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DAPHNIA are crustaceans which belong to the seme large group of animals
as the crayfish and. the lobster. They are also Fntomostraca (& sub-class
- name) and belong to the order Cladocera. In addition to Daphn;a, other generea
of Cladocera are cultivated sueh.as Moina, Simocephalus, Scapholeberls, and
Chydorus. :
.There hes -been an increased interest in the culture of. daphnids for feed-
ing young .fish, particularly bass, since thé large species,ngphniq magna,
was imported from Canada in the spring of 1924. At:that time, Dr. Klugh,
Professor of Zoology at nueens University, Caneds, but residing at Ithaca,
‘N». Yo, received. several live. individuals from Canade. T3rc>bably most of the
vAmer1can stock .of this species has been obtained from the progeny of these
specimens, Daphnia magna occurs naturally in this countpy, h0wever,,and ,
.was reported from Maine, North Dakota,'ﬁolorado' Nebraska, and CnllfOFnl&
prior to 1918, .. The maximum gize of females of this specles is about 540
millimeters, while Daphnie pulex is about half that length,  Havford' (1927)
states that the great advantage of Daphnia marna for feeding bass is that it
hatches at least four weeks .carlier than ths other daphnia, Actu111y, there
probebly is not a great dnnl'of advantage in culturing De mégna over P. pulex
or other species unless it is that sdults of D. magna are lerger and are :
eaten by bess fingerlings until they reach a Fairly. Iarge,s1ze. On the other
hand, - the: pdult specimens., of - D. magne are too 11rge for tess Prv to consume
when they first rise frOm thelr nests. . However, there always are plcnty of
-young daphnia.of sultable size. foor bass fry.in any thrlvlng culture.

Daphnia pulex is universally distributed and may be found in temporary
ponds: and sometimes in lakes. -*oina inhabits barnyard, brickyard, and other
- temporary: ponds;, and it is reported. that lt may. be reared farther 50uth than
its larger relative, Danhn1a magnea «

INDOOUR .LULTURE, iy

The first probiem cohfréﬁting the proépective daphnia culturist is how
to get cultures started. It is advisable to have culture media ready in ad-
vance of the collection or the receipt of live individuals or eggs.
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))- " Note: < Revision. of Wemorandum I~13l, No, 17, The Progressime Fish
Culturist, ppe 1+6, April 1936
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Indoor culturcs may be prepared as follows: Dr. Arthur M. Banta. (1921,
ppe 557-5583 Needham, et-al 1937, pps 207-210) found'that a eulture medium
could be obtaincd readily anywhcre and at any scason of the year by placing
two pounds of flne gardon 601l .end..six ounccs of finely divided frcsh (8-15
days old) horse manure ins 3 x l2-inch- battery jarand covering with.1l0 quarts
of straincd pond watere Pond water is specified because Cladocera are extreme=
ly suspeptible to the toxic cffects of the salts of the heavy mctals, Gal=
vanizeH or copper containers are avoided for the some reason. Tap water should
be uscd with caution until proved innoc¢uouss The mixture is allowed to stand
at 59 to 68 dcgreos Fahrenheit without disturbance for three days, when it is
strained through silk bclting cloth (#0) or other very fine materiale Dilute
with straincd pond wator onc to four parts or onc to two, depending upon the
degreo of density in tho appearance of thc solutione. "Stir thorouwghly and allow
to stend for a short time (about an hour) beforc stocking with Daphniae Bactcrla
constitute the principal food clement in this culturc medium.

Another simple method is ‘déscribed by Bond (1934, pe 60)e He recommends
the use of ordinary Fleishman's yeast (in cakes). gs a cultural food for Daphniae
About cne-quarter fresh yeast ceke is mixed into e uniform suspension with from
about two to three ounces of water and poured into the aquarium which contains
from 60 te 70 quarts of water. The feeding is rcpeated every fifth or sixth
day.: He states, however, thant it 'is necessary to have.a stream of air bubbling
through: the mcdlum at all times, probably. to remove carbon dioxide gose This. -
is the unfortunate part of this method,. but yenst may be used without this:
eeration if it is used in smaller quantltles then recommended aboves

Chipman (1934 pp. 59-60) describes a methed in which cottonseed meal is
used as,follows: one-half ounce cottonsced mecal and threc ‘ounces of garden ‘
soil are: stlrrud in one quart of straincd pend water and set a31de for five: & .;
dayse. The.water is.then poured& off the surfacc and strulned thrOugh musline . -
One part of this.is diluted with 100 parts of flltured watqf and innoculated
with Daphnia after the pH of the diluted solution is adjusted to 7.2 with .«
sodium carbonats. Fresh stock supplies. of .the cottonsced mixture were pre=‘- .
pared eagh weck, a small amount cof the old mixturc belng added each tnne to-
insure innoculation w1th thc original bactorla. -

‘

“Arthyr D. Hasler (Ncedh&m et ol. 1937 PPe 214-215) used 1 tCﬂSpOOhful
of dry shecep manure and about’ l/BOth ounce (Oe5 gram)acld phosphate per gallon
of water to which a quart of water filtecred thrOugh rich garden soil was ‘also
addeds This mixture was allowed: to stand for a day before innOGulation with -
Daphniae s e ~

All sorts. of substances have been used in the culture of water flcasif

indoors (licedham et al. 1937), but it is believed that the desecribed mcthods. -
w111 suffice..

Out51de pools for large scale productlon of Daphnla should be- set up
several days to a week in advance of their 1nnocu1ntion.

LARGE SCALE CULTURAL METHODS IN .ouTs‘iDE'Poons o

In the production of Daphnia which are to be used in feeding your bass,
for example,.concrete ponds about 2 by 5 by 30 feet or 2 by 6 by 20 feet or
similar dimensiors’ probably w111 be f‘ound most oonve—,nlent, although any size ‘
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pond,may be used. The Daphnia can be removed readlly'w1th a seine of suall
‘mesh bob1nettihg or of fine bolting silk (OOXX is fine eriough), or other
fine material from ponds of these approxnnate dimensions. At Leetown, West
V1rg1nia we have used our bass frv seine of bobinetting for collecting
Daphnla from Our ponds, Whlch measure 3 by 8 by 25 feet. ‘ '

At some fish cultural stations a series of these conecrete Daphnia ponhds
are located at such elevations above the tass nursery ponds that the Daphnia
may be flowed into them by gravity. However, such ponds seldom seem to bé
used in this manner, end there is the edded disadvantage thet the young bass'

“for thelr faster-growing cannlbalistlc brothers end 51stfrs. he usual nrac—
tlce is to seine the Daphnla from the ponds and broadcast them here and there
about the borders of the lerger nursery or feedlng ponds.

Embody and Sadler (1934) report experiments the object of which has bbcn
to devise methods of producing’ large qxantitles of Daphnia throughout the
SUmMmere In thelr earlier experiments efforts to keep a single culture p01ng
00nt1nuous1v throughout the summer failed. Very successful cultures were
obtained in May and part of June, which ran out in July and came back in’' late
September and October. A tempereture of 82 degrces Fahrenheit appeared to be
'8 ‘cause of diminishing numbers of Daphnla. In later experiments, they worked
on methods of bringing cultures to their' peak production, when the Daphnia
were rﬂnoved ‘the culture ponds drained snd new cultures sct ups. With 7
concrete ponds, 8' by 12' with a water depth of 112 to 14 inches, a new cultur
was started cvery 4th day. Embody and Sadler (1934, pe. 207) g1vr e schedule
for 0perat1ng Daphnla ponds using four kinds of fertilizer. This table is
given below- 3

Tablc l.'-- Amount of fertliizer per lOO cubic feet of water anad 1ts apportior
i ment Ly : .

Experimental ponds at Ithaca, New York

: s s : Pond No. 47
: Pond No« 1 : Pond No. 2 : Pond No. 3 : Sheep Manure
: Soybean meali Cottonsecd mcnl: Dry Buttermilk: end
t : ; BAY .. : Soybean mdal
Initial dose : 1 pint  : 1 quart : 1/2‘pint : 4 quarts SheM
: : 1 pint SeB.M

Sécond dose & 5th day 1 pt: 7th day 145 pt : Tth d&v '1/2 'pt: "L4th day’ 1/2 p

uc, o";o

_Third dose  : 10th day 1 pt: 14th day 1 1/2: 14th day 1/2 Pt: mmmmmmmies

I 3 pt. A

Fourth dose - : 15th day 1/?: ------------- ] memmreccrcmoee § ~vvemmee——-
o phe

_ Noter Harvest on the 21lst day.



Acdording to these authors, the fertilizers which gave oulturel avbf‘;tnc
ighest were dry buttermilk, soybean meal, and cottonseced meals Very little ~
ifference between them was noteds It heppened that the densest culture, amount=
ng to 2,4165 groms of -dephnia, mosquito and midge larvae, was obtained in 24

yS using one pint soybean meal at the start and one pint every sixth day there=
fter, moking a total of two quarts for the period. The water tempersture veried
etween 70 and 80 degrees Fahrenhelt. F o ;

The population densities of these cultures reached their maxima in fram 16
0 26 days; 21 days was the average.

Langlois (1931, ps 109) used six quarts of sheep manure and one quart of super:
hosphate per 100 cubis feet of water with good resultse. Daphnia could be re-
oved daily from these ponds after throe weeks and & culture wons made to last
ix to eight weeks by the periodic addition of more fertilizer.

O« Lloyd Meeh&an (in a report to the former Bureau of Fisheries row.Fish
nd Wildlife Service) observed that a good culture~of Daphhia magna could be
btained by the additicn of 24 pounds of sheep manure to-each 400 cubic feet
f water. Additional amounts of sheep manure were ndded at the rate of twelve
ounds each week unless the water temperaturc increased, when smaller amounts
ere nddede He observed that this mixturc lacked something (& vitamin or similar
ubstance) to give the culture that extra pulse which would make the animals
bundant enough .to removeé in large numberse This substance was supplied by the
dditicn of grecen griss or aatse.

Hayford (1927, pe 143) used twenty quarts of solid green cow manure and
ixed 1t in an ash can of water to which four quarts cf menhaden meal and four '
uarts of bean meal were nddede This mixture was placed in conerete ponds 2
y 5 by 30 feet. He nctes that horse menure is good, but it is not equal to
he cow manuree . In these sume poocls containing 225 cubic feet of water, Robert
eyford (personal cammuniceticn, April 1935) reported 'success using sixty pounds
f cow manure just as it comes from the cow stables, straw and manure. When
he water begins to clear, only « few pcunds Lf manure are deed to keep the
ulture going, . 5

Kauffman (1943, pe 56) used cne large shcvelful of chicken menure in & pool
. by 1@ by 20 feet with good success.

. Nelson (1941) records phenomennl producticn of largemouth bess on daphnia
y stocking 100,060 to 150,000 fry in ponds fertilized as follows: 3 tons
cr 1 ton per acre-=foct) of cow-lot manure is piled in the center of the pond.
f fertilization -is adequate, a good ember color is produced within 24 hcurs
fter the pond is filled. Additional manure is supplied as needed by piling
t along the windward side of the :pondes --Old -heaps :0r windrcws' are yemoved after
ach seascns A

The 1list of fertilizers used in culturing daphnia in aquarie: and -in ponds is
onges Most of them contain organic matter which can be decomposed with the aid
f bacteriae Some of the materials not already mentioned are the following:
ardine meal, green bone meal, decayed fish, cocked oatmeal, clam meal, beef
earts, salt water mussels (Mytilus edulis), herring mecl, and shrimp bran, and
‘hicken manure.




Running water is, of course, not used in dephnis ponds, water being added
only to supply that lost by evaporation or seepage.

When a culture is in normal healthy condition, there are ﬁll sizes of
daphnia from the very young to the sdults, eagerly feedlng upen the bacteria
present. Numerous large daphnia are present with parthenogenic of scxual eggs
and young dephnia in their brood chumberse These parthenogenic eggs are
usually green in cclor, visible to the naked cye, and often a half dozen or
more are present in on individusle When & culture is in nearly perfect ccn-
dition, males” are nct developed so that all, or practically all, individuals
in a culture are egg or potentlal egg producerse

Certain evidonce of the decline of culture or its diminishcd canqcity

egegs. in a black saddle on thc_back. ThuSQ eggs are SDXUul or w1ntbr ngs
which réquire fertilization by male daphniae. The male daphnia are small
ind1v1duals which become differentianted from potential females when the com-
petltlon for food is too great, or when some other unfavorable conditicn has
arisen or is. impendinge. These winter eggs are the means by whlch the specics
is perpetuated over winter periocds and drought. " They are also n menns of dis-
tribution because they can be readily blown ebout by winds on becoming dried’
oute Needham (1933, ps 132) cites the experiments of Henry iMarkus of the
former Ue S.-Bureou of Fisheries who found that these eggs required alternate
freezing ond thowing for a number of. times before they would hatch. This could

'be done in an,electric refrigerator. The dried winter eggs treated in this

manner may be transperted in the mail from place to place et little costs

Most daphnis. cultures reach their maximum production in abcut threc weeks.

DTS quantlties of daphnie arc removed . and small additional smounts of fertili-

zer ndded, the life of the culture may be prolonged, but it is generally not
worth while to attempt to maintain them much beyond this time, The best plen ”
appears to be to set up cultures in rotaticn sc¢ that new cultures will be
coming on as the old arc discontinued. When winter cggs predeminate among the
individuals in & culture, it is time to drain the Dknd clean it out, and
start over again.

High water temperatures are nct conducive to daphnia culture, particu-
larly that of Daphnia magna. O. Lloyd Meehear (Fish and Wildlife Scrvice)
has cbserved that they connot be raised in profitable numbers unless the
water temperature remains belcw 75 degrees Fahrenheit. As has alrcady been
stated, Embody and Sadler (1934) observed that a temperature above 82 degrees
Fahrenheit appeared to be injurious. Shades cver pools may be used, at lenst
for a time, to prevent the water from becoming too warme

Usually during the duration of a culture, particularly if it is main-
tained for a long time, foreign organisms are attracted to the pcol which
feed upon the daphnia. Many of these predators are air-breathing insects,
which, although they swim abcut, submerged, eventually come to the surface
for a supply of air. .Such insects can be destroyed by producing a thin film
of oil of a non-toxic naturc, such as salmon o0il, herring oil, or cod liver
oil, over the surface of the pool. This cuts off their air supply, and they
die guickly. The number of tadpoles can be kept down by removing the masses
of frog eggs before they have on opportunity to hatch.
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Only a small amcunt of information is available on the amdunt'of'ddbﬁnia.

or weight of fish focd, produced by a single culture of daphnin. The.most b

accurate datn yet observed by the writer is.that of Embody. and Sedler. (1934)
who give the actunl weight in grams of daphnla, mosqui to, and midge lorvae
produced in several of their experiments. Their densest culture amgunted to .
2,416.5 grams:of -daphnia, mosquite, and midge larvae after 24 dnys using a -
totul of 2 quarts of soybean meal in a concrete pond with o water cupacity of.
100 cubic feet, ,

Embody (1942) later records an average production . of 0.721 ounce of food
organisms per cubic foot of water with soybecan meal as compared with Q.43
ounce with cottonsced meale. | :

O« Lloyd Mechean reports what appears to be a remarkable producticn _
from a pond of 400 cubic feet ocapacity. This pond was set up on May 11, ond
fertilized with 24 pounds of shecep manures It was stocked on May 12, with,
Daphnia magnaes Some bundles of green grass or oants were added. On May 17,

-_-‘.J{

12 pounds .of fertilizer were added to the culture since a rain the night befcre,

had diluted the solution. On May 22, 17 pails of daphnia were remcved from
the ponde These were Fearnow pails one-quarter to.one- ~half filled with.water
and the .remainder daphnias On May 25, ephippial or "winter" eggs began to
appear and 16 additional large pails wcre taken out, meking a total of 33
pails to the time of the appenrance of the ephippial eggss On May 26, 16 more:
pails were removed, bringing the total tc 49 pails. Two inches of water were.

added along with 12 pounds of fertilizers o more daphnia were teken from this

pond until June 2, when 3 pails were removed, and on. June-.3, %he_pond was
dreined and c¢leaned yielding 12 more pails of daphnia. There were altcgether
64 pails of daohnia raised in the culture. The tempernture of the pond was
64,4 degrecs Fahrenheit at the start.of the culture but climbed to 79.7 and
was 75,2 degrees when the pond wes drained.

It is the collection by comparable metheds of such quentitative data as
the above which will ultimately decide which are the best methads cof produc-.
ing daphnia.

‘



LITFRATURE CITED

Banta, Arthur M.
1921s A convenient culture medium for daphnia. Science Ne Se Vols LIII,
Noe. 1381, ppre 557-558, June 17, 1921.

Bcnd, Re ile
1934« A culture method for daphnis. Secience, Vole 79, No, 2033, p. 40,
Jonuary 19.

Chipman, Walter A
1934 A new cultural method for Cladccerans. Science, Vel. 79, Noe. 2038,
Ppe 59-60. Januery 19, 1934.

Embedy, Ge. Co and We O. Sadlere.
1934« Propagating daphnia and other forage crganisms intensively in
small ponds. Trons. Amere Fishe Soce, 1934, Voles 64, pp. 205-210,

mbody’ G. C. 1’7{"‘, .’:,'.t
1942, Intensive producticn of daphnia in pondse The Aquarium, Vole. XI,
Sept. 1942, No. 5, PDe 83=85.

Hayford, Charles O.
1927« Artificial production of food for young basse Trans. Amers. Fishe.
SOC., Vol 57, PPe 143~149,

Hauffmon, Jerome S,
1943¢ Chicken manure as focd fcr daphniae The Aquarium, Vol., XIIT,
NO e 3, JUIy, 1945, P 56,

L&nglois, Te He
1931, The problems of efficient managment of hatcherics used for the
productirn of pond fishese ranse Amcre Fish. Soc., 1931,Vol, 61,
ppe 106-113.

Needham, Pe Re and Le A« Brown,
1933, Notes on the use of water fleas as fish focdse Trans, Amere Fishe
Soce, Vole €63, ppe 131-138.

Needhem, James G., Paul S, Galtsoff, Frank E. Lutz, Paul S. Welch and others.
1937 Culture methcds for invertebrate animalse. Comstock Publishing Co.,
Ince, Ithaca, New Yorke

Nelson, Te Fea

1941. Fertilizing bass pondse. Progress. Fish-Culturist, No. 56,
PPe 28-29.

50513




	002
	003
	004
	005
	006
	007
	008

