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Studies on the nitrogen excretion and the oxygen
consumption of zooplankton

Katsuhiko Itoh and Tasuku Hanaoka

i

1 plankton OFRHFATEITOULT 2 DO E(Beers
1964, Corner & Newell 1967), it & ki & DR

(Webb & Johannes 1967, Jawed 1969), F 727 D
it (Conover & Corner 1968, Martin 1968,
Butler et al. 1969) #&izoTH L D WL IN
TETD, MR 2 TH H AT I TR0,

M EOPIRESAENCIS T 514 plankton O B
S ROBER 2 T 2132 { O3 LN RIERDS
DENTODDS, AU T E TIOR8
¥ plankton OPRIMEEZLE & MM LE & D 6 JLEE
T DWTHIN U & & [l OHER TR S22 i
WTDWLTH MU,

75 75

WLt b ERER L 72 Sinocalanus tenellus (Kiku-
chi) &S| THIT L1z Tigriopus japonicus Mori
7o fE N EBRRIRAE 24 1511, MF (HA) i8fy/KAicE)
W e eis Utz Kk Sinocalanus, Tigriopus & %
12°C, WHHEMIEZENZN 2.9% & 17.45% Th 5.
RBRITIE 100 ml FREIE 2 M0 Wifi S 349 100~200
AR 2 A U CIGRPITRIC 24 BRIMHGE Uz, SeERDE
INF & & T IRHCIAEEP:, NH-N s L0 2%ign s
e Uz, EI2OURIRE TS AWFED C-H-N &
1% C-H-N IdHic i@ Uiz, Bl R ONE
X Water bottle #: (Marshall et al, 1935), IA7E
4413 Winkler 2 (N/400 Na,S,0, ¥ i< T,
NH,-N (X Phaenolhypochlorite ¥ (Solérzano

i

1969), 4#2#i3 Microkjeldahl 7 (Strickland &
Parsons 1968) icik-7. ©%&ELRM L NH-N &
ZREUG IO %2H NH,-N fte Utc, Britassgo
EEICIERDNT No. 5 A HIIBIEIC TRARM P 2 1
WL LRGP DFE JEBRAT 24 W5 TR T HE
FrUT 8 24055t L 72 3 O % AL%O0 B & L,
RTHFEHDAK MR LT X 51T 24 BR[O BEARFT
RO DRI BELIL. CHOX I EHIECLD
THUKO, 1, 2+ BRI 2 ER L.

MR s L UBL

Sinocalanus OIFW L L oF PElEediftid (Table
1) BUROHES T oNF M 2R T (R : 47.2
K107 » 5 19.0X10-*ug ats,/zg dry wt./day, HE
MEFER 4. 17X107* 55 3.44X10-*xg ats./ug dry
wt./day, ZUFED 780 SEMANIA L) . Pt as iz
FORTH NH-N Tdis 5 1dE NH,-N Ot
R SN hoT. Bk CH-N 4HFEFOT
N AERCHONFE L OB 2 RTH C/N filididiz—
EEAHEG LT A, Tigriopus 12T (Table
2) BURICHES O R S (38.2X1074 x5 15.7X
1079), HHRE#RE (4.91X1074 o5 3.81X10-4)
D15l 78303, 2O OHEE Sinocalanus (3E
FULA B, CCTHEEIND L& 3R ON
KTHA. Sinocalanus OPHNEFRDATH NH-N
THHOTzDICHU T Tigriopus T3 NH,-N (Zhni
TH NH-N OTEY O Hiftasd b, Lid 20k
OB EIRICONEL 25 D LN (0
RCARHEEEsRatd 20 %, 6 B HTH 40 ). Btk
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Table 1. Changes of respiratory rate, excretory rate of nitrogen and C-H-N
contents of Sinocalanus tenellus under the starvation.
Temperature 12°C
Starvation | Respiratory rate | Excretory rate Excretory rate O: N C: N
periods of carbon* f NH,-N . .
day rg ats/pg/day ug/ng/day 1g ats/pg/day atomic ratio | atomic ratio
0 0.00472 0. 0254 0.000417 11.3 5. 06
3 0. 00250 0.0135 0. 000297 [ 8.4 3.77
5 0. 00190 0.0102 0. 000344 | 5.5 i 2.47
— R ! - — -
Percentages of dry welght of anlmal C: N Dry weight/
_ . ‘ animal
carbon hydrogen nitrogen i ash ratio ung
ot 429 | 6712 11.16 4.95 3.85 | —
0 29. 42 i 4,62 7.70 9.00 3.82 ; 12.8
2 26. 68 ! 4,21 6.96 9.10 3.81 | 11.7
4 19. 41 ‘ 3.27 5.07 12.05 3.85 | 13.7
5% 14,54 | 2.88 3.88 13.50 3.73 . 13.7
6 i 14.76 1 2.78 3. 86 15.25 3. 84 1 14.5
* R.Q=0.9.
T Data analysed of non-starved animals.
T Data from other experiment.
Table 2. Changes of respiratory rate, excretory rate of nitrogen and C-H-N
contents of Tigriopus japonicus under the starvation.
Temperature 12°C
Cer Resplratory Excretory | Excretory rate of nitrogen N . ’ .
Starvatlon ‘ ate Tate of | ug ats./ug/day wI?Ion NH,-N 0: N | C:N
peé;(;ds 'ng ats/ug/| carbon | total N t NH,-N ‘ non total N | a;cggléc i alf;’tr?gc
i day | pg/mg/day| il NG % T T
I i
0 ;0. 00382 0. 0206 0. 000491 0. 000381 O. 000110 ! 22.4 7.7 ! 3.5
2 0.00274 0.0148 0.000436 | 0.000351 | 0.000085 ! 19.5 6.3 | 2.8
6 ! 0. 00157 0. 00847 0. 000381 | 0.000206 | 0.000175 < 46.1 4.1 | 1.8
i Percentages of dry weight of animal | C: N Dry weight/animal
] carbon hydrogen ‘ nitrogenl ash | ratio ng
o | 4338 6.50 071 | 7.05 | 4.05 4.75
! |
7 | oanx | 6 10.30 J‘ 8.62 | 4.01 —
0 C-H-N SRR ko T M 3 5032 Dg Ngp = 70:0436T-3-385 ()
% Sinocalanus \TH~THEH»THo12. Sinocala- Cpr=e~0-148T-3.885 6
nus t Tigriopus OHHHEF R (Nep), RS Nep = e~0-0875T-2.237 D
Rt FEEEIEL (Cpp), REBHRAE (Ner) B IOk Cer = e70-00714T-0-835 ®
RFER (Cor) LAMBEE (T) LOMTICIZKDLS Table 1 & 2 IZiRLICTEL O H&Ci;b\‘(ﬁ?ﬂ%ﬁ
I3BAERYS B 5. Sinocajanus OYEITIXIZENZE N SO THEE S AV R & B O B (Co/N, if)
Npp == e~0-113T~5.146 [¢)) Sinocalanus T 4.3, Tigriopus T3 &/2 bmﬁ&#ﬁf
Cgr = e70-194T-3:675 @ I ONZ DIF/NEL 2T A, lFE D Co/N,
Ner = e~0-143T-2-388 @ 1 & Bk D JRIEE FFEODLE (Co/N, i) &~
Cep = e-0-145T-1.023 “ 5 & Co/Ng fifiid Co/Ne ik b /XL, FT2IFRE:
%7z, Tigriopus OEECIEFNEN PRt EFRat E O (O/N ) i Sinocalanus Tli

* RS D HRRERLTHEA T IHE, RAMHARBOERD RQE1 EHARHO R.Q 0.8 (£ 1963) ot

E 0.9 2fxste.
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0 BT 11.3, Tigriopus Tix 7.7 %83 . Redfield
et al. (1963) & O/N fFINMARTRAHT RIAINT
WAWEIO index & UTHIDI, 1.05}70){1%%@
MRPFHA D E O/N LA 17 1225 EWEL

W5, E72, Jawed (1969) 37T (16 % N, 45%
C) BRHaNB &, ¢ O/N{IIZTITID &
W Neomysis rayii T O/N {H 8.4~10.1 %#4T
WA, BEST, MO 0 Hickiy s O/N fiie Cof
No fitiZe ki3 5 & Sinocalanus TFhZFi 11.3 &
5.0, Tigriopus ¢ 7.7 & 3.5 iT/sh 0 HEE# &
O/N, Co/Ng fili& & WAL TV ADTHEIE 0 BT
xm1¢¢r%@ﬁ%wﬁm%ﬁ%?bfmt%@&
HAbND. 3 LIERRNORKILHIODHD 5HEHE
T Ml 1 Le~Fi gt i A (0~4.4%) &V
Db ¢ & (Raymont 1963) & #i#) plankton O
bloom HTIXITRIG AR S 5 3 PRt R L »3
Brp Ie A B S s (Martin 1968) 5 jR/KAL
WRENI e AU T S T 8§37, L UAKE
RN L DA IR AIRAHT B AL T 5T &8
MG 3N B DML I & S ERt A R DZL b Wil 3
T3 h (Corner et al. 1965, Butler ef al, 1969)
A &0 DIERIC DD TR AT 3 41
TEH LT OB I SIS UL BETCH 5. LI
TR LSS Iy Sinocalanus IR ZEIEROD T
%, RiRIEED 6.5 %%, Tigriopus 13720 ZFh 4.7
%E6.4B% 1 HITHHET A STl b, T 6 Off

& Butler et al. (1969) % Corner et al. (1967)
® Calanus helgolandicus 2/ A8 BTN E D
EHEEEY O R IS0 Tk (Table 1 & 2)
Sinocalanus O PO EAE D NH-N Tdh

Ao U Tigriopus Tl 0 ATH 20% 559 NH,~
N SUTH SN A 2B EDX >R EDT
WAPHLHTIZIZN. UhLZ DL 50U
BESHE L D 3 UAWHID & D RH ORI

TWAELBALLND. TOMOFITOWNT, R
BT ITs Acartia sp. DHEEEFEORTH
NHEN?%OKﬁLMmMa@&WMﬂﬁﬁﬁUK
SNTH: NH-N ZgHid 32 EBEDLNS
Sinocalanus \7<oWT  {#h7chss (1 /oJAT) B
bNB L EWDHD CRHAEE). Cowey & Corner
(1963) L iuE Calanus DEZEFD 80%H5 amino
N THDOLNTWA EWS T &b & AT Artemia
DHUERIAE S HEIE NH,-N &t O mEEicH s
RAOFREHMINTZ L DEEZA D L hidde LALLM
BEEDZLIC X > THRAN® amino N kM Ih
L DEBALNBIZAS . 2T, PHFEEONA
ROWTIRTYEED b >, H@lez Ol 2 OF
MGpEOMRIT L 2T, H2HETEWHERDIE
EAED NH-N THh-oteh, THkbH O amino N
X urea P INTIZHTE2DTINS DEIRDINT
EFHEINADEH .

Table 3. Percentages of carbon and nitrogen in food organisms,

’ % of dry weight C:N
Food organisms - ) Remarks
carbon nitrogen ratio
Coscmodzscus sp. ! 15. 85 2.72 5.83 Parsons et al. (1961)
Chaetoceros sp. ! 30.8 5. 60 5.51 ”
Skeletonema costatum | 26.0 5.92 4.40 ”
Nitzschia sp. 36.97 7.99 4.62 Nozawa (1971)
Diatom mixed i 50 6 8.33 Sverdrup et al. (1942)
Dunaliella sp. | 37.87 7.29 5.20 Nozawa (1971)
3.51 Hanaoka (unpublished)

Bacteria I 36.42 10.37

Table 4. Daily zooplankton, S. tenellus, requirements for food organisms,

Ngo=0. 00583ﬂgN/ug/day | Cpro=0. 0254/ng/ﬂg/day

Food organisms EEE—

ug dry//lg’ cells/ug 'cells/cope \ ng dry/ngl cells/ug 1 cells/cope

Coscmodzscus sp. 0.715 380
Chaetoceros sp. 0.345 | 184
Skeletonema costatum 0.330 | 175
Nitzschia sp. 0.240 | 127
Diatom mixed 0.330 ! 175
Dunaliella sp. 0.267 | 141

Bacteria 0. 063 —

50,000 | 0.532 282 37,200
24,200 | 0.274 ‘ 145 19, 200
23,000 0.328 173 | 22,000
16,760 | 0.230 { 122 . 16,000
23,000 | 0.170 9% | 11,820
18,600 |  0.222 117 ’ 15, 600

— | ooms = =
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Food organisms

Coscinodiscus sp.

0. 840 ’ 445
Chaetoceros sp. 0.348 | 184
Skeletonema costatum 0.385 | 204
Nitzschia sp. 0.285 | 152
Diatom mixed 0.380 202
Dunaliella sp. 0.312 165
Bacteria 0.0732 ' —

#® (1), (2), (5) BLK (6) OTHH OO
I O Pefitag 46t (Ngo) EHRMIREL (Cro) EW2H
Sinocalanus & Tigriops HSHlFFEGNT & U TEEHNI
Z O R U 7285 OB A RIT DO TR L
100 GRSEOORS, RS BOMBHONEE 2 30%
(Conover 1962), bacteria OM{LE% 90 @/&{Jifg

to. ki, BEEEOEUTHD H OMITEA OUIC
Fleming ¢ plankton #t% (Sverdrup et al’
1942) % fiotz. B O JRA & 4555 O SEHE

Table 3 /R UTe. AERESLUI RO TR
Wiz,
(ﬁb% plankton (D4 jj}“)
Z‘&Eﬂquﬂ \ U:Ju%’:if’ ‘JU(%\

nﬁifk,f L) x st

#EiHLx Table 4 & 5 RS, F72, Sinocalanus
ICDWWT TR RIEIC IR T A Wi# plankton J4J4
104 cells/ml & UT (fl¥% 1963) ikt ;;Lﬁ;l/h.
Table FHD R A D b OFFIME & KD 5 DI & DHIE

%, AEMD C/N fiie Cuo/Ngo L& DMK S
% DIFEFH L. ERENL & UICIRE, Sinocalanus
12 2 X10%~ 5 X104 cells/animal/day % ABi& L,
ZOi8/Kitl: 2 ~35ml/animal/day &72%. Mar-
shall & Orr (1962) 0> Skeletonema costatum &
Calanus 7 Tz SEREGAE (2. 2X105~108 cells/
animal/day, 20~90 ml/animal/day) & [h~7% &0
JWITH %03, WDKK S 30K plankton B

DN E D SRBEILIT AT S TERNIZLTE
b WA, T OFHLAMEA YR nl R b A3

724 DD X S iIc@bh s,
Fulids (1971) & Daphnia carinata %FE 4 O
WEDD 92 IR T U 23K TV B Okl
25°C), H#HE Daphnia pulex (LIEERER 33
ng/ld, /K 16°C) OAFEPHIR E R.Q. 0.9 &
Bz U T2 BR oo BB L 2 3R T CRIER) BT 2 Fio
B & RIS AUERIT & > C A L 2 S U 72

Table 5. Dally zooplankton T. japonicus, requlrements for food organisms.

NEofO 00686,ugN/ﬂg/day

g dry/ug} cells/ug | cells/cope

CEo——O OZOéugC/ug/day

ng dry/ug cells/ug !cells/cope.

2,110 0.432 j 230 1, 090
877 0.222 | 173 560
970 0.264 ! 140 660
720 0.186 98 470
960 0.187 67 320
790 0.182 | 96 1 460

— 0.063 ‘! — ' _

7272 UHHINAE AL & U AT & sl rids oo 1
KA M U (B4R - 13,2104 #g ats/ng.

dry wt./day, BN ¢ 4.56X10-% ug/ug dry
wt./day), MEREDZRAE KA O THIRISTEM CRTE
#£) 0> bacteria Dffi %241 bﬁ. ZORSIE, HEie
BREMRID S OS2 EN 6.8 2g & 4.5
ug/animal/day & 70 b Z{L150D Rtz D. carinata
O $ELeit (13~44 png) T [E B DA W 1/2~
1/6.5, BADBEDT 1/2.3~1/10 L7575, YLER/KIL
DN/ L8 2 B0 UL S S D IHSATER APt
EUTENBEMMLATERNE S REFLALND
DIEH A BT O FUTONTEEIS B 2l T,

i 2
- WEOY PRI O THY plankton 23
b ’D{x;‘}JfV AT T A 2 HIN & b’CfﬂLﬁ]}éﬁcf’li
FiZ#507 285 plankton DIRM L & HElItZE4
?HJ‘ vic.
. BLkHS T iDL Sinocalanus - Tigriopus
GDIW!& b Rl R S Dl ie

3. Sinocalanus 3% @}Jiﬁ‘(iii%&a)éf% NH,-N
CHEItT 253 Tigriopus X NH-N % &2{k0D 20~
457%?“ UHUROLET oI Z D) 230 29

AR L ORI o AT S
20O C/N T THoT.

5. O/N {5 fipii 0 T T J
b"l)ﬁ?‘@%d#b'ﬂ\t LEBALING.

Sl O Sinocalanus 0> 1 H b @ Pl

# tﬂlﬂ;x,mzzw@;}é, HRIRFIE D 7% & 6.5
%, Tigriopus T 4.7% & 6.4% Tdholz.

7. PEATEERGE & PR b L O° A C-N
T 5 IRT OO B/ W ik % AT L7
FEEE B % 2 X104~ 5 X104
cells/animal/day, Tigriopus ¥ 3 X102~ 7 X102
cells B LT AL LT85,

G e

8. Sinocalanus
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Summary

Rates of respiration and mnitrogen excretion of zooplankton, Sinocalanus tenellus
(Kikuchi) and Tigriopus japonicus Mori, were measured for various starvation periods.
The percentages of carbon, nitrogen and hydrogen present in animals have been also
determined. All these rates decreased with starvation. Almost all excretory nitrogen
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of Sinocalanus were in the form of NH,-N, but Tigriopus excreted 20-459% of total
excretory nitrogen, as the form of non NH,-N. The ratios of non NH, N to the total
nitrogen excreted became higher with starvation. Body nitrogen: body carbon ratios
were nearly constant through the starved conditions (C: N ratio ca. 3.8 for Sinocalanus,
ca. 4.0 for Tigriopus).

It is appeared that these animals have already been in the basic metabolic state at
the 1st day of experiment, judging from the value of atomic ratio of respiratory rate
to excretory rate of nitrogen (O: N ratio for Sinocalanus ca. 11.3, for Tigriopus ca.
7.7). Sinocalanus excreted daily 7% and 6.5 %, Tigriopus 4.7% and 6.4 % of body
nitrogen and body carbon respectively in their basic metabolic state. The daily animal
requirements for food organisms were estimated from the quantities of carbon and
nitrogen excreted and those in the food organisms, resulting that Sinocalanus required
2x 10" - §x 10" diatom cells / animal / day and Tigriopus 3x10* - 7x 102



