 1.5 27 1.0 a0 63 3.5
5 1.3 32 0.9 265 33 0.8
10 1.0 34 0.7 238 22 0.2
L. Uiam 0 1.8 42 04 365 67 2.9
(Aug. 12) 2 1.9 42 0.8 264 40 1.9
5 2.0 43 0.5 162 21 0.8

10 1.8 43 0.7 127 12 0.3
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Fig. 2. Vertical distributions of ammonia, nitrate and urea nitrogen assimilation rate in the euphotic
layer of Lakes Soyang, Chuncheon and Uiam. (O) and(@) indicate the nitrogen assimilation
rate in the light and dark, respectively.

Assimilation rate of ammonia, nitrate and urea nitrogen

Fig. 2 shows the distribution of ammonia, nitrate and urea nitrogen assimilation rates
measured iz siu in the three reservoirs. The photosynthetic carbon assimilation rate in
surface water of Lakes Soyang, Chuncheon and Uiam was 6, 55 and 35mg C-m™: (incu-
bation time) 7!, respectively, and decreased with depth. In the light condition, the assimi-
lation rate of ammonia, nitrate and urea nitrogen was 13, 2 and 134g at. N.-m 3
(12:10~18:15) 7! in surface water of Lake Soyang, 325, 27 and 59.g at. N-m™-
(12:30~18:30) ! in Lake Chuncheon, and 174, 12 and 45 g at. N-m™-(12:30~19:30) ! in
Lake Uiam, respectively. The rates of nitrate assimilation in the present study show the
rate at saturating levels of nitrate. The assimilation rates of these nitrogenous compounds
decreased with depth and showed negligible values in the deeper euphotic layer below 5m
depth.

The ratio of dark to light value in the nitrogen assimilation rate of ammonia, nitrate and
urea was calculated as 0.14 to 0.29, 0.03 to 0.11 and 0.15 to 0.21, respectively, The
dark /light ratios of nitrate assimilation were much lower than those of ammonia and urea
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assimilation, The present results agree with those reported earlier by Mitamura and Saijo
(1986a).

The contribution of ammonia to total nitrogen assimilation (sum of ammonia, nitrate and
urea assimilation) was 47 to 79% in the light, and 47 to 84% in the dark condition in three
reservolrs. The assimilation of nitrate in the dark, on the other hand, showed a negligible
contribution. The contribution of urea in the nitrogen assimilation was considerable,
namely 15 to 50%. These percentages are comparable to those obtained in Lake Biwa by
Mitamura and Saijo (1986a) and in the central gyre of the North Pacific Ocean by Eppley
et al. (1973). The phytoplankton populations in Lake Soyang utilized half of their nitrogen
source from urea, although there was no appreciable difference between the ambient con-
centration of ammonia and urea. The nitrogen assimilation rates varied with the
concentrations of these nitrogenous compounds. This suggests that the role of nitrogen
compound as a nitrogen source for phytoplankton varies by species composition or with
the physiological requirements of phytoplankton, as reported by Eppley et a/, (1969).

The assimilation activity of reservoir phytoplankton for these nitrogenous compounds
was higher in Lakes Chuncheon than in Lakes Sovang and Uiam, calculated from the ni-
trogen assimilation rate by the unit amount of chlorophyll-a or nitrogen assimilation vel-
ocity. The photosynthetic rate by unit amount of chlorophyll-a in the surface layer of
Lake Chuncheon also appeared to be several times higher than in Lake Soyang. This
seems to be reflected in the specific growth rate of phytoplankton., The specific transfer
rate (considering the ammonia, nitrate and urea assimilation using chlorophyll-a as a cell
parameter) in the light and dark at surface water was calculated as 4 and 1 xg at. N-mg
chl.a™!-hr. 7! in Lake Soyang, 23 and 3 g at. N-mg chl.a™!-hr, 7! in Lake Chuncheon, and
12 and 24g at. N-mg chl. a ' - hr. 'in Lake Uiam. The present specific transfer rates are
In the same range as those obtained in Lake Kinneret (1.1 to 14.2 »g at. N-mg chl.a™'-hr.
1) by McCarthy ef al. (1982), and in Lake Biwa (1.3 to 24.7 in the light and 1.1 to 17.6 «g
at, N-mg chl.a"!-hr."! in the dark) by Mitamura and Saijo (1986a).

Ratio of carbon to nitrogen assimilation

The daily rate of total nitrogen assimilation was estimated from the in sifx assimilation
rate of ammonia, nitrate and urea nitrogen in the light and dark during the incubation
period. The daily rates of total nitrogen assimilation in surface water of Lakes Soyang,
Chuncheon and Uiam were 0.9, 13.2 and 7.5mg N-m~*-day !, respectively (Fig. 3). These
values decreased with depth. The vertical profile of the total nitrogen assimilation rate
was similar to the distribution of the daily photosynthetic carbon assimilation rate, Pri-
mary production was estimated as 59mg C-m™2-day™! and 6.9mg N-m2-day~! in Lake
soyang, 217mg C-m~2-day~! and 26mg N-m™?-day~! in Lake Chuncheon, and 110mg C-
m%-day~! and 13mg N-m~2-day ! in Lake Uiam, calculated from both carbon and nitro-
gen assimilation rates.

To determine the distribution of PC /PN ratio in particulate matter in water, the ratio
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Fig. 3. Daily rate of photosynthetic carbon assimilation rate and total nitrogen assimilation rate (as
sum of ammonia, nitrate and urea nitrogen assimilation rates), and carbon /nitrogen assimi-
lation ratio(O) and PC /PN ratio (@) in particulate matter,

of the daily photosynthetic carbon assimilation to the total nitrogen assimilation rate was
calculated. The C /N assimilation ratio was 9.9 to 13.6 (by weight) in Lake Soyang, 8.4 to
9.2 in Lake Chuncheon, and 7.5 to 9.4 in Lake Uiam, These C /N assimilation ratios
showed a decreasing tendency with depth. The C /N assimilation ratios in the surface
layer were higher than those of the PC /PN ratio in the particulate matter, whereas lower
C /N assimilation ratios compared to the PC /PN ratios were observed in the deeper
euphotic layer. The ratio of primary carbon production to nitrogen production was
calculated as 8.6 in Lake Soyang, 8.4 in Lake Chuncheon, and 8.4 in Lake Uiam. There
were no differences among the three reservoirs. These production ratios were similar to
the PC /PN ratio in the euphotic layer of reservoirs. These trends agree with those
obtained in Lake Biwa as reported by Mitamura and Saijo (1986a).

Preference of phytoplankton for ammonia, nitrate and urea
To evaluate the preference of phytoplankton for nitrogenous nutrients in three
reservoirs, the Relative Preference Index (RPI), defined by McCarthy ef al. (1977), was
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calculated. RPI can be calculated as (e.g., RPI for ammonia) :

__ammonia N assimilation
YN assimulation

RPIammuma =

ambient ammonia N concentration

ambient Y N concentration

In the present study, total nitrogen is the sum of ammonia, nitrate and urea nitrogen.
RPI=1 indicates that assimilation may be equated with availability. RPI>1 indicates
preferential assimilation, while RPI<1 indicates rejection. As can be seen in Fig, 4, the
RPI values were calculated as 6 to 23 for ammonia, 0.0 to 0.1 for nitrate and 4 to 24 for
urea in the three reservoirs. The RPI values for ammonia and urea were never less than
unity and usually both nitrogenous compounds were strongly preferred. The RPI values
for nitrate, however, were always less than unity. Nitrate was never preferred to other ni-
trogenous compounds, although high concentrations of nitrate in the euphotic layer were
observed, Thus, in the three reservoirs, ammonia and urea are preferentially utilized by
phytoplankton in the euphotic layer. Takahashi and Saijo(1981), McCarthy ef al. (1982),
Berman et al, (1984) and Binhe and Alexander (1993) found that ammonia is a more
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Fig. 4. Relative Preference Index (RPI) for assimilation of ammonia, nitrate and urea nitrogen,
(O) and (@), (&) and (a) and ([]) and (M) indicate RPI values for ammonia, nitrate and
urea In light and dark conditions, respectively.
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significant compound as a nitrogen source of phytoplankton growth than nitrate, It is gen-
erally known that phytoplankton prefer ammonia to urea and nitrate as a nitrogen source.
Urea nitrogen is utilized second to ammonia, and is the choice over nitrate for the require-
ment of phytoplankton (McCarthy e a/. 1977, Mitamura 1986b, Mitamura and Saijo
1986a). Whalen and Alexander (1986), Harrison ¢f al. (1987) and Dortch (1990) reported
that phytoplanktonutilize the nitrogenous compounds at rates proportional to their avail-
ability. On the other hand, the suppression of nitrate assimilation in the presence of am-
monia has often been observed with natural phytoplankton populations in freshwater lakes
(Prochazkova et al. 1970, Toetz 1981, Takhashi and Saijo 1981, Mitamura 1986b). The as-
similation of nitrate seemed to be suppressed by the preferential utilization of reservoir
phytoplankton for ammonia and urea nitrogen in the presence of both nitrogenous
compounds in water. It seems to indicate that the preference of phytoplankton for each
nitrogenous compound may vary by species composition of phytoplankton and trophic
levels in lakes, as suggested by Eppley et al. (1969) and Binhe and Alexander (1993).

Table 2. Turnover time of ammonia and urea, and doubling time of particulate carbon and nitrogen.

Reservoir Depth Turnover time Doubling time
(m) Ammonia Urea PC PN
(days) (days)
L. Soyang 0 39 33 14 16
3 47 38 22 18
7 450 200 130 130
L. Chuncheon 0 2 7 3 4
2 6 16 7 10
5 230 930 310 240
L. Uiam 0 5 4 4 7
2 16 30 12 13
5

510 500 300 200

Turnover time of ammonia, nitrate and urea

The turnover time of nitrogenous compounds, in steady state, can by expressed as the
time necessary to utilize an amount of nitrogenous compound equivalent to the ambient
concentration. As seen in Table 2, the turnover times of ammonia and urea in the surface
water were 2 to 39 days and 4 to 33 days. The turnover times tended to increase with
depth. Much shorter turnover times for ammonia and urea were obtained in Lakes
Chuncheon and Uiam, On the other hand, nitrate required much longer periods. Several
investigators have noted a brief turnover time for ammonia and urea in the euphotic layer
of freshwater lakes (Axler ¢ al. 1981, Axler and Gersberg 1981, McCarthy ef al. 1982,
Mitamura and Saijo 1986a, Suttle and Harrison 1988). The present turnover times re-
semble or are longer than the values obtained by previous investigators. The brief turn-
over time of ammonia and urea in the euphotic layer of reservoirs indicates that both ni-
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trogenous compounds, as reflected in the term “regenerated production”, are associated
with rapidly recycled forms, as reported by Dugdale and Goering (1967).
Doubling time of particulate nitrogen was calculated from the total nitrogen assimilation

velocity:

where Ty is the doubling time of particulate nitrogen and V is the total nitrogen assimi-
lation velocity, The present values of the doubling time of phytoplankton populations in
reservoirs were conservative estimates because of the difficulty in determining the living
cell in particulate nitrogen which contains detrital matter.

The doubling times of particulate nitrogen were calculated as 4 to 18 days in the upper
euphotic layer, and they increased with depth. These doubling times were similar to those
of particulate carbon calculated from the photosynthetic carbon assimilation rate. The
values in the present study were similar to those obtained by Mitamura and Saijo (1986a)
in a freshwater lake.

In the euphotic layer of reservoirs located on the upper reaches of the North Han River
System, ammonia and urea in the regenerated form of nitrogen compounds make a major
contribution as nitrogen sources for the growth of phytoplankton populations, and play a

significant role in the biogeochemical nitrogen cycle.
ACKNOWLEDGEMENTS

The authors wish to thank Dr. T. Mizuno for his incisive suggestions, and to the
members of the Hydrobiological Laboratory, Kangweon National University, for their
generous help in water sampling. Thanks are also due to Mr. J. Tachibana for his kind as-

sistance in chemical analysis.
H 2

LT bol friE S BRMSEE, &I, 2ol AolM AER wmEEaEd od #HRik
At RHGEE S Rk o8] piE o

Aol Aabwl REEEKe] 3V TF BEHLEE S BB el A Zhz 13, 2 3 13kg at. N-
m™3-(12:10~18:15) 7!, #N#E 325, 27 % 504g at. N-m™-(12:30~18:30) 7' 28] i K& M
o ¥ 174, 12 2 45ug at. N-m - (12:30~19:30) "2 VeEbS) S 2= 2 ]ole}
RABEHRES FHAH02 o] g8t ok o}, =fEe] EXa T SRBERel FlEE
E BEATAA M 2SRk fimEFAEe] SRFEOZA FRYoERE R 4704 79%E
dHatn o AL e v oty Zhzh ATL#e) wES BBl MlEES
BErG#EIel A 599k 6.9, FIEIelA 2172 26, KE W 110mg C-m?-day !9 13mg N-m -



September 1993 Mitamura et al. : Nitrogen Assimilation in Reservoirs 271

day '8 HEER o] EREAEES REY EFRkE 247 8.6 8.4 2 8490 dRol vt RE 2 [
B2 EEE REOA 27 2~47H 2 438 E AN T o} @EEgo] L w9 7 [
RS LER sl

AT} R A drvole] 23 REE LihEkibBey SHAH 2 2 228 98

2 3 gk,
LITERATURES CITED

Axler, R.P. and R.M. Gersberg. 1981. Vertical patterns of inorganic carbon and nitrogen
uptake in a subalpine lake. Verh. Internat. Verein, Limnol. 21: 326-333,

Axler, R.P., R.M. Gersberg and C.R, Goldman. 1982. Inorganic nitrogen assimilation in a
subalpine lake. Limnol, Oceanogr. 27:53-65.

Axler, R.P., G.W. Redfield and C.R. Goldman, 1981. The importance of regenerated nitro-
gen to phytoplankton productivity on a subalpine lake. Ecology 62:345-354.

Bendschneider, K, and R.J. Robinson, 1952. A new spectrophotometric method for the de-
termination of nitrite in sea water. J. Mar. Res. 11:87-96.

Berman, T,, B.F. Sherr, E. Sherr, D. Wynne and J.J. McCarthy. 1984. The characteristics
of ammonium and nitrate uptake by phytoplankton in Lake Kinneret. Limnol.
Oceanogr. 29:287-297.

Binhe, G. and V. Alexander. 1993. Seasonal variations in dissolved inorganic nitrogen
utilization in a subarctic Alaskan lake, Arch. Hydrobiol. 126:273-288.

Dortch, Q. 1990. The interaction between ammonium and nitrate uptake in phytoplankton,
Mar, Ecol. Prog. Ser. 61:183-201.

Dugdale, R.C. and J.J. Goering. 1967. Uptake of new and regenerated form of nitrogen in
primary productivity. Limnol. Oceanogr. 12:196-206.

Eppley, R.W., J.N. Rogers and J.J. McCarthy. 1969. Half-saturation constant for uptake
of nitrate and ammonium by marine phytoplankton. Limnol, Oceanogr. 14:912-920.
Eppley, R.W., E.H. Renger, E.L. Ventrick and M.M. Mullin, 1973. A study of plankton
dynamics and nutrient cycling in the central gyre of the north Pacific Ocean, Limnol.

Oceanogr, 18:534-551.

Harrison, W.G., T. Platt and M.R, Lewis. 1987. f-ratio and its relationship to ambient ni-
trate concentration in coastal waters, J. Plankton Res. 9:235-248,

McCarthy, J.J., W.R. Taylor and J.L. Taft. 1977. Nitrogenous nutrition of the plankton in
Chesapeake Bay. 1. Nutrient availability and plankton preferences. Limnol.
Oceanogr. 22:996-1001.

McCarthy, J.J., D. Wynne and T. Berman. 1982. The uptake of dissolved nitrogenous
nutrients by Lake Kinneret (Israel) microplankton, Limnol, Oceanogr. 27:673-680.
Mitamura, O. 1986a. Urea metabolism and its significance in the nitrogen cycle in the
euphotic layer of Lake Biwa. II. Half-saturation constant for nitrogen assimilation by

fractionated phytoplankton in different trophic areas. Arch. Hydrobiol. 107:167-182.



272 Korean J. Ecol. Vol. 16 No. 3

Mitamura, O. 1986b. Urea metabolism and its significance in the nitrogen cvcle in the
euphotic layer of Lake Biwa. llI. Influence of the environmental parameters on the re-
sponse of nitrogen assimilation, Arch. Hydrobiol. 107:167-182.

Mitamura, O. 1987. A precision method for the determination of urea in natural waters.
Mem. Osaka Kyoiku Univ. Ser, I, 36:159-165.

Mitamura, O. and Y. Saijo. 1986a. Urea metabolism and its significance in the nitrogen
cycle in the euphotic layer of Lake Biwa. [. /» sity measurement of nitrogen assimi-
lation and urea decomposition, Arch. Hydrobiol. 107:23-52.

Mitamura, O. and Y. Saijo. 1986b. Urea metabolism and its significance in the nitrogen
cycle in the euphotic layer of Lake Biwa, IV, Regeneration of urea and ammonia,
Arch. Hydrobiol. 107:425-440.

Miyazaki, T., Y. Honjo and S. Ichimura. 1985. Applicability of the stable isotope method
using “C and ®N simultaneously to the estimation of carbon and nitrogen assimilation
iIn a eutrophic, freshwater lake, lLake Nakanuma, Japan. Arch. Hydrobiol. 102:
355-365.

Newell, B.S., B. Morgan and J. Cundy. 1967. The determination of urea in seawater, J.
Mar. Res. 25:201-202.

Priscu, J.C., W.F. Vincent and C.H, Williams. 1989. Inorganic nitrogen uptake and regen-
eration in perennially ice-covered Lakes Fryxell and Vanda, Antarctica. J. Plankton
Res. 11:335-351.

Prochdzkova, L., P. Blazka and M. Kralova. 1970. Chemical changes involving nitrogen
metabolism in water and particulate matter during primary production experiments.
Limnol. Oceanogr. 15:797-807.

Sagi, T. 1966. Determination of ammonia in sea water by the indophenol method and its
application to the coastal and off-shore waters. Oceanogr. Mag. 18:43-51.

Satake, K., Y. Saijo and H. Tominaga. 1972. Determination of small quantities of carbon
dioxide in natural waters. Jap. J. Limnol. 33:16-20.

SCOR /Unesco Working Group 17. 1966. Determination of photosynthetic pigments in sea
water, UNESCO, Paris, 69pp.

Steemann Nielsen, E. 1952. Use of radio active carbon ("C) for measuring organic pro-
duction in the sea. J. Cons. Int. Explor. Mer. 18:117-140.

Suttle, C.A. and P.J. Harrison. 1988. Ammonium and phosphate uptake kinetics of
size-fractionated plankton from an oligotrophic lake. J. Plankton Res. 10:133-149.

Takahashi, M. and Y. Saijo. 1981. Nitrogen metabolism in Lake Kizaki, Japan. 1. Am-
monium and nitrate uptake by phytoplankton. Arch. Hydrobiol. 91:393-407.

Takamura, N., T, Iwakuma and M. Yasuno. 1987. Uptake of "C and “N (ammonium, ni-
trate and urea) by Microcvstis in Lake Kasumigaura. J. Plankton Res, 9:151-165.

Toetz, D. 1981. Effects of pH, phosphate and ammonia on the rate of uptake of mtrate and
ammonia by freshwater phytoplankton. Hydrobiologia 76:23-26.

Whalen, S.C. and V. Alexander. 1986. Seasonal inorganic carbon and nitrogen transport by



September 1993 Mitamura ef al. : Nitrogen Assimilation in Reservoirs 273

phytoplankton in an arctic lake. Can. J. Fish. Aquat, Sci. 43:1177-1186.
Wood, E.D., F.A.]. Armstrong and F. A, Richards, 1967, Determination of nitrate in sea
water by cadmiun-copper reduction to nitrite, J. Mar. Biol. Ass. U.K. 47:23-31.
(Recetved 10 June, 1993)



