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ABSTRACT

The need for developing a bioenergetics nodel for walleye
pollock in the eastern Bering Sea has been previously established.
The Fi sh Bi oenergetics Mdel 2'of Hewett and Johnson was adapted
to wal l eye pollock. Appropriate subnodels for consunption,
respiration, egestion, and excretion were selected and
paraneterized. Seasonal aspects of growth, reproduction, caloric
density, and diet conposition of walleye pollock are described, as
wel | as the seasonal water tenperature and the caloric density of
wal | eye pollock prey. The synthesis of published and unpublished
data required for paraneter estimtes and seasonal descriptions is
docunented and di scussed for each aspect of the bioenergetics

nodel .
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| NTRCDUCTI ON

Wl | eye pol |l ock (Theragra chal cogramma) support the world's

| argest single-species fishery and conprise 67% of the total
groundfish biomass in the eastern Bering Sea (Wspestad 1993).
Canni bal i sm by adult walleye pollock has been identified as the
maj or source of predation nortality for juvenile walleye pollock
in the eastern Bering Sea (Livingston et al. 1986, Livingston
1991, Livingston et al. 1993).

Estimates of predation nortality exerted by adult walleye
pol | ock on economcally inportant species in the eastern Bering
Sea are based on estimates of daily ration (Dwer et al. 1987,

Li vingston 1991, Livingston et al., 1993). (Gastric evacuation
nodel s and observed stomach ful |l ness have been used to estinate
seasonal daily ration by size (Dwer et al. 1987), but these are
bi ased | ow (Livingston et al. 1986, Dwer et al. 1987).

Li vingston (1991) estimates nore realistic daily rations by size
based on observed annual weight gain and a generalized food
conversion efficiency for fish. However, these estimtes do not
I ncorporate seasonal differences, and they could be inproved by
appl ying a bioenergetics nodel that accounts for seasona
variation in water tenperature and prey energy content
(Livingston 1991).

Devel opi ng a bioenergetics nodel for walleye pollock in the
eastern Bering Sea required a synthesis of information on
physi ol ogi cal processes and how they are affected by age and the
environment. The focus of our paper was to docunent and justify

the subnodels, paraneters,, and seasonal aspects of this
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bi oenergetics nodel. To facilitate future inprovements to this
model, we describe in detail the nethods used to calculate the
paraneters and to approxi mate the seasonal patterns that
i nfluence walleye pollock consunption in the eastern Bering Sea.
W al so discuss sone of the potential biases that may be

I ntroduced by our nethods and assunptions.
THE BI CENERGETI CS MODEL

Bi oenergetics nodels can be used to predict growh froma
specified feeding regime, or 'to predict consunption from
specified growh patterns. The Hewett and Johnson (1992) "Fish
Bi oenergetics Mdel 2" (an inproved and updated version of their
earlier generalized bioenergetics nodel of individual fish
growt h) was paraneterized for walleye pollock in the eastern
Bering Sea to predict daily consunption for walleye poll ock.

Bi oenergetics nodels are based on a bal anced energy equation
whi ch states that energy in the consuned food nust be used for
respiration, reproduction, or growh; or be egested or excreted.
The basic unit of this nodel's daily accounting of energy input
and output is the calorie, which is translated to and from
wei ght - dependent processes using the caloric density (calories
per gram wet-weight, or cal * 9 of the predator and the prey.

Applying the Hewett and Johnson (19.92) bioenergetics nodel
to wal |l eye pollock requires choosing subnodel s and estimating
paraneters for consunption, respiration, egestion and excretion

| ncorporating seasonal variation in our nodel is made posible by
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i ncl udi ng seasonal patterns in reproduction, growth, diet
conposition, predator and prey caloric densities, and water

t enper at ure.

Bi oenergetic Subnobdel s and Paraneters

Justification for subnodel selection and derivation of
paraneters for the consunption, respiration, egestion, and
excretion subnodels are explained in this section. These weight-
and tenperat ure-dependent processes are generally assuned to be
physi ol ogi cal constants for a species over tinme and anong
popul ations (Hewett and Johnson 1992). Sone of the follow ng
descriptions of subnodels and paraneters used in the
bi oenergetics nodel are paraphrased from Hewett and Johnson
(1992). Their manual is very conplete, but in the course of
paraneterizing their generalized nodel for walleye pollock, we
felt that a few parameters needed clarification. In addition, we
noted a few inconsistencies and errors in the walleye pollock
literature

Consunption

Consunption (C), in "grams-prey- * 'grams-predator' * day*“,

I's described by the general equation
C=Cpax * P * f(T),

where C., iS the maximum specific feeding rate (ing * g'* d?),
f(T) is the water tenperature (°C) dependence function of the

specific feeding rate, and P is the proportion of the maxi num
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specific feeding rate that is achieved by the prédator. In the

nodel, G IS an allonetric function of-the formn
Crax = CA * WP,

where CA is the intercept (for a 1g fish at 0°C), CBis the
wei ght dependence coefficient, and Wis the predator weight in
gr ams

There is a choice of three equations for the form of
tenperature dependence in the consunption subnodel. W chose

consunption nodel Equation 1,
£(T) = e®@*T,

where CQ is the water tenperature dependence coefficient. This
Is a sinple exponential function and is only appropriate when the
water tenperatures are below "optinunf (the tenperature at which
consunption is highest) or stressful levels. For walleye
pol l ock, the optinmum tenperature for consunption is notknown,
but is probably greater than 7.8°C because mnmaxi mum consunption
increases from3° to 7.8°C for 30 to 60 g walleye pollock (Snith
et al. 1986). The average seasonal tenperature reginme for
wal | eye pollock in the Bering Sea does not exceed 5°C (Chen 1983,
Dwyer, et al. 1987), which appears to be well below the optimm
tenperature for consunption. Consunption nmodel Equation 2 is
recommended for warmwater species, and consunption node

Equation 3 requires nore information than is currently available
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on the changes in nmaxi mum consunption at higher tenperatures, so
these two equations were not selected.

The paranmeter estimates required for the subnodel of
consunption are CA, CB, and CQ Curves of the formrequired by
the model were fit to raw data from Smth et al., (1986,. 1988)
relating Cg to weight (W and Gg to tenperature (T). Smith et
al. (1986, 1988) fit a different form of weight dependent curve'

C. = 2.58 % 005 «W 2 _ o 88,

max

(using consunption as percentage of body weight) for 16 to 440 g
wal | eye pollock at 5.0° and 5.5°C. To satisfy the paraneter

requi renents of this bioenergetics nodel, we fit the curve

max

Cox = 0.02075 = WO622, 2 - (.82 - *  (Eg. A)

to the sane data. The fit of this curve was only slightly poorer

than the fit obtained using Smth et al.'s (1986, 1988) form
Smith et al. (1986) show a linear relationship between Gy

(percent body weight) and tenperature for 30 to 60 g walleye

pol | ock,

= -2.04 + 0.929 * T, r* = 0.98;

CIIIB.X

'The number e is omtted fromthis equation in Table 2 and.
Figure 1 of Smith et al. (1986) 'and in Snmith et al. (1988). The
nunber e is also omtted fromthe equation relating nmaxi mum growh
toinitial weight in Table 2 and Figure 8 of Smth et al. (1986).
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however, the exponential curve used in this nodel,

= 0.003088 * " *T, r2 = .99, (Eg. B)

Conax

fits slightly better.

The weight intercept in Equation A was corrected for
tenperature- to arrive at an intercept for a 1 g fish at 0°C. In
essence, we solved for CA by dividing 0.02075 (which represents
CA * e°®T in Equation A by e>¥%'%% (which represents e *" in
Equation B). The values of the consunption parameters are
CA = 0.02878, CB = ,-0.6292, and CQ = 0.3763, and the resulting
consunpti on subnodel is,

0.3763 * T

c = 0287.8 * w %% px g

Respiration

The total metabolic rate, in ,"grams-energy * grans-predator-'

Sly

*day™ , is described by the general equations,

RA * WRB % £(T) * Activity -

Y
It

and

SDA * (C - F).

Respiration (R) is calculated with an allonetric function (rRA *
W’ , a tenperature dependence function (f(T)), and an activity
dependence- function (Activity).

The specific dynamc. action (S, also known as the apparent

heat increnent) is added to standard respiration (R) to give the
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total respiration. Specific dynam c action can be described as
the increase in standard respiration caused by digesting and
assimlating prey into usable energy or tissue. It is expressed
as a proportion (SDA) of the digested food energy (C - F), where
Cis the total consunption and F is the amobunt egested as feces
(see Egestion and Excretion section below). Harris (1985)
calcul ated the specific dynam c action to be 10% of the consuned
energy and he estimated the digested food energy to be 80% of the
consurmed energy. Therefore,- the specific dynamc action is 12.5%
of the digested food energy, and SDA = 0.125.

The respiration allometric function (RA * WP describes the
wei ght (W dependence of respiration where RAis the intercept
(for a 1 g fish at the tenperature causing-the highest
respiration), neasured in "grams-O * grans-predator” * day-'"
and RB is the weight dependence coefficient.

There is a choice of two equation sets to describe the
t enper at ure dependence function in the respiration subnodel.
Respiration nodel Equation Set 2 was chosen for walleye pollock
because respiration nodel Equation Set 1 requires information
about the dependence of the netabolism on sw nm ng-speed, which

is not available for walleye pollock. The respiration nodel



Equation Set 2 is

E(T) = V' % ek~ “."V))r,- where
v =V(RfM - Tf/(RTM - RTO) ,
X = fzz * (1 + (1 4‘4O/Y)Qﬂ2)/460,
Z - 1n(RQ) * (RTM - RTO),
Y = ln(éQ) * (RTM - RTO + 2);‘
and | ,7 B -

Activity = ACT |

requires, estimates for -four paraneters; RTO RTM RQ 'and ACT

The paraneter RTO is the optimumwater tenperature for

respiration (the tenperature at which respiration is highest),
RTMis the lethal water tenperature, RQis the tenperature
coefficient, and ACT is a constant tines the resting netabolism
The respirati on tenperature dependence curve described by the
series of equations above is anal ogous to the tenperature
dependence curve for consunption nodel Equation 2, illustrated in
Figure. 5 of Hewett and Johnson (1992).

Qur estimates of RTO and RTM are based on the general trends
anong studi es exam ning wal |l eye pollock respiration over a fairly
narrow range of tenperatures. Paul (1986) shows an increase in
respiration for 40 to 90 g walleye pollock froml®° to 7.5°C
followed by nearly constant |evels of respiration from7.5° to
12°c.  Smith et al. (1988) show a nore nild increase in
respiration for 345 to 750 g walleye pollock from1.5° to 7.1°C

Harris (1985) exam ned the effect of tenperature on respiration
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for 50 to 250 g wal l eye pollock and, although his data are biased
high (Harris 1985), he found that the respiration increased nore
rapidly with tenperature between 6° and 10°C than between 3° and
6°C. The tenperature which yields the highest respiration (RTO
is likely to be between 7.5° and 10°C, therefore RTOis set at
9°c. The lethal tenperature for walleye pollock is greater than
15°C (Yoshida and Sakurai 1984), and RTMis set at 16°C. Lacking
further information, we nake the assunption that RTO and RTM are
the same for all walleye pollock 2 years of age or ol der.

The respiration tenperature coefficient, RQ is not clearly
described in Hewett and Johnson (1992), but they say the
anal ogous paraneter in consunption nodel Equation 2, CQ
“approxrmates a Q, for the rate at which the function increases
over relatively low tenperatures.” Respiration equation set 2
was first used by Kitchell et al. (1977) and they describe RQ as
the slope for tenperature dependence of standard respiration or
approximately the Q, for respiration. A Q, is the increase in a
rate associated with a 10°C increase in tenperature (Paul 1986)

and is defined mathematically as
log Q = 10 * (log rate, - log rate,)/(T, - T,) .,

where rate, is the rate at a tenperature (T,) and rate, is the
rate at a higher tenperature (T, (Harris 1985). A Q, is

I ndependent of the units used to neasure a rate, but the slope
for tenperature dependence is not (Appendix A). For wall eye

pollock, the paraneter RQ is estimated by the Q, of respiration-
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tenperature relationships reported in the literature, and the
paranmeters RA and RB are estimated using the respiration rates
converted from"1-0, * g-' * h-"I' in the literature to "g-Q,'* g-' *
tLl in the nodel using "24 hr * d'", "1~ 1 * |, 000,000 pl-'" and
"1.429 g-0> * (1-02)-1/
Paul (1986) found the linear increase in respiration for 40

to 90 g walleye pollock to be
R(g-0, * g' * d') = 0.000433 + 0.000273 * T, r® = 0.98

between 1° and 7.5°C with a Q, of 6.04. Smith et al. (1988)
found the increase in respiration for 345 to 750 g wal |l eye

pol I ock to be
R(g-0, * g| * d-1) = 0.000681 + 0.000053 * T, r® = 0.999

between 1.6° and 7.1°Cwith a Q, of 1.8. Harris (1985) found
internediate respiration Q, values for internediate-sized walleye
pol | ock. The RQ val ues determ ned for wall eye poll ock decrease
with increasing size, therefore the RQ (weight) values input into
the nodel approximately correspond to weight ranges as follows,:
RQ <100 g) = 6.04;, RQ (100-299 g) = 4.5; RQ300-400 g) = 3.0;.and
RQ(>400 g) = 1.8.

The paraneters RA and RB are derived fromthe allonetric

relationship defined by the equation'
RA * W¥(g-0* » g' * d!) = 0.005933 * WO

for 6 to 750 g walleye pollock at 5.5°C (Smth et al. 1988).
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In respiration nodel Equation Set 2 the specific standard
met abolism RA, should be in terns of a 1 g fish at the optinmm
tenperature for respiration (RTO =.9°C), and the change in
nmetabolismwith the 3.5°C difference in tenperature will be
greater for smaller walleye pollock. Using the slopes of
respiration with tenperature given by Paul (1986; walleye pollock
cl00 g) and Snith et al. (1988; walleye pollock >400 g), and
internedi ate slopes for walleye pollock (100-299 g and
300-400 g), the values for RA that correspond to approxi mate size
ranges are cal cul ated by

RA(<I00 g) = 0.005933 t 0.000273 * 3.5;

RA(1 OO 299 g) 0. 005933 t 0.000200 * 3.5;

RA(300- 400 g) 0.005933 + 0.000127 * 3.5; and

RA(>400 g) = 0.005933 + 0.000053 * 3.5

with RA (<100 g) = 0.0069, RA(100 299 g) = 0.0066, RA(300-400 g) =
0.0063, and RA(>400 g) = 0.0061. The weight dependence
coefficient, RB, is -0.26.

The activity multiplier, ACT, depends on the average |evel
of active respiration above the |evel described by the other
parts of the respiration subnmodel. A resting, non-feeding |evel
of respiration is described by the above paranmeters, and the
respiration of active, feeding walleye pollock is about double
the resting, non-feeding level (Smth et al. 1988). Smth et al.
(1988) calculated the netabolic rate of walleye pollock fed a
mai nt enance ration in aquaria to be 1.55 tinmes higher than

resting, non-feeding I|evels. If walleye pollock respiration in
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the Bering Sea is 2 times the resting, non-feeding |levels; and
specific dynam c action accounts for respiration that is 1.55
tinmes resting, non-feeding levels, then the activity multiplier,
ACT', is 2/1.55 which equals 1.3. This is generally in agreenent
with Johnston and Battram (1993) who' found that the elevation of
respiration above resting,. non-feeding |levels appears to be
caused primarily by specific dynamc action

Usi ng the weight-specific parameters for walleye pollock

greater than 400 g as an exanple, the equations for the
respiration subnodel are

R = 0.0061 * W% % f(T) % 1.3,

wher e
.f(‘T)‘ =V x gl *(-V), énd where
vV = (16 - T)/(ls - 12), ,
X = (22 % (1 + (1 + 40/?)Qﬂ2)/4oo,
Z = 1n(1.8) * (16 - 12), |
Y = 1n(1.8) * (16 - 12 + 2);
"and |

S=0125* (C- F).

Egesti on and Excretion

There is a choice of three equation sets to describe the
egestion of feces and excretion of nitrogenous waste, and we
chose equation set 1. Egestion and excretion equation sets 2 and

3 incorporate water tenperature and consunption to describe these
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processes. Bartell et al. (1986) conclude that this is
unnecessarily conpl ex when conputing growth or consunption

Egestion (F) and excretion (U are nodelled is constant

proportions in "grans-waste * grams-predator ™ * day ™ in equation
set 1, as

F=FA*C
and

U=UA* (C- PF),

where FA is the fraction of consunmed 'food (C) that is egested and

UA is the fraction of the digested food energy that is excreted.

Harris (1985) estimates that 20% of the food consuned by wall eye

"pollock is egested (based on Wnberg 1956), so FA = 0. 2.

Harris et al. (1986) suggest using a nitrogen correction of

11% for ammoni a-excreting predators that feed on walleye pollock

The nitrogen correction is based on the energy released during

t he conmbustion of nitrogenous conpounds to N, that cannot be
obt ai ned when these conpounds are netabolized to NH, or urea

(Harris et al. 1986). The 11% nitrogen correction is represented

in the excretion paraneter, and UA = 0.11.

Seasonal Characteristics
Seasonal patterns in individual growth, spawning, caloric
density, diet conposition, and frequented tenperatures have been
observed for walleye pollock. Miny of these seasonal patterns

appear to differ substantially between the northwest and
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sout heast areas of the eastern Bering Sea shelf (Fig. |), as -do
the oceanographic conditions (Smth 1981).

Seasons in the bioenergetics nodel are based primarily on
observed seasonal growth and caloric density patterns. \hen
estimating consunption from observed grow h of an individual, the
nodel nust cal cul ate the anount of calories needed to get from
the total body calories at the beginning of the tinme period to
the total body calories at the end of the time period.

Therefore, it is inportant to specify at |east those points that
are near observed mninma and maxi ma of annual weight and caloric
density patterns. The nodel has been set up with four equa

seasons. with the nodel year beginning on 15 March:

Season Beginnihg‘ Ending ‘cAModel Dazs
Spring | 15 Mar. 14 Jun. 1 to 92
summér 15 Jun. 14 Sep. ‘93 to 184
Autumn " 15 Seé,: 14:Dec. 155 to 275

Winter 15 Dec. 14 Mar. 276 to 365.

The seasonal patterns used in our nodel, and how they are
established,- are explained for each seasonal characteristic
bel ow. Cenerally, these patterns are based on |ong-term averages
and are neant to represent the seasonal conditions experienced by
an average wal |l eye pollock.- Individual and interannua
di fferences can be explored by changing the seasona
characteristics used in the nodel. To aid in this, we discuss

how t he behavi or of walleye pollock may influence the seasonal
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patterns in the data, and identify sone of the potential biases
I ntroduced by our assunptions about the data. In addition, some
comments are provided that may be hel pful to users of the Hewett
and Johnson (1992) bioenergetics nmodel and we attenpt to correct
a few of the errors that we found in the literature
Gowth

Gowh of walleye pollock is given to the nodel in "grans”
for the beginning and ending wei ght of each time period for an
I ndi vi dual . Seasonal variations in walleye pollock growh were
proposed by Maeda (1972) and investigated by Chen (1983). Chen's
(1983) results indicate that the nmonthly weight increment in the
"feeding season" (June-Septenber) was greater than the weight
increment in the "transitional season" (Cctober-Muy). Seasona
differences in growth (wth negative growh in sonme areas and
seasons) were found in length-at-age data from 1976 through 1983
by Lynde et al. (1986). They concluded that the observed pattern

could be due to seasonal mgration and |ength-dependent sw nm ng
speed of the mgrating' walleye poll ock.

The growth rate of walleye pollock inhabiting the southeast
shelf of the eastern Bering Sea is faster than that of walleye
pol l ock inhabiting the northwest shelf (Lynde et al. 1986
H nckl ey 1987). The seasonal growth patterns of walleye pollock

fromthese two areas were exam ned using nonthly wei ght-at-age
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data from 1981 through 1990, provided by Vidar Wespestad (pers.
commun. . The-variance of the nonthly weight-at-age data is
high for each year, as it, is in other studies (Chen 1983), and a
consi stent seasonal trend in the growth anong years is unclear
The wei ghted nean of the nonthly weight-at-age was cal cul ated for
all years combined. For March, June, Septenber and Decenber, the
nmean was cal cul ated using nonthly wei ght-at-age data for these
and their respective preceding and follow ng nonths (e.g., the
mean for March was cal cul ated using wei ghted neans of the nonthly
wei ght - at -age data from February, March, and April),. An area-
specific seasonal pattern of growth energed for the northwest and
sout heast areas of the eastern Bering Sea shelf (Fig. 2) that is
consistent wth the seasonal observations by Chen (1983) and with
the areal differences found by Lynde et al. (1986) and Hi nckl ey
(1987). The general seasonal pattern is visible by age 2, but it
breaks down in these data at ages 8 and 10 in the northwest and
sout heast areas respectively. This is apparently due to | ow
sanpl e sizes and increased neasurenent error for ol der walleye
pol | ock.

It is likely that seasonality in the growh of walleye
pol | ock exists based on the seasonality in condition factor
(Harris et al. 1986) and feeding rates (Dwer et al. 1987, Meda
1972), but the potential influence of seasonal and lifetine

movenent patterns should be considered. Lynde et al. (1986)

’Al aska Fisheries Science Center, 7600 Sand Point Way N.E., BIN
C15700, Seattle, WA 98115-0070, U S. A, March 1993.
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descri be how seasonal on- and off-continental shelf mgrations,
stratified by size, can affect the observed size-at-age in areas
with mgrating fish. It is likely that the apparent extrenely
negative winter growh in the southeast area is the result of
sl ower growi ng walleye pollock immgrating fromthe Al eutian
Basin in the spring (Lynde et al. 1986), and we think it may be
nore conservative to assune there is no wnter weight loss in the
sout heast ar ea.

Wi | e seasonal novenents nmay have a large effect on the
apparent growth pattern, |ong-termnovenents can al so have sone
influence. A general southeastward novenent (or dispersal) wth
age was inferred fromthe spatial distribution of walleye pollock
by age over the eastern Bering Sea shelf (Pierre Dawson, pers.
commun. °) . The growth curve for walleye pollock in the southeast
area will be biased Iow as smaller size-at-age fish immgrate
from the northwest area. In addition, if this general novenent
I's size-dependent with |arger size-at-age fish noving faster,
then the growh curve for walleye pollock in the northwest area
will be biased |ow as well.

It may be inpossible to determne the degree of influence
that novement patterns, size-dependent novenent rates/and
spawni ng | osses (see Reproduction section bel ow have on the
actual seasonal growth pattern of walleye pollock. In the nodel,

the weights in Appendix Table B-1 can be input as the begi nning

*Alaska Fisheries Science Center, 7600 Sand Point Wy N E, BIN
C15700, Seattle, WA 98115-0070, U S. A, June 1993.
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and ending weights for each season. This seasonal pattern of,
growh is in general agreenent with seasonal patterns in
frequency of enpty stomachs (Dwyer et al. 1987); in nean stonach
wei ght (Dwyer et al. 1987), in condition factor (Chen 1983) and
in caloric density (Harris et al. 1986) of walleye pollock, and
these may all be related to prey availability (Cooney 1981). A
reasonabl e but unlikely | ower bound on the seasonality of growth
may be to assume that growth is constant anong seasons (however,
fluctuations in caloric density will retain some of the
seasonality in the nodel).. This assunption will- generally cause'
t he consunption to be underestimated in seasons of high growth
and overestinmated in seasons of |ow or negative grow h:

Predator Caloric Density '

The caloric density (using wet weight) of the predator, jn
“calories * grams-predator'", can be nodelled as a linear
function of body weight or input as a seasonal function for each
age class. The caloric density (using- dry weight) of juvenile
wal | eye pol |l ock has been shown to vary seasonally, and to a
| esser extent, vary with body size, (Harris et al. 1986). Severa
sources of data on the caloric density of walleye pollock (using
wet weight) fromdifferent areas were exam ned and a seasona
pattern enmerged (Appendi x Table B-2). Although the data are
limted, the seasonal pattern. appeared to be sonmewhat independent
of body size for walleye pollock, age 2 and older. Therefore,
seasonal caloric density changes were input into the nodel, but

wei ght - dependent change's in caloric density were not.
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The seasonal pattern for the caloric density of walleye
pollock is given as a low of 950 cal * g* on 15 March (day 1 in
the nodel year) and a high of 1,400 cal * g’ on 15 September (day
185 in the nodel year). Al internediate values are calcul ated
by linear interpolation in the nodel (see Prey Caloric Density
section bel ow).

The energy content of organisnms is neasured in several
different units in the literature and nost conversions to cal *
g' (wet weight) are easily obtainable. The following conversions
may be useful in some instances: 1 cal = 4.1868 absolute joul es
(J), and 1 British thermal unit (Btu) = 251.996 cal = 1055.07 J.
In addition, the caloric density, or heat of conbustion, is

cal * g', "J*g¢"" and "Btu * Ib™, and 1

commonl y expressed in
cal * g' = 1.8 Btu * Ib™

Repr oducti on

Energy lost to reproduction is nodelled as a fraction of
wei ght (or total body energy) lost on a given day, beginning at a
given year of life. Spawning dates of 1 April (day 17) on the
sout heast shelf (Smth 1981, H nckley 1987) and 15 July (day 123)
on the northwest shelf (H nckley 1987) were set in the nodel
The age at first spawning was set at 4 years (Wespestad 1993).

Al t hough the spawning loss is nodelled as a | -day event,
wal | eye pol Il ock have a protracted spawning period (about 4 to 6
weeks) during which they apparently do not feed (Smth 1981).
However, when the total spawning energy loss is known, the

average daily ration for the time period wll be very simlar
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whet her the total energy |oss of spawning is nodelled as a |-day
| oss of energy or a protracted | oss of energy (Hewett and Johnson
1992 ). 1

The energy lost during the spawning event, including any
starvation that may occur, is about 25.2% of the total body
energy (Smith et al. 1988)°. This is conposed of a 14.35% wei ght
| oss fromthe pre-spawni ng wei ght acconpani ed by a reduction in
caloric density. W assumed that the weight |oss due to spawni ng
was included in the quarterly weight-at-age data (see G owth
section above). W nade an additional assunption that the
reduction in caloric density resulting from spawning was not
represented in the seasonal predator -caloric density file; known
post - spawni ng caloric densities were omtted fromthe cal cul at ed
averages (see Predator Caloric Density section above).

The measurenent of energy |osses due to spawning were

conducted in the Gulf of Alaska (Smth et al. 1988.) where the

wal | eye pol I ock spawn at about the same time as in the 'southeast
area of the eastern Bering Sea shelf (H nckley 1987, Smth et al.
1988), and they appear to follow a simlar seasonal caloric
density pattern (Appendix Table B-2). Therefore, the spawning
| oss parameter was first, calculated for walleye pollock on the
sout heast shelf-. The total energy loss is 25.2%and we assuned
that 14.35% was accounted for by |ost weight, so the renaining

10. 85% nmust be accounted for by the spawning | oss paraneter

‘Due to calculation errors, this paper concludes that about 46%
of the body energy is |ost during spawning. The' correct
cal cul ation of their published data is presented in Appendix C
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This 10.85% of the pre-spawning, total body energy divided by the
remai ni ng body wei ght (85.65% yields the proportion of the
remai ning body energy (0.127) that is lost. Hence, the spawning
| oss paraneter was set at 0.127 for walleye pollock on the
sout heast shel f.

The wei ght-fecundity relationship appears to be simlar in
the sout heast and northwest shelf areas (H nckley 1987).
Therefore, the weight-specific energy loss that resulted in the

sout heast area due to spawning,
0.127 % 994 cal * g' = 126 cal * g’,

was applied in the northwest area to correct for differences in

t he specified seasonal caloric density on the day of spawning,
126 cal * g'! / 1249 cal * g! = 0.101,

and the spawning | oss parameter for the northwest shelf was set
at 0.101.

Different values of the spawning |oss paraneternmay be used
under alternative assunptions. |f we assune the total spawning
energy loss is already represented, then the spawning | oss
paranmeter woul d be set at 0.0. |f we assunme none of the spawni ng
energy loss is represented, then the spawning | oss woul d be set
at 0.252. The spawning | oss values of 0.127 and 0.101 for
wal | eye pollock on the southeast and northwest shelf are

internedi ate of these two extrenme possibilities.-
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Under- or overestimation of the spawning | osses may result
respectively in under- or overestinmation of the consunption by
wal | eye pollock. Setting the first year of spawning at age 4 may
underestimate the average energy | oss during the spawni ng season
for age-3 walleye pollock, especially on the southeast shelf, and
overestimate the average energy |oss for age-4 walleye pollock on
the northwest shelf. Smth (1981) found 50% of walleye poll ock
mal es and females to be sexually mature at 31 cm (about 206 Q)
and 34 cm (about 275 g), respectively. The first spawning season
when these sizes are attained, on average, is at age-3 in the
sout heast and age 4 in the northwest areas of the eastern Bering
Sea shelf (see Gowth section above)

The effect that the weight' |oss due to spawning has on the
wei ght - at-age data can only be estimated, and it nay cause sone
bias in the observed seasonal growth, and therefore the predicted
seasonal consunption. 'The' observed growh during the season
preceding a weight estimate reduced by spawning. nay be biased | ow
and the observed growt h-during the season follow ng a wei ght
estimate reduced by spawning may be biased high

Tenper ature Reqi ne

Seasonal tenmperature (°C) changes were input by specifying
temperatures on chosen days. The specified tenperatures
(Appendi x Table B-3) were based on observed nean bottom
tenperatures for 1953 through 1982 (1ngraham 1983) in areas where
wal | eye pollock are-the nost common (WIlson and Arm stead 1991

Bakkal a et al. 1992) 'in the eastern Bering Sea. The daily
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t enperatures between the days where tenperatures are specified in
the input file are interpolated by the nodel (Fig. 3).

Al t hough sea surface tenperature and bottom tenperature data
are available for nmuch of the-Bering Sea shelf throughout the
year, the degree of behavioral thernoregulation in walleye
pol l ock is unknown. The tenperatures given in Appendix Table B-3
are simlar to what larger juveniles and adult walleye poll ock
are believed to "prefer" in the eastern Bering Sea (Chen 1983).

The nodel al so requires input of a "naintenance
tenperature.” This is the tenperature bel ow which zero growth
occurs and the predator consunes food at a rate equal to its
energy expenditure each day. This tenperature nust be, set above
t he above input tenperatures to have any effect on the nodel's
output. The maintenance tenperature will be set at O CC and
w || have no effect on the nodel because the tenperature regine
that we input into the nodel never drops below 1.5°C

Prey Caloric Density

Model inputs of caloric densities of the prey (up to 10 prey
categories in the nodel), in "calories * grans-prey-'", were
seasonal |y varied. The seasonal changes in caloric density for
the 10 prey categories (Fig. 4 and Appendix Table B-4) were
estimated from published and unpublished literature (Davis 1993)
wi th an enphasis on values determ ned for Bering Sea sanples
(Harris 1985), as well as estimates based upon the trophic |evel
of the prey category. The seasonal trend in caloric density for

the prey categories of walleye pollock, other Gadi dae and ot her



‘Temperatura (degrées C

9¢

15 % A ———t— : F '. ] R ' —
15. ) : : ' Cen | I
5-Mar | 15-Apr 15-May 15-Jun  15-Jul 15-Aug 15-Sep 15-0ct 15-Nov 15-Dec 15-Jan 15-Feb 14-Mar
' o Date 7
'Figure 3.--The average near bottom water temperature (°C) in areas of high walleye pollock

density in the southeast (SE)
Sea shelf. '

and northwest (NW) areas of the eastern Bering .



1500

T
. 1300 Wt
WPEG
% S E U P H
-
: w0 COPD
3
B e N A AMPH
S
. T S S IR MYSD
700 S
: ' S -
e e gﬂ”” [ e W% ...... I - CHUS
g e e[S
500 -+ '
e MISE
300 I i F : H— —
15-Mar 1-May 15-Jun 1-Aug 15-Sep 1-Nov 15-Dec 1'-AFeb 14-Mar
. Date
Figure 4.--The seasonal caloric density (cal * g’ wet weight) of major prey categories of
wal | eye pollock. (WPOL - walleye pollock, WPEG - walleye p0||06k eggs, ’SAD-ANPH
are not walleye ock, EUPH - euphausiids,. COPD - copepods,

gadi dae that
- anphi pods,
cat egori es,

m scel | aneous prey not

MPSD -
FISH -

nysi ds,
fishes not

&8

i ncl uded

crustaceans not

i ncl uded
in the above categories,

included in the above categories)

in the above

M SC -

Lz



28

fish was taken fromthe caloric density of predator walleye
pollock.  No distinction was nade between the sout heast and
northwest shelf areas in the timng or magnitude of changes in
the caloric densities, however differences probably do exist.

-The nodel interpolates the caloric density between days
where it is specified in the prey caloric density input file.
However, the overall caloric density of the diet on a given day
i's dependent on the prey conposition, therefore |arge changes in
the caloric density of the diet can occur if the conpositionof
the di et changes.

D et Conposition

The proportion by weight of each prey in the diet (up to 10
prey categories in the nodel), can be seasonally varied for each
wal | eye pollock age group. The nodel will interpolate between
the days where diet proportions are specified. The methods used
to collect the diet, data and to calculate the proportion by
wei ght for the prey categories can be found in Livingston (1991).
The four tine periods used to calculate the diet conposition
begin on the 1st of January, April, July and Cctober. These tine
periods are offset by about 15 days from the growth seasons. The
diet conposition was nmaintained as a constant nean over the tine
period for which it was cal cul ated by specifying the nmean diet
conposition at both the beginning and, end of the, time period. To
ensure conplete coverage in all seasons for all ages in each
area, the proportion by weight of each prey category was

calcul ated using the diet data pooled from 1985 through 1989
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Fork length intervals were used to approximate the age o-f

the predator walleye pollock in the food habits database:

Length Intexrval ‘(cm) Age Group.
25 to 32 - B 2
33 to 38 3
39 to 43 | | 4
44 to 48 ‘ 5 to 6
49 and up | 7 and up.

Diet proportions of walleye pollock ages 2 through 4 were pool ed.
The seasonal diet conposition of the three age groups in the

sout heast and northwest shelf is presented in Appendi x Tables B-5
and B-6.

CONCLUSI ONS

This nodel can be used to provide insight into the effects
of different conditions on walleye pollock consunption. T he
physi ol ogi cal processes are described as well as the data
available will allow. As nore data on the physiol ogical
processes of-wall eye pol |l ock beconme avail able, the paraneter
estimates (Table 1) may be inproved, or perhaps different
subnodel s may be used. One benefit to our choice of the
subnodel s available in the "Fish Bioenergetics Mdel 2" is that
they require the fewest paraneter estimates.

The seasonal characteristics experienced by walleye pollock

in the eastern Bering Sea are also 'described as well as the data
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Table 1.--Paraneter values for the bioenergetics nodel' of walleye
pollock in the eastern Bering Sea. See text for explanation of

the paraneters and bioenergetic equations.

Consumption: ' g ‘,‘ ‘ Respifationb'
ca 0.02578 ‘,> o o RA(100-299 g) 0.0066
CB -0.6292 | - ‘RA(3OQ-400 g)  0.0063
CQ  0.3763 o - RA(>400 g) » 0.0061
| RB | - -0.26

RQ(100-299 g) 4.5

RQ(300-400 g) - 3.0

‘Egestioh and - o T ‘w Ré(>400 g) 1.8
Excretion: | - - R0 9.0
FA .0.20 | » R '~ RTM  16.0
UA 0.11 - : . ACT  ,. 1.3
| sba +0.125
'Reéroduction: - ‘ . Southéast‘ | Northwest
age of fifét spaWn"f _ "4,.‘ o : 4
_spawniné date ",  o ‘ ‘-v i'April ‘ 15 July

proportion of‘éﬁergy

spawned ( = -126 cal/g) 0.127 0.101
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will presently allow.  The seasonal patterns observed for many of
t hese characteristics nust be considered in terns of the behavior
of walleye pollock and also in terns of interactions between the
characteristics. As we have discussed, sone of the observed
seasonal characteristics may be sonewhat biased, and thus
estimates of consunption generated by the bioenergetics nodel may
be sonewhat biased. However, we feel that the bioenergetics
model, in its present form wll allowus to make relatively good
seasonal estimates of daily rations for walleye pollock in "the

eastern Bering Sea.
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APPENDI X A

Q, versus Sl ope
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The Q, of a rate. (k) is the increase in that rate associ ated
with a 10°C increase in tenperature (T) and is defined

mat henatically as
log Qp = 10 * (log k;, - log k) /(T, - T,) .

A Q, will approximate the slope of the change in respiration (R
with tenperature if respiration is measured in "ul-0, * g* * hr''
as in Kitchell et al. (1977), but not if respiration is neasured
in“g-0,* g'* d'" as in the bioenergetics nodel of Hewett and
Johnson (1992). Respiration rates are converted between these
two units of neasure using "24 hr * d*™, "1 1 * 1,000,000 p1 ™,
and "1.429 g-0° * (1-0)™™. Paul (1986) found the linear increase
in respiration for 40 to 90 g wal l eye pollock between |° and

7.5°C to be
R(ul-0, * g = hr') = 12.617 + 7.961v* T
or
R(g-0, * g! * d) = 0.000433 + 0.000273 * T.

The Qp of the first equation can be calculated for T; =

1.0°C and T, = 7.5°C as foll ows:

log Q4 = 10 * (log R, - log R)/(T, - T,)

10 * (log 72.3245 - log 20.5780)/(7.5 - 1.0)

log ‘on
log Q = 0.83982

6.915.

Qo
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The slope of the first equation (7.961) approximately equals the
Q, (6. 915) .

The Q, of the second equation can be calculated for T, =
1.0°C. and T, = 7.5°C as foll ows:

log Qo = 10 * (log R, - log R)/ (T, - T,)

log Q, = 10 * (log 0.0024802 - log 0.0007057)/(7.5 - 1.0)

l og Q.= 0.83980

Q, = 6.915.

The sl ope of the second equation (0.000273) is not approxinmately
equal . to the Q, (6:915), but the Qg of both respiration equations

iIs the sane.



APPENDI X B

Gowh, Walleye pollock caloric density,

tenperature, prey caloric density, and

di et conposition data.
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Table B-1.--Wight-at-age data input into the bioenergetics nodel
for walleye pollock fromthe southeast (SE) and
northwest (NW areas of the eastern Bering Sea shelf.
Wight is in grans and age is the nunmber of Decenber
31sts survived.

Weight (g)
' Model
Age Month SE NW Quarter
2 Mar. 108 122 1
2 Jun. 177 136 2
2 Sep. 278 185 3
3. Dec. 323 163 4
3 Mar. - 323 | 180 5
3 Jun. '331 242 6
3 Sep. 393 275 7
4 ~ Dec. 456 272 8
4 Mar. 456 267 9
4 Jun. 482 356 10
4 Sep. 550 407 11 \
5 Dec. . 552 399 ‘ 12
5 Mar. 552 374 13
5 Jun. 615 . 480 14
5 Sep. © 688 566 15
6 Dec. 722 : 554 16
6 Mar. 722 510 17
6 Jun. 791 618 ‘ 18
6 Sep. 868 - 692 19
7 Dec. i 879 658 20
7 ‘Mar.. - 879 625 . 21
7. Jun. 938 713 22
7 Sep. 998 : ~ 775 23
8 Dec. 1,114 737 \ 24
8 Mar. ‘ 1,114 ' 742 25
8 Jun. ‘ 1,081 - 26
8 - Sep. 1,138 27
9 Dec. 1,270 . . 28
9 Mar. 1,270 29
] Jun. 1,149 30
9 Sep. 1,232 ' ‘ 31
10 Dec. 1,337 , ' 32
10 Mar. 1,337
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Table B-2.--Caloric density values (cal * g' wet wei ght) of
wal | eye pollock. Mnthly averages onit known post-
spawni ng sanples (Ib). BS = Bering Sea sanpl es.

Mont h
Source FEB - MAR APR JUN JUL ' AUG SEP OCT
la. 922~ 922 922
1b. 798 798 798
2a. 867
3a. 1,247
3b. ‘ 1,108 1,108
4a. S 1,120 ‘
4b. : ‘ \ \ 1,085
5. ‘ 1,573 1,573 1,573 1,573
2b.BS 937 937 937 1,216 1,216 1,216 1,216
3c.BS ’ 1,563
4c..BS ' 1,280
6. BS ‘ ‘ ‘ 1,408 1,408 1,408
Avg. " 930 1,034 989 1,394 1, 369 1, 321 1,396

Sources (showing collectlon area and walleye pollock size) :
1. Smith et al. (1988) .
a. Gulf of Alaska, Resurrection Bay to Kodlak shelf;
pre-spawning adults
b. Gulf of Alaska, Resurrection Bay to Kodlak shelf;
‘ post-spawning adults
2. Herris et al. (1986) : _ ‘
a. Gulf of Alaska, Resurrection Bay; 7-140 g
b. Bering Sea, southeast shelf - based on seasonal condltlon
factors from Chen (1983); age 2
3. NMFS, National Marine Mammal Laboratory (unpublished data)”
a. Aleutian Islands, Unimak Pass; 343-1,077 g
b. Gulf of Alaska, Shelikof Strait; 40-1,428 g
c. Bering Sea, southeast slope; 900-1,350 g.
"4. Perez (1994) ‘ ' . '
a. Gulf of Alaska, Shelikof Strait; 577-1,065 g
b. Gulf of Alaska, Shelikof Strait; 42-107 g
c. Bering Sea, southeast shelf; 151-470 g
5. Harris (1985), Table III-S
Gulf of Alaska, Resurrection Bay; 65-360 g
6. Miller (1978) ‘ ‘
Bering Sea; mean size = 288 g

"Alaska Fisheries Science Center, 7600 Sand Point Way N.E.,
BIN (15700, Seattle, WA 98115-0070, U.S.A.
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Table B-3.--Dates, corresponding nodel day and the tenperature
input for the southeast (SE) and northwest (NW areas
of the eastern Bering Sea shelf.

Tenmperature (QOC)

Model
Dat e Day SE NW
15 Mar R 3.22 ‘2.05
15 Apr 32 3.26 1.79
15 May 62 331 206
15 Jun 93 3.58 2.26
15 Jul 123 .  3.89 2.56
15 Aug 154 | 4.07 3.14
15 Sep 185 4.29 3.16
15. Oct 215 - 4.56 3.24
15 Nov 246 4.42 3.36
15 Dec 276 © 4.33 3.30
15 Jan ‘ 307 ©3.72 . 2.91
15 Feb 338 . 3.36 224

14 Mar . 365 3.22 2.03
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Table B-4.--The date and caloric densities (cal g, wet weight)
for 10 prey categories specified in the nodel. A
‘description of each prey category and the nmjor
i nformation sources are described bel ow

Prey categories*

Dat e WAL WPEG GADS EUPH COPD AMPH MYSD CRUS FISH M SC

15 Mar - 950 370 950 800 550 1,000 750 800 950 600
1 May 1,063 370 1,063 850 650 1,100 800 900 1,063 600
15 Jun 1,175 370 1,175 900 750 1,200 850 1,000 1,175 600
1 Aug 1,288 370 1,288 950 700 1,300 850 1,100 1,288 600
15 Sep 1,400 370 1,400 1,000 650 1,200 850 1,150 1,400 600
1 Nov ' 1,288 370 1,288 1,000 600 1,100 825 1,100 1,288 600
15 Dec 1,175 370 1,175 900 600 1,050 800 1,000 1,175 600
1 Feb 1,063 370 1,063 850 575 1,000 775 900 1,063 600
14 Mar . 950 370 950 800 550 1,000 750 800 . 950 600

*Prey category definitions and data sources:

WPOL Wal | eye-pollock caloric densities are taken directly from
the predator caloric densities.

WPEG Wal | eye pollock egg caloric density is derived fromthe.
average caloric. density of Harris (1985).

GADS Cadi dae, that are not walleye ﬁollock, have caloric
densities taken directly fromthe walleye pollock caloric
densities.

EUPH Euphausiid caloric densities are derived. from the seasonal
caloric densities given in Harris (1985).

COPD CbFepod caloric densities are 'derived fromthe average
caloric density given in Harris (1985) and seasonal changes
agg)inferred fromthe May and June spring "bl oont (Cooney
1981).

AVPH Anphi pod caloric densities are based on Harris (1985).

MYSD Mysid caloric densities are based on Harris (1985).

CRUS Crustaceans not included in the above categories are nostly
decapods and sone isopods, and their caloric densities were.
based on Harris (1985) and Davis (1993) _

FISH Fishes not included in the above categories have caloric
densities taken directly from walleye pollock

M SC M scel | aneous prey include nolluscs, echinoderns, other
invertebrates and unidentified prey, and their caloric
densities were based on Davis (1993), Steinme and Terranova
(1985), and Tyler (1973).
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Table B-5.--Diet proportions by weight and season of the 10 Frey
categories and three age groups used in the nodel o
wal | eye pol | ock on the southeast shelf of the eastern
Bering Sea. (WPCOL - walleye pollock, WPEG - walleye
pol | ock eggs, GADS - gadi dae that are not walleye
pol [ ock, EUPH - euphausiids, COPD - copepods, AWPH -
anphi pods, MYSD - nysids, CRUS - crustaceans not
i ncluded in the above categories, FISH - fishes not
i ncluded in the above categories, M SC - m scel | aneous
prey not included in the above categories)

Prey categories

Age'& -
Season” WPOL WPEG GADS. EUPH COPD AMPH MYSD 'CRUS FISH MISC

2-4 ' : . : :
Winter .0023 .0346 .0000 .7758 .0182 .0510 .0013 .0186 .0713 .0269

Spring .0000 .0000 .0060 .5352 .3588 .0430 .0050 .0119 .0080 .0321
Summer .0231 .0000 .0045 .4438 .2861 .0199 .0007 .0644 .0500 .1075
Autumn .2215 .0000 .0000 .2688 .0242 .02492 .0407 .0623 .3271 .0305

5-6 \ ] |
Winter .0086 .0119 .0000 .7380 .0344 .0395 .0021 .0579 .0769 .0307

Spring .0000 .0000 .0000 .6429 .2539 .0288 .0041 .0099 .0268 .0318
Summer .0288 .0000 .0002 .6255 .1575 .0274 .0005 .0437 .0574 .0580
Autumn .3166° .0000 .0000 .3455 .0067 .0187 .0013 .1174 .1757 .0181

7+ ‘ . '
Winter .0976 . 0457 .0000 .5670 .0344 :0609 .0002  .0526 .1136 .0280

Spring .0295 .0000 .0019 .5226 .0869 .0383 .0282 .1156 .1339 .0431
Summer .0812 .0000 .0633 .5364‘.0878 .0267 .0224 .1066 .0823 .0433

Autumn .3275 .0000 .0002 .2816 .0127 .0259 .0150..0827 .2201 .0343

*Wnter = 1 January to 31 March- (nodel days 293 to 17).
Spring = 1 April to 31 June (nodel days 18 to 108).
Summer = 1 July to 30 Septenber (nodel days 109 to 200).
Autumm = 1 Cctober to 31 Decenber (nodel days 201 to 292).
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Table B-6.--Di et proportions by weight and season of the 10

categories and three age groups used in the node
wal | eye pol | ock on-the northwest shelf of the eastern
Bering Sea.

pol | ock eggs,
pol | ock,
anphi

pods,

EUPH -

GADS - di
euphausi i ds,
MYSD - nysi ds,

gadi dae that
COPD - copeppds,

CRUS -

included in the above categories,

included in the above categories,

FI SH -
M SC -

prey not included in the above categories.)

P'of

(WOL - wal |l eye pollock, WPEG - walleye
are not walleye

AWPH -
crustaceans not

fishes not
m scel | aneous

Prey categories

gg:sgnfw§OL ' WPEG GADS"EUPH copb "AMPH 'MYSD CRUS FISH MISC
2-4 . _ | ‘ - o , |
Winter .0000 .0000 .0000 .7938 .0079 .0513 .0000 .0000 .1315 .0155
Spring .0061'.bOOl‘LOOQO‘,5411‘;2396 .0118 .0000 .0243 1263 .0505
Summer .0422 .oooo;]0047 u2342'.485§‘.o79i‘L0007 .0570 .0312 .0656
Autunn .1759 .0000 .0312 .2781 .1518 ;0474:.0000,.0091 .2630‘.0435
' 5-6 | . o : | |
Winter .0000 .0000 .0000 .8167 .0000 .0000 .0000..0000 .1833 .0000
Spring .0263 .0000 ,dooo :5896 .2589 .0276-..0000°.0003 .0612 .0361
~ Summer .0805 .00005;0090 .3162 .2947 .0771 .0010 .0837 .0446 .0932
_Autumn .2503 .0000 .0136 -1802 .0835 .0711 .0236 .1096 .1954 .0727
‘Winter .3908 .0000 .0053 .3880 .0001 .0001 .0000 :0365 .1665 .0127
‘Spring .1o9o,Q0022\.0005 .5186 .0711 .0117 .0208 .0678 .1524 .0459
Summer .1631 .dodo . 0197 .2296‘,i526 .0653 .0227 .1268 .1211 .0997
Autumn .5317 .oooo,.6594:.65971;0255 .0135 .0034 .0585 .2261 .0222
*Wnter = 1 January to 3l March (nodel days 293 to 17).
Spring = 1 April to 31 June (nodel days 18 to 108).

Sumer = 1 July to 30 Septenber (node
Autum = 1 Cctober to 31 Decenber (node

days 109 to 200).
days 201 to 292).
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Table CI.--Table Il of Smth et al. (1988) is reproduced bel ow
with the corrected values underlined. Based on the
corrected values, adult walleye pollock wll |ose
about 14.4% (males, 7.3% females, 21.4% of their
pre-spawni ng body wei ght and about 25.2% (mal es,
14.1% females, 36.3% of their total body energy
during spawni ng.

TABLE I1. Energy content and partitioning of that energy in ripe
and spent adult walleye poll ock. In this exercise, [Smth et al.
(1988)] assumed a ripe weight of 1,000 g for both nales and

femal es; corresponding lengths (49.6 cmfor males, 48.3 cmfor
femal es) were calculated for ripe fish, based on average condition
of ripe nales (0.82) and ripe females (0.89) in March 1986;

wei ghts of spent adults were predicted based on | engths and
average condition of spent fish (0.76 for males; 0.70 for femnales)
in April, 1986; liver, gonad and sonmatic indices were those
iségulated for ripe fish in March 1986 and for spent fish in Apri

kcal

Conpar t ment % body g g (dry) g (dry) kcal % t ot al

Ripe male: 1,000 g, 49.6 cm ‘ '

: Whole body 100 1,000 200 : 4.4 880 ' 100
Liver 4.8+3.03 48 28.3 ~ 7.1 201 : 23
Gonad 8.1+2.17 81 12.2 4.3 52 6
Somatic 87.1+£3.52 871 159.5 : 627 71
Muscle : 4.3 '

Spent male: 927 g, 49.6 cm ‘
Whole body 100 927 + 189 4.0 -756 100
‘Liver 3.3+1.55 31 16 7.4 119 16
Gonad 0.8+0.15 7 1 4.3 5 <1
Somatic  95.9+1.52 889 172 632 84
Muscle ‘ 4.4

Ripe female: 1,000 g, 48.3 cm
Whole body 100 1,000 214 4.5 963 100
Liver 4.1+1.22 41 25.8 7.5 193.5. 20
Gonad 20.0+4 .41 200 42 4.8 201.6 21
Somatic 75.9+44 .40 759 = 146.2 567.9 59
Muscle ‘ 4.2

Spent female: 786 g, 48.3 cm _ ‘
Whole body 100 786 - 157 3.9 613 - 100
Liver 3.4+1.23 27 15 7.6 110 18
Gonad 1.1+0.52 9 1 4.2 6 1
Somatic 95.5+1.31 75 141 497 . 81

Muscle ' . 4.5
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