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Btudies on Tilapia mossambica Peters

Tilapia mossambica, the mouth breeder, was originally found in Africa and
introduced to Taiwan in 1946, Being frashy tender, delicions and less spiny,
it is considered as an excellent food fish. Moreover, the mouth breeders are so
adaptive and produetive that they become the most important cultured fishes
which are widely distributed in Taiwan. In view of its high economic valus,
the author has initiated the research in details.

On Reproduction

In spawning season, the male and female fishes usually dig a hole on the
bottom of the pond Before their eourtship, The female fish lays eggs in it, and
the male spreads its semen over them. Upon comelusion of fertilization, the
female holds fertilized eggs in its mouth as long ss the eggs hateh.

In this article, the germ cells and mouth breeding, that the author has
studied is deseribed,

1. Germ Cells
a. BSpermatozoans

The spermatozoan of the fish has a round head equipped with undistingu-
ishable neck and a tail which measures 5 times longer than the head. The average
length of a sperm measures 15.85 u; the head, 2.69 %; and the tail, 12.66 z.

The activity of a sperm will quite be effected by water temperature and
PH value. It was demonstrated that it ean survive in the temperature ranging
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from 8°C-42°C and pH value, ﬁum 4.2-6.8, The optimum p]':[ is 5.4 in whmh
tlm s]germ may retain antnrlty Ior 2 d.a-ya, while in pE[ 8.2, onl*f :Enrr one hour.

Effect ﬂ'f Hm Temmtum on Sperm
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Effect of pH on Sperm

pH - : . Duration of Life

¥ T S . bmin o
- 30,34,86 .. 18mim

40 - 43 min

48, 44, 46, u 5.0 - 968 min

b4 : N  &'ne,

6.3, 64, 6.3 810 mia

7.8, 74 o y N . 110.min

80, 82 o : - .55 min

86, 9.2 . 40 min

10 _ ' ) . Bmin

bEggB

‘The egg hefnra ma.t.unty is yellowish and round. A mat‘urad egg i dark
" yellow; oval with snterior end more pointed. than the posterior.  In average, it
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is 2,75 mm long and 1.99 wide in diameter. Every 1000 eggs weigh 2.587 g. the
flotage of a egg, as changed with its specific gravity, is a factor that effdets
its fertilization and ha.tuhmg The egg wﬂl be aadmantal if its specifie gravity
be 1.080-1.095.

The egg mntmna amylase, lipase and 19. 5%—311 1% of lipid.

Female _ Body length . Body weight Leéngth of ﬂpmﬂm gravity
fish © (em) @ ovary (em) of egg
A 110 125 2.5 1,090-1,005
B T o5 | 1m0 | 20  1,080-1,085
¢ 101 S| S - L 10851000
D 118 ' 14.0 g2 . 1,080-1,085
B 11.0 ) 22.0 2.8 _ © 1,000-1,095

2, Fants &haut H-D'Ilth Brae:chng

Aﬂar eggs are fertilized, the female fish holds them in its mouth- ﬁor;x
hreedmg. Its mouth with eggs is slightly open. On the lower jaw is a thin and
transparent membrane through iu;ﬁiéh eggs m ¥isible. It may be observed that
eggs rotate ineessantly in its mouth. The nperuulumﬁ of, the fish move faster
than usual, The frequane;r of the mo?em&nt u-lters from 80-90 into 100-~125 per
second. In braeﬂmg period, the hraeder take Jess food and its body becomes
akinny. _ - : .

Partllmd aggs in t.ha mrmtli are hatehed mtu fries in 3 ﬂays The hreedar
mn-.g not release. imta until it is fnghtaned In early stage, the - ﬂurna.}.,
pectorial and eaudal fins of the fly are well developed, but it ean still uat_j
swim freely because its i:eily contains a 1'11.*31111'.:{,r of yolk that draws it duwﬁ to.
the bottom. And then the adult fish eolleets the fries into 1ts mnuth again for
the purpose of protection. As the- fly develops further, the yolk is absorbed by
digentmn and pelvie fins appear. At that time, the young fishes are gettmg
active when they dre released by the breeder, which usually: repeats relaasmg ‘and
eollecting 2 or 3 times a day for 2 'successive days. Suhsequently. fr:laa wi].l be
entirely sat. fraa and lead theu- independant life.

3 Prineiple of Mouth Breeding )
Thu mouth breeding appaarn to be effected h:.r sevara.l eeolugma.l facturs.- )
1. Through the transparent memhrane of Iawar JBW oggs are uhsarvabla

to mlate uneeasingly in the mouth. It was demonstrated that
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hatching rate of other fish eggs, if turned lrmmﬂ, will be deereased.
The rotation of Tilapia eggs appears to be one of the factors for ita
hatehing, -

2. Tilapia egg is sedimental in nature. Egg sinking on the bottom seems
to be unfavorable to hatching. This suggests that the egz ean be
incubated in mouth. .-

3. There would be enzymes seereted in the mouth cavity to prumute egg
hatching. ! :

In order-to validate the eoncepts, the author has econdueted e:perlmenta on
artificial fertilization and artificial ineubation of the Tilapia eggs.

For artifiecial fertilization, dry method was applied. Fertilized eggs were
cat.egurizhd-intn 3 groups. Group A was treated with running water by which
eggs were turned around as provided with sufficient oxygen. Group B was provided .
with sufficient oxygen by changing water at intervals, but left still. Group C was
tréated with water unchanged and left still. The results are shown as follows:

“Temperature 25°-28°

Group A  Fertilized on May, 28, hatched on June, 2.

Group B No hateh, died afterwards. .

Group G No hateh, died within one day. .

The resultu indicate that egg rotation ‘may supply the egg adequate n::;rgﬂn

and prevent it from molding. In the buceal eavity, the eggs spin in the water
current as ecaused by buceal and opercular movements. Acceleration of opercujar
movement accommodates the speed of water current as well as egg rotation.
Buccal secretion sppears to have no close relation with egg hatching.

' ¢ )
4, On the Mechanism of the Reproduetive Habit

The female fish Imld.s her eggs in the mouth for breeding, while the male
fish does not. ’

The ehemieal which eauses the female fish to hold eggs is estradiol, but it
~ is not the hormone of corpus luteum. The female fish- cannot hold eggs in its
young period, although an adequate dose of estradiol is injeeted. After ‘the
injection of teat.ustamne propionate or eutting off L:e ecerebrum the mother
fish does not hold her eggs in the mouth.

.
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On Brain

The morphism of the brain of mouth breeder iz of about the same form

and structure as other teleosts. Though there will be an irregular movement/
of opereulum when the part, in front of cerebellum, is transversely ecut, the
movement of operculum, however, will be in order at last. Opn finishing a
transverse cutting at the middle part of cerebellum, the opercular movement
ceases immediately, and 'anuth.ar'-'ipragulaf_elﬂaning movement apears éontinuously.
Both the opercular movement and the irregnlar ecleaning movement cease
" when the transverse cutting is done at the end of eerebellum.
. Th&ra is no important influence upon the life of fish when its ca_fubrum is
pieked out. If we pick ont the optic lobes, its visnal sense is lost. If wa'piek out
the eerebellum oi fish, it loses the equilibration of hnﬂr and nﬂ;untmant of
musele. .

The frequeney of opercular movement inereases when a drop d! solution of
chloride salt is added to the brain. Buf when the concentration of the salt is
over the suitable dose, an opposite result is obtained, even the movement
ceased. ' ' ‘ _

The metal ions of ehloride salts have an effect on the brain, and the
amplitude of vibration of the opmnlar movement, therefore, is echanged as
the solution is added. |

The .-‘;mfuﬂmy of opercular movement is inereased, and the amplitude of
- vibration decreased, when saturated solution of earbon dioxide is added to the
_brain of fish. The saturated solution of hydrogen sulfide decreases or- ceases.

’fha movement of operculum, snd the amplitude of vibration of the operm:l.lﬂ.rl
movement dmamn_ too.

’ ~ On Blood

The erythrocytes of the fish are rice shaped, with nueleus having mean
long diameter of 22.5 miera, and mean short diameter of 20.5 miera. The
leneocytes of the fish are disc—shaped having a mean long diameter of 19.5
micra and medn short diameter of 17.5 micra. The average number of erythrocyte

is 2,000,800 pﬂr enbiec millimeter and that of lencoeyte is 1,600,
The number of erythrocyte of the fish decrease in proportion to the

- ==

- -



€180) MARH %+—R CFID

duration of ata.rvatmn During the period of starvation the number of new
‘eells will be less 0. 624 compare with the num‘ber of destroyed cells daily.

. Duration of starvation Number of B, B. C, o Body weight
R o - (por emm) ®
I sontrol - ’ 2,000,800 : ; - 18 “
4 2,000,800 _ 18
8- ' 2,000,400 17.8
12 . 2,000,100 ’ : 17.7
18 : - 1,900,076 17:5
20 S _ 1,870,680 : -
24 185048 g
28 C 167008 | 16.8

e

Thﬂ echange of the numher of lﬂut:acjrta is somewhat nrﬁgula.r ﬂlth-:mgh
the number .is also decreaged in proportion to the duration. of starvation.

Duration of starvation Number of W. B. C. _ Body weight
(day) _ {per emm.) - - (e
_eont _ - 1,600 i 18
4 o 1812 - ~ 18
8 . ' ' 1,987 178
12 : © 1978 ' 177
.18 - 2773 . AT6
20 ' 1,887 - -
T 1,080 ' ' 178
28 ) 1,280 ' 168 -

The hlood uf the fish has a gumi adjustment to the vnrlatlml of p]E[ vn.lua.
1t’s adjustment has a definite limit when it was injected with 0.0529; HCI or
ﬂﬂdﬁ% NaOH no hetm had been done. The frequency of heart beat was
dﬂﬂl‘ﬂﬂﬂﬂ& after the injection of HCl or NaOH in varied cnnmantratmn .

Coneentration of HCI volums of HC1 ’ Fr:qlanq of hurt but
(%) - (ee) (per Min,)
- IR E 80
01 05 -
08 : : 0.5 _ 66 -
05 05 . 60
07T ~ 0.6 _ o e
09 05 : B -
1 1 ] 4
8 . 0B : - 40
B 5 0.5 ' . 24

'8
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_ Coneentration of NsOH ~ Volume of NaOH - Froquency o tioart Beat
FETT e w0 (por Min§
. - - ' 80
Sl e ol pot

o8 - 05 63

. N 05 58
07 05 56

- 09 05 54

1 0.5 58

s, -8 05 - 36

- _..b 05 - 80

The ad;ust.mant of the fish's blood to the foreign protems had been t.ust.ed..
by thie mjmtum of a.lhu.mm, frog’u blood and the mixture of albumin, examing
in the amplitude of hua.rt. beat. The ad justment . of fmh'a blood to the nlhu.mn
is eomparablly wedk while that to the frog's blood is strong. It.s ad.:ustmant is
stronger to -the mixture o.t albumin a.nd frog’ 8 b]uod

" The stomuh of the mnuth-. brﬂader is with a form ‘just lﬂm the Ohiriess
nhnmutar “ " The internal wall of the st.ommh show many" lnngittcdmnl
atnpas apparent and snake like. Tha length of its mtmtma i five times of
its body length. - : .

Man:r irugmenta and: pmmen nf aquatie plants, algae and musa were £ounﬂ
in its stumaﬁh at a.ut.upny The total weight m‘i tha dry feces Wh'.l.ﬁ’h a fish
anrataf{ dnrmg seven days waa forty mg. |
~ The fish starved to-die in 38 to 40 days, during this p-a'rmd. the weight
oftheimhﬂmraasadﬁﬁ'?tuﬁ.&ﬁpermt - - §

. ﬂw ion o Bnd;r we:ght . Letinlty
(day) (&) s - 1. _

A PN _'-'_lﬂ.ﬂl] L A T
- 10 : - 104000 ++ et
- I 10.150 ' g 14
28 9.900 + T
- 31 9850 e M
- I . © O UDBED - - L
L8 - B80T = Y -

i . -9.810 - Disd .-
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The peristalsis of its intestine was rather obvious, the interval lasted 37
and a half seconds and its curve was recorded by a kymograph showed on the
ﬂhmaau paper.

There are many kinds of enzymes in its digestive tract, such as amylase,
invertase, proteinase and lipase. The hy:clronhloriu fmid is tested in its gastrie
juice, k :

I£ 0.6 ec of the 1/1000 solution of Folidol E-605 is injeected into the
digestive traet of a fish 10-13 em in length through the throat, the fish would
die after six hours. But the fish was resecusd when the Folidol E-605 solution
was 1]2000. |

- I£ 05 cc of 1/1000 solution of Folliiul E-605 is dropped on the gill of the
£ish. No harm oceurs to the fish, If 0.5 co of the same solution is -applied into
fish’s digestive traet through anus, it does nmot harm to the fish.

Effect of Urea on the Respiration

The quantity of oxygen dissolved in the urea solution is less than that of
tap water while the quantity of earbon dioxide dissolved m the urea solution
is more than that of tap water. The pH value of the urea solution is ranged
from 6.3 to 6.6,

Coneentration of Temperature : Content of 0, Content of 0, .

ures solution % og in u:;fl- gol, | in h;}z’ntlr
10.0 17.8 7.68044 8.48100
5.0 17.2 6.84184 8.48100
1.0 17.0 7.06750 7.91560
0.5 17.0 " T.35020 7.91560
0.1 17.0 765290 7.91560
Consentration of Temperature Content of COy Content of CO,
) in urea sol. in tap water
ures solution % “0 mg mg
10.0 28 0.0358564 0.0098076
. B0 28 0.0205068 0.0098076
1.0 28 0.0115908 0.0008076
0.5 28 0.0106993 00008076
0.1 28 0.0098076 0.0098076
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— - . — . :
Coneentration of urea Temperature pH

solution & °g ) velue
10.0 18.5 68

5.0 185 ' 6.5

10 185 ' Y

0.5 185 ' Y

01 185 8.6

As regard to the fish's respiration, ura'a. solution has the effect that can
stimulate it and eause it lively and brisk. The urea solution if in high
concentration will be harmful to the Pish’s funetion, and the fish will be killed
if the solution is denser than 5 per cent. The suitable concentration which ean
help the respiration in fish brisk is from 0.00195~194, under such a eondition
the frequeney of opercular movement per minute is increased gradually.
| Fishes have been poisoned by earbon dioxide eannot be saved by urea
solution in any concentration, this is to say this sort of sudden mortality ean
not be rescued by urea solution.

Effect of Indole on the Respiration

The pH value of indole solution under the eoncentration of 0.0002%5 was
same as compared with that of tap water. If indole solution diluted by the
water which had fishes lived in, the pH value would be same with that sort
of water.

Coneentration 9 A pH
Tap water ) 6.8
0.1000 64
0.0200 4.5
0.0100 ' 6.5
0.0010 - _ 6.6

0.0003 - 68
0.0001 : 6.8

The qunatity of earbon dioxide dissolved in the indole solution with a
coneentration from 0.0002% to 0.0001% loss slightly less than that of tap
water.
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~ Indole sulutwn has the effect that ana.hle the 1-asp1ratmn oi month breeder
becoming more brisk. The solution With eoncentration more t.han Dﬂﬂl% would
~be harmful to the respiration of the mouth breeder and even causing the fish
died. The more dense of the solution, the faster the fish would élxe
Indole Eulutlon with a eumntratmn from 0.0002% to {Iﬂﬂﬂl% had merely

the effect to stimulate the raaplratmn more lively, no any harmful result has
done to the fish, B

su.dd.an mnrtahty u£ ﬁshea aanamg by more aarhon ﬂ.loxulﬁ d1m1vad'
salutmn in any cunr.antratmn. Aﬂdmg mc'lolﬂ sumtmn mt.u t.hu wa.ter mul& onIJ N
decrease slightly the amount of earbon c‘:l.mnﬂu and stxmula.tad. the muut-h
breeder briskly so that they could exsist a little longer.

When we put thuae fishes a.l.rea.dy showed ﬂnﬂ.dﬁn mortality mto mﬂ.ula
solution with a uumntratmn from ﬂﬂﬂﬂa% to 0.0001%, they live nga.m.

Effects of Temperature on the Tilapia

‘The range of optimum temperature is 20-32°C.. The higher fatal temperature
is 42.8°C, but abnormalities such as gid'dy; Joss of ‘equilibration and eonvulsion
eto., oceurs at 39-40°C. Convulsion and trembling are the -symptoms of death.
Tetanus of mmicla oceurs after” a while of the mortality of high temperature,
The mortality of high temperature is caused by the coagulation of protein. in
the body. The numbness of nerve and sense oeccurs when the frequency - of
respiration in fish is urged by the. increasing of earbon dioxide and the
decreasing of oxygen in the water and reaches a certain- limitation. In the
meantime the fatal permd is ' shortened and the h1gher fatal temperature
descends.

The lower htal temperature is 6.8-8°C bdbut the loss of equmhra.twn,
sensation and vitality oceur duritig 12.5-9.8°C. The fish-can not bear such
a change as the sudden ascending or descending of water temperature or a
sudden transfer from an environment of ordinary t.empern.t.ure to that of a -
higher or lower temperature. The eool and warm resistanees correspond on
the -prulimina.ry temperature. The fatal temperature is in proportion to
preliminary temperature at. both higher or lower condition when the figh
18 put in higher temperature and so as in the lower temperature.



Preliminary temperature Higher fatal temperaturs °C
.._ L.:' . ..ﬁﬁ L ; . i - 1 - s -3 *
aame | 408 406 408 a0
T ms 426 " 438 Y s
'\_,'!' - - 9 L) " .. - . - LI L 1 - . . . .

Proliminary _ _ . B

wnp:gtm Temperature of loss of equilibration °C
ms e | es | es 98 . | 100 98 | 97 | ‘o8
S B8 | 130 11.8 114 122 | 105 | 12 | w5 | 125

The influence of low temperature to the recovering period of the fish
differs with individuals, especially on the vecovering ratios. The fish is
© comparablly weak fo the eold weather, so it ceases to move and sinks to the
bottom of the aguarium when treated with low tamparatura Tetanus of mmla
does mot oecur after the death of low temperature.

On Coloration

- Most of chrumutaphoras of Tilapia are melanophore and xant.huphm:e The
expansoin_and the contraction of melanophore is due to the conditions, and the
rate of the expansion of melanophore, the melanophore index, ean be divided
into five degrees. Melanophores do not uniformly distribute in the body, always
.' assemble at certain regions to form ecoloration.

1. Change of mlamphﬂra - o

Aeceording to the mala.naphure m-:lax, its Gunt-rul 0rgans may h-u determined.
1f it is eontrolled by nerve system, the outside stimulate would quickly
eondueted to mei&nophﬂre and made a response rapidly. If it is controlled by
hormone, the response to outside stimulate would be slower than that cunt-rullali
by nerve system. The change of melanophore is very fast at the beginning and
then gradually slow down.-By this we know that the change of melanophore is
controlled -h:r nerve system at the heQinning and then controlled by hormone.
2. The change of melanophore by water temperature

Author found that the speed of change of melanophore is elosely related
with water -temperature. Within 15°C to. 33°C, the speed of change is
proportional to water temperature..

.......ﬂ'.._.
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3. The change of melanophore iw fatigue _
Before the test, measure the time required by Tilapia for changing its
color. Then, put the sample into the fatigue equipment. After Tilapia has been
tired, measure the time required for changing eolor again. Author found that
fatl,guu would delay the expansion of melamphﬁra The average time needed by
Tilapia is 18.9 see. in normal eondition, and 24.0 see. in utierly condition. The
~ water temperature is 21°C for both experiment.
4. The change of melanophore by light intensity
The expansion of melanophore is varied with the light intensity. During
low intensity, melanophore is in full expansion, while the expansion of '
melanophore becomes slowly during high intensity, The expansion of melano—
phore is reversely proportional to light intensity,
5. The change of melanophore by hunger _
Before the test, measure the time required by Tilapia for changing eolor.
Then put the sample into distilled water and prevent any organie food from
coming into the eontainer. After one week, measure the time required - again.
Author found that the stravation can greatly slow down the expansion of
melanophore. The average time needed by Tilapia is 26.25 sec. in normal
condition and 43.25 see. in hungry condition. The water temperature is 15°C
for both eiperiment..

u
Smdlea on the Sudden Mortahty of thes

1. Causes of Sudden Mortahtj of Fishes: i

The sudden mortality of fishes usually occurs when water temperature
rises and much decomposable organic substance exists. The causes of the sudden
mortality are demonstrated and are summa.:l-i.zed as follows: :

(1) When water temperature rises, the rot on the bottom of pond accelerates
its decomposition into CH, and CO; of equal amount. The CO, eontent
of water is then inereased. The reaction is:

Cs H,yy 04+H,0—>3CH,+3C0,

(2) CH, produced from this reaction releases mostly into the air and is

combined partly with O, in water to produce CO;. Therefore, 0, in

-— 12 —
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water is decreased and CO; inereased. The reaction is: -
: f Tap wate 0, of Sat. C Oy 'combined with C
O 0 Ceolly * eelL) n . Gty OH
No. 1. 7.406 . 7.298
No. 2 - 7.308 7.208
No. 3 7.849
Mean 7.849 7.208 ! 0.066

(3) When water temperature rises, the body temperature and metabolie

rate of the fish are getting higher. Consequently, the 'mqre 0, the fish
eonsumes, the more COQ, it exeretes.

Effect of tamparaturé on Respiration in the Fish (Wt. 160g)

Water tem. 0y inspired COy t:[.ulirad 0, inspired
oQ (oo (ee) (ee]hr)
51 hr. 10 min. 10 929.8 0870 6.4
22 hp. 50 min 50 576.0 432.00 25.0

(4) As water temperature rises, the solubility of O, in water is reduced.
The shortage of O, supply may kill fishes in hasty.
Above 4 cases usually happen simultaneously. The shortage of O, and excess
of CO; in water eventually induce the sudden death of the fish.’

Effeet of Temperature on the Volume of 0, in Water

Water Temperature Total volume of air Oxygen
e (ee]L) : (oe]L)

2 27.583 9.706

10 22,644 7.965

g0 18.690 : 6.501

30 i ~ 16.078 5.480

It was found that sudden death among fishes happened in the Lung-chuan
pond of Taiwan Normal University im 31, Mar. 1949. A great deal of fishes
were killed ineidentally. The pond water has been tested and anlyzed by the
author and the data are shown below:

In_ the very day that the incident happened, O, content in water was

— 13 —
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reduced more than twice than several days ago, while C0O, inereased almost
threefold. | ' '

Date | . OpeelL - - 00, co]L ' Remarks
Mar. 26 82 1.98 _
Mar, 31 45 488 . Sudden mortality
April 3 79 _ 506 ' -

2. Control of Sudden Mortality of Fishes

" Control of sudden mortality among f.whea depends ﬂhmﬂy upon how to
‘eover the shortage of O, and to remove exness.ura CO,. Thm are thres ways of
control as deseribed below: }

(1) To lower water temperature: prevent decaying substances -ff_um decom—

puﬁ;itinn and keep O, and CO, constant.

(2) To add additional O, into water so that partial pressure of 0, can

be raised and diffusion of O, in water will be aceelerated. .
(3) To minimize €O, content in water to reduce the partial pressure of €O,
so as help fishes to release CO, in the water. '
’ As to first method, the loeal piseiculturists conventionally plant trees or.
build shelters along the bank so as to lessen the heat into water from sunshine.
This method is not eligible because it may not onl;r,r take considerable- length
of time or man power to accomplish, but also be less affective. .

In the second method, the O, is provided by H,0, as addad into the pond.
The reaction is: H,0,—>H,0+(0) This method is not desirable for two
reasons: In higher temperature, the (0) is less soluble in water, and H,0,, as
a strong oxidizing agent, may injure fish’s skin. ' )

In the third method, it is anggastuﬂ; to remove CO, in exeess. The local
piseiculturists usually dig channels to conneet the fish pond with a stream
from which the water leading to the pond may dilute concentrated CO,.
However, this method sometimes is not suitable, because it is costly to dig the
channel, or it is unfeasible, if there is no stream in the vieinity of the pond.

- The author desires to design & new method which should be economiesl,
effective and easy to be handled, but unharmful to fished. So far he £onml
ammonia water ean serve the purpose by mantmg with CO,, but it is more i:r!'
less pmsunnuﬂ.. Gautmn should be paid in ease it is applied. -

T
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Effects of H2S on Aquatic Animals

Hydrogen sulfide is a deadly poisonous gas, of which a concentration of
0.39 is strong emough to- kill human beings. The gas of such concentration
" exists quite infrequently in the atmosphere and only oceurs oeceationally in
laboratories or in caves where dead snimals are decaying. As a matter of
faet, this gas is commonly soluble and found in water. Eapéeia.ll:r, it is eopions
in hot spring. Water in Taipei area contains more or less H,S, with whieh
aquatic animals contact at all times. The H,;8 eontent in water appears to be a
factor that effeets aquatic animals. :

The research by the author in this field is divided into 3 parts: (1) H,S
eontent of water in Taipei area, (2) Relations between H,S and watdr qualities,-
(3) Effeet of H,S on aquatie animals. '
1. H,B eontent of Water in Taipei Area _ .

All fresh water in Taipei area contains H,S. It also appears in tap water,
if the tap water has been kept in a container to stand for a whols day. In
drains and ponds, the H,8 in water tends to be inereased. In hot spring, it is
- m !nghar concentration. *

a. H;S in tap water

In tap water, there contains considerable amount of . H;8 which has been
determined for 10 times by the author in May T, 1957. Tha :jraﬂﬂ was 1.264
ce[L in average. Again, it has been determined for 7 times in 12, June. Tha
yield was averaged 1.173 eef L. The yield of H,83 in this water, in whieh if
fishes live, may change into 1.408 mle in average. The increase as 4ndicated .
is due to the fact that this substance is prnduead from dauumpﬁdltmn of
nitrogenous compounds which exist in fishes’ ‘wastes and the mmucus of its
mtagumunf- The fact shows physiologically slgnﬂmant that the inerease of
H,S suggests the acceleration of motabolism. The rate of metabolism, however,
ean be understood by the determination of H,S.
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| H,S in fish cultured water, 28°C (July 3)

. 1 2 3 L 8
No 4 N ] 7 9 10

H,S ce/L 1448 | 1443 | 1386 | 1546 | 1476 | 1455 | 1400 | 1467 | 1270 | 1.400
Mean . N 1408

"b. H,8 in the pond )

H,S content in the pond is %o changable. It has boen determined for a
total of 44 times under the water temperature of 23“0 a7, 29"0 and 29. 1"(}'
respoctively. N

" The yield from the determination under 23°C for 12 times is averaged
1.462 cc/L; under 27°C for 9 times, averaged 1.286 cc/L; under 29°C for 9
times, averaged 1.907 ee/L; and under 29.1°C for 14 times, averaged 1.778
ee/L. The results indicate that H,S in the water of 29.1°C is less than that of
-89°C. The former was determined on 18 May, while the latter, on 10 July. As
a matter of _:Em‘:t, the rate of mortality of aquatic animals i]rl July is ‘higher-
than that of May. For example, the fish plagué usually begins in April in May
and prevails in July. The more the dead animals remain, the more will HgE'

“be. If the water temperature be hi- gher is pmpnrtmnal to that of H;S

H,S in Pond Water 29° C (May 18)

No. 1. a|s‘4 5 | 8 | 7 sla 10|11 | 12| 18] 14
H.5 MII'L .l 1.801] 1.571 1. 1,848,' 1,617. 'f;ﬁ'?dl 1.?32’ 1. LQI]E[ 1. l.ﬁl I.MBII l.ml 1.801
- Mean 1.778

H,S in Pond Water 29°C (July 10)

No, 1 3 I 4 5 ] 7 -8 2

=

CHSeefu | 1898 | 1989 | 1951 | 1989 | 1989 | 1848 | 2078 | 1838 | 1782 .
. Mean _ o IO - 1907

By the sides of many streets ®m eauniies or cities in Taiwan are open’
- drains, in which sewages are putrefied and decompesed ta produce mueh H,S

that gives risa to bad smell on -the street. The H,S content in déraim waber of
' |
A
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26°C is averaged 1.628 ce|L; of 28°C, averaged 1.893 ce[/L; of 29°C, averaged
2.103 ee/L. In drains, there are constantly sufficient  sewages which may be:
putrefied and decomposed at any time. The ‘watar t&mﬁﬁratura is, therefore, a
important factor for the change. The H,S content in water is proportional to
the rise of water termperature. '

d. H;S in the Hot Spring in 8in Pei-tao

The hot spring in Sin Pei-tao is rich in H,S. In the spring a varity of
water in properties were found in different sections. Bach section has its
speeilic ecological factors whiech facilitate the investigators to study animals in
relation to their enviromments. The hot spring region in Sin Pei-tao was
demarcated into sections by the aunthor in terms of water temperatura; the
26°C-section, the 39°C-zection and 69°C-section. _

In 69°C-gection, H,S eontent in water is 6.465 ce/L. The temperaturs of
69°C does accommodate animals. The temperature in 39°C-section is not for
many animals. On the other hand, the H,S content in this section is 3.992 ce[T,,
that is also off limits to many animals. Not many kinds ‘of animals inhabit
in this seetion where only the larvae of Chironomus thfive. The temperature
in 26°C-saction is of ordinary temperature, which is favorable to many animal
inhabitats. On the contrary, the H;S content, 3.703 ee/L, is high than that of
pond water and may inhibits many animals. ‘

e. HyS Content in the Hot Spring of Chao-shan (Grass Mountain)

The hot spring of Chao—shan is famous in Taiwan. In the middle of May
the anthor dﬁtﬂrminad H,S, water temperature and O, content in the source
of the spring on the mountain. Its water temperature is lower; while H,8 is
higher than that of Pei-tao. The maximum H,S content in Pei-tao is 6.613
ce[L, while in Chao-shan is 62.000 cc/L as almost ten times higher than Pei~tao.
In the hot spring, no 0, exists. | N
2. Sonrees of H,8 in the Water of Taipei Area

There are two sources of H,S in the water of Taipei area, e.g. the mineral
and animal sources., The sulfur spring in Sin Pei-tao and Chao-shan, for
ﬁxamillu, is one of the mineral sources which contain ﬁgﬂ in high and eonstant
concentration all the year round. The eolonies of agoatic snimals sre I
changeable in these regions. On the ether hand, the animal sourees are dead
bodies, cast—off skins; and excretions of animals. ] *
| The dead animals are chiefly dead fishes, erustaceans and aquatic inseets,
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The aunthor once conducted experiméntation of H,S from decaying loaeh, shiimps’
and Spherodema. 1 gm. of ground meat of loach was submerged in tap watbér-
in a tightly sealed container under a temperature of 28°C. After three days,
it was determined that the coneentration of H,8 was 13.718 ee/L. In same
way, the shrimp meat and spherodema meat were treated. The coneentration of.
H,S was 8.2484 cc/L and 3.052 cc[L reapuﬁtwel}' S
3. H,8 and Watr Quality
- - 8. H,8 and Water Trnnspa.rnncy S

- Water may change its color and transpareney, - when H,B dixsolves in it.
H,S in excess may eaust water mﬂky and semitransparent. In this ecase, - less
light will pass through, while il-lumig.at.ing The transpareney of water is
effected by its H,S content. The more H,S as water contains, the less’ transp--
arent will water be. '

Conecentration of H.B Tranemission of light (LV)
* Saturated ; . 38
t 80w E - 45
60%. . ' 5.0 .
409 . 5.5
H.0 ' 6.8

b. H;8 and O, Content _

H,S in' water reacts easily with 0, 0 prmluaa; H,0 a.nd. Eulf.‘u.r Theraf.ura
the ﬁha.nge of amount in O, in water depends upon the eha.uge of nm-:mnt m
H,B It was d.emonatrataﬂ. that saturated H,S in different quantity was a.d.ded mh‘r
every 1000 ﬁe of O, content ‘was determined and the rﬁsult as show as follows: . - .

' *mu'm of Sat. H,S in 1 L. of Pond Water Ope/l | O,dcereased .e;':. .
0 e 82Ty | T =
wo - T9M8 - . 03768
0 , 7.2069 0.9810
50 ' 6.3686 ' 19098
N 6.299¢ ' 19788
50 6.1144 ' 2168
60 6.0203 - 2.2576
70 5.6439 26350 _
80 55488 _ . 7398 ..
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o. HyS and CO, Content -
Uﬂ, in water can be ah,ghtly 1mraamﬁ by H,S to n. extent tha.t aquatm
mum:ls may not be dJmt:Iy affauta&

-.f-vmmﬂ-m B,8 in 1L ﬂf_pgm;jwam---a © C0gmglLk  © | - GO, varied mg/L
0 3810 R
: 10 - b .. 3316 A.066(—)
20 R 5299 0.089(+)
.80 Coosm | o7se(-)
40 8165 ' 0.045(—)
B 8200 - T tsec+)
80 { . = 88 o 01ss(4)
7 B N ST 0.089(—).
i T e R SN COTN
4, Uhomotmpmm 02 A.qua.t:m Animals Toward Hy8 —~ " .7~ = .' “"‘

‘That experiment on chemtropism of aquatic a-mmala in watar is pra.tmallr
diffienlt. An unsatisfactory method as mn#entmually used is to absorb chemical
reagent with hlot.tmg paper which is then thrown into water for this purpese.
It was improved by the author that a feasible osmotic tube is used in place of
paper. The newly damgnad tube is used for the experzments on the ehemotropsim
of following aquatie animals toward H;S. The results- showed that Gambusia
affinis toward H,S is negative; Such insects. as Sphaerodema rusties, Hydrop—-
hilus affins, Cybister tripunctat, Coengrion quadrigeram, and Gulex Iarm are
pnamﬂ, and Bigara, iz negative.

5. H,8 and Life of Aquatic Animals .
 H,S 5.365 oo/L may cause a earp to cease its opercular ‘movement. Lnauhﬂa_
are quite tolerant against H,8. In a higher coneentration of H,8 as 16.862
: me the loach mll be killed in 39 minutes. In H,§ 12.2184 ce/L. Sphaerodema
rustiea will be killed in 115 minutes; in 35.1135 ee[l. Hrdrwphllua affinis,
killed in 34 hours; in 32. 1907 eefL, Cybister tripunctatus, killed in 18 hml:ra,'
' anﬂ in 24.3760 euj'L Culex (larva), killed in 8 hours.,
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