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A Note on Formation of Macroscopic Aggregates (Marine Snow)
in the Laboratory

By Masahiro KAJIHARA
Research Institute of North Pacific Fisheries, Faculty of Fisheries, Hokkaido University
(Received November 25, 1986)

Macroscopic aggregates (marine snow) were experimentally formed in samples of coastal sea-
water held under turbulent condition in an apparatus which applied thermal circulation. Since the
formed aggregates were too fragile to be collected intact, they were sampled (100 m!) along with the
surrounding seawater after stopping circulation and settling out aggregates into the lower layer of a
recirculating tube of the apparatus. Concentrations of nutrients in seawater from the lower layer
within the tube where aggregates formed as well as those in seawater from the upper or middle layer
were measured.

Chemical characteristics of marine snow formed in the laboratory were compared with those
formed in the sea as reported by Shanks ef al. (1979) who used 5 m! i siu samples. Nutrient
concentration, assuming that the settled aggregates in the laboratory involved a 5 m/ of sample water
was calculated. Nutrient enrichment of the laboratory formed marine snow (nutrient concentration
in the lower 5 m/ sample/nutrient concentration in the upper or the middle layer sample) was of the
same order obtained by Shanks et al..

I. &3 L & (2

WA % RS 5 RENBER T, WEEXFKEEROEBARGAE (ALBE, kd->THHT
BEIN, ZOXKPTCOFRENIELS L) > 2 /— (marine snow) & &fHT & 17> (Suzuki and Kato,
1953), L#L, RAHFDENRBIRERETHE0IcwL, =) ¥ 2/ —id2BENE (Kajihara,
W) ERERORERTH ), B OBERICIER I, 2078, WhbWwaRKBIZ L= 2/ —
PRETLZZLRMALERTRETH S, 0L ) hRENBEI I > 2/ —OWFRICKHT KR E LR
BTholedl, AXa 7N FAEr 7ROEBKRICL 2HE»r LN YR/ —DREICL-T, =Y >
R =R ENDERELVPH LI L »TER, Thbbe) YA/ — 18D REOWELEE L2
HE¢ (Silver ef al., 1978 ; Silver and Alldredge, 1981), k&N EIHNETH H 5 (Alldredge and
Youngbluth, 1985 ; Alldredge ef al., 1986), $t-» CRP#EKE KB L T 7 0o 740 aeHiBEEHEL D

¥ AGHRERE KRS E Fe R s 187 &
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BREEAE < (Trent et al, 1978 ; Alldredge, 1979 ; Alldredge and Cox, 1982), AHFXELEREDLZW
(Shanks and Trent, 1979), ZH# b DFEER, FHOKELkEEE (Kajihara, 1971 ; Shanks and Trent,
1980) LHHFE - T, =Y YR/ —BHICBT 2WEERE, WEERICEELRHEZELLTIWEZEE
RLTW5S, F20ks LTBBEERNE EEICTATWLI b, AEFOFERE L THESR
TE&EZv, L2 LEKRE L (ES =) 2/ —RENBMNLHHIZ, L0VbiFe) 2/ —nlErs
25 HRERBRICOWTOMEZELE TS, Z0L ) ME~nT 7u—F & LT, BKiE»S
nEE<> (Manheim et al., 1970) K EE (Honjo ef al, 1984), FiWAWALBESFGENL & TD
BER FORESHORED L) ¥ A ) —DGMHICRET»RA LN T 5 (Kajihara, 1986). L2 L,
ENEELT7o—FRATHIC) Y2 /) —RERTEZETH AT,

P YA —HBETERIN, FETIORERNICIPYERRTHS, £T <)y R/ —DERIC
2 VHRy &R BB DRTOHEKP CEMT A 2 LB TH S, I OBEMEESIZEEK O BIBK T %
FHEE, LELNESFFLLLTHEREENE, Uk 3 7> 7 LES, TR OEMC L 2Kk
Bl ETETHAS, FLTERINLC) VA —DBRIRE2ORFEEVMNTLES ET5H
&, RITFOEREIHIL LD ETHHDOEHEICE > TRIND EEZ L5, BIHIERLERNLS, <
27 Y 7P OEE, BHEYRBEOREWRIC L 2HENTH Y, BBIZBKRDENDERICEI HTHD.
IDEHICL) R —DERICIE ‘R R ARTOREL L LIC, BNAPKES(ESL TR EEL
Lb,

InFTAIMIC=) YR/ —%ERL &5 &F 5 AL Kranck 5
(Kranck and Milligan, 1980) ic & > CiTh b T 5, Lo LELS
DEBIBRERFEINOEBNPTII L, L ABELDETFOLEE
&M LERIRE I L LELNTHDE, £ TEEREAANE
DT, NFNRELEL S L) LERNICEAL, £TEBEL
L CitRilkE W TERE2ITE > 0 THRET 5.

II. ¥ 8% % &

2 A —RBERIC L > THEKZRE S, ERSER, HED w
BRI Fig. 1IcsR L7, W45 mm, B 85cm N4 5 2Bk %
) arEchL, 2o GMF) oRicNZ 25 mm, £ 80cm ®
FI2E (NE) 2THOL ) 2825 2.5mm iEFsw, SMEENM
LR Z2E-> THAL TS, REDTEICIE, A7 RFICHLADL
EHE 2630 D= usgoe—F—HpBAINTwS, EEo T
KEHBAT—IZI—, 2 SBRERKBNay 7fTE2FF2ETH
5, ZTOEBICHEKERLTHY, TOFERH 13/ THDL, HE2/E%
AvFaR—=F—(H>3a—, MIR-250F) ity b LGRFL, E—
F—TMBAT DI LIk » TEBERPEL S0, BETHEICEL -6
nKiRIE, NEEET15.8C, AETETI12.5CTh-72, WEDH
KR ERBEIFENTALIC L » TELRAL B%, 1.65~2.10 cm/sec T
Hot, #oTVv A4 I NZXED L IONEDEKRHIBHRNOEMHEL %
%, LeLERHC > THBREBEL TAL L, AEPLABE~
KHPTEIRT BB TE BB TE L 2B, BEL X075 L BHRICER Fig. 1. An experimental
THZ LA RBENTRE LR, SAEA~LBRL Tz, setup for turbulence

generation.
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I BEFERURERR

KT REEE IR TIE RGAKE Y THAKL, —FEAETIZ 7 {32 PRk L -T 30
mEr LKLz, Akiz1 2 EE2mmAGF/C Ty bor 7407 —THBL, TESFEH (A
026 21 I2 L 2 BMIBEBERYOBEICHL, 2~3 I RERLA/TmMMOTIVERT7ANI—CTHBL L
AP OEBERAEICHELL, YIVRT 74N —0EEEKI—BHNEBCREL, —HA740
I—LOBRFESI A RTERT =7 LKBRCHIEL THERELZ. B 74NV —nEBEREC
LPERAENRERMERR, 7707 7ANT—2 4ARXET > 2= AKAR CRBICHIE L, WIEE
FEHL TITR - 72,

BT, AELZ 2MOEEIC, S4EBEKEEBLEFIZEI L Ty Wik L, BERIE
BAKDBE L KB EA 2T 2720, KBS CICBHEINE D25 TMAZEEL TED ¥/,
KiBII MBS G I LR L, Bt L 512 12.5~15.8 C THEDBH L T > 2T 5. 2 DEJEE % ks
LTw( &, BKRPOMEBEH FOREI L > TREWMRZESN FrTERENT. TOBRERTFIZIRRD
<) v R/ —ERRICHEV 728, REZESTICRET I ErEBETHE, £22C, =) 2/ —0HKE
KOFFBEREFBBEOWERE B D2 LICEHL, ROFE» LBENTOEREZRITL 72,

TA X a—F—pLbEBFHYHL, MAZELLTHET S, 2L T 1HBBCHNEN LK
REBEEIFBAKEZC=—NF a7 2T 7250ml L) PR E>TF a7 7TREETHRIIL, Kl ) >
VEEFTILVA 72 I0L>T100ml nFKEFRALZ. TRAKTHROBAE, LE L 100ml 23
KL7z, BKIEZGF/CTw b2y 74Ny —ClEL 2%, BTSN, EREEREEE, MEEESE
TrE=THREZY A — 7+ 54— (Technicon) ic k> THML7. 1 «uMBECBIT2HE8EE
B&2E1%, £3% £10%TH 5, HEERE Tablel R L7z, QIEI N ENRESSE, HHhES
FZOBEZ 1 kM L0474, - TRIEBREL AE  RMEL LTS % S vy, REANEKE Hw

Table 1. Nutrient concentration (zM) in seawater

Exp. No. Sampled NO, NOs; NH, Sampling Location
layer Period for Experiment
. A B A B A B

1 middle 0.23 0.6 10.5 Tachimachi (surface)
lower 0.30 0.8 146 9 May~22 May, 1979

2 orig. 0.09 0.3 1.6 Funka Bay (surface)
middle 0.16 0.8 51 6 Sept,~26 Sept., 1979
lower 054 0.22 53 09 214 54

3 orig. 0.13 1.0 2.2  Funka Bay (30-m depth)
upper 0.22 0.13 25 16 7.8 19 May~5 Jun. 1980
lower 022 0.15 25 16 8.7

4 orig. 015 0.14 20 6.6 Funka Bay (30-m depth)
upper 0.04 0.07 155 3.9 24 July~29 July, 1980
lower 0.08 0.24 134 57

5 upper 0.03 0.06 0 034 44 2.7 Funka Bay (30-m depth)
lower 0.03 0.05 0 035 41 2.7 30 Aug~12 Sept., 1980

6 orig. 023 025 055 0.11 1.42 1.26 Tachimachi (surface)
upper 017 022 0.47 057 241 376 12 Nov.~22 Nov., 1980
lower 019 023 094 055 227 431

orig. : original seawater

upper (middle, lower) : sampled from upper (middle, lower) layer in the tube of apparatus
A : used filtrated seawater

B : used original seawater
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LB T3 Exp. No. 1, 2, 4 TEHENEREBEROHE Table 2. Concentrations of particulate organic

EE < |0, EERREZRZ ¢l Exp. ] carbon (POC), paticulate organic nitrogen
Bie AR A ENEL, MRIBER TIX Exp. No. 1. (PON) and dry weight (D. W.) in original
210, T rE=THEEHE TiX Exp. No. 1, 3, seawater
4, SREEENVFEDLNIZ, —F, EEEKER Exp. No. POC PON D. W.
WA I ERAT S OIS A B R T bR ' wel) Ge) (e
e oiz, 3 425 29.2 033

B L 72 RIEBHEA T O S EiEEE Table 2 4 177 42.4 0.39
= g wmeE _ i 5 126 45.0 0.38
RL7z, BREE D.W)Ii30.3~0.4mg/l TH 6 127 40.2 0.87

555 Exp.No.6 A s Bw, C/N &L T
A5 & Exp. NO.3DA 14.6 £ KEL, ZOWKTRIFEERTFIEHL TWE I EETBLTWS, %
DMK C/N it 2.8~4.6 T, BB T & L TEBRFHENZ L 2RBE LTV,

v. # £

RERERIE RGN E 23546, THELBENFICBET 3 L2 SN A XERBENES # T
L.

WK R D MRIBRL T OTREEEIX 77> 7 F » iz DT Smayda (1970) 45, $2@EERFICOWTE
Hawley (1982) *BIERHBR2BIEL T3, WITNOBAELHENEE L L TEX + — 7 A0 TkEEIcH
by, F—REICBE L TR L TA S EEERTONBEEERICRE ., HEOWRH, MA%EE
ELTY, BOLETRHFELLZAKRELEBENRATEN:HICERIBMBRIWREINLD, —IBZOK
HTHEAKOHREDEIEL 2D D EEZ TASL, Hawley 25EHIC RS 72RA 5, 1 EREOFFILERENIC
85cm DH T AE, LINBREINIEER T 47 um P EnH 4 Xk 5, —7, Smayda DD 5
PROGEHTHRBREINDG T T 7 oD 4 XEHEL TAHL EHA00um LLEE 2D, WEH, INHD
FAXENAAILRFL, BRUFELLZELTORFOMBICHE L THEL T2 2 Lidvw) 2 Th Y
vy,

&, Shanks % (Shanks and Trent, 1979) I 2 X 27/% FAEL Tk -T2 )R/ —%FT
AERICHIEL, Zo=) » 2/ —%& 5 ml kb oRERERELHTL, v )2/ —28 4w
ERE RO SAERME L B LT3, $7% b b, Shanks & DHIEEIL ZEHEEN K E v 5§ ml DEED<
VR /=2 BELTHEL TR ERILI Eich b,

WECEFY) YR/ —2EF L WAENEBKFORBIERE, CGi<Y R/ —DHBKROREERR
B, Vo2 /—%280BKORKE, vERKVIEEIN W) Y2/ —N4&kilE, D)
YR —DERERETE, RAEERNTDICLY) YR —HEEL, ORI E L TRAFN
KEERENFC Lo kTR E, FHEORKL S

(V—v)C, +pvC;, ={V+(p— 1) v}C; (1)~

Ex3, 22T G-C=aC Bk, =) 2/ —nEBEKNEERERE C. id
_ACV—-(p—1)vi+pvC
pv

L% 5, Shanks L NBUFTREL2<) 2/ — 25 URKDSHRER L, ZOEBR TR AT ERK
L72) Y 2 — 2 BUEKODNHRER L 28T 5720, @QRUICBWT V=100(m!), v=75 (nl), p=
1, 3G 2RELRNERPE CTIRKENZRKDFEEEBEL L 52 Lic§ 5, Tablel THHEED
DL NIREHRICOVWTCC 2EH L, 4bv CRABEKPEOFEEBE XN, 2% ) BiHEED Ta
ble3 2R L7z, B Az Shanks &A5HIZE L 72 Co /Cy 13, TREERIBEEE (3 4)) TIX 13~ 1401, Al fEEE

C.

(2)
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Table 3. Calculated nutrient concentration C, (¢M) and enrichment C, /C,

Exp. No. NO, NO; NH;

C. C, /C, C. C./C C. C./C
1 1.63 7.1 4.6 7.7 92.5 8.8
2 1.36 8.5 2.8 3.5 -
3 — - 25.8 3.3
4 3.47 49.8 39.9 10.2
5 — — —
6 - — 14.8 3.9

F(18) TIE 248, Tre=THEREZE (TF) TII8H~860ETh-7. Thbb ALIICERL 2%
BT, v R/ —OEBEEOBHERHETREIN L) VA /) —DBEE LI S ELULETS
D, EMLERBRIBEEETLILNEEZ LN,

BE, EEO—MWICHEEINZ, RREAON) CBBR T2 4w ATiEKRE Ry, BNy 555
BFL770 7 v 280ERLLCERZ2TL > Twb, NZ7F7 N THEEDVWTHELY TR 2N
ZTw3,

X B
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