XIV.—REPORT OF EXPERIMENTS FOR DETERMINING THE
SMALLEST AMOUNT OF WATER IN WHICH YOUNG SHAD AND
EGGS CAN BE KEPT.

BY FrRaNK N. CLARK.

June 8, 1880, I was requested to conduct a series of experiments at
the shad-hatching station at Washington navy-yard, and to use as small
a quantity of water as possible both for the eggs and young fish. I ac-
cordingly arranged one of the cones with an agrator attachment for Ex-
periment No. 1. ‘

June 9.—In the morning I placed in Cone No. 1 a jortion of the eggs
taken the evening before (125,000), and also placed in Cone No. 2 the
same number. I commenced on Cone No. 1 by running 35 gallons of
water per hour. On Cone No. 2 there were 218 gallons per hour. The
adrator attached to No. 1 was doing the same work the larger amount
of water was doing in Cone No.2. In the course of the day I reduced
the amount of water in Cone No. 1 to 23 gallons per hour, and found the
eggs had equally as good a motion as with the larger amount of water,
The motion of eggs in Cone No. 1 was considered as good as in No. 2,

June 10.—Eggs were examined in both cones and found to be equally
as good in Coune No. 1 as in No. 2.

June 11.—Eggs were examined in both cones. In Cone No. 1, with
agrator attachment, I found more fungoid growth on the unimpregnated
eggs than in No. 2. They were, however, kept free from the good eggs
by the force of air and water. In cones of eggs I have worked for the
last few years I have frequently found eggs with the fungoid growth
to attach themselves to the good eggs. It was especially so when the
water was quite warm. I have always found it necessary in such cases
to add a greater flow of water. '

June 12.—The fish were all out and appeared in as healthy a condi-
tion in Cone No. 1 asin No. 2. So far I have begn unable to note any
difference in the eggs or in their hatching other than is mentioned in
this report. In the evening of this day I removed 25,000 fish from each
cone, leaving 75,000 in each of the cones, with same amounts of water
(23 and 218 gallons). I find the fish in Cone No. 1 are not forced against
the perforated tin edges as in Cone No. 2. Accordingly it is not neces-
sary to attend to them as in No. 2, where it was absolutely necessary to
brush the fish away from the edges at least once in an hour to keep them
from filling the perforated tin and runniug over the top of the cone.
This I think one great advantage.

June 13.—Fish were examined ; found them equally as good in No. 1

88 in No. 2. The force of air in Cone No. 1 seems to be rathber violent
(nm TR
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for the fish. I took the wire oloth from bottom of cone. It made a
slight change in the air-bubbles, they were in finer particles.

June 14 —The fishappearedin a healthy condition. At12 m.Iarranged
one of the cylinder caus with an aérator attachment for conducting air
and water to the bottom of the can. The water and air passed down
through the pipe, and the overflow was through fine perforated tin at
the top of the can into the overflow chamber, where the water passed
out,

After arranging the can I immediately put into it 50,000 young shad
48 hours old. It had not been running more than ten minates before 1
discovered fish were running out the overflow in consequence of the
perforated tin at the overflow being too small a surface. I immediately
removed the fish and informed Major Ferguson of what had oceurred,
and gave him my idea of what was wanted for the can. He had the
cover of the can Imade with a larger surface of perforated tin, and
this, after putting the 50,0600 fish back in the ecan, I found held the
fish.

June 15.~—1In the moruning 1 discovered the fish in Cone No. 1 appear-
ing wealk, in consequence, as I thought, of the violence of air and water
forcing them to top ot cone, where the air-bubbles wounld break and
throw the fish to one side.  In the course of the day I found the fish
were dying. In the can, which 1 shall designate as No. 3, I drew from
the bottom of the can about 50 dead fish. The balance of the fish were
looking well. .

June 16.~—There was a thorough cxamination made of all the differ-
ent experiments. The fish in cones were found to be in about the
same condition as the day before. The can, however, I did not find
the same. During the night there bad been a stoppage of the water,
in consequence of which the fish were found all dead.

June 17.—The fish in Cones Nos. 1 and 2 were five days old. In Coné
No. 1, with aérator attachment, the fish were dying quite fast. My
opinion is still the same, that the violence ot air-bubbles is too severe
for the young fish, and weakens them or wears them out.

June 18.—I arranged another coue (No. 4) with aérator attachment,
and immediately placed in it 100,000 eggs taken the evening before-
There was an effort made to use a smaller quantity of water on this
cone, but without success. As soon as the water was reduced beloVW
23 gallons per hour the adrator would not take in air. Thus it will be
readily seen the aérator will not supply the quantity of air with a less
amount of water than 23 gallons per hour. This lot of eggs was OX°
amined from day to day uutil all were hatched, and nothing of note 0¢
curred different trom No. 1.

June 19.—This morning I found the fish in Cone No. 1 all dead. The
probable cause was the violence of water and air. The fsh i Coné
No. 2 were still doing nicely. They were turned loose in the Potom*}c
at 6 p. m. There were 40,000 young shad put in Can No. 3 to agal?
try the aérator. The fish in Can No. 3 did very well until the third
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day, when I found them dying very fast, probably from the impure
water caused by the can being closed.

June 22.—I arranged Cone No. 1 with the aérator attachment, and put
in 125,000 eggs taken the evening before. The same amount of water,
23 gallons, was used on this occasion as on the others. Cone No. 4 all
hatched and appeared in a very healthy condition. Out of the lot of
eggs in Cone No. 4 there were about 90,000 fish, making a very good
percentage. I tool one-half of these fish and put them in Can No. 5,
running a smaller quantity of water than on any of the other cones.
There was no aérator attached to this cone. There were 18 gallons of

vater per rour running in this cone. These cones were kept running
and were examined from day to day until June 25, when the fish were
deposited in the Potomac in good conditiou.

June 26.—On this morning I found the eggs in Cone No. 1 all hatched.
The eggs had been examined from day to day; found to be about the
same 4as the cones hatched before. Oun this day I was directed to dis-
continue operations at the navy-yard station, te move what fish 1 had
on hand, about 100,000, to the Smithsonian Institution, and to continue
my experiments there. The young fish were moved to the Smithsonian
on the morning of June 27, where they were placed in cones and cans.
In Cone No. 1, with aérator attachment, I placed 20,000; in Cone No. 2,
20,000; in Can No. 1, with aérator attachment, 20,000; tlhic balaunce were
placed in Can No. 2. My experiments consisted of oue cone with aérator
attaclunent, running 23 gallons of water per hour; Cone No. 2, with no
attachment, running 15 gallons of water per hour. This was afterwards
reduced to 10 gallons per hour. In Can No. 11 ran 15 gallons per hour
until the rubber hose conducting the water burst, during the night of
June 27, when, of course, the fish all died. In Can No. 2 there was no
change of water during the night. The next morning 1 found the fish
all dead. The cones were examined from day to day, and at this writ-
Ing, July 3, the fish in Cone No. 1 are nearly all dead. The fish in Cone
No. 2 are tooking well. They are seven days old to-day.

From my experiments I have come to the following conclusions:

When a small quantity of water is to be used in hatching it is abso-
lutely necessary to use the aérator to introduce the air with the water
at the bottomn of cones in order to give the eggs the motion desired.
In ever ¥y ease where the aérator was in use, and they were kept until the
fifth day, they commenced dying, and in twenty-four or forty-eight hours
all were dead. M ¥y opinion is that the violence of air-bubbles and water
Weakenced or wore them out. When it is desired to keep the fish in cones
for any length of time, and to use a small quantity of water, 1 should
advise that 1 small quantity of water be run in the cone, as when it is
desired to use a limited supply of water a smaller quantity can be used
.thim with the aérator. In every case the experiment tried with the can
I which no change was given the fish proved disastrous in from six to
ten hours, according to the quantity of fish in the cans.

WasningToN, D. C., July 3, 1880.

8. Mis. 110——50
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Record of iemperature observations made al TWashington, D. C., from June 9, 1880, to July
3, 1880, by Frank N. Clark.

Cono No. 1., Cone No.2. Cone No. 3. i Cone No. 4. - Cone No. 5..

Date. "é'! o E_! g i L
d Sida 5i&
Pt i m O @ - S
18R0. !
Wednesday, June 9 .....c.oc.oooo.. T OT4 74 T273 ™
Thrvse Jupe 10 . T84 75 T2 T3 T8
Fridav. June 11 ... .. 747576 T3 T3 T4
Saturday. June 12... L7676 97 T8 74 Th
Sunday, June 13... CT6 07T 18 THh TH 7o
Monday, June 14 7677 T8 5 76706
Tuesday, June 15 .. . 676,77 T4 7473
Wednesday, June 16 75 71 T3 T4 | 74
}’I“hu]rsdag, June 17 .. .76 971 TS ;1! . 75 ] 'ig
‘riday, Juno 18 ._... 76 T8 T 4 - TH T
Saturday. June 19, .. L7 )¢y 78 7478
Sunday, June 20 . ... R H IR SRR
Monday, June 21.... . e [PV T
Fuesday, Juno 22 ..... 175 70 97 .o
'\Vednesdny. June 23.. 76 77 T8 ii]eeenfenns
Thursday, June 24 .... . | 75,76 37 | ........
Friday, June 25 ....... et TOTT T e
Saturday, June 26..... e 7677578 L
Monday, Tome o8 o1 |70 76 70,75 70 76
2y JUIIID 4O .0 nu. (k) :
Tuesdny, Juno 20 ... a5 g5 1655 76 l 76
Wednesday, June 50 .. l 5076176 7570 | 760 .
e, Taly 2L 17876 70115 | 70\ 10
PR . . Lt [
8aturday, JUly 3 .. onevvunnonenennns ' 74|15 75 { 74| 75 . 75
|

NoTE.—The cones were moved to the Smithsonian Institution Suturday evening, June 26
* Fish all dead. tNew eggs. {1 Fish released.



