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Zooplankton Production in the Toyama Bay in March-May, 1978

Y ASUHIRO MORIOKAD

Abstract

The production of six crustacean species of zooplankton in the coastal areas of Toyama Bay is
calculated by two methods, age-class analysis and Ikeda’s physiological method, based upon the
plankton samples obtained in spring season of 1978. Mean daily production-biomass ratios for six
species calculated differed between the two methods, but the approximate mean value is estimated

at 0.05, and the daily production at 0.5 mg in dry weight or 2.5 mg in wet weight per 1 m® of water.

The methods of the estimation of the biological production of zooplankton com-
munities have achieved certain levels with theoretical backgrounds, but many prob-
lems must be resolved in the practical techniques (OMor1 and IKEDA 1976) particularly
in marine environment. To estimate the carrying capacity of salmon fry for artificial
mass release, the productivity of zooplankton as prey for the fry must be measured
in the area concerned. The present trials are to estimate it by two indirect methods
based upon the zooplankton samples obtained in the coastal waters of Toyama Bay
during the spring season of 1978.

I. Material and Method

Five series of 10-15 days interval zooplankton samplings were made with Norpac
net (0.33mm x 0.36 mm mesh openings) by vertical haul from a depth of 10 meters
or less to the surface on board a small fishing boat at 12 stations in the coastal area
of eastern Toyama Bay on the Japan Sea (Fig. 1), March 17-May 9, 1978. Zoo-
plankters were counted by species and developmental stages, and the mean distribu-
tion density of each form in each series was computed (Table 1).

The weight of each form was not measured and was referred from the data of
the Barents, Okhotsk and Bering Seas zooplankton by Bocorov (1957, Table 2). To
convert the dry weight from wet weight of zooplankton it was assumed that the dry/
wet weight ratio is 0.2*%. Two methods, namely, age-class analysis and physiological
method have been adopted for the present estimation of the zooplankton production.
1. Age-Class Analysis

When we postulate a cohort which consisits of N, individuals with a mean body

D Japan Sea Regional Fisheries Research Laboratory, Suido-cho, Niigata 951, Japan
(F951 Frisyfi/lGlmT 1 7 H5939—22  H A K/KREREZEIN)

* OMorI (1969) computed the mean water content of zooplankton of 81.1% from the results of mea-
surement for 32 species.
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Fig.1. Location of zooplankton sampling stations in the Toyama
Bay, March-May, 1978.

Table 1. Mean distribution density of zooplankton in each species and developmental
stage (organisms/m?) and assumed developmental process of the species in
the Toyama Bay, March-May, 1978.

Cruise No. 1 I 111 v A%
Date Mar 17 Mar 28 Apr 11 Apr 25 May 9
No. of staions 6 11 12 12 12
Calanus pacificus VI 0.1 0.1 0.1— 0.7 2.4
A% 0.1 0.1 0.4 25.8 12.2
v 0.1 0.1 1.3 39.9 49. 2
III 0.8 18.9 22.7
1I 0.2 0.1 2.8 8.6
I 1.0
Calanus plumchrus A% 8.3 0.1
v 0.5 25— 84—
/ /
it 01— 6.0 8.3 14.4
I 08— 237 3 5? 2.9
I 11.7 0.7 0.1




Table 1. Continued.

Paracatanus parvus VI 46.0 34. 2 15.8 28.6 28.8
v 1.2 —-34.1- o 88— s 14— 8.9
Pseudocalanus minutus VI 29.7 9.4 111.0 1.5
A% 9.4-- -7.0-— -—19.1
Metridia lucens VI 0.1 )
\Y 0.2- 0.77
v 1.8  — 02— 6.3
111 1.3 0.4 13.77 .
1I 0.1
Euphausia pacifica Furcilia 0.4 — 15.7— ——u 6.5
Caliptopis 0.1 25. 2 351.1 25.7
Ova 01— 21.3 0.2
Table 2. Mean weight of zooplankton from the Barents, Okhotsk and Bering Seas
(mg of raw weight, Bocorov 1957),
Copepodite stages
VI A% v 111 11 1
Calanus pacificus 1.72 1.19 0.44 0.13 0. 06 0.03
Calanus plumchrus 3.10 3.05 0.67 0. 28 0. 06 0.02
Paracalanus parvus 0.03 0. 025 0. 015 0.012 0. 009
Pseudocalanus minutus 0.08 0.07
Metridia lucens 0.32 0.16 0.10 0. 05 0. 02 0.01
Furcilia Calyptopis Ova
Euphausia pacifica - R S S -
0.15 0. 06 0. 02

weight W, at time ¢, and of N, individuals with a mean weight W, at time #,, the
production (P, gross production) and the biomass consumed or mortality (M) during
the period #, to ¢, are presented (Boucis 1976) by:

=g NoF M) (Wi = W) v 1)
:_;_ (No- ND) (Wob- W) oo @)

In these, the number of indivduals ordinally decreases and the weight of a plankter
increases with time. At the same time, we also observe the population which in-
creases in number during the period #, and #;. These may be the new broods and/or
the population transported from other water masses. The amount of it, recruitment
(R), is fomulated as follows:

R =g (M= No) (Wt W) oo (3)

Similarly, the mortality (M) in formula (2) includes the numbers which scattered
and disppeared from the population. The feature of the growth was supposed on
the basis of the developmental stage composition tracing the maximum age-class in
number throughout the investigation period (Table 1).



2. Physiological Method

IkEDA (1974) demonstrated that the rate of respiration of zooplankton is well cor-
related to body weight and habitat temperature by the measurements for 112 species
obtained from the boreal, temperate and tropical regions of western Pacific; for the
W mg dry weight animal which inhabits at temperture of T °C, the respiration rate
R (¢l Oy/animal/hr) is given as follows;

R=a WP (4)
where a=1(0-02438T-0-1838 gnd b=—0.01089T+0.8918. Assuming that the respiration
quotient of zooplankton is 0.8 (Tanicucur 1975), formula (4) gives daily respiration
rate R (mg C/animal/day):

_ 12 1 . T
R—O.SXWxWxMa w
=0.01029a * TVD  oiriiiii e (5)

According to IkEpa and Motopa (1975), when diggestive efficiency is 0.7 and the
gross growth efficiency is 0.3, net production of zooplankton is given as;

P=0.75R oo (6)
Assuming again the carbon/dry weight ratio of zooplankton is 0.4%¥, daily produc-
tion of a zooplanker on the basis of dry weight is derived from formulae (5) and (6);

P=0.01929 @« WP oiiiiiiiieiieie e @
For the practical manual use of formula (7), it is convenient to introduce the ratio of
production to the biomass, P/B ratio, of zooplankton dividing P in formula (7) by the
weight of the zooplankter, W, as follows;

30°%C
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0.5 !
° [ 20°
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Fig. 2. Daily production-biomass ratio against body size at different temperatures which
zooplankton inhabit (introduced from Ikepa 1974).

*k In the carbon-dry weight diagram of Ikepa (1974) the carbon content seems to be concentrated
at ca. 40-45% of dry weight. Omor1 (1969) showed the mean value obtained for 33 species is
42.0%.
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Formula (8) gives Fig. 2 which shows the daily P/B ratio against animal size in dry
weight at each habitat temperature.

The surface temperature was measured at all stations throughout the survey
period, and the mean values at the depth of 5m in each series were obtained. It was
8.8°C on March 17 and 13.9°C on May 9 with a gradual increase. The distribution
density of zooplankton and the temperature used for the calculation in formula (7) or
(8) are those of mean values between the two cruises #, and #;.

II. Results and Discussion

Table 3 gives the results of the present calculation of production, recruitment
and mortality of six species of zooplankton by age-class analysis. Calanus pacificus
and Paracalanus parvus achieved entirely no production and Euphausia pacifica only
a little. This was due to the fact that the relative composition of age in each species
was constant as a rule during the survey period. In spite of this, the recruitment in

Table 3. Production, recruitment and mortality (mg dry weight/m?) for Toyama Bay
zooplankton through five cruises in March-May, 1978 (age-class analysis).

Cruise No. Daily  Daily
P/B (P+R)/B

-1 I-1r I-1v 1imv-v.  I-v

Calanus pacificus Production 0 0 0 0 0 0

0.840 2.716 18.990 1.616 24.161 0. 067
0.479 1.351 0.883 22.304 25.017

Recruitment 0 0.198 10.151 1.578 11.927 0. 063
Mortality 0.002 0 0 4.552 4.554

Calanus plumchrus P 0 1.215 0 5.033 6.248 0.050
R 0.719 0.003 4.024 0 4.746 0.088
M 0 1.108 0 13.291 14.399

Paracalanus parvus P 0 0 0 0 0 0
R 0.115 0.044 0.077 0.039 0.274 0.023
M 0.071 0.237 0.037 0 0. 345

Pseudocalanus minutus P 0 0 0 2.112 2.112 0.036
R 0 1.795 0.360 0 2.155 0.072
M 0.358 0 0.245 0.022 0.626

Metridia lucens P 0 0 0.391 0 0.391 0.010
R 0.006 0.278 0.007 0 0.291 0.018
M 0.047 0.006 0.516 0.257 0.827

Euphausia pacifica P 0.002 0 0 0 0.002 0.000
R 0 0.398 4.370 0 4.768 0.072
M 0 0 0.084 4.182 4.266

Total P 0.002 1.215 0.391 7.145 8.753 0.018
R
M



C. pacificus and mortality in C. plumchrus is high. In the sum total of the six species
the production (gross production) is lower than the mortality that is nearly equal to
the recruitment. The P/B ratio is high in C. plumchrus and Pseudocalanus minutus
while in the others it is rather low, showing the mean of 0.018 for total animals.
This is located in the lower realm of the previous values listed by Boucis (1976,
Table 4). The mortality (M) consists of natural death and predation by higher

Table 4. Previous values of production (P) and daily P/B ratio of zooplankton (compiled
by Boucis 1976).

Reference?®

" PmgC/ Daily

Organism or group Geographical area  Period m?/day  P/B
Zooplankton Georges Bank year 200 0.03 RiLEY 1947
Zooplankton English Channel year 75 0.10 Harvey 1950
Zooplankton Long Island Sound year 166 0.17 CoNoVER 1956
Zooplankton North Sea (North) Apr-Sept 180 0. 048 STEELE 1958
Euphausia pacifica Pacific (NE) year 0.9 0.008 Lasker 1966
Herbivorous copepods North Sea Jan-June 4.9 0.08 CusHING 1969
Copepods (mainly

Calanus) North Sea Mar-June 46 0.10 CusHING and VuceTIc 1963
Copepods (mainly

Calanus) North Sea Mar-June 15 0.033 MuLLIN 1969
Calanus finmarchicus Barents Sea (East) year 7.8 0.002 KamsHIiLov 1958
Calanus helgolandicus Black Sea June 28 0.15 PeTIPA 1967
Calanus plumchrus Strait of Georgia Mar-May 51 — PARsoONSs et al. 1969
Acartia clausi Black Sea (Bay) June 15 0.17 PeTIrPA 1967
Acartia clausi Black Sea June 6.6 0.23 PeTIPA 1967
Acartia clausi Black Sea year 0.38 0.035 Greze and BaLpina 1964
Acartia clausi Mediterranean (NW) — 0.33 0.05 Gaupy 1970
Acartia tonsa Chesapeake Bay summer 77 0.50 HeiNLE 1966
Centropages kroyeri Black Sea summer 0.19 0.077 Greze and BaLpina 1964
Centropages typicus Mediterranean (NW) — 0.9 0.05 Gaupy 1970
Centropages typicus Mediterranean (NW) year 7.75 0.06 RazouLs 1972
Temora stylifera Mediterranean (NW) June-Nov 2.04 0.05 Razours 1972

2y notﬁ éiivenr i:lrthggferrgnwce 11; of Elg prresem; I;aber:
animals and emigration to other areas in the present definition. Therefore, certain
amounts of the mortality may contribute to the prey for the young fish in the presnet
area. The recruitment (R) may also be an important part of the potential food for
the predators. When the amount of recruitment (R) is added to the production (P),
the mean P/B ratio counts for 0.067.

The results of calculation by the formula introduced from IKepa (1974) are shown
in Table 5. The productivity per unit weight of a zooplankter is higher in the
smaller animals which appear in the warmer period, and vice versa. P/B ratio ranged
from 0.032 to 0.073 with a mean of 0.049 for the six species. These values lie at al-
most median in the range of many previous values. Whether the values obtained
in the present trial are appropriate or not, it may be difficult to give a definite con-
clusion in the present stage of this field.
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As the mean biomass of the six crustacean species during 50 days was 9.8 mg in
dry weight or 49.1 mg in wet weight per 1m3, if the daily P/B ratio is 0.05, an approx-
imate mean value obtained by two present methods, daily production of zooplankton
is estimated at ca. 0.5 mg in dry weight or 2.5 mg in wet weight per 1 m3.  The six
species of crustaceans under consideration occupy ca. 60-90% in weight in total net
plankton collected.

Acknowledgements. I am grateful to my colleagues at our Laboratory for their
presentation of plankton samples and oceanographic data.

References

Bogorov, B. G. (1957). Unification of plankton research. Ann. Biol., 38: 299-315.

Boucts, P. (1976). Mavrine Plankton Ecology. North-Holland Publ. Co., Amsterdam-Oxford, 355pp.

Ikepa, T. (1974). Nutrition ecology of marine zooplankton. Mem. Fac. Fish., Hokkaido Univ.,
22: 1-97.

—— —— and S. Mortopa (1975). An approach to the estimation of zooplankton production in
the Kuroshio and adjacent regions. Pacific Sci. Assoc., Spec. Symp. Mar. Sci., December
197 3, Hong Kong, Symposium Papers Sess. 2, Fish. Oceanog., pp. 24-28.

OMor1, M. (1969). Weight and chemical composition of some important oceanic zooplankton in
the North Pacific Ocean. Mar. Biol., 3: 4-10.
————— and T. Ikepa (1976). Methods of Zooplankton Ecology. Kyoritsu-Shuppan Co.,
Tokyo, 229 pp. (in Japanese)

TanicucHi, A. (1975). Dobutsu-purankuton no seisan seitai (Production ecology of zooplankton).
pp. 117-235. In Kaiyo Purankuton (Marine Plankton), ed. MoToDA, S., Tokai Univ. Press,
Tokyo, 240 pp. (in Japanese)

19784 B URSRIOBN 7 5~ 7 |+ LpE

B A

“ [=)

= 1

1978 473 Arphyin & 5 /] B D50 HRENCEILEOW R T s M 75 v 7 b vESERTIc, BT 7
VI N VEFERDO R D 250D B X o Tiksde. V5 v 7 b BRI E LA 0 o i o
L2Hp T/ oty 7%y b D 10M LR E TOMITR T HbRA. EEBENHS M X0 A7 1
T, 6 MICOWTREER & L lAREE L THK 1 nf Bich DNMEE LAz KES m Ol
3, XL 8.8C THLTHDESHL, #0iix13.9C Lo 1.

Ikepa (1974) @, By 75 v 7 b vOEKBELEFD 75 v b v psERT 5 BEKED S AR YR
FTAHEIC LD EaREEO 1 An v DV P/Bit EWmici4 24 EREDH) 110.049 Lig b,
WEOEDODHE, b bR T 0.018 et LavL, BEOHETIAREBRNCEA
LICHEB XOBH Lcif2ilEc AR Cu i bW O ThER L h B Lcs L. P/B How
0.05 L4257, FHAEMBIEERET 9.8mg/nf, WEETIL49.0mg/nd TH- i b, RAMHIC
K51 BHich DEPERIIFZERTO.5mg/nf £ L CIBIERETIL 2. 5mg/nf &ich.



