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STUDIES ON CHIRONOMID CONTROL
IN MILKFISH PONDS

PART 1. ECOLOGICAL ASPECTS OF THE DEVELOPMENT
AND DISPERSION OF CHIRONOMID MIDGES IN
TAINAN MILKFISH PONDS

By Shan-ching Tsai*

Abstract

The Chironomid larvae in the Tainan milkfish ponds begin their diapause in mid-
November when the temperature drops below 20°C and resume their development and
reproductive activity in late February when the temperature rises above 20°C again.
In April, the midge population grows to a density destructive to the benthic algae in
the nursery ponds in the western part of the Tainan milkfish ponds and begins to
disperse eastward. The population grows during this eastward dispersion. The
salinity of pond water exerts some effect on the growth of the larvae and the
dispersion speed of the midge population. The infested area of midge expands 3.0 km

eastward from the Old Fort to the west boundary of downtown Tainan in two months.
Introduction

The 16,000 hectares of milkfish ponds in Taiwan amount to only 2.5%
of the total area of milkfish ponds in the world. Although the total
area of milkfish ponds in Taiwan is far less than that in Indonesia and
the Philippines, yet the yield per unit area stands the highest, reaching
2,500 kg/ha/year due to better management.

According to Tang’s (1967) estimate, the yield of milkfish pond
under natural conditions is only 200 kg/ha. By wusing fertilizers, the
yield may be increased to 800 kg/ha. The yield may be further increased
to 1,000 kg/ha when the benthic algae pasture, an essential fodder for
the milkfish, is put under effective protection against Chironomid larvae
by application of insecticides. The yield may still be increased further to
2,000 kg/ha or even 2,500 kg/ha by stocking manipulation and selective

# Chemist, Fish Culture Research Project supported by the Rockefeller Foundation

Grant and sponsored by the Joint Commission on Rural Reconsiruction,
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fishing, provided an excellent bottom algal pasture can be maintained

throughout the growing period. It is obvious that Chironomid larvae

control is an important step in maintaining the high yield of milkfigh in
ponds.

A characteristic management of milkfish culture in Taiwan is the care
of benthic algae, mainly blue-green algae, such as Lyngdya, Phormidium,
Oscillatoria, etc. (Tang and Chen, 1966; Chang, 1969), gince such
benthic algae serve not only as food to milkfish but also as suppliers of
dissolved oxygen which is an end product of photosynthesis. Benthic
algae can algo make pond water clear by assimilating the dissolved organic
matter and preventing nannoplankton bloom, a condition for maintaining
the good health and normal growth of milkfish. Without such care
milkfish production would have remained low.

After the fish farmers finish barvesting the milkfish in November
each year, they drain the pond water to expose the mud to air and
sunlight, 8o that the bottom soil may be oxidized and become suitable
for the growth of algae again. Then the pond is fertilized with rice
bran and filled with water to the depth of 15 cm. The algae, mostly
Nitzschia, begin to grow. After the pond has evaporated to dryness, the
pond is fertilized the second time with rice bran and filled with water
to the same depth again. This procedure is repeated four times, and as
a result a layer of bottom algae 0.5 c¢m in thickness is obtained in early
April. This is the so-called algal bed. During this period of algal bed
preparation (usually from December to March), no milkfish are stocked
in the pond. Then in April when the water temperature rises above 22°C,
fresh sea water to about 20 cm deep is admitted into the pond which is
now stocked with fish in mid-April. The milkfish now have plenty of
bottom algae, but unfortunately at the same time Chironomid larvae also
begin to develop and compete with the milkfish for food.

This Chironomid larva, Tendipes (Chironomus) longilobus (Kieffer),
is the most destruoctive pest of milkfish ponds (Tang and Chen, 1939).
The life cycle is as short as 15 days under favorable conditions and one
female midge can lay as many as 400 eggs. Therefore, the population
density can reach up to 50,000 larvae/m® in number and 500kg/ha in
weight. They consume the benthic algae at the rate of 60-90 kg/ha/day
(Lin, 1968). Besides, the larvae consume dissolved oxygen and make
many mud tubes in the algae bed. Through these tubes, the organic matter
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in the mud percolates into the water causing it to become turbid as the
result of nannoplankton growth.

The growth of Chironomid larvae stops in late November when the
temperature drops and they begin their over-wintering diapause. This
diapause continues till the following spring when the temperature rises
again. The larvae then emerges into adults to set off their life cycle.
There is a scarcity of adulte in the ponds. However, in some regions
Chironomid midges swarm in early April. They lay eggs in the night.
One end of the egg mass sticks to the earth clod of the bank or the

grass, and the other end floats on the water. When the earth clod or
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Plate I. Life history of Chironomus longilobus (Kieffer).

1. egg masses sticking to bank weed and floating on water; 2. embryos in
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eggs: 3. embryos and first stage larvae; 4, 5 and 6. larvae at various
stages; 7. pupae; 8. male adult; 9-10. dorsal and lateral view of female

adult; 11-12. dorsal and lateral view of female adult after oviposition.
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blades of grass are occupied by the egg mass of one midge, other midges
come to stick their egg masses upon the first mass (plate I,1). The eggs
hatch in three days and the larvae (plate I, 3-6) feed on the algae of the
ponds. They form tubes of mud and algae, and live there for 15 to 3l
days before changing into pupae which do not last more than 48 hours.
The adults emerge at night and ther live on the bank for 3 days. During
the prolonged diurnal period the adults rest quietly on the grass, bushes,
wall of buildings or any other place where they can be protected from
direct sunshine and wind. The adults swarm and mate in the air during
the auroral and vesperal periods. Female adults die within one day after
laving eggs.

The population density of Chironomid larvae reaches its peak in July
and then declines. By November, the larvae have disappeared from most
of the rearing ponds (Tang and Chen, 1959). It is observed that midges
appear all of a sudden when salinity is decreased by the rainfall in early
June. In November, when the cold air reaches this area, a sharp decrease
of midge population occurs, thus it is generally believed that the emer-
gence of the midges is affected by salinity and temperature. In the winter,
the larvae in most of the rearing ponds are killed because of high salinity
up to 140%, due to evaporation. On the contrary, the salinity of the
nursery ponds on the western coast in Tainan area is kept at 30%, to 407,
the year round, so these ponds have become the overwintering site of the
larvae. In April, the nursery ponds produce many adults, scattering
eastward from this site and finally spreading over the whole area. This
study was aimed at the formulation of a control program based on the
findings of the effects of temperature, salinity and photoperiod on the

development and the dispersal speed of Chironomid midges.
Methods and Procedure

When the water temperature declined to 20°C in late October 1967,
the light traps caught no more midge in the milkfish pond district. This
was the beginning of the overwintering period for the Chironomid larvae.
About 5,000 overwintered larvae were collected in early December 1967
and stocked in a 250-liter concrete pond containing sand and sea water at
salinity levels of 35 to 45%,. The concrete pond situated in the open yard
of the laboratory was completely covered with a screen cage to prevent

the emerging midges from escaping. The overwintered larvae became adults
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when the water temperature roge to above 20°C in late February 1968
which was the end of the overwintering period.

The effects of temperature, salinity and photoperiod on the emergence
of adults from overwintered larvae were determined as follows: The
overwintering larvae of 0.8 cm in length wused for this experiment were
collected from large ponds early December 1968 and first stocked in a
small pond with the salinity level at 35 to 43%, till Januvary 1969 to be
used as test animals in different experiments. First, eight treatments
under 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C and 45°C were set up
to determine the effect of temperature. Then, to determine the effect of
galinity, 12 treatments of 0, 10, 20, 30, 40, 45, 50, 55, 60, 70, 80 and
90%, were made. As to photoperiod, five treatments of 4, 6, 8, 10 and
13-hour exposures to fluorescent light were made. Each of the treatments
had four replications. The basic rearing unit for an emergence experiment
was modified from that described by Biever (1965). It consisted of a
3-liter beaker containing 300 cc of sea sand and 2 liters of marine phyto-
plankton culture medium (Ukeles, 1962). Inoculation of 0.5 cc (wet
volume) of benthic algae (Lyngbya sp) which had been isolated (Gerloff,
1950) from the pond, was made and the benthic algae grew vigorously
after three days. Then 30 Chironomid larvae were introduced into each
rearing unit at 8:00 A.M. As ideal environment for the emergence of adults
from larvae, the rearing units were incubated at 30°C in salinity of 33%,,
and hours of photoperiod with light intensity at 4,000 lux in a photosyn-
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Fig. 4. Adult emergence of Chironomus longilobus when the
over-wintered larvae were exposged to different levels

of salinity.
thesis incubator (Precision Scientific Co., Model 806). But, in actual
experiments only one factor was determined at a time and was subject to
change as planned while the other factors were kept at the optimum. The
beaker was covered with nylon net to prevent the midges from escaping,
then the number of midges emerging the night before were counted at
8:00 A.M.

In the case of salinity experiment, a 12-hour acclimation time was
allowed to let the larvae orientate to the higher levels of salinity, step
by step.

The dry season came after the overwintering period. The hatching of
Chironomid eggs and the development of the larvae were affected by the
high salinity of the pond water. The procedure for determining hatching
rate was as follows: 3 liters of marine phytoplankton culture medium
was put into a 45-liter glass trough which was covered with cheese cloth;
the female adults were collected (plate II,5) with a midge collecting tube
(plate II, 4) and introduced into the glass trough during the day. “The
females laid their egg masses into the culture solution at night. The egg
masses were collected and the number of eggs in each egg mass was

counted under a microscope.



Plate II. Apparatus for collecting Chironomid larvae and adults:
1. the mud sample and a sampler for estimating population density of larvae
in the bottom mud.
2. a light trap for estimating population density of adults.
3. a screen cage for estimating density of adults on the embankmeni.
4. collecting the midges from a mosquiio screen with a glass tube.

5. midges in the collecting tube.

_ Six egg masses (about 2,500 eggs) were put into each glass trough
containing 10 liters of filtrated pond water at different levels of salinity.
The number of larvae was counted after incubation at 30°C after 5 days and
the body length was determined under the microscope with a micrometer.

The effect of salinity on the growth of larvae was determined by
placing the eggs to hatch in the phytoplankton medium of 33% salinity.
After 5 days the hatched larvae were transferred to glass troughs each
containing 15 liters of culture medium at various levels of salinity after
2 hours of acclimation. Each trough was stocked with 1,500 larvae. After
10 days of culture at 30°C, the remaining larvae were counted and their
body length measured.

The life cycle of the Chironomid population was affected by the
salinity of pond water. A comparison of the time to complete a life cycle
in high salinity and low salinity was made by taking advantage of the

salinity difference before and after rainfall in early summer 1969. Four

ponds with a total area of 12 hectares near Anping Ferry were used for
this experiment. The ponds lay east to longitude 120°09" E and south to
Anping town (fig.9). On the horizontal axis set in fig. 9, the abscissa
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range of these ponds was from 800 meters to 1,150 meters. At the

beginning of April in 1969, the ponds were filled with sea water and

stocked with fish; the water temperature and salinity were recorded

every day and the change in Chironomid population observed.
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On May 9, 1969 the larvae at the pond bottom numbered 3,700
larvae/m?. The population density of the adults on the bank was about
2,500 midges/m*. Meanwhile, there was a lot of puparium floating about
the corners of the ponds, and the egg masses were found floating along
the banks. This showed the possibility that the Chironomid larvae had
completed the first life cycle. At this time, 0.05 ppm of Abate SOE.C.
(0, 0, O, O-tetramethyl O, O’-thiodi-p-phenylene Phosphorothioate)

was applied to pond water. All the larvae in the ponds were killed by

the insecticide, but the eggs remained alive on the water surface. The
adults laid eggs and died in 3 days after insecticide application. It took
31 days for the Chironomid larvae to repopulate the ponds. On June 9,
1969 the population density of the larvae was found to be 4,000 larvae/m?.
Some of the larvae had already reached the last instar with the puparium

heaped at the corners of the ponds and the egg masses floating on the
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Fig. 8. The relationship between salinity and the occurrence of Chironomus

longilobus in milkfish ponds.
a. (o)=water temperature at 2:00 P.M,
b. (.)=water temperature at 8:00 A.M.
¢. (X)=salinity.
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pond water, too. The midges thronged in the ponds. This was supposed
to be the second life cycle and the duration of this life cycle was thus
congsidered to be 31 days. In the same way, the days needed for the
third and the fourth life cycles were obtained. The relationship between
life cycle duration and salinity was shown in fig. 8. The population
density of larvae in the ponds was measured at the end of each life cycle

in order to understand its growth under insecticide pressure (table 1).

Table 1. The salinity of milkfish ponds and the population
growth of Chironomid larvae in 1969

) Population density \
Lif 1Datf3 _odf - (larvae/m*) | Days needed
] oo |Calinity* | Before After for
cycle) app ;‘i}a‘ éon insecticide insecticide | repopulation
mu(rnon ~day) ) MAI application | application |
1 5s—9 53 . 3,900 0 | —
2 6—9 ! 29 4,000 0 31
3 6-2 2 7,500 0 | 14
4 7—11 | 30 43,000 0 | 18
|

* Salinity was measured at the end of the life cycle when Abate
larvicide was applied.

After the midge population build-up at the overwintering site of the
larvae in April, the infested area expanded, extending eastward. The
speed of the eastward movement was determined by measuring the hori-
zontal distribution of midge periodically. Collecting screen cages (plate
II, 2) were used for estimating the population density of midges. The
cage was 66 cm long, 50 cm wide with a bottom area of 3,300 cm?. All
the sides except the bottom of the screen cage were covered with nylon
netting. A sleeve was attached to the lateral side of the cage. The
midges were collected in the morning. First, 0.33 m? of grass was
enclosed in the cage. The grass was then agitated with the operator’s
hand extending through the sleeve in the collecting cage. The disturbed
midges flew out and gathered beneath the nylon netting top. Then, the
cage was removed to a nearby spot after the bottom was closed with
another piece of nylon netting. The midges in another 0.33 m? of grass
were collected. They flew to mingle with the first batch and rested
beneath the top of the collecting cage. After the collection was repeated

three times, the midges in one m? of grass were obtained. They were
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then killed with pyrethrins aerosol and stored in a polyethylene bag for
weighing. One gram of midges was counted and multiplied by the total
weight to obtain the total count per m®. Then the average weight of
one midge was calculated. Pyrethrins are liable to photodecomposition
(Cheng and Cagida, 1969), so the screen cage can be reused after being
exposed to sunlight for an hour.

Along the line connecting the opposite angles of a rectangular pond,
four bottom mud samples (plate II, 1) were taken to estimate the popu-
lation density of Chironomid larvae in the pond. The sampler (plate
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Fig. 9. Map of Tainan milkfish ponds. (the bold black
line shows the boundary of the ponds.)
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I, 1) was made of stainless stcel sheet. The mud sample taken by this
sampler was 100 cm? in area and 2.5 cm in height. The mud sample
could be taken easily from a bamboo raft because the pond was only 20
to 40 cm in depth. The mud samples were washed over a sieve of 80
mesh to remove the clay. Then the larvae were sorted and counted with
Anderson’s (1959) modified flotation method.

The ponds used for the dispersal experiment of Chironomid population
lay between Tainan City and Taiwan Strait. The total area of the ponds
was about 1,000 hectares. The area was surrounded by Tainan Canal in
the north and east, and by sea in the south and west (fig. 9). All the
surrounding neighborhood of Anping town, Tainan City, the freshwater
ponds, inner sea and Taiwan Strait was not suitable for the development
of the midge. So the ponds shown in fig. 9 were an isolated area for
the development of the Chironomid larvae.

For the convenience for illustrating the distance the midges dispersed
from their original abode, a horizontal axis of mathematical coordinate
system was employed in fig. 9. The origin was set on the opposite
embankment of the light towers on the west shore. The origin was also
the original population center of midge in early April. From this origin,
the horizontal axis directed eastward through the north of Old Fort and
the north of the Tainan Fish Culture Station, reaching the west boundary
of downtown Tainan. The figures above the horizontal axis were abscissas,
the distance in meter between the origin and a line perpendicular to the
horizontal axis at that point. According to this description, the abscissas
of Old Port, the main building of the Tainan Fish Culture Station and
the center of Road East Pond were 500, 1,800 and 2,200 meters respec-
tively.

A sample of midges was taken every 100-150 meters along the hori-
zontal axig in fig. 9.  Then with the distance of the sampling spot from
the origin as horizontal axis and the population density of midges as
vertical axis, a horizontal distribution graph of midges was formed and
the front of the infested area shown (fig. 10). The horizontal distribution
graph was drawn every two weeks or so. The movement of the new
population front of midges along the horizontal axis was shown in fig.

12. The population density of midges at every new population center
was measured at the same time (fig. 13) to show the population growth

of midges. In addition, a light trap (plate II, 3) was fixed at the Tainan



Fish Culture Station to measure the build-up speed of Chironomid midge
population at a fixed spot in early summer. The trap consisted of a
6-watt black light trap (Frost, 1953; 1954) and a 30-watt electric fan to
blow the midges into a collecting bag. The trap operated for two hours
after sunset every day. The catches served as the index of population
density of midges.

The survey on the dispersal of Chironomid larvae was held at Safety
Pond (fig. 9). On June 10, 1969 the front of midge infested area reached
the central demarcation of ponds. This area consisting of nine ponds
totalling 40 ha, was surrounded by the inner sea. The abgcissas of these
ponds ranged from 1,050 to 2,200 meters. Each pond number was written
in Roman numeral in fig. 11. The population density of Chironomid
larvae, larvae/m?*, was written in Arabic numeral under each pond number.
As the larvae population migrated from west to east, the population
density in the western ponds was much higher than that in the eastern
ponds. A dotted line was plotted in fig. 11 to distinguish the heavily

infested ponds from the lightly infested ponds.
Results

The factors governing the diapause of larvae were examined. After
incubation the overwintered larvae began to transform into pupae and
then emerged as adults during the night. The number of emerging adults
reached the peak on the third day. Most of the emergence took place in
five days (fig. 1). This incubation time was followed in all subsequent
experiments. The pupal stage lasted 24 to 48 hours according to the
specimens dwelling in the algae tubes lining the wall of the beaker. Two
hundred larvae were incubated at 8:00 A.M. on January 8, 1969. There
were 19 pupae and 44 larvae remaining in the rearing units on January
13 besides the 110 adults the last of which were shown in fig. 1. Fig.
2 shows that the optimum temperature for emergence was 30°C; all the
tested larvae died after being incubated at 40°C for 5 days; when the
incubating temperature was lower than 15°C, there were no adults nor
pupae. The survival rates of tested larvae at 15°C and 10°C were 91%
and 849 respectively. The midges disappeared from the field when the
air temperature dropped to 20°C. The light trap could not catch any
more midges on November 28, 1967. 1In fig. 3, the water temperature

was obtained from the well sheltered overwintering pond in winter, so
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Fig. 12. Eastward movement of Chironomid

midges in early summer.

the water temperature at 8:00 A. M. was much higher than the lowest air
temperature. The water temperature in the unsheltered rearing pond
where Chironomid larvae lived was similar to the air temperature. The
highest air temperature was not shown in fig. 3, because it was quite
similar to the water temperature at 2:00 P.M. The overwintered larvae
stocked in a concrete pond remained in the larval stage {or three months.

They were transformed into adults in early March when the temperature
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rose again. The results of field tests checked with the laboratory data

indicated in fig. 2.
The effect of salinity on the metamorphosis of overwintered larvae

was shown in fig. 4. When the larvae were transferred from the stocking
pond at 45%, salinity and incubated in culture media of lower salinity
levels, the emergence rate was generally high. However, the emergence

rate was poor in fresh water. When the salinity of the culture media

for incubation wag increased from 45%,, the emergence rate increased
slightly at first. When the salinity level was increased to 55%,, the
emergence rate began to decline and all the tested larvae died when
salinity rose to 90%,.

The emergence rate of those larvae exposed to a photoperiod of 10
hours was slightly lower than that of those exposed to 13 hours (fig. 5).
The photoperiod in Tainan area was from 10.5 hours to 13.5 hours through-
out the year (Taiwan Provincial Weather Bureau, 1968). Therefore,
the photoperiod did not seem to be the limiting factor for emergence.
There was no emergence in five days when the photoperiod was reduced
to four hours. Eighty-three percent of the tested larvae were transformed
into pupae, but only 429 of the pupae were alive and 58% of them dead
at the end of incubation.

Fig. 6 shows that the eggs could hatch whenever the salinity levels
were less than 80%,. The optimuin salinity for hatching was 30%,. It was
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Fig. 13. Occurrence of Chironomid midges

in early summer.
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noticeable that hatching was still possible even under a high salinity of
60%, in the ponds in early summer. Salinity also affected the growth rate
of larvae. The larvae had higher growth and survival rates at salinity
from 20-40%, (fig. 7). All the larvae died under salinity 80%, in 14 days.

High salinity in pond water in early summer depressed the normal
development of Chironomid life cycle (fig. 8). It took 31 days for the
development of the second life cycle when the average salinity was about
53%,, while the third life cycle took only 14 days under average salinity
of 30%,. The data checked with the laboratory experiment showing that
the Chironomid eggs developed into adults in 15 days under 33%, salinity
in June 1969. The temperature difference between these two life cycles
is small. Table 1 shows that the population of Chironomid larvae grew
slowly under high salinity in the second life cycle, while it grew rapidly
in the third and fourth life cycles when the average salinity dropped to
30%, or so.

The Chironomid midges broke out in the west part of this area and
then dispersed eastward. In early spring, the midges were abundant in
the nursery ponds west of the Old Fort (fig. 9) and began to move
eastward. At first, the distribution of midges in the original abode was
rather even. Although the population center was vague, the population
front was clear on April 24, 1969 (fig. 10). Then as the algae bed was
destroyed, the midge population density at the original abode declined.
But it increased in the newly infested area. Both the population center
and the population front became clear on May 9, 1969 (fig. 10). The
population center was often vague because of insecticide applications.
That was why the population front, instead of the population center was
used in this paper to indicate the position of the midges. The population
front existed in the larvae population, too. The population density of
Chironomid larvae in Safety Pond was surveyed when the population
front of midges reached the western banks of pond IV and VI in fig. 11.
It was clear that the population density of larvae in the ponds west of
the dotted line in fig. 11 was much higher than that in the east ponds.
This was proof to support the fact of the eastward movement of midge
population.

The eastward movement of midge population front was shown in fig.
12. The movement was slow in April 1968. However, after the rainfall
in May 1968, the midges spread rapidly owing to the larger population
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Fig. 14. Build-up of Chironomid midge population late May
1969, at Tainan Fish Culture Station.

and favorable salinity for their growth. Until June 1968, the dispersion
gpeed slowed down due to the intensive applications of insecticides,
especially the BHC adulticide applied to Road East Pond (fig. 9) on
June 2, 1968. In 1969, the embankment grass of the Tainan Fish Culture

Station and Road East Pond (fig. 9) were treated with DDD adulticide

The midges could not survive in the treated area,

at the rate of 2g/m?.
This small

hence the midge population wag smaller than that in 1968.

midge population dispersed eastward through the narrow path along the
As the

The dispersion speed was slower than that in 1968, too.
The

canal.
its population grew simultaneously.

midges dispersed eastward,
growth curve of the midge population in early summer of 1969 was shown
in fig. 13. The increase of the midge population in the Tainan Fish

Culture Station ponds (fig. 14) was far more rapid than that of the whole

Tainan milkfish ponds (fig. 13). This phenomenon serves as another

evidence of the dispersion of the midges from the nearby ponds.
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Reproductive Organs of Five Prawns——1|

External and Internal Structures of the Copulatory Organs

[-Chiu Liao ¢ Huei-Pin Chen

Taiwan Fisheries Research Institute, Tungkang Shrimp Culture Center

Summary

Prawn culture has been intensively practiced recently and promises
to become a new important industry in Taiwan, but little information
has been reported on the basic study of prawn biology. The present
study was undertaken to observe the different copulatory organs of the
five kinds of commercially important prawns, Penaeeus japonicus, P.
monodon, P. semisulcatus, Metapenacus monoceros and Penaeus teraoi.
All these prawns were obtained in the Fish Market of Tungkang, south
Taiwan. The results obtained are summarized as follows:

(1). Besides the fundamental reproductive structure of genital pores in
the prawns, the male and female also possess another special organ
as tools for copulation, respectively. The female copulatory organ
is called thelycum, and the male petasma. The male by means of
the petasma passes the spermatophores into the seminal receptacle
through the thelycum during copulation.

* PO EERIE ) ISRESIKERE R T F B (Senior Fishery Biologist, Tungkang
Shrimp Culture Center; Research Fellow, Rockefeller Foundation Fish Culture Research

Project in Taiwan)

ok R CH SRR T 7S (Research Assistant, Rockefeller Foundation Fish Culture
Research Project in Taiwan)
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(2). The grown females caught from the open sea have already received
spermatophores in their seminal receptacles, especially during the
‘spawning season, regardless of the maturity of the ovaries. There-
fore, it is unnecessary to worry about the possibility of fertilization

at ovulation.
(3). All the females of these five prawns cast off the spermatophores in

the seminal receptacle together with the old shell at each moulting,

and the females will receive new spermatophores from the males in

new copulatory act.

(4). The thelycums of P. monodon (Fig. 2-A, Pl. II-1) and P. semi-
sulcatus (Fig. 3-A, P1. TI-3) look alike morphologically but both
are somewhat different from that of P. japonicus (Fig. 1-A, P1.
I-1, I-2). The thelycum of P. japonmicus has two large stoppers
inserted in it, while there is.no stopper nor its remaing to be found

in that of P. monodon.
(5). Parts of the stoppers are found as a hard black piece in the

central slit in the thelycura of P. semisulcatus (Fig. 3-B) indicating
the existence of spermatophores stored in the seminal receptacle.
In P. monodon, the spermatophores are believed to be in the seminal
receptacle if the thelycum is somewhat convex and soft. There are
some remains of stoppers which can also be found in the central
glit in the thelycum of P. fteraci. However, it is not easy to know
whether the spermatophores are present or not just from the appear-
ance of the thelycum in Metapenaeus monoceros.

(6). The petasmas of all the four kinds of the prawns in the genus of
Penaeus resemble one another in structure, appearance and also in
length (Fig. 1-D, 2-D, 3-D, 5-C; P1. 1-3, II-2, II-4, II-6).

(7). Spermatophores have been found in the thelycum of the female of
P. m(modoﬁ grown in a fish pond. Because of this it is believed

that copulation can also take place in the fish pond.

i
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Plate

Ventral view of thelveum, before copulation, of Penaeus

japonicus.

After copulation, P. japonicus.

Veniral view of petasma, P. japonicus.

Ventral view of thelycum, Metapenaeus monoceros.

Ventral view of petasma, M. monoceros.
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of petasma, P. monodon.
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THE POPULATION OF GRACILARIA IN
YUANCHANG RESERVOIR, PUTAI, CHIAY!I

By Min-nan Lin

Tainan Fish Culture Station of the

Taiwan Fisheries Research Institute

Introduction

The reservoir of Yuanchang located in Putai, Chiayi, is 28 hectares
in area. It is the largest Gracilaria farm in Taiwan. There are two
important species in this reservoir, Gracilaria gigas and Gracilaria chorda.
But, in this reservoir, the production is getting less year by year (Table
1), and the production per hectare less than in other places. The aim of
the present study is to find out why the unit production in Yuanchang is
less than that in other places and why production is decreasing so that
plans could be made for improvement.

During the period from September 1968 to July 1969 the study was
carried out with emphagis on the estimation of abundance and growth

rate of Gracilarig in the reservoir.

Methods

1. 100-130 plants were taken once every month by random sampling to

determine the growth rate.

2. Estimation of abundance:
The reservoir was divided into twenty blocks (Fig.1). In each block
25 plots of one m? each were designated for random sampling. The
methods for estimation of abundance! used in this article refer to a
study of abundance of Gracilaria by #Wtkifx, #htiki®. Using their
methods, the CV is always less than 109. The results are very
valuable.
N=area of the reservoir
=280,000m? (28 ha)
n=area of all the plots
= 500m?*
X;=the weight of Gracilarie in cach plot
fi=frequency of Xj;

— 30 —



R RS
n
S?!=unbiagsed dispersion

= 0 loosn (R

X

=N
;_Nen 5?
V= N-1 n

CV =Coefficient of Variation

- VYV

X
X —estimative value of the standing crop
:N e X
= N X
n
N
w—-E
S

Se, | St |Sts Sey| St Seg Sty | Sta) Ste| Stio| St | Stia) Stig) Sty S| St [ Sty | St $te 1S,

|
Fig® 1. The reservoir of 28 hectares was divided into twenty

blocks for estimation of abundance.

Results and Discussions

1. The growth rate:
The growth rate was determined by measuring the length of the longest
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buds of plants and the number of branches in one plant. 100-150
plants were taken once every 30 days by random sampling to deter-
mine the growth rate from September 1968 to July 1969.

Production:

The production of Gracileria from the years 1965 to 1968 is shown in
Table 1. Usually, one kilogram of dried algae is obtained from 10 to

12 kilograms of wet algae.

Table 1%. Gracileria production in Yuvanchang Reservoir, 1965-1968

Date | Production (kg): dried algae
1965 | 37,500
1966 31,250
1967 25,000
|
1968 | 12,500

* Table 1 is contributed by the culturists of the rescrvoir.

Estimation of abundance:

X =502.4 g/m?

X=140,672kg .
According to the estimated value on July 11, 1969, the standing crop
was about 5,000 kg per hectare, an amount ejuivalent to the initial
stocking in other places in Taiwan. In general, culturists stock their
plants in March. Between June and September, the rainy season, the
salinity is lower than that in any other season (about 15%,-25%,). At
this time, Gracilaria grows very well?, it may increase 4 to 10 times
In this period, culturists harvest the plants about ornce
every ten days. They remain about 5,000 kg in each hectare when
winter comes; dwarfing takes place from November to March because
of lower temperature (less than 20°C) and higher salinity (more than
35%,). From May to November, Gracilaria growth is achieved through
vegetative reproduction by means of breaking the branches of the

plants into small pieces®. Cultured this way, 3 tons or more of dried

in weight.

algae can be obtained.

In Yuanchang Reservoir, Gracilaric growth is different {rom that
mentioned above®. The plants grow through normal reproduction by
tetraspores and carporspores®. The germinating process of the spores
takes place from September to April, and the spores release is usually
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between July and September, but culturists start harvesting the plants
in July and have them completely removed by the end of September
when no plants are left in the reservoir. On the basis of data obtained

as shown in Appendix 1 the following observations are made:

1.

In Yuanchang Reservoir, the season of spores release is the main
reason why the production is getting less year by year. (Tablel1)
In Yuanchang Reservoir, the period of harvest only lasts three
months each year, and when harvest begins, the standing crop is
only about 5,000 kg per hectare, the same amount as the initial
stocking in March in the other places of culture. Besides, the
harvest period at Yuanchang Reservoir is only three months,
whileas that in the other places is four months or more.

The Gracileria in the experimental zone starts to grow from spores,
whereas in the other places it grows by vegetative reproduction.
The former rejuires about seven months for the plants to grow
to 7 cm in height, while the latter starts to grow from 5 to 7
cm in height. (Fig. 2)
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The growth rate of Gracilaria in the reservoir during
the period of September 1968 to July 1969.



4. These are the main reasons why the production per unit arca in
Yuanchang Reservoir is less than that.of the other places.

Summary

In order to find out the main reasons why the production of Gracilaria

in Yuanchang Reservoir declines {from year to year and is less than that
in the other places, the resource and the rate of growth of Gracilaria

were investigated in this area during the period of September 28, 1968-

July 11,1969. The results are summarized as follows:

1. It takes about 7 months for the plants to grow to 7 cm in length in
this reservoir.

2. On July 11, 1969, the standing crop was about 5,000 kg.

3. 1In this reservoir, the season of spores release is the same as that of
harvest, thus a longer period is rejuired for the Gracilaria to grow
to harvestable size.

4, In Yuanchang Reservoir, when harvest begins (in July), the amount
of the standing crop is ejual to that of initial stocking in March in

the other places. Furthermore, the growth of Gracilarie in this area
starts from spores, whereas in the other places it is by vegetative
reproduction, thus the former rejuires a longer period to grow to
harvestable size than the latter.

Acknowledge ments

The author wishes to express his thanks to Dr. I-chiu Liao, Shan-ching
Tsai and Yun-yuan Ting, Tainan Fish Culture Station, for close consultations,
and Prof. S. Y. Lin of the National Taiwan University for his valuable
comments and suggestions. The author is also grateful to Dong-liang Lee
for his technical advice and agsistance. '

References

1) ARtz s 1212 KRK » A study of Gracilarie in Lake Akkeshi Kushiro-
koku Prov., Hokkaido, Japan, Jb:#i€aKEXET » 5k F 3% o pp- 105

(1938).
2) Lin Min-nan, The salinity effects on Gracilaria conforvoides and

Gracilavia compressa. (unpublished data)
3) Cheng Chih-sh’iu, Min-nan Lin and Dong-liang Lee, Taiwan Fishery

Bureau. An outline of Gracilaria culture in Taiwan, 1-8 (1968).

4) Lin Min-nan, Investigations of Gracilaria in Yuanchang Reservoir,
Putai, Chiayi. (unpublished data)

5) Lee Dong-liang. A study on the germination of the carporspores in
Gracilaria gigas Harv. (unpublished data)

— 34 —



(%07 uweyy e8] oangsiour) oeS[e porip 8y I < oeS[e jom 31 Z1-0T x

-1e9A A1940
0183007 YOBS WOIS PAUTeIqo 9q ABW

oe8e polIp JO 9IOWL IO SUOY 9BIYL

sooerd awmos ur

gooe[d owos Ul
20UO 3soarey ARUL

90UO0 389ATRY ABUL

peurewar sjuerd 1 1
SurrejuimIsAo jo 83 Q00°s moqe | < s{ep O] A10A0 1S0ATRY |  SUIND036—>
{ - Al/ ! * ! y
< UOICIN- —— — 300 -ounf - e
i A yorepy sooed
| 210U IO WO ¢ 03Ul | I9Y30 o],

Arensn sjue(d JO SOYOURI(<—

oy3 Suryeo1q Aq Suryoo3s
8% 000°‘S urY} srOwW
ol

Y

8 000‘¢§ moqe
§08B) 2WCs Ul
!

! gorods jo sseoord Suryeururiod oyj,
3 ooo“m uey) s897

Y ! v
s - - Amf———— e e ue[— - - 100 JI0AIOSY
<—oseolor sorods—3ueyouenx
A Sut[peos Amf
wo ] ueY} §S0] spnq Jo Y3dus] 9yI<— < 189ATRY—— >
A

!
8061 UT BY/SY 9ty 03 PaUIodp 4PES[E PalIp JO §SGT UT BY/S3 00t ‘I

sooe]d 10730 93 Ul JBYL YMm peredwoo SUBYOUBNA UL 9IN}[NO DUDJIIDLLY) ] x1pueddy

-— 35 —



Appendix 2. Class distribution of Gracilaria population based on sampling of 500 plots from 20 blocks

Unit: 50g. Date: 1969.7.9.

Class |St,|St,|St,|St,| Sty | Sts| Sty | Sty | Sty | Styg Styy Stm! Stygl Stya| Styg| Styg Sty Stygl Styg Styg| 21
0 1|10 6 5| 1| 2 11 5| 3| 45 3 7181 4] 1|2 4, 9,82
1 2 11 2 1)) 1 4] 20 20 1421 18
2 3 11111 11213 1 20 1.2 1 2 19
3 4 30 1] 1 21 2 300415 211 24
4 5 11 11 20 41 2] 1 413 2 1] 20 1] 3] 1 28
5 6 1 2 111 1 11 41 1 1 2] 231 1] 125
6 7 21 1) 411 4 1301 1] 3 21 211 2 27
7 8 1 1 21 3 .3 2130 3} 1119
g 9 11 21 2 121110 211 11 21 3 2 21
9 10 1] 1 2 1 2 i
10 11 ! 1 1 2
11 12 i! 211 1] 1] 1] 4 3 14
12 13 1 2y 112111111 1 1 5
13 14 1 1 1 3
14 15 11 1 11111 1 6
15 16 1 1, 1] 1 1).1] 2] 1 9
16 17 10 1] 2] 1] 1 1)1 1 9
17 18 1 1201 3 1 8
18 19 1 20 1] 2] 1 7
19 20 , 11 1 1 3
20 21 4 111 1 1 8
21 22 1 11 1 2 5
22 23 1 1 41 2] 1 1 10
23 24 . 0
2425 1 1 1 3
25 26 1 2 3
1 26 27 4 1 1 6
27 28 1 1 2
28 29 1 1
29 .30 1 11 1| 4
30 31 1 1
31 <32 i}
32 33 17 1 2 1 5 |
33 34 1 1 2
34 35 1 1 1 3
35 36 1 1142
36 37 1 1 2
37 38 1. 1 2
38 39 1 1
39 40 1 1
40 #1 1 1 2
41 42 2 2
T 42 43 1 21 1)1 5
43 44 0
44 45 111 2
45 46 0
46 47 1 1
47 48 0
48 49 0
49 50 0
50 51 0
51,82 1 1
52 53 111 2
53 54 ‘ 0
54 55 0
55 56 0
56 57 1 1
57 58 0
58 59 0
60 61 111 2
61 62 1 1
72 73 1 1
77 78 1 1
97 98 1 1
100 101 1 1
0 12077, 5] 4,5 1] 3|7 3 ‘ 3 31 1112173
Unit: 50g
zszi"f1X1+f2X2+' L "+ann oy 1 P Zfi(Xi—?\T)z
=5,024 o _
 Hi; =173.07 2
B y=N-n S
=10.048 N=-1 'n
KN X =0,034
Y/ V=0.058
=N s, P
g nov=¥V
=2,813,440 X
- X=2,813,440 50g =100
=140,672kg
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The germination of the carpospores in Gracilaria

gigas Harv. in Hsin Ta Kang
By D. L. Lee

Tainan Fish Culture Station

SUMMARY

The germination of the carpospores of Gracilaria gigas was studied

in Hsin Ta Kang from 1968 to 1969.

1.

¥4

Carpospores are discharged from the carpostome of the cystocarp
together with white mucus. Carpospores are spherical and about
17~35p in diameter.

‘The first division of the carpospores takes place one day after the
discharge. It divides into two eqjual parts.

Three days after discharge of the spores, the second division runs
perpendicular to the first one, but sometimes, the second division
runs parallel to the first one to 3~4 cells which are arranged in
zonate manner.

The third and successive divisions are somewhat irregular, and the
sporelings observed {rom the surface are composed of 16 or more cells.
Thirteen days after discharge of spores, cells of the sporelings increase
in number concentrically to form a discoid thallus. The central por-
tion of the thallus upheaves hemispherically and becomes a meristem.
Fifteen days after the discﬁarge of spores, the embryo becormes
chrysanthemum-shaped by radial growth of marginal cells.
Thirty-six days after discharge of the spores, the embryo produces a
protuberance from the central portion, about 85~105gk in diameter.
When embryos develop lying close to one another, they come gradual-

ly to form an irregularly-shaped compound thallus.

— B
FHER 2 BB PR B s AR AR AR R 0 R S B A T e e 7 A SRR
37



MR > BR—FEET BRI TR » vt K HIKE RS N R R A LI TE » i 3 R R
el B0t » TR AR I AR R

%% (Gractlaria) R Florideae (FLIESL
R o ftiEst Clife oyele ) 57RAHEARE Riwbh phd F ISRIRG HFtic2  C Alternation of
generations) o fEUEAFREILI A - (Tetraspores) 772 ; #74E4:78 B S HaF-(Carpospores)
2 BEigTRimsr 35 (Cystocarp) ifir i o 3 Rk Ac@a% (Female gametophyte)

430 > Gigartinales § » Gracilariaceae

23

B1l. HERAFERZL Gracilaria gigas ¥
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¥ _brgCarpogonium FIFELERL(ASE (Male gametophyte) #ykE T CAntheridium) PyjHi 2 M
PERR(EF (Spermatium) BABEMR o KABEDHAERRTFEERAARR -

Z~FHERMHE

PR EAE LTSN RESENEE L EEBRBNTRME  —R2L2~SARBES » K
HRERIR I 19684F 4 AHAENEHESEFITINT L ER (Cracilaria gigas) > FHERRRHEARR
P Y T > SERANVRIES th > WEE R R R S IR K DU R BT RIS HOERR
5] o EEIHS N ENDUE M2 7K o WU IR T-REEYR o TR EE S HbIT E T U SRR RO B L
(Fil2em X @#620em) » FIATEA Erd-Schreiber 280 » BERIRS2Z5%0 » MR AL SRNH BT
(Slide glass) » A A ERUE /L NES » AT MR T-H0N + Wh5 I B2 dem - b o

TR S BT 283 I A RIEEA Erd-Schreiber K3y 2 BEM bt » BER
20~25°¢ » SO0 HICE RS - MR REREREN Y > F—F KOG SEBE -

T NHERR

% RRAPTRRBERNZES CB 1) > SEREZER » BI0S 0. TamE 2mm » 32T
wE—RIL (E 2D » BleT B A B SRR L/ g R IR

RlaF-BEBR » WEBEARWRE0 L BB 1T TEiBS e HERANTRER
B R — AR AE S RS RRTERRERG  hOBERRELE (RE3,a) o

Bt 5154 T B I BIA S — IR A 2 » 4B R A EE » SRR EE R CE=3,b) o

3R EBIGE RS R BRI E IR — RS E BRI X R B IR (E3,c)
o TN RS BBE—RAHFT » REFR ) HBURSSHEER (H3.d) o HA%EESES
RAE  BERDBRASANY: » RIRTRAFEGE (B3¢ o

+ B BIASE E A EY » RS BRI SR A B RARRY » HEBRER B3\ Ele o (T3, 1)

IBEERRREANERESZ . FIeT-RZ MR8 » RERI T SRR 580 o
(E3,g,h) o
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SUITABILITY OF GRACILARIA FOR CULTURE IN
TSENG WEN TIDAL LAND AREA

By Min-nan Lin
Tainan Fish Culture Station of the

Taiwan Fisheries Research Institute

Introduction

Five species of Gracilaria are found in Taiwan?. They have different
compositions and growth rates®. This experiment was designed to find
out what species of Gracilaria was suitable for culture in the sandy and

windy ponds of Tseng Wen tidal land area.
Material and Methods

Three blocks A,B,C were selected from Tseng Wen tidal land ponds,
each of which was divided into 6 plots marked as A,, A;, Az, A,
A;, Ag, Byeeeoo B and C,;---... Cs. Each plot was 1.5 m? in area. The way of
dispersing is shown in fig. 1. Block A was 47x35 m?, Block B 43x36
m? and Block C 45x38 m?. The average depth of water was 60 cm in
A, 22 cm in B and 20 cm in C. The bottom characteristics: Block A was
of mrd, Block B and C were sandy. The general layout of the experi-
mental plots is as follows:

A, A, A, B, B, BS C, C, C,

=
vtz
=

A, A, A, B, B, B“‘J C, C, Cq

Three species of Gracilaria were used for the experiment:

(1) Gracilaria conforvoides:
It wag transplanted from Hsia K'un Sheng, Tainan. The local name
of this species is “Chu Hua”® meaning chrysanthemum. A, A, B;,
Bg, G5, Cp were planted with this species.

(2) Gracilavia compressa:
It was transplanted from Hgin Ta Kang (a gulf located at Lu Chu,
Kaohsiung). The local name of this species is also “Chu Hua”,
sometimes known as “Niao Kung”®. A,, A,, B,, B,, C;, C; were
planted with this species.

(3) Gracilaria lichenoides:
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It was transplanted from Tungkang, Pingtung. The local name of
this species is “Tungkang Sha”. A,, A, B;, B, C;, C,, were
planted with this species.

The following analyvtical methods were emploved:

A ,
ox 10087,
o X 100%

Cample (10 gm)->250 ml beaker--add 5% NaOH colution 150 ml.

1. Yield of algne after alkali treatment:

dry >A om
90-93°C, 2 hra = P

2. Jelly content of :n,]gae:f;: x 100%
Sample (A gm;->250 ml beaker-—-add 130 ml water using alkali treated
algae.

heat 1.5 hrs

R - —filtering->B gm
add 3% acctic acid, pH 6 ° °

Jelly strength:

3

Determined by measuring apparatus of jelly strength®,
4. Yield of algae after cleaning with water:

A (100- moisture of A) ,

. X 1004
100(100-moisture of S:me?e)‘( 7
Cample 100 gm-—»>cleaning with water—-drv->A gm

Results

Gracilaric was weighed once cvery 30 days after planting. The results
are shown in tables 1-4.

Table 1. Growth in weight of Gracilaria in block A.

‘ .
Species | G. compressa | G. lichenoides  G. conforvoides
Date ; - c S -
Plot Ay A AL A Ay A
9.11  weight of o0 300 200 | 300 300 | 300
( algae (gm) | ( ? |
1011 " 1087 | 1630 300, 300 L 900 | 975
11.11 ” 1600 | 1723 375 . 787 . 712 | 712
: \ * |
12.17 | " 1537 | 2437 ol o0 0 1275
1.17 " 1300 2400 0 0 } 937 | 1278
2.17 | " 1300 2200 0 0 900 1200
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Table 2. Growth in weight of Gracilaria in block B.

Species G. compressa | G. lichenoides |G- Acoa‘y’orvoz'des
Date 2 . :
. ‘ Plot - B B, B, B, B; Bs
9.11 Q’;igh(tg;f) 300 | 300 | 300 | 300 | 300 | 300
10.11 " 937 750 562 300 | 1500 | 1687
11.11 o 1350 | 1200 0 0 | 2325 | 2512
12.17 " 1762 | 1350 0 o | 2287 | 2778
L. 17 " 1700 | 1200 0 0 | 2250 | 2700
2.17 | " 1650 | 1200 0 0 | 2200 | 2700

Table 3. Growth in weight of Gracilarie in block C.

Species G. compressa | G. lichenoides |G. conforvoides
Date : - :
o Plot & G, o o C; s
9.11 a"fge;eg]%fg H‘;’f 300 | 300 | 300 | 300 | 300 | 300
-10.11 " 825 | 000 | 337 | 300 | 1050 | 1012
11.11 " 900 | 900 | 262 112 | 1612 = 1030
12.17 " 1012 | 1087 0 0 | 1650 | 2101
1-17 " 900 950 0 0 | 1650 | 2100
2.17 " 000 | 950 0 0 | 1600 | 2000

Table 4. Mean growth in weight of Gracilaria in the present experiments.

Date Speciés G. compressa G. lichenoides G. conforvoides
9.11 affgealgl{gg 300 300 - 300
10.11 " | 1025 350 | 1187
11.11 " 1112 256 ‘ 1487
12.17 " 1531 0 1837
1.17 /] 1440 0 1818
2.17 " 1366 0 1766

There was plenty of Hetero chordaria obietina (Rupr) Setch et Gardn,
Enteromorpha sp., and Chaetomorpha sp. in block B during the experi-
mental period, which hindered the growth of Gracilaria when they covered
the Gracilaria and deprived it of its light and. nutrients. There was
Hormiscia penicillibormis in block A, which also hindered the growth of
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Gracilaric. When Grecilaria was covered with these undesirable algae,
the apexes of Gracilaria were somewhat curly at first, then they appearecd
pink and became white in 2 to 5 days.

Trom October 11 to 18, buds were found in the branches of Gracilaria
conforvoides in block Aj; the buds remained 0.5 cm in length and they
didn’t get longer during the period if the salinity was less than 5 ppt.

The pH values in the different blocks varied; for instance, at .M.
2.00, block A had a pH reaction of 8.90, hlock C 8.49 and the water canal
8.15.

The temperature of the blocks and the water canal remained nearly
the same during the experimental period, but the salinity was different.

From July to October, because of heavy rainfall, the salinty of all the

blocks was less than 25 ppt (fig. 1 and table §).

N
_ ——.AMBO0
QU 40 "—‘—-'PM2w
)
g |
<30t Sy
x| . \
g ST N \
3 AN NAN
~ 20 \/ T \ .
N\ \_ / N

2 N * /
E .
20

SEP OCT  NOV  DEC AN, FeB.

1968 7969

Fig. 1. Changes of temperature of all the blocks during the

experimental period.
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Table 5. .Changes of salinity of-all the blocks from July to December.

Month | Block |Mean value of | The lowest | The highoot
(Y 11.33 6.55 20.96
July i B 9.69 6.55 17.03
£ 11.33 7.86 19.63
1 A 8.77 7.86 11.79
Aug B 8.64 6.55 10.48
| C 9.03 6.53 11.79
A 8.90 6.55 11.79
Sept. B 7.99 5.24 13.10
| c 7.07 5.24 10,48
(N 7.72 3.93 13.10
Oct. B 7.99 3.93 14.41
| C 7.99 3.93 13.10
|l A 25.50 33.75 33.40
Nov. B 25.50 30.73 33.40
| c 24.00 30.75 32.04
1l A 28.50 24.00 39.50
Dec. 4| B 31.50 24.00 39.00
| C 27.00 22.50 39.50
Discussions

In the period of experiment, the author found the growth rate of.
G. conforvoides to be the best, and G. lichenoides the worst (table 4),
especially the latter the weight of which was reduced from October 11
and.died off before December 17.

Between September 11 and October 11; the salinity and the temper-
ature did not change too much (table 6 and fig. 2). At that time, G.
lichenoides increased wa little in weight. But, between October 11 and
November 17 the salinity changed from about 8 ppt to 24 ppt, and the
temperature was much lower than that of September11-October 11. During
that period, the weight of G. lichenoides was getting less conspicuous.
So-it appears-that high salinity (more than.25ppt) and low temperature
were the main factors preventing the growth of G. lickenoides. In addition,
G. lichenoides grow by'creepiﬁg along the pond bottom, which is different
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[rom the radial growth of . conforvoides. Thercfore, the entire plant of
the former can be casily covered with Enteromorphe and Chaetomorphe.
Gracilarie will dic off if the Enferomorphe and Chaetomorphe arc not
removed in a few days. Tor the latter, because the green plants tend to
attach themselves to the upper portion of G. conforveides, the lower
portion can still grow even if all the upper portion is covered with the
green plants, and the green plants can be taken apart casily. lor (.
lichenoides, it is very difficult to take out the green plants.

During the period September 11-October 11, the weight of G. com-
presse increased by 3.4 times, G. conforvoides increased by 3.9 times
(tables 1,2,3). 'this result is better than that of Grecilerie culture in
the other places in Taiwan. Asa rule, the plants increasc in weight 1-1.3
times in suitable salinity between about 11 ppt-13 ppt. Actually the
range of salinity suitable for the growth of Gracilarie is 10-25 ppt with
the optimum at 15 ppt*.

IFrom the values shown in tables 1, 2, 3 and 4 the aathor recognizes
that even the samce species change their weight in different scasons and
localities. For instance, (a) G. conforvoides increased 3.93 times from
September 11-October 11, 1.25 times {rom November 11-Dccember 17 in
weight, but decreased after December 17, (b) G. conforvoides increased
3.12 times in weight in bltock A, 4.13 times in block B and 3.43 times
in block € from September 11-October 11. FFrom December 17-February
17, becausc of higher salinity (about 32-39 ppt) and lower {emperaturc
(lower than 20°C), both G. conforvoides and  G. compressa decreased
weight in the experimental area as well as in the other places; as usual
Gracilarie was dwarfed in the winter scason®. In October, G. conforvoides
had many buds, but the buds remained 0.5 c¢m in length throughout the
winter. This is a condition also found in rainy seasons when the salinity
is less than 3 ppt for about 10 days. On October 11-20, the salinity is
less than 3 ppt in block A, s0 low salinity can be considered as one of
the main reasons for explaining the dormancy of G. conforvoides during
the period of experiment.

G. conforvoides and G. compressa arc all locally known as “*Chu Hua”.
In culture and marketing no distinction is made between the two. In the
present experiments conforvoides and compresse actually showed somewhat
different rates of growth, yct the test of significance with Welch’s v

method (table 6) points to no signilicant difference al all.  Mowever,
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there is a decisive significance in the difference of growth rate between
conforvoides and [ichenoides.
Table 6. The significance test of the growth rate among three species
of Gracilaria by Welch’s v method* in which lichenoides and

compressa are tested against conforvoides.

Date Species n X SE v df t0.05 Significance

G. conforvoides 6 1187 — - = .
10.11 G. lichenoides 6 350 139.01 6.02 6 2.447 significance
G. compressa 6 1025 184.59 0.88 10 2.228 no significance

G. conforvoides 6 1487 — - = _
11.11 G. lichenoides 6 256 334,21 3.68 5.43 2.571 significance

G. compressa 6 1112 361.90 1.03 7.35 2.365 no significance

@)

G. conforvoides 1837 — - .
12.17 G. compressa 6 1531 350.54 0.87 9.36 2.262 no significance

(@)

G. conforvoides 1818 — — = -
1.17 G. compressa 6 1440 362.10 1.04 9.61 2.228 no significance

G. conforvoides 6 1766 — - —
2.17 G. compressa 6 1366 337.22 1.18 9.33 2.262 no significance

* Welch’'s v method:
25 % x oy 2 X'y ¥ v\ L. QY v -
S X1: ) X2" ’ MS <X1*X2)_S XI S le SE (Xl_x2)

n, (n,—1)" " n, (n,—1)
TN Y S%X, X, =X
=3/ > - = ST ! f = _1) f = — 1, :'—‘L 27 .
Mg (Xl XZ) » SZX+52X2 1 n]_ 2 n2 1 Vv SE(XI_Xz)
1
df= cz (1—¢)?
T, 1

From appendix 1, the author recognizes that the constitution of agar-
agar of G. conforvoides is much better than that of G. lichenoides and
the constitutions change with different seasons and localities. For instance,
in September the jelly strength of G. comforvoides in the experimental
area was 470-520% and it was 330% in Tainan, the original area of the
plants (appendix 1 nos. 1, 4, 8, 16). The jelly strength of G. conforvoides
is considered the best in Taiwan, and that of G. lichenoides the worst.
In addition, the agar-agar made from the latter can not be bleached
easily by CaO, Na,CO,, etc®. From appendix nos. 10, 11, the author
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Fig. 2. One kind of abnormal growth of C. conforvoides.

finds out that the constitution of agar-agar in the upper portion and that
in the lower portion of the plants are not nuite the same, and the jelly
strength of the upper portion is better than that of the lower portion.
This finding is contrary to the general belief that the jelly strength of
the lower portion is better than that of the upper portion, a mistaken
supposition that has remained in the mind of the algal culturists for
a long time. The undesirable algae, for example, the green plants Entero-
morphe and Chactomorpha hinder the growth of Gracilarie verv much. How

to control them is one of the serious problems in Gracilarie culture.
Summary

Ponds constructed in Tseng Wen tidal land are sandy and subject to
strong wind action. To culture Gracilarie in this area is very difficult.
A special species suitable for this area must be selected. At this point,
the author carried out a comparative culture experiment of different
species of Greacilarie from August 1968 to Februarv 1969,

The results are summarized as follows:

L. Gracilaria lichenoides increased a little in weight during the period of

September 11-October 11. The weight began to decrease from October

11, and all of them died off before December 17.

(8]

Gracilaria compresse increased 3.4 times in weight between September
1T and October 11, 1.08 times between October 11 and November 11,
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and 1.3 times between November 11 and December 17. The weight
began to decrease after December 17.

Gracilaria conforvoides is the best species for culture in this area,
they increased 3.9 times in weight from September 11 to October 11,
1.2 times between October 11 and November 11, 1.7 times between
November 11 and December 17. They began to decrease their weight
after December 17.
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‘The Effect of Phosphorus and Nitrogen Fertilizers
on Fish Production in Freshwater Ponds

By Yao-sung Lin
National Taiwan University

Summary

In the Chupei Fish Culture Station, experiments were carried out with the objectives
to show whether the production of Chinese carps could be further increased (1) by
excessively increasing the dosages of superphosphate and (2) by the addition of nitrogen
fertilizers. The results show that phosphorus fertilizer does strikingly boost fish
production in freshwater ponds, especially that of silver carp at the dosage of 2,000
kg/ha of calcium superphosphate which gives the bast resulis. Application of (NH) SO,

shows no effect on the production of Chinese carps.
—~ 5
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F— ABRMEREELER

| BIEREERE G

R (kg/ha)

st TR -
CaH,(PO,), (NH,S0, Call,(PO,), (NH,);50,
Ay 485 0 0 0 0
A, 1115 1232 0 1040 0
Ay 970 2104 0 2040 0
A, 1067 6902 0 6090 0
A, 611 6643 0 10230 0
B, 582 0 0 0 0
B, 485 504 970 1040 1950
B, 679 1385 1358 2040 1950
B, 485 2953 970 6090 1950
B3 388 3968 7175 10230 1950
* RERIEE LUK Imo HRE 1 AEHZ 2AERAER o
£ FHRBZRARHRIECER (RN ZBF)

k7 it iz ) it i i
A,y 29 29 (5) 24 3 5 85 (5)
A, 67 (3) 56 (1) 36 73 11 197 (1)
Ay 58 49 (8) 49 6 10 (3D 172 (11)
A, 64 53 53 6 11 C1) 187 (2)
A; 37 (3D 31 (8) 31 4 (2) 6 109 (14)
B, 35 29 (6D 29 6 103 (7))
B, 29 24 (14D 24 31 5 85 (15)
B, 41 (1 34 34 4 1 120 (3)
B, 29 (3) 24 24 3 5 85 (3)
B; 23 19 (1) 19 2 4 67 (1)

m-# @
g ff W

FHMRBE L 2 FHRROC-TesOIREZ. X2=TT.588>X2 (o) =16.927 B
B0 ORI L e (A XS OB o GRS A AR T R A5 » L
PRS2t A A MR A 258 (PE o RHLZEBLM » BETE 63258395 » JLERRH o
% B

HEZy F-Test WMIETA BREREREL L RTEREMAZIER - ERAR
s G~ B B2 8 T R A 2000 AT BRI © TR SR RAT o #i5 Lin and Chen
(1966 ZEHK A T2 16 LB T © FLIREROS S WGl 1T 48 NN MR » TR EE
R SR TTS 5 2 SOOI KEIP A B Z AR IBE ~ B ~ B SUF » TR
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LEUERSE W 5T £ 2 i R AL ER A A

AR o XAEMR TR NS RIE S BEA E R 82 o
{0~ FRRE BRI B A 2 B AR T S e ?E‘be o HRMBBEELEAMHRIE o

IR

= HabsEERAaz E4aEE Ckglha)
N / KB 1 mfgay M Z R Ckg}
/ D - BV I Ffl
/S P ) 1040 2040 6990 10230
637. . . . .
0 7.1 438.4 850.1 794.7 736.7 Fp=8_ 40k
1950 187.6 239.7 643.5 491.3 590.5
- y " L
g O 156.6 110.9 173.2 182.8 130.6 Fpe—2.23
1950 16.5 45.1 119.7 113.2 110.2
0 28.3 33.0 53.4 21.0 10.8 Fp=2.22
1950 14.3 47.0 28,7 16.6 16.8
— e T I
. 0 191.5 224.9 205.4 134.2 71.6 Fp=0.04
1950 135.8 45.9 98.5 147.6 198.5
0 0 84.5 73.2 138.1 114.5 110.2 Fp=4.17
1950 43.9 58.7 92.4 99.9 130.9
# 0 136.7 246.6 221.2 2994 438.8 Fp—0.45
1950 103.1 369.1 416.8 218.2 163.7
. 0 1234.6 1127.0  1641.6  1546.7  1498.7 Fp=9,16#
1950 501.1 759.6 1199.6 1077.9 1210.5
N )
* pgkp= C4 0.05) =6.39
F Rtz REAeZTEEE (g) (196942411 FI)
N/ IKEE TR TR 1 R il Che) . ,
/ %MW or HHER
S P ¢ 1040 2040 6090 10230
0 980.5  764.1 142.2 1324.9  1324.7 Fn= 30 1[**
i Fp=11.67%%
1950 321.5  460.9 1092.8 © 925.2  996.2 an=1.oa n=10
0 490 453.3  486.9  270.2  191.8 Frn=="7.46%
oL p=2.12
1950 344.8  229.3  196.7  300.7  428.0 Fnp=25.85% n=6
o 1519.4 1124.3 2403.4 1951.4 1330.1  Fn=—273.62%
% Fp=62.20%%
1950 160.1  437.4  1355.1 1107.4  1069.4 Fop=13.91%¢  n=4
0 456.7 1032.5  863.3  373.3 480 Fne34_58%%
i Fp=9.,92%#
1950 L207.5 190 700 270 325 an=5.36** n=2
0 170.7  145.5  273.4  498.7  224.8 Frn=14,46%
# Fp=4,85%*
1950 88.0  118.6 184.6  185.3  267.5 Fop=0,71% n=6
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Primary Productivity and Fish Yield
By Yao-sung Lin

- Limnological Laboratory, National Taiwan University

Smhmmy

In this study attempt was made to determine the relationships between mineral
nutrients, primary productivity and fish yields. Four ponds A3, A4, B3 and B4 in
the Chupei Fish Culture Station were selected for investigation during the period
September to November 1969. The results show the average PO,-P concentration at 0.27-
0.56 ppm because of regular fertilization, is high as compared with that in the other
ponds, and that the oxygen content at sunrise varying from 6.18-6.87 ppm in all
the ponds is adequate for fish growth.

Pond A3 has the highest fish yield but the lowest in concentrations of Cal, Mgt
Nat and alkalinity value. Pond B3 to which N-fertilizer was regularly added contained
less NO,-N and NO,-N than pond A3 which received no N-fertilizer at all,

Gross primary production of the four ponds was measured by McConnell’s method
over the experimental period. The average values are 726.85 Cg/m?/year in A3, 719.54
C g/m*/year in A4, 978.87 C g/m’/year in B3 and 894.86 Cg [m?/year in B4. These
values are as high as those in Israel and Athens, Georgia, U.S.A. fish ponds. From
the data it is found that there is significant difference between A and B series of
-ponds.lThe gross photosynthesis is especially high in September and low in February.

Chlorophyll & concentration is the highest in A3 reaching a maximum value of
213.5 mg/m3 on November 25, which is comparable to 212.3 mg/m?® in Israel. The
average chlorphyll g concentrations from September to November in these four ponds
are 95.9 mg/m? in A3, 66.8 mg/m? in A4, 117.4 mg/m? in B3, and 111.4 mg/m? in B4,
but there is no significant difference among these ponds. The chlorophyll g concentra-

tion is 50-74% of the total chlorophyll a+b+c.

More studies are required for adequate interpretation of the relationships between

primary productivity, mineral nutrients and fish yields in fish ponds.
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%Z?FHQ’E s DS BRI R - ;
IR EBRER A4 [0 4 2 BER GIEEINE—F7 o GIEERE19695FE 2 ARE
FELL A1k o FHAIRAES80% Hill » RIES TS8R » kBRI S g EH— ~ 1 o
1, WkabEEERAESR
 mREER D | R kgha
WRme kem  Call(PO), (NHDSO,| g #8 M & 8 Al

fizk

| @
Rt

856 208 143 63 174 221 1665

Ag 970 6 2104 0
A, 1067 70 6902 0 1800 137 119 20 184 299 1568
B, 679 66 1385 1358 }649 101 97 38 120 417 1422
B, 485 62 2953 970 497 150 95 26 114 218 1100
|
;] *

B196947 9 2 HBRs » HHITR T RHBA 2 Hob BTy R B #¢10em » #100em iy B
EEBREBA » HA 500ce pIsFRNEH » FEENE B MR R AR » DEKRKTN—BEYR
s PR 5°CHKEA » KREREIG » B RRFERM > M EFHEEEKEIE » ZRR
2 REEEIEK FHA4Tmm¥yMilliporeEfK i 100ccfy K » ﬁ‘ﬁfﬁﬂj{y@ﬁﬁ_}:‘%fg{/ﬁm[j% °
BIFRET EWT ¢
(1} Conductivity——FgModel (M-IDB) fgConductivity meter BRI o
(2) PO,-P——F} Modified Single Solution Method »
(3) NO -N——H Hydrazine § NO BEBNO; » HEinSulphanilamide R N-(1-Naphthyl)-
Ethylenediamine & NOy AT Azodye » SRR 520mudk ERIE o
(4)NG,-N » Si0; » B Alkalinity ¥4 FiStandard Mathods for the Examination of Water
and Wastewater (1967) fhBEiFI&IERMER o
{5) K+ ~ Nat ~ Mgt ~ Catt——g K] Atomic absorbance Spectrophotometerffijsg o
(6)iE#:F——m Richard & Thomson’s method o
(TEBLPER
(a) #EAMcConnell (1962) FTHIMZ A% HHIZO B LA o
(b) #A Odum F Hoskine (1958) Brimii g 3 /NEEO, 2 B AW B L Bt

7 ®
kHE
% 2 BHEE EE N\ RAEN TSRS o
7 3 B& A KEEER S WBRIER -
F4 BRABRMIZO0E S BXE - B/ MERER -
B I BRAzO BB AE - HEMBppm o
B2 BRAM ETRKAERBE LT <
@R pRLEs
(a) TR £S5~ FBRAMKUNES L ERBRBRERRE - HBEN S/l o
(b) XAERAEE D McConnell (1962) WESEHEBTRGNINET » K8FA - FRIRK
Qdum 88 Hoskins (1958) $i McConnell (1962) FEprhiS 7 bR 7 ik o
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Table 2. Mineral Nutrient Concentrations (ppm) in four ponds of Chupei Station

A3 A4 B3 B*
Mgi-t 6.519 +1.231 11.924 + 2.951 14,123 + 4.6542 13.249 -+ 8.861
Catt 25.957 +1.936 34.676 -+ 7.823 34.708 - 6.433  36.710 + 7.487
Nat 10.180 +-1.125 12.161 -+~ 1.984 . 12.051 + 2,155 12,365 + 2.307
K+ . 1.481 0.331 2.014 + 0.401 1.700 + 0.473 1.781 + 0.241
Si0, 11.437 +4.105 10.526 + 8.125 12.607 -+ 3.322 14.331 1 3.360
PO,-P 0.351 +4:0.223 0.563 + 0.331 0.271 2 0.089 0.504 + 0.120
NO;-N 0.2506-+0.0141 0.0049+ 0.0057 0.0153+ 0.0166 0.0103:- 0.0118
NO.-N 0.0048 40,0057 0.0033-- 0.0014  0.0093:+ 0.0083 0.0040+ 0.0026
Alkalinity 49,816 +-7.599 86.197 +18.796 80,288 -+17.003 74.193 4-18.517
21 20
5h 69-9-16,i7 - 75[ 69-0-2,25
AJ 70\/_‘ AJ Io\\___,/‘_-—\
5 L . . —t 5 1. L L L -

O, (PPM)

57 15t

g B .
“ IOM 4 ION/\-

TR IR L R L
TIME
B 1, PritiERTahA s E B
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ok

%38, MritsilokBERIR TSl REER (ppm)
Ag-A, As-B, A,-B, A,-B, A-B, B;-B,
Mgi+ —5.405%%  — 7.004%% — 6.731Fc 2,199 —1.326 +0.874
Catt —8.719%k  —17.751%F  —10.754%% 0,033 —2.035 —2.002
Nat —1.982%¢ . 1,872k . 2.186%*  10.110 —0.204 —3.314
Kt +0.533 + 0.219 + 0.309 +0.313 +0.232 +0.081
Si0, +0.911 — 1.170 — 2.804%k  _.2,081* —-3.805%% 1,724
PO,-P —~2.212% + 0.080 — 0.153 4+0.292%% 10,059 +0.233
NO;-N 40,0056 — 0.0048  — 0.0002  —0.0104*  —0.0054 —0.0050
NO,-N +0.0015 — 0.0045 -+ 0.0008  —0.0060 —0.0007 +0.0053
* 5% EE o ** 99 BHE o
F4. RABRAEMZO ZBK{E BB/ MER HZEE (ppm)
- BOA @ R ORI 5] B
- e e IR
A, Ay By B, A, Ay B; B,
10.43 9.98  11.60  11.55
27/2 9.0 o 04 8 35 g o9 143 094 3.35  2.56 2.05
14.40  10.69  12.65  11.33
3/4 5 49 3 82 198 19 391 687 7.67 714 6.40
12.41 9.49 12,65  12.82
24/4 1580 5 43 o 05 Coz 1.61 406 3.60 .80 4.02
- 6.59 9.63 9.16 9.82 < . s
22/5 450 441 .49 167 20 519 4.7 5.15 4.30
6.50 7.70 7.35 7.42 .
20/6 124 158 1,90 ige 2:26 312 245 2.56 2.60
- 8.15 12.78  10.72 8.77 .
17/7 351 716 411 407 64 5.62 658 4.70 5.26
10.59  18.08  14.11  11.05
14/8 6.06 615  11.64 580 453 —— 247 5.23 4.08
14.87  15.42  10.81  10.59
2/9 o8 760 412  so0g 759 7.82  6.69 551 6.90
17.32  15.07  17.06  19.78
17/9 6 82 6.19 2'70 5go . 10.50  8.88 14,21 13.89 11.87
20.21  18.44  14.7 13.83
29/9 0 86 8 50 6 48 71y 1035 9.94  8.28  6.64 8.81
8.56  14.21  13.80  15.37
9/10 <%0 8,78 6.85 780 2:86  5.43  6.95  7.57 5.70
10.40  14.98  13.90  13.62
25/10  “"7g 8 01 6,19 712 322 6.07 7.7 6.50 5.88
15.59  13.20  14.37  13.14
9/11  "7"g9 763 747 663 7-60 8.8 690 646 7.45
. 12.41  12.45  11.56 12,05 |
25/11 7Y 701 7,80 7_9§ 5.30  4.5¢ 3.76  4.12 4.43
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#5 XK HKa (mg/m?)

%%55%\\\%E§§? 1/9  16/9  17/9  30/9 14/10 26/10 10711 25/11 |7 3

A 199.4 22.3 71.6 85.7 207.0 32.7 121.0 213.5 | 95.9

A, 95.3 66.3 30.3 23.8 22,5 99.0 121.0 76.1| 66.8

B, 132.2  138.7 99.3 76.0  100.4 135.3 204.0 53.1 | 117.4

B, 102.3  192.2 129.¢ 50.1 55.8  131.5 76.5 99.8 | 111.4

= # 132.3  104.4 82.7 58.9 49.9 89.0 130.6° 110.6, 97.9
T T e : — .
é:géi%xmo / 63.0 49.9 57.55 51.62 67.71 74.29 53 70 51.63: 56.0

%8 BMEMRE atbt+c (mg/mY)

a0 169 179 30/9 14710 26/10 1011 25/11 | A

s 3 I - o
A, 334.5 136.5 128.5 158.5  25.8 52,7 231.1 4375 182.7
A, 171,5 119.9  76.4  50.6  31.2 162.0 242.0 121.8| 1219
B, 194.2  245.0 159.7 147.6 164.2 235.8 342.5 113.6  200.3
B, 139.6 ~ 339.4 210.6  99.7 28.8 157.2 184.0 | 194,1
7R | 2100 210.2 143.7 1141 73.7 119.8 243.2 2142 174.8
#7. HERRENS BAT B BT (& McConnell )
0, g/m’/day C g/m?/day

Ay A, B, B, Ay Ay B, B,

27/2 1.60  1.20  3.35  3.88 0.48  0.36 1.0 1.I6
3/4 10.37 9,10  11.14 8,00 311  2.73 3.3 2.40
24/4 — 541 578  6.70 — 1.623 1.734  2.01
22/5 3.20  9.16  13.74 3.55 0.960  2.748 4,122 1,065
20/6 418 407 4.70  4.35 1.25¢  1.221  1.41  1.305
17/7 9.97 10.69 13.16  9.07 2.991  3.207  3.948  2.721
14/8 6.12 — — 811 1.836  — — 2,433
2/9 15.28  13.32  14.94  12.95 4.584  3.996  4.782  3.885
17/9 15.53 14,06  24.40  22.72 4.659  4.218 7.32  6.516
27/9 15.25  10.12  18.99  16.14 4.575  3.036  5.697  4.842
14/10 6.46  10.17  16.79  17.32 1.947  3.051  5.037  5.196
25/10 7.45  13.22  20.54  17.97 2.235  3.966  6.162  5.391
9/11  11.17  10.08  12.54  12.16 3.351  3.024  3.762  3.648
23/11 4.62 4.79 4.71 6.47 1.386 1.437 1.413 1.941
754 8.55  8.88  12.75  10.67 2.566  2.663  3.826  3.201

33
(1) Fp=6.88 F (5 [ n5)=4.44
(2) 0,%0.3—C (Ryther 1956)



8 it 2 EEkkER kg/m?/day

0, g/m?/day C g/m?/day
A3 A4 B3 B4 A3 A4 B3 ‘ B4
27/2 1.20 0.95 2.14 2.48 0.36 0.28 0.64 0.24
3/4 7.88 6.92 8.47 5.60 2.36 2.07 2.54 1.68
24/4 —_— 3.62 4.39 4.69 — 1.09 1.32 1.41
22/5 2.87 5.40 9,48 2.17 0.71 1.62 2.84 3.78
20/6 3.80 2.73 3.48 3.00 1.14 0.82 1.04 0.93
17/7 7.48 7.27 8.95 5.71 2.24 2.18 2.68 1.71
14/8 4,77 —— — 5.84 1.43 — —_— 1.75
2/9 9.63 7.90  10.52 8.16 2.89 2.40 3.16 2.45
17/9 12.89 9.70 16.35 15.22 3.87 2.91 4.90 4,57
29/9 11.92 7.79  12.34  10.19 3.57 2.34 3.70 3.05
14/10 5.23 7.22  10.41  10.56 1.58 2.17 3.12 3.17
25/10 5.96 11.59  13.56  12.28 1.79 3.45 4.07 3.72
9/11 8.04 7.76 8.53 8.39 2.41 2.33 2.56 2.52
23/11 3.09 3.45 2.97 3.75 0.93 1.03 0.89 1.13
7 6.48 6.34 8.58 7.01 1.94 1.90 2.58 2.10
Fp=4.53>>4.44 (550.05)
£9o ZREXBEERMAHEZHE (0, g/m?/day)
Odum & Hoskins MecConnell .
X,/ X
25/10  9/11  23/11 ZFEEX, 25/10  9/11  23/11 X, '
As 7.78  11.25  13.03  10.69 7.45  11.17 4.62 .75 12.5%
A, 10.15 12.40 7.46 10.00 13.22 10.08 4.79 9.36 93.6%
B, 17.442 10.17  10.85  13.08 20.54  12.54 4,71 12.59  96.3%
B, 17.34 9.41 6.80  11.18 17.97  12.16 6.47 12.20 109.1%
B i
(B

HREE——FRAs M2 R T (6 F349 « 816ppmAt » K2 I 3 T4ppmPl k- o g
WfE H AP KRS ETEA o HiSatomi (1962) MFPRIZIE » HARMIRI MR 6022 7F10.0
~30.03ppm 2 Y o i EE SARREIE  IIABALRAEEE o (Satomi 1962) o itttk BEBR » A,
i R R BER A > (ERAZ R ERIRR o Mol S » Fritg s DI S

TKHE ©
PO,-P

As, Ags By, B,ZPO-P &R HFH£R0.35, 0.56, 0.27 5 §20.50ppm o A,81B,

B R IFE NI EASEB R o HEF R TR A 2 MIERFBTEC 0 A, 528, 4210 5 £ 204g /m?
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) A, 81 B, HIE 609g/m? o (KFRIR(LOCDAIETRISLT » —M A 7 W7 R 0. 005~
0.05ppm o H4{Hutchinson (1957) MR EBRILTR& M T A kpi & BrErS » 49780 4Tppm o
RUKIBTCH196T~ 1969 1F 1 B2 A AL RN 2 PO,-P2 454 B30 132ppm o (Liaw
19697 Mol PO, - PRI 800 PO,-P 2 AT » WP A B HIEMRATE o Sk
FRIF Y RSB EE RIRET B EL » B Ao, By M AUEEERRIT » JPO,-Pr A RIE0. SppmAits /
HIREIIERIE (Moyle 1946) 2 fAiMiSg 8 P0,-PARO0. 1~0. 2ppm2 MHMH R o

69-9-29

H A

0

B2 FricEiEhR e s LR
NOg-N——§f1967~ 1969 FE BTt 2 H A AR M A B ISR HTIER 0.056ppm o [yl
A RS SR 0.25ppm > H LILMERS » Hep AR 7E 0. 015ppmDIF » B BIRfE(K < B
ERMGE AN  BEARK TR » FIRE o BHAER MR A BAER » IERIEIEREL

S e AL B BR R #5 RS ARLL o
NOy-N——&fifa it 2 NO.-N Figfe & 75 0.003~0.009ppm 2 » HEFIE © {kEppley

(1969) ZHt5e » BB Chlorella, Anabaena, Gymmodinium Simplex SEREFIMREFR: »
PINHF-NEEE » EINHANZBEEEE—RER » 3@ JFIH NO-N 5 NO-N o #14t B
B2 (NH,), SO, 1k sbINH - NEETFE/E » T BAERIU » i NHL+ ek Nitrosomas
B Nitrobecler “5H4/05 NO,-NENO-NZEMEAT o FribtaltzNO,-N S RIHE » 307tk
ERIF LT Eppley 2 HABRE RIGRE o

Ca B Mgtk FoiCa SEMg 2 B SRR EEA H UBAR » HIAR MR T © A
Jir=—13.684842.2011 (Mg¥+Ca®) o Mg" RIERRATNHEERST » BRFIRERD » BR

Mgt 25 SO RS TS BAG o Ca¥ Skthz PO,-P [UTELA IR (Hepher 1958) o X
g1 Ohle (1934) #iRailiz i CHIEBRE1969) » Catt & E7E10~25ppm ReBE A i skithig »
25PPmH§EIJI§M§.‘%E§B{J—‘%&T o K}%A%?&ﬁ\%ﬁ%25,9pprn Ao Eé%fgrﬂﬁi’:]ﬁ?ﬂlppmgh . &j}/\\,’ﬁ_jt
B ERECaZGhZT

Na §i K—— iz Na B jMa 2 8 B LI AR o Plinks ~ 88 ~ 85 STETRZ Yokl »

kA Na 5 50~300ppmigiy » HA R EERM » BHbAdta Na BRIRHT » RIEHEIE > RIS
HEERG AT CHIEAEHEL69) - KBERHEYFBEBRTLELZ— RoHZ itz R K
ARTEL.48~2. OppmZ i » TiFHNa g 57E10~12. 3ppm 2 i » BEERERM: » Na, KARZERT
W2 4 O MBI 2R AA7E o M1 Na ~ K YERkthZ SRR izt RFE R « KY
=0,1243 Nat++4-0.3175 0
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E 3. At ER Gross Photosynthesis 7l

Si0;—4 iz Si0; SEFHRAELI~1dppmZ il o Si0; BEHERF AT BRDWITHE o
4 O SRBEI0OE (1969) BEZ2EMAZTHEERS » RAMBRENE > BETRB
Ze ‘

0p——Odum (1956) B#H : EBILXPZERIBRQ=P—~R+D» PRKPEHIL
A% REBMRE > DRBEHE - P ANGEENER P REHAN > RAREYESEZEE
HAD =K (100-S) » K SEEHFR S BOZfaMBE « B3Ok (1969) JREfa » Maith0; 28
EERARIERA > WIEEEBEZRE BROLSFEREE - R 4 —HIZ0R AR/ ME
ZEFEHBTIRE ) BIEANML A BAMBA » hEES - Ko PERRARIE B EMRNRSR
F—B o RO EZWETPLEL LAPERK » BB REER > L2 9 ARFK » £i10,2—H#

LIRSS . 51~14.21ppm o ifjj 2 ARGBLIEERINA 0.94~3.25ppm » LERENER FERS
B o

Tanner (1962) 2 U B S EHO, A B FHIER N GIER S » BEEEAR » 0,28 E
o HEE b AR AR T BB R © As, Ay, By, By ihi24E0, S BN H MK B15836.82,
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6.87, 6.37H16.18ppm o HLE A& AR Z O B B S I o ATl B HI(A M. 6:00)220,5

» R AR SRS SR o HEE AN 0 A5133.51~10.80ppm » A, £53.82~8.91ppm » B, £5 2.79~
11.64ppm, By £54.67~8.99%ppm » FIERERTE » HARMZ0.E8EHW » & RBIbARZE
BYERERBI L '

RO, Z BHEMLE » TIBBAMAMO, &R RS b2 R AT » i H MEDP. M.
15:00 O,MpH g L7 » {H15: 0028 H 35 i 2 O BB LR i TEBE A b e i S 7Rl o A2 10 H24 1
~25HE11 A 8 H~ 9 BB, MhEfiara< A » A0 4 B R# LB A 4R o HhEH » Ak A&
B0 i HO A BRRRE » (B EREET - RMEABRESWROZBBBIR » DIHEZM
2B MY ) DI B Rk

Mk B » T EEEREEAEEER o k9 A~11 A2 &Mk L a2 mzEEt B35
: &9 H28H IR A CInE R » Htg ik L TIER e 0.5ppm DI © 55 B
B s B BAME I RIRBRA » BRI L TRANR—Z o

(Q)Epi R

McConnell (1962) B Odum and Hoskins (1958) “Fi itz ML ER 2 E
HAIF 9 BT © R AWAITLJ123 B 2k 2 B A M A BRI R B2 12,56 » S =1
M ZFE S He RN I  HAESE - ShDUEREEET S 0 Odum s » REd @B —RZ A& EERY
2038 (il » AEBIEHEEUE o McConnell FLAIE » [HEEBE D > SHEIFRE » P15
MR #5765 » McConnell #:{DHREH o Welch ( 1968 ) 7RE 1 McConnell ;‘fﬁiﬂ%féﬁi{gzgﬂg
PR A EEERERRA BRI ZEZ 5 % o EEER[ HEAREERSFHEER
P. M. 15:00FP. M. 18:002 0.8k R—FIFLR » S REE RULS » I T st E BRI
HEISREGHPIRIR o

BT ~ 8 TR FHERYM > A > BTEMEREEREE (C g/m’/day 5 C g/m*/day)
HHEEER - BEELBAEA » WHET ~ SHFTR o AlZEFEEERE (g/mifyear) Ay 1§
726.85, A, $5719.54, B, £5978.87, B, 55 894.86 o

105 B B S 1 BIA SO RO BURE R » TRK M B AIEE R S A R R SRR a B
PERE > hBEH 8 BEUEI0E B Pt ihr e R ED G TIHLE K BB E R Athens |y
it BB MAEESEERERY. 9 Cg/m’/day -

FCp A By BEMEENE 3 TR o BB R A R Hrp Rl o ARy 153,03
~7.32 Cg/m*/day » 2 A% > /5 0.36~1.16 Cg/m*/day o JFE Rz B R BMMER o KB
HaiipiiAthensfih IR R DIE El{E3. 75 Cg/m?/day » FhEFRY0.90 Cg/m?[day [ (Welch
1968) o

%5 > 36 WK A B A HIERR S A B AN Bl P8R A ~ B R
BEBEER o 0 A0 ~10 526 0 2 1k o FIREMIRISF 65.9mg/m® > HAMKRRTZ B AR
112.2mg/m? o 5 ~ % 6 PEREHEHR Rl B ERREZO0~T1% - '

2RO 7E R B SR — R DIIE R a 15 R MY o IREERRSRO B RIKE » ik
Bk s B 5 ~ % 6 RERISEME @ [ 2RREZI0~T4% o P IR 2 & BARE o MR
B A TR ¢ 2B 213.5mg/m? > HEIOE (1969) ZABLHMERAGEZRHE
137mg/m3Eis » S dbsie KEHIEHEE o ,
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£10 FAbME AR E R B R R R o ZIBEE

e N LI "
g/m*[day mg/m?
Pieslkit
FHEREM (1960 F =) 1.31—1.81 8.8—115.5 Hepher 1962
RN (19604 E =) 3.26—6.43  103.4—212.3
H A7
BRI 0.20—1.70 —_— Ichimura 1964
rh2a 3804 0.05—0.30 — #|E Aruga 1968
BB 0.03—0.10 — : '
SBE RN Athens futh A
FEEY 3.75 Welch 1968
e 12 0.90
22% Canyon Ferry Reservoir
& AT 0.85—1.62 2.1—16.7  Wright 1959
(FHlae)  (PB.9)
2] Gastle Lake 1.68 _ Goldman 1968
2 Clear Lake 7.20 —— Goldman 1968
2 Truckee River 0.49—1.41 —_ Thomas & 0’Connell
28] Stream of Oklahoma . 3.03—14.40 0.3g/m? Frey & Stahl
fn&k Southampton Island 0.01—0.12 —
LW 0.32—6.25 1.16—137.0  Liaw 1969
¥ ]

(FHEAs, Ay BoSIB M MKIRISEIET » &k ISR B R B2 K o

(24, Ar, By 52 B,ZPO-PRARE 0.35, 0.56, 0.27 § 0.5ppm o

() BHHEN JE » JELNO,-NZ5 4 5 730. 0128ppm M7 N JEZ Ao 7t 0. 25 ppm Bt » AR
By o .
@Az i ER R » (B Mg, Ca, Na, Alkalinity ZRGEERELEMEMEEE -
(5YA;, A, B;, B2 HF0, hEHZ BB ES 6.82, 6.87, 6.37 # 6.18ppm » fH9~11 5
ZO0: AR BB BN 9 ABANBZ0, L TEFZERN » Hh &R WG20: LTFEHEEER o

(6121 McConnell A3 A 2R (o) AMAEERM (g/m/year) » Ay 726.85, AR
719.54, B;£978.87, B,53 894.86 0

(7)9 AMsZ &t 2 ERFIER 3.03~7.02C/m3/day » 2 HZRIGLS 0.36~1.16Cg/m?/
day o

(BYPTIL e TERR SR 7 B F5213. Smg/m® » B 5 2 B 6213, 3mg/m® AR » HEERR
K 0 15 2 ERR L 50~ T4% » 2l MEERESR i B B R o
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