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CHEMICAL AND BIOLOGICAL STUDIES 

OF FISH PONDS AND RESERVOIRS 

IN TAIWAN* 

By Wen Kuang Liaw** 

Introduction 

tin and Chen (1966) demonstrated decisively the effectiveness of 
superphosphate in improving fish crop in the freshwater fish ponds and 
reservoirs in Taiwan in 1965. Since then the use of this inorganic fertilizer 
has become a common practice in local fish farming (Lin, 1968). 

Fertilization of fish ponds is not new and many studies concerning its 
practical and theoretical aspects have been published (Neess, 1946). 
However, a great deal is still unknown as to the kind and the 'dosage of 
fertilizer that should be applied to a particular fish pond so that the 
most profitable result can be obtained. This is true at least in Taiwan 
(Lin, 1968). Furthermore, the extreme diversity of the physical, chemical 
and biological conditions of each individual pond often makes the applica
tion of the results obtained from one place to another difficult. The 
purpose of this investigation is then to accumulate basic information 
concerning the physical, chemical and biological aspects of selected 
fertilized and unfertilized fish ponds -and reservoirs in this particular area. 
Although the results presented here in this report are not new academ
ically, they are important, however, for two reasons: (1) these results 
represent the first set of basic limnological data ever collected from 
freshwater fish ponds in this area on which planning for further studies 
may be based; (2) these data may serve as first hand information which 
the fish culturists can use as a guide for the improvement of fertilization 
practice and pond management. 

The Ponds and Reservoirs Selected for Study 

The ponds and reservoirs studied can be arbitrarily grouped according 
to their nature of wa.ter supply, geographical location and size into four 
categories. 

* This project was supported by Rockefeller Foundation Grant and carried ~out in the 
Chupei Station of Taiwan Fisheries Research Institute with the assistance especially 
ofC.N. Lin, Y.F. Wu and C,C. Chiu during the period from August, 1966 to 
June, 1968. 

** Associate Professor of Zoology, National Taiwan University, Taiwan • 
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(1) The semi-flowing reservoirs at Taoyuan 
The 241 reservoirs of the Taoyuan Canal Irrigation System can be 

grouped under this category. Among these,. some 1.20 reservoirs have 
been used for fish culture by the Taoyuan Retired Servicemen Fish 
Propagation Administration (RETSER). In the present investigation six 
of these reservoirs were selected for periodic and occasional observations. 
They are ponds number 2021, 5017, 81O~, 8109,8004 and 1019. Of these 
2012 and 5017 are highly productive ponds, while the rest, except the 
last one, represent less productive ones (table 1). Pond 1019 did not 
belong to the RETSER and was unfertilized until last June. Completely 
unfertilized ponds were not found among. the RETSER ponds. 

Table 1. Area, fish production and PzOs dosage of the Taoyuan fish 
ponds selected for the study (data from Lin, 1968) 

P Z0 5 dosage Mean yield of 
Yield after treatment 

(kgjha) pretrea tm ent 
(kgjha) Area Pond No. period, 

1959-1964 (ha) 
1965 1966 1967· (kgjhajyear)' 1965 1966 1967 

2012 0 20 20 630 902 747 1,159 8.9 

5017 0 40 40 ·780 1,293 1,242 1,219 6.3 

8103 80 80 80 364 662 498 6'73 4.8 

8004 0 80 80 113 279 388 520 7.8 

8019 0 100 100 115 244 323 434 9.4 

All these ponds received their main water supply from Shihmen 
Reservoir through canal system, and were all subject to great fluctuation 
in water level during the year. The maximum.depth of these ponds during 
high water level season ranged approximately from three to four meters. 

(2) Small fish ponds receiving water from the rice fields and wells 
Ponds of Chupei and Lukang Fish Culture Stations of Taiwan Fisheries 

Research Institute belong to this category. These ponds are characterized 
by their small size and shallowness (usually less than 1 meter in depth). 

(3) Small natural lake and reservoir located in the valley 
The small natural lake, Liyutan (19.3 ha) located at PuIi in central 

Taiwan, and the reservoir of approximately the same size formed by 
damming of a valley at Miaoli belong to this category. These two bodies 
of water, are common in having no regular water supply from canals. 
Their water supply depends mainly on springs, rain and runoff from 
surrounding area. Liyutan is divided into two parts, the inner (B) and 
the outer (A), by an embankment. The water of the two parts was 
interconnected through an outlet during high water season. The maximum 
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depth of the outer part of the lake was approximately five meters. while 
that of the inner part was about seven meters at the time of obser
vation. The maximum depth of ' Tan wen Reservoir was about six meters. 

(4) Large reservoirs 
Shihmen Reservoir and Sun-Moon Lake fall into this category. These 

waters are characterized by larger area and greater depth as compared to 
other inland waters on this Island. The maximum depth of Shihmen 
Reservoir was approximately 90 meters and that of Sun-Moon Lake about 
18 meters dU1'ing high water level season. These waters were also relatively 
unpolluted. therefore they can be taken as substitutes for unfertilized 
waters in making comparative studies. 

Material and Methods 

Regular and occasional samplings of water and plankton have been 
made from ,the above mentioned bodies of waters since February 1967. 
and it is still underway. This paper gives the results obtained in 1967. 
1. Temperature 

Temperature of the water was recorded in most cases by a thermistor 
attached to a Galvanic Cell Oxygen Analyzer (Precision Scientific Co.) 
from the surface to the bottom at 2S em intervals. 
2. Depth of visigility 

The depth of visibility or Secchi disc transparency of the water was 
determined by using a standard Secchi disc of 25 em diameter as described 
by Welch (1948). 
3. Conductivity 

Conductivity of the water was measured in situ by using a portable 
conductivity meter (Toa Model CM-3M). 
4. Water analysis 

Water samples were usually taken from near the outlet and from the 
inflow water in the canal directly by 500 ml polyethylene bottles for the 
surface water. or by a water sampler (Kitahara Model B) for the deeper 
layer or bottom water. Tho water samples collected were brought back to 
the laboratory as soon as possible and stored in a freezer if immediate 
analysis could not be made. 

Analytical procedures of total alkalinity. total hardness. CaC03 • 

MgCOa• soluble phosphorus. nitrate. nitrite. silicon and true water color 
followed those given in the eleventh edition of Standard Methods for the 
Examination of Water and Waste-water (American Public Health Asso
ciation. 1961). Chloride was determined by Conway microdiffusion tech
nique (Long. 1961). Dissolved oxygen of those samples collected in February 
was determined by standard Winkler method, others by direct measure
ment in the field by the Galvanic Cell Oxygen Analyzer which had been 
calibrated against the chemical method before each series of measurements. 
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FMn04 consumption by the method described by Saijo (1962). pH of the 
water was measured mostly in the field by a portable Photovolt pH meter 
with a combined electrode. 
5. Plankton 

Plankton samples were collected from the central region of the pond 
and the reservoir by towing the weighted surface plankton net (25 cm 
mouth diameter. 50 cm long. No. 25 bolting silk) obliquely from the 
bottom to the surface. Samples collected in this manner were intended 
for detailed taxonomic studies. For quantitative study. samples were 
collected at the same time by using the one liter capacity water sampler 
to collect 5 to 20 liters of water. depending on the apparent amount of 
plankton present in tho water. The water was then filtered through the 
plankton net to get concentrated plankton samples. 

In the laboratory the whole content of the plankton sample collocted 
by the water sampler was examined for zooplankton. and t~o quantity 
of each species determined. But. for phytoplankton a suitable amount of 
aliquot was taken for examination only and the quantity of each form 
determined by calculation. 
6. Primary production 

The primary production of the water was determined by two ways: 
(1) Light and dark bottle method. This method involved the mea

surement of changes in dissolved oxygen due to photosynthesis over a 
period of time. Two sets of light and darkened bottles (each of 500 ml 
capacity) were filled with pond water of different layers and then 
suspended at the depths where the water was taken. for five to six hours 
(usually from 1000 to 1600 hours) on a clear day. Then the bottles were 
removed from the pond water. and the oxygen content in each bottle waS 
determined by tho Galvanic Cell Oxygen Analyzer. Difference of the 
oxygen content between light and dark bottles waS taken as a meaSure 
of the phytoplankton photosynthesis that had taken place at each depth. 
To get equivalent carbon assimilation rate. the results of the oxygen 
measurements were multiplied by a factor of 1.33 (Saijo. 1962). 

(2) By determination of chlorophyll concentrations. In this method 
usually 200 ml of pond water was taken by the water sampler and filtered 
through fine filter paper (Toyo No. 5C) by suctioning. Then the filter 
paper was placed into 40 ml 8096 acetone solution in a dark place for 24 
hours for the extraction of the pigment. After filtration. the acetone 
extract was then measured for absorbances at wave lengths qf 645. 652 
and 663 mp respectively. The concentration of chlorophyll a and b was 
calculated according to Mackinney (1941). 
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Results and Discussion 

I. Chemis~ry 

1. Dissolved oxygen 
Oxygen is the last hydrogen or electron acceptor in the oxidative 

phospborylation chain of aerobic respiration in a living system. It is also 
a by-product of the photosynthetic assimilation in living green plants. 
Therefore, the measurements of dissolved oxygen in an aquatic habitat 
Can not only be used to define the quality of the water but it Can also be 
taken as a mean for the estimation of the gross photosynthesis and the 
total community respiratory process (Odum, 1959). It is also well known 
that oyygen affects fish life in many ways and that sufficient oxygen supply 
to the pond water is mandatory for maintaining active and healthy fish 
life. For tbis reason a thorough knowledge of the extent of tho fluctuation 
of oxygen concentration in a fish pond is of vital importance to pond 
management. 

Some of the dissolved oxygen measurements of selected ponds and 
reservoirs taken during the investigation period are plotted in figures 1-5. 
These figures are intended mainly to show the extent of oxygen fluctua
tion with depths and time in differont types of waters used for fish 
culture. 

Taoyuan fish ponds (figure 1): Taoyuan fish ponds are all located 
near the coast, and are all well exposed. For this reason these ponds are 
usually under the effect of strong prevailing winds which produce 
sufficient surface turbulence, resulting in effective mixing of the entire 
water column even in hot summer months. Besides, frequent inflowing 
and discharging of the water for irrigation also help a great deal in the 
mixing Of the water. Therefore, these ponds are usually isothermal 
almost to the near bottom and the oxygen concentrations vary very little 
from surface to the bottom. Cases of well defined stratification, how
ever, could also be found occasionally in August (probably in July, too) 
on extremely calm and hot days when there were no discharge and inflow 
to agitate the pond water. 

Tl: e difference between fertilized and unfertilized ponds was quite 
obvious from the distribution curves. In unfertilized pond 1019, oxygen 
concentrations of the upper water were only slightly oversaturated, showing 
very little photosynthetic assimilation apparently due to less abundant 
phytoplankton. And oxygen concentrations in the bottom' water were 
slightly undersaturated, showing prObably thorough mixing of the water and 
less oxygen consumption by the oxidation of organic matter and respir
ation of living organisms. On the contrary, the oxygen contents of the 
fertilized pond 5017 on a well agitated day were greatly supersaturated 
all the way to the bottom. This indicates great excess of photosynthesis 
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over respiration due to the heavy algal bloom that has been observed. 
The amount of phytoplankton present in the water can be roughly 

indicated by Secchi disc readings should there be little turbidity. High 
oxygen concentrations were usually associated with low Secchi disc 
readings (see also figure 5). 

Considering the shallowness of the pond (maximum depth about 3 m 
at the time of measurement), the stratification on a hot calm day (e.g. 
August 3) was remarkable. This was probaby caused partly by the heavy 
bloom of the phytoplankton. The autoshading effect of the upper dense 
phytoplankton population nO doubt cut short the light penetration and 
thus caused rapid loss of photosynthesis with increasing depth. The 
depletion of oxygen waS then probably caused by the combined effect 
of the loss of photosynthesis in deeper layer, the lack of circulation, 
and the decomposition of the large amount of organic matter that had 
been added in the form of nigbt soil in addition to the inorganic super
phosphate. The high KMn04 consumption (24.8 ppm) and high true water 
color (15 Pt unit) indicate the presence of a large amount of organic 
matter in the water. To avoid the depletion of oxygen in deeper water, 
it is advisable that no or very little organic fertilizer be added to the 
pond during hot summer months. 

Tanwen Reservoir and Liyutan (figure 2): Located in the valleys far 
away from the coast as compared to Taoyuan ponds, local topography 
of these two bodies of waters provides protection from strong wind 
action. Therefore, in these waters stratification was usually woll defined 
during hot summer months. The upper layers of the waters were a~so 

well oxygenated, apparently due to intense photosynthesis. The relatively 
low oxygen concentrations of Tanwen Reservoir On September 14, 
indicated the start of a circulation of the water due to the drop of 
temperatures. The phenomenon is probably the same as reported in some 
experimental artifical circulation in which the mean oxygen concentration 
is usually found decreasing during the initial phase of the circulation 
(Halsey, 1968). According to Hutchinson (1957), it can be ~postulated 
that reduced photosynthetic rate combined with the chemical oxidation of 
hydrogen sulfate and organic matter were the likely causes of the oxygen 
reduction in this reservoir at this time. The organic matter content in 
this water was high as indicated by high KMn04 consumption (34.72 
ppm) . and high water color (25 Pt unit). 

Shihmen Reservoir and Sun-Moon Lake (figure 3): Since the maximum 
depth of Shihmen F eservoir reached to about 90 meters, the present 
data are obviously too incomplete to warrant any meaningful discussion 
on the vertical distribution of oxygen. However, from the data plotted 
in the figures, it can be postulated that the vertical distribution of 
oxygen in this reservoir was probably of orthograde type as described 
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by 0 Aberg and Rodha (Hutchinson. 1957). The nearly uniform distribution 
of oxygen. probably without much decrease in the deeper layer. WaS 
perhaps caused by mixing of water by the large current usually observed 
in the reservoir. Tbe oversaturation observed in the epilimnion on 
September 12 indicates apparently greater rate of photosynthesis. As 
the reservoir is relatively new and unpolluted. and very little organic 
matter seemed to be present in the water as indicated by low KMn'J4 

consumption (7.98 ppm) and true water color (2.5 Pt unit). the 
undersaturation occurred even in the epilimnion on July 24 and August 
2 was probably due to higher respiratory metabolism of zooplankton 
over photosynthesis. The low Secchi disc reading recorded on August 2 
waS not due to dense plankton population. but rather to high turbidity 
caused by heavy rain. 

Tl:e vertical oxygen curve in Sun-Moon Lake obtained in August waS 
also of orthograde type. Higber concentration in the metalimnion 
probably indicates that there was greater photosynthetic activity there. 

From the foregoing discussion it is clear that in unfertilized or 
relatively unpolluted waters the magnitude of vertical variation of 
oxygen was small. and there waS usually a balance between photosyn
thes~s and respiration. On the other band. in heavily fertllized or polluted 
waters the fluctuation waS usually great and photosyntbes:s waS greater 
than respiratory process in the epilimnlon. In the hypolimnion. respiration 
and oxidation of organic matter associated with loss of p':lotosynthesis 
usually depieted the oxygen from the water to a critical level. 

Diurnal variation of dissolved oxygen The general pattern of diurnal 
variation and the mag~itude of daily fluctuation of dissolved oxygen in 
different ponds are shown in figures 4 and 5. Maximum concentration of 
oxygen was generally found in between 1500 and 1600 hours. while 
minimum concentration was usually observed just before dawn (between 
0500 and 0600 hours). It has been noticed that the smaller the body of 
water. the greater the fluctuation (as in small Chupei ponds); and the 
greater the, 8ecchi disc transparency. the smaller the difference between 
maximum and minimum concentrations. These phenomena were obviously 
caused by the difference in the· rate of gross photosynthsis in different 
ponds. 

2. Hydrogen ion concentration 
Ranges· and means of surface and some bottom pH in different ponds 

and their inflow waters are shown in table 2 and figure 6. It is apparent 
from this table that pH also varied· considerably. although with less 
magnitude as compared with oxygen. from pond to pond and also 
from time to time in tbe same pond. The fluctuation was greater in 
fertilized ponds. and especially in those ponds having heavy algal blooms 
such as ponds 8004. 8103. 5017. Chupei ponds. Tanwen Reservoir and 
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