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|'|\||.||'|'||'||||'I".. il Lo
Calodum elldorils i
Myrups ol dfon ollariile '
Sirang hyadrsalilorio aokil I o
Wk {Od .,
Honirtior =,
Crystalliged magnesiim sulplins L
" "'|i|||ll ..|.|||||'|’|' 1 ey
; [HALERT T §id L b s
Crommmon st (sodinim chloriide) %
|'..I.. i Broiniide L) R
Potassitii fodide | [H
Witon 100
HaLuTIoN &
Crystallized sodinm enrbonnta [ I
Whabax ; 100
RoLuTion .
Wooll-vwialisd, |r|'|'|";||i|.|| il valoinm silionts a0 b

Walai

All the arlta -'I||]-[-r:,'!,'-| el be chemieally purs, Three co. of ooach
af thiose |j¢111i1r:4 are added to 1000 co of fresh waler o sop-woatoy
fnlﬂt!ﬂl‘t““ﬂ to ciroumataneea), and the whaolo aterilized, In his earlier
work Houghton Gill added a sterilized infusion of grass or of diatoms,
bt it is not clear from the nccounts whether this was still employed
with the above solutions. We have abitainad very good oultures with
the above solutions, to which we did not add any organie infusion

3 (n). Modification of Miguel's nethod, " Miguel Sea-wator,”
Sinee geveral of the componenta in Miguel’s formula for selution A
(. 42:3) are obviouely unnecessary, when sen-water is being used as
the basis of the culture-medinm, we adopted for our own work the
following modifieations :—After some preliminary exporiments it was
found, ag would be expected from the composition of sea-waler, that
the only salts of value o the medium are the three nitvates, KNO,
NaNO,, NH,NO, and possibly KBr and KL The omission of
the two latter was goon found o make no difference. Experiments
ulko showed that the formula for solution A could, without any
appreciable detriment to vesults, be further simplified to the one
galt, KNO,, or NaNO, but not NH,NO, A first the amount of
KNO,, diggolved in 100 ce. distilled water, nged to make the modified
solution A, was the game as the sum of the weights of the nitrates in
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I u g . : I
[he oldest oulture In our possession is one of Shelefonema costatuin
1||“J]rl al tho vory oommoneomnent ol Ghis lII.|_.”|.|II; '.hll.ﬁ'.'!‘ '\I.'l"|||l| -||”-| 5
e : . ] - I Lty
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iy dintom now, on 11l|'l|~'l|||\’, i suboulture in feesh Minuel & normel and
|'|r':|“|ll‘|' growth ocan 1L1\\'|I}'!l b obilainml
In ald culturea the disntoms nro noarly alwiys found to ba very
much deformod, and often appear to be only o mass of broken-down
1.]||-|.|||||,|.:-|'|l|m'|"- Whaothor recencration oan be succossfally obtained
1 single ehromalophors, whish must prepumably be contained

from
within a cell-wall of some kind, has not been definitely decided, bat

raanlts seom o |:-1|i|||! in thin dirsetion.
At the atart of o eulbure a 1.1‘.1|l]n|:|.1':,' Lo |l.!|:'.-||i.ll]“'r'ji|l:ll.1 forme 18 oiten

exhibited, but when the growth is well advanced, the shape ol the

frustules is usually quite normal.
(b) English Channol Water (" Outside Water")—In o large
]_'I,'lllll'll.'H'.'.']" of our EHIPIJI'iIﬂ'.Utt'H nijL=Walor '|r1':1'|_:|gh|. in from outside the

Plymouth breakwater, and therefore taken at some distance from the
ghore, has been used, This 18 referred to s “outside water” It has
an average salinity of about 36:0°/ _, and the temperature range for the

year is from 8" C. to 16" C.

If a sample of “outside water” ia inoculated from a porsistent
eulture of a plankton diatom, a small growth 1s oblained m from five
to . fifteen days, Bub soon minute bottom forms of dintoms, other
algm, flagellates, infusoria, ote, appoar, and the inoeunlated species 1s
lot, The total growth of any form is never large. 1 the growth of
these foreign forms is prevented by sterilizing the waler hefore
inoculation, a considerably better growth of the plankton form 18
obtained. The water was, as o rule, aterilized by pimply hq,-.:-liih.;-_ﬁ-'l.n
70" €., which temperature wis found to be quite adequate. Boiling

gave equally good results, but the former was preferred, as loss con-
ok place, Even under these gonditions

centration due to evaporation to |
1
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Eledavargans, AT T idi v ek ity il vinacallilar ol
ar Blig eomnenoab  formae Tha lavea B s o | L i !
riee, il bt livi f 1 tom i althoug
i t, do not live I.”“' 1L intvodanaed, |-"||.1I|'.I'||l"-'l1|---- LA ',I'
4 ormb number muaet b prusaiiy i Up whon e rorervioirs are boing
filled, ara nob reproao Gl |
o i 1 LMY

L ,|', ,Il“ wee ol outside wabor, o niple of Y iank-water” in
siplinkead Trenm n porsls ;

|.|.|.."l o a peraistont caltors, will only glve a vary amnll grawth,
minike [orims, oo soon multiplying nnd ahoking out the planktan fori
Fhig ultimate growth of mingte ynioelluler nlgm other than diatom |

d i L1 i |
aften constderabla, and Iy fuite unknown ond unidenciiled form
have been obtained. The total growth of vegetable forna is alwiy
found to be greater than in the cise of otarle wataer

I'n coltures of plankton distoms made with sterilized tank waler,
a vory groat Dnprovement on oulaides sterilized water wan nlway
jiobail, The oculture of the dintom used to inseulate this medinm
puralata fur a coneiderable perlod, and the oolour of the frustules

popnaing norinal for wo to three montha,

fef) Andmeed=Choreond Wader.=The use of animal ehareoal, 08 o means

of purifying the water in small aguaris, hos for o long time leen
known and practised by those who have kept such agquaria in
inland places, At an early stage in our experiments, waler [rom
i tanl, which wns nol i & H:‘l.!.i:-tflLl:l!.::l'_",.’ condition, was troated with
BOTHE Lrﬂ\'.l’l:ii!"t’tfn:l animal charconl and filtered. Tt was noticed that
a good growth of dintoms took place in this water. Syslematy
experiments with the use of animal charconl were then commeneed,
and these have resulted in a method of great value, both for the

eulture of diatoms and for the reaving of pelagioc larvie,
* and 1w

Animal charcoal is made by the earbonization of bones,
gold in two grades known as * pure” and 4 somnercial,”  Our earlier
Tt

mpurinlellliﬂ wara all made with “pure” animal charcoal,
aibsequently the woapmmercial 7 animal charcoal was largely usod and

appears to Hivu |_1¢1|||:_|]jr' Hnml, [ both cases the
animal ehareoal is used in the powderad form.
in prepared as follows :—

lask Lo

1. A quantity of sea-water is sterilized by heating it in o I
£ Appliod Chennsi'y .

if not botter resalis.
Animal-charcoal waley

* Analysis of Anfmal Clarcoal, from Thorpe's Ditwiary o 10061

Coprlon : ' i : i
., Mg. phesphates, Ca, fluoride, ”ﬁ.- iy

Caleinm gurbofuita . . ' 008
Other minaral matter . "
| G
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Liagram of apparatis for propaving aterlls ses-vwator Ly filtration,

Frig .
Withont setitact with metal.

gonstant, by t:hruing tha air<inlot as soon as the wite: oovers the end of
the tube.  When filtering water, the modus operandi is as {ollows ;

The carboy is filled with tank-water, treated, and allowed to settle o
batore, The Berkefeld eandle® bung, delivery tubs, and connections
(see Fig. 1) are aterilized by boiling for hall an hour and fitted into
place from within, (The delivery tubs is ghaped so that any drops of
wator, m:uirltmtnlly |'t|r|t|ing down outside it, do not enter the vessel
receiving the filtrate; and the jar should be large enough to allow the
hand to fit the filter into place without mueh trouble) The pinch-cock
18 glosed and the syphon from the earboy started, which will automnti-
cally stop if the bung has been properly fitted. This should be witehed
to avoid aceidents. The pinch-coek is then opened wntil the waten
rises in the jar well above the top of the candle, but still leaving sotne
air space. The lid can now be fitted into place and serewed down.
The Lightness of this ,iﬂ'int' can b tested by pouring a little water mito

i Hﬂ. b, Pareolalti anonmt Iun‘q{.h B ing., diimoter 2 fns,
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Mr. I, . Matthews for the following analyses,
Ton litres of norma] M

cipitate was collectad on g £ L e
"Vf."!'[.;]lt of dry pr
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.Il-“ ||||.Ir'|'-:" "|I l i \l'rl il "I I.'. -
| aea-Wi ke, gavo . » Eho amount added o 1 litre Migual ;
’ I"-.-Ilrl l BOBED g
.',.".. ' 0100

: o148 |,

HEMpATILE Mg figures, it scoms prolable that, when added to wen-

'|1I--f'1"'- uRa rery i o, .“ 18 procipitated, and a anrtnin mmount alio

' ol LI Il]lllr-rl.lll.'ﬂl' JL1||I r-:|.|'|-.t|”n Ilill' :I||t||,:|.|1'-|| AR E AT A

therefore & slightly increased toncentration of phosphats and ealolum.

An J|.||.'L|:,...|-a ol i sample of tank-water for |'1|’l"-[l||ll'|'l|'-. belfors anid

after treatment with sol. B {1 oo, per thousand), pave the following

[ figures :
| i
I' [ank-water ; . b mgrm. P per litre = 00163 gem. 1.0,
Tanlk-water + zol. B :
{without pracpitate) S 1, e 2 GO4RE i
I It will be noticed that the hgures from the differont anal yeoa do not

agree very well.  This is probably dus to the fact that different
sanmples were used for analyses in each case, and nlso to the fact that
the solutions were made up in the ordinary way, without any special
]u-e.[,-u,ut;fonm volumes, for nstance, being measured in eylindrieal

glasses, pipettes, cte,
Cnltures wera tried in sea-water containing the normal amount of

gol. A, plus the normal constituents of sol. B, leas all the 'n'*lm and

less the amount of Pt;mphqt,n that would combine with the iron to

form basic fﬂ'ﬂ'iﬂ fl!lﬂﬁ]}h-ﬂrtlﬂ Eli;i[-].'..—”"“i"-}ﬂl2"9"]::‘ Thiz solution

ghould have very nearly the same chemical composition as normal
Miquel sea-water from which the precipitate has been removed

Successful cultures could not, however, be obtained in it. Neither
could eultures be grown in sea-waler o which had been added the
normal amount of sol, A and 1 mgrm, T (m-; godinm '||1|m:-\i|]u1'|+.‘:)
per litre,

To ascertain the effects of the different constituents of sol. B,
experiments were carvied out with separate solutions of these con-
Sﬂit-ul,‘l]trﬂ, Eﬂ-ﬂ'h ﬂr t.ha B8 Ht_rangt,h A in I?Iillﬂﬁl'ﬂ fl'.il'l'l.lllll?tl. Lnfterent
combinations of these solutions were added, together with sol. 4, to
storilized sea-water, and the reaulting maedia were imu:ulut,u.d in the
usual way. It was found necessary to repeab these nxlw.rmu:.nl:ﬁ. a
great number of times, as the results nhhainad wers ?-n_-t.hur .mn}{-ﬂ-
dictory. To illustrate the methods used, a list of t:lm different nrl:_!.:. ?IL.’
and notes on the eultures obtained in them, ll.l'lla El‘u’ﬂ'u I-'!E!,i,i"q'q" 1Iuilrm
'nﬂl]ilﬂl':\'ﬂ.rﬂ inﬁﬂﬁl&tﬁﬂ from cultures of Thalassiosura deciplens, AN the
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R e ”hm!‘.l..,..".r“m far nlb rq‘rlrfl |.||-I.II' Honih,
gulpures }:. an uniformly a8 posaibile, andd controls in B Tl gy T
warn 1 i1y sach. Tl J,||-,-||||-_¢|]| af tho virious Bolintfan. s i
iy tlip sime i in Miguels formunla i

M
I.Hl.II

L
Wit J-JI":"'hlII

1
i Tzt u:\']!l"l'f"“
Au Outaiile water pnli A pol, B (normal Miguel se Witkor),

il'”',l |'|'I1[l"”r' ; . g il
. (hutaide wigtor = sol, A b Na HEO, sl + HaCl, sol, L{:"“JJ i),
¥ H,l|'.||||.|| oo bl i
{iood nornial ol woro il Wiy alitaimaid i
¢ Outside wator +sol, A + Na, HPO, sol,
© A very uncertsin mediun.  Somelimes no growth ji,
pocorded and ab other timea s fair growth results,
culturos aro nover squal to normal Migual,
I}, Chrtaide walar + sol. A Fﬁﬂln_ fil,
Croeasionally a very amall growth has been obtadned, Ty At U
Lost iE ia Vary ool
E. Outside wator # sol, A + CaCly a0l
Aot oqpunl o 13,
F. Ontside wakter 4+ a0, A + ]'\'ll.ull I"ﬂ:.'l.i Hinl, 4= I‘II:"I”ﬂ sl
Upeertain se C; no eultures hove boon obtained oqual ta gl bost
in C. '
(v, Outside water 4= 8ol A + h‘n,l-l 1"(}4 #inl. 4 l'.'_:n.l'_.'ffE anl.
Some caltures vory nearly squal to the controls have bogy o

in this medium,
H. Ouisiide ﬂlﬂlt"‘!'.@lg MI’.’- .?I;q""mll mil,
: 2| e i |l:--.;.I'.r-l:l'..

. ,ﬁtﬂl’ rostlta oqual to sol, |
r|".||l .":. ]

; @@ﬂﬁiﬁlﬂﬂu of the phoaphate

*e o o

piosphate {s the best, the iron il

”Ill.-ul L £ iy iye I!
"I

III.'||'||
lu”‘ I]|".l||,|

Itained

ok the addition to CaCl, i
m o any extent. !

.

'“H' ﬁhar the precipitate
itself had any influence
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probaative, in Datiem poslimnad unti] IRLOE soal o | v L
||:-|:-'l:'1r aharonn | nnel okl 'l||--||l||-"-."- lin lidsgnny i II lll.lnl | rabiagscd “IIIII _”L
LT CETRETS TLLE TR ity
CART

f..’l'n’""l‘l Cheeronad o £ P, )
¥ iy Ill i l|ll|ll"l'l“lllll'.'|II vap, lr|||' Ol ITIRAL)

% a meddivim for plandetan
At plankton dintoms. pesi to Miquel sos-wator, in

||."|| F||'|-|r:|'|'|"' h"n'l” '|“|II|.II| "||||||||||| fi |I | LY 'l“III i l
P AR L L] Ll 11 . i FIIE Lo = i 1 a0
it ]..I I'-I II.' ; I:IHI“I“II el Bl Ill'll"“*" of '||'..|r|!.,||.|| AREGIRE R
I1_l|.|||| A=WRLOT, I|-|'|.|I||]JI,' Lirnicl o ¥y to ploness P G
16 bowt eulturos wore obtalned in *“ Porkatsld

Appenrs min [1 Bodgmer
R Ir]‘l” i I““'ll- "'""lil-."l Ill“l“ the ]LE-\'HI'“”"I"' -‘|l'|.|1lll"|ll.'|'-| brentad witli
'|||'|.'I.-:!"|:l'l eomimoreinl il i |||||-"|.1|'| ifnel filtorad |-|I|llll:.'|l. i Dovleafald

Tank-witor an o basis for i
18 for "”“ll'l'l'l'Jl.'ll'l||||,t Wilor 18 vory miuch

filior
ibar than outside wate fAKn 1A .
bokkar ; 2 .” 3 N, 1!"“"'”"." Bhaccount of the highor oof-
eopbeation of nitrates, o, ]
Thero is vary striking rosemblanos between the effeot of animal
en-walor uwsed for dintom

charconl and of MI|||H-]';. anl, I upon
Ill”“'“m::.' and the growilie ol ined by using tank-water +sol. B and
!;|r|]¢ animal-charcoal WRLEY Ari very similarin chirnators 1f :'l-lll-l'l'n"i"-
gol. A is added to animal-charcoal water, there is a groat improvement,

ru.-lll 'i” If“‘ 1."”il‘:”I |'“i'| 1l||1|||]l|.l':|' hl{ |Ii||1q|:||_ ::'“1'!,"1"' ||t|.||. 1 1h|.| U hll'
Wikl

i alisaingieg H"-'rrll.l.li'r'.-'r.'-r the clhining aro long and well formed
animal = charcoal water 450l I, on the other hand, practieally no
growth was obtained,

It i ]Jk'lB’:‘iIJIB' that a certain amount of '|!]'I.1|:J.'|!'|In.l.1,‘_ finnd :|1,11'!|:1]|||. irf
ealeinm, from the animgl eharcoal, goes into solution and serves as a

W pubritive " materinl for the diatoms. Bul we are inclined o think

that ita chiel action is “ pratective,” and due Lo its power of oceluding
gases, such gages being in a state of higher chemical acliviky than

nnder normal conditions®
As was explained in & previous section (p, 434}, the possibility that

the action of animal ehareoal might have some sort of effect com-
purable to oxidation, led ne fo experiment with hydrogen peroxide.
Fair growths of diatom could be obtained in sea-water prepared in
the manner deseribad, but they always showed a tendency to rather
rapid exhanstion. As in the case of animal-charcoul water, tank-
water proved a mueli better basis for treatment with H,0, than outaide

water,
Reviving Bohwsted Cultires,  Several experiments were carried out
with water from ald, exhausted cultures, The sediment was filtered
* Apainst this view would spem to he the fuot, that when powdered cocoanut charooal,
which has a still llﬁ;ﬂiﬂ' power of aeluding gases, was peed in the plase of animal char.
conl, very poor cultures wora obtained.
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il abaorh ailica ard form o periect akoloton BV 1.:”“_“ i I-'-Il|-'|_||.1,'
a1 k "\ L -
fichter (18) has proved the necessity of esither CoSi.0
grown in pura oultures
ne, mnd in o ong inebanes,
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ig abundant,
ar K510, for the Browth of ANitsawhia pitle
Wa tried the addition of silica in visrlous for

: oy
in & culture of Coscinodiscis excendiious. to wl
1

ealoium silicate had been added, the wniformity and markings of the

valves wore much more regular than in the control.  The kol
a trace of pure, dialysed silioa, also, in ong experiment, give nn im-

J,n;w*ﬂ regularity of form, but the quantity or rapidity of growth did
ot et to be affected. No j'r':ll ol regonerabion could be obtained in

axhaunsted cultures by the addition of silica

figeriiie Tnfieaions. ,"l.Ii:lllll:l rocominands the wae i enlture madin of
infusions of organie substances such as bran, straw, diatom broth, ete,

in addition o the saling mgolitieni, He doss not make it ll'li'itl.' clear
it e ever dispensed with them ab all.
certainly states that the addition of both saline and organic 1m|.|'ile~.n1..
material is necessary, As would be expected from the general meta bolism
saline constituenta are sufficient for grow th, At tl 10 ALme
FAnic in-
A nnd B.

In his general directions, he

of plants, the : .
time. excellent cultures have heen obtained from dilute org

fugions, both with and without the mltl'lLif.l:n t;lf Miquel's sols, J | .
About u square inch of Ulva was boiled in 600 ce. sea-water .h”.- h“h.
an hour, cooled and filterad. In this mmhum. a1l t:.m'f*.-lh:ul. 1‘”.”“1.].‘ t_-l
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Uaing thess molecular poncontrations, & sea=wator of any desired
salinity can bo prepared, The chlorine content of average Atlaniio
water is about Cl= 194, and samples of artifioal sea-wator were pro-
pared with the same chloring value, thns i —

nNagl : i 3 § : : i}
Rl : : , : : . 5h
L L 5.42
CaCly v e L . ; 51
Mga0; 5 SRR ) 210
Diablo-distilled watar i ] . 08647

1000-00

’J:'MI Iutrl.ku this salution comparable to natural sea-water, the * alka.
:;}ur,_-,- 'mlfﬂt be raisod by the addition of an alkali such as Nad 0,
I.'ll.'ll.'ltfl'lv.lll L!;::I gy r-:’ i Mkﬂ“““‘? " ni n factor had come ]ﬁ!!]‘III'i_.'I Our

%, £4 00 My N,0O, oy always added to the above solution in

order to make the amount of hage | TG it ,
to the usual 40 mgrm, OH T (P :E:.;).u B 00 vl
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nmn i TRT L -
['ho llll],'!l -:"'IH-“-" wo nttainod with artifiei] acn-wator o8 i Disia Lo
1'1||f|jt'i" ||||"|'III I"l:llll'l with four I".|r|||‘|-||, citltvresd 1 ones ol ol l'.'q'l'llH"I'
I'wo of those were oulturen of Cosesodiamien eacoril FIeH

pxX i T L.

in HI'III'II'r'j.'|| B witor « |l“|.I]|11"|'I-\. golutions A and B.  Tha twa sulivres

T identicnl oxeapt thiat oiie wapr i an ordinoey |'||I|'||il-|"i|||| gl nAn
“voaietatoes glaes ™ floslk. -:n"” '|.:|||'n-|'il||||-4: K

IJ.'I-»!;_ 4|.|||l the othor in a
The growth obtained in both was i

Liveon thess two could b seen.
gvery wiy mjlml Lo normnl ."lulilll.ll:'l'l pea-walor, and s still Laie, although
gver Lwo yoears ald, The other two successful cultures were srowllis
of the samo dintom in the same ted i, |_|'|1|5-l. f Binall |l1'|:||.||.|i.l'l|' I.:'I woinil
infusion, 1."‘1'.['.‘ by botling up a small picce of Ulva in orl |.m-i||.! -
These gave just ag good results, but the addition of unknown

in :-.!ll:l'.l‘

wilar.
= i i ) ' i " ".
[actor: rhﬂll ||| 1 \hl.ji..ll. ‘]“IH'-' 8 1rom |,|||:1-||- H‘-!'ll.'."l'-'luj Interost.

of frequent atlenipls, over fifty in number, we have not been able Lo
repeat this experiment, which may possibly bo duo to some accidental
pmpurity i the salts or distilled water from which the successinl
media were preparad.

Alhalinity, Tornte (43) and Diftmar (33y were the first to

the fact that sea-water showed on analysis an apparent

investignte
pga they termed “the alkalinity

excess of base over acid, which exc
of sea-water.”” Dittmar defines the alkalinity of sea-water as

measure of its potentinl earbonate of lime,” bub thig definition, and
his supposition that this excess of base combines directly with dis.
golved CO, to form carbonates and, further, but only in very gmall
proportion, bicarbonales, is linble to give a quite erroneous idea of the
state of equilibrium aetually occurring in the ocean, For, as Fox
(34) has shown, * son-water reacts tn sifw very nearly nentral, nud
actnally just slightly more ot than distilled water” This is due
to the fact that sea-water always contains a considerable quantity
of dissolved CO,.

[f a salt solution with neutral reaction, that is containing H*' and
OH' ions in concentrations equal to onc another and the same as
for pure water, he HIP"JB'HI.']- to an atmosphere uuntainiug- f_lll_‘rm a definite
amount, depending on pressure, fem perature, and salinity, would go
into solution. This €O, would combine with water and form the very

weak acid H,00, which would ionize with the formation of the

[ree H* ions thus:i—
H,C0, "2 H* 4 HCO',,

ﬁﬁ'ﬁ%ﬁ#iﬂ-mo*“}.
e lion is g0 small as to be negligible. The
g ﬁﬁ.:-fiﬁﬁ:ﬁ&ﬁ&ﬂ, and OH' decreased, the

Wk I
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fissoivat would always be SIATE T CTL o T SPEON of
il Cl=2000 (average Atlantio wafar L5 = H will at 1p°q
prong . :
11’»1:-”1'.1- ahout «F o UCy por litre from an atmosphore containip
i

ot 18 found 1 '
g+ 0y (about normal), Hut the cood FRAR M Gontain vary

much greater |||:|nr|ll'll'l"?+ thani this, G0 oo, or BWo ..hr”“h,.i:ll Litlller ””:‘h
amotiit, being & nol untisial figuio for ”il,"l tosbail o Os  Tha m"-“h-“w“
hotween this amonnt and thoe 3 oo |1|-. il L|IH!-'I-UI'I|'|H.| Ii:f this n ke salt
salution, as alove, s kept in ;n.luitiinuuum with F-r|¢- 8 e COLf the
ltl“ih“j'h'l'n‘- by this amionnt of * oxeoss Tuima l"{ll-l"u'llh.‘lit. to thao BN G

of anid seutralized whon an acid auch s HOL in added o AR
in excess  If a solution identical with sea-water but absolutely fra,
from €O, (a practical chemical impossibility) could be obtained, then
there would be present an excess of base over acid, and CONBGG on ]y
an excess of OH jons over H® ions, and an alkaline reaction ”;I
lI.TIHmI."*:.H"I"II a solution to the atmosphers, CO, would go into aolu.
tion, Jonige, and the H® ions thus set free would react with the
OH" ions, due to tho excess base, to form water. And this "'""-‘ll'!iiul
would continue to take place, on more CO, dissolving, unti J;_” ”11
excess OH' ions wore neuatralized, ab whicl lJui"t, tho solution \ﬁ'tblll:l
react neutral, Now, uhj‘nr# ““}" the 161 tral salt solution, » firthar
#mall amount of would olu 1_.',_., bringing the solutio,

i QW“‘%‘ BRGNS BX008s H* fons thug
formed final rosult would bo &

exactly ident vith nat tar. The 1
i : EH-‘ AR Wi total €O
nlw.. it g | e !ﬂﬂrﬂ-hﬂ in two ['IH.I'I.H: I.-h{:
arger i ;I,:I??.ﬁllﬂ1lilt ﬂ&pmlding on
' smaller in equilibrium wigy,
: s S e Nphere, it amount deponding
has an acid roaction. it wb g 1".. -w, M“lhhgh Bel=waler vn sy
Rl =t }ﬁﬂ‘ PT"P“:IJ’ of being able
& SEnger than H CO,, thay
‘il.ﬂ!hm' coneentration of
. H,CO, in H-ll.|=.1iIihrium
L I i
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' gl" its potentinl
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of eultured of plankion diatoms: wo no A R
phe  various samplos of wator both balors nnd ||.||--|-l P
pitl i ee Il Tl |l|||rl'||| |||,1:.|,|.|,| wns i modilsiiion of thai : inad
by Ternde and Dittmar, Solutionn of NaOH and H.80. of stronct]
Miw DFIntontion, wers mado wp and tored iu & ||I:||~I Wi .I. IIIH- .I.
hattlog: Lwa moouritoly  Eraduntod Linrotips ptanding  nide I1I,|II,|,|
kb 1.1”.“HIIII|HI| L b by tubed, so that they could be oo i1y filled
Iy ey by Adl air |J|.|I'-| Lo buretios and stank bobtlos wavs fisd
with G baa ||IJ' TMII'”. Lt A standard solution of Nwo. af AT R
ktiown .'|.”nll||1|lll-v.. “I'|'|“\5|II|II.1'[_'|' that of BYCTAED .'.:;1 water (4000
Bl rlr.I as preparod 1'|1" diluting down from a N Halilion
all operntions being performod by welghing.  Thess |'||||||II.-J.II|'. '.t|'1|:.
imanluble dark grovn glung,

stoppered bottlos of the fuirls
iy length of time were not brusted.

Un analyeis theds standords o
OH®/ . The water used
A ETE 1.'l,lln'|]'.|1|||l'.,'
nehromate and

atored in
it hose that had boen l""l"' for
”""lh "'I:””l"”"[.l |.'|'”|l'.: !l]'i"'IuLH-Hl
fo wall witliin
wiid distillod seatar

T,

with ono anotho

for diluting the standards
atill, redistillod in :|||'|','.;_i|l.'-:l ipparatus with potassium |

sulphurie aeid,
When currying aut an analysis, equal volumes (about 100 oc y of
Grlenme yor

:mnlph! and standard wore measured out into Jonn ..|m.;.l It
flagks with o Knudsen automatio pipstte, The apecifle gravity of each

wis determined by waighing in o 25 pyknometer, Sample and

ey D,

standard were then titrated by running in ncid from the bureiie wnd
A4 un

back titrating with alkali, nsing a 1 % aleoholic solution of nurine
ili d acid to nllkali O UYL

indicator and keeping the liguid boiling. The

lent was determined by titvating o pipetteful of double-distilled water
The mean of at least four readings was alw: aya

in the same manner,
msad,  Let N and n be number of burette divisions of alkali equivalent

to standard and sample respectively, and D and d their density at the
time of pipetting out, Then il A is the alkalinity of the standard and
X the required alkalinity of sample :—

k S
x IIlIml

sinee all operations were earvied out at the same room b mparature

na correotions for temperature are necossary,
In apite of the greatest care consistent reaults could not be obtnined

by this method of analysis, A sample analysed against the same
standard would sometimes givu results varying as much as 0°5 mgrm,

and occasionully 10 mgrm. OH 7. The work on indicators by Saln
(42) and ita application o this question has only recently come to our

notice, and it is our intention to experiment on this in future research

ol
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OH . oF tore,  Tha 1 oo sol. B oadded to s litre of seg Waler,
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s ﬂml'r. R _JL chloride is added to #oa-wuter, the final resuli will
e ¢ fun unff_:unl. of the * sxcoss T
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theso reaults are only the roughest sstimntos, Tho bo
|II above roanlia are dus o wemn Al o VR ot ”,l”.l
alonks the trus “'””'li“i'-_'l. T -'i|‘.'-.'.-|_1.-:.| s i”IIIIlli,ll:llllllilllllllllI“lII
hiad b micle, Ulig probulality ths

Bolore any atiompls ot analvals
””-"'lll.'ll.”:'. ||'|I ||||- |||l|;lll|'

|:'|||:;1|I|i|"|'.'I!|rI'I |fi|hl||'-r|,|-p;., |||||:|I|. b |'.:.||-|||| In thin
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from the iy smplieal addition of

madin had prosented itself, s

gipltures was found to reanlt
.'"-'II.“"”:|. Lling fesult |||'1||;: mont marked in nornal -"'-1i.'|'|'.':| SoA-Wilter,

/ outaide waler + 8ol 11 I.II:|.|'.I|..'|1|1| Borkafold water Yo prowtl conld be
obtalned in either tank-wialor or :'|||i1||,||-,i pod- wator to whioh had been
added 1 ce. HOI (pure, coneentrated) per litre, but on again raising the
alkalinity of the lntter by the addition of NaHC boor KOH good
normal growths resulted, Richter (18) and I, Gill (5), also, Lot
ghate that a weak alkaline reaction is necessary fov the growth of
ilintoma,

’ In our most recent experiments, all the media have been analysed

for alkalinity, and those given in detall below illustrate the importance
Cultures of Phalassionira de LHENA WO

of determining this lactor.
made in the following media :

A. Tank-water. Contiol,
Poor growth, hardly norimal,

fieme, ole,
I 'i’mik-wul.m' tremnted wh.h |:rr]|.i |:'l|.l1'||I||.1':I":‘:[.'|1 animnl ehinreonl and filteved,

‘!Fl.‘l'}" E‘I,H,:H_l grr,n'.'l.h indesil.
[ '»l.i“-“k'w-“t':f" trented with il e an, char, nnd fltered,
Very poor growth, comparable to A without minute forms,
1. Tank-water traated with pure an. char. as in G, but the s char. wa

added red hot,
Fair growth, much superior to G, hut not up to I

I.:lll'l'I :_'II-:-Il. ;I||||1'|1|| Ol manuls

The sample of pure an. char, used here had been proviously found o
give 1.;&1‘.? poor results, and it was also quite contrary to our exparienca
that any improvement in growth should be obtained by adding it hot,
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10 migris itH From Lligae 0 BETFI0E af nol il :‘I[”l“"l MU =-WHRLars

LY 4 q e

iifferent |||:|'|lrllll|.l"" Wi i'”ll"l':“"' Cultures of ‘Il'hll'lllh'“l”“'

T ol
wiens were grown in theso media.
g, Normal Miguel sen-watal Conttol.. A =327 mgrm, OH %/
]'1JI. 1 |;'|| ||||r||l.|| T !:I.
1L Ditto+4 ec. Na OO, por litre. A =417 mgrn. O/ (= 4 5:0)
_“\n il i s e |.|'|-.-.||-r| Illli |'1I]‘.III" II|-| .'1I..
C. Ditto &8 oo Mo GO, per litre. A 502 wgeenn O, (= 415 B)
I':r-! |||||,I“JI Vi daTes 103 lllll..Lli!I". 'lrl'l '|'|-I|||i|_"-I
D Ditio+4 oo, NaHCO, per litre, A =424 mgrm. OIL%/_ (= 407,
:"-li;'ll.|.|'| |-l'[|I'| I|'|.|.I| |'|'JI|.I|.-J
E Diito+ 8 ce. Nal GOl pes litra, A= 510 mgrm. OH "/ (= + I”"“J‘.
As 10,

F, Ditto+4 ec. HCl per litre, A =289 mgrm. OH [ _ (= - 100,
Fair growth but never up to sontol, exhaisted much sooner,

G. Ditto 48 vo, HCI per litre, Aw=1l1 mgr. OH/ | (= - 21-G),
Poorest In series,

Excapt in the cases where the alkalinity was lowerad by the addition
of HCI, the results obtained from this series were notl up to expecta-
tion, Nevertheless the majority showed a distinet improvement from
inoreased  alkalinity ™ and in C, where the alkalinity had been raised
175 Ingr, OH l,f“, this iﬂ:prﬂ"-’ﬂmﬂnb Wiy viry markei.

Another point illustrated by eultural experiment is that in two

sumples of an. char. water, ono with “outaide” and the other with

" tank-water " as u basis, the amount of growth in the laiter consider-
ably exceeded that in the former,

that, with the tank-water,
Baine cxtefit na
How far

and at the same time it was found

the alkalinity had not been reduced to the
in the case of the outside wator.
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£ f'llﬁ'l""r i aur expoervimontal work, cowld T ..\!|'|"|“.|..I, by unlordesan

3 1} 1
aliEn s i II”"'II'IH"I.Tl i "l'I.""' [T ATl I'."" fiikiiye reRearoh

L"|'||"'l.'"""l".|'- I'ha ""'IH'”_'E" Lol nmmonnt of falts digsclvod 4n n Heee of

mifl= WL jof this ontalde watm “'“"l L1l ”I"'l'l' 1'1||l'||l||1'||'|'| ||||'|I'\I.- '.|||.II"| '1

Pt b Ay 40T wnnadl limite, B 0ded < 35677, The salinity of * tank-water * i

jn also fairly consinnt, the average being about B=23407/,,; water is ,
anily pumped up Into the reservoles ot high wabr, apring Lidos, nnd ¥
””].'ll.l ”il' |'“|“"|1_'| Ll "“”!I'I'“l'l 1 well abavie B A4:RK"/ nig Walsr 18

pait been. Experiments to sahiow what aifoo pnliniby pure and @lmpls himd :

an tho growbh of dintoms wors andertaloen, Bamples of soa-water if

I,,I',“illlll' "“!illilH'H W !I|'I'!I|I|'I'Il |y Lh:]lﬂi“” ilovwn * oiitakde ".'.':I.l."l.Il
with dotblosdistillod water, and by concenbraling * oulaide water " by
wlow |,'1.':|.'||1.l|'r||1'll||. Two Lbrea of “ooteide water™ H=dd'Y wors '

l"-'“l:""""l"""l down to the bulk of onoe litre, giving o H04* conodmbrn- .

ilan. '.'Lii-:il:l'] solutions 4 ce, A, 2 co. B, were now addod, nnd the
golutinn Wis divided into ten oulture vessels, 20 co. in each, Doubils
digtilled waler wWas icdded, 2 oo to tha fivet, 4 oo, 0 the socond, 20 oo

jo tho last, ao that o series of modia wars obtained, varying in palinity

froin porinil to poeaely
amount ol Wi al's nitrisnt solubionm . . nt
i milture of Stelefonenice  costabun, fiivlefuedphad I.-p.-.-u.lu"u'.-.l.:r:l. and
A pood growth took place in all excopt the
Of these two, the last rpmnnined

00% concentration, awch containing tha aame .
These weore inosilated from o

Togeinoliacis s AErii.
bwo with highest coneentration, ”
In-nut.lnnll;,* gtorile and the growih in the -ut.]_u_-r Wik \'--1':,:Ir?-<.m-. Iha \
limit of concentration, thareloras, neams 1anlr !h.!- between 306 and 407, i

In tho same wiy gories of lowered aalinities were 1'."'1”""“1' sl

cultures of the same distoms were grown in those. Dilution P ¥

1007 did net seem Lo nml-r..u any difference at all in 1.'Iu_-.“ulmlmll.1l'|:\ o1

|jl:|EIiTJJ" of growth. In n serics t-.xmu.hh;.!_ t-'tu-_t'hhu;mn i ‘.]'I, 11-“-;} 111 ]
the eultures of lowost salinity, a fair quantity of growih l“”{_?]': ~“:- i
The range of galinities covered 1-;,' the 1.':11-uI:11-.4 series was S _“ ||”.
S= 60/, and within these limits no eflect on :mm'ij .UII-“ .“..
ohsarved, except in the very highest, where a distinet deterioration was \

lm.f'l..ﬁ::l&tl'luulllﬁ to grow Oassinodisens cecentricts i tap water 1'I11-|:1IILL?1I!II Ul

golutions was ¢rfad, and it was thought thatfsome slight multiphical .I.m |
i : wnaiderablo. Ii-

. , ’ ; !L‘I'I"tlﬂ'l”] 7 “I.:'l. “L j'|_11 i 1I'|I. 1!11 ik : |

oeulating a culture of normal Miguel sea-wiler
i

weeks gave no growth, ] | .
h alli ate of erowth of a enlture, 1
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.I.IJIII:.I- of prowth was obtaingd.  The total growth was nob offeota]
illlll:l:|,.|,,.“.;,. on the available quantity of food-atafls presend

Experiments on iho roaction of cultures Lo -l|I||l"t'r‘I|I raye of the
soestruin. obtained by coloured glass, wore tried;, bul no vesnls

..;-',L-n.'-l. Migquel ohtained marked results with yellow light, b

in oir oxperience, with |'|.'|I||H'II| iiatoms, satisfactory cultorves coyld

not be abtained undor those conditions.

Temprraiure.  The  highoat e peraburs whioch diatoms and allisd
forms can stand was about uniform lor all the spscies tested, and
lay botwoen 35°=40° . Cultures of the following spocies, vis
Asterionella japonion, Nitssehin olostorinm, minute navieuloid dinton,
Fiewrocoeena niiosis, Chilomioiag 8p,, wore slowly heated in o wator bath,
and at every rise of 5°C. from 15°C. to 45° C,; & few drops of the culture

were pipetted out and a fresh flask inoculated. 1In all the flasks

cultures wers obtained whare the ht:nbing process had not  been

enrried above 35°C., but none in those where the temperatire had
excieded this

In the earlier stages of experimentation the cultures of dintems
wore kﬁ']'ll in various [-'IM“H abaut ﬂm IJH].'H:II'EWI"}', and so wara indes
Juite different temporsture conditions,
"ll-llll.laj.utll., Le. near hl.'!t-i'l’llbl,l'l'

faotory resulis,
it ona §

Those placed in the warmo
pipes, a8 a rule gave the most satis-
In all the Inter work the cultures have leen ke
of this ::::;1.4::1 l:;;twlupb l‘lﬂl'" been made o keap the tempernture
record] of its temporatuse lf.“ﬂ ot
”lf-"ﬂlll}gmph, FIE e véry ul'l}lt :hkﬂPt- by means of a recording
noted. In & fow fuola 8 nge of temperature has leen

Led
as 8 C, and in Lot Wﬂlﬁht:l}n;: :t';znt,“mf'ﬂrﬂhtm has dropped as low

only ben for vory short pariods. ¢ Jush bove 20° 0., but these have
renrkably mnnhillt-. AP"'"'MI. the average temperature hav
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- IIII 9 ..|Il|"I”| |'|' b ""'Ill"'l HH] (LR L Eh 1= O LY, |||.'. thig oulined |.|
f]:.l,’rl:l Il--'|l"'" Llile Leinparaliii'e Wora ien ] AU ey Llima v «..'ll
ill FA e of Conoliaions 1"k :_-|-|||-|||1 ponelunlons to be drewn from tha 1'I|
l“ll'-r e I”-|II,”||,|,||,||' |||I i I'i|'1'|| 170 I.||I L OGO, -.1,|||| li wWirrG |'\.|.||||' '.".i|l.l n Vinw. | "
I':'I'I- |!-|'|"'|-:|"“':”:"l: ||||' |'rI|||i‘.i-.'Ii|| 1||||'| |||||||'||_,|- I|||' urcnEs il 'II|.|.I"1" il
il.-“l ||i|||"“'|" ||||4.'|, | IIERY) '|||' ||i'.|'I|'|'|'||“ -lllllll“'“”.ll I:'|||' |'.|.|'I|||||'I'||I l||||.'|" 11
il | Wil ol ||5|'| j||,|,|.,|||'_r of soms 7ol dilforont cultnres, our oons liglonis £
ion | iy of fhe gueations roised ave abill indafinite, and mach further worl
e, | will b nocessury Lefore o sntisfaebory anawor can boe given to L ;
| If we wish to obtain the mazimum gquantity of healtly growth of .
e planktorn dintons, the diatom must flest Lo obtalned ss froo as possiblo I
' from all other organismes, if not in a “pura” culture, ot least in & |
ik --’".|'..|,'.|‘|"||| S, |I|'||-||-|.|- "|.H 1-1|:|1||1- |||-|'||i i ||+|||II||| |'|' :'l.I'I.II.I.""II "III"III'I 1',"“ i
I | | J“'l:” ar fltration, and the experiments should be conductodl ik
[ plorile conditions, SBtarting with normal sea-water as the b in for I'lll"'
J pulture medium, 16 soeing Lo b first néoesary to vaise the concentration
sl af the nitrates, and possibly nlao of the .1'!""']'['"["%' it solution, 1..””' |
d tlila siimple sddition of putrient materials will m.ﬂ- i H'ML” ""'I"-"'l H
. Qe other aotion, such ns that oxerted by Miguel =-1=-"|-I I, ‘- I-':':Il\"--:‘“ '
1 shareonl, ar by peroxide of hydrogen, it .l” 0 1”“1“1-"' : i
I nearly avery case. The 'I"..‘Hl.li-1- Illl1.llll'l.' of thia nction we I.”“ naot jl 1!
» ahle conelusively to detorming. If the substance comtained in sl B i
i 3if . B 1 bl NI R ! L& Iil"li' t
i were purely nutritive in character, Wt ,“]""'“. eXpi I. that, “l]il- "w' “'.1..-..
, tiots in the amounts of the different ingredients L T i
anv ong of the mgredients was omitted altogether, the differ EAv “'.
the quantity of growth would show a direct relation to the kind ol
f L ik Ih wis 1 i i
modification introduced.  Dut our usul axperienct hias b o oy '
gol. B ocan be maodified within cortain limits, without 5,"'“]””1"' bl i
’ ¥ : : e toee pnltires, whilat i these limite
wprecinble effect upon the resulting ou :
fipprec I ition of -_-'1'|r'-.'..'l.|.'.. Ly I

are oxceaded, there is an almost pomplete inhil : Akt
supplying a necessary inereass of phosphates, both Miguel's sol. I3 ane !
animal ehareoal may snd probably do act as
b, sinee the addition of phosphates alone does not | 8
eomparable with those produced by either of (hese, and since, “-‘\I:]"l-'ll'“lzl'l'ial
phosphates, there is no possible ¢ :

composition, we arg led to conolude that,

¥ putritive " substances,

I‘q".n"l*l pullures

pinmon nutritive anlmtance .
i addition to any nutrilive

This view is supported by

elfsct, they must sxert some other action. i
the l‘EIﬂIlIt-E obtained by using H,0.. This m:h-ni.;mu-i-.l1-|_m.nut .1 @ dire -11,\E !
“nnbritive” althongh it may bo so indireotly, by oxidizing mlo usei i
v ; 0 3 |
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abwiinoen whioh the distoms are incapnbile of linlia +
|'||]||'f|-.|.| (ILEE] III.iI'JlH"'. .Illi" .'i|||||-||||,. "|I & 0

r'“‘"].”hl“'“”'rlll
! vipi s lisiEat,  ELRL
frz:'.:::"”::“,-:: phosphiates, when using HgOy may possibly he gl
why botter yesilts were nob abtafned with this medinm  Phe ot
11-.'|Er-|'a. in acddition to any nutritive vilud, Wi st HETin thag xg1 ]';
animil eharooal, and Hy0, oan all wffeon, wonld appesr Lo fal] int, '" i
alriEd ”r ( ]'r'\““.'l'| Ivin " nobions I -1.‘1”‘?. It 1 'r|l“” l'i'rll'i"i'l.'lﬂ.llrl rlh.” e

Ay

”"IIHJ”

F ' : P Wikl
iifforant -J”|‘|]|r|'|H ol Hoil=Wwobaer, tliin ”i'll'ri."l'”"."l'r ok s ok oo
- L]
EArY N OVEry caso, and this wonld acosunt for Ghe anomalong Foly
4 At iy

ik with wha |I..'l:ih|.1' goa=witer + nitrates + phoaplintos ’”'r.‘-'- i "“'rl:il-||

madiem  somatimas good aitltires, Lot mora often Lo POVEEG, i
"

i
hiskn gy,

obtafned,  The offeal of Miguels aal, B, antmal oharcond, s H.ii
the *alkalinity " of the sea-water, also pointa to some eliemien] o
wihich doos not L!It't‘t'ri_\' entar ko the matabaligin of tho plinis,
It may be pointod out that the action of auch Anbstatioeg ga finsl
!lll'u'r'l]ll'il't‘ri erbon, and farele oxida ril'i‘f."iplif.-rl1-|‘rl-. Lisia bvion liown b ¥
.fllr'l'l?: ]'.-I-'.'nl:u':l:Fan effect on nuetrient solutions used for the oultupg qf
.'q'l'l!.llln IIIF.,’Jh':l' I'.]|'|.r|r:-c_ and 1t has bosn suggested that {he |Ii‘||||.|'”I.'_I|
aston of these substances {8 the removal of toxic olements el I|J.I|
medin {Breazenlo, 3Y  Buah removal of toxina wanld f -
definition of * protective " action,
O ninlritive !'I'll'r.'u||:|ri,'i_“-|I othar than thosa ij'i'lll!_'y’ mentioned G

have still to consider (1) silica and (2) dissolved oxygen and m”'m

acid, Having regard to the conditfons undor which our oyt
boan grown, Lo, in glass flusks, the question of silica does noj ,::t.,]t:m“
mmﬂo tha problems which we have discussed, At woids :'“
win (E?i‘::ﬂ “i:ll i e Whipple (62) ang Ih-].:ll
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ound in natural waters, betswoen algal growih S

dissolved oxygen and earbonje e That u“mﬁunﬂ the amounts o
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nihy .|||.||! Frodin Llia .'||,|||I|I|r"..||' nvallable mubriont ”"H"""l':'

-.|." .
S i vinriod withanl, appresinlle effech of tli
1

witlhiin largo |"'||||

11, MIXED CGULTURIES,

15 whit hns by madd np to the present, wo have béon dealing with
orsistont gultures containing o single species of distom, which nye
,I,.-||||l.'l-|'-'l||""|."l LI 1ol l'||t||l'!l\'. frea from admixture of otho lrll':'”l"""'
o sty of orlbaios which conlain a oonsidarable nnxtars af Grgon

fania i 1ol without interest,

4 pumber of experiments have been made on the following lined.
{ Lot b from shoro, wis
alpeed in o tall bell-jar fitted with a “ plunger,” which keeps the water
:” sonatant  movamant,  (fowrn, Mee Hal dasoo, Yol &, P L7,
Pha water was trented with ."I|l|-|||t'l'|- solutions in normal propo
ihonis: and & considernble I|||||:||I'ir}' af |:l|.|l.|!||.:'.'llll taken with o fine-moeshed
aot (150 meshes to the Inch) was added, say, 10 or 20 o8, of & moderately
The experiments wera made durving the

10,000 o0, of water, taken ab soans diatanos

plch -._-|m|.|il of tow-notting.
spring and summer months, and the general course of events has heen

ok v wit] wrtain amount of difference in detail according to thi
ihe saine, Wikl g ooplaii -

nature of tho pluul:tun present at the time,
During the firgt two days the water often became cloudy, owing 1o

the rapid multiplieation of amull flagellate infusoria, though this was
Plankton l"l'J]rl'_l]!r:t]h and other animals ;:':||:|LL:111:1.T

ngh always the eage,
lIllll | L]

died off, though some survived for as long as a week or ten days
plankton diatoms, on the other hand, generally multiplied rapidly
during the na,rl_',r ilnyn of the experiments, the first to become abundant

in the body of the water being usunlly Shelefonama costediom, which al
ilia ‘end of o weel might be so thick, that a number of chains could be
sgen in every drop of water examined with the microscope, Along
with the Stelefoneme were found other plankton diatoms, such as
Lauderin borvealis, Chaetoceras (bwo or three species), Biddulphia mobi-
lenals, Ditylivm Brightwellii, and in nearly every ense Thaloessiosiva
digipiuy, These latter dintoms were present in moderate numbers
f*"lh when the Shelefonene was ot its haight; but as the Sheletonema
died down they increased in quantity, At the same time Nitzschia
dlodferinm commenced to appear, both amongst the precipitate on the
bottom of tha Jar, and in the general body of the water. Small green
H“H"f'”“'tﬂ'" often hegan to gat numerons also at this stage. The true
Plﬁllkhun dintoms were at their height alout o fortnight after the
f‘@ﬂﬂl‘.ﬂ.ﬂnh wera started. At this time a great many diatoms of all
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begoming more and more predominant,
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inoculating Miquel sea-water with plankton taken freshly from thq
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numbers.  Subsequently bottom dintoms and alge of varvious kindy
become abundant, and the true plankion forms die out,
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ol . killed of.  Why ia it that, although species of the ssconi elass are
Loy ";:_N.ﬂ prosent in small numbers in plankton taken from the sea, they
"'1"'-""'1.';" 7 ihere altogother outnumbered by the true Plankton forms, whereas
¥ tha .mtrr couditions such as those of our experiments  they invariably
1""I'I.I.[..-'_.l. i oo in H‘ﬂi"in“ this ajper hand? What are the factors which
taed ppj ;:ﬁ:rmilm ihe differonce in behaviour of these two sets of organisms in
L cap. e and in the oilture vesspla ! The “-|:1..|1*_I quiestion atlers I'I.".i"ll']"
e Jur. fraitful field for further experiment. The evidence at present available
J % M s %o slight that further discussion of it here is not likely to be of
I ' mueh sorviee. :
then The details of two experimenta which we have made, bearing on the
MEad suibject of mixed euliures, may, however, ba recorded. . . .
o A flask, containing about 1000 e, of sea-water treated with M u'lm'.-ll 8
i i;__;;.. solutions, was inooulated with alzmpmh;imntnl}" c'.qunl arounts Iul.' l.‘:izcﬂ_l'_llll
persistent enltures of dintoms, which we possessed at the time. ) Lhe
ATdn following dintoms were in this way introduced :—Chastoceras constrictim,
B of Biddulphia mobiliensis, Skeletonema costnbum, Cosctnodiscis creenfrions,
Ly Streptothect thamensis,  The flagellate (Chilomonas sp.) was also intro-

the
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Lk Y .

i the oulture of Coscinodisens,.  The experi-

l'..1_'

: . MMM were increasing rapidly and
AR . 1. . T ' : ta was not so E“ﬂdr and no Sfr'{'}“llfftﬁl'

s ' : .
L Netober 2n | Biddulphia wns numerous and healthy,

Dot 80 numerons.  Skeleloncima was poor,
1. Flagellates (Chifomonas) had become

} ;;_;ﬂl.j‘lﬁ all the diatoms were in very poor
being slightly better than the others. The
."ﬁli!itllﬂlj' thick, giving the water a deep

alga (Plewrococens wueosus) appeared,
i from the Coscinodiscus enlture. This
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i

), some Coscinodisens, which
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: ontside Migunel, The
E Skeletonema, the cells being,

“Eﬁﬂ'ﬂ many normal and
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these they are very excoptional, Thess Mogafy o Uiy
oicn oF twice and then die or form HOW ko I""“'lt'h itsangy, :
the fute of these auxospores, whioh ape HI'L:\..IL:WH' hing . U,
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I r.- B30

h U T Wligg5s,
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f examingd,  As it is, what has boon sai
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15 & spherioal hody about three of four times 1), i : Htom ayg g,
i cell.  The chromatopheres and dintomin ghey z:uih: :ir,ul-m-ul’ Bl
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| formed into the shape of the diatom ok ;;m.
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Regides dintoms, many obliny orfgainiame nppoar il I1:“' I. !

We are indebted to Prof. G. 8. Waest for the identification of a form of
anicellular alga, which is vory comimon il *""5"“;“ to avold "‘"l";”
alempting 1o obtain persistent cultures f_-|' Ll J""f”"”f“""’l'”'- I.“.””“'F
Pleirocaccues inucosis (JKutz), Rabenh, This small green algs, il onee
intraduced into & eulture of & plankton diatom, will HOO1) muleiply at

the expense of the latter with ita ultimate extinetion, It Qs very
hardy and culiuren of it in almost overy 1|:|I!i|ll-|lhi seen to st in
definitely. Multiplication beyond a certain point probably does ol
GO, bk bl ralle retain their colour and normal .'-]Hl[li‘ il will start
aotive reproduction if suitable nutrient material i provided

In eultures inaoiilated from I]]]L”]LLUH many other forms of anicellaloe

and filamentous alge theive, Several species belonging to the clasaes
Khodoplyeee and - Myeophyeere commonly oceur, but we have nol
bean able to identify them. The most usual filamentous foris of
Chiovoplumes are Ealeromorple, Foucerio, fhizecloninm, ete, 1y s
J'ni-r.‘renring to note that it wag the unintentionnl appearance of young
plants of Zaminaria digitala in some of our Petri dishes that led
Mr. Drew (4) to eultivate this alea in Miquel sea-water and so discover
ita early life history. Cultivations of mavine algme by these methods
“:"-""M withont doubt yield many new species, and would also provide
tich material for the study of their modes of reproduction,

Many forma of flagellates live either together with diatoms or aloue,
Among these i an unidentified gpecied of Chifomonns which we have

obfained in persistent enlture, It multiplies very rapidly, colouring
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IV, THE REARING OF MARINE LARV 5.
In the rearing if Iiuiugl:r. lapval forma of Marine 8niimal, s
]1Fii|il-"|'h‘ which we hiave followed has beon to introduge jhtl'h
sigrile sei-water the larvie to be reared, togethor with o pu )
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