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Chemistry of Diatomic Algae (DIATOMEAR)
by
G. X, Barashkov

Diatanic algae are widely distributed in nature, especially in seas, where
. they form gnomua masses of organic substance - about a half of the emount synthe.
sized on the globe within a year, '

They have a brownish color with variocus shades of yellowness and greenish’
tinges, This is due to the presence in them of a complex of pigments additional to
chlorophyll, nown under the general name of dietomin (distanite). The characteristi:

difference of diatcmeae from other elgaes is the shell of various degrees of si-
lification, consisting of two halves, The component part of the shell are comsiderec
pectin substances, and the product of assimilation and a reserve substance - oil
(Zwze, Proshicine-Lavrenko, Sheshukova,19L9).

Development of diatomic algae in seas of :oderate and high latitudes assures
approximately tenfold surpassing of primary production and bicomsses of the plankton
in these latitudes as compared with tropical zones (Bogorov,1958). A generally adopte
opinicn about the diatanic phytoplankton as a source of feeding plankion crustacea,

. basiocally copepoda, which in turn are consumed by muck larger animals (Zernow,1934;
Zenkevich,1951).

The interest to the chemistry of diatameae is determined not only by such first
rete important problems , as photosynthesis and diological produstivity of weter
renervoins, bus also by the value of deposition acoumlasion in water reservoirs and
‘oonversions of these sedimentary organic substanges,

‘- In recent years thero is a noticeabls inoresss in the intorect of various scie: -

'

- ! t49%8, including diochemists, in diatomsac, & number of reports has appearsd,consi-
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derably eunlarged our ideas about these algae. So far theve are no reviews of books
dealing in the chemistiy of diatanic algaes. This report appears to be an effart to
£ill in this €ap.
Carboiydrates
Mono- and oligosaccharides, The chemistry of carbohydrates of diatomsae was being
investigated only since 1952 ai the Noscow Universitye. GeK.Barashkov showed that |
glucose and several oligzosaccharides transform into an alcohol extract of diastomie
Phytoplankton, One of these saccharidos comsists of two, the other one of three glue
cose radicals (Barashkov,1956). The glucose content after three monthly storing of
assembled samples in an S0%=-alcohol reached 8% of the weipht of the arganie part of
the material; the coutent of oligeseccharides in such algae varied within 1=16% of the
organic part (Sereakov and Larashkov,1954).
The detection on chruuziogrens of several oligosaccharides, consiatirté of gliw
cose, made it possible to assume, that oligosacoharides of diatcmeae appeai to be the
product of decounposition of a more cauplsx compound, It ean, apparently, t.rensfom
into high concentration alcohol with gradual hydrolycsis into glucose,
Polposes. Until recently litersiure had no information on the chemical analysis
of any one carbohydratc or solysaccharide of diatamic algme. kolysaccharides of -
diatomeae were ccnjectured only by results of gqualitative reactions,

Frenzsl (1897) showed thet uader the silicon shell Melosira muamiloides there is
an oarganic shell, presumably consisting of pectin substances, Then Mangin (1908) on the
basis of positive coloring the shell of algae protoplasrm Biddulphia sinensis with .

Rutheaiun
en amwnda solution 0V~ — trichloride (better known under the name rcd
Ruthenium) alsc made an assuaption about the presence of psctin substances in diatomedt.
mcae, The shell of cel.ls of tl;ese algae wWas also colored with methylene blue, safraw
nine, newtral red. Liebisch (1929) repeated Fronzel's and langin's exgeriments,coloiing
the shell of representatives of various ty2es of algas with methylene blus.He also
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aritvel ot & cominaien mzmmmmmmm'amml
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the pressrce in them of a Pectin shell was boing adopbed as & Jewen Cact (araddt 293%)
Mmmmmmm‘mwefntthn«W@
mu&mm..@wmmmmﬁ
mmmm.ﬁnmmm {Aler,1906; Seuner sni Eresten
1%49). It maz explained,that the sclution of red ruthentum my colar coagalated pre—
WMMGMWMMMMMAW
Teaction wdith tiis resgent is offersd by certain 1ijides. It wer found,tiet slse ether
tesic fyes, tuch as metiylens dlus snd safrenize, mm@mmm
mu’mdwq.lm).hthum.mmemdmmmn
dstenses Bas heen Jrowsn with the aid of far not without famlt gualitetive resctiess.
and relstiwely recently {Chadefond 19/9) by rositiwaly oclering the cells ef sea
tistemsss licnojhare lynghiel with venillis clleruhyirate conclndel, thet it centaime
“fucsesy® mbetence, vhich is inown in the role of polyssccharile ef hrewn algne. .
As result of chemieslly amiysing a mixturs af sea distonic algee of ¥he Bar Thel,
slges corsisting of 85-98K of redisl jlankten algee Thalassisstve movdendkieddii sl
B.guvida, it ms explained, that they do not contsin say celinless, heniselliulese,
siniler te the emes in higher plasta, and sterch. Also 2o sscoherese sail ether fructe-
sides have bosn founil, The cardaiydretes i the ancmt of 3-5K of the waight of the
mmdammtuu&maﬁmmm.'
~emd Bavachliov,2954). it a total contest of carbolgirstes i the investigated smgles
‘48 the order of 26-30% of the arganic algee substanses, L.e.23-155 of dxy weighs,
“-hmewwaummmum
.uwummmmmwmmmu‘* |
ucmnmmawmmamm
nwu&mu-‘mmun.mwm“




algae using cold water, Losses of carbohydrates in ssuples after redeposition reached
80=90% of the imitial amount (Burachkov,1956).

In the mentioned experiment in hyirolyzate samples of polysaccharide was revealed
glucose, galactoss, xylose, rhaimnse,arabinose or manncse and an unindentified sugar,
Quantitative paper chromstography showed, that polysscoharide consists of 60-80% of
glucose, A coasiderable part of it iz constituted alse by xylose, remaining sugax:
was in insignificent amount. Urobic acida in the compounds have not been detected
neither by the chramatogrephic method,nor when employing the qualitative reaction
with carbazole, These data indicate the absence in the investigated algae of pectin
subatanges, which appear to be, as is known, polyuronides,

In addition to the experimeats carried out by us in 1958,were published also re.
sults of analogous investigations in representatives of two=sided diatomese - sea
Amphiplewre rutilans (Lewin,1958) and obtained from artificial culture Phaeodactylum
tricormutum (Lewin, Lewin and Fhilpott, 1958) which the authars ccnsider as belonging
to u(\ taneae, The results of these investigations also confirm tho absence in the in
vestigated algre of pectin sudstances. In the A.rutilans hydrolysate wore detected |
Xylose, mannose, traces of rhamose snd two unindentified sugars vith low mobility.
oh the chramstogram, leither uronic ecids.rnor hexoseamine have been dotected, A
similar anglysis of hydrolysates of mcilaginous capsular material of oval cells
of Potricornutum, soluble in hot water, showed the presence in it of xyloss, mannose,
fucose and galactose, In addition to proving the absence of pectin substances in pll.
ommesrated algae, the mentioned analytical investigations €ive proof, that each )typo
of algae has s collection of sugars, differing fran same in other algae,

There are dlta.conﬁming the forpation in dhtomn under certain conditions,

of specific pectin substances. And 80 in a two-sided hvtmh pelliculoss dpo.pr
minatel artificially at insufficient content in the culhm. nediug of eo:tcn.n,om
for pormml vitality, olq-lntl,, such as n.ucon. n.i.tx'ootn o phostharus, vas dmuu
the formaticn of o Jelly-like c:peule ercind the cells. Tule capeule vas well |
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{a 14 basically of glucourcnic ecid (Lewin,1955a).

Vhen invegtigating the autolysis Irocesses in various plexktomiec algme wvith Tthe
aid of luminsscent microscopy S.V.Garyunova (1958) found, that the silicom srmers
of Coscinocdiscus type cells, in comtrast to remaining planktom distomess, dwring the
bombardment with ultraviole$ light possess a brigat bluidhegresnish luxinssosaoe ,
This is due to the fact, in the opinion of the author, that slgee of this tyDe m
specific orgenic substances of the pectic acid type.

These investigations indicate that in sems mtams diadcmess, sgparently, czn
form mcilaginous substances of carbohydrate nature of the type of specific m
substances, which possess exeeptionally high stability to chewlcel resctioms,

A greater content of substances of cerbohydrate nature, reaching 30 and mose per.
eentages of organic algse substance, forces us %o make still a.other assompticm, dife
fering fron the penerally adepted ideas, As has been mentioned, the product of saseinmi-
lation and the reserve subsiance of diatomeae is cunsidered to be oil, Om the besis
of abowe mentioned data about the qumtitative content of cardohgireates in algee
(dtatcmens), it 42 possidle to assume, that carbchydrates can be ressrve eudetsnoss of
these algee, This essumption gains sddstantial confirmedbem in the fact, timt oslls
of Pasecdactybm tricornutum algae, situsted in various stages of dewelogmend {cwal amd
spizdle=shaped ), differ sharply from each other in the conteant of carbolgdrates.
oval oells contain 22%, and spindle-shaped « 2% of carbokydrates of the total smowmt
of organic swbetances (lewin, Lswin and Philpott,1958)e Such a chemgs ia the amewnss
of any given substance durimg the develegaent cycle is ordinerily ocemsidered as a

sign, characteristic for reserve substances. |
| Mitrogenecontaining Substamces
About ths content of nitrous substances in diatemie alac‘lidumh’tﬂ
trol the quite sparse data on the detormimation of total umn.m in hﬂ' 1.
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Table 10

Coatent of nitrogen in Giatomeas (in percentages of dry weight)

Tyoe Nitrogen “Literature source
Nawcu.lt pcif;c;n.las‘a. o “s.0s MC.:IJ-!" ' 2 f‘;;'"”
Mitture . Ckaeioceros,’Rktzasolema,
c.”lnoJ;sgus .. . +css.. 12,00
Mivtureg - Rk.zosolcm a, Sa.le'l'ohe. ma, ViNograJ ov, 113¢
Thalassiotvriz. - - -« - N
Mixture - Thalassiotrix S‘ce.ie.inc.m,
Chaetoceros . 3.33
M\i"ure.‘nnhaxos;ra (‘TO-‘T 53C{folrl :1-55 ¢, 34 SeyemKov Avd
: actoceres
Mmrture ;hhm:ﬁ:f ?:.925 e ';- e can ca| 5 OF Barashiov, [959

It is evidﬂnt fran t’uu tzble, tiat meinly rdxtures of sea diatomoae have been
subjected to investigation. The averape anount of nitrogen constitutes more than 3%,
Since the investigated cea algpe have a greater ash content (more than 50%),it.should
be concluded, that the organic part of the algao is ru;h in nitrous substances,

Analysis of a mixture of Far Zastern planktonic sea diatomeas, censisting of G0=
95% of representatives of Thalassiosira type, Showed the prosence in them of 29.09%
albuminae when figuring the orgmic part of the cells, 4 similar amalysis of a more
variegated mixture of diatoceae showed the presence ia them of 36.1% albumimein ratio
to the arganic part (Sereakov end Berashkov,1954).There are also date about a greater
content of albuuina in diatomese. For example, the calculated amount of albumina in
oval cells of chaedodactylum tricornutum equallod 39%, and in spindle shaped 47% in
ratio to the orgenic part of the cells (Lewin, Lewin and Fhilpott,1958).

In the investiseted mixturee of Far Kastern phytoplankton almost one half of the
total nitrogen was nonslbuminous nitrogen (2,12%) nonalbuminous and Leo34X total in
the first sample end 2,39 und 5,08 respectively im the second one)e In this way,
in this respect diatamic algas, as well a8 & number of other types of algae,differ
from green cnes, in which nonalbuminous nitrogen constitute on an average 1/10 part
of the totale A oonsiderable part of the nonaltuminous nitrogen was fouad to be |
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seluble in ether, i.0.it belongs to lipides. ‘
‘ The study of the nature of nonalbuminous nitrous substances showsd that AW
of their part is made up by amino acidsiaspartic, glutamic acids, glycins, a]mmn.
tyrosine., The amuunt of free =mino acids reached 0,2 « 0,3% of dry weight :(mmf
and Barashkov,1954).
In the composition of album:.nAhnve been detected amino acids ordinary for 'phntl.
including all 4rreplaceable, The greatest part of the alhumin was made up of aspsritis
and glutamic acids (33-39%) as well as of lysine and prolines,

Qantitative amlyses of nucleinic acids showed, that RNK and DNK in $0%0 comsith-
tute ebout 5% of dry weight. Purine nucleotides were found in sanevhat greatsr smount
than pyrimidine nucleotides (1.0 s 0,7) Serenkov and Falkhomova,1955) |

The data by Low 1955, confirm the preseace in dietomeae of ordinary amino acida.
Differences in qualitetive composition of amino acids in sea and fresh water algae
heve not heen detected, but oxyproline was found only in fresh water Nitazschia palea. After
separating mucleinic acids and analyming seme was detected a certain prevalamoe of
purines over pyriridines. In fresh water algae Nuvicula pelliculosa and Nitascia palea
the ratio of purines to pyrimidines was 10,3 and 1,04 respectively, and in ses Cylin
drotheca gracilis 1.01l., In all instancea the qualitative composition of RNK and DMK
did not deviate from typical compounds of these acids made from other saurces. w
cytosine has not been detected (Low,1958).

Lipides

Lipides appear to be the most investigated diatameae substances, they are sasily
;rtrmm from cells and are ordinarily contained in greater quantities, The quanti-
tatively soludle in benaene :'truction Navioula pelliculosa was ].5-35‘@! ary weight
(Collyer and Foge,2955; Fogse1956). In Mitaschia sp algae in artifigiel oiturs,the
content of lipides was lovwer, reaching only 9.5% (Dautinhl.hti:en and auu.:sm.
- On the average, taking into oonsideration a greater amount of ashes in distcomes, %

TID=TT-3-192/1 7
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is possible to assume, that they contain about 20% of lipides, For example, a mixture
of sea diatomeae had 10X of lipidee at 50% ash, another mixture contained 15% lipides
at 36% ash, A mixture consisting of 75% Rhizosolenia closterium had 8% lipides at 46%
ashes, and artificial oulture Nitzachia closterium had about S£ lipides at 42X ashes

" (Clarke and Mazur,1941). 4 mixture of sea planktonic Far Bastern diatcmeae,constitui-
- ing 90-95% of Thalassiosira type algae had 15% lipides at an ash coutent of 52,3%, and
in mixture of Thelassiosira (75-80%), Fregilaria oceanica (5~7% and Chaetoceros fux,
cellutus (10=15% was found 16%£ of lirides at an ash content of 53.2% (Serenkow and
Barashkov,1554). ‘

The total amount of lipides, produced by dig tomcae, is ccnsiderably greater,
ginge about 10% of the dry weisht of algee cells are constituted by lipides,formed
alive in the medium, In a culture modium, in which Synedre sp has been ger.inated
S.VeGaryunova (1954) were dotected considersble quantitios of lignoceronic acids.

Fats constitute in Nitzschia lipides 80.5%. Among triglycerides were dotocted the
followings 1) glycerinestearic acid, zlycerin-oleic, glycerin=linoleic, 2) glycerine
linoleic, glycerinestearic. The iodine number of this fat reached up to 116 (Desuticke

and others 1949; Kathen,1950).

Judging by the acid composition Nitzschia closterium fats represented a mixture
cocaisting of saturatec acids with cu‘ 8%, Cy4 17%, Cyg 2% and from unsaturated acids
from clh 1%, Cy¢ 36%, C1g 20% and Co 16%. In this way,tha basic mssA of acids is
represented by unsaturates (Lovern,1936). Approximately the very same ratio of satu-
rated and unsaturated acids is indicated by Clarks and Mazur,but they detected more
high moleocular acids, And so, of all unsaturated acids per fraction of the acid from
016 26% was from 022_& 31% and from 026-30 11%. '

Determinaticn of the smount of triglycerides only by the saponification results

for dhtm lipides does not appear to be wishout errers, This was shown by Clarke
and Mesur 1941, oo an artificfal culture of Nitaschia closteriun and cu a mixture of

ITD=TTw68-192/1 8
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muﬂm as well. It was explained, that in freshly jrepared algae there were !
scmewhat more of free fatty acids, than bound ones. The compoeition of diatomeee ii.yl!h-.
found by them; iz given in tabdle 2,

It 13 evident from the data‘:t thio table that the emount of free fatty acids de.
creases during storage. A stwdy of this phenomenon showed thet after a six month stow
age the content of free fatty acide in the lipides decreases,but the emount of hydro.
carbons incroeases, Clarke and Mazur consider this phenoanemon as highly important fras
the viewpoint of petroleum formaticn. In a nonsaponified fraction they found a yroduct
of the sitostercl type. |

About the quite larger content of sterols
Table 2, Canposition of dlatomeae li-

pides according to Clarke snd Mazur in Javicula pelliculosa, of the order of
T, (:n:) —y '8" _;3% 0,01 = 0,06Z of dry weight, was reported by
lipizes |3 £ i gﬂ! . ;’.TS 35 Low,1955. 1t identifiod the besic cemponent
338 [E $9F 33184735 ao cnonarirlesterin,
Free fatty %o LI 1o 59 Pigments of diatomeae are listed in the re.
i:\;ali:: Lfatty " S 1 17 | sume by Cook,19L5. He noticed the presence
Hon~saponi of chlarophyll A and C (chlorofucine o
:ﬁn‘ fract- -3- 12 29 -:,' chlorophyll y ) ﬂ-oarotm.mcmnthm.
g:::::;bmq 3 | = | == | 1% | and pigments,constituting the diatcmeas
(neofucoxanthine, diatoxanthine and diadico-
nthm); Apparently, diatoneae have chloro.

phyll canpounds =albumina=fucoxanthine, To the very same cohclusion cams Wassink and
Kersten,1947) when studyirg light absorption by alcohol extracts and live
eolls of Nitaschia dissipatae ' |
Analogous oazpunds allov vith the aid of an emergy mijretion mechenims to
transmit the encrey of guartum absarption to the necessary place not caly from
ehlcropiyll molecules,but also fram molecules of other plgments. Tils is of greater

t

biological importance,becsuse 1t | increases by many times the |

4
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Eﬂottoouvemss of pbotosynthesis on acoount of adopting the energy of the greater

{additionel zane of the spectrum,
} ; Othex Injeatigatim

| Ash content, As already msntion the content of ashes in “Mu’d.o algae 4i» vofy w
{

and reaches up to one half of the dry weight of ocnl. and it 15 even higher. In

l
l .
|
!

!
; It is known, that the diatomeae shell contains silica, close i cmition to

i
l
’ _::uh water fa-m the content of ashes 18. as a rule, amaller, than l.n ua n@e. I
!
, |

'pal (Arnolai, 1925). It is therefore perfectly matural, that to the exchengs of Si |

S.n distamic algae was devoted an extensive mmber of investigations,
Tho content of silicic acid in shells of 15 investigated forms of diatomeae

was highly variegated and inversely mroportional to the numnber of cells in the Popu~,

lation (Einsele and Grim,1938). These data, obtained on planktonic material, were then
’ i

confirmed on Nitaschia palea cultures, cultures of Bacillaria paradoxs and Thalassiosira-
nana (Jorgensen,1955). . : Planktonie forms in lakes of

i
Danemark show such a dependence (Jorgensen 1953). Jorgensen assumes that diatomeae i
as they grow form in the medium certain subatances, inhibiting the assimilation of

107, 1es there is self-poisoning of this process in - 1imited vomn\nf the
madiun. These observations should be accepted duriag culturing of diatamsae for tho

purpou of obtaining a greater mmber of materiale ‘ RV .
It is apparent, that silicon plays a much greater role in the vitanty of nl@o.

and this not only of diatamic, which is ordinarily considered as a fact nocmn In
addition to the menticned investigations by Jorgensen, to such a canclusion cnl one

arrive on the basis of recemt investigatiens by Ryther and Huillard,1959. They um;
ahovn. that the addition of silicon salts to sea water, containing natural phyto- l

5 s tes

{phnkten. Yesults in a considerably greater inorease in rate of m-muda i
4—-—--—J

r’iom pocrer in nutritious salts in the ocoan.tun tho wumn cf phamgu*on_

¢ . R n..-..........,

nitrm salts, : o

—WV

The_atructurs of -mou noM in dntmo -hcl.h hu. nmcmv. aﬂm-

- an
...4....¢--...... - Ve e

STOP hffx‘E
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us nature, To such a conclusion came }kh&o when investigating shells of diatamese

with the aid of an electron microscope, Consequently, it cai be assumed that such a she'i

has greater absorbability and it probably participates more actively in the metabolism
between protoplasma and surrounding medium (Helmeks,195L4).

Assimilation of silicic acid by cells of Navicula pelliculo%liatwue is connected

with the process of aercbic breathing, At partial appearance of silicon absorp-
tion. the ability toward its assimilation ie restored by adding to the medium sulfur
containing compounds, such as glutathione, I-cycteine,methionine, sodium thiosulfate
and sodium sulfide, as well as a mixturc of sulfate and ascm-bic' acid (lewin,1954).
Bxperiments on the effect of poisons on respiration and silicon absorption confirmed

the relationshiy between the two processes (Iawin,1956).

In eddition to silicon the mixture of diatomeao Seeletonera, Thalassiotrix and
Chaetoceros shoued the presence of iodine in the =zmount of 0,003 = 0,023% of dry
weight of cella, A.P.Vinigradov (1938)assumes, that iodine in the fat of. fish has
a "distomic® origin and is accummlated es result of the nutritional chain phytoplank
ton= zoooplankton~fish existing in the sea. .

0f other subatances it is possible to notice the presence in diatomeae of Fragi.
laris and ifavicula types of volutin-polyrhosphates, llo nucleoproteides have been
discoversd ib volutin (Keck and Stich,1957).

Very poorly investigated werse conversions which take place with diatomese after
their dying off, although they are of considerable interest. As result of investige.
ting the process of mincialization of residues of planktonic algme it was explained
that in the first 1l months is liberated almost the entire nitrogen, but calecium
remains almost in toto bound in the cells (Kleerekoper, 1953).

. Swmary .
A review of svailable literature shows that there are not too meny reparts
4«11::3 in chemistry and biochemistry of diatomic algae.
The albumine content, according to aveilable data,ccnstitutes in algae cells

TTD-TT=63-192/1 1



is 20-30%, 5-20% lipides, 12=-20% carbohydrates and 20-60% ashes of dry weight.The

greater content of ashes, quite sharply chenging in verious algae, compels one in

acknowledging as adviseable to exprecs the results ot‘ana-lyzing diatoameae in percent.

8ges of the amount of tho organic substance. In this case it is possidle %0 judge move
objectively about the chemical ccmposition of algae,

Sea diatomeae in the period of mass developmnt contain easily hydrolizable poly.
glucoside, and not pectin substances, as it has been considere. until now, At the same
time in thoir composition are cncountered many nitrogen containing substanceq. of which
about one half of thz total nitrogen cells goes fbr conalbuminous substances,

In the co.position of iipnides, having an unsaturated nature, up to 80% of fatiy
acids can be found ia “roe forw, If it is assumed, that the conteat of lipides in ratio
to the general weipght of organic dietomeae substances comstitutes im planktonic
algae 30%, then we will deviate rmich from *he true value., The cuount of energy of
100 g of organic subsiauces of the cells constitutes 525 cal. This value raise the

caloricity of such a hiphly nutritive product, as chocolad: ,

The above mentioned revicw shows clearly, that the encrmous importance of diatomic
mic algae for subsequent organisms in nmutritional chains of water reservoirs is not
accidental. These algae in the‘ period of mass development have in their composition
substances, which together with high caloricity, hydrolyze casily and are well adopted,
ted, representing a full values food.This pertains also to cartohydrates, and albumina,
mina, and lipides.

No one should think however, that all diatoneae always have substanges of idgn—
tical chemical composition, which possess high nutritive value. For example, I.S. '
Gayevskaya,1947, considers,that Caspian diatomeae Rhizosclenia calcar=avis does not
bave a positive effect on the bioclogical productivity of the seay; although it g:lv'ea
greater values of primary production, beceause its cells are not in preat demand
by planktonic crustacea. As mentioned in review of reports dealing in cu'bohydratu‘
scme algae can form under unfavorable conditions specific polysaccharides,which
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appear to be extremely stadle to chemical actions, Such sudstances x.rdly have any
Srester nutritional velue, But they no dcubt play & greater role in nature ,parti.
cularly in brocessu of deposition accuihxlaticn. vher. thay may appear ir the role
of binding substances,

The peculiarity of the chemical couposition and interchange of diatomic algme, the
great importance in their vitality of silicon and sulfur, the :reseace of lipides in
role of reserve producte etc.~ all this attracts spccial uttention of - . blio=
chemists to dlatomeae, But »ight now the bacic hindrance ia studying this type of
2lants, walch e ;arently, plays an iwuportant reole in the nutural prrocezses of the
globe, is ths greater difficuliy is the obtainment of sufficient guamtities of material
for analyses. Direct investigation on bocrd larger expedition ships in places where the
sca blooms appears to be an importent svep in furthoring the study of diataude algae.
In this cornection creater attenﬁon gbould ba devotel to the adoption of methods of cul-
turing these algae in laboreatary conditions,
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