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ABSTRACT

The Jido Pond system was investigated from April, 1979 through March, 1980, in respect of seasonal
changes in physico-chemical factors: i.e., temperature, pH, DO, BOD, COD, Cl-, Mg**, alkalinity, deter-
gent, Si0,, PO2-, NH,*, NO,-, NO;~, total N, OM and OC; phytoplankton community growth; and the
ecosystem metabolism. The phytoplankton community was represented by 23 species belonging to Chlorophyta,
Bacillariophyta and Cyanophyta; each sharing 11, 9 and 3 respectively. The Chlorophyceans dominated

the phytoplankton community contributing 75% of the total algal counts. The ranges of biotic diversity

indices were, d, 0.85~2.80; H, 1.10~2.40; ¢, 0.13~0.40; and e, 0.56~0.90. The chlorophyll standing

crop varied in between 0.043 and 0.385g/cm? surface area.

The ranges of photosynthetic and respiratory

rates were 0.36~4.50; and 0.10~1.40 O, mg/1/hr, respectively. The monthly areal net primary production

varied from 23.9 to 305.1C g/m?/month. The Eu of the net production seasonally varied in between

0.31 and 7.80%, and the annual mean was 2.44%.

were 20 and 3 days, respectively.

INTRODUCTION

The present study was aimed at determining
seasonal changes of the physico-chemical nature of
water and bottom mud nutritional status and nutr-
ient cycling, phytoplankton composition, diversity
and succession; standing crop of chlorophyll and
primary productivity in an artificially made small
shallow fresh-water pond in steady state, located in
the Taegu Mountain Valley, which is famous for

its unkind climatic extremes in Korea (Fig.1). And

The annual turnover times of phosphorus and nitrogen

to find out the quantitative relationships among
themselves and also with the climatic regime. Att-
empts have also been made to evaluate the trophic
status of the pond. The accumulation of these kind
of data comprising different parameters interacting
together in nature will be useful in understanding
inland water systems, especially in terms of gene-
rally applicable principles for productivity, which
may be helpful for proper utilization and manage-
ment to human need, Moreover, this artificial pond
intensive

in natural environment, through long

studies may be developed into a model field micro-
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Fig. 1. Seasonal variations of mean air temperature

& relative humidity; total solar radiation,
precipitation & radiation hours for every
10 days during the Jido Pond ecosystem
study (bottom); standard normals of mean
alr temperature, precipitation & humidity
(1931~1960) and solar radiation (1965~
1968) at Taegu during the same period(top).

cosm to be used as a reference system for compa-
ring natural inland ponds and lakes, located within
a very limited distance of similar geometeorolog-

ical characteristics.

MATERIALS AND METHODS

The monthly samplings were made from April,
1979 through March, 1980 on the first day of each
month, in the morning in between 8 and 10 o’clock.
Water samples were collected from a fixed station
and at a single depth of 10~20cm below the sur-
face using one liter plastic bottles. The Jido Pond
did not stratify and the under surface water sample
was considered representative of the whole water
column. Bottom mud (sediments) were collceted at
the sampling station using a collecting scoop fitted
at the end of a wooden rod. Sun light intensities
were measured with an illuminometer (SP 1~5),

air and water-temperatures were recorded with an

approved stem thermometer accurate to 0.1C and
pH with a glass elecirocde pH meter. The samples
were taken to the laboratory and analyzed and
treated straightway for dissolved oxygen, photosy-
nthesis, respiration, biochemical oxygen demand, che-
mical oxygen demand, pH and phytoplankton com-
position. While other samples were stored in the
refrigerator for subsequent analyses of mineral
nutrients, acidity, alkalinity and biomass standing
crop (APHA. 1976).

The biotic or species diversities were calculated
as followst

(1) Index of species richness: d=S—1/2# N, where
S is the number of species(taxa) per sample and N
the total number of individuals (Margalef, 1951).

(2) General or Shannon species diversity: F=—Pi
In Pi, where Pi is the proportion of the total sam-
ple belonging to the ith species(Shannon & Weaver,
1949).

(3) Evenness or equitability of proportional abu-
ndances of the species: e+4-H/In S,where H is the
index and S the
number of taxa in the sample (Lloyd & Ghelardi,
1964).

(4) Concentration of dominance: c=(Pi)?, where

Shannon and Wiever’s diversity

Pi is the proportion of the total sample belonging
to the ith species (Simpson, 1949).

Primary productivity was calculated from the net
photosynthetic oxygen production. Solar energy util-
ization efficiency was calculated after Winberg and
collaborators(1972) and Nakanishi(1976). Turnover
rates and turnover times of phosphorus and nitro-

gen were calculated after Golterman(1975).

RESULTS AND DISCUSSION

The pH varied within the range of 7 to 9.4, the
highest occuring during summer and autumn. This
might be owing to an increased bicarbonate alkali-
nity due to liberation of ferrous, ammonium and
manganous bicarbonate from the sediment during
anoxic conditions (Sondergaard ef el., 1979), and

calcareous formation, which is the characteristic of
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the local soil type. The netural and near neutral
pH was observed during April-May, 1979 and Febr-
uary, 1980. The titration acidity rapidly increased
from a low of 1.0 in April to 20 CaCOsmg/l in
May but again went down to the undetectable
level since July, 1979. The alkalinity marked wide
fluctuations from a high value of 82.0 in April to
35.0 CaCOymg/! in November, maintaining a lowest
level during summer-autumn. The dissolved oxygen
(DO) content underwent pronounced seasonal vari-
ations within the range of 8,0~25.5 O, mg/!,
which was higher than the standard level, 5.0mg/I,
for protection of aquatic life. As would be expected,
the seasonal changing pattern was characterized by
a gradual rise from April through summer and
autumn to the highest level in winter. The bioche-
mical oxygen demand (BOD?*%), which reflects the
organic matter available for bacterial oxidation,
fluctuated between 3.7 and 17.8mg O;/I. The BOD
starting with 3.7mg O,/ in April, 1979, steadily
increased to a peak of 14.1mg Oy/! in July, then
rapidly decreased to 6,2mg O,/! in August, which
was again followed by gradual rises through autumn
and winter ultimately attaining the annual highest
peak of 17.8mg 0,/! in March. The chemical oxy-
gen demand (COD), which reflects the organic load-
ing of the waters, fluctuated in between 3.7 and
46.8mg O,/!, marking two peaks, one of 46.4mg
Oy/! in early summer and another of 46.8mg O,/!
in late winter, with a intervening low of 29.7mg
O,/! in autumn. These values are also much higher
than the usual permissible level in drinking waters.
The seasonal variation ranges for NH.-H, NO,-N
and NO3;-N were 0.14 to 3.50, 0.03 to 0.21 and
0.03 to 1.25ppm, respectively. The ammonium ma-
ximum at the surface is not easily understood, but
might be related to increased zooplankton activity,
decreased algal uptake, or an increased supply from
the atmosphere. NO,-N marked the highest level of
0.21ppm in summer, which was followed by lowest
levels with little fluctuations all through the other
seasons. The NO;-N attained the annual highest

level of 1.25ppm in winter, a low in spring and

the lowest levels with almost no fluctuation through
the other seasons, The PO4-P varied within the
very narrow range of 0,50~0,66ppm with two
peaks, each of 0.66,

other in winter. This concentration level was much

one in late summer and the

lower than the total dissolved nitrogen in the pond
water. The Si0,-Si showed a proncunced seasonality
in respect of concentrations, ranging from 5 to 31
ppm during the study period. The highest annual
peak appeared in autumn besides two smaller peaks
in April and July. Magnesium concentration also
showed pronounced seasonality, ranging from 8,3 to
43.5mg/l. The detergent concentrations in the pond
water fluctuated conspicuously between 1.3 and
10.0ppm, starting with a smaller peak of 4.4ppm
in late spring, gradually declined to the lowest level
in late summer, but ultimately attained the annual
highest level in winter. The chloride concentration
fluctuated within a limited range of 24.0 to 52.5mg
/!, which also corresponded with the seasonal prec-
ipitation. The NH-N seasonally varied widely in
between 0.3 and 19.0ppm, attaining higher peaks
of 19.0 and 18.0ppm,
ptember, 1979 with an intervening low of 14, 7ppm.

respectively in June and Se-

The autumn-winter maximum was 5. 1ppm in Dec-
ember. The NO,-N revealed remarkable seasonal
variations within the limit of 0.03 to 1.04ppm,
attaining the highest level in June, which then
declined rapidly to lowest levels during late summer
through spring. This changing pattern exactly cor-
responded to that of NO;-N in water. The NO;-N
showed highly fluctuating seasonal variations of all
the dissolved elements both in the mud and water,
ranging in between 0,006 and 0.563ppm. This cha-
nging pattern, excepting the correspondence of the
highest peak in winter, largely differed from that
in water. The total nitrogen content. like the nitrate
nitrogen, marked zig-zag seasonal fluctuations within
the limited range of 0.15 to 0.31% on dry weight
basis. Soil organic matter(OM) underwent remark-
able changes ranging from 5.9 to 27.3% on a dry
weight basis, The highest value appeared in autumn.
Organic carbon(OC) content showed marked fluctu-
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Table 1.

Time trend of the species composition density of the phytoplankton community in the

Jido Pond ecosystem (April, 1979 through March, 1980)

Phytoplankton Mean numbers of algal units counted per mm® on each sampling occasion
Division Species 1979 Months 1980
4 5 6 7 8 9 10 11 12 1 2 3
Chlorophyta: Chlorella vulgaris 105 31 52 109 354 203 63 8 10 42 151 43
Scenedesmus quadricauda 14 16 18 16 21 19 45 72 109 15
Chlamydomonas angulosa 16 10 5 10 16 10 5
Golenkinia paucispina 20 126 333 224 161 47 31 47 78
Pediastrum simplex 5 21 10 5
Botrycoccus sudeticus 21
Kirchneriella contorta 5 6 12
Ankistrodesmus falcatus 21 78 31 52

Phytoconis sp.
Hematococcus lacustris

Coelastrum microporum

Bacillariophyta: Synedra sp. 16 16 10
Navicula cryptocephala 15 16 16
Fragilaria crotonensis 38 5
Diatoma vulgare 10
Nitzschia linearis 12

Pinnularia viridis
Cyclotella Meneghiniana
Hydrosera sp.
Asterionella sp.
Cyanophyta: Gomphosphaeria lacustris 43 11
Oscillatoria tenuis

Anabaena plankionica

ations ranging from 2.4 to 7.2%. The highest con-
tent was in March and the lowest levels were in
spring and autumn. The PO,-P in the sediments
revealed seasonal variations to the extent of 0.52 to
1.60ppm, the highest being more than double to
that of water. The highest peak of 1.6ppm was
attained in spring, the second peak of 1.20ppm was
in late summer, and the subsequent variations were
within the limit of 0.52~0.82ppm during autumn
and winter. Phosphate content in the sediment alt-
hrough maintained a higher level than that in water.

The phytoplankton community in the Jido Pond,

218 109 36
16 15 16 13 64 55
41
16
13 14 10 21
10 20 10 16 52

15 27
11 18 26 12 10
33 48 47 31 26

16
5 10 9
10 18 5 37
25 31 57 78

7 10 13 11 6

through the study, was represented by 23 species
belonging to three major groups of algae: Chlorop-
hyta, Bacillariophyta and Cyanophyta, each sharing
11,9 and 3 species, respectively (Table 1). Chloro-
phyta was represented by Chlorella vulgaris, Scene-
desmus quadricauda, Chlamydomonas angulosa, Gol-
enkinia paucispina, Pediastrum simplex, Botrycoccus
Ankistrodesmus

sudeticus, Kirchneriella contorta,

falcatus, Phytoconis sp., Hematococcus lacustris
and Coelastrum microporum. The Bacillariophyta
was represented by Synedra acus, Navicula crypto-

cephala, Fragilaria crotonensis, Diatoma vulgare,
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Nitzschia linearis, Pinnularia viridis, Cyclotella
meneghiniana, Hydrosera sp. and Asterionella
gracillima. While the Cyanophyta was represented
by Gomphosphaeria lacustris, Oscillatoria tenuis
and Anabaena planktonica. Several factors might
have been involved for the small population size
during spring. This might be partly attributed to
the comparatively low level of DO, Since low DO
concentration reduce the efficiency of oxygen uptake
by many aquatic organisms, thereby reducing their
ability to meet other environmental demands.

The ranges of diversities and annual averages
were 0.85~2.80 and 1.54 for d, 1.10~2.40 and
1.72 for A, 0.13~0.40 and 0.24 for ¢, and 0.56~
0.90 and 0.76 for e. Since the diversity values are
primarily dependent on the number of species, the
seasonal and areal variations of the diversity values
are very reminiscent of the variations in the num-
ber of species, especially in cases of d and H values.
The maxima of 4, and to some extent ¢ corres-
ponded with the minimum of ¢ in autumn, while
the maximum of ¢ corresponded with the minima of
d,H and e,
(Fig. 2).

The seasonal changes in the production of chloro

during the spring-summer overturn.
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Fig. 2. Biotic (or species) diversity indices of the

phytoplankton community in the Jido Pond
ecosystem: Shannon diversity (7)), index of
species richness (d), concentration of dom-
inance (¢) and evenness of proportional
abundances of species (¢).

-phyll (total) standing crop were within the range
of 0.043 to 0.385g/m? surface area (Fig.3).
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Time trend of the chlorophyll standing
crop of the phytoplankton community in
the Jido Pond ecosystem.

Fig. 3.

As a prerequisite to study the phytoplankton
productivity in a site, the photosynthetic and respi-
ratory characteristics were followed, since algal
photosynthesis is the product of the total ecosystem.
Throughout the study, the photosynthetic, in vitro,
rates varied within the range of 0.36~4, 50mg/!

(Fig. 4).
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Fig., 4. Time trends of the in vitro rates of phot-

osynthesis and respiration by the phytoplan-
kton community in the Jido Pond ecosystem.

The seasonal highest values of 4.30 and 4.50mg
O,/1 were, respectively attained in September and
October, while March had the annual lowest rate.
The assimilation number (that is, photosynthetic
index), as calculated by converting photosynthetic
oxygen quantity to carbon assimilation by the phy-

toplankton, varied seasonally within the range of
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Time trend of assimilation number of the
phytoplankton community in the Jido Pond
ecosystem.

Fig. 5.

0.6 to 3.8mg C/mg chl/hr (Fig. 5). The monthly
areal net primary production values ranged from
28.9 to 305.1C g/m?%/month for the phytoplankton
community, and that on the annual basis was 967.
9C g/m?,

The efficiency of the net production seasonally
varied within the range of 0.6 to 7.8%, and the

annual mean was 2,44% (Fig. 6). From the C;H:-
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Fig. 6. Time tren! of the efficiency of solar energy

utilization (Eu) by the phytoplankton com-
munity in the Jido Pond ecosystem,

NO,P;,3 composition of algal cell protein, the total
annual demand for phosphorus and nitrogen by the
Jido Pond phytoplanktons were calculated for the
total annual net primary production against respec-
tive standing quantities of phosphate-phosphorus and
total dissolved mnitrogen in the entire water column,
Accordingly, the turnover time (“biological turnover
time”) of phosphorus was calculated to be 20 days,
and the turnover rate was 18g, on annual basis.
According to the bases of the phosphorus calculation,
stated above, nitrogen turnover was calculated for
the Jido Pond water body. The nitrogen turnover
period was 3 days and the turnover rate was 116g,

on annual basis.
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