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_"'three strategies of ene_rgy allocation between the soma and

N ship is unknown and so the optional B‘trategy cannot bé
i 1dent{ﬁed. . SRR

the exponent of the fecundity-lenqth equation and the gross :

= growth efficienCies with values reported in the literature.

.

A sensitivity analysis of. the model revealed that E _

the model output is most sensitive to varistion in the . !
metabolic rate parameters and least sensitive to variations?' - E
in the data on the conditions hdices, the/energy densities;' |
". -and the annual growth increments. ' ) SRS . -
The model was 'used to examine the consequences Iof- " \

the gonads. 'rhere is a tr‘adeoff between the fecundity snd ." .

h

S : B '--_1..' .
| . U Abstract o S P
‘; 'l‘he study analyzes the seasonal energy flows w1th-
AR g in adult Atlantic herring. - ‘rhe seasonal cycles of the ' |
-;",' o condition indices, the lipid and water/' content and the
T -energy densities o£ the boay and the gonads were measured | T
) 'for a: stock complex off the Avalon Peninsula, Newfoundland. -,-:'
’ . 1 . 'I‘he conditions indices and :l:he Henergy densities _ .
: nere combined in a simulation model to calculate a seasonal % ’ . |
- energy budget for herring of ages 3-11 'l‘he model was, - s L )
ik d "V validated by comparing the seasonal and/ annuel mtions»rg-t’;s, \/
A - N

o the body condition index but the exact form of the relation—
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o the body’;:o;nparunents of a’
) _/ 5 female herring.. R 3 S,
?igiu:é 17 ' ’The relationship/ between the | ‘55' )
' o .o calcu}ated annual rationa rate ' :
o ’ _/ _'and the mean*«body weight at age, ’ /'
\r : o fiéqfé_l's . ‘.l‘he sansitivities of the T : 57 '
3 o .: vmetabolic rate, - . and - the R
l ’ -rations rate, s , to the- data and I
L s o '-j.__'o__"_"patameters. RN "
I-‘igur:e 19 %: g 'I.'he fecundity at age for _ .‘ . 62 -
- ‘ strgtegies 1, zm .
! ; L - ’ ""'_'.'n:exanw : fecundity when rations are
; ~ T fj-é "rhe mean gonadleas body ‘ e
' .? ‘ .- condition :lndex of a herring N
f e following stratagiea 1, 2, and 3.
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.'___.——data are Macl(:i,,nnbn (19’13) and Lasker;u_‘)l(n_.__‘_cn._tha_!ﬂhole.. .;

. S . . T L
B v e O A T
h = introduction S
/ L Energy budgei: models. have been published for a. ST
- xmmber of fish spec1es- the Pacific sardine, ar‘d’inops :
'..\caerulea (Lasker 1970), the plaice Pleuronecﬁes Platess‘a,. N .
(Steele and Edwa'rd's 19'70) , the American plaice N | N
B.ippoqlossoides platessoides (Macxinn:n 1973) , the yellow--' . S
f:l.n t\ma Thunnus albacares (sharp and Francis 1976) ' and _ . |
the yellow perch Perce flavescens, and the walleye | , i.' '
Stizostedion vitreum vitréum {Kitchell et) al 19 rf Two

-hA'-_ I

- ‘.‘1-‘ ‘,

1

distribu‘tion and expenditure of energy in o )

however, 17&
f:lshes }}l not well understood.f . ' '~/

.4,
~

e The\ aforementioned models can consiet of two parts: / .
a model of the energeti.cs of an individual fish and‘r i.n

: , aome. a population dynamics model. -_

If the two gre combined
o an estimate of the energy flow pattern and of the magn O

of the flows ia obtained._v One aim‘of t es'

/

estimation of*the seaaona;. and _,ennual rates
Comparison of these rates wiﬁh the rates of food \/

_ udiee ia the
of food
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Hzf,'"-ﬁf'k- exclusively with juvenile and adult fish. An exception is;u -

o MR
| s ; .o
1 o - 7 v
B L

L if3"” that of Laurence (1977) who modelled the energy requir ents DR I ;

| G SR -
AN of the Iarvae GT the.yinter flounder, Psaud\pleuronecte' ‘:;' . i
LT i{f, americanus, in an'attempt to determine the critical plaﬂkton” -
2 deneities below which the. larvae starveda Energetics modelef. L o S
t ¥ oLt s D TR,

T;?‘adl { have»alsg been constructed to estimate the rate of uptake .Jf"

“w Ly ) .

{

- ;?‘Af;”'[ f& of pollutants by»fish, Norstrom et.al (1976) described an .

b ey ) o ) - o
;_%ﬁvi-ff “.,- energetics—baged p d&ctive model bﬁ PCB (polychldrinated“/_ R

il “ji}f ::‘. biphényls) and methylmercury accumulatio; in yellow perch.: e 4*~‘;
'éf'f?. gf} ; ‘ Finally, Ware (1;75, 1978) has utilized energetics principlée | L

;: "f '.ihhl in ‘an analysiaiof the optimum awimming speed of pelagic fish.Vif'““ Q,;ﬁ:”
: : "?;ﬂ|f4', The/" eral objective of this study is the analysis”fﬁjiji;;?

! seasonal energy'flows within individuai adult %tlanticf
herring. There~are£§ro parts of thié report.; The firsE ._l“g'-'.é

'i'? part describgs the asonﬂlchCIG of thecconditiontlhdices’3“

;{i’ _: the‘body and ‘the gonadé.andﬁthe seasonal cyéie of_the“

'Qi '{~:1ipid and water compoaition and of Ehe energy den31t1eg of : g’ A
ﬂf:ii e the'soma end&the gonadg.. The.eecond part describes a model
:éfgi G % hich integratee the energy density d;ta with data oh the { . |
ijfii“g*fﬁf] °°nditiqn indlges to.calculate th maéhitude of the seasonal 3-T:HGJ.:i¢;'

energy flogg wrthin the fish..f,he model is then,used to fiiflio.;fhfif%jf

r}‘ B -;..'," .. 5.

.Lf;l S calculate an index of fitnees for each of three Btrategies _ AR
gjiﬁ'”ﬁﬂifyr'Of energy allocation bétween the soma and the gonads.q L ;%ﬁj' ‘

3
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;Q N ;,,j:,i-j}yf:”jy R : 1'5; T -
e e Materials and Methods SRS

: .'U*"f Ten samples of herring were obtained from—,,-'
fjﬁ o 'Nnﬂiléu-:’commerCial catches between March 1 1977 and February 6,. 1978._“. B

':"‘f Samples were taken every six to eight geeks except during

'Vithe pre—spawning and’ spawning period when they Jgﬁe\taken

every two to. three weeks. .* S -'n3 fii.; co .:fifi

?gi | ‘ : The'seasonal nature of “the inshore herring fishery .

: r?‘:{fmade it impossible to obtain all samples frém one}population.xj"':’.
';Et;liﬂbfxf’ffﬁf;;Eight of the. ten samples vere taken from the Placentia Bay-l iiffi;t‘i::
;g':y“j:ffi;;ﬁiigt. Mary's. Bay management unit,‘one was’ taken from %he" ;Tf!éfplrﬁ'

PRI 7N*%ad3acent Conception Bay-Southern Shore management unit and L )

~xone from the Bonav1sta Bay management unit (Fig. 1) t isff- l
k;,o j?[ﬂf?jf;f:iassumed that tpe energy dycles of these three units are - | ;j
: 351}{”;f37;synchronous. This is. reasonable since the mean date of : f;

-2,53”f5f?.r.,yspawning for the spring—spawners in each unit are w1thin a '-5“,_fjf

fﬁ;ﬁb}jrf;;yfweek of . each other”1G Winters, personal communication)’”

AlBO. recent tagging studies (G.,Winters, parsonal “:yga.;.”

”'ﬁfu ccmmunication) have shown that miqration occurs/between the ::»-fsii?f

.;}first two units but because the extent of intermixing is

unknown they are/’eparated'for management purposes. ..Tfﬁf“

. . {._ . -y ... Y. R
B ;;_ A sample consisted of 50 60 specimens taken fromve;ﬁgﬁ,&gy
. the catch of a commercial vessel., The catch was sampledp_iﬁw;- .,,:

either on board the ship orlin the fish processing plant}%fi3

seVeral hours after oﬁf loading. The fish were packed iih‘




L .,l;tig'.\ 1. .'-Map-showing.“the-?ast- coast .of Newfoundland and the: .. . -
'~ ..: - ..locations of the samples: Each dot is one samplé. .- ' .
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oﬂ each sex Were chosen and 1ength, defined as t?é distance. :

[ from the tip of the snout to the . end of the longest caudal
| o ray, was measured to 0 1 cm. Wet body weight was measured
- to 0. 1 g. The/otoliths Were removed for age determination.'.“. ;
‘ The weight of: the stomach contents, if any, was taken’ to g \ -

0 lg and was later used to correct the wet body weight.

.-\ B
_\\

The gonads were weighed to 0 l g, sexe /- and assigned a

s

maturation stage (Anonymous 1964). . The bod’y was separated

B :
into three compartment9° the head, the gonads and the soma.'- .

E S

B e A et e A e 14 1 e Y e T
N - LA ) c . . . - : .
. . . .
L

The head was treated.as a separate entity because it is e

[N

' assumed to play a negligible role in the internal energy~ P A
_/ . ‘ T /’ .
flows of the body due to its lack of energy storage organs.' o //

S subsample of gonad tissue was placed in a plastic, E
. ' e

R bag which ‘was immediately sealed and frozen at -20 c for

SO ,later lipid and Water analysis. The remainder of the gonad
was reserVed for calorx.metry.' The head a/d the vertebral

' column, includ:.ng the caudal fin, were removed and weighed

s T AT Y M A S AN R
- i . N °

" to 0 1l g." The . filets ‘and the viscera, hereafter referred L

/ :
to as the soma, were combined and. minced :.n n a meat grinder

1

and then homogenized in a heavy-duty Waring blender. A"'-. .

_ subsample of the homogenate was placed in a plastic bag .' PR ﬁ N

‘ which was immediately sealed and frozen at'-ZO (o for: later B

N 1ipid and water analysis. ‘ -Another -_subsample,was reserved o

o ',‘for calorimetry. . (‘ RS
' / L * o Twice during the year a number of' heads were '

:‘ground, homogenized and subsampled for lipid and water

analysis and for calorimetry. o '




TR i 'rhe\ frozen subsamples were thaWed, then transferred

to tared alumi,num pans, weighed and drfd in an oven at 100 Cv

for two days.. 'l‘he pans were cooled in a dessicator and then '

duplicate samples and never differed by more. than oo .

- . I.ipid j_ ey _'»_ ".' R |

IR ; percent 1ipid was detetmined by the behlet

'7-,': 2 method (Association of Official Anelytical Chemists 1975)
uging ether as a solvent. Mean percent lipid was computed

: from duplicate samples of dried tissue. A third replicate

greatef than 1% and the mean percent lipid was then computed
using the two values which differed by less than 1%. e

e
=T e
- ..
W ot M °t ‘-' oL e ot N o L. e .-

“ ' L . LI SR B Ve i a RN The e

Calorimetry I '-. L s ::

_;‘;,__1"1"',"'- Th? fresh sul:semples f goned and soma were dri d_

.in an oven /at 100 C for two days and then ground to a fin
/ .

_ir“—‘l ,’- -y "' I.
stored in a dessicator until bombed."‘l,_, S
b.j-'ren "ubsamples of soma ”'a'nd ten" subsamples of gqnad of each

': weighed again. Mean percent water was computed from -':.f-':. ’/ N T

was performed if the difference between the duplicates was :_-'.' L




PRI ' S
o paa e - L
Cr . ‘ g - . R - \) .
S . Results RSO
o COndition Indi_/es . -"""f '.,‘ : ':",' :
'rhe sample number, date, location and the number
e 2%

' -'j of specimens processed ‘of each saﬁ%‘le are listed in Table I., -

The measurements of length and weight Of each specimen are

- liated in Appendix A., I - r ‘

o

Tjni“fv'farlc-leom _a:@jfdf

where W is dey weight in ‘grams and L is the Iength in milli-';..'
'meters../ The mean C of each sex of each sample is shown in - '

Table I‘I T-teste revealed that,. cept for the sample taken

L _on october 25 there are no significant differences between . {

the mean C 8- of the two sexes. ' The means of the sexeq were

prpms—————)

o combined 5nd are shown in Fig. 2A.\ There is a’ decrease in

] mean C over the winter and epting followed by an increase

B -:;.".over t.he summer months to a peak in December.. 'I'he sudden

L i.ildrop in mean C at the time of spawning was calculated by |

o subtracting the mean gonad weight at. spawning from the mean:
body weight at spawning. The post-spawning mean c. was

- N calculated aa 6 60 for a wide range of body weights. The

o

= dotted line was drawn by eye. o - i :-;; } o “‘f_'f‘.‘:

s »

The mean monthly gonad condition index I, definec}

- The mean body condition index, c, is"'aefined .as
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Numbet-

Area ' “zigeasured

1 cations..-j I N

" Number- for. .
lipid- and
wéter

for

"X calorimetry

~ v

. Mar. .

O T/ S
- : 1, Placentia Bax T
Mar:l31 Placentia Bay
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testes appear to: remain constant er . evéx to decrease in condit- '

ion over the same period. The testes grow rapidly over the '

S

) summer end reach their meximum condition in October. 'l‘he
ova.r:les grow at a Blower rate, - reaching %eir maximum - -
condition itnmediately before/ spawning. s .' o

In order to determine if there is eny variation of

condit:l.on index with age the mean condition indices of each’__. -
. sample were separated into age claases as. is shown in Tablea'-.-
g Iunnatures were not included in these tables.: |

III, IV and V.

‘ :' ;- Examination of the tables ahowa thnt there ia a poeaible

positive correlation between the condition indices and age.
In order. to test this an index, D, of the deviation ‘of the
monthly means at age from the nonthly mean for the entire '

sample, C, was first calculated. It is defined as ' .

' where n is the eemple »size of the month’ly mean at age, i is S
B age and j- is the aample number.,,
//; index ia aignificantly correlated with ege (r = O 83; e
0 01 t P («0 05) as is: that of the omiee (r = 0 97; P .»_',.

e ikttt e empe A 5y AL NS R o e L

T

'l‘he D of the body condition A

P 70 01)

'rhe U of the testes ie not correlated with age

é ’ (r - o 011; p< 0. 05)--.

in Figs. 3A, 3B and 30..

The scatter of the points is shown

A regreaaion of D on age wae .

calculated for the body and the ovary respectively._ :'.:.- S
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' 'fcalculation of the mean.i_"

'f?naan monthly hody condition index £or each age.
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ovary.3”:;7”'

Lipid and Water

D= o 0094 (Age) =0, 0835: n’

.,.'..__.r S e e b e maeaena ¢ 4

e

-

-

0,95 -

¢

The precent 1ipid and percent water of each

_ compartment, based on the wet weight of the compartment,
.,;g o . ::" R | d
'i’m, B each specimen analyzed are listed invn_hl

‘H?aﬁie;r;_;;;r :
S e revealed that there were no significant differences'
- ;ﬂ; e (P > 0 05) between the percentages of lipid and Vater of Q:wlfwﬂ

the soma of- the males and that of the females at/any time L

of the year. The twq sets of data were therefore pooled.};”

The annual cycles of mean (+ 1 s d ) percent water and mean

e T ‘e

(+ 1 s d ) percent lipid of the soma, the ovaries and the

testes are shown in Figs. 4 and 5.a

/

mens of ths.August 12 sample were sexed incorrectly and were

therefore omitted._

The gonads of the speci-

. The percent water of a11 these compart-'
tf ments increased over the winter and 9pring to a maximum ;I}"”

immediately before spawning..=The precent water_of the soma‘
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: Fig 5._. The mean (+ 1~B‘.d ) percent lipid of the aoma of '
RN " the combined sexes and of the gonade. . The gonads'
S of the specimena of the. August 12 samp].e were |

sexed incorrectly and wer:e therefore omitted.' 'I‘he

R I ok

.'.-- d

‘open circles are females, tho/closed circles are

males and the squares are pooled males and females.
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. fVI'.'_‘. Exa?&imtinn of 'rable vI shows tha.t there is no apparent BRI i

: ~ ) . trend of percent lilé)id of the soma with length. . o a
) ' | - Examination ‘of the percent lipid and percent water 3 ‘
E . i'—jof the compartments of individual specimene suggeets that R
,'lipid and watex make up a constant. percent of the wet Weight
L of a compartmeny./ The. mean ("'1 e.d.) combined percent is
S 80,214 0,998 For the soma, 75.89 ;.z B4y for th/teates and.
v [iss 10 t 3. zss for the overies.

ation analysis revealed

the soma is highly negatively R 'L.'- - f
Mﬂated with the percent water (r = '-0 98: 3 Cn 01y as”
B are’ the percent lipid and percent water of the {:estes

| S that. the percent li

SR ki

0 =-0.701. P €0.01) . The. percent lipid of. the bvaries, o
- SO however, 18 not significantly correlated with the percent |

' uater Ar =0, 24 P ¥ 0. 05) . This means . that\ it :Le possible AP

w k0. uee perce;xt water~ ae a pre\iict:lon of percent: lipid for -

the aoma and the teetes. :l‘he ovariee have a mean ("'1 s.d ) ' "'.'?

percent lipid of 1 23 + 0 330 at all tinms of the yeer.-‘ :

. P,
o : »

PRI . Percent lipid was linearly Tegre

scma md.zhe’festes and the following equations were ohtained

L (Pig. PP e N P PR S T

Sa

Dm0 e 1pie e 66,70 4 1,095 (8 water), T oo |

(T meses: L e

T - * R i;.-:-‘-/;:rs»yms-:;:-13.-81-"."-'&: 0.150°(8 water) ..o
|.~ B znergy Densi“'Y } ::7‘? "—“':"';"73 '-".'."f“
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P S SR ‘ ek
B ! ., Table VI ‘ The mean percent lipid of the aoma of the ,combined
. _‘-_‘p’_ S ‘ '
| L ' ' aexes separated into length classes for eacﬁ sample. - .
>" o . The number of specimens is in parentheses. - ‘ | .
| o v l - ’ ' : v "
" gample 29.1- 30.1- 31.1-32.1- 33.1-i34.1% 35.1- 36.1- 37. - 0
k . Mmber 30,0 3150 32.0 33.0.34.0/'35.0" 36,0 37.0.38.0 "
3 R . ST . . TE _ .
P l o menT S L e e -
fﬁ R I T 16, 94 13. 88 15.14 12.50 15.’4'1. = | |
R AT 12) (6) (8) . (5) (b 3
[ . o = as. oo 12 36 100 96 13,57 14;.113’ -
r‘ T SO ) Ty ), )
y o * K v ’ .o T U,
l 3 ; - . 4 . =z -o "._' R R ""' " o= = = =
I AT WIRIER - . 8.26 5.»66 5.61 a.os 5. 41' 7.43 . =T
5 S 13) (5).: (4) (6} - A3) (2)
¢ VN TR DT IECTEN 706222 5. 29__5 39 6. 17_-;_} - = i
g Ry TS) R TSy ) | e
% \ R - 6. 66 16 03 16. 67 16.58 - .
Lo o (BY “L3)T (5) (1) s
s e e e e s 14.86 16 02 16 1317200 - &
RoE W A @ A3 @) )
| g e -r 15 88 15,94 14132 14.65 15. 36 - |
| L e @) () 8 ) -
; L V- 16 34 13.45 '14 ss 15 oo 13 98 13, 99 10 75 17 22"
| 0 (1) ' ,(2> ¥ (4)_ (3) (3) (1)
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'r' l"‘ - .

':T-tests revealed that there is ‘no difference between the fgjff.ff

: 'mean energy densities of the sema of males and those of the_‘fzf-

soma df females for any sample and so the two sets of data

v

were pooled The annual cycle/of mean energy densiaigf,of.i’;

"
‘.

the three compartments are’ shown in Fig. 7. d, - i"_“*

A

“}j:' T In order to determine the energy conversion
; ffactor\\?br llpld and solid the, percentages were converted

tb weights and the energy densities to total energies by .
multiplying the percentages by the wet Weight of the tissue.“,ﬂ

Solid is defined as the residue left after-'xtraction of

-
v

éipid and water. Then totdl energy was regressed pn the . i T;'\'j
weight of lipid and the weight of solid to obtain the fOllOW-'::: '

ing equations for the soma, the testes and the ovaries

[

respectively,f . 3 . i

(6a) Energy 50 48 4 38 80 (lipid) + 20 30 ksfiia) S
teste“"'" o - cv ".' e SRR
{6b) | Energy =A-1 45 20 59 (lipid) # 22 07 (solid) ST

“_ ovaries.{“ T
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‘Pooled pales and femaled, -

U SP——
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"-However, both . equatlons (Gb) and (6c) are significantly '
different from equation (7) (P (0 001) ' The use of ’ -
g equations (6b) and (6c) introduces a 4 42% and an 11 79% error,

respective/y, in the estimation ‘of total energy.

for the soma, the testes and the ovaries respectively-

('Ba)- ' o Energy density 36 17 - 0. 400 (% water) . -'."'_ o -'f

. (eb) . 'Energy denmsity =24.08 - 0.248 (% water) = .

_'The slopes and the elevations of all three lines are
' 'significantly d:.fferent from each other (t—test, : ( 0 001) ..
_‘rhe linea are shown in Fig. 8. Kitchell et al.' (197715)’* - j
I:’"'",;-":'"_derived a linear regression between energy density and per—-_.‘f.’.." ;i_:-.‘x,:

i -.'_cent water us:Lng data from the literatur\e and their 1ine is'."_ .

"J.:.presented for comparison., i

Tl S

e L d iy X I e WM YAY LS Yot T <

i g solid -sooo ‘cal = zo 92 k:|) (Beamish et al 1975) e e

O

'rhe energy. densrty of a tissue can be. estimated by

determining the percent water content and then by substitut—-

' ing that value: intq equations (5) and (6) . 'rhe calculationsl

can be simpllfied by deriving one expression for the depend- '

_ence of energy density on percent water. . Energy density was

regressed on percent water to obtain the ;Eollow:.ng equations L

e

testes :

Lo

ety

e (Bc) . Energy density = 25 52 -, 0. 260 (¢ water) Ly

(

[ X ::‘_-./n'_- S N"-l_'.' ",‘ -



'l‘he relationship bétween the energy density and
the percent water oi.: A, the soma of the combined
sexes B, the ovarie and C, tﬁe testea. The
1ine from Kitchell e_&a,l (1977b) ,..D, ia presented
for comparison.‘ 'rhe éegression\ equation of-/A B
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iispawning.— The testes, being approximately half a energy

ey . R l o ’ S 2 RN
: 5 s PR
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| fﬁfﬁT'l'ij Discussion K R

'Wu‘

' There is a continuous decrease in the body condition e R

\

index and the somatic energy’density of the Atlantic herring
throughout the winter and spring.' If one assumes, ‘as did /uf
Winters (1977), that overwintering herring of the Newfound-'l

land area feed negligibly or not at all then this loss of

____/

body weight and somatic energy density represents energy '

. expended in metabolismer Making this assumption Winters

(1977) calculated a mean overwintering metabolic rate of
L

Atlantic herring (see p.42). o ;'|;;¥, N

: The signifidantly higher mean body condition index y_ﬁl'

'of the males compared to that of the females of the 0ctober

25 sample is most probably the result of the fact that the

testes grow faster than the ovaries (Table II and Figs. 2B

' and 2C). This sexual difference in the scheduling of gonad

growth is a phenomenon that has also been observed 1n North :Tyn
Sea herring (Iles 1964).5 It can\be speculated that the testes
begin growth sooner than the ovary because the male has a le
hiqher total body energy content than the female after g '
rich as the qvaries woﬁld represent—less of an energy drain

to the pre—spawning male than_the évaries do to a pre-spawn-'




??;i;f'f” ,:ifﬂ- " ‘;; __.”g'; T f““:“‘””*'f?j;"r~‘"v"“~"'“'"a"*f“*":*:“f*-ﬁ-“.;;;i;
oo . : . ,h%i ;56? . ﬁ}' ‘ ;Qw
o : : , SN N .

s whereae their wild counterparte had begun to mature sexually IR
'i;lt.;?"i- during that period.‘ jm”'th. : 1“’ .'ugitﬁ' f"?; o -Q"-f,:*fhfi t#if”
KR T There is a large body of data on the seaBOnal cycle el

o of~€he percent llpld and the percent water of the flesh and'.
§ AR the gonads of many species of fish. Herrinq have been !f>'\" e
3: _ 'r“: particularly well studied in thie respectr(reVLewed by ] ;
éa :fsl Tfi McBride ‘et a1 1959, Leim 1957, 1958, Stoddard 1967, 1968: sh-'b
E' | ;. Hodder et ala 1973: Ackman and Eaton 1976: Varga et al. 1977)..L. N
;- g Eher;’is general agreement among the aforementioned that o
;7 the percent 1ip1d of the herring tissue variee seasonally

depending upon the amount of‘food available and upon the\

. . T —

S f7uj._;; state of maturation of ' the gonads.. There ie aleo agreement R S

that the percent lipid and the percent water oﬁ the flesh

N
.

Sl = the precent lipld ' the length of the f_Bh, which is in -f'n_fi_:;'

- - P S .

agreement with\ﬁhis ethdy (Table VI) They. dld, however,
find that, on the average, females have 3 5% higher absolute ;Q;j-- 'ii"
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'”r-formed whoﬁe body analysis while this study considers the

nebody as three separate compartments. : {.,\ .'_.
: ;H
s The reported seasonal cycle of percent lipid of

".?naaaef et-.al (1973) 1s virtually identical to that re-‘

| ':ported here (Fig. 5) i a maximum of approximately 15%. in
'}'.-January and a minimum of approximately 6% in June, - '
-‘,immediately after spawning. They also reported ‘that- the',
fllipid/water relationship did not appear to be strictly e
- linear and 80 fitted the data with’a second degree poly-
nomial regression. g Since equation (Sa) has a- very high
”;correlation coefficient (r ='—0 98) (Fig. 6) and iv |

'-explains 38% of the vsriance of the data it is not consider-i-.'l'-'-i';"" 3
‘*ied necessary to attempt to’ improve the fit by using poly-.

"..'.."'nomial regression. -

'.l‘he energy density of a, tissue .can be determined

»; directly by bomb calorimetry or indirectly by conversion of
“the weights of 1ipid and solid to energy units with standard
energy densityi, factors. 'I‘he .energy density of lipid is
'.ﬂ;commonly reported as>38 91 -‘39 75 kj . g (Beamish et al. .
.,; 51975). ﬁowever, Niimi (1972, referenced in Beamish et al.lfV‘
’";1975) reports a value of 35.56 kj s g which suggeets that

"i”iths value should be revised or at least reexamined. AlBOr
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: 171i5eoma but introduce error if used to- determine that of the
e “fgonads., Thie s likely due to the difference in’ the - ffu; Lf':.fﬂeﬁf7
n.gwproportions of protein and’ other eolids in the sbma and the 13,':7.H

| e e'i'gonads. . F ) ,
-/The significant differences hetween equations (8a),

f" . | (Bb) and (8c) can be explained as due to the differing pro-'f' .

f_‘ portions of lipid,.water ‘and solid found in, the soma and thei"” '
f%f}gonads. The close fit of these equations (R = 0. 99) '

'indicates that they ean be used to calculate the energy )

:f density of a body>compartment with high accuracy. Their use -
'fwould greatly simplfty the task of monitoring the enerqy B

o content of a herring population should such a program be '

tarinitiated. ‘The greateet gource of inaccuracy in the o
xestimates of energy content would lie in the eatimation of . ,_: ;'

l";;2€'=;;,the ccmpartment weights.,_;"ﬁ-ff :‘-" L ,"yu,g p7f- Jt .

| .I‘ N Kitchell et al. (l977b) proposed the following

T”-}relationship between the energy density and the percent

e ”5, water of fish fleeh- o

P ’_, ) Bnerqy denaity = 23 17 "'0 25‘% water}, . o | .j
c m'ffaThe slope of the'regression ie almost indistinguiahable 1":,:£If?r{;:‘;;:
S 'f’m that °f equationd (8b) and (sc) but is quite different | et
‘.;-5“1P;%?f,fffi from equation (Ba), (Pig.,é) Both (Bb) and (ec) have 'i.;;fii.

y ;'_QVﬂ_M{?'.j} higher elevation than Ritchell's regreesion and thi';

-t
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. JII reason for the higher slope of equation (Ba), 0 400 as com-

|;- ,.i'J pared to 0 25, 1ies in the life-history of the herring.' “ f :;;.}
. |t;   f:" muBt store large ampunta qf energy in the form of lipid in N '
I‘ o if 1ts ﬁusculature in order to- survive long periods of non- ?"H .i“L“'A:;_
S feeding. Therefore the seasonal change in- -the. energy ff;:.*,'fﬂ- . }Cj'::
ll ,.‘ - é;‘f density of the herring soma 18 greater thanmﬁbst fish Lﬂ”" ‘ - '
. . especially if one considers tro?iﬁal fish such as tuna as i.}f'**' o :#e:;
o did Kitchell et ‘al. (1§77b). T R P




Ly X Model Description.»"."" —T o g
T Rerr/(l97l), Beamish ¢t al. (1975) and- Jones e
(1976) should be consulted for a review of the development ;'

-of piscine energetics models. , f L - ‘ _ .
I'_ . e '.l‘ha enetgy balance equation (Winberg 1956) is o
e ke mrarl L T
' -4 cbete R is the rate of ration‘siintake, e. is the coefficient |
3 of utilization of the rationa, M is the metabolic rate and
.‘ A E is the change in energy content of the body. L
. \ S 'rhe metabolic rate can be broken down into four ;,
'{:':.' ' 4‘3“ : compartments.._‘ the 'standard metabolic :ate; M . the / -
5 _‘" metabolic e“iiienditure of spontaneous activity; M odd , the

;'f'-: u the ‘sum. of n and u

T T Pm oo L

metabolic rate acéounted for by specific dynamic action (SDA) /
and Mf, the metabolic expenditnre of foraging activity, B SR

- \ . e

R l:i:--H +H Hd

.(10) '. "-.5-.- o

;_.-* ".l‘he routine metabolic rate of most fish, iﬁﬁluding herring,:'---fi_,.z” k

'.l'his can be expreased as

+ Mf - S ; . : o ’ . o,

i e o e = Y S e T s L

Ay e oy
T

e R SR



(Winkerg956). . . .l % S RO |
e :;j:7§fnaa& cen be most c;nveniently expressed ‘as ;h..; "H;.xlfd"L
' (12) eda - mR_%'j_f:i'?i. 'f[ﬁL*fv/;f?f _ '-*f .
- where m is the SDA coefficient (Kerr 1971; Ware 1975). d:f, f_'"u
RN 1ui X *“”.gwfm_nf ‘can: be calculated two ways- hy using‘basic fﬁ
' | hydrodynamic principlea (ware 1978; Sharp and Frencls 1976),, ) :
- or’ by assuming it is directly proportlonal te‘the routine'"f {l,‘f
: metebolic rate’ (Winherg 1956; MacKinnon 1973, Laurence 1997).
. The former approach requires a number of empirical coefficients,. |
R the valuea of which should, ideally, be derived from ;1 _fc;?JZi/f" |
leboratdry studles of respiratlon rate.:-sincexthls data is’ R "i
R ,nnavailable for herring the first approach cannot be used ?:::1;£;
i;, S ) Instead, Mf ia calculated -as ;ﬁa]jf‘i;'fl't . ;"lff'?iﬁf-i:;kaﬁgf;

e

.’.. f R . N . _/ .. "‘ -','.'__._.'!' '.-.':

(13) :'M"f_l' - A(M + M, ) -.:'_" e T
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:'7_'.,°"~"_ ',' cycle of mean gonad condition :Lndices.

« . In the same manner the body weight is calculated using the

abBence of any lip'id storage depote.,- ,f ' '5

Cotas ) 'rhe gonad weights are calculated using the annual SRS

index is' corrected for the effects of age by us:l.ng equation

\ (4b) .- .e.; : .:"- ° e . ‘~: R ‘. :',f-' S

. ,\\, . - .. ,

L

A ,where I is the mean ovary condition :.ndex.

prevent I from becoming a negative number.\ immediately a.f.ter

oo nE T
A ET N spa‘wning i.t is further adjusted by multiplying the age T
: S correction factor By the ratio of I to the maximum mean
’ T : ovary conditicn index, I oy ' ) :?." R L ol
L 'ﬂ.f.(17) -A}H~--t~f.f; = 1 kL (o 0094(Age) L o 0835)I /1 "\'[
L _- o . E T SRS / " -

e a
‘N

P annual cycle of mean body condition index, C, corrected ﬁor

The ovary condition R

=, 4 o. 0094(Age)'— 0 0835 e T

In order to A
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o

gth is’ caléulated

%P1

-

PR
E TR

i

léngth;

Pogm A+ 1y

g

R r :

¢ is ‘an ‘incremént of length:.

RPN

-~

: e . ..-_ To sununarize, the nrodelcanbe

7122965, ¢ = 0.90; R?
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o’ k : : I Data and Parameters
g' ) - o ¥ :.f o The model begins on- April 1 and simulates a time -

ST period of one year 1n increments of one week. ’I‘he_ beginning
. data was chosen 80 that the energy density data could be

used directly m the mode/l.' The Output is -a listing of the

length, the weights and the rates of energy storage and de-' o

pletion*for each week The age: of sexual maturation 18

assumed/to be three and’ the gonad is assumed to lose 90% of

e -
e

. its weight during spawning. :

5

R T S R 0 Tl e e A e

'l‘he weekly values of the energy densities, t‘he

: body condition index, .the gonad condition indices and the "
RN growth increments ‘were- obtained by fitting smooth curves by
eye to the data. "The curves were further smoothed by taking

/ ]a running auerage of 3. All fish whose measurements were o

o

i grow:.ng season lS assumed, on the basis of data on the feed-.'-".
. ) | ing intensity of herring, to start April 1 and end .November

| _'.'_";'_. 1 (G. winters, per’" onal cOmmunication) and the growth pattern -

e is assumed to be sigmoid. e e _,;:‘ oo
: 'rhe condition index curves used in the model are

""'g'.';"shown in Fig.. 9. : n‘he body condition index curve is drawn .
- ...-'-. : beneath thp point representing the mean of the August 12 L

N vy

used were caught between March 1976 and March 1977. ' ‘The' ', :




g

: w““'3'.i.n;bllFigf.9? Seasonal cyole of condition indices\used tn the" T‘f"" :

RSP u,ﬁ; ;-;, model' A, the body; B, the ovary, C, the teBteB. 3 :{;f . f

.

;e n e A Sl 4 e e

s ’1  Cr ,' .i@.f' The bars repreaent * 1 8. d. The curves were  ~j' SRR

p o

RS Vo . drawn by eye and then smoothed by taking a run-' AR PR

SRR 7"»*'Im ning average Of three._ The arrow . indicates the T o L ;

. P N - s

G -";' mean date of apawning. . '_~--f.‘:u ﬂ‘.f :'Q f N N ' L

e

e

S
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i --—'mean body weight at spawning. .

f"

by subtracting the mean gonad weight at spawning from the’ '. -

: the same data by fitting the von Bertalanffy equation

\

o~

'l‘he /annual growth increments were obtained from'

.-

S S o ) __///-

y -

(zz) S L= :,., (- e x(t-- %) e

where L,. 13 the length at infinity, K is the instantaneous o
growth rate and t is the hypothetical t:une when length would
{ *

have been zero if K was constant throughout the fish's life- .

€ime. The parameter values were calculated by Beverton s

'- method (Ricker 1975) and are shown in rable VII. .. L

Since herring overwinter in inshore waters and,l

e -

presumably, feed in offshore waters the seaaonal water

temperature curve must be a composite of both the inshore

AR

and ‘the’ offshore Water temperature curves. Fig. 10 shows the

curve for surface water at Holyrood, at the head of Concept- .

W Ll

ion Bay GSteele 1974) ;..and the curve for Station 27 (suppliedf .

by the oourtesy of D. McKone, B’iological Station, St. John s, '. )
Newfoundland), an oceanographic sampling site in, the Atlantic :

east of the Avalon Peninsula.. 'rhe latter curve is the mean

- .

temperature of the water above the thermocline. 'rhe curve

used in the model follows the Holyrood curve until May 30 at
which time— it shifts to. the station 27 curve until November' 1 L
at WhiCh time it shifts back to the Holyrood curve. It 15_ i
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;E / The food utilization eoefficient, e iq commonly
P i ".':.,‘.._}%assigned a value of 0.8 (Winberg 1956) and this is the value gy
used in the model It is undoubtedly only ‘a mean value sincel" ,
reeent wOo jk has shown that it varihs depending on. ration rateﬁ.

',"and temperature.. Elliott (1976) fonnd ‘that’ the value for "

brown trout lJ.es /b(;tween 0. 75 and 0 70 and that it decreases '

metabo],ic weight exponent is also given a. mean value of 0. 8

(Winberg 1956) -

f EO ST ORI 'rhere are no reported direct measurements of O( ;
Q\\ N A however, there are two studies availab].e from which ind:u:ect
&~ i :

estimates gan be obtained wintera (1977) eetimated

'»':\\(M ¥ H ) for spring-apawning herring 316 g in weight as /

N ,34 ml Ovz-g « h: -1 at 3 C. by measuring ‘the mean loss of body

energy of 'ove intering,%on-feeding herring of the south-» '

Rl

_.. ;__vaqﬁffhﬂ; -

west Newfoundland stock ccnnplex and equating this to metabolic

\

L

expenditure.. This givee ana’.of 0 37 kj-wk 1 0 _9, assuming

W ¢ !
S

../-—

L ml 02 :|.s equivalent to 0 0203 kg (Beamish et al 1975)

X Applying the same method tb the data of this study yields an

o(of 0 27 kj-wk g ° 8 at \an estimated mean temperature of

" Wj.lkins (1967) starved_spring-spawning herring caught

: i\'.'__n‘."with increasing rat»lons rate and increasing temperature. ;rhe'; g
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v I cor:r:action curve presented i“ Table 1 of winberg (1956) E
: AR The egtimate derived from Wilkins v data is not cOrrected for_ -

_ s temperature due to the large variability in the value but isz"
ERRE included for comparison._ Winberg s estimate of o( is also '

,, ' '. included for comparison. It is substantially lower than any.",

. L of the others but thi?is not unexpected since Winberg -3
n ; ) equation, 0 3Wo -8 ml l)2 g l-h l, calculates low routine
lt S metabolic rate whereas herring are always quite active.
{ since the o( obtained from this study is’ within the range of

L the other two estimates it is used in the model.. . S
: L , , There are two direct studies and one indirel" 3 study
' - " ?nat give experimentally dex;ived values for m, the SDA - /
e . coefficient. Beamish (1974) found a mean (+ L s.d ) w/r:iue of
3 \0 142 + 0 042 for largemouth bass, Micropterus/almoidea, s _3 ,' "". «
.' ! | fed emerald shiners._ 'rhie valuel_ as i ‘dependent of feeding . .‘"
{ ; ".,':‘:-,-level.. ok body wef he—Holr and Niind (1972)  determined a | S
AT _'-'value of o 16 fo: the aholehole, Kuhlia sandvicensis, :Eed .j' .
s “ T jtuna ware (1975) oalculated m to be 0.16 in an indirec.t :

' f,.manner by ;pplying SDA ractors for fat, protein and carbo- :

.....
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: 'estimate for young. highly active fiehee.,. A, the foraging

[

'activity parameter, ia analogous to theee multipliers but

','3‘:,not identical unless it is aseumed that the routine

vmetabolic n@te for herring is equivalent to. ‘the M
,'_vepeciee. In this mLosieI A is aesigned values that

i-'ratione at zero or greater throughout the year. _' n th_fs way .
.'_'A\is almoet identic to al, a metabolic constant' of ' '
'Macl(innon B8 (1973), energe::.ice model which was, used to, adjust

the activity metaboliem so that the ovex:wintering rations L e

»9

' ."rate was equal }o zero. A ie 1 during the feeding .eeaeon ' ,

(April l - November l) and 0 at all other timee.

There is both theoretical and experimental o

; 'evidence to support the choice of these particular values of
».A. Ware (1975) proposecr that if foraginq fieh sw:uneira rate
I"_that maximizes thei‘r growth rate the ratio of the total - '\
'me.tabolism to the routine metabolism should fluctuate between

Y .5 and’ 2.5.. In other words, the total metabolic rate of a

"foraging fieh should have a mean value twice that of the
' "routine metabolic rate, i.e. A -1, g / o . o - .
L ‘ Desilv’a and Balbontin (1974) kept young herring‘ in |

_ ‘ 1,-'_Elarge taxiks (750 1) t difterent temperetuxe ana ration ',

_':“":‘levela in’ order to estimatexfood intake and growth efficiency. s
- The’ ration rate and the estimated metabolic expenditure of
. ‘. .‘g-'.-'-fish fedw to satiation twiee a day at 14.5 'c were ‘reqreseed /

g N . - . .,_.‘

""1'13_’. g ,“.,O!‘l 566.? weight to obtain the following., equation
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Sl f‘f. n a, 1 003% ° 7.7.3 e o
, "" where R and M are in un:l.ts of g food fish ]'wk'l A value
S 7
'_ of h can be calculated, first, by convertingﬁ the we:.ghf: of .:
o L / food into energy units'by using an energy dens:.ty constant, :

s T ‘ﬁ.c' This constant has a value of 3 82 k] g - -1 and was. de-

» . B _—

Pt ‘. : rivéd hy applying ene::gy density data from Thayer et}. al.

FEAR (1973) qnd Cmmnina (1971) to a muase1_1z squid.mysid diet of

. \.. .

e e

proportibns 0 125:0 375:0 500._

'rhen the above equat:ions and

_‘._ ~ equation (12) were subatiﬁuted .lnto qlq;i\a\t’ion 10) 1;0 give
G L : 4 PURNS > , R
. o *(_ .(1‘,“5“0 744, 5
R '-;;en equations (11) and (13) “are’ subatitutéd
/ c f(i"oolsﬁ" 7?.3,) - ‘.éwﬂgcr)'(a # i,) + mc (1;65w° 7‘“) |
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Seasonal Energy F,'I.ow o \
'g'i{{ff. The seasonal pattern of energy storage and de- f;n
pletion rates of "a 4 - 5 }iear old herring is shown 1n Fig. 5
12;' The head energy flow rate is not shown because of itsi\”
small magnitude.' The maximum ration rate and somatic growth

)

rate occur in late summer,,approximately four: months after r”fj

spawning. The maximum somatic degrowth rate occurs in May

The gonads remain dormant until August and then commence

1

JQIOWth-; The growth rate of the testes rapidly 1ﬂcreases to f*ﬁ'*

—-.\t

.a maximum in 1ate‘0ctobe: and then decreases to zero in
DL
January, whereas that of the ovary is: low but steady through-

out the winter with a broad peak in November and Decemher.v5:'
Herring are not assumed to feed during the spawn-f“
ing period (G. Winters personal communication) : This

.

behavioural phenomenon ismimickedin the model by setting

(AL)t”and_'_A" to'zero for the spawning period.
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.é‘lf:fij. Age Distributions

The distribution of energy flow rates with age ie
R

'f_gr'f? shown in. Fig. 14A. The metabolic rate utilizes the greateat {if:~;i

portion/ 81 1% -.91 8%,of the assimilated rations at all ages::.
e —

' GVji;fﬁii with the percentage increasing with age. This'results in a-

, .
-

decreasing rate of production as progressively 1ess energy is’
_ _i available for either somatic or gonad growth An additional
fﬁ?«fﬁﬁ' characteristic of this system is that the gonad growth rate Zf"-,_hf

takes an increasingly larger share of the decreasing growth— e

related energy flow rate.- Thie results in a precipitous ,.nffyv~f5

decline in the somatic growthﬁrate'with'age.. This phenomenafw

is ehown gor a: female herring in Fig.‘14B.i¢“‘_7fﬁ§:f 3
. , o : N

'gp The modelled fecundity is shown in relation to the;_p

mean weight and the mean 1ength at age in Fig. 15.T The meanj.“"“'

length and weight weré calculated by summing the weekly

values and dividing by‘f 52. 5

The fecundity was regreseed on




S S " The! age distribution of the energy flow rates - .
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' ... Fig. 15. 'The relationship between the modelled"fecundity - ..

" length at age:.
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8 of the mean /3 for a large number of species/of freshwater

4

:, and marine fishes is only l 75% of the mean. : ,

- Lo ! [ v,

. b : 'l'he parameters that are in ﬁeed of the most
o . attention are o( and e, " )
,,3 o -,,: corroboration renders i::s | :
'_-.J, ,, 1atter because it is quite 1ike1y that the rate o excretion

the fecunditj 18 /@ﬂjusted‘( (i) changes in the rate a/t,.'h‘ich.

oocytes are recruited to the population ova, and (i' )

T O llad 1t ST PR R

It




e s e

| 1. . . . N w . . N | s L L N - . .
ambiguous. . Anokhina (1959 1971) reports a positive _' . e

correlation of fecundity with the fat content of fillets of

In-,-.'

.Hempel (1971) con- . |

cluded that —at~—1:e ‘ in some populations, fecundity varies

i within genetically fixed limits from yea—r to year, depending g

zi]lstra (1973), on the other ‘
{- < .
hand, found that, for two separate North Sea populations, i

on the feed;l.ng conditions.

fecundity does not vary greatly between years and within a

Yo

year it was not related to the conditlon of the parent female.

If herring fecundity is dependent on the available energy /

for gi'owth then the mechanism of adjustment of egg number is ;,:_'(‘_,".‘,_
_‘ most la.kely to be follicular atresia; Bowers and Holl:.day '

(1961) observed instances of pre ovulatdry degeneration" 'of -

eggs in a histologiOal survey of the herring gonad.,_., L ;

- : . The question of energy alloca,tion strateg:.es- was

addr(essed specifically by Tyler and Bunnsr(1976)

¥

T é@ﬂiﬁ

'I‘hey found.;‘.ﬂ';.- Lo

.....




—

_ } of maintaining body weight when rations are low;¥“
Tl

" of the total lifetime fecundity of a female.n'

the future.,

/-\' L . "r',‘_ ..
P . . T

;ﬁilx. TE%ee strategies can be proposedx (l) gonad

production is maximized at all levels of ratio/s, (2)

somatic production 15 maximized at all 1evels‘of rations Wlth

)
. o

gonad growth maintained at a mean level and (3) gonad growth

is maximized whe’ rations are high but suppressed in favour

{ i

Lid -,

The relative fitness ou;herring following any one
R AT

":\ of these strategiesTcan be defined as the energy equivalent

;It eerves as an

—_— AN

Tl“

Gy S
&ﬁfyﬁgﬁ
IR TEANE

v B




: and Wilkins' (1967) data on starved Atlantic hg;ring._, The ‘
e

N N I T U -t . TSR R W B

L

(24) | B' '@ (1 + ‘)R ' / PR

5;

Where S is, a pesudo-random, nox;mally distributed number with
oa mean of 0 and a’ standard deviation of 0 l. The body length

and weights of the body and the gonads are recalculated on . ,
the basis of strategiea (l) to (3) for a ten year lifespan. .
'l‘he mbdel fish is constrained to maint.'ain its gonad cond” t:.on K .
}amd its gonadless body condition (GBC) (=(W - W ) x 10 /L ) |
between ‘umger and 1ower-/Iimits.- 'I‘he gonad Weight is not
allowed to increase above 30% ot‘ the body waight or decrease :‘, .

below a minimum v?eight of

\ .

. 5 g and the GBC is constrained\\

after examination of the length and

't_.l'

1atter study reported that 50% mortality had occurred by the

time the E/ sh h ; :'reached a. GBC of 3 35.-., Those fish were

i
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"Fig.'20. The cumilative fecindity at’age, of strategies

.

1,2 and 3 and {4 mean Zecurtity when
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© 77w found regardléssof the values of §  because

“ * i

. only sesuitin a fecuntiey epml toor leis thehthatof .

R T mewabegy (1), e T i e e
S R stion of which strategy is followed by £he.> |
herrcing 48 sti1l mbiquons bécause of ‘the fact that increasel

“ééb‘ff‘ hetween 1ncreahed £éon éound ity and increased. ;
ty, .1t 3s difficult

[ L

‘this question

GBC and. the' probability of mortality..
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. '}1 . 'rhe vali.dtf’ of the mode]. can be determined by SRR
compafing the calculated energy flow tates with independent. . 'ﬁ ‘:‘

estimﬁtea of the aame energy flowphratesg SOme workers (gaan

}973: Jones 1978) have obta:lned estimates of the food in- o

; ,gesg:i"" rate by uaing empirical data 'on Btomach contents and
s

gaslﬁric emp,tfing rate. Stémach content frequency

data ,' ava:llub}e for.‘.t!re herriﬁg of the stocks about the

R
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N " \ . 4,
is calculated as 4.35 (Fig. 15) which is very close to the o
" N . T C : . S .
value of;4.5'reported'by Hodder (1972) for herring of S T

Placentia'Bay If the age corrections of the body condition

indéx and the ovary condition index are: not utilized the : '

exponent is only 2. 3 - s . "‘ : o ‘ ' | 7
The ratio of annual totdl production to the annual -

A_rations rate (total P/R) (Fig._16) declines Wlth age.'vThlS -:: .":].

?;appears to be a universal phenomenon- Similar results have T -"f'ﬂ

' ‘.f fdf?]i“ ;been reported by Lasker (1970) and Jones (1976) and pre~; }fidi

T fdicted by Ware (1978) Its cause is the fact that total
L C VUl ML _
_ﬂ1metabolic expenditure increases at a faster rate with age L
I j.;.\-.:_,_ - )
W;~_than rations rate thus steadily reducing the energy aVall-:' e T e R

xable for growth The range of values of the total P/R curve

;is'O Q£4 - 0 141 This range can be compared with others
A PN
reported in the literature. An estimate of the P/R ratio of

5juvenile herrrng was extracted from the study performed by

e h
S S Desilva and Balbontin (1976) The reported gross converSiPn

9
Lo

% efficiencies were converted to energy units by assuming that -zﬁ

the energy denSity of the fgod wae 3 82 kj g (see p. 4%)

.311{.and that the energy denSity of the herring tissue ‘was equal :'.':
. .: .T : ~'l"to the mean'energy density of the herring tissue of this . Iii:f'
PR h:study.. The recalculated P/R ratios of fish weighing 7 8 - o : -'.'f-ﬁ
| T 18.8 g.ranged from 0. 173 at 14.5 c £00,300°at 6.3 C.. Jones .
(l;;G) reported a range of ‘0. 15 to 0 45 for a number of fish
:’speCies. Both of these two ranges are’ far above that pre-' //yyf flf;:

4'.:dicted.by the model There ‘are tWO’EOSSIble reasons for

"{'the disparity;f( ) Jones Values were calculated uSing




T

calculated for a- period of near satiation feedlng ls most

B ) - -‘,::'_‘_'.
- - ot o~
unlts of weight rather “than unlts of energy and - SO hlB -
values can only be compared to thé predlcted values 1f the
energy den51ty of the food was 1dent1cal to the energy N .
den31ty of the f1sh flesh, a situatlon that ha often beenv_ %f
. -
assumed ino energetacs studies (Palohelmo and Dickie 1966)
\but rarely shown to. be ithe case,\and (}1) the time scales"n ‘ S S
" used in calculatlng the P/R ratlos are. dlfferent. The pre- L ﬂ-q;ﬁy
v : =
dicted ratlos .are calculated for ‘an annual tlme period 'fx'asva;. b
whereas the studles reported by Jones and De51lva and '*;I'f:3ﬂ-fyﬁfh *M
A 1“'-'.‘K:' R AR
Balbontln lasted a few months., The conver51on eff1c1ency Qf "f{\ﬁ

llkely qulte dlfferent'from the eff101ency calc%lated for a. .ﬁﬁ_ﬁ5“'g

l / .

2r* tlme interval that 1nc1udes perlods of non—feedlng as yell fy .

‘ N oo n;:

-as feedlng. In fact 1t ig most llkely to be hlgher, a
\

statement that lt supported by Lasker s. (1970) report of a’ ™~

e [

calculated annual conver51on eff1c1ency of 0. 06 0 15 for the ;y}ﬂl;~ :",

’-

B - . ' '_, - -
.,'

Pac1fic sardine.-'lid;'

Ware (1978) presented theoretlcal reasons for uﬁ:w

‘ assuming that Rannual gwb where b 0 7 - 0 8 Jones (1978) - i;'ﬁjl
' calculated b as 0 77 - 0 80 for haddock and 0. 8 -1, 3 for s 'ﬁ;
cod. The value of the exponent calculated 1n th1s study ”:ﬂ}; ? ':;*
(Flg. 17) is 0 66,which means that the rate of 1ncrease Qf fﬂ-}?f hff

» ° \., /. g , .. L.

. o S \ \_ . v

i ! AL ¢ - :

; -). . : " . ‘ t 5 . . _',‘. _‘ :' ,\
4' - ::-'\:»‘.
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N \ T . e h S . .o._... Lo ‘;_

: : : : ) ‘ e Lot i .- .
R - ker unit'body weight is less thanzthat of -cod :and.’ - w'j~f'7:CF
annual RN SROEE -

haddock \ It does not mean that the annual ratlons rate pEr

'

that depen s on the value of q, th‘- proportlonallty constant.'

' One, pOSSLble reason for, the. relatlvely low expon ft:value is

o\f* S _i ‘ that the mgeel deals bnly w1th herrlng,of the length range _fi]iujxh f?:ff

SR 210 0 = 35050 mm The most rapld chamges ln the relatlon—i.fe.,“

nf, .

”*[.ship betwee\ annual ratlons rate and body welght would be
'?;ﬁ;}ﬁ]?ffﬁ:"ff? expected to occur 1n~the smaller length classes and 'S0, thelr

NSRRI .;ncluslon could poéslbly 1ncr3ase the exponent value.ftff

;iL e & Ll Thls model is not an end 1n itself.y Ideally'lt 1s;g;ﬁffﬁf}f?f7
%gi :::..a—research todl wrth a number of poss1b1e appllcatlons.r31tﬂ:n
AN ‘ '. ‘could serve as A bulldlng block of ‘a largernmodel of the :
= :”':é; pelaglc ecosystemdoﬁithe‘Nbrth Atfantle.: One appllcatlon\of'
1 ,j;:.' S thls largér model would be the testlng of €he hypotheSLS,‘ﬁ_,‘
E ;:f.éd '7f origlnally PIOPO$ed 1n regard to the Gulf of St Lawrence .
: | . h{.i herrlng stock comple (WLnters 1976), that herrlng bLomass:,i
. ffbfififfls controlled by competltlon with mackerel for a 11m1ted .d
R fi.};l{fi:Pelagic food resource. eThe model COuld also!serve to estl-ﬂ*f
f:f:fgtfﬁ,ﬁlli:“mate polrutant,uptake in herring' Another appllcatLon would{;fleifi-?t“.
; J;*;¥;i%ift€:;be the estimatlon of a tlme hudéet }o be used as an adjunctf”
xZ;%?'L;J;}to a- study of herrlnglbehaVLOur.“ one appllcatlon whlch dld B

. T
not requlre great amounts of addit10na1 data—was an :
Y




"may be many locally optlmum strategles each approprrate for

"the partlcular combrnatlons of mortallty rate and‘food
5{reg10ns. '5jf"“* '”-“'l!f“b;'f.g';*g;f{;:};f':uh :
7?“j:cause of death 1n older flsh It has been speculated that

iﬂfcondltlon resultlng from the geometric 1ncrease in the energy

:ﬂ]requ1rements of gonad growth w1tp age (Hllep 1975- Ware 1975)

_Vfgmortallty than one following strategy (2)
"?f“must be\done to derrée more accurate descrlptibns °f the

"'?that requlre 1mmed1ate attention 1nc1ude the scope’of the

) Iftmetabolic rate, the estrmatlon of c(, the dependence of er

relatlonshlp,ls unknown and so weoare unable to state ‘

_-, ,]'

5;\Categorlcally whlch strategy 1s optlmal for Atlantlc herrlng.;:zpﬁ'f'

. Even 1f thlS 1s possible lt.may not hé meanlngful srnce there ;'..f

v,

- \‘ !

ff;jﬁproductlon cycle varlabillty found 1n dlfferent oceanographlc

"r'-

N cor e
b . - e .

ce c R
4

‘1;ﬁ: A relat\dnsubject ls the questlon of - the ultimate :an“F'rﬁ

[
-

- EIES \";. \

SO

<
N

N x»f:bﬁy

' :{On the other ha d Cushlng (1975) has supposed lt to be the

\ l‘.

.

B result of a pricess ﬂf seneecence.. 0bv1busly the answer to

'7~:thls question depends on the strategy of energy allocatlon hV&f,j,

”followed by a herrlﬁg populatlon.l\An older flsh followxng
strategy (l) w111 obvlously have a hlgher probablllty o§§ f;}ffif'".'

-, " .-“

-

flnally, it must be pointed out that more work
P “ ' .

"I.phy51olog1cal parameters of the Atlantle herrlng.: Areas

Dyl : »

'g;‘on temperature and ratlons rate and the relatlve 1mportance

s AL

h.gand numerlcal value of the transfer eff101enc1es between the 7

- T

'ffgonads and the soma.g‘,.g ﬁ L{f_'ﬂif-':' ;fﬁ”. RJ,-

‘it 15 the result, drrectly or-indirectly, of the loss of body ?f;fh';w.:ﬂ
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"“ffTheﬁtestes grow at a faster rate than the ovarles durin :
SN e s , N . ' ' :
{'the%s er, reach a.maximum welght be ore overW1nter1n% N
,and remalnnab-this welght throughout the w1nter and t?

"4

.

‘irthe testes vary inversely with each»other.: The percent

There 1s no 51gn1f1cant dlfference between the mean body

:;:soma of the males and those of the females at any tlme

H‘!of the year.f;jgl

This study analyzes the seasonal energy flows w1th1n

1nd1v1dual adult herrlqg between 3 11 years of age.'fj‘ o
\ oo N '.-
The seasonal cycle of the condrtlon 1ndices, the llpld

and water content and the energy dens1ties of the soma

e 13

aﬁd the gonads were‘measured for a ‘stock’ c0mp1ex off theg'

.. . X R Lo
F .

Avalon Renlnsula, Newfoundland {'\;[ ﬂ7ff.“;f. -;j_?f

A A '4
o
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sprang The ovaries grow contlnuously throughout the

'

,3* w1nter and reach anmaximum welght 1mmedlate1y_before j, f
Bpawning.;n:lf:rﬁff“ﬁ:G;gfﬁl%.?ffﬂi Ei: SRR f

‘
' e

ondltlon lndex of males and that of females except 1nfyjp
late summer when the males have a higher mean value.,d;i;

The condltlon 1ndex of the body and the ovary is greaterffs33°

FA

4n older flsh then'young fish at eny t1me of the Year #F_zﬁ'kﬂ

The testes condrtlon index does not change W1th age.:

'Tﬂbf \There is’ no srgnlflcant dlfference between the energy
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densitles and the percentage of 1lpid and water of~the ”:jVjG”

\

:“The percent llpid and the percent water of the soma and Tliggiﬂf{




: lipid of tpe wet weight of the ovaries is 1 23‘+ 0 33% . o ;ﬂjf_:'

?1-.‘TT: t”ti",: : regardless of|the pércent water. \ ;}ﬁ‘ff;f'”;f;v'f'-m' o ']»3:';~ §
'..;S-t':i . The energy conver31on factors of the lipid and solld . b >: h
?. o Y: of the soma were found to be identical to the-\alues ;ff\LVf-J;Ir :
'{TH;:?%;.-;;ff;'} reported in the llterat¢re; Iéhe'same energy conver51on" )
}:# BRI faetors; ‘if used to calculate the energy content of the .
) .testes and the ovarieiliintroduced a 4 42% and an 11 79%'wt
:error,ﬂrespectively.v‘ R 1-;_i
: ;- ‘
\
SN It generated a pattern of seasonal rations rate which
jf; “l{i‘fﬁn matched observed data on thelseasonal pattern of stomach
I%f' i . ,‘;f:' content frequency -\The exponent of the modelled ‘ ; . -
?fg POTeERA ‘tf fecundity :-length relationship (4 35) wad found to ‘be ﬁf}f
zb close to an observed value for the Placentia Bay'stock F N
\;%jgb'?fffff;;r:‘ The range of gross growth efflciencies (0 064 0 141) was :}}ijﬁﬁ?
e found to be lowerfthanflny ranges reported in the\ : L ': e 5
f litérature.; The exponenttjo 66) of the regression of the f?::fi;nfiﬁj
. mean weight was found to be at the lower end of the"“
3 ‘range predicted hy Ware (1978).and reported by éones Lfi \




,'in the data on the condltion 1ndices,

‘fdenSitieejand the annual growth inctements. . .. - T

m'Btrategies of energy allocatlon between the soma and the
hhgonads.)
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The model was used to examine the consequenceg of three'-,, R
i .

-,

Tﬁere 18 a’ tradeoff between the fecundlty and . = N
s .the body condltion 1pdex but the exact form of the ESRADE
! i

relatlons

1p is unknoWn and so the optlmal strategy S
dentlfied. R
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' Sample Length Ne:.ght Sex .Age- Mat. Gonad Liver \Head Back

: , number - (om) (g) o *4stage wt-(g) we(g) wt, () we. s}

L 5 . . - -

~-,1-ooz;-.33.4 -327 0" 1 - 4 éo 8. e, -
©1-003 " 31.5 v 273,00 2 - % ,_4 32,3 0 - -

© °1~004 733.6 . 388.0 "L -~ 4. 79,6 A S
.'l~006"'35.5--,367 g 2.7 - v&A--; 25.6 . = =S

- °1-007 . 35.5-.7390.0, '2- ~* 4. =5o;o~. R R =
1,008 "~ 34.4 - .345.5 1. =i .4 ; P A -
-1-010 138.0..,399:.9 -2 .= 40104380 02 e -

L 01-011..033.8 0 311.5 52 =M 4.7 28, 0. Ie R i
o 1=012 . 333570 v330.0 1 4 a a, LN e
’.',".'J!—013,',2; *32.0 7 .288.0 .. 1 g -\{- —
v, 1201400 35.377 402,071 A ek ;

\ 1-015" 34,07/ R 4 G
C1-016 ;345 .35 B2 4

CE1-017. 0 35%0 70 375,00 25" Cg -
.\ml L0187 7735007 L2 Ny -
. \ 15019 ~"36.2 437,772 .7 U4 , =
1.020°7033.7:47333.2 "2 RS a
oViZo21- (33,7, 308,472 g - LD
\1—022,;53553. 356.0 -2 - 4 = -
1~023 .- 33.9°:° 354.5 "1 . 4 P el
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1-031  32.2° 264.2 -1, -  ®5- = £ -
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S Sampl\e Length We:ught Sex Age Mat ' Gonad Liver Head ack
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Béck

Co L 9e022 .,
" 9-023
9-024,

- ,.101001
S .. 10-002
DO v 10= 9&3
e " '”1mwﬂ
S : 10—~

Caen e TNt 10007
Gioso. el a7 U10-008,
A b T 10~009
T T10-010.
”‘\ﬁ-:jf,f‘dL;WIO-Oll
U AI10<002 -
YL EEL10013 7
©.:10<014"

Y %&’

B

.34.8

35,4

_ 35?5

36,0
'33.6
35,7
34,2

-

355 5

372.6

" 390.1 -

'314.6

" 3746. .

35.4.

31 2'. o

32.1 .
BS 1

30577

36,3
32,6
36.3 -
35i6"
30,5 %

e T T104015

- '10=016 36,8

. 10=0L7N 36 8

- 0110-018 132.6

G e T 10%019, 34,4
Ch T 710020 36,0
T 10%021 F3501

10022 " 32.9 -
. 10~023 7 3103
" 10-024 30,9

" e -,'_-..- .' A.'\ l.""... 1-1_006

11201257335 2
e 115013
ST 101

:151311 ozo 36 2

5511-001 33 0.'"
©,%11=002 " 36.1
- 711=003- 35,3
Coo e 114004 032:1 0
Lttt 2-11-005  35.5
, 3541°
o ~11-007.-34:5 -
Sy L 11008, 34,7 7
W L 421-009 F33.9
P - 11- 010 "37.5°"
117011 3306 B
. 26745,
.307.2¢
. 228.2
34815
388.9
264,17
-.216.9 .
5322 1“.

3401
, °30:6
7, 115015:,34,8

.. 11-016. 36:1-

L 11=017:033,37

) 11-018) (31,6
i U 11-019 133,970

'378.2,
313.9"
4669
3811
242.9
.258.5 "

360. 9

241. 8[“
ﬂ400.6f'
246 .9.
463.2
-397.5 .
;.224.5
L 411.2°
1399.1 ¢
1288.3.
-345,3.
1378 9.
1356.9.7
-317.8 ..
261.7. .

377:2.

'393.8" .

~309.2

\ \ -

260 9

. 372.0

4

)

322,55
$259.4.°
. '340.0_
. 394.0.-
322,70
1290.0
1328.6"
423.8"

Y

S bah:&}ﬁhfwiiéadem+ngj+&{ei9}qu>&z;h-Hr~§:pjﬂﬁ;&mmi&}i?{piéF{N}é;a);ngpwﬂh:N
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Ua ot
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PN

A

2

]

ENEE G S SO

1

aﬁq#hbb@bbhfﬁﬁﬁ&hbhﬁ#%ﬁhhbhﬁﬁhhh#ﬁé&

35.5 .

- - 57.5

‘-163 2

46.5

;€52;0
54.7

C 174

12708

- 788
7632
~£:29,3"
002657
290
735,57
S S

134

-:rﬁa 1.

70:0°
19,0
58,6
56.7.
. 36.3
62,4 -

”8_39.‘

6.48
8. 49

7. 68
4.72 ¢

2;77:_

“6.34
“17+33

"4 16"

229
. 2538
9,49,
Ny
1 3.25.
. 5.43°
'3.27
T 371
2,05
7446

g1
505"

- 12069,

L5107 .10.18'

33 1
66.3

38 p

21;;.5
“59.,4 %
~43.8.
'29.3 "
“55.4:
65 0
60 0
-37. 5
48,

72.{n.

15249 .
" 34, 3
.51.8 "

"f43 7.

44 6
A2

42, 6-~«

133547
33,2

6.06:
2.91
1, .89
1 71*

5. 69
" B:d95:
' 8.12 .
2335
' 3.47

}3 84

"2.37 .

. 4.70

6. 50'
-8.97
2 41

49 e

.71
1 93
6. 88
T 83

3 58
8 44

'mtoh)ﬁ
A - I
[ ] - ()

L

;_11;8'
1407




number (cm)

"ge'Mzagé

Gonad leer Head .Back:' ..
wt. (9) wt, (9) wt. (g) wt (g)

11-024' 33a7

2717 ';

*"279 5 o

6 68 24 9 10 2
3 11 . 34,77 14.0.
2,507 2454 10 8-
1 89 22 1 9 9
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. 66,95

. $ Lipid - % water
sample, ) -
~_ number soma testes ovary soma testes ovary
2-001  12.57 - 1.03°  68.22 - 65.16 ¥
2-004 - 11.53 - 0.89 68.79. - 66 .37
2-005 | - 13.55 4.07 - 66.94 70.02 -
. 2-006 17.13 2.83 - 63.30 75.22 . -
2.008 . 15.34 - 0.86  65.70° - 65.02
2-009 ' 114.07 - 1.24 66.60 - 64.73
.2-010 13.27 3,57 -. 67.47 71.32 - 3
.+ 2-011  ,16.85 = - 1.01 o= - 65.36. - -f
2-012 .. 15.72 Ts .7 1.200 '65.67 - '66 .56 i
- 2-013  17.42 - 3.75 - 65.04  71.07 - =~ ?
2-014 . 14.71 3.89 - 67.01 . 71.01 . o= S
2%015 . 9.08 .  3.68 - 71.33 72.19 - :
2-01% 12.82.  "3.74 = ' 68.06  71.23" - '
2-017 16.24 - - 1.16 - 64.79 - - 67.73
- 2-018 14,96 Cl= 144  66.3 - 63.96 "
2-019 16.96 3.74 - '63.73. 71.68 - v
2-020 16.41 ' - 1.62 65.40 - 65,15 -
2-021 1 13.97. = 0.99  66.91 - 64.74
2-022 16.75 - 1.75 64.56 " - 65.37
©2-023 12.29 - 1.61 68.07 - 65.37° “d
. . ‘Y - &
3-001  11.02 3.51 - 69.68 70.3% - t I
. 3.002  16.29 2.55 -  64<90°  74.54 - i
3-003 14.18 - 1.12 67,18 - 64 .44 .
3-004 12.91. - 0.86° .67.98 - 64 .32 :
©3-005 . - 11:42° 3.52 - 69.36 71.00 -
3-006 10.11 3.65 - +. 70.39 70.72 -
3-007 - 14,71 3.06 - . 66.49. 72,52 - - 1
3-008 12.59, - 0.95  68.61 - 64.99
3-009 - o= 1.19 .. - 4 - .7 64.58"
3-010 '15.28 - 1.10 ¢°'65.16 - 64 .68
3-012 - 3.91 - - 70.52 -
3~-020 15.45 - - 1.95 65:99, - = =~ 66.06
3-021 8.80" 3.55- - ' - 71.18 70.35 =
3-026 . ° 14.54 - 1.05 - 66.72 - 64.60
3-027 - 13,80 C - 0.99 67.52 - 65.57
3-028 8.47 3.60 - 71.29 69.47 -« -
3-029. 5.70 . 3,48 - 74.18 71.38 e
3-030 .. 6.46 \ 3.63 - 73.15 +  69.75 -
3-031 " 12.77. \\;.03 0 .- 068.200 73.20, . - .
3-032  -15.03, - 1.60° ~ 66.42 . - 67.00"
3-033 11.30- ° 8.77 .- - "69.42 , ,71.79 -
3-034 13.88 . e 1.21 ~ -66.43 - - 64.173°
- "3-036 11.99 = 1:12 69.10 - 64, 68
. 3-038 12.94 - 1.95 . 67.44 - 64 .81 ‘
3-039  13.15 - ~




R S
.

Y

-6=002

. '75.83

91 _\f

sample 3 Lipid % water.- . .
number soma testes ovary soma testes. ovary
3-040 11.61 -~ 2.92 - 69.18 71.78 -
4901 . °* - - - 71.71  71.47 -

- - 68.54 - €5.47

- - 71.69 ., - 66.25

- -~ - 69.19 - 66.37

- - - 68.41 71.66 -

- - ~ 71.45 72.23 -

- - - 70.67 - 65.47.

- -~ ~ . 70.14 - 65.56

- - ~ . 68.90 72.60 -
4-012 - - - 71.01 - 66.36
4-013- - - - 71.12 . 65.64

- 4-018" - - - 69.07 71.92 -~

. 4-024 - - - 69.53 76.28 -

- 4~025 - .- - 70.85 71.65 —
5-001 B.95 2.55 - 70.48 71.79 -
5-002 8.37 - - 72.02 ~ 65.59

g 5-004 . 9.75 - 1.11 70.34 = o~  65.67
5-006»  11.26 - 0.97 68.96 - 7 _64.11

" 5-007 5.21 - 2.70 - 73.87 70.86 -
5-008 3.84 3.02 - 75.41 70.50 - \ -
5-009 6.37 2.97 - 72.84 71.01 R
5-010 4.16 -~ 0.81 75.60 - 65.78
5-012 5.20 2.82 - 74.06 71.67 -
5-013 9.76 - 1.07 °  69.25 - . 65.62

. 5-014- 7.09 -~ 1.52 72.38 - 64.94

-5-015 5.39 1.08  74.03 - 67.42
5-016 - 9.86 ~ 0.77 70.46 - 65.35
5-018 4.41 2,92, - 75.16 70.87" -
.5-019 8.60 2.53! - 71:.74 71.64 -

. 5-020 - 10.60 - 7 10.52 69.42 ~ 65.5
5-021 6.75 - 0.73 73.52 - 65.5

.+ 5-022 3.61 - .= 75.46 75.85 -
5-024 . , 5.51 ~ 1.01 73.65 L= 65.26

5-025 - - e 70.91 - -
5-026 7.33 - - 72.40 - 65.01
5-027 - 6.56 - 1.53 | 72.69 - 71.76
5=030 - - 1.41 75.51 - 69.48
"5-034 9.99 ~ - ~70.06 69.91 -
5-037. - - - * 70.64 70.55! -

- . 5-038 - - P 70.91 70.17 -
m 5-03% - ~ - . 71.74 68.92 -
5-040 8.30 - - 71.58 . = 67.97
6-001 6.28 - 1.59 73.55 - 65.99
. 3.24 2.2 79.83 -
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1
-’ . sample % Lipid % water '
number soma testes ovary g soma testes ovary
6-003 6.58 2.10 - 73.17 79.98 . -
6-004, 8.34 - 1.35 70.91 - 76.02
| 6-005 4.52 2.28 - 74.56 79.38 - ]
6-006 4:70 - 1.36 75.00 - 67.57 .
1 6-007 » 5.84 2.51 - . 73.34 78.82 -
6-008 - 2.36 2.36 - 76.85 . 79.26 -~ x
. 6-009 4.33 - 2.05 75.03 - .- -, 72.28 ;
6-010 0.31 2.02 - . 78,00  81.29 - - i
6-011  7.48 - - 71.65 [ el .= . ]
6-012 4.72 - . l.17 74.28 . = 73.56 .3
s 6-013 = .4.29 =y . l.43 0 74010 e 74.30 3
Gn o 6-014.  7.19 2.22 - J2:.00 78.33 -t
, . 6-015 7.33 - 1.69 72,05 " - . 74.67 3
S 6-016 4.55 - =~ 1.14-  75.41 = =7 - 74.92 o
- - 6~017 3.70 . 2.71 «— - . 75.78 75.78 = -
: . 6-018 = 7.19 2.59 « - 73.02°  78.10 - -
: 6-019 6.46 - 1.07 . 73.77 - . 74.37
> ~ .'6~020 7.85 . - . 1.28 72.43 .+, - . 74.02
; o 6"021 . 10-94 - ’ Nl . 69.00 - - “ »’ \
6-022 2.03 2.68 L= J77.16  77.09° -
6-023 . 9.03 . - o 1.81 71.18 - 68.92
; 6-024 - - . = 71.30 . 78.20 -
5 - 6-025 - - ‘-, .77.00  '81.20 -
6-026. - - - 71.30 - 66.60
7-002 16.58 - - 63.47 ° - AR
7-003, 18.08 - , - 62.56 - -
N ‘ 7-005 19:66 - - 60.62 - -
7-006 18.95 . - - * 61.80 - -
o 7-007 18.97 - - *  61.56 : - c -
: ¢ 7-009 - 16.15: - = 64.47 - -
7-010 17.84 _ - A 62.50 - \ -
—7=011 16-.36 - S = " 63.500 | -~ . -
7-012 \ 17.80 S - _63.11 o~ C- ;
7-013 - 11.07 - .= . 68.25 . ..~ - |
. . "7-014 - '18.59 - - e 62.02 - ' - |
7-016 - ,11.89 - - . 67.84 - - - i
. 7-017 - 17.30 - - .- 63.16 - - |
: 7-018 17.46° - - 63.13 . - ' - o
S . 7-019 12:19 - = - . .67.88 - - 1
o /""‘\\ 7-020 14-49 - - 65,59 ' = - R v
: \ 7-021- © "17.92 - . = = - §3.11. - . L PR
8-003, 18.04 ° . -~ ©1.18, 63.14 Co- 66.45
. 8-006. 18.14 = 1.09. 63.15:° . ~ 67.84 . - .
.+ '8-007 _ 13.20° " 1.66 . - © 67.84  76.72- .. o= U
8-008 . .16.68 - . - . 1.72 64.76 © - - . 68.78 .

2t ge009 '17.16 - - - 1.43 ° 63,82 . - . §7.25 .
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$ Lipid $ water
Sample L
number soma - testes ovary soma testes ovary
: - - :
. 8-010 13.04 - - 67.89 - -
g-011 = - 2.18 - - 75.42 -
8-012 14.62 - - 65.92 - -
8-013 17.00 2 - 63.64 - - .
8-014 . 14.59 - - 66.02 - - '
' 8-016 13.74 - 1.42 - 67.60 76.01 -
' . 8-017  14.93 2.12 - - . 65.87 75.03 -
© . '8-018 16.89 1.86 T 64 .04 75.59 . - )
Vo 8-019 14.85. = - - 65.93 © -~ -
0 © ' .8-020  '12.34 T "~ .. 68.89 - - x
o © - 8-021 15,70 - 2,15 = 65.10  75.36 - 5"
. 8~022 - 17.04 1.91 - 64.73.  75.74 - :
8-924 -16.90 © 2.21 . .- B4.51 - 75.19 -
. 8-025 16.38 - - - . ° = - 64.23. ;. - e = !
' .8-026 ' 11.93 2,07 - . 68B.52- 75.63.. . - =
. 8=027  15.53 2,002 . -". -65.48: 75.300 -
: . 3 .. 8.029 - .= 1.58 . - .= ~ 67.89
: 8-030 - - 1.65 - - - 71.22
: : 8-031 - - 1.35° - - 69.77
- : - 8-036 - - - 1.22 = G 69.38
} ' 8-044 - - 1 0.90 . - - 68.38
P 8-047 - - 0.74 - - - 72.26
- 9-001 15.90 - °  1.30 63.47 - - - 65.68
" 9-002  -15.19 - 1.35 64.65 -. . 65.87
- 9<003 14.10°  2.42 S ~ 65.03 71.80 - -,
v 9-004 14.25 2.41 - 65.20 73.25 -
. 9-005,  14.65 . - 1.41 64.49 - 66.27
9-006 15.97 2.65 C- 65.38  .72.59 . = - =
9-007 © 16.15 2.79 - 63.91 . 70.41 = \
. 9-008 16,43 . 2,95 - 63.52 70.46 o= T
9-009 12,88 . - - 1.41 ' 67.69 - . 65.65 I
, 9-010 .  15.88 - 7,05 - 62.33 74,20 . =" =
~ 9-011 12.37 . - 0.93 - 71.52 - = = 64.17 o
. . 9-012 . ~10.15 3.10 . --. 70.11° 73.01- . =~ A
/7 TS 94013 14.23 2,41 © - ' .65.68 72.49 -
-, 9-014 17.65. . - - 1.17°  62.38 . .- 65.28 1
9-015 - - 15.73 2.15 - - 64.78 . 72.27 - ‘.
-9-016 14.34 2,65 - 65.68: 70.74 - . L
9-017 . 16.37 . - -1,28  .64.99 - - . ° 70.55 .
i .. .9-018 . 12.98. - ©1.36. 66.68° ° = - 64,80
RN '9-019 - 16.74 . el - . 64.33 - e o
P . '9=02Y ° 17.05 - ©+1,50 - -764.17: . .~ . 64.48- - q -
: : 9-022 13,25 - 1.13.. " .67.17 ' - . 66,98 - . -
11-001 = 13.43 . = = 1.85 - 66.66 .-~ - |, 65.6L, .
l 11-602 - - - = 1.09" - <= 63,43 -
Gyl
I F




"‘l'i: ‘
( 94 .
“éample % Lipid % Water
number soma testes ovary soma testes ovary
11-003 \14.77 ' - 0.65 65.35 -" 63.42
11-004 " 15.86 - 1.7 ;- - 74.33 -
11-005 11.14 1.88° - 68.74 73.53 -
'11-006 . 12.76" 3.76 - 68.21 69.88 -
'll 007 11.40 - 3.45 - 67.94 69.62 -
11-008 13. 36 Sy 0.63. 65.69 - 63.13
11-009 . 14. = 0.94 65.73 - 63.91
11-010 17 22 o= . 1.1 Y 63,34 -~ 63.64
©11-011+ 12,26 . .-3.00 - . 67.23 ‘70 36/' o
'11-012:’ 15.66- . =~ - .- ,0.88. -63.49 - 63.66
.11-013 :14.31, - 3.45. - .65.73 ..68 36 -
511—014 0 16.34 - S 1l.63 e s64gm6.,'_74 51 -
-'l%-OlS 16 85 eyl e 0.76 ~ -62.48: .~ -.63.85
- 11-01¢ '8.87 - “.; ~ . 89,53 . . =0 -
: ;11 2017 . 14 74 - =~ -65.16° "= =
. '11-018 -13.45 - - .~ .65.47. - = -
J11- 019\ 1771 = 1.39 63:37 - - 66.15
11-020 11.18 .. .- - - '68. 61 - -
"11-022 12.22 3.84 . - 6T342 68.96- -
iSamplé S . ~
- number | ¢ 1ipid % watex
- 7-027 69.23 ‘
L 7-028 . ST\ 69.23
11008 110370 - )67.99 7 :
-11-009 11.3}‘--- 68.98 o
11-010 11.53 .- 68;80 o
. e
o SR
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e

Energy Density.
" (kilojoules/g wet\wt Y

soma

testes

ovary

head

10.474,

9.444
9.063

8.491 -

8.968

10016 - .- .
L 60217
. 6.718 ..

8 608.

w7 25&“"
8.754 .
7.423
8.459 ..

8.653

. 7.495
. 7.984
8. 035 - .

. . 8.647 -

. 70135

o7
8.194" .

s 7,924

7:.973 -
o 7.497
s
8,725
;'6 574. -
56,934
.7.038 .
©:2°5.918
64T

8.483

T 253'

5-‘8 164 ..
8 . 6,034 -
;g 415 - -
L. 6.9200
- 8.7200

8 966 :
9, 787
. 9.584- - Ny
9 270,ﬁ" Ve T
. 6.215.. ¢ ]

5.499

6.415

ja:329,*“

I ‘1 18

j6 253.;?'

6.232°

5.207

6:306 i .
§.312

“6.243"..

6.084°

-

' -~" G.B&'
6.578 .
6,445

€.

I T T R T

5

=

fj_fd'i:||j1 BN R B
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’ ' R Energy' Density :
Sample (kilojoules/g wet wt.) - :
nunber soma - testes ~ ovary head

5-037. °7-.884 .- 6.592 - -
5-038 - 7.735°  6.625 - = -
5-039.  7.500  6.891 . - .

© 6=-001 C- = . 8.240 .- . N
- 6-002" 5.751 l4:.383 \._" - . - . ) N I
_ 6-003. - 6.956 - 4.358 - = .~ 0 g
S e 62004 27,712 ,:'r-7 - LY L A " SRS
e .70 6=-005 .. :6.310. 472 e e PN
e 46006 . 0 6,097 . . = L7868 = e
- 62007 . :6.743" 4. 622;:ﬁJ-'f*' T U PO
."62008 - 175,328" Y 457 T A U PR
62000 N 6085 . =L . 64753 = o oot i
cL T 6=0100 i 4.745 ) .“fﬂ4‘078 I
Tl =011 S e323 T e e e T e
ST 6=012 . 64357 ,4-;5"”2‘ 6. 484' ‘
L e e 013”.:"6_299 -t
76014 - . T.269¢ ,4.745',“-‘.- L
: et c 162015 . 7.262 0 - - 6,201 -
A N ' 6=016". ° 6.040° - ] 6.092 -
— . € 6=017 . 5.842 - 5.326° - . ="
R T ... 6-018°  .7.079. - 4.742 - - .-
s S . 6-019. ' 6.631L - = - - $20L .. = = =
i 7 - e~020 . 7.198 . = . 6:289 - - - ..
.. = .6-021 - 7.066 . o~ - N
oo 6-023 - 7.761 : = . - 7.591 -

6-026" . 7. 7830 BT s
. .. ] - g 4 ‘ . . . " .. . . \:
7-002 10 707 L L= - \.
SR '7-003 = 1ll.214 - - B - -
N oos. \11 685 . - - -
St 70067 Y 11,376 - i -

T oo7-:,W11 112
S-S 7=009 7 - 10.'253-, Coe = ' B I - ST
' 7-010 ° .10.942 -~ = e -

T T o O R 1 T ¥ e e N S|
TR LT STTLUFA0120 10,772 e el T e S - ST R B

" - . ’:_' T 013\"'..'. ‘8. 56_4,. - o - ’ 1
IS w7014 10.7728 ~ : - - 5
T e s e 7016 <. 8,709 - , - !

LT E s b s =017 T 10,662

S e ... 7-018 . 10.710 ,

IR - vV  7-,0$ . 18.680". \

AR e 7=0200 -0 9,635 1
. o, T 7= 021,*. 10.757 -,




! Enerqy Dens ity

'Sample L (kilojoules/g wet wt.) "
number. soma . testes ovary head

8-003 ° 11.013 - 8.016

8~006 11.119 - 7.687 -
8-007 ~  9.234 5,012 - -
, “8-008 - ' 10.399 , - .- 7.398 -
1 B=089 + 10.839. - .7.889 -
. B=010" "~ . 9,155, .~ . . - “ -
7-.8;h1ly. © et 05,314 - v =
e S -..8'2-01»2 ’ +9.892 vl g - T
CUr T Te=013: 10 763 . . - ,V. L= -
S T BE014. 0 (£9.843 - e-s Lo -
L w0 8=016 0 . 94325 7 5, 109 ' e =,
u,84017‘;“.;,9;9301_:¢5 377 - - s
. ’8=018 ... . 10.705 - 5. 276 - - e
e o8=0197 . . 09,949 - .at Lt - - L
L 3-0292u~4 8.840° oo e, ~ -
. B8-021 “10.197 54340 Ui o= et LT =0T
8-022 .  10.521. 5.285. , ° = - N
- 98-024 . . 10.593 5.371 e = o
. .8=025 -, 10 565 - - = ‘
8-026 . B8.835 5 281 - - -

- -8-027 ,' 10.130 - 5.329:

9-00L - = o= 8.443 o '
9-002 105430 - - ,
- 9 005 . - 10.325 = 8.286

. ;
e To e . 9-006.. - - 10.328 ' 6. 090 R
- .7 9-007 .- .10.663.., 6.557 - -.. "
oo ' ,9-Qoa-i :10. 8543j ;- ' -
- 9%099:;' 9. 224 ' S, g.466 -
U .9=010. "~ 10.961 5 642 BTN
v 9-01% ;;,_8 355 . ‘8 901 -~
0 9-012, " B 196?- 15,966 . - ;-
S o /9-013 .0 19,953 1 16,039 - -
SR SRR 9”0141= 1152880 . 8.439

LRI T R R I SRR TR O B B T SO T o2 R S T

©-9-015. 7 10. 179 - ,.6.0.16., R 5

LT 9<016 9.935. 6.410.0 - .= , [
LN T 94017 10 478 ., = .. . 6.874- L 1 ..
Lo o 2 9~018 9508 . T . (8673 ; S L

L 95021 ;.10 17 - ',-‘,_"'.-_ 8. ‘}55 .

Colee 0223 9 307 CUE .98 by

\ : - . v S
.. . . ) = ".

ety eed T et
















