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EXPERIMENTS ON INDUCED BREEDING
OF THE GREY MULLET,

MUGIL CEPHALUS LINNAEUS*
I-Chiu Liao®, Yeoung-Jaung Lu®, Ting-Lang Huang®
and Mou~Chun Lin®

Abstract j

This paper is the sixth report of the Working Team on Artificial Propagation of
Mullet. The team consisted of the research personnel of several fisheries institutions in
Taiwan and was first organized in 1963. The site for work in the 1969-1970 season was
Tungkang Marine Laboratory (also known as Tungkang Shrimp Culture Center) in
south Taiwan.

The grey mullet, Mugil cephalus Linnaeus, is one of the important commercial
fishes in Taiwan, and is especially valued for its roe. For stocking in fresh and
brackish water ponds, the fingerlings are normally caught from estuarine waters along
the west coast of the island from December to March. Recently, the catch of fingerlings
from natural waters has been poor and a shortage of supply resulted. In order to
produce fingerlings by artificial propagation, the team has carried out experiments for
six years during the mullet spawning season. Significant success was achieved in the
experiment from November 1969 to February 1970. A total of 431 hatched larvae were
obtained, measuring 3.28 cm and weighing 0.34 g on the 45th day. They were about
1.5 times larger than the fingerlings normally collected from natural waters and were

robust and strong. Some of them were stocked in fish ponds and grew to 28.1 cm and
217.4 g by the 200th day.

1. Introduection

The grey mullet is one of the important commercial fishes in Taiwan.
Mullets, mainly of the four and five year class measuring 42-45 cm, migrate
southward for spawning in schools. After entering the Taiwan Strait they

* Contribution from the Tungkang Marine Laboratory, presented at the Symposium
on Coastal Aquaculture, IPFC 14th Session, Bangkok, Thailand, November 18-27, 1970.
1) Tungkang Marine Laboratory, Taiwan Fisheries Res. Inst., Tungkang, Taiwan,
Republic of China.

2) Tainan Fish Culture Station, Taiwan Fisheries Res. Inst., Taiwarn, Republic
of China.

3) Taiwan Fisheries Bureau, Taipei, Republic of China.
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head towards the middle region of the west coast of Taiwan and then proceed
southward along the coast line. During this period from December to
January, they are captured and the roe is dried for local consumption and
export to Japan.

Mullet fingerlings are caught from estuaries along the west coast during
the period from December to March and are used for stocking either fresh or
brackish water ponds. In recent years, the catch of mullet fingerlings from
estuarine waters has been poor and mullet farmers often face the problem of
shortage of mullet fingerlings for stocking their ponds. In order to supply
enough fingerlings to fish farmers, a team of workers consisting of personnel
from the Taiwan Fisheries Research Institute, Institute of Fishery Biology of
National Taiwan University and Taiwan Fisheries Bureau, have carried out
experiments on the artificial propagation of mullet each winter since 1963.
The work was first carried out at Sanwei, Kaohsiung IHsien. A research
fellow of the Rockefeller Foundation Fish Culture Research Project in Taiwan
joined the team in 1968. Dr. S. W. Ling, FAO Regional Fish Culturist for
Asia & Far East, participated in the experiment in 1968/69 and 1969/70
seasons when the work was shifted to the Tungkang Marine Laboratory (also
known as Tungkang Shrimp Culture Center). In the winter of 1969, Dr. Z.
H. Shehadeh of the Oceanic Institute, Makapuu Oceanic Center, Hawaii,
U. S. A. came and worked with the team under a Sino-US Science Cooper-
ation Project.

In the first and second seasons of research, the work was mainly on
selection, transportation and impoundment of the spawners and hormone
treatment (Tang ef al., 1964; Team of Artificial Propagation of Mullet,
1965). In the third season, rearing of larvae was started (Team of Artificial
Propagation of Mullet, 1966). In the next two seasons, effort was made to
improve the method of rearing larvae and controlling environmental
factors (Team of Artificial Propagation of Mullet, 1967; Liao ef al., 1969).
Finally, in the fifth season of the experiments, i.e. from December 1968 to
February 1969, 2 larvae survived for 30 days; they measured 1.0 and 1.1 cm
and were covered with scales. The reason for their death was the lack of
adequate warming equipment, with the result that they died when the water
temperature dropped suddenly (Liao ¢t @l., 1969).

In the sixth season, 19 spawners received hormone treatment, of which
12 ovulated successfully and the eggs of 9 of them hatched. A total of 431
larvae survived and measured 3.28 cm and weighed 0.34 g on the 45th day.
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They were about 1.5 times larger than those collected from natural waters.

These were robust and strong, suitable for stocking.
2. Materials and Methods

2.1 Spawner
A special raft (7.55 m x 1.34 m), constructed of 8 plastic pipes (16.5

cm in diameter) and fitted with an outboard motor of 113 cc (Mitsubichi
Model S5), was used for going out to buy uninjured mullet from the catches
of professional fishermen. To minimize injury to the fish, the fishermen
were asked to release the fish gently into rectangular bags made of plastic
pipe frames lined with nylon cloth. The technicians from the Laboratory
selected the male or female fish in the bags and examined the stage of
maturity. If they decided to buy the fish, they put it in a thick blue or
black plastic bag of 60 cm x 90 cm. One to three spawners were held in
each bag, which was filled with 30 liters of sea water and then inflated
with oxygen. The bags with fish were then taken ashore to the stock tanks.

2.2 Stock tanks

Of the four outdoor tanks of 5bm x 7m x 1.5m in size, one was divided

into two parts with a nylon net for holding the spawners after hormone
treatment. As required, the spawners were taken out for examination of
their condition. Fresh sea water was pumped in with a 2-horse-power motor
through a filter pipe inserted about two meters below the surface of the
beach about 10 meters from the tide line. The flow speed in each tank was
about 50 1/min.

2.3 Hormone treatment

According to the experience of the previous five years (Tang et ql., 1964;
Team of Artificial Propagation of Mullet, 1965, 1966, 1967; Liao ¢f «l., 1969), it
had been found best to give the first injection within one hour after stocking
in the tanks and the second injection within the next twenty-four hours.
The total dosage for each fish was 2.75 to 5 mullet pituitary glands mixed
with 20 to 50 Rabbit Units of Synahorin. In addition, most of the spawners
received 50 to 150 mg of Vitamin E. Some of the spawners were placed in
50 ppm aureomycin solution for 40 minutes for sterilization.

The pituitary glands used were collected from large matured male and
gravid female mullets soon after capture or immediately after death. The
pituitary glands were preserved in acetone and stored in a refrigerator,

2.4 Egg collection and artificial fertilization

Fel
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Usually the eggs expelled by the spawner within 40 to 50 hours after the
first injection had more chance to be successfully fertilized (Liao ef «l.,
1969). To determine as closely as possible the ovulating time, the spawners
were netted and examined every one to two hours. In carrying out artificial
propagation, the mullet lost scales easily and became too weak to tolerate
repeated manipulations during its breeding season. Therefore, they could
not be kept for more than three days after hormone treatment.

The best response to hormone treatment was found in one spawner whose
belly became extended in little more than ten hours after the first injection.
On touch by hand, the belly felt loose and scft. When it was ready to
ovulate, slight pressure on the anus would make the eggs flow from the
genital pore. The ideal case was the so-called “water eggs”, i.e., a large
amount of eggs flowing out at the moment the spawner was caught.
Eggs obtained in either of these ways were suitable for artificial fertilization.
To strip the fish, one person held the tail of fish with his left hand and the
trunk between his right arm and body, wiped the water from the fish body
and pointed the fish head obliquely upward with the abdomen downward.
A second person lightly squeezed the abdomen from the pelvic fin to the
anus with his left hand and held a plastic basin with his right hand to receive
the eggs. If the fish was ready, eggs would flow out. It would be best to
have a third person hold the snout of the fish at the same time.

Fertilization was generally carried out by the dry method. Stripping the
milt was done in a manner similar to stripping the ova. However, the male
mullet was always smaller in size so one person could hold and squeeze it
to let the sperms fall onto the eggs in a plastic basin. Meanwhile, a second
person mixed the eggs and sperms carefully with a goose feather and rinsed
them several times with sea water. Fertilization was then completed.
Sperms in water do not survive for more than one minute. Therefore quick,
skillful action was needed.

2.5 Incubation patterns

Hatching was done in round plastic tanks of 0.5 and 1.0 ton capacity in
flowing and stagnant water. In the flowing water type of hatching, two to
three conical hatching nets were hung in the water, and their tail ends
connected with a plastic pipe to supply the continuous upward flow of fresh
sea water so that the fertilized eggs would continue to roll in the net. In
the other type of hatching, the tanks were aerated, and once the water

became stale, it was changed. Usually when there were fertilized eggs in
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the tanks, a siphon pipe was used to let water in and out at the same time
so that water quality would not change sharply.
2.6 Rearing of larvae

The larvae were reared both indoors or outdoors. Plastic tanks of 0.5
ton were used indoors and large tanks of 5m x 7m x 1.5m (actual water depth
0.6 to 1.0 m) outdoors. The latter were covered with plastic plates to
prevent sudden changes of temperature. Water in the rearing tanks was
refreshed gradually.

2.7 Food for larvae

Prepared materials such as cooked egg yolk, soy-bean milk, ground pig
liver, flour, milk powder, albumin from eggs, fish meal, yeast and artificially
fertilized oyster eggs and trochophore larvae as well as rotifers, copepods,

Artemia nauplii were used as food for the larvae.
3. Results

3.1 Spawners
The first spawner was obtained on December 19, 1969 and the 19th one
on January 11, 1970. They weighed from 1.8 kg to 2.5 kg and measured
51.5 cm to 61.0 cm. Twelve of them ovulated, and the eggs from 9 of the
12 hatched with a percentags of 47.49 (Table I) which is more than four
times higher than the 10% of the previous year (Liao ef al., 1969). A

Table I The response of spawners to hormone treatment.

Ovulated but | .
"Ovulated eggs not hatched  No ovulation Mistaken
. and [Fertiliz- Respon-| . 5 | | in sex
Response eggs | ed but Unferti-sive but Died No | identifi- Total
hatched | no lized |not from response| cation
1 cleavage }spawning njury
‘Number | \ r ST T
of treated 9% ‘ 1 2 | 0 ( 3 2 2 19
spawner ‘ [ \
o “ l W ‘ ‘«' E
% 47.4 ‘ 5.3 ‘I 10.5 0 15.8 10.5 | 10.5 ‘ 100
| !

* Including one fish which was found to have spawned naturally in the
tank and the remaining eggs of which were artificially fertilized and
hatched well.

Also shown in Table I, three spawners died of internal injury and the
sex of two was wrongly identified. The workers were successful in keeping

most of the spawners alive with the help of accumulated experience,
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3.2 Hormone treatment

Twelve spawners out of 19 ovulated after hormone treatment, making a
high percentage of 63.29. Among these, the eggs of 9 spawners hatched
(one ovulated naturally and the eggs were artificially fertilized). Two
spawners did not show any response at all to hormone treatment.

Table 2 shows the dosage of injection and response of the 12 spawners.
Spawner No.1 showed the slowest response. It took 67 hours and 15 minutes
after the first injection to achieve ovulation. Spawner No.2 showed the most
rapid response. Spawner No.3 received the least hormonal material.

In general, most of the fish received hormone treatment of 3 to 3.5
mullet pituitary glands combined with 30 RU Synahorin. All of them except
No.11 received an injection of Vitamin E. The 9 which hatched all received
injection of 150 mg Vitamin E. It took 40 to 51 hours for spawners other
than No.1 and No.2 to respond. It took 67 hours for No.1 and 31 hours
for No.2.

The time between two injections was 19 to 24 hours in spawners No.l
to No.14. It was shortened to 12 hours in No.16 and 19. The time it took
to obtain eggs was not shortened.

3.3 Egg collection and fertilization

As shown in Table 2, it took 40-50 hours for spawners other than No.1

and No.2 to release the eggs. Spawner No.2 ovulated in the stock tank 30

hours and 40 minutes after the first injection and was caught for artificial
fertilization within the next 15 minutes. However, more than 859 of the
eggs had been expelled and could not be fertilized.
Fertilization rate varied from 20 to 9095, averaging less than 709. The
low rate was due to the quality of the eggs themselves.
3.4 Hatching
As shown in Table 2, hatching rate of No.9 and No.10 was as low as
5%, because inadequate aeration during the late period of hatching caused
the oxygen content to become low. Generally, the hatching rate was high.
Water temperature was quite stable. Therefore, the time it took to
hatch seldom varied. It took 34-28 hours to hatch at water temperature of
23-24.6°C and 49-54 hours at 22.5-23.7°C, with salinity of 30.1-33.8%, in
both cases.
3.5 Larvae and rearing of larvae

The newly hatched larvae measured 2.08-3.40 mm and were unable to

swim actively; however, they were capable of weaving or making darting
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movements for a distance of 0.5-1.0 cm. Then they drifted on the surface
of the water for a short period and slowly sank to the bottom. On the third
day, formation of the mouth occurred, and artificially fertilized oyster eggs
were given as food to the larvae. As often as possible, seasoned stagnant
sea water was used during the larval stages to simulate natural environ-
ment. “Green water” and artificially cultured diatoms were added respectively
to keep the water clear and as compensatory food. “Green water” is produced
by letting natural sea water, enriched with organic fertilizers, stand in an
outdoor tank (5bm x 7m x 1.5m) until a rich growth of micro-organisms
occurs, giving the water a definite greenish color. It seems the larvae were
able to feed upon oyster eggs, blue green algae, and ciliates (8-30x) which
can also be found in green water to fulfill their nutritional requirements.
Due to the size increase of the four-day old larvae, yeast and albumin from
eggs were added. It was noted that some larvae began to die on the third
day and most had died by the fourth day. Phototaxis was demonstrated in
the surviving larvae. The remaining larvae were found in the non-turbulent
upper water layer and did not hunt for food in the dark. Opyster larvae
were given -continuously until the ninth day. On the sixth day, rotifers and
copepods collected from fish ponds were added. It was observed that the
larvae fed on rotifers and copepods which were about 100p in length.
However, it was rather difficult to select and use only rotifers and copepods
of this size. Many adult rotifers and copepods gave rise to mass production
of their own larvae in the rearing water of the mullet larvae. The amount
of food available was usually maintained at a concentration of 50 to 70
organisms/liter.

The rearing water was gradually refreshed from the sixth or seventh
day. The mullet larvae became active, moved up or down as day and night
passed, and had good appstite. For example, 10 copepods of 170u x 395 s
were found in one stomach. In addition to the above-mentioned prepared food,
fish meal was added on the sixth day. Rapid growth was not observed
before the ninth day (3.71-3.91 mm), but growth was easily detected by
visual observation. A maximum length.of 4.8 mm was recorded on the llth
day. Also at this stage they becams darker and larger with distended
abdomen. Strong phototaxic responses were demonstrated in that the larvae
preferred the uppzr or middle levels of the tank during the day and the
lower levels during the evening and night. Some larvae died during this
stage. Some stabilization of the survival rate occurred on the 13th day with
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the largest larvae surviving. The smaller larvae that survived ‘were found
to be {floating on the water and contributed to the low survival rate of
1.559% for the total number of larvae on the 13th day. The survival rate
dropped to 0.68% by the 18th day. On this day, some of the morphological
characteristics were as follows: average total length 6.6 mm, scattered body
spots, and a silvery green color from the abdomen to the anus (scales
seemed to be appearing). The skin color followed a diurnal cycle in
which the color changed from brown in the night and early morning to black
during the day. Swimming took place only on the upper level of the tank.
The food of suitable size for the larvae after the 18th day varied between
rotifers and adult copepods.

Artemia nauplii were given after the 20th day in addition to prepared
food and copepeds, although the mullet larvae were reluctant to feed on
Artemie until the 22nd or the 23rd day. On the 21st day, the larvae
appeared to be light brown or silvery green in color and still showed
phototaxis during the day. At night, they floated on the water surface. On
the 22nd and 24th day, the mullet larvae measured 8.8 mm and 10.9 mm
respectively. In this period the mullet larva consumed 244-833 Arfemia per
day. On the 24th day, the larvae assumed a silvery white color with the
appearance of some scales. During this stage, active swimming was observed
in the upper level of the tank, and any sound or action would cause them to
dive to the middle level, remain for a short period, and drift back towards
the top. They were scattered when floating until a light was installed, at
which time grouping took place. The larvae were inclined to swim against
the water current. On the 26th day, they measured 1.285 cm in length. On
the 27th day, they looked grayish white instead of silvery white. On the
28th day, the survival rate decreased to 0.31% and the larvae measured 1.5
cm in length and acquired a silvery green color, scales, and fin rays. The
larvae at this stage preferred Asfemia and large copepods to the prepared
food. The rearing water was freshened to a salinity of 20.66 %,. A very
rapid rate of growth was observed after the larvae measured 1.5 cm. From
the 29th to 32nd day, the fingerlings ate 655-2071 Astemiac per day and fed
only during the daytime (Fig. 1). They became very sensitive and difficult
to catch. The swimming level was lowered to the middle or bottom part of
the tanks. At night, they ascended to the surface of the water and were
easily frightened. On the 34th day, they measured 2.22 cm and appeared
grass green. They grouped and swam at the bottom in daytime, but scattered
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Fig. 1 Feeding rhythm of three different size larvae of 29-32 days old.

and stayed on the surface at night. Within a few days following the 37th
day, they changed the time of feeding, eating only in the evening. From
the 28th and 39th day on, they were sensitive to light. They dispersed when
light was projected on the water, and no longer grouped under light at
night. On the 40th and 45th day, they measured 2.76 cm and 3.28 cm
respectively with a weight of 0.34g on the 45th day. At this time, the
fingerlings were 1.5 times larger than the fry normally collected from the
sea and were strong enough and suitable for stocking.

Still water was used in both the plastic tank of 0.5 ton and the 5m x 7m x
1.5m outdoor tank for rearing the larvae. Starting from the 33.50-32.27%,
in the early stage of the larvae, salinity was reduced by freshening the
tank water down to 4.15%, and the outdoor tank water to 15.109%,.
The oxygen content of the water was maintained at as high a level as possible
by constant aeration during the entire rearing period. For comparison,
water with and without large amounts of blue green algae or diatoms was
used in rearing. The results showed that the former was better for rearing
mullet larvae.

As the larvae grew, prepared food, artificially fertilized oyster eggs,
rotifers, copepods and Artemia were given in this order or in combination
(Fig. 2). Those larvae in the outdoor tank were not given Astemia, but
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~

were given copepods collected from fish ponds. Even though the roofing of
the outdoor tank was destroyed by a typhoon, causing the water temperature
to drop and thus decreasing the survival rate to 0.75%, this survival rate
was still more than twice the 0.31% rate of the indoor 0.5 ton plastic tank.
Apparently, the large outdoor tank was better for rearing the fingerlings.
In the course of this work in 1969-1970, 431 fingerlings were produced, of
which 280 in plastic bags filled with oxygen were transported to the Wushantou
Freshwater Fish Propagation Center without any mortality (90 on the 44th
day and 190 on the 55th day). The growth and survival of this batch of
fingerlings were not satisfactory due to poor management (Fig. 3). A
second batch of fingerlings was stocked in a brackish water pond near the
Laboratory on March 1, i.e., the 54th day after hatching, and good results
were obtained. They measured 20.1 cm and weighed 82.3g on the 15lst
day and 28.1 cm and 217.4 g on the 200th day (Figs. 3 and 4). A third
batch was reared in 0.5 ton freshwater tank in the Laboratory. Growth
was not good. On May 17, i.e., the 129th day, they measured only 8.9 cm
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Fig. 3 The growth of young mullet older than 45 and 55 days in various tanks.

and weighed only 6.26 g due to the lack of space in the small tank. On the
next day, 45 of them were stocked in round tank A with a diameter of 8 m
togethzr with 72 milkfish (two-year old). Prepared food was given twice
daily. On the 200th day, they mesasured 23.6 cm and weighed 138.1 g (Figs.
3 and 4). For comparison, a fourth batch of 30 day-old fingerlings, caught
from the sea and bought on January 31, was stocked in an indoor 0.5 ton
plastic tank. On May 13, they measured 9.8 cm and weighed 7.41 g. They
were stocked in round tank B of the same size as round tank A together
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with 75 milkfish of the same age. Water in tank B was brackish rather
than fresh. Identical food rations were given. On July 20, i.e., the 200th
day, they measured 24.4 cm and weighed 136.3 g (Figs. 3 and 4).

4. Discussion

The first spawner was collected on December 19, 1969 and the last one
on January 11, 1970. A total of 19 spawners was collected. The fishing
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season lasted only 24th days. All spawners for this reasearch were obtained
by purchase from fishing boats. As mullets usually suffered injury while
being captured, especially in the spawning season, the work was difficult.
Two mullets were wrongly sexed and three were found injured internally.
However, with continuous improvements, particularly with the use of the
specially constructed raft, the work was mostly successful (Liao ef @l., 1969).

As for hormone treatment, 12 out of the 19 fish ovulated at an ovulating
rate of 63.29. The hatching rate of eggs reached 47.49, which, though
not high, was over four times greater than that of the previous year (Liao
et al., 1969). However, no conlcusion can yet be made as to the best
method of hormone treatment. The fishing season of mullet in Taiwan was
too short to obtain more spawners for comparative treatment. FEach one of
the 6 of the 9 ovulating spawners received 3.5 mullet pituitary glands
combined with 30 Rabbit Units of Synahorin. In general, this seems to be
a good dosage, although it might be better to use more pituitary glands and
less Synahorin in the first injection, and less pituitary glands and more
Synahorin in the second injection. The time between two injections was cut
down to 12 hours as in spawners No. 16 and No. 19 (Table 2). Nevertheless,
this did not shorten the ovulating time. Basically 24 hours seem to be
acceptable. More study is necessary on hormone dosage and ratio as well
as the interval between two injections. Nine ovulating spawners received an
additional injection of 150 mg Vitamin E with the hormone material. The
effect of this treatment has not been determined. The spawners were reared
for a longer time to reach the ovulating stage, except the three injured
internally. They were active with one or two exceptions. The eggs of two
spawners ovulated did not hatch (No.11 and No.16). No.11 did not receive
any injection of Vitamin E, and No.16 received only 50 mg Vitamin E.
Neither showed any effect on hatching of their eggs. Further study seems
appropriate on the effects and dosage of Vitamin E.

There was no problem with male mullets, 909 of which could be success-
fully stripped. They were seldom treated with hormone. Two males were
mistaken for females and received injections. One of them expelled sperms
automatically just after the second injection. The other expelled sperms
easily when it was squeezed. Injection of hormone is convenient and advan-
tageous provided there are sufficient quantities of pituitaries on hand.

As for hatching, high dissolved oxygen content, minimum variation in

water temperature and salinity kept the hatching rate over 7095. An exception



was found in the hatching rate of eggs of No.9 and No.10, which was only
59 . This was due to inadequate aeration and consequent low dissolved
oxygen content.

In using the hanging hatching nets in running water, the adjustment of
water flow is very important. If the flow of water is not adequate, the
eggs do not roll in the nets, and then some of the eggs sink to close the
inlet hole resulting in damage to all of the eggs. In the non-flowing water
system, aeration is.necessary. It is better to have heavy aeration so that
eggs can be rolled in the tank. Fertilized eggs seem unaffected by violent
agitation caused by the water flow. Further, the water quality, especially
when the fertilization rate is low, needs constant attention. Water should
be changed often. When the tank contains fertilized eggs, a siphon is used
to change the water gradually, avoiding a sharp change in water quality.
After hatching of the eggs, the water should not be changed. Therefore, a
suitable rearing environment should be provided before hatching. If rearing
is continued in the same tank, ‘‘green water’” or diatoms should be piped
into the tank in order to clean the water which had been fouled by hatching.
Alternatively, hatched eggs can be moved to a prepared rearing tank which
is filled with seasoned stagnant sea water. Both methods were used this
time and change in water quality was avoided as much as possible. This
resulted in a better record of rearing for the first few days after hatching.

Rearing the larvae is the most important part of this work. For the
convenience of discussion, the rearing record and development of larvae are
listed in Table 3. During the whole rearing procedure, there were two
critical periods, the third to fourth day which sometimes extended to the
seventh to eighth day, and the 11th to 13th day. During the second critical
period, the survival rate was less than 2¢9§. Larvae continued to die and
the survival rate was less than 1% on the 18th day. The survival rate was
not stable until the 24th day. By that time, they measured 1.09 c¢m, looked
silvery white, preferred Astemia nauplii, and scales appeared. Rearing came
to an end when the above characteristics were noted.

Gradually freshened water was used throughout the entire rearing period.
The two larvae that reached 1 cm in last year’s experiment were reared in
gradually freshened water (Liao ef al., 1969). Observations on the develop-
ment of larvae in natural environment showed that they had the habit of
congregating in river mouths. With growth they tend to migrate to fresh

water. Starting with the sixth or seventh day, the water for rearing was
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freshened. Figure 5 shows the freshening in the tank. It can be divided
into three stages. The freshening was very slow in the first ten days,
changing from 32.849%, to 29.70%, in twelve days. The reduction was 10.6%
for the next 15 days and was 15%, for the last 12 days. On the 45th day,
it was 4.15%,. Figure 6 shows the freshening in the large tank. The
freshening process was slightly slower in the tank but more rapid than the
process used in the previous year (Liao et al., 1969). There is no doubt
that it is advantageous to rear the larvae in freshened sea water. Initiation
and freshening rate are some of the problems encountered. A further study
of these problems is needed.

For comparison, water containing large amount of blue green algae or
diatoms and water not containing these were used. The result showed that
the former was better in rearing the mullet fry. The reason is that algae
can prevent the water from fouling and can be used as compensatory food.
“Green water” is full of blue green algae and also ciliates which can be used
as food for a certain period. Further investigation is needed to determine why
the seasoned non-flowing water is suitable for rearing.

As for larval food, Figure 2 shows that artificially fertilized oyster eggs,
rotifers, copepods and Artemia were used in this order and in combination
as the larvae grew. The quality, size, and motility of the food are important
factors in this rearing technique. Density of given food is also important. A
density of 50-100 organisms/cc of oyster eggs and its trochophore stage larvae
is easy to maintain, but hard in the case of copepods. Rotifers in heavily
aerated tanks tend to float on the surface, and thus are not ideal larval food.
Rotifers are too small and adult copepods are too large for 18-day-old larvae
measuring about 6.6 mm. Barnacle larvae of stage 1 and 2 may be used in
future experiments. When Artemia were given in the previous year, the
mullet larvae chowed no tendency to eat them. They were afraid of the
reddish brown color and finally died from starvation and cold temperature
(Liao et al., 1969). Therefore, Artemia were given early in this experiment
so that larvae would become familiar with them. On the first and second
day, the mullet larvae were scared and retreated. Within a few days,
however, they began eating the Arfemia. After the initial feeding on Artemia,
there was no fear of insufficient food and rearing became easier. This time,
copepods were given instead of Arfemia to the larvae in large outdoor tanks.
Local fish ponds had abundant populations of copepods and so a density of
50-70 organisms/liter could be maintained easily with the supply from them.
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As for prepared food, starting from the third day, albumin from eggs,
yeast, and fish meal were given in additionto oys ter eggs and rotifers. The
results are not clearly understood, but, at least, they seem to serve as compen—
satory food. Experience so far does not indicate that prepared food can be
used alone. They foul the water. Further study needs to be made to develop
some good prepared food

A carefu]l examination was made when the rotifers and copepods from
fish ponds were given in order to prevent undesirable organisms from getting
into the water. However, eggs and larvae of fish lice were not completely
screened out. Many mullet larvae were infected with parasites and injured.
More attention should be paid to this problem and probably medicinal baths
should be given to help eradicate fish lice.

Although great care was given, the survival rate in the indoor plastic
round tanks of 0.5 ton was only 0.3195. Less care was given to the mullet
larvae in the larger outdoor tanks, and only copepods from fish ponds were
added. Furthermore, the roofing was blown off by typhoon causing the water
temperature to drop suddenly, resulting in a decrease in the survival rate of
the larvae. However, the survival rate (0.759%) was still higher than that in
the smaller tanks. This indicates that the large tanks are better for rearing
of the young mullet larvae.

The newly hatched larvae up to the 13th day could not tolerate direct or
high intensity sunshine. On the 17th and 18th day, black pigments appeared,
and the larvae had more resistance. All plastic tanks were indoors. Some
received direct sunshine and this resulted in less desirable rearing conditions.
The optimum of light intensity should be investigated in order to reduce
mortality. There is no direct relationship between the two critical periods
and content of dissolved oxygen. On the contrary, high content of dissolved
oxygen resulted in increased mortality. Silvery green larvae measuring 0.5-
1.2 cm were very sensitive to fluctuations of environmental factors. If at
all possible, the larvae should not be disturbed. The attempt to find the
color of light to which the larvae were most attracted was unsuccessful
owing to the varying intensities of light used. Since larvae have the habit
of eating in the daytime, growth and survival rate can be promoted by
illuminating the tanks at night. There are three possible reasons for low
survival rate, food quality, water quality, and the condition of the larvae.
Before or after the formation of certain organs, the larvae may require more

nutrients, microquantities of inorganic elements or even special water quality.
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All of these need to be studied. For example, the reasons for the critical
periods need to be determined and then more efficient methods of rearing
evolved.

The survival rate of those larvae during transportation to Wushantou and
stocking in pond was 10095. The smallest one measured 2 cm. The transportation
containers were thick, non-transparent plastic bags. The number of larvae in
each bag was dependent on the distance of transportation, content of oxygen,
and size of the larvae. They were moved in winter when water temperature
was not too high. Simple inflation with oxygen made transportation over
short distance possible. The size limit of the larvae which can be transported
is not known. The fingerlings should not be stocked in water of higher
salinity than the original. They should be stocked in water of lower salinity.
Their growth after being stocked is shown in Figure 3. On the 200th day,
the fish in brackish-water pond measured 28.1 cm and weighed 217.4 g (Figs.
3 and 4). If thinge go well, they will become the first artificially propagated
gspawner within two or three years.

Before hatching, eggs should be kept in tanks with aerated water or
tanks prepared for rearing. The larvae should not be moved immediately
after hatching. Seasoned sea water should be used for rearing and should
be gradually freshened. Sharp changes in water temperature and quality
should be avoided. The nature of the food should correspond to the devel-
opmental stage of the larvae.

Artificial propagation of the grey mullet became successful after six years
of research. There are many problems to be further studied, such as
maturity of spawners, hormone treatment, physiological and ecological needs
of fertilized eggs and larvae, food for larvae, especially prepared foods, etc.
In addition, the rearing of the spawner is one of the most important problems
at the present time. It was reported that spawners grown in fish ponds
were able to ovulate and the eggs could be hatched there (Yashouv ef al.,
1969). A large fish pond should be built or a good coastal area should be
screened off somewhere south of Tungkang for this test. No wintering
equipment will be needed there. Good food will help the mullets to mature.
Thus a systematic and complete culture could be obtained.

5. Summary

The spawning mullet schools usually migrate off the coast of southern
Taiwan in winter. From December 1969 to January 1970, live spawners
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were obtained from the fishermen on the fishing ground and then treated
with hormones for study of artificial propagation. The results obtained are
as follows:

(1) Nineteen spawners were obtained during the experimental period.
After hormone treatments of 2.75 to five mullet pituitary glands combined
with 20 to 50 Rabbit Units of Synahorin, 12 spawners ovulated (63.2%) and
the eggs from nine of them hatched (47.4). It was the most successful
experiment in the last six years.

(2) Among the nine spawners, six of them were given 150 mg Vitamin
E in addition to 3.5 mullet pituitary glands combined with 30 Rabbit Units
of Synahorin.

(3) During the experimental period, the water temperature was rela-
tively stable. Therefore, the range of hatching time was narrow, between 34
and 54 hours. Hatching took place in 34-38 hours if incubated at water
temperature of 23-24.5°C, and 49-54 hours at 22.5-23.7°C with salinity of
30.1-33.8%, in both cases.

(4) Seasoned sea water was used in rearing. Rapid freshening was
made starting on the sixth day after hatching with salinity reduced from
32.8%, to 4.15%, within 45 days.

(5) The food supply was modified according to the development of the
larvae. Artificially fertilized oyster eggs, rotifers, copepods collected from
fish ponds, and Artemie nauplii were used in this order. The amount of
food given depended on the amount consumed. Usually 50-100 organisms/cc
of oyster eggs and its trochophore stage larvae were given, but the concen-
tration of rotifers and copepods was maintained at 50-70 organisms/l. On
the 23th and 24th day, one larva of 1 cm long would ingest 244-833 Artemia
per day. From 655 to 2071 Artemia per day were ingested by each larva of
29 to 32 days old measuring 1.8 cm in length.

(6) The critical periods were the third to fourth day and the 11th to
13th day. After these stages, the survival rate was below 2%, but was
below 1% on the 18th day. Stabilization of the survival rate began on the
24th day. At this stage, the larvae reached a total length of 1.09 cm, was
silvery white in color, developed scales, and took Asfemiec nauplii as the
favorite food.

(7) Two kinds of tanks were used for rearing. Those reared in small
tanks had a survival rate of 0.319 on the 45th day. Those reared in large
outdoor tanks, in spite of a sudden drop in water temperature, still had a
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survival rate of 0.75%. Thus, it is obvious that the large tanks are more
suitable than small ones for rearing mullet larvae.

(8) A total of 431 larvae survived on the 45th day. They each weighed
0.34 g and were 3.28 cm in length, about 1.5 times larger than the larvae
collected in natural waters, and had high resistance to environmental
changes. The reared larvae were divided into several groups and stocked
in fish ponds and tanks. The best growth obtained on the 200th day after
hatching was 28.1 cm in length and 217.4 g in weight.
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Plate I.
Fig.1
Fig.3
Fig.4
Fig.6
Fig.7

PLATE 1

Hypophysation technique & preparation before injection.

Removal of the cranium. Fig.2 Location of pituitary gland.
Tool used to remove the cranium.

Removal of pituitary gland. Fig.5 Cleaning the pituitary gland.
Finely grinding the gland in a tissue grinder.

Addition of Synahorin & Vitamin E to the pituitary suspension
in physiological saline. Fig.8 Ready for injection.
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PLATE 1I-1

Plate II. Procedure of induced spawning & culture.

Plate 1I-1

Fig.1 Mature mullets (female above, male below). Fig.2 Operation
of a purse seine. Fig.3 Selection of mature mullets. Fig.4 Stocking
tank for induced spawning. Fig.5 Pituitary injection given to female

mullet. Fig.6 Mature female after injection. Fig.7 LExamining the
condition of ovulation. Fig.8 Handling the female spawner gently in
water.

A)S



PLATE 1I-2

Plate 11-2
Fig.9 Stripping the spawner for eggs. Fig.10 Artificial fertilization.
Fig.11 Washing away sperm fluid, mucous and feces from the fertilized
eggs. Fig.12 Hanging nets in hatching tank with running water. Fig.13
Picking out the unfertilized eggs. Fig.14 Indoor plastic tanks and
heating apparatus. Fig.15 Freshening system in large tank. Fig.16
Large tanks (5m x 7m x 1.5m) for stocking spawner and rearing larvae.
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PLATE 1III-1

Plate III. Embryogenesis & growth.

Plate III-1
Fig.1 Eggs just after spawning. Fig.2 2nd cleavage (4 cells stage).
Fig.3 5th cleavage (32 cells stage). Fig.4 Late segmentation stage.
Fig.5 Optic vesicle and myotome formation stage. Fig.6 Brain differ-
entiation stage. Fig.7 Optic cup & membranous fin formation stage.
Eig.8 Hatching stage (an embryo just emerged from chorion).
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PLATE 1II-2

Plate 1II-2

Fig.9 8-10 hours after hatching. Fig.10 25-30 hours after hatching.
Fig.11 4 days after hatching. Fig.12 16 days after hatching (5.5 mm
in length). Fig.13 20 days after hatching (7.65 mm in length). Fig.14
33 days after hatching (1.915 cm in length). Fig 15 Comparison of
artificially propagated fingerling (above, 45 days after hatching) with
fingerling (below) collected from natural waters. Fig.16 Fingerlings
swimming in tank.
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PLATE 1V

Plate IV. Feeding & others.
Fig.1 Larva and its food (oyster eggs and trochophore stage larvae).

Fig.2 Discharging oyster larvae from anus.

Fig.3 Discharging copepod from anus. Fig.4 Feces of larva.
Fig.5 Parasitic fish lice on larva. Fig.6 200th day young mullets.
Fig.7 Ovaries. Fig.8 Testes.
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PRELIMINARY REPORT ON INDUCED BREEDING OF
POND-REARED MULLET, MUGIL CEPHALUS LINNAEUS
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I-Chiu Liao, Dong-Liang Lee, Mee Yoon Lim and Ming—Chuan Lo*

Abstract

Artificial propagation of the grey mullet (Mugil cephalus Linnaeus) was
successfully accomplished after seven years of experimental work conducted
in the winter. In the course of these experiments, mature spawners were
obtained from fishing boats at sea, which usually suffered injury while being
captured. Weather conditions increased the difficulties of obtaining mature
spawners. In order to overcome these difficulties and to establish a more
reliable source of mature spawners, work on induced breeding of pond-reared
mullet was started.

A three-year old spawner measuring 41.5 cm in standard length and 1.2
kg in weight (post-ovulation measurement) from a freshwater pond was used
in this experiment. Before hormone treatment, the spawner was reared in
a freshwater concrete pond, with sea water gradually added, and the fish
was fed with artificial feedstuff. Hormone treatment was the same as for
those spawners obtained from the sea. After three injections, the eggs were
discharged and fertilized with milt stripped from mature sea mullet. The
fertilized eggs hatched well. The rearing of larvae was carried out in 1.0
and 0.5 ton round plastic tanks.

Larvae from pond-reared spawner were found to be easier to rear than
those of spawners obtained from the sea. By February 22, 717 larvae had
survived for 35 days with a standard length of 2.32 cm. The survival rate
was 1.489%.

Although the result obtained was only that of one spawner, it had proved
that pond-reared mullet could be used as spawner in artificial propagation
and that the difficulty of obtaining mature spawners could be overcome to a

large extent.

* Tungkang Marine Laboratory, Taiwan Fisheries Research Institute
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Table 1. The response of the spawner to hormone treatment,
ovulation and hatching.

Injection Ovulation |Fertil{ Hatching
Ser | p ; 1zat/1°n - Remarks
No ate | Dosage| Date | 9% | % Date | %

N = 2P e ¥ No response to 1st
1ot | 1517 90 jup) 1771 19-1-11 | injection. Beginning of
inj. | 18:30 [T220V-| 91.45 11:30 enlargement of the

' : belly with 2nd injec-

R Ti £t Ti P tion. 1 hr and 45 mins
2nd.| 16-1-71] 2P KR RS ¢ uf.‘i.a E?r after the 3rd injection,
» the initial | 22.83 (%rvl I%a 018n the spawner was found
inj. | 18:00 {20 RU injection S %'0> " 7’ to discharge eggs in
- ; pond, and artificial.

. 37 hrs fertilization was done
Srd.| 17-1-71 9p bl brs 45 mins | immediately. 24% of
o _ . (23.0-23.9°C| all eggs, i. e., 235,200,
inj. | 19:45 15 T 28.6-29.4%,)| were obtained.

P: Pituitary of mullet (pieces) RU: Synahorin
Vitamin E. (mg)

(*)
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Fig. 1 Water temperature, salinity, total length of larvae and number of

surviving larvae in 0.5 ton tank.
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Table 2. Measurements of pond-reared mullet

Individ- T.L. | F.L. | S.L. | B.W. | G.W. 5 Maturity

ual No. | (cm) (ecm) | (em) | (gm) | (gm) ° G.S.1.#% G.I.%*
1 53.74 48.72 | 43.31 | 1763 25.73 @ 1.45 3.17
2 47.43 43.87 | 38.35 | 1231 15.09 & 1.22 2.68
3 49.45 45.70 | 40.35 | 1343 8.22 e 0.60 1.25
4 50.95 46.10 | 40.60 | 1295 6.41 ? 0.40 0.96
5 48.80 44.05 | 33.60 | 1219 6.90 & 0.56 1.82
6 50.69 46.33 | 40.17 | 1346 38.87 ? 2.88 | 5.99
7 51.47 46.78 | 41.28 | 1537 10.97 ? 0.71 1.56
8 50.22 46.28 | 40.82 | 1410 59.62 @ 4.22 8.77

* G.S.I.: Gonadosomatic Index
*% G.I.: Gonad Index
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PHOSPHORUS DYNAMICS IN CHUPE! FISH PONDS

Y. S. Lin, W. Chiang, Y. P. Li, C. Y. Jaw*

Introduction

In natural aquatic environments phosphorus is not present in large
amount. Therefore, it is often a limiting factor for the growth of organisms
(Hutchinson, 1957). Lin and Chen (1966) demonstrated the effectiveness of
superphosphate in improving fish production in the freshwater ponds and
reservoirs of Taiwan. Since that time the use of superphosphate in fish
ponds has become widespread in Taiwan. Liaw (1969) demonstrated that a
combination of alkalinity and phosphorus concentration may be used as an
index of fish production in freshwater ponds. Lin (1969) observed that
chlorophyll increased in amount after application of superphosphate in fish
ponds. Additional research must be undertaken to determine the optimum
dose of superphosphate and the method and optimum time of its application.
It is also necessary to study the complete role of phosphorus in fish ponds
including the water, soil and food chain.

At the Chupei Fish Culture Station a long-term project has been in
progress since 1968 to study the optimum dose of superphosphate for fish
pond fertilization. The authors of this paper participated in this project by
determining the chemical content of the water and soil as well as calculating
the primary production. This paper is only concerned with the role of
phosphorus in the water of these fish ponds. Samples of pond bottom soil
were also analyzed and studied in relation to changes in phosphorus concentra-

tion in the water.

Description of Experimental Ponds

All ten ponds used in the experiments received water from a well located
near the Station. All ponds were less than 1,200m? in area and less than 1m
deep. They were divided into two groups. Ponds A-1 to A-5 were located
in front of the Station and were slightly deeper than B-1 to B-5 which were
located at the back of the Station. The size, depth and location of all ten
ponds are shown in Figure 1.

In 1969, in order to measure the effect of fertilization on the ponds’

* Department of Zoology and Institute of Fishery Biology, National Taiwan University
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Fig. 1 Depth, area and location of Chupei fish ponds.

ecosystem, various amounts of superphosphate were added to eight of the ten
ponds twice weekly. Ponds A-1 and B-1 were kept as controls. In addition,
ponds B-2, B-3, B4 and B-5 received a total of 1950 kg/ha/year of ammo-
nium sulphate applied in equal amounts twice weekly. To compare the
relative productivity of these ten ponds, no fertilizer of any kind was added
from February to June 1970. However, from July through November 1970
the ponds were treated with different amounts of N-P-K fertilizer (Table 1).

Polyculture of fish was practiced in both 1969 and 1970. The fish
cultured in these experiments included silver carp (Hypophthalmichihys
molityix), common carp (Cyprinus carpio), grass carp (Ctenopharyngodon
idella), crucian carp (Carassius carassius), big head (Avistichihys nobilis),
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Table 1. Soluble phosphorus concentration (ppm) and amount of
superphosphate applied (kg/ha)

1969 1970
Mar. to June July to Dec.
POF  prosphate PO proiphae  POP N fohifer
A; 0.039+0.021 0 0.011+0.007 0  0.110+0.159 720
A, 0.160+0.065 1,040 0.055+0.062 0  0.093+0.067 326
A, 0.312+0.119 2,040 0.123+0°177 0  0.100+0.055 274
A, 0.600+0.253 6,090 0.393+0.266 0  0.123+0.055 480
A; 0.760+0.305 10,240 0.446+0.245 0  0.224+0.371 0
B, 0.044+0.035 0 0.015+0.012 0  0.070=-0.131 720
B* 0.220+0.079 1,040 0.062 +-0.062 0 0.094+0.096 480
B, 0.305+0.074 2,040 0.0504-0.050 0  0.040+0.031 504
B, 0.581+0.136 6,090 0.18140.118 0  0.2314-0.181 411
B, 0.929+0.339 10,240 0.353+0.239 0  0.054+0.037 0

and the perch or sea bass (Lateolabrax japonicus).
Method

I. Water

Chemical analysis of the water in the ten experimental ponds was made
every two weeks from February through November 1970. pH, chlorophyll,
primary production of O, and PO,-P determinations were made from samples
of pond water obtained after the regular semi-weekly fertilization treatments.
Chiu (1969 and 1970, unpublished) determined weekly the total phosphorus
and organic phosphorus in the water of these ten ponds.

(A) pH values were measured in situ by Darmark pH M28 meter.

(B) Chlorophyll was determined by spectrophotometric method (Richards
and Thompson, 1968).

(C) Gross production of O, was determined (McConell 1962).

(D) PO,-P was determined by the modified single solution method
(Murphy and Riley, 1968).
II. Soil

Each of the ten ponds was divided into 9, 15 or 18 sections depending
on the size of the ponds. From each of these sections soil samples were
collected. The samples from each pond were put together to form three
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combined samples, which were mixed thoroughly before analysis. The
makeup of each of these three combined samples was determined by the
direction of inflow or outflow of water over the original section. The soil
in each of the combined samples was analyzed three times, except for
particle size which was analyzed-just once. The purpose was to determine the
average pH value and phosphorus concentration of each combined sample.
The soil in each of the ten ponds was collected at three separate dates,
February 5, July 2, and November 27 in 1970 and brought to the laboratory
for analysis.

In order to measure pH of the soil obtained on February 5, 20 grams of
bottom soil was thoroghly mixed with 20 ml of de-ionized water and the pH.
immediately determined. On July 15 and November 27 the pH of the combined
sample was determined in the field without addition of de-ionized water.
Particle size was determined using the hydrometer method (Black 1965).
For soluble phosphorus determination as well as for calcium phosphorus,
iron phosphorus and aluminum phosphorus determinations, the flow sheet for
soil phosphate fraction system was used to extract the phosphate from the soil
(Jackson 1962). The phosphorus concentraton of the extract was measured
by the modified single solution method (Murphy and Riley 1968).

Result and Discussion

I. Phosphorus content in the water

Phosphorus concentration in the water of the Chupei fish ponds in the
1969 period has been reported by Chiu (1970). When the pond water was
sampled twice weekly from February to November, the lowest average
concentration of phosphorus was in ponds A-1 and B-1 (0.039+0.021 ppm
and 0.044+0.035 ppm). This low concentration was due to the fact that no
superphosphates were added to these ponds in the period. The highest
average concentration of phosphorus was found in ponds A-5 and B-5 (0.760+
0.305 ppm and 0.929--0.339 ppm). This higher concentration was due to
the twice weekly addition of superphosphates to the pond water (the 1969
total was 10,230 kg per hectare of pond surface). The phosphorus concen-
trations in the other six ponds were between these extreme values. Their
phosphorus concentrations were strongly affected by the amount of superphos-
phate added.

From the data (Chiu 1971, unpublished) in Table 1, we found that there

was also a relationship between phosphorus concentration and the amount of
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superphosphate added to these ponds in 1969. No superphosphate was added
to these ponds from February to June 1970. The two ponds with the lowest
phosphorus concentrations in 1970 were the same as in 1969, A-1 and B-1
(0.0114+0.007 ppm and 0.015+0.012 ppm). The two ponds with the highest
phosphorus concentrations in 1970 were the same as in 1969, A-5 and B-5
(0.446+0.245 ppm and 0.353+0.239 ppm).

Phosphates in N-P-K fertilizers were added to all ponds except A-5 and
B-5 in the July to December 1970 period, but in amounts lower than in the
1969 period. The average phosphorus concentration in all ten ponds was
higher in the July to December 1970 period than in the February to June
1970 period, but lower than in the 1969 period. The average phosphorus
concentration in these ten ponds in the July to December 1970 period was
lowest in B-3 (0.0404-0.031 ppm) and highest in B-4 (0.231+0.181 ppm).
No relationship between the amount of phosphate added to these ponds in
this period and the phosphorus concentration in the water could be found.
The phosphorus concentration in the water of each of these ponds during the
1969 and 1970 period is summarized in Table 1.

In 1932 Yoshimura developed a scheme for classifying ponds on the basis
of phosphorus content (reported by Liaw 1969). The ten fish ponds at
Chupei were classified according to this scheme and it was found that the
phosphorus concentration of the ponds depended on the amount of super-
phosphate added (Table 2). Using Yoshimura’s scheme we can say that the
“phosphorus fertility” in these ten ponds ranked from good to excessive in
1969, from low to excessive in the February to June 1970 period, and from
fair to good in the July to December 1970 period. However, there seems to

Table 2. Classification of water from the Chupei fish ponds on
the basis of phosphorus content

Phosphorus Phosphorus Ponds

(ppm) fertility 1959 Mar. to June 1970 July to Dec.
0.000~0.200 Low A, B, B,
0.021~0.050  Fair A, B, B, B, B,
0.051~0.100  Good A, B, A; A; B, B; B;
0.110~0.200 Very good A, A, A A,
0.21 ~more Excessive A A A; A, A; A; B,

B, B; B, B;

40 —



be no positive relationship between the “fertility”” of these ponds and their
fish production. For example, in 1969 the highest fish production was from
ponds A-3, A-4 and A-5 which were rated as excessive in ‘‘phosphorus
fertility”, but B-2, with excessive ‘‘fertility”’, had very low fish production
(Lin 1970).

During the period from July 29 to December 17, 1970, the phosphorus
concentration in the water showed continuing reduction. The average con-
centration in the ten ponds was reduced from a high of 0.335 ppm on July 29
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Fig. 2 Monthly variation of phosphorus in Chupei fish ponds from July to

December, 1970.



to a low of 0.029 on December 15 (Figure 2). No relationship between this
reduction in phosphorus and fluctuations of other nutrients and minerals
such as calcium was found.

Figure 3 shows the relationships between average phosphorus concen-
tration and increasing amounts of superphosphates. Averages for ten ponds
‘were computed for each week in 1969 and in the February to June 1970
period. It was found that the different concentrations of the inorganic
phosphorus, organic phosphorus and the total phosphorus in the water were
due to diffenences in amount of fertilization in these ponds in 1969. During
the 1970 period, when no additional superphosphates were applied, the
phosphorus concentration in the water still differed from pond to pond but
at a lower level than in 1969. This difference was due to the amount of
phosphorus leached out from the soil.

II. Phosphorus content in pond soil

Phosphorus concentrations in bottom soil of the Chupei fish ponds were
determined three times in 1970 (on February 5, July 2, and November 27).
Soluble phosphorus (water soluble and loosely bound phosphorus), calcium
phosphorus, iron phosphorus and aluminum phosphorus were calculated.

These data along with the percentage of each kind of phosphorus in the soil
16
|

ppm

0 5000 10000
SUPERPHOSPHATE DOSAGE ( kg/ha/year)

Fig. 3 Relationship between superphosphate dosage in 1969 and average
concentration of PO,~P, organic-P and total phosphorus (XZP)
among the ten ponds from Feb. to Dec. in 1969, compared to
those from March to June in 1970.
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are shown in Table 3.
Soluble phosphorus

On February 5 the soluble phosphorus concentrations in ponds A-3, A-4,
A-5 and B-1 ranged from €8.9 to 241.9 ppm. The other six ponds all had
concentrations below 5 ppm. The cause of these concentration differences
was not known.

On July 2, four months after the beginning of the 1970 experiment, the
soluble phosphorus concentrations in the ten ponds ranged from 0.6 to 4.4
ppm. This means that most of the soluble phosphorus in the pond soil in
February went into the pond water by July and was available to the
growing phytoplankton,

On November 27, nine months after the beginning of the 1970 experiment,
the soluble phosphorus concentrations in the ten ponds ranged from 0.3 to
3.0 ppm. The soils of the ten ponds showed continued reduction in the
soluble phosphorus concentration, even though varying amounts of N-P-K
fertilizers were added to the water in the period from July to November.
Since the amounts of phosphorus added to the water in this period were
much lower than that in 1969, the build-up of soluble phosphorus in the soil
did not occur. |
Calcium phosphate

On February 5 the calcium phosphorus concentrations in the soil of the
ten ponds ranged from 177.4 to 536.3 ppm. On July 2 they ranged from
82.5to 396.9 ppm, and on November 27 they ranged from 1.4 to 31.6 ppm.
The average drop for the ten ponds was 99.0 ppm for the February to July
period and 159.6 ppm for the July to November period.

Iron phosphorus

On February 5 the iron phosphorus concentrations in the soil of the ten
ponds ranged from 49.9 to 608.5 ppm, on July 2 they ranged from 85.0 to
352.3 ppm, and on November 27 they ranged from 21.2 to 419.0 ppm. The .
average drop for the ten ponds was 100.7 ppm for the February to July
period and 13.9 ppm for the July to November period.

Aluminum phosphorus

On February 5 the aluminum phosphorus concentrations in the soil of
the ten ponds ranged from 5.9 to 56.8 ppm, on July 2 they ranged from
27.6 to 193.1 ppm, and on November 27 they ranged from 23.1 to 133.2
ppm. The average concentration of the ten ponds was 27.8 ppm on February
5, 69.4 ppm on July 2, and 60.8 ppm on November 27. The fact that
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average aluminum phosphorus concentration increased in the February to July
period while other phosphorus complexes decreased may be explained by
suggesting that phosphorus was transferred from other phosphorus complexes
in this period. Not all the decrease in phosphorus is explained by this
transfer, since large amounts were used up by fish and other organisms in
the ponds ecosystem.

In 1970, the different concentrations of the inorganic phosphorus in the
soil were due to the differencesin the amount of fertilization in these ponds
in 1969, and, therefore, varying émoupts of phosphorus deposits in the
bottom soils (Figs. 4, 5, 6 and 7). However, pond A-1, to which mno
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Fig. 4 Relationship between total amount of superphosphate dosage in 1969
and the iron phosphorus content of bottom soil in 1970.
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superphosphate was added in 1969, had a higher concentration of calcium
phosphorus in its soil than did ponds A-2 and A-3 which received no
superphosphate. This may be explained by the fact that in the two years
prior to 1969 pond A-1 received 3,000 kg/ha more superphosphate than A-2
and 2,200 kg/ha more superphosphate than A-3.

From the data of particle size analysis (Table 4), we found that the
gradients of the three combined samples from one pond were different from
one another except those of A-3. In ponds B-1 and B-3, the sand percentage
of the three samples were all below 50 and the lower ones had higher
phosphorus content. In the other ponds, samples containing half or more
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Table 4. The percentage of particle size and phosphorus content of
the soil samples in Chupei fish ponds on Feb. 5, 1970

- Particle size Phosphorus Ave. of

Pond Clay  Silt  Sand content PO,-P
27 49 24 353.4

A-1 27 43 30 403.5 325.6
20 30 50 249.8
21 49 30 420.0

A-2 19 33 48 257.6 314.0
23 27 50 264.5
19 35 46 530.2

A-3 17 37 46 490.7 466.5
19 33 48 378.5
19 41 40 676.6

A-4 19 37 44 1,117.6 783.0
10 17 73 554.9
27 59 14 1,912.1

A-5 17 21 62 1,059.7 1,442.2
10 17 73 1,354.8
36 56 8 689.8

B-1 23 47 30 837.9 6,431.9
24 36 40 403.9
32 42 26 334.2

B-2 25 44 31 376.7 352.1
21 31 48 345.7
43 48 9 578.8

B-3 27 34 39 341.8 423.6
23 26 41 350.2
21 26 93 419.7

B-4 — — — — 646.3
26 34 40 920.7

B-5 23 34 43 814.0 712.2
16 29 55 401.7
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sand had a lower phosphorus content than the average of three samples.
This seems to indicate that particle size affects the adsorption of phosphorus

in the soil.
A relationship between the phosphorus concentration in the water and

the total of the four kinds of phosphorus which we measured in the soil is

o508
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Fig. 8 Relationship between phosphorus content of bottom soil and phosphorus
content in water of Chupei fish ponds when fertilizers were not added.
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established by analysis of our data. If no fertilizers are added, this rela-
tionship shows that the concentration of phosphorus in the water is roughly
proportional to the concentration of phosphorus in the soil (Figure 8).

III. Equilibrium between pond water and bottom soil

This equilibrium can be said to exist in a pond which is not artificially
fertilized. Fertilization upsets this equilibrium. Phosphorus added to ponds
in fertilization is lost from the water in three ways: (1) uptake by" phyto-
plankton and other organisms; (2) adsorption into the bottom soil in the form
of iron or aluminum phosphorus; and (3) precipitation as calcium phosphate
through a reaction utilizing calcium carbonate.

1. Uptake of phosphorus by phytoplankton and other organisms

Phosphorus is one of the major nutrients for normal growth of algae.
S.Y. Lin (1968) demonstrated that a suitable phosphorus concentration must
be maintained to insure an optimum production of phytoplankton and domes-
ticated fish. C. N. Lin (1969), working with the fish ponds of Taoyuan
and Chupei, demonstrated that fertilization with phosphorus increased chlor-
ophyll concentrations. If additional phosphorus is not applied, the concen-
tration of phosphorus in the water will decrease.

The correlation coefficients between average phosphorus concentration
and chlorophyll concentration or net gross production among the ten ponds
in this study are shown in Table 5. The relationship between chlorophyll
and phosphorus concentration varied with the ponds. The relationship in
ponds A-2 and B-5 was significant (P=0.05) while no statistical significance

Table. 5. Correlation coefficient between PO,-P concentration and
chlorophyll concentration or net gross production of O,
in each pond from July to Dec. 1970

Ponds [ T |
\,i A, A, A, 5 A, A; ‘ B, B, B, } B, ” B;
PO,-P ok ] oK
vs. —0.621 0.764/0.398 0.439—0.375—0.400, 0.316—0.119/—1.141] 0.803
Chl. .
PO,-P vs. ok **1 \ ik o *
Net gross A ﬁ :
X 0.096] 0.8220.573] 0.818—0.059 0.184/ 0.781] 0.328 0.425 (.657
production| ; ‘
of O, |

* P=0.05 r=0.602
# P=0.01 r=0.735
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could be demonstrated in the other eight ponds. However, the relationship
between average phosphorus concentration and chlorophyll concentration was
significant (P=0.05) when the data from all ten ponds were combined. The
relationship between net gross production and concentration of phosphorus
also varied with the ponds studied. The relationship in ponds A-2, A-4,
B-2 and B-5 was significant (P=0.05) while no statistical significance could
be demonstrated in the other six ponds. However, the relationship between
gross production and phosphorus was significant (P=0.05) when the data
from all ten ponds were combined.

Therefore, there appear to be relationships between chlorophyll
concentration or gross production and phosphorus concentration in the
individval ponds if no other environment factors interfere.

Using the data presented in Table 6, we can calculate the following
two regression equations Figure 9 and Figure 10, which show the relationship

of chlorophyll concentration or gross production and phosphorus concentration.

Table 6. Average concentration of PO,~P, chlorophyll and O,
gross production in the ten ponds in Chupei from
July to December, 1970 ppm

| ‘ { !
' 14/7 29/7 18/8 f 1/9 r 13/9 ‘ 30/9 12/10 [ 28/10 [ 10/11i 27/11 ‘ 15/12
1. |
| oae1l 0338 0.191 o0.15 0.101 0.070 o.oser 0.083 0.020 0.042 0.029
POCP . 01188 0,385 0.142+ 01093 0.069 01052 - 0.047]- 0.068 01026 - 0.044 = 0.012]
[ . 7 ]
| 98.86 | 122.36 | 172.54 98.06 | 84.14 | 117.09 | 86.03 | 115.01 | 7153 31.10
Chl \t110.979i140.4031t146.902“j:78.678i—93.390t88.880\j~_65.515i114.581 -85.172 221807
| | | [
0, | 22.3¢| 93.80| 2143 17.80 | 20.07 | s.51| 19.66| 7.7 | 8.16| 738 5.33
Production & 12236+ 1810061 9,150+ 6378 = 8040+ 31483+ 7.284+ 3.211Ji3.738]t 4703+ 2.363
) ! | |

1. Chlorophyll concentration=a chlorophyll constant plus the amount
due to phosphorus concentration
=50.300-+356.399 of phosphorus r=0.679%
2. Gross production (of O;) =an oxygen constant plus the amount due
to phosphorus concentration
=5.281486.433 of phosphorus r=0.796
From these data, we can demonstrate that a higher concentration of
phosphorus is necessary to maintain chlorophyll concentration and gross
production.
2. Phosphorus adsorption by bottom soil

Oxidized ferric compounds such as ferric hydroxide, ferric phosphate
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Fig. 9 Relationship between average phosphorus and chlorophyll concentration
of the ten ponds from July to December, 1970.

and ferric-organic-complex compounds adsorb various quantities of phos-
phorus. However, phosphorus adsorption by these compounds can only take
place when pH values are less than 8 (Hepher 1958).

In fish ponds pH values of lower layers of bottom soil are often below
8 and are generally lower than the upper layers of bottom soil. This is due
to decomposing organic materials in the lower layers which have higher
carbon dioxide concentration (Hutchinson 1957). Lin (1969) found the same

— 52



0, GROSS PRODUCTION ( g/m8/day )

1 1 | ] 1
0 0.05 0.10 015 0.20 025 0.
PC-P (ppm)

Fig. 10 Relationship between average phosphorus and O, gross primary
production of the ten ponds from July to December, 1970.

Tablo 7. pH value of bottom soil in Chupei fish ponds in 1970

30

A-1 A2 A3 A4 A5 B-1 B-2 B-3 B4

Feb.
July
Dec.

7.7 7.5 7.7 7.6 7.5 7.5 7.2 7.3 7.2
7.2 7.5 7.6 7.7 7.9 7.5 7.6 7.5 7.5

7.3 7.4 7.3 7.7 7.5 7.4 7.4 7.3 7.5

B-5
7.7
7.6
7.4
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phenomenon in the Taoyuan fish ponds. In the Chupei fish ponds we found
that the pH values in the bottom soil ranged between 7 and 8 (Table 7).
Therefore, the phosphorus in the water could be adsorbed by ferric com-
pounds. For example, the determinations completed in 1970 showed that an
average of 47.5% of all phosphorus measured in the bottom soil were iron
phosphorus (Table 3).
phosphates are added to ponds, a corresponding increase in adsorption of
in 1969 in

It is also clear that when increased levels of super-

iron phosphorus will occur in the bottom soil. For example,

ponds A-2 and B-2, 1,040 kg/ha/year
corresponding iron phosphorus values
ponds A-5 and B-5, 10,230 kg/ha/year
corresponding iron phosphorus values

of superphosphate was added and the
were 103.3 and 161.7 ppm, while in
of superphosphate was added and the
were 608.5 and 423.5 ppm.

Iron phosphorus can be released from the soil into the water if the
soil becomes reduced. Table 8 shows the concentration of organic matter
and the percentage change in organic matter and percentage change in iron
phosphorus among the ten ponds in the year 1970. Figure 1l shows the
ratio between organic matter and iron phosphorus as it changed in these
ponds in 1970.

tionship between these two factors in the bottom soil.

Table 8.

From these data we found that there was a positive rela-

Organic matter and iron phosphorus content of bottom
soil and percentage change in the periods from February
to July and from July to November 1970

Organic matter P:ﬁgzzia%g Iron phosphorus chzif;geril;agiion
Pond content organic matter content phosphorus

Feb. July Nov. F;E’l'; %1013_ Feb. July Nov. Ffl?l.y— ﬁt}z—
A-1 2.03 2.69 3.54 —32.5 — 49.9 105.0 21.2 —110.4 —
A-2 2.33 1.60 2.50 31.3 — 103.3 86.0 43.4 16.8 —
A-3 2.18 1.97 1.98 9.6 — 0.5 161.6 135.4 100.3 16.2 25.9
A-4 1.92 1.48 1.56 22.9 — 5.4 248.2 236.3 191.8 16.9 18.8
A-5 2.23 1.66 1.83 25.6 —10.2 608.5 352.3 419.0 42.1 —18.9
B-1 2.12 1.69 2.01 20.3 —18.9 297.9 103.5 156.5 65.3 —51.2
B-2 2.35 1.84 1.77 17.4 8.8 161.7 137.1 131.8 15.2 3.8
B-3 2.51 1.87 1.52 25.5 18.7 184.7 145.6 148.6 21.2 2.1
B-4 1.99 1.17 1.03 30.4 12.0 367.3 267.7 197.9 27.1 26.1
B-5 1.68 1.17 1.03 30.4 12.0 423.5 159.8 178.9 62.3 12.0
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Fig. 11 Relationship between percentege change in organic matter and change
in iron phosphorus content of bottom soil from February to June
and from July to November, 1970.

Organic detritus from the ponds’ food chain settles to the bottom and
forms organic matter in the bottom soil. Reducer organisms in the soil
break down this organic material and decrease its amount. To break down
larger ‘quantities of organic material these reducer organisms use increasing
amounts of oxygen and thus reduce the bottom soil including the reduction
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of iron phosphorus.

Ferric complexes, ferric hydroxide and ferrous phosphate are all
related to phosphorus availability in the soil. Ferric hydroxide has the
ability to adsorb phosphorus onto its molecule surface and ferrous phosphate
contains phosphorus. Mortimer (1942 as reported in Hayes, 1958) indicated
that the reduction of normally insoluble ferric complexes such as ferric
hydroxide and ferrous phosphate resulted in the release of ferrous iren and
other reducing materials from the bottom soil into the water. Therefore,
as the organic material in the soil decreases, the iron phosphorus will also
decrease. The biotic activity of reducer organisms will be involved in the
release or accumulation of iron phosphorus in the soil.

3. Precipitation of calcium phosphate through a reaction utilizing calcium
carbonate. i

Hepher (1958) in Israel demonstrated that much of the phosphorus
which was added to fish ponds by fertilization was precipitated as calcium
phosphate through a reaction utilizing calcium carbonate. He pointed out
that this reaction was pH sensitive. As photosynthetic activity increased in
the pond water and raised the pH, calcium phosphate precipitation would
increase especially in a pond with high calcium content.

In 1969, the average yearly pH value measured at 10:00 a.m. in the
Chupei fish ponds ranged from 8.6 to 9.5 (Chiu 1970, unpublished). In
1970, the lowest average pH value for the ten Chupei fish ponds occurs at
about 6:00 a.m. and ranged from 8.18 to 9.30. Since respiration exceeds
photosynthesis in the 12 hour period before 6:00 a.m., CO, concentration in
the pond water was highest at this time. This high concentration of CO,
will lower the pH of the pond water.

From September to November, 1969, the average calcium content in
ponds A-3, A-4, B-3 and B-4 ranged from 25.957 to 36.710 ppm (Lin 1970).
This was similar to that in the same ponds and the same period in 1970. In
1970, the average yearly calcium content in the ten ponds ranged from 22.95
to 38.44 ppm and only two of these ponds averaged below 30 ppm (Lin
unpublished). Since fhe saturation of calcium in water is about 15 ppm,
higher amount of phosphates added in fertilization will be precipitated as
calcium phosphate.

On February 5, 1970, the average concentration of calcium phosphorus
in the bottom soil was 234.2 ppm. This represents 47.26% of the total
phosphorus measured. On July 15, the calcium phosphorus concentration in
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the soil was 114.9 ppm and on November 27, it was 8.3 ppm. The calcium
phosphorus concentration was highest on February 5, immediately after the
heavy fertilization period of 1969.

Summary

1. The phosphorus concentration in the water of the ten Chupei fish
ponds depended on the concentration of phosphorusin the bottom soil if no
fertilizers were added to the ponds. The addition of superphosphate or N-
P-K fertilizers will affect the above relationship. For example, when N-P-K
fertilizers were added to the pond water from July to December of 1970,
the relationship between phosphorus concentration in the pond water and
that in the bottom soil was not significant. When heavy doses of super-
phosphate fertilizers were added to the pond water in 1969, increases in
phosphorus concentration in the bottom soil occurred even though water
phosphorus concentration and fish production were maintained at about
the same level. Pond water phosphorus concentration was in relation to
various amounts of superphosphate added.

2. The relationship between the average concentration of phosphorus
and chlorophyll or primary production in the pond water from July to
December in 1970 was significant. It was demonstrated that a higher
concentration of phosphorus was necessary to maintain a higher chlorophyll
concentration or a higher gross production.

3. The pH values of the Chupei fish ponds were all above 8, while the
pH in the bottom soils were all between 7 and 8. The average yearly
calcium content in the Chupei fish ponds ranged from 22.95 to 38.44 ppm.
Both the high pH and high calcium concentration enabled more phosphorus
to be precipitated from the water into the bottom soil. The pH value of
less than 8 in the soil is suitable for fixing the phosphorus into iron
phosphorus.

4. An analysis of soil samples for particle size indicated that the soil
was not homogenous. It was also found that differences in bottom soil
among the ten ponds existed. The particle size in the bottom soil may
affect the amount of phosphorus which could be adsorbed.

5. The increase in average aluminum phosphorus concentration of the
ten ponds was observed in the February to July period, during which other
phosphorus were found to be decreasing. However, the sum of the four
groups of phosphorus, Sol.-P, Ca-P, Fe-P, Al-P, in the soil was much
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higher in February 1970 than that in November 1970. Since no super-
phosphate was added to the pond water from February to July in 1970, the
fish culture food chains must obtain their phosphorus from the bottom soil.
From July to December 1970, phosphorus was obtained from the bottom soil
and added N-P-K fertilizers.

6. There was a positive relationship between the changing ratio of
organic matter and the iron phosphorus in these ponds. The biotic activity
of reducer organism may be involved in the release or accumulation of iron
phosphorus in the soil.

7. Heavy fertilization in some of the ten ponds throughout 1969 in-
creased the amounts of inorganic phosphorus in the bottom soils measured
in 1970.

From the above it can be concluded that for optimum fish culture a
balance among soil phosphorus concentration, water phosphorus concentra-

tion, and the addition of various phosphorus fertilizers must be maintained.
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FERTILIZER EXPERIMENTS IN FRESHWATER FISH PONDS—
RELATION OF PHOSPHORUS AND NITROGEN
TO PLANKTON AND FISH PRODUCTION

Hong-siong Ong*

Abstract

The purpose of this experiment was to find the effect of phosphorus
and nitrogen fertilizers on the seasonal succession of plankton and ' fish
production in ponds. Two series, A and B, each consisting of five ponds
(four treated and one as control), were used. It was found that the
monthly fluctuation of phytoplankton production was different from that of
zooplankton, as zooplankton became abundant from February to May
and phytoplankton were dominant in the months of July to November.
In ponds of series A, fish production and phytoplankton abundance were in
linear relationship, but in series B, their relationship was irregular. There
was no clear relationship between the abundance of zooplankton and' fish
yield in either series of the experimental ponds. Because of the fact that
water supply to the experimental ponds was mixed with the drainage from
some rice fields and thus contaminated with both inorganic and organic
fertilizers, there was no clear-cut effect of different dosages of fertilizers
applied on fish production. Among the ponds of series A, the one that
maintained a PO,-P level of 0.1-0.29 had the highest yield of fish. The
addition of nitrogen fertilizer to ponds of series B resulted in a tremenddus
increase in bluegreen algae but failed to increase fish production, proﬁafbly
due to the low value of bluegreen algae as forage for Chinese carps and
further because the bluegreen algae in abundance suppressed the growth
of the diatoms and green algae.

In fish ponds, adequate growth of phytoplankton in general improves

# Research Assistant, Rockefeller Foundation Fish Culture Research, Chupei Fish
Culture Station.
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water quality and provides better conditions for fish growth, and it is
possible that Chinese carps thrived better in ponds of series A with deeper

water than those of series B.
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BEASAMBEREAE L RN RRTEERM - Bk Ez e AE2E (0.1~10cc) Xk
7 100ce JURBEEZ TR BN SR IETHIESH B R 2 85 o BilFk#EYER 50cehBEbLE
Pl 3,500 R.P.M. EL2053884E 2 I » 3E250cc AL ERIL ; ABEFEABREBULEAAR
BEBZERIE (0.01~2ce)/ NGRS d By » 10 B LR 2 B8 o 7EHEL
MREREERRONREKRZEE  DEFBEEAN KRS TR KEEEEYZER s REFEMNE
MR BIEE ~ YRRy BB -

K- EYREBEEYATEZEEE (AR AT 2 ce/m?

E]N A A, A, A, A
— A 11.4 10.3 11.2 16.2 13.6
_ A 15.0 9.9 8.3 15.1 42.5
= B 13.0 8.4 8.9 11.0 55.0
jutf A 19.4 14.1 13.3 29.0 19.9
A H 89.8 20.4 23.9 59.0 110.3
7~ A 71.1 22.5 28.8 61.8 126.6
+ A 49.2 26.1 4.1 163.7 308.6
AN A 169.6 48.6 262.6 444.4 487.0
Ju A 201.2 90.6 411.8 542.3 462.6
+ A 170.8 135.5 927.3 330.8 232.9
+ — A 282.7 239.7 1009.1 627.8 361.8

iR HE R

£ RABRRMEY S HEEY—F +— A% A REE2 L8k o AghZ AR hEEEER
BE o BAERES BRENITKKS, 749 3cc RkE R AERINE & SAEEA EEE], 664.020
Fr o R ERRBEYEEREYREAR AP RERNSZEG » nRARE—FTR o AR BREE
#£0.1~0.29ppm » # AT SR B 2 REAREBE » FI{E M EEIATS o 4RdE Moyle (1946) » BiiyibkE
B0.1~0.2ppmF » 0.200 - AIEE » HA R BEIRIEEE #60. 30~0. 59ppm iy f B B B AT B
ARSI 760.60~1.00ppm 2 AEEREZAMAEERE » RETEREERELS L EE
B BORHREE (AR ADIREF » A, W2 E S 0.05~0.09ppm » H& B & el B 5
1% » BA AR, 149,600 » I YN S B HEIE o MBI RE B Pl Bk
HWRin As~ A~ Ay E bl B E K D% R T A B8 2 AR B R (A i
FHEEENAER » BANERIEES » ER2RBA, bARFAHNEERE » BRIETRER
% (Mortimer, 1954) s Rz —MiBHAEKITEAZ I o —BKR > AR IHERYZ S
EI R R E MRS BB S ENEZ A (B1D -
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Fig. 1 Comparison of the total plankton quantity and fish yield in ponds
A and B series.
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RE YRS REYA PSS RE (BED S0 ¢ cc/m?

A B, B, B, B, B
—_ A 11.9 11.9 14.5 13.2 17.2
= A 12.5 13.3 14.3 18.3 21.1
= B 11.7 18.5 13.5 17.9 24.7
jus] A 17.5 20.1 21.4 55.3 24.4
B A 52.6 48.9 165.5 82.1 4.1
AN A 22.0 96.2 128.2 119.1 26.7
+ A 28.0 2,931.2 168.9 137.0 37.7
J\ A 21.2 3,112.5 765.5 377.9 199.8
. A 53.1 951.9 538.5 589.8 402.3
+ A 32.4 661.2 454.0 454.6 319.1
4+ — B 35.2 1,829.7 626.9 701.3 237.5

= S BERBMEYE B EYE AT EEZ I - By MR EREE (0.1~0.29ppm)
Wi AE (0.5ppm) » HIPUHE SR A REER B2 ¢ (HAEREBERSE » 7 BB
# (0.1~0.29ppm) Fy iR B BEFEEA » [BEREMABE 0.1ppm~0.29ppm B> ALk »
I EER At o HILFTAUINIERE R MK T » BEREZHR » HER ~ UaslzEeigR AR (Lin,
1969) o B.itn CREARLIEEE0.3~0.50ppm K 0. Sppm & AL) Z ik B E B eB: MR B » THAEE &Ko
B; iifEmiAEiRE R 0.6~1.00ppm R 0.5ppm&Ef0) 2 EHEEEREBMRE » B TRKEER

1,519.70cc » T BMAERR 1,231 194 » ZBJRE » M. CHERERL » 12 0.05~0.09ppm
%0.5ppm &) 2B FEHEHERRLERMER » 81K KEH,824.40cc. MIARERRIRRIE

GENALERERTE5.5TA » MEARE—ITR « B BREAERNIHEYM B LYY BB M
RELE o
£ BokPREYAPEZEERE CARED AL ¢ ce/md
M Ay A, A; A, A
— B 12 8 7 9 11
- H 17 13 7 23 31
= R 13 10 5 26 33
jut A 16 8 8 9 19
5 A 20 8 18 17 1
Ay H 18 16 28 14 12
+ A 9 9 12 7 10
A R 7 6 10 8 9
. A 6 5 7 6 6
+ A 4 7 4 3 8
+— B 3 3 ) 4 4
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£E BYHBiHEA RS 48E (BED ¥hr ¢ cc/m?

s

A 1 JE Bt B B, B, Bs
— A 10 8 9 7 11
- A 19 18 14 24 20
= A 24 12 14 16 10
] A 44 26 11 30 45
A A 8 17 16 27 38
AN A 9 15 13 22 20
+ A 6 10 9 9 8
AN A 4 9 5 6 5
i A 4 6 5 4 4
+ A 2 4 3 3 2
+ — B 2 4 4 3 2

BRI RIEML 0 ABDIAS RS ¢ RS B KK B154ce s RRBAL
As~ Az~ Az B BRIDL Bs b BREA R » S35 kK E&H 165ccr KRB~ By~ By~ Byr sk
Ne —RMEBMERBY AN - BEABRZEREBERENE - HIRHREA ~ BEAM » B4
WEBEHREDZRERNAENNIE—THG - £~ RAR R HESVEBNSEEL » TTUEH
AERRNEFAREE » DYUBEZB; » B » BJEB, 700 A EESIR S % o B; g Ak ;
BuihH ARE &M » B BEAME L APIBREHREAR » —EHEIRERT - MARZ As~ Ay £
AR ABREIE » ESAEIREE ) WAL B A FARTFEIESE » HMKMAESEHR#E
3L (A RKEIRE o FrE A A E] b A DA B B A —EIRER: » IS AL o lEEA - B
Bz BB R ML ) WA BEAMZBLAER B0 ANAREHRES ; ABRARZEL K
Al A mibiBl MR » HARKERRA ~ BIEAMA L AR » B BikEmRE TEE
HFE Y EFRREREEARE » KES » REFFESYNERRELE (/A 1962) KBl
YRR EZHE » A5 UREYE BEEY R RRE » REROMKZEEERY » E8ie

Wz AR MEEERER » KMELEA -~ BEXERBZAER » —RRMARHEE C Lin
and Chen, 1966) o

FEXR ABRRBESMWFFEVKBYERERRAFRER LY

B EY ml/m3/year 1,093.2 626.1 | 2,749.3 | 2,301.1 | 2,220.8 8,990.5
EWEEY ml/md/year 124 93 111 126 154 608
BHEHEY+FHY 1,217.2 719.1 | 2,860.3 | 2,427.1 | 2,374.8 9,598.5

# B & ky/hafyear 1,256.91 1,149.60 1,664.02 1,568.23@ 1,521.77 7,160.53

g — 2% B B, | B B. | B |# &
B ml/m/year  298.1| 9,695.4 | 2,911.2| 2,566.5 | 1,354.7  16,825.9
B % ml/m?/year | 132 129 103 151 165 680

BHEY -+ Y 430.1| 9,824.4 | 3,014.2 | 2,717.5| 1,519.7  17,505.9

# E B ky/ha/year 1 524.57 785.57| 1,421.65 1,100.00; 1,231.19 5,062.98
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#t A BREELSRBIbAEERKES $47 2 kg/ha

g 0% A A A A A, gt | B B By B, B i
B | 643 444 856 800 742 3,485 | 193 245 649 501 596 2,184

1 157 112 174 184 131 758 17 46 120 115 111 409

i 38 42 63 29 21 193 %5 14 38 26 24 127

2 194 227 208 137 741 840 138 48 101 151 201 639
"OR 89 77 143 119 115 543 48 63 97 96 135 439
e g | 137 247 221 299 439 1,343 103 369 417 220 164 1,273
w 5+ | 1,258 1,149 1,665 1,568 1,522 7,162 | 524 785 1,422 1,109 1,231 5,071

#/\ A~ BREEAREZIERERSBEEZ FHEMELE
) @%}%‘ A, A, A3 A, A; “$ﬁi B; B, [ B; B, B; Z{Ziﬁf(

2 10.35 12.09 12.16| 10.67| 11.34] 11.32 11.11I 9.561 12.09 11.76/ 11.04] 11.11
firs 11.50 11.62) 15.31] 11.15| 12.09 12.33} 10.69 13.30} 12.32| 11.44| 12.62| 11.67,
5 11.06| 12.98| 10.41| 9.53] 9.84| 10.76] 8.35 12'59[ 9.98 10.69] 9.38 10.20

e 14.95 17.07) 16.52( 15.65 16.11) 15.96) 15.90| 16.93 16.52 19.53| 17.75 17.33
A R #n | 16.90 16.74] 20.40| 20.05 16.93 18.20l 16.63 15.881 15.86| 20.95 19.97 17.86
B ¥y X |12.95 14.10‘ 14.96/ 13.31] 13.26 \ 12.54 13.25‘ 13.35) 14.87| 14.15
A% | 13.71

FEARB T ER R ~ i ~ RN BEOEEREYRNEEEREEREBEE ML ) ME

Yk BRI A B BN o R IR KB BAERT ) B BYERBEE  UREYHEBREYKE
BE ) N BREY T SRR H A ~ BZREAN » BiEEYH B E B S ERER
— R R R A RE ARSI MR S ERE SRR ATRHREE
mA; BB W EEYS » HAERRER » E L | HEHETRSEAKERE » wEA » kR
BRI BERE o A R R T B RS GO R R R R RESR
Wik £%3% (Lin S. Y., 1966) » mHEEEBEVAZESR » BREAZARME » RAZERER
REES » HEBASMERY ) ERGHEERZEHRHEAN « mBEERAAL » n A b RIEHE
FER BB EEZ IS » S MR RE SIS o 1 RS BTN » REIRR S R MR R B
B (ND R (C) ZERINE » AMBIREZ » MEEERE 5 s BEE 0.3~0.59ppm 0.6~
1.00ppm 2 A,~ A; IE/EESIREREETE ) AABERBEREZHR ;s ES (1968) TREWL
Bkt o

TRt 4 A T R A R e A K B > (AR R AR IR N 0 RITEE R #HE » inBatiR
Bl o —REEEEBUEBRER ) WELERSHE ) AHREEEZBA « ERE BB EEEER
A By KR B S Phormidium tenue » Merismopedia convolutalz Merismopedia
punctata s Chroococcus cimneticus 51 Chroococcus turgidus » IR HEMMEZEFEEN Ana-
baena sp. » Coelosphaerium sp. s Aphanocapsa sp. » Microcystis sp. K Oscillatoria sp.3t{k
89.40% o #kEIH(ED.40% ; REEEIE2.04% o RILFIEEHEAED, M5 RERE R 5 MBS
TERR B » SEEARE B » B REEE » BkEE KRR H.S » NHOHRARS R B AR
EEAREYZER » —HEKRTCERERBAK ¢+ HkhERE  RERYSRSTERZHE
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INCREASE OF BENTHIC ALGAE IN MILKFISH PONDS
BY APPLICATION OF SILICATE

Hon-Cheng Chen*

Abstract

Conditions provided in the winter preparation of the milkfish ponds
are favorable for bottom algal growth, especially the diatoms which might
reach 90% of the total bottom algal population. Such continuous growth
would eventually deplete the nutrients of the pond, and in Taiwan the
problem of silicate deficiency is critical. An experiment was designed and
carried out, therefore, to test if this deficiency could be made up with
silicate application. Two ponds were treated with sodium silicate and two
others used as control. The result was that the ponds with added Na, SiO,
yielded chlorophyll 1.72 to 2 times as much as that of the control. In
milkfish ponds the limiting level of SiO;-Si for algal production is 0.25 ppm,
but during the winter preparation of ponds Si0,-Si might be depleted to
somewhere between O and 0.4 ppm. Inference from experimental data
shows that by an application of 100 kg/ha of Na, SiO;, the SiO;-Si concen-
tration could be raised to above 0.25 ppm, but besides this essential
element, organic matter is also needed to bring down the pH value and to
supply other elements for algal growth.

Introduction

The milkfish ponds in Taiwan produce some 1900 kg/ha/year on the
average. To maintain this high yield, one of the important measures to
be taken in pond management is to grow and maintain an adequate layer
of bottom algae during the months of December to March when the ponds
are lying fallow. Then in April when water temperature rises above 20°C,
the ponds are filled with water and stocked with milkfish fingerlings. The
bottom algae, which should be 3 or 4 mm thick by this time will continue
to grow for a few more months until July or August and provide sufficient
forage for the fast growing milkfish. Upon analysis, it is found that the
bottom algae in the winter months consisted mostly of diatoms and bluegreen

* Part-time Research Assistant, Rockefeller Foundation Fish Culture Research Project,
Taiwan.



algae; of the diatoms, Nitzschizc and Pleurosigma are dominant, especially
the former species which may reach as high as 90%. In the summer
months, however, more bluegreen algae will thrive.

There are many favorable conditions for the growth of bottom algae.
Temperature is one, tillage and fertilization with organic and inorganic
substances are the others. Even the regulation of the depth of water and
manipulation of the rate of fingerling stocking and harvesting will affect
the growth of bottom algae and consequently the milkfish production. As’
the present study concerned only silicate as nutrient to algae, a review of
literature on the question of activism of silicate in water and its role in
algae production was first made and an experiment was designed and carried

out to verify the points in question.
Review of Literature

In describing the different phases of milkfish culture in Taiwan and in
trying to link up scientific information with traditional practices, Lin (1968)
emphasized the importance of silica in milkfish pond fertilization. Whiford
and Schumacher (1968) recorded the better growth of bluegreen algae in
warm water, while Carl (1940), Rao (1955), Blum (1956) and Venkateswarlu
(1969) mentioned that most diatoms thrived better at low temperature.
Lund (1949) discussed the relationship of nitrate, phosphate and silicate to
the growth of diatoms. Hutchinson (1944) and Smyth (1955) found that
diatoms required a large amount of silicate to grow, and the requirement of
nitrate and phosphate was not so great. In the decomposition of dead
diatoms only a very small amount of NH,~N and PO,-P is released in water
(King and Davidson, 1933), and the concentration of N and P and N/P ratio
in water bear little relation to the fluctuation of the diatom population
(Rao, 1955). There is no relationship at all between the multiplication of
diatoms and the concentration of NO,-(Ketchum, 1939).

Okuda and Takahashi (1967) described from experiments in literature that
rice and diatoms required silicate to grow although silicate was not a
requirement essential for plants in general. The supply of silicate is
absolutely necessary for diatom multiplication. The cell wall of some
diatoms contains as much as 96.5% of silica; provided that other nutrients
are equally abundant, diatoms grow directly in proportion to the concentration
of silicon which no other elements can replace (Lewin, 1962). Bluegreen
algae require much less silicate for growth (Lewin, 1962). In seas and
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lakes the concentration of silicate is usually in reverse proportion to the
abundance of diatoms, for when other favorable conditions are present,
rapid growth of diatoms will take up silicate very rapidly to leave a minimum
silicate level in water (Lund, 1949; Roy, 1955; Hutchinson, 1957; Venka-
teswarlu, 1969). Chu (1942) also stated that silicate in sea water was
generally low. The disappearance of silicate from water is due mainly to
(1) combination with positively charged bivalent ions to form insoluble
compounds and with organic substances to form insoluble organosilicates
(Hauser, 1957), and also with Fe (OH); and Al (OH); to form insoluble
compounds of iron and aluminum (Hutchinson, 1957), but the formation of
Mg-silicate and Ca-silicate is most common, because Mg and Ca are abundant
in brackish and sea waters, (2) reduction of silicate by H+ of water, H,CO,
and organic acids to insoluble silica and thus rendering it unavailable to the
assimilation of the diatoms (Hutchinson, 1957), (3) adherence of silicate
to soil particles to help liberation of phosphate into water (Okuda and
Takahashi, 1967) and to leach out, and (4) utilization of silicate by diatoms.
Hutchinson (1957) estimated that diatoms were capable of absorbing up to
3/4 of the silicate added to water; Lewin (1962) stated that diatoms could
assimilate double as much silicate as would be usually required to build a cell
wall of double thickness if the concentration of silicate was sufficiently
high in water.

On the other hand, the concentration of silicate can be increased first
through a natural process in the form of leachable and exchangeable silicate
(Round, 1957), because the concentration of silicate in both water and soil
tends to reach a state of balance; if silicate concentration is low in water
but high in soil, silicate will be liberated into water until equilibrium is
reached; secondly if insoluble silica is rich in the soil, high pH and high
temperature will increase the solubility of silica (Patrick, 1948; Hutchinson,
1957 and Eitel, 1954), for alkaline water tends to transform silica into
soluble orthosilicate or silicate (Lewin, 1955a); and in the third place dead
diatoms are a good source of silicate but its liberation has no direct
relation to bacteria action (Sverdrup et @l, 1949). There is a definite ratio
between phosphate and silicate liberation as mentioned by Grill and Richards
(1964). Silicate liberation from dead diatoms is a slow process starting a
few days after death and taking about five months to complete (King and
Davidson, 1933; Grill and Richards, 1964). In contrast to the process of its

liberation from dead diatoms and soil, the up-take of silicate by growing
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diatoms and by returning back to the soil is rapid, resulting in a low
concentration of silicate in water (Hutchinson, 1944).

As a limiting factor in diatom multiplication, Chu (1942) defined a
concentration of 0.4 ppm of silica as being the minimum, while Pearsall
(1932), Lewin (1955) and Lund (1949) stated that 0.5 to 0.6 ppm of silica
would depress diatom growth. However, high concentration of silicate in
alkali water inhibits the propagation of diatoms. Chu (1942) found that
diatoms stopped growing at a concentration of 54 ppm of silica and King
and Davidson (1933) said that they died at 100 ppm. The results of an
experiment led Lin (1968) to believe that when the silica concentration in
milkfish ponds drops below 0.25 ppm, silicate fertilizer should be immedi-
ately added in order to maintain a high level of bottom algae growth and

the application should be done on several occasions in small dosages at a
time.

Lund (1949) discovered that the application of silicate to freshwater did
not necessarily result in diatom bloom, because, as Mommaerts (1969)
stated, silica concentration in freshwater is wusually higher than that in sea
water. Liaw (1969) also noted that silica content in the inland waters of
north Taiwan was 5.06 ppm which was above the general need for algal

growth. Adequate quantity of silica in the cell wall increases resistance to
the attack of bacteria and fungi (Patrick, 1948).

The Experiment: Material and Method

Four small ponds, each of 0.375 ha at the Tainan Fish Culture Station
were selected for the experiment carried out in 1968-1969. The design and
treatments of the ponds are shown in Table 1.

Table 1 Dosage and application date of silicate in the experimental ponds.

I;?:d Area (ha) Fertilizer dosage Application date of silicate

32 0.375 Chicken manure 240 kg

35 0.375 Chicken manure 240 kg

34 0.375 Chicken manure 240 kg Dec. 19-vceieecncennnnnn20 kg
Sodium silicate 40 kg Dec. 25:ceeveiineeennn10 kg
Jan. 5 cveeiiiiennnl10 kg

36 0.375 Chicken manure 240 kg Dec. 20:seecsenneenn...10 kg
Sodium silicate 20 kg Jan, 5 «eiieneniiinnn10 kg




Ponds Nos. 34 and 36 were treated with Na,SiO, and Nos. 32 and 35
used as control. All the experimental ponds were drained on November.
16, 1968. When the pond bottom dried and cracked on December 9, 1968,
240 kg of chicken manure was applied to each of the ponds. On December
12 sea water was admitted to a depth of 12 cm in all the ponds, which were
then allowed to dry again by evaporation. Bottom algae kept on growing
during this evaporation period and whenever water was admitted again. No
more fertilizers were added to ponds Nos. 32 and 35, but Na,SiO, was added
to Nos. 36 and 34 as shown in Table 1. Turbidity, silicate content, pH
value and bottom algae quantity were determined once daily at 9 a.m. and
pH and air temperature at 3 p.m.

Determination of silicate and nitrite contents and chlorophyll amount
was made according to methods described in the “Manual of Sea Water
Analysis” by Strickland (1960). Phosphate and ammonia were determined
by methods described in “Apparatus and Methods of Oceanography” by
Burne (1959). The pH value was determined by using the glass electrode pH
meter, Model HM-5, and turbidity by HACH water analysis kit.

Results

Figure 1 shows the daily fluctuation of SiO,-Si concentration in the
experimental ponds (Si0,-Six2.14=silica). Ponds No. 32 and No. 35 had no
added silicate, the water contained a low level of Si0,-Si of 0.1-0.4 ppm,
reaching the lowest point at 0.025 ppm in 4-10 days after the admission of
new sea water. With added silicate to Nos. 34 and 36 the SiO,-Si content
remained comparatively high, reaching 2.6 ppm at the time of silicate
application and dropping to pre-application level of 0.25 ppm after 3-6 days.
Silicate content was highest in No. 34, because more Na,SiO, was added.

Chlorophyll content is used to indicate the bottom algae production
which, as shown in Fig. 2, was low at an average of 82.9 mg/m? and 85.1
mg/m? in ponds Nos. 32 and 35 respectively. In No. 34 when 20 kg of
silicate was added on Dec. 19, chlorophyll content was increased from 80
to 132 mg/m®. Again on Dec. 25, with 10 more kg of silicate added, chlor-
ophyll was further increased from 113 to 179 mg/m?.

Figure 4 and Table 3 show the daily difference of pH at 9 a.m. and 3
p.m. between ponds No. 36 and No. 35, and Fig. 5 shows the difference
between ponds No. 34 and No. 32. These two figures point not only to
the higher pH value in silicate fertilized ponds than in unfertilized ponds,
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Fig. 1 Daily fluctuation of SiO,-Si concentration in the experimental ponds.
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but also sharper pH increase from morning to afternoon in the fertilized
ones. - All these phenomena can be interpreted as better bottom algae
production in the silicate fertilized ponds than in the unfertilized.
Turbidity of pond water affects bottom algae growth to a great extent.
The cause of turbidity in milkfish ponds is wusually due to plankton
growth, as a result of which bottom algae are destroyed. Fig. 6 shows that
pond No. 32, without silicate application, had a higher turbidity of 30-50
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—_— No. 35
——4—=—No32 .
. — N\,
/ /N
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Fig. 3 Daily fluctuation of pH value of the four ponds at 3:00 p.m.
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Fig. 4 Daily difference of pH value betweeen ponds No. 36 and No. 35 at
9:00 a.m. and 3:00 p.m.
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J.T.U. than those with silicate added. Temperature also affects bottom
algae growth. As shown in Fig. 7, the air temperature in January was
generally lower than that in December, so the algae (or the diatom) growth
was also better in January. On January 5, again 10 Bg of silicate was
added to No. 34 and chlorophyll content was increased from 135 mg/m? to
218 mg/m?. Similar increment of chlorophyll concentration was also found
in No. 36 with application of silicate.

The results of t-test with significance at 1% level by pairing method
shows the positive effect of silicate fertilization to bottom algae growth
(Table 2). The slight increase of bottom algae in No. 35 where no silicate
was added was evidently due to the continuous seepage that carried extra
silicate from the canal to the pond.

Figure 3 points to the fluctuation of pH value at 3 p.m. of the four
ponds. High pH value indicated more O, content in those ponds with
silicate fertilization as illustrated by pH 9.0-9.5 in. No. 34 and No. 36
against 8.9 in No. 32 and No. 351in the early part of the experiment period.
The pH value in No. 35 became high in the latter part of the experiment
due to additional silicate carried in through seepage. Photosynthesis was

Table 2 Significance test of benthic algae production in the
four experimental ponds by pairing method.

Pond Nos.
Treatment 3136 34-35  34-32 36-35  36-32  35-32
t value 6.57% 9.20%k  10.79%k  8.20%k  5.66%% .72

** significant at 1% level
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most active during the hours from 10:00 to 14:00 and this was considerably
increased by adequate silicate supply, resulting in more CO, up-take and
more O, liberated in water to increase the pH wvalue. Table 4 shows the
quality of water in the four experimental ponds.

Table 3 Mean pH values at 9 a.m. and 3 p.m. and the difference

between morning and afternoon values.

Pond No. 35 32 34 36

9 a.m. 8.926 8.703 9.971 9.017
3 p.m. 9.193 8.951 9.267 9.374
Difference 4 0.268 0.248 0.296 0.351

Table 4 Chemical quality of water in different ponds

Date of December 15 Jan. 10

examination

Pond No. NI—i—N (ppm) NO,-N (ppm) PO,-P (ppm) Salinity (%)
35 0.36 0.004 0.37 60
36 0.27 0.0025 0.38 . 72,5

- 34 0.285 0.0034 0.34 70.6
32 0.255 0.0038 0.26 68

Discussion and Conclusion

The practice of tillage, fertilization and fallowing with periodic flooding
and evaporation to dryness of the bottom of milkfish ponds is evidently
a proper process to accumulate nutrients and to prepare a firm bottom
texture for the growth of bottom algae. The low temperature in winter
particularly. favors the growth of diatoms, but, to obtain a maximum
growth, adequate supply of silicate is necessary.

Sea water in the canal contains a considerable amount of silicate,
usually above 1 ppm of SiO;-Si, but a few days after its admission to the
ponds, rapid multiplication of diatoms and other algae assimilates most of
the silicate and leaves a concentration in water even as low as 0.0125 ppm.
At this-low level of concentration, diatoms are unable to grow any further
as shown in the control ponds Nos. 32 and 35.

The purpose of applying chicken manure equally to the four experimental

ponds was to provide adequate concentration of nitrogen and phosphorus as
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well as organic matter, CO,, organic acids and possibly vitamins to the
need of bottom algae growth.

Now the only factor that remained to be determined was whether
silicate constitutes an essential nutrient for bottom algae growth, and this
has been proved positive in the present experiment, as the chlorophyll
content in ponds No. 34 and No. 36 with added silicate increased from 80
to 218 mg/m?, whereas in ponds No. 32 and No. 35 without silicate appli-
cation the chlorophyll content remained 82-85 mg/m? throughout the experi-
mental period.

Another point of significance in the results of the present experiment is
that bottom algae increased in direct proportion to the quantities and times
of silicate applications as illustrated particularly in the results of pond No.
34 with three silicate applications. In this pond, one application of 20 kg
of Na,SiO; was made on Decemebr 19, another 10 kg on Dec. 25 and the
last 10 kg on Jan. 5, and, as a result, chlorophyll content increased 52,
66 and 83 mg/m? respectively.

The f{findings of this experiment can be applied to milkfish pond
management with profit. It is suggested, therefore, to carry out further
experiments on a large scale with several ponds each of 4 to 6 hectares.
In the treated ponds 20-40 kg of Na,SiO; would be divided into four or
more portions or doses to be applied in December; and similar doses and
manner of application will be made to the same ponds in the following
months from January to July. The quantity of silicate and time of appli-
cation will depend, of course, on the firmness of the algal bed, water supply
and other conditions.

Meanwhile, it should be noted that, in pond No. 34, when silicate was
applied on Dec. 19, the SiO;-Si concentration was observed to be 2.5 ppm,
but after 5 days it dropped to 0.25 ppm. Such rapid loss of silicate in
water was chiefly due to assimilation by diatoms for propagation. If no.
silicate was further added, its concentration might drop close to zero as
revealed by analysis of the pond water. On the basis of this information,
the traditional practice of keeping old water for the sake of preserving
fertility appears to be a mistake. If efficient filters can be installed to keep
the undesirable organisms out, it would be highly advisable to partly drain
the pond and let in fresh sea water, for as nutrients are depleted after
water is left standing in the pond for more than 10 days, the admission of
fresh sea water rich in nutrients could only be beneficial.
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NOTES ON ORGANISM CAUSING BROWN WATER
IN MILKFISH PONDS

Shih-lin Shen*
and

Young-Meng Chiang™*

Abstract

Formation of brown water in milkfish ponds used for wintering purpose
was found to have been caused by a bloom of Olisthodiscus carterae.

In southern Taiwan, the water in brackish-water ponds used for winter-
ing of the milkfish, especially in the old ponds, frequently turns brown in
winter. The appearance of the brown water, when it becomes very thick,
tends to have a lethal effect on milkfish (Lin, 1968).

In the winter of 1969 the writers collected samples of this brown water
and found that the color was caused by a species of brown pigmented
flagellate, identified as Olisthodiscus carterae Hulburt (1956).

The genus Olisthodiscus was established by Carter in 1937 based on one
species, O. Iuteus, and was placed in the Xanthophyceae (Leadbeater,
1969). Recently Hulburt (1965) -added two new brackish water species, O.
carterae and O. magnus, to the genus.

Leadbeater (1969), based on fine structural study and recent biochemical
work on Olisthodiscus luteus, suggested that the genus should be transferred
from the Xanthophyceae tentatively to the Chrysophyceae.

Olisthodiscus cartéerae Hulburt was described by Hulburt from specimens
collected from brackish waters in the vicinity of Woods Hole, Massachusetts,
and this is the second time that this species was reported.

Under normal conditions of rapid growth both in ponds and uni-algal
culture, the organisms are very active. They are ovoid to subovoid in
shape and more or less compressed. But in some cultures they tend to
change their size and shape and become sub-globular, cylindrical or polyhedral.
They become sluggish and settle down to the bottom of the culture, become
globular and eventually die.

* Tainan Fish Culture Station, Taiwan Fisheries Research Institute
** Institute of Oceanography, National- Taiwan University, Taipei, Taiwan.
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Olisthodiscus carterae Hulburt (Figures 1~5). Cells moderate-sized,’
without cell wall, somewhat ovoid to subovoid in outline, more or less
compressed, anterior end wider than posterior end, dorsal margin more

convex than ventral in side view, sometimes irregular along margin, the

Fig. 1-5. Olisthodiscus carterae Hulburt.



surface of the cell sometimes uneven, with two lumps on the ventral side
forming a longitudinal and somewhat shallow transverse furrow. Length
15-23u, width 10-154x. Flagella two, one projecting anteriorly, the other
trailing, inserted ventrally at the end of the logitudinal furrow. Chroma-
tophores globular to elliptical, 5 to 27, brown, peripherally placed except
none present on ventral side. Granules occasionally present.

Our organism seems identical to Hulburt's except for the size of the
cells. In our specimens the size of the cell is 15 to 23z in length and 10
to 154 wide. Hulburt describes them as 8 to 12u 10 long and 5 to 8y wide.
The number of the chromatophores per cell in our organism (5 to 27) is
also greater than that of Hulbert’s (8 to 16).
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A DISEASE OF THE GRASS CARP
(CTENOPHARYNGODON IDELLUS) AND
ITS CHEMOTHERAPEUTICAL CONTROL

Wilson Sheng-yu Wu*

The grass carp, Ctenopharyngodon idellus, is one of the principal
species reared in freshwater ponds in Taiwan. It is susceptible to a disease
and each year a large number die, thereby greatly reducing the profit to
the fish farmers.

This disease of the grass carp shows up with the following symptoms:
loss of appetite, swimming slowly near the surface of the water, a slight
reddening and swelling of the anus, some yellowish mucus in the abdomen
around the intestines, and the inflammation of the stomach with engorged
blood vessels (Fig. 1).

Rt

Fig. 1 Diseased Ctenopharyngodon idellus

The fish farmers feed rice bran, ground bean cake and duckweed (Lamia) .
to the fish and use night soil as fertilizer. So it is necessary to examine
the water and feed in an effort to look for the pathogen.

This study was prompted by the desire to find the causal organism of
this disease and the methods of control.

Materials and Methods

Diseased and healthy grass carp were collected from the fish ponds in

the North Ward and the An-nan Ward of Tainan City, Yungkang Hsiang of

# Part-time Research Fellow, Rockefeller Foundation Fish Culture Research Project,

Taiwan.
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Tainan Hsien, and Hu-nei Hsiang of Kaohsiung Hsien. These fish were
brought back to the Microbiology Laboratory of the National Taiwan
University in Taipei in clean plastic bags kept in thermos bottles with ice.

Immediately upon arrival at the Laboratory, the healthy and the diseased
fish were examined. Bacteria were isolated from the mucus in the abdomen,
liver and blood, and also from the intestine by sterile cotton swabs and
streaked on different agar plates with a loop needle.

One of the isolates (A-2) was cultured in broth in an Erlenmeyer flask
for 24 hours and then inoculated into healthy fish which had been brought
back to Taipei and kept in large tanks.

The inoculation was carried out by two methods: First by putting a
culture of the A-2 bacteria on rice bran which served as food for the
healthy grass carp; and secondly by intramuscular injection.

Water collected from the ponds in which the fish were reared was
cultured on agar plates by the dilution plate method and by the Miles and
Misra surface method in order to learn what bacteria were dominant in the
pond water.

The identification of the bacteria isolated from both diseased and healthy
fish was made according to Bergey’s Manual of Determinative Bacteriology
and the Standard Descriptive Chart prepared by the Committee on Bacteri-
ological Technique of the Society of American Bacteriologists.

Results
(1) 14 species of bacteria were isolated and identified from the diseased
fish, as shown in Table 1. One species was consistently found in the diseased
fish but not in the healthy fish. This was culture No. A-2 which was
selected as the possible causal organism and used in the inoculation tests.

(2) -The result of inoculation test has been that by using the first
method, i.e. feeding the A-2 culture on rice bran to 34 grass carp, four
or five days after inoculation with the bacteria, one of the healthy {fish
was found dead. Ten days after inoculation, three more were found dead
and 20 others were sick, but the remaining 10 seemed to be healthy.
" The 25 grass carp used as control were all in normal condition. By using
the second method, i.e. intramuscular injection to 47 healthy grass carp,
the fish began to die one after another for 25 days following the inocula-
tion, and 36 were found dead 45 days after the inoculation; of the remaining
11, five were sick and six appeared in normal condition.
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(3) The results of the action of some of the antibiotics on the

pathogen A-2 are shown in Table 2.

Table 2
Chemotherapeutic Inhibition 'zone (cm) Mota
agemts Low conc. hﬁzilcunm High conc.
Sulfisoxazol 2.4 2.7 3.2
Colistin 2.0 2:1 2.1
Kanamycine 1.9 2.3 2.7
Dihydrostreptomycin 1.8 2.3 2.7
Tetracycline 2.5 2.6 2.8
Chloramphenicol 3.0 3.2 4.1
Leucomycin X 1.3 2.0
Oleandomycin X 1.2 2.0
Erythromycin 1.1 1.6 2.2
Penicillin X X X No inhibition
Streptomycin 1.9 2.2 2.4
Trisulfa pyrimidines 2.1 2.2 2.4
Auromycin 2.2 2.6 2.8
Terramycin 2.2 2.6 2.9
Bacitracin X 1.1 1.2
Declomycin 2.1 2.3 2.9
Ampicillin X X ‘ No inhibition
Cephalothin — — 2.8
Cephaloridine - — 2.8
Nafcillin X — S - No inhibition
Lincomycin X — ~— | No inhibition
Methicillin X — - No inhibition
Sulfamerazine 1.6 1.9 2.1
Discussion

(1) The A-2 organism is Aeromonas punctate (Zimmermann), which is
a gram negative, short rod (0.6-0.8x0.9-1.44) monotrichous bacteria (Fig.
2 and Fig. 3). '

It is the pathogen that causes the edema in the grass carp. Sometimes,
a fish can first be infected by Aeromonaes and secondarily infected by other



Fig. 2 Hemolysis of Aeromonas punctata

g -
‘ L

Fig. 3 Flagella stain of Aeromonas punctata

pathogens (22). It is the opinion of Goncarov, Tomasec ¢f ¢/. (4) that a
virus is the primary cause of certain diseases, and the bacteria come into
play only as secondary invaders.

(2) Aecromonas punctate was found in the water from the ponds in
which the fish were reared. This bacteria is always associated with
duckweed which is found in ponds in which the carp, eel and other fishes
are present.

(3) Penicillin interferes with the incorporation of the N-acetylmuramic
acid peptide from a carrier within the bacteria cell to its position in the
mucopeptide polymer (6) structure that normally comprises the rigid bacterial
cell wall. But Aeromonas punctate is not sensitive to penicillin.

(4) Chloramphenicol (Fig. 4) was found to be the most efficient
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antibiotic in this study. The inhibition zone of sensitivity disk test was
the largest, as shown in Table 2. The site of inhibition of chloramphenicol
blocks protein synthesis (5) and has been shown to involve the transfer of
amino acids from the transfer RNA component of RNA to the peptide-bond
forming site in the ribosome (11, 18).

CH;OH
|
CHNHCOCHCI,

|
CHOH
|

NO,
Fig. 4 Chloramphenicol

(5) Aeromonas punctata is also sensitive to heavy metal ions, such as
copper. This phenomenon is known as the oligodynamic action.

This investigation has revealed that Aeromonas puncteta is associated
with the disease of grass carp and that chloramphenicol is effective in
inhibiting the growth of this pathogen, but since this is an expensive
antibiotic, there is need to find a more economical method of control.
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STUDIES ON FEEDING AND PROTEIN DIGESTIBILITY OF
SILVER CARP, HYPOPHTHALMICHTHYS MOLITRIX,(C. & V.)

Wan Chiang*

Introduction

Hypophthalmichthys molitrix (Cuvier & Valenciennes), a herbivorous
freshwater fish, is widely distributed in Southeast Asia, South China, and
Taiwan, and is one of the most important fishes cultured in ponds.
However, a species of such high economic value is relatively poorly under-
stood, especially regarding feed digestibility, although it has been studied
by a few workers such as Fang (1928), Kobayasi (19292, 1929b, cited from
S.Y. Lin 1969), Nikolsky (1963), S. Y. Lin (1968, 1969), Y. W. Hou
(1969), et al.

In the study on the digestibility of the feed of fish, Maynard and Loosli
suggested in 1959 an indirect method, making use of an inert reference
substance as its indicator. Nose (1960 b), and Y. S. Lai (1966) pursued
this method and selected Cr,0; as an indicator. In silver carp, however,
the digestibility of phytoplankton could not be determined easily by Cr,0,.
An attempt was made in this study to use dietary chlorophyll instead.
Particular attention was given to trophogenic aspects and morphological
factors. Comparisons between silver carp and its related species were also
made in this investigation.

Material and Methods

The silver carp used in the investigation was obtained partly from the
fertilized ponds of the Chupei Fish Culture Station which were cleared at
the end of November 1968 and partly from cement ponds (100x110x 72 cm?®)
in which the fish were fed with algae containing 3-5% of Cr,0;.

The techniques employed were as follows:
A. Chemical properties of the pond-water.

1. Alkalinity, NO;-N, NO,-N, SiO,: Determined by standard methods

for the examination of water and waste water (American Public
Health Association 1965).

* Part-time Research Assistant. Rockefeller Foundation Fish Culture Research Project,

Taiwan.
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2. PO,-P: Determined by a modified single solution method of Murphy
and Riley (Murphy & Riley 1962).

3. K+, Na*, Mg**, Ca**: Determined by Hilger-Watts method, technical
data sheets, directly by Uvispek atomic absorbance spectrophoto-
metric MK 9 (H 700).

4. Chlorophyll: By Richard and Thompson’s method for determination
of chlorophyll a, b, c at three different wave lengths (Richard &
Thompson 1968).

B. Feeding periodicity: By Keast and Welsh’'s method (Keast & Welsh
1968).

C. State of nourishment: By weighing the collected fish and their dried
tract-contents and then calculating the ingested amount of food per
gram of body weight.

D. Digestive rate: By measuring the lengths of the entire empty gut of
the fish at regular intervals.

E. The pH value of the digestive tract: By BTS test paper.

F. Analysis of the tract-contents: By microscopic examination of the
fore-and hind-gut contents.

G. Analysis of the phytoplankton in the ponds: By microscopic exami-
nation of the minute vegetable organisms collected with a plankton

net.

H. Chlorophyll digestibility: Indicated by Cr,O;, Nose’s method (Nose
1960b).

I. Protein digestibility: Indicated by chlorophyll, Nose's method (Nose
1960b).

Experimental Results

A. Pond condition

The fish ponds at Chupei Station were drained of water at the end of
November, 1968, and were dried under the sun for three months. The fry
of big head, grass carp, common carp and silver carp were planted in the
refilled ponds. At the end of November, 1969, the ponds were again
cleared. There were ten ponds in all, classified into Groups A and B
according to the fertilizers used. The area, depth, and fertilizers used are
listed in Table 1.

Every other week from September to November in 1969, water of the
five ponds, two chosen at random from Group A, two from Group B and
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one from the unfertilized ponds, was analyzed. The water drawn up from
various depths of the ponds with a plastic cylinder 10 cm in diameter and
100 cm in height and poured into a 500 cc plastic vessel was brought to
the limnological laboratory of the National Taiwan University for analysis.

The results are given in Table. 2.

Table 1. Condition and treatment of experimental ponds at
Chupei Station.
Pond No. Area Mean Depth Annual Fertilization (kg/ha)
(m?) (cm) CaH, (PO,), (NH,); SO,
A-1 485 73.4 0 0
A-2 1,115 80.9 1,040 0
A-3 970 76.3 2,040 0
A-4 1,067 70.3 6,090 0
A-5 611 78.2 10,230 0
B-1 582 64.0 0 0
B-2 485 67.0 1,040 1,950
B-3 679 66.5 2,040 1,950
B-4 485 62.3 6,090 1,950
B-5 388 71.7 10,230 1,950
C 211 37.0 0 0
Table 2. Analysis of water of experimental ponds.
Nutrienggonds Ay As B, B ¢
Mgt* 6.519+1.231 11.924+ 2.951 14.123+ 4.542 13.249+ 8.861 16.634 + 3.299
Ca** 25.519+1.936 34.676+ 7.823 34.708+ 6.433 34.708+ 7.487 32.664+10.32
Na+ 10.180£1.125 12.161 + 1.984 12.051 + 2.155 12.365+ 2.307 12.744 + 3.412
K+ 11.481+0.311  2.014 + 0.401 1.700+ 0.473 1.781+ 0.241 2.032: 0.793
Si0, 11.437+4.105 10.526+ 3.125 12.607+ 3.322 14.311+ 3.360 14.685+ 2.303
POrP 0.351+1.223 0.563+ 0.331 0.271+ 0.089 0.504+ 0.120 0.416+ 0.975
NO,;-N 0.251+0.014 0.005+ 0.006 0.015+ 0.017 0.010+ 0.012 0.008+ 0.007
NO,-N 0.005+0.006 0.003+ 0.001 0.009+ 0.008 0.004+ 0.003 0.035+ 0.008
Alkalinity 49.816 +7.599 86.197+18.80 80.288-+17.00 74.193-+18.52 90.974+30.08
Chlorophyll a  0.096+0.079 0.067 « 0.038 0.117.- 0.046 0.112:+ 0.047 0.059:+ 0.051
B. Feeding periodicity

At intervals of six hours from 9:00 a.m. on the first day to 3:00 a.m.

98 —



on the following day, eight silver carp and eight common carp were
weighed and the lengths of their body, entire tract and empty tract were
measured. Thus, the percentage of the latter two could be calculated.
The tract-contents placed in a 90-100°C oven for twenty-four hours were
also weighed and compared with body weight. The results are shown in
Figs. 1 and 2.

The silver carp were fed once a day at 4:00-5:00 a.m., while the
common carp were fed twice daily at 4:00-5:00 a.m. and 4:00-5:00 p.m.
C. State of nourishment

Eight silver carp and eight common carp were chosen from each of the
. eight ponds, sixty-four fish in all. The weight of the tract-contents of
each carp was determined by the above mentioned method and compared
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Fig. 1 Feeding periodicity of silver carp. The broken line refers to the
percentage of empty digestive tract and the solid line to the weight
of the digestive tract contents per gram of body weight.
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Fig 2 Feeding periodicity of common carp.

The broken line refers to the

percentage of empty digestive tract and the solid line to the weight

of the digestive tract contents per gram of body weight.

Table 3. State of nourishment of silver carp
Observations Body Wt.(gm) EmptyGut 9% Cont. Wt(gm) %tt_io,:o %O%;
1 1,370 21.3 3.288 0.24
2 1,470 0 4.166 0.28
3 1,330 0 6.118 0.46
4 1,460 3.8 6.570 0.45
5 1,260 3.2 1.134 0.09
6 1,300 0 3.900 0.30
7 1,310 0 6.812 0.52
8 1,500 8.6 14.250 0.95
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TABLE 4. State of nourishment of common carp

Observations Body Wt.(gm) EmptyGut % Cont. Wt(gm) %;‘tt_lo,éo %O%}
1 235 0 1.833 0.78
2 225 0 1.733 0.77
3 220 0 1.694 0.77
4 224 0 1.837 0.83
5 200 0 2.900 1.45
6 240 0 4.200 1.75
7 210 0 0.441 0.21
8 145 0 6.989 4.82

with its body weight. The results are given in Tables 3 and 4.

D. Digestive rate

Thirty carp, 15-30 c¢cm in length and 40-450 gm in weight, were evenly
placed in five plastic vessels (68x47x36 cm?) filled with underground
water. After fasting for three days and becoming accustomed to the
environment of the vessels, the carp were fed cultured algae amounting to
15% of body weight. At two-hour intervals, the digestive rates of five
carp were determined by comparing the anterior empty tract length with
the entire tract length. The results are given in Fig. 4.

On the average, it took more than ten hours for silver carp to com-
pletely digest its food,

E. The pH value of the digestive tract
The digestive tracts of ten carp were each divided into three segments,
the pH values of which were determined by BTS test paper.

There was little variation in the segmental pH values. They were
neutral, weakly acidic, or weakly basic, ranging from 6.8 to 8.3 (Table 5).
F. Relationship between the digestive tracts and body lengths.

Ninety carp were grouped with respect to body length. Both digestive
tract length and body length were measured and their relationship is graphed
in Fig. 3.

A regression line was found to exist between digestive tract length (Y)
and body length (X), the line being Y=9.449 %x-102.098 and the correlation
coefficient being r=0.959. There was thus a positive correlation between
tract and body length, when the latter was 15-50 cm.
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Table 5. pH value of the digestive tract of silver carp

Observations ol [Dody B Ve R Rlindoen:
gm cm
1 809 40.0 7.3 8.3 7.9
2 580 34.8 7.5 8.0 7.8
3 542 34.4 7.0 8.0 7.8
4 522 33.7 7.2 8.1 7.8
5 509 33.6 7.6 8.2 7.8
6 510 33.5 7.0 8.0 8.2
7 220 24.6 7.0 8.2 7.8
8 158 21.6 6.9 8.2 8.0
9 150 20.9 7.0 8.1 7.8
10 148 21.4 6.8 8.0 7.9

Digestive tract length (cm) X

300

200

Y = 9,45 X - 102,10

A 1 1 L 2 1 L

17 22 27 32 37 L2 47
Body length (ecm) X

Fig. 3 Relationship between the digestive tract length and body length of

silver carp.
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Fig. 4 Digestive rate of silver carp.

G. Analysis of the contents of digestive tracts

The fore-gut contents of sixty-three carp were preserved in 5% for-
malin. After agitation, 1 cc of each of the preserved contents was divided
into several fractions which were examined under a microscope. This
process was repeated three times. The mean value of the data obtained is
given as follows:

Cyanophyceae 62.3%——Anacystis, single cell algae.

Bacillariophyceae 10.6%——Na1%icula, Frustulia.

Chlorophyceae 11.9% ——Scenedesmus, Ankistrodesmus, Selenastrum,

Tetraedron, Pediastrum.

Detritus 13.0%.

Others 2.2%.

The hind-gut contents were analyzed in the same way and found to
consist of a large percentage of Bacillariophyceae and a small amount of
other unidentified substances. Therefore, it could be safely concluded that
silver carp digested Cyanophyceae and Chlorophyceae more easily than

— 103 —



Bacillariophyceae.
H. Analysis of the phytoplankton in the ponds.

Every ten days during the investigation, five liters of water obtained
from the central portion of each experimental pond was filtrated through a
No. 25 phytoplankton net, condensed and preserved with 5% formalin in
a 50 cc plastic vessel. Analysis was made in the same way as that described
in G and the following results were obtained:

Protozoa 5.70% ——Eudorina, Euglena, Trachelomonas.

Cyanophyceae 39.16%-——Anacystis, single cell algae.

Bacillariophyceae 32.80%——Melosira, Navicula, Frustulia, Synecdra,

Eunotia, Gyrosigma.

Chlorophyceae 22.34% —-—Docidium, Scenedesmus, Tetraedron, Pedias-
trum, Spirvogyra, Gloeocystis, Crucigenia, Ankistrodesmus, Actinas-
trum, Schroederia, Selenastrum, Chodatella.

I. Chlorophyll digestibility

Three hours after feed was given to the fish in the cement ponds on
the day when the fish had been reared for fiiteen days, the contents of
the first and last segments of the digestive tracts of ten carp were obtained
to determine the amount of Cr,O; and chlorophyll per gram of diet. The
contents dried for twenty-four hours in a 90°C-100°C oven and treated
according to Furukawa and Tsukahara’s method (Furukawa & Tsukahara
1966) were determined for the values of Cr,0,;, while those dried at 5°C in
the shade and treated following Richard and Thompson’s method (Richard
& Thompson 1952) were determined for the values of chlorophyll a. Digest-
ibility was then calculated by the following formula (Maynard & Loosli
1956):

. T 100 % indicator in feedx % nutrient in feces
Digestibility=100—100 C% indicator in fecesX % nutrient in feed)

In case the contents obtained could not be treated in time, Doxtater’s

refrigeration method (Doxtater 1963) was used before the determination of
digestibility. The results are given in Table 6.

The results showed that chlorophyll could not be digested in the
digestive tract of silver carp.

J. Protein digestibillity

Thirty-six carp were divided according to sex and weight into six
groups. The digestive tract of each carp was divided into nine segments.
Two portions of contents were obtained from each segment. One portion
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Table 6. Chlorophyll digestibility of silver carp

Chromium Trioxide (mg/g) Chlorophyll a (mg/g) ) L
- Intestinum Intestinum Digestibility %
Primum Ultimum Primum Ultimum

0.175 0.196 1.035 1.205 —0.07
0.191 0.211 0.840 0.979 —0.05
0.134 0.165 0.326 0.344 +0.14
0.226 0.300 0.150 1.411 +0.76
0.141 0.165 0.344 0.326 +0.09
0.129 0.192 1.567 3.454 —-0.48
0.141 0.177 1.263 1.781 —0.12
0.128 0.318 0.394 0.524 —0.86
0.146 0.155 1.190 1,954 —0.54
0.154 0.191 0.313 0.618 —0.59

Table 7. Protein digestibility of silver carp

_ Body Males Females -
We‘gB};; (gm) 500-900 200-400 20-50  700-900 200-400 2)-40
Length (cm) 35-40  25-30  10-15 35-40  25-30  10-15
Digestibility 91.79  95.36  62.54  73.72  94.43  71.09

97.32  97.60 91.65  78.24  70.56  86.15
71.16  96.31  71.35  66.15 83.42  78.09
81.45 88.40  83.00  85.59  97.09  94.28
77.15  87.13  67.63  62.97 94.07  63.33
- 91.42  83.20  — 85.92  87.88
- — 90.29  — 95.53  —
Mean 83.77 92.70 78.62  73.33  88.77  80.13

was used for determining the content of chlorophyll a in a gram of diet by
the above method, and the other one for determining that of protein by
Osmund Holm-Hansen’s method (Holm-Hansen 1968). Protein digestibility
was calculated by Maynard and Loosli’s formula and the results are recorded
in Table 7. The protein amounts are given in Table 8.

The protein digestibility of silver carp ranged from 73.33% to 92.70%,
varying little between sexes, but affected by the size of fish. The group
of 200-400 gm had the highest value, that of 20-40 gm the medium, and
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that of 500-900 gm the lowest.
Silver carp digest protein most easily in the fore-gut, less in the mid-

gut, and the least in the hind-gut.

Table 8. Segmental protein amount (mg/g tract-contents)

Body Males Females
W"‘éﬁ; ® 500000 200400 700-900  200-400 20-50
Length(ycm) 35-40 - 25-30 35-40 25-30 10-15
1 22.271+2.584 26.303 +14.244  35.554 +14.456 29.767 +5.477 34.127+14.09
2 17.400 +2.280 15.095+ 4.966  28.596 + 9.623 23.571+7.526 21.998 + 8.726
3 16.560 +3.775 17.966 + 6.529  25.972+ 8.043 23.860+7.041 19.482+ 7.356
4 14.720 +6.847 15.615+ 6.850 23.607 +13.82 19.861+7.140 19.292+ 8.449
5 14.260 +2.057 15.046 + 4.334 23.676+ 1.929 22.316+6.194 15.257 + 6.442
6 12.076 +5.482 14.353+ 4.559  18.710+ 5.513 21.600+3.000 17.679+ 7.801
7 8.950+6.483 12.465+ 5.161 19.052+ 5.283 18.364+5.986 14.354+ 7.616
8 9.198+6.932 11.340+ 5.260 16.364+ 7.281 16.459+5.951 15.444+ 6.596
9 5.054+9.712 7.495+ 3.462 17.188+ 7.052 13.619-+-7.302 10.787+ 5.367
Discussion

It is clear from the present analysis of the pond-water (Table 2) and
plankton as well as the past data obtained by W. K. Liaw (1969a, 1969b)
and Y. S. Lin (1970a, 1970b) that the ponds of the Chupei Station are
eutrophic ones which abound with nutrient elements for the silver carp.

A. Feeding
1. Feeding time
The feeding time varies from fish to fish. For example, yellow perch
feeds at 7:00 a.m. and 6:00 p.m.; rock bass at 5:00 p.m.; pumpkinseed at
5:00-7:30 a.m. and 3:00-5:30 p.m.; banded killifish at 1:00-5:00 p.m.; and
bluegill, continuously (Keast & Welsh 1968). The present investigation
shows that the feeding time of silver carp is 4:00-5:00 a.m. (Fig. 1),
four hours before the peak of the feeding curve (Keast & Welsh 1968),
while that of the cohabiting common carp is 4:00-5:00 a.m. and 5:00 p.m.
2. State of nourishment
The state of nourishment is expressed as the ratio of the dry weight
of the contents of the digestive tract to the body weight. The experiments
made by others have led to an awareness of the close relationship of the
state of nourishment to the location of the laboratory (Ishiwata 1968a),
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satiation amount, starving state, feeding enticement, dietary components
(Ishiwata 1968b, Kevern 1969), inter-or intra-competition (Seaburg & Moyle
1964), fish size, water temperature (Ishiwata 1968), etc. For example,
skipjack tuna has a value of 8.69% (Magnuson 1969), sunfish 1-2%
(Seaburg & Moyle 1964), coho salmon and trout 1.8-3.6%5 (Laarman 1969),
and carp 3.9% (Kevern 1966). It is noteworthy that the difference is of
minimal significance, if all of the values fall inside the 952 confidence
limits. From the results given in Tables 3 and 4, we know that silver carp
has a lower mean value of 0.41%, while the cohabiting common carp has
a mean value of 1.42%.

An experiment to determine the relationship between the size of fish
and the state of nourishment was carried out by Keast and Welsh in 1968
giving the following results: The state of nourishment of 10-20 cm carp
was 6%, while that of 25-30 cm was 2% . These results apparently
indicate that the larger the size of fish, the less vigorous the state of
nourishment becomes. In this study, however, such a relationship was
not found, because the determination of the state of nourishment was made
in 40-45 cm fish, but not in the smaller ones.

A practical and accurate method for the determination of daily feeding
amount remains obscure. Darnell and Meierotto’s method (Darnell &
Meierotto 1962) met with failure in this investigation, because of the
anorexia of silver carp and the alteration of its feeding time during the
course of this experiment and manipulation (Ishiwata 1968a).

3. Digestive rate

Fish takes 5-8 hours to empty the stomach. For example, flounder
takes 8 hours to do so (Miller 1967) and eel takes 8-10 hours to empty the
digestive tract (K. L. An 1968). As for the silver carp studied, food
arrived at the mid-gut four hours after feeding and it took an average of
ten hours to find remnants at the gut-end. However, a few silver carp
moved its food in the gut with a velocity about two and a half times the
average and took only four hours to empty the gut, while some did not
give any feces at the gut-end even ten hours after feeding. Based on these
findings, it is evident that the digestive rate of silver carp varies a great
deal.

4. Food contents

Silver carp is one of the phytoplanktophagous fish bearing spongiform

gillrakers well suited for filtering minute plankton or organisms in the
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water (S.Y. Lin 1968). Observations made by Nikolsky in 1963 has led to
the concept that the food contents in a phytoplanktophagous fish depend
upon the gillraker structure, oral position, and components and distribution
of foodstuffs. The environment of the present experiment resulted in the
following ingested contents in the silver carp: 62.3% of Cyanophyceae
(mainly Anacystis). 11.9% of Chlorophyceae (mainly Scenedesmus and
Ankistrodesmus), 10.6% of Bacillariophyceae (mainly Navicula and Frustulia),
and a gmall portion of fragments and unidentified particles.

Table 9. Analysis of components of food in the water and gut

Components Water Food Contents
Protozoa 5.70 4 0
Chlorophyceae 22.34 4 11.9 %
Bacillariophyceae 32.80 % 10.6 %
Cyanophyceae 39.16 % 62.3 %
Detritus 0 13.0 %
Others 0 2.2 %

‘From the fact that the ponds of the Chupei Station abound with net
plankton and nannoplankton which the gillrakers can filter, it is logical to
deduce that silver carp must have digested these organisms so completely
or to such an extent that hardly any remained in the digestive tract.

It can be seen from Table 9 and from examination of the remnants at
the gut-end that silver carp is selective about its food, favoring Cyanophyceae
most, relishing Chlorophyceae much, and showing aversion to Bacillariophyceae.

There is little convincing evidence in the present investigation to
support the view held by Nikolsky in 1963 and by Smith and Page in 1969
that food contents vary a great deal among the fish congeneric but different
in size, owing to a constant change of gillraker structure with age, or to
verify the concept of Nikolsky in 1963 that silver carp digested phytoplankton
only during the adult period, but absorbed zooplankton in its early life.

The fact that the digestive tract of silver carp is longer than its
entire body favors strongly the findings of Nikolsky in 1963 and Ochiai in
1968. Both found that food contents could influence the tract length.
Herbivores have guts often several times the size of the fish, because of
the alimentary nature. The relationship between digestive tract length is
illustrated graphically in Fig. 3.
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B. Digestibility

Changes in pH value after feeding, for example, the reduction of pH
from 4.4-7.5 to 2.2-2.4 in the digestive tract of fed pike, was observed by
Nikolsky in 1963. However, there were minimal changes in the silver carp’s
digestive tract, whose anterior, middle, and posterior segments all had a
value of 6.8-8.3. Under such cirmumstances, chlorophyll of phytoplankton
was not destroyed easily, although acid could convert a little of the
chlorophyll. The study revealed the fact that a gradual slight increase of
chlorophyll in the gut from the first to the ninth segment occurred, and a
negligible value of chlorophyll digestibility determined by the indicator
Cr;0, suggested that chlorophyll was not digested in the silver carp tract.
As a result, chlorophyll could be used directly as an indicator for the
determination of protein digestibility.

Protein digestibility differs considerably among the different foodstuffs.
For example, that of goldfish on a chlorophyceous diet was 54%-63%
(Nose 1960) as compared to 23.06%-69.43% of milkfish on miscellaneous
foodstuffs (Y. S. Lai 1965). Other species also showed various degrees of
protein consumption (Nose 1963, 1966, 1967). As far as silver carp feeding
on phytoplankton was concerned, it had a mean value of 73.33%-92.70%,
showing no significant difference between the two sexes by t-test, but
values varying a great deal due to weight by F-test [F=5.72 greater than
F <§3 0.55)=3.28] from 92.70%-88.77% in the 200-400 gm carp to 80.13-
78.62% and 83.77%-73.33% in the 20-45 gm and 500-900 gm respectively.

Protein digestibility of silver carp is in accord with observations by
Nose in 1964 on that of crayfish and with the results that proteins are
absorbed fast from the anterior segment of the digestive tract, less fast
from the middle, and little from the posterior. )

It appears obvious that quite a few factors may influence the assimilation
of protein. However, opinion is sharply divided as to the exact influence
of the factors. There is no general agreement, for example, on the
ichthyological role of carbohydrate. It was thought by Tunison, Brockway,
Maxwell (1942-1944), Hanaoka (1948), Inaba ef al. (1963), and Kitamikado
(1964) that diet-carbohydrate could enhance protein digestibility, but it was
believed by Nose (1966, 1967) that the latter was directly proportional to
the quantity of diet-protein itself instead of that of carbohydrate. On the
other hand, Maynard and Loosli (1956) were inclined to attribute it to the
size of fish, feeding amount, and fibrinous substances, but did not presume
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it had anything to do with the diet-protein concentration. Hence it would
be of interest to determine whether the protein digestibility of silver carp
is much the same as above and to investigate whether chlorophyll is an
ideal indicator in the study of herbivorous fishes.

Summary

1. The fish ponds of the Chupei Station are eutrophic and rich in
various nutrient elements and algae.

2. Silver carp digests Cyanophyceae easily but Bacillariophyceae with
difficulty.

3. Silver carp is a diurnal fish and feeds at 4:00 a.m.-5:00 a.m.

4. Tt takes ten hours on an average to change ingesta into excreta.
5. pH in the digestive tract of the silver carp ranges from 6.8 to 8.3.

6. There is a positive correlation between digestive tract length (Y)
and body length (X). The regression line: Y=9.449 x —102.098, r=0.959.

7. The indigestible chlorophyll instead of Cr,0; is used as an indicator
for the determination of protein digestibility.

8. Protein digestibility of silver carp ranges from 73.33% to 92.70%.

9. Protein is digested mostly in the fore-gut, secondarily in the mid-
gut, and little in the hind-gut.

10. There is no difference in digestibility between sexes.

11. Protein digestibility varies with the size of fish: Maximal 200-400
gm, intermediate 20-45 gm, and minimal 500-900 gm.
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NOTES ON EXPERIMENTAL REARING OF SWAMP EEL

Chia-kang Liu*

The swamp eel, Fluta alba (Zuiew), is valued by the Chinese as food.
It is caught mainly from rice paddies and has never been cultured, except
that some are impounded to meet market demands in the off-season.

In 1969 and 1970, the Chupei Fish Culture Station of the Taiwan
Fisheries Research Institute carried out experiments on its culture to
determine (1) whether it could grow by artificial feeding, (2) the feed
conversion ratio, and (3) whether it could be induced to take food in the
day time, it being normally a night feeder.

The experiments were conducted from September 9, 1969 to August 31,
1970 in three concrete tanks of one square meter in area. The water
temperature varied from 10°C to 26°C during this period. The {eeds
consisted of earthworms in the initial stage of the first half of the
experimental period. Later, minced trash fish was added. During the
second half of the experimental period, mixed feed formulated for Japanese
eel was added, while the earthworm diet was gradually reduced and finally
withheld altogether.

In the first half of the experimental period, the tank bottom was filled
with a layer of mud to simulate hatural habitat and provide a hiding place
for the eel during the day. In the second half of the experimental period,
the mud layer was removed and water hyacinth was placed in the tank to
cover about one half of the surface area.

~Unfortunately, due to faulty equipment, one of the three tanks was
flooded one night, and most of the eels escaped during the latter part of
the experimental period. Thus, the results obtained were neither complete
nor conclusive. They are shown in the following table:

Sept. 9, 1969 Aug. 31, 1970 Total wt. Increase

No. Total wt. No. Total wt. of feed in wt.

Tank A 35 1,675 g 35 1,950 g 5,373 g 276 g
Tank B 38 743 g 18% 600 g 6,718 g -143 g
Tank C 139 1,250 g 128 1,600 g 8,790 g 350 g

* Eels escaped due to flooding of tank.

* Director, Chupei Fish Culture Station.
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The experiments did show:

1. The swamp eel could grow by artificial feeding. The feed conversion
ratio, however, was very high, 19.5:1 in Tank A and 25.2:2 in Tank C.

2. The swanp eel could be trained to feed during the day.

3. Feeding activity of the swamp eel slowed down when the water
temperature was down to 16°C and ceased entirely when it dropped to 12°
or 13°C.

4. The amount of feed given should be from 3 to 5 % of body weight.
Excessive amount of feeds given, as in this experiment, resulted in very

high feed conversion ratio.
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