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Abstract: Production and metabolism of the euphausiid Euphausia pacifica in Toyama Bay, southern

Japan Sea, were estimated from their population structure data collected at intervals of 2 weeks from
February 1990 through January 1991. The E. pacifica population in Toyama Bay is characterized by a
long non-growing season (August to December) during the year. Production (P) was calculated as the
sum of somatic (Pg), molts (Pe) and egg (Pr) production {P=Pg+Pe+Pr), and M as the sum of routine
metabolism (Mrtn) and metabolism for diel vertical migration (/Wdvm). Integrated over the entire sam

pling period (363 d), Pg, P& and Prwere 8.23, 2.41, and 2.45 mgCnrT3, respectively, and Mnn and /Wdvrt1
were 21.75 and 10.36 mgCrrr3. Similar calculations for the growing season alone (256d) yielded Pg,

Pe, P^ Mnn, and /Wdvm of 8.23, 1.24, 2.45, 11.55, and 5.39 mgCrrr3. Somatic production: biomass ratio
{Pg: B) was 3.78 for 363d, and 5.04 for the growing season. Assuming the assimilation efficiency of

ingested food to be 0.84, ingestion was computed as 53.82 mgC m"3 for 363 d and 34.37 mgC m"3 for
256 d (growing season). For the maintenance of growth, metabolism, and reproduction, the popula
tion needed to ingest 6.8% of biomass daily from near annual data, and 8.2% of biomass daily from
growth season data. The present results are compared with those of previous workers on the same
euphausiid in the eastern North Pacific and other euphausiids in the world oceans.
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ecosystem of the southern Japan Sea. To understand the

Introduction

quantitative role of E. pacifica in the organic matter transfer

The euphausiid Euphausia pacifica Hansen is distribut

from the primary production to animals at higher trophic

ed widely in the northern North Pacific and its marginal

levels, information about the production and cost (metabo

seas, including the Bering Sea, Okhotsk Sea, and Japan

lism) of this animal is a prerequisite.

Sea (Brinton 1962). In Toyama Bay in the southern Japan

According to Iguchi et al. (1993), the life history pattern

Sea, E. pacifica is one of the most dominant zooplankton

of E. pacifica in Toyama Bay is characterized by a long,

species, comprising approximately 30% (annual mean) of

growth-halted season (ca. 5 months, from August through

the total zooplankton biomass in the top 500 m (Hirakavva

December), which is initiated by sinking below the eu-

et al. 1992). E. pacifica is considered to be a primary herbi

photic layer to avoid the high lethal water temperatures

vore (Ohman 1984) and is preyed upon by common squid

(>20°C) during this season. The population returns gradu

Todarodes pacificus,

ally to the euphotic layer toward mid-winter, when food

Pacific

mackerel

Pneumatophorus
and

supply is quite limited. After this long growth stagnation,

Alaska pollack Theragra chalcorgramma (Nishimura 1957;

juveniles grow again from mid-winter and mature in late-

Watanabe et al. 1958; Okiyama 1965; Fukataki 1967), and

winter through spring of the next year when food phyto-

is regarded as an important trophic link in the pelagic

plankton are most abundant. E. pacifica spawn from Febru

japonicus,

pink

salmon

Oncorhynchus gorbuscha,

ary to June, and the offspring develop into juveniles (about
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10-mm body length) by mid-summer. E. pacifica in Toyama
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lyptopis larvae were <1 to 2 mm, furcilia larvae >2 to 6
mm, and juveniles and adults >6 mm. No separation was
made of males and females. Details of these results and en
vironmental data (temperature, salinity, phytoplankton) col
lected concurrently may be found in Iguchi et al. (1993)
and Taniguchi et al. (1997).
Body allometry and carbon content

The relationship between BL (mm) and dry weight (DW,
mg) for E. pacifica has been established as DW=9.954X

10"4 BL3156 (Iguchi & Ikeda 1995). Carbon contents of E.
pacifica are 37.5% of DW for specimens <2 mm, 42.4% of
DW for those 2 to <4 mm, 42.7% of DW for those 4 to <6

mm, 42.4% of DW for 6 to < 12 mm, 43.2% for those 12 to
<16mm, 42.9% of DW for those 16 to <19mm, and

43.1% of DW for those 19 to <23mm (Iguchi & Ikeda

37°N

1998). Carbon contents of eggs and molts of E. pacifica are

47.2 % (or 2.4/igCegg"1) and 23.0% of DW, respectively
(Iguchi & Ikeda 1998).

Diel vertical migration and habitat temperature
£. pacifica initiates diel vertical migration from furcilia 3
137°E
Fig. 1.

20'

A. Location of Toyama Bay in southern Japan Sea. B.

Sampling station (circled star); 200, 500, and 1000 m depth con
tours are superimposed.

stage (4 mm), and the magnitude of the vertical migration is

estimated as 150 m for furcilia larvae, and 200 m (July

through October) to 300 m (the rest of the year) for juve

niles/adults in Toyama Bay (Iguchi et al. 1993; Iguchi
1995). Larvae younger than furcilia 3 stay in the top 100 m
throughout the day. It has been demonstrated experimen

Bay has one generation per year and its maximum life span

is estimated as 21 months. Late larval and postlarval stages
of E. pacifica undergo a diel vertical migration, which
varies in magnitude from 150 to 300 m depending on the
development stage and season (Iguchi et al. 1993; Iguchi
1995).

In this study, we estimate the production (somatic, eggs,
molts), metabolism (routine and diel vertical migration),
and production: biomass ratio (P: B ratio) of the population

of E. pacifica in Toyama Bay. The results are compared
with others for the same species and with other euphausiids
from other regions.

tally that growth and metabolism of the amphipod Themisto
japonica,

A data set consisting of 24 distributions of numerical

abundance and body length of Euphausia pacifica and its
eggs was collected from a series of vertical hauls (500 m to

the surface) at intervals of 2 weeks over one full year (Feb
ruary 1990 through January 1991) at an offshore station

(37°OO'N, 137°14'E) in Toyama Bay (Fig. 1). For these
data, the body length (BL: the maximum distance between

the tip of the rostrum and distal end of the telson excluding
spines) was divided into 1 -mm increments (23 size classes
over the entire range of < 1 to 23 mm BL). The sizes of ca-

extensive

diel

vertical

migrator

in

mean temperature experienced during the day (Ikeda 1992).

On this premise, the daily mean temperature that migrating
E. pacifica encounters every day was

estimated from

day/night vertical distribution patterns of each developmen
tal stage and temperature profiles in June, September, and
December 1986 (Iguchi et al. 1993) and March 1993
(Iguchi 1995) as 11°C for the larvae younger than furcilia 3
and 8.1°C for the larvae older than furcilia 3, juveniles and
adults in Toyama Bay.

Results

Materials and Methods
Population data

another

Toyama Bay, are under the influence of not extreme but

Biomass

The biomass of Euphausia pacifica expressed in carbon

units (5: mgC m~3) increased gradually from the beginning
of the year, forming two peaks in summer (7.85 mgC m~3

in August, and 6.40mgCm"3 in September), then de
creased toward the end of the year (Fig. 2). From integrated
Bs over the entire study period (363 d) and growing season

(256 d), mean Bs were calculated as 2.18 and 1.63 mgC

m~3, respectively (Table 1).
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each size class, and s is 23. To obtain CW, BL data were

r10

■>, 0.2 n

converted to dry weight (DW) using the allometric equa

CO

tion, then to C units by multiplying C content data for each

7

BL class mentioned above. D, was estimated from the nat

ural growth rate of 0.102 mm d"1 for <1 to <10mm size

O

classes (1/0.102=9.80 d throughout the classes), 0.076 mm

0.1 -

d"1 for 10 to 23 mm size classes (1/0.076= 13.16 d through
out the classes), except for the time period August to De

o

cember when the growth of E. pacifica halted (Iguchi et al.
00

O

1993).

P(J thus calculated varied greatly with season from zero

0.0 -f*

(August to December) to 0.173mgCm"3d~' (Fig. 2), with
an integrated Pf/s of 8.23 mgC m~3 over the entire study pe

Month
Fig. 2.

riod (363 d) and growing season (256 d) (Table 1).

Seasonal changes in daily production (mgCm~3d~') of

somatic (PtJ), molt (Pt) and egg {Pr), and biomass (mgC m

, B) of

Molt production

Euphausia pacifica population in Toyama Bay, southern Japan

The production of molts is given by the equation:

Sea.

P,=]TaDW,JV;./IP,,

Somatic production

The somatic production of E. pacifica on a given sam
pling date was computed as the sum of growth increments

where Pe is the molt production (mgC m 3 d '), DW,- is the

of 23 size classes multiplied by the abundance of each size

geometric mean DW of each size-class, Af, is the abundance

class:

of each size class, a is the percent loss in body DW per
molting (4.0%, Iguchi, unpublished data) multiplied by
carbon content of molts (23.0% of DW, Iguchi & Ikeda
1998), and IP, is the intermolt period (d) of juveniles and

1=1

adults

where P(l is the daily somatic production (mgCm Jd

(>6mm)

estimated

from

log,0IPl=0.0321BL+

),

100.0340-0.0435r (Iguchi & Ikeda 1995) and BL vs DW aHom.

CW,., CW,+ | are carbon weights (mgC) at the beginning and

etry mentioned above. IP, for larvae is 5.5 d at 11 °C for < 1

end of the size interval, D, is the developmental time (d)

to <4mm, and 7.4 d at 8°C for 4 to 6 mm specimens,

from CW, to CW,+1, Nt is the abundance (number m~3) of

which were estimated from IP data at 8 and 12°C in Ross

Table 1.

Carbon budget of Euphausia pacifica in Toyama Bay. Calculations were made by integrating over nearly one full year (1 Febru

ary 1990 through 30 January 1991) and growing season only (excluding the period between 20 August and 5 December 1990). Data are ex

pressed in m~3 and m~2; the former was multiplied by 500 for the latter.
Northern

Toyama Bay (This study)

Nearly 1 full year (363 d)
mgCm":lmgCm~2

Mean biomass (B)

2.18

mgCm

1090

(Lasker 1966)

mgCm"

1.63

816

(29.0)

11.93

5964

8.23

4117

(69.0)

(28.5)

(30.0)

( 9.4)

(15.3)

C/oofP) (%of/l)
Production (P=P,l+Pr+Pc)

North

Growing season (256 d)

{%ofP) (% of A) (%of/>) (%of/l)
(33.6)

(41.3)

13.10

6550

Somatic (Pg)

8.23

4117

(62.9)

(18.2)

Molt (Pe)

2.41

1206

(18.4)

( 5.3)

1.24

621

(10.4)

( 4.3)

(45.5)

Egg(^)

2.45

1226

(18.7)

( 5.4)

2.45

1226

(20.6)

( 8.5)

(26.5)

32.11

16055

(71.0)

16.94

8471

(58.7)

(66.4)

Routine (Mnn)

21.75

10875

(48.1)

11.55

5775

(40.0)

(66.4)

Diel vertical migration (A/dvm)

10.36

5180

(22.9)

5.39

2696

(18.7)

( 0.0)

Assimilation (A=P+M)

45.21

22604

28.87

14435

Ingestion (/=/f/0.84)

53.82

26910

34.37

17185

Metabolism (M=Mm+M^m)

P,:B

3 .78

P:B

6 .01

7.31

P:M

0.41

0.70

5.04

( 8.9)
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periment of Torres & Childress (1983). Mdvm is the amount
Mdvm
Mrtn

of oxygen consumed in the diel vertical migration (/?': jj\

O2 indiv."1 km"1), which was calculated from the equation
of net cost of transport as a function of weight (mg DW) of

animals established for pelagic crustaceans ("multiple-pad
dle" propulsive system as compared with "undulatory"

propulsion system offish): /?'=28.74DW°-72 (Torres 1984;
the original equation based on energy units was modified
using the oxycalorific equivalent of 1 cal=208.33/il O2,
and water content of E. pacifica=^0%; cf. Iguchi & Ikeda

1998). /?' is independent of temperature in theory (cf. Mor
F

M

A

M

J

JASONDJ

1990

1991

Month
Fig. 3.

ris et al. 1990), and is 0.3/?' for E. pacifica furcilia larvae
migrating 150 m daily (i.e. 0.3 km for round trip), and 0.4/?'

and 0.6/?' for juveniles/adults migrating 200 m daily (July

Seasonal changes in carbon loss (mgCm 3d ') due to

through October) and 300 m daily (the other months) in

routine metabolism (Mttn) and diel vertical migration metabolism

Toyama Bay (Iguchi et al. 1993; Iguchi 1995). The reduced

(A/dvm) of Euphausia pacifica population in Toyama Bay, southern

diel vertical migration range of E. pacifica during the sum

Japan Sea.

mer months is due to the high lethal temperature in the top

(1981).

Pe fluctuated seasonally, and higher values were seen in

A/rtB=(1.03 or 1.27)X24XlO"3/fi;=10f85;V,., and Mdvm=
(0.3, 0.4, or 0.6)X 10"3X28.74/1 S{=, 0f72W,, where DW, is

the summer season (Fig. 2). The minimum was found in

the geometric mean DW of each size class, and A (0.97 X

100 m during this season (Iguchi et al.

February (0.0003 mgCm~3d~') and maximum in August
(0.024mgCm~3d"'), with integrated Pes over the entire
study period (363 d) and growing season (256 d) of 2.41

1993). Thus,

12/22.4) is the conversion factor for oxygen to carbon as
suming protein metabolism (RQ=0.97, Gnaiger 1983).

Both Mnn and Mdvm thus calculated were the highest in

and 1.24mgCm~3, respectively (Table 1).

the summer season; the seasonal range was from 0.003 to

Egg production

0.214mgCnr3d"' for the former and from 0.002 to 0.092
mgCm~3d~' for the latter (Fig. 3). Integrated values over

The production of eggs was computed by the equation:
P=ECWJDe,

where Pr is the egg production (mgCm~3d~'), E is the
abundance of eggs (number m~3), De is the hatching time

the entire study period (363 d) and growing season (256 d)

were 21.75 and 11.55mgCm~3, respectively for A/rln, and
10.36 and 5.39mgCm"3, respectively, for A/dvm (Table 1).
Assimilation and ingestion

(2d at 10°C, Iguchi & Ikeda 1994), and CVV, is the carbon

The carbon assimilated by E. pacifica {A: mgCm~3d"')

weight of an egg (2.4/igC, Iguchi & Ikeda 1998; Lasker

is defined as A=P+M=P!l+Pe+Pr+Mtln+Mdym, assuming

1966).

no leakage of soluble organic matter from the body. The

Egg production of E. pacifica was limited largely to the

amount of ingested carbon (I: mgCm~3d~') was computed

period from February to May in Toyama Bay (Iguchi et al.

by adopting an assimilation efficiency value of 84% deter

1993), and Pr ranged from 0.004 to 0.057 mgC m"3 d"1. In

mined on E. pacifica by Lasker (1966), i.e. 7=^/0.84.

tegrated P,s over the entire study period (363 d) and grow

A ranged from 0.008 to 0.459 mgCm"3d"', and / from
0.010 to 0.547mgCm"3d"'. Integrated values over the en

ing season (256d) were the same value of 2.45 mgCm"3
(Fig. 2 and Table 1).

tire study period (363 d) and growing season (256 d) were

Metabolism

45.21 and 28.87mgCnT3, respectively, for A, and 53.82
and 34.37 mgC m~3, respectively, for / (Table 1).

The metabolism M (mgCm~3d"') was partitioned into
two components; routine metabolism (Mnn) and diel verti

Size structure in production and metabolism

cal migration metabolism (A/dvm). Mrtn was represented by

Based on the above results for production and metabo

the mean routine oxygen consumption rates (/?: /ll O2

lism of the population of E. pacifica during growing sea

indiv."1 d~') of E. pacifica placed in a pressurized (40atm)

son, the relative importance of each size class was analyzed

and unpressurized (1 atm) annular respirometer by Torres &

(Table 2). Clearly, the larvae were of minor importance

Childress (1983), combined with the body exponent (0.85)

based on the results for each of Pg, Pe, Mna and Mdvm (19.9,

of oxygen consumption rates obtained for an allied species

6.8, 11.3, and 4.4%, respectively, of each total). The most

E. superba by Ikeda (1984), i.e. /?=1.03DW085 at 8°C and
/?=1.29DW°85 at 11°C; the latter was computed from the

important size classes are 8 to 12 mm, contributing 50.2,

former using the mean (?,0=2.1 obtained in the same ex

respectively, during this period. The relative biomass (B) of

57.9, 51.0, and 55.8% of the total of Pp Pe, Mnn, and A/dvm,
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Table 2.

Relative contribution (%) of each size class of Eu-

phausia pacifica to mean biomass (B), somatic production (/*,,),
molt production (Pe), routine metabolism (A/rm), and diel vertical

migration metabolism (A/dvm) achieved during their growing sea
son in Toyama Bay. Developmental stages should be considered as
a rough guide.

Development
stage

regionally, the daily somatic production (Pg) and daily so
matic production:biomass (P(,'-B) ratio during its growing
season are considered for meaningful comparison. The

daily Pg of the Saanich Inlet population has been calculated

as 3.81 mg wet weight (WW) m~3 and the daily Pg: B ratio
is 0.024 (Heath 1977); the respective figures for the off

Oregon population are 0.31 mg DW m~3 and 0.024 (Mauch

Size
class

%B

line 1977). To compare with production of E. pacifica in

%P(I

Toyama Bay expressed in carbon units, the production ex

(mm)

pressed by WW or DW was converted to carbon using the
Larvae

Juveniles

Juveniles/
subadults

Adults

0-1

0.13

0.9

0.2

0.6

0.0

rounded conversion factors for this species (DW=0.2WW,

1-2

0.28

1.9

0.4

1.0

0.0

C=0.43DW, cf. Iguchi & Ikeda 1998). The resulting daily

2-3

0.99

5.1

1.3

2.5

0.0

3-4

1.24

4.4

1.7

2.6

0.0

4-5

1.45

3.9

1.4

2.2

2.2

PtJ is 0.33 mgCm"3 for the Saanich Inlet population, and
0.14mgC nrT3 for the population off Oregon. Daily Pg com

5-6

1.73

3.8

1.7

2.4

2.2

6-7

2.22

4.1

3.4

2.8

4.8

7-8

3.17

5.0

4.5

3.8

5.3

8-9

8.08

11.3

10.7

9.0

11.4

9-10

11.68

14.6

14.3

12.4

13.0

10-11

18.59

15.7

21.2

18.8

20.2

Bay population is remarkably similar to the 0.024 of the

eastern North Pacific populations. Similar daily Pg: B ratios

puted for the Toyama Bay population during the growing

season is 0.032 (=8.23/256)mgCm"3, which is only 1023% of the daily Pfls of the eastern North Pacific popula
tions. However, the daily Pg: B ratio, which is not affected
by the choice of units, of 0.020 (=5.04/256) for the Toyama

11-12

11.14

8.6

11.8

10.8

11.2

12-13

7.27

5.1

7.0

6.6

6.5

found in the Toyama Bay, Saanich Inlet, and off Oregon

13-14

1.96

1.3

1.8

1.7

1.8

populations may be reasonable since daily growth rates of

14-15

2.06

1.3

1.7

1.8

2.0

15-16

1.26

0.7

juveniles, which occupy the greatest portion of the popula

1.0

1.0

I.I

16-17

1.50

0.8

1.1

1.2

1.1

17-18

3.19

1.6

2.1

2.5

2.0

18-19

7.80

3.7

4.9

6.0

5.5

19-20

5.22

2.4

3.0

3.9

3.6

20-21

7.61

3.3

4.1

5.5

5.0

21-22

0.91

0.4

0.5

0.6

0.7

22-23

0.50

0.2

0.2

0.3

0.4

Total

100

100

100

100

100

tions, from these three regions are identical (about 0.1 mm

d~'). From these similar Pg:B ratios, it is clear that the
lower daily P(l of the Toyama Bay population is due to its
low biomass. Indeed, the mean biomass of the Toyama Bay

population during the growing season is 1.63mgCm"3,
which is only 11% of the Saanich Inlet population (15.2

mgCm"3, converted from WW using conversion factors
mentioned above) and 29% of the off Oregon population

(5.6mgCnT3).
Despite similar daily Pg'.B ratios, the annual Pa'-B ratio

larvae (5.8% of the total) and specimens of 8 to 12 mm

of E. pacifica is variable among the regional populations;

(49.5% of the total) correspond roughly to these results.

i.e. 3.8 (3.8X[365/363]) for the Toyama Bay population

The relative importance of other size classes of 6 to 8 mm

(Table 1), 2.6 for the Saanich Inlet population (8.8 given by

and >12mm is somewhere between those of the <6mm

Heath [1977] is in error since his calculation is from the

(larvae) and 8-12 mm (adults) size classes.

daily P:B ratio during the growing season multiplied by
365 d, disregarding non-growing seasons of the year), and

Discussion
The growth patterns and production of Euphausia paci

fica were investigated for the local populations in Saanich

8.7 for the off Oregon population (Mauchline 1977). The

lower annual Pg: B ratios of the Toyama Bay and Saanich
Inlet populations are due to the growth stagnation periods

during their one-year cycle. Such regional variations in an

Inlet, Canada (Heath 1977) and off Oregon (Mauchline

nual Pq: B ratios within the same species have been re

1977). For the Saanich Inlet population the life span of E.

ported for other euphausiids, i.e. for Nyctiphanes simplex

pacifica is 19-22 months with stagnation in growth ob

living in western (annual Pg:B=\2J, Lavaniegos 1995)

served during the early seasons of the year (January to

and southwestern Baja California (7.0, Gomez-Gutierrez et

April), whereas the off Oregon population grows continu

al. 1996), Thysanoessa inermis in the Gulf of St. Lawrence,

ously during its life span of one year. Compared with

Canada (ca. 4, Berks 1977) and the east coast of USA and

growth patterns of E. pacifica living in these eastern North

the North Sea (1.3 to 10.4, Lindley 1980), and Meganyc-

Pacific regions, those in Toyama Bay are similar to the
Saanich Inlet population in terms of the length of life span

tiphanes norvegica in the Rockall Trough (4.5, Mauchline

and the long no-growth period (but its season for the latter

1977).

is August-December).

Because the seasonal growth patterns of E. pacifica vary

1985) and Lock Fyne, Scotland (1.6 to 2.3, Mauchline
Production of euphausiids has been estimated as the sum
of somatic (Pg), molts (PJ and eggs (Pr) by several work-
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ers. The relative contribution of production of Pg, Pe, and Pr

(1966) derived Pe assuming the proportion of body DW lost

to the total production (P=P+Pe+Pr) is 69.0:10.4:20.6

per molting to be 10%, compared to 4% in this study. Dal-

for E. pacifica in Toyama Bay (growing season data, cf.

padado & Ikeda (1989) noted a similar discrepancy in the

Table 1) and 30.0:45.5:26.5 in the northern North Pacific

loss of body DW in each molting of Thysanoessa inermis

(Lasker 1966), 49.6:46.5 :3.9 for E. lucens in the Benguela

(2.1% vs. 5.7% reported by Sameoto 1976), and suggested

Current (Stuart & Pillar 1988), 74.7:23.4:1.9 for N. simplex

that residual salts in the molts due to incomplete rinsing in

in western Baja California (Lavaniegos 1995), and 62.9:

distilled water may be a possible cause for overestimation

33.7:3.4 for N. australis in southeastern Tasmanian water

of molt weight.

(Hosie & Ritz 1983). Excepting Lasker (1966), who ex
pressed the data in carbon units, all previous measurements

Based on the carbon budget, Lasker (1966) estimated the

daily cost of growth, molts, and metabolism for E. pacifica

were made on a DW basis. Since the carbon content of

in the northern North Pacific Ocean to be 5% of their bio-

body, molts, and eggs varies to a great extent, a direct com

mass in terms of carbon. Because of his underestimation of

parison of these DW based results with those of E. pacifica

Pg and possible overestimation of Pe, Lasker's (1966) esti

expressed in carbon units is not possible. To overcome this

mate for the daily maintenance cost of the species may not

problem, the previous measurements were standardized to

be valid. The present results indicate that the daily mainte

carbon units by assuming the same carbon content as E.

nance cost including growth, molts, metabolism and repro

pacifica in this study, i.e. 43% of DW for the body (a mean

duction of the E. pacifica population in Toyama Bay (near

of six size classes), 23% of DW for molts, and 47% of DW

annual mean biomass: 2.18mgCm~3) required 53.82

for eggs. Thus, standardized Pg: Pe: Pr ratios for carbon are

mgCm"3, which equates to 6.8% ([53.82Xl00]/[2.18x

63.0:31.6: 5.4 for E. lucens, 83.7:14.0:2.3 for N. simplex,

363]) of the biomass. The daily maintenance cost increases

and 74.3 :21.3 :4.4 for N. australis. For E. pacifica, the pre

to 8.2% ([34.37X100]/[l.63X256]) when the calculation

sent results from growing season data and those of Lasker

was made only for growing season data. It may be argued

(1966) are in fair agreement in the proportion of P,. (20.6%

that inclusion of larvae in this study is an additional cause

vs 26.5%), but are dissimilar in Pt) (69.0% vs 30.0%) and Pe

for higher daily maintenance costs of E. pacifica, since the

(10.4% vs 45.5%). It is considered that Lasker's P,t is un

larvae were not considered by Lasker (1966). However,

derestimated, while Pr is overestimated (see discussion

contributions of the larvae to the total PtJ> Pe, Mrln, and A/dvm

below). Despite this large difference between these two

achieved by the population during the growing season were

studies in Pr for E. pacifica, it is obvious that these P$

only 4.4 to 19.9% (Table 2), and thereby cannot be a signif

(20.6% or 26.5%) off", pacifica are much higher than those

icant additional cause for the higher daily maintenance cost

of the other three euphausiids (2.3 to 5.4%). While Pr was

derived in the present study.

estimated from the abundance of eggs in the field and egg

hatching time in this study, it was from the lifetime fecun
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