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Eso:c raibhartt tﬁ?‘ewtte’r, &4739,. Hence th‘:_’ nim of the *bresent study _
was to de‘;ermiim whether ‘se‘asonaf thdhges occur ‘in' condition and in’ 45113

8 protein and lipid ‘content of individuals from a p0pulation of northern '
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Dcaoript*wn o,f Study Aua L
Lac Ste. Anne is a shallow eutrophic Qeke ?b'eated approximately ‘

74 kn west-northwest of Bdmonton. Mberta. | ‘l'he geogrnphic location of

the lake is approx:lmately 114°. 24"( 1engitude and 53" S’N latitude

'l'he l\ake&s ai:out 57 km’ in ares with a‘max:lmm depth of 10 m and an S
average depth of 4 8 m (Department ef Water dtesources Hydrograp};ic. . e

'.*Jn‘

Survey of Lac Ste Anne, June 1965) Water A in the sample arei

v

was 3-4 ‘m. In addition to northem p:lke, other teleost ’5pecies present '

| in Lac Ste. Anne are Walleye (Stisoate&ion vimum), Perch (Penca :
fZaveeaens), Burbot (Dota Zota), Lake Whihefish (C‘omganue cZupeafoma) ;oo
)White Sucker (Ca‘boetarrm canmnreom:), Spottdl Shiners (Natropw \ | "

hudaom!ue), Brook Stick];eback (C‘ulaea wnaanatane) and Iowa narter

o

e ) - .
. e
AT g

B Northern pike (E’eox Zuawa) we

i v"'_v"jébetveen May, 1973, and July, 1974- “Spee

’ "'f?"?fv".fexcﬁpt in late Apru vhen presp""“i“'




' \

4+ and 5+_.’ age -Aclasses.‘ ‘ All fish were edult and hed spewned at least
once or were about to spawn for the firSt time. : - ST

Measurements were made aﬂd eamples were taken from fish within

During this time :lnterval speemens we‘:re packed\ in ice or kept in a
cold roon (4 C) exceptien was the Mey 1973 sanpie which wes
ﬁmediately frozen (-25 C) amd partinny thawed 4 weeks Iater for :

’rmeesurement and sempling. Fer each fish the stomach was emptied and

. .'gross body weight determined to 1 O g., Gonads and liver Were blotted .

df dry and weighed to the nearest 0 01 g Forkhlength\wes measured to -

O 1 cm.. A portion (10-25 g) of the white dorsolateral epaxial muscle |

o ~was r_'

.,;from the whlte muscle samplefll

Vvved startmg about ‘2 em behind the head end proceeding

. f"posteriorly. care was'taken to exclude bone skin and red musole t1ssue '

Whele liver, whole gonad hnd muscle

ft:Lssue sanga’le:_‘:‘. were Rlaced in separate vials welghed to 0 01 g and

- ~—~-48 hours but— mereﬁftenw gr—leks—than ﬁr hours tfter‘remeval f ‘oiﬂ tbe nets.




and weighed to 0 01 g

R iy, D ERETT
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Proaedaraa fbr Protein and Lmvid AnaZyais

DI

= CaCla solution according to the procedure of Folch et al (19575

Total nitrogen ‘was’ measured with a Heraeus Micro~Rap1d N gas analyser xj‘d

CW C Heraeus Company, Hanau, G%rmany) Eit'at maxidum ebmbustion time "Tfi%f
(approximately 2 minutes) and equipped wi%h an additional combustion !‘h.
furnace which was found necessary for thJ aﬁhlysis of materthS'containing
significant quantities of fat (T Fenton, personti communicat?on) '

Aluminum or tin Heraeus combustion boats were uSed to. contain the 16-20 _

j Comg freeze-dried samples. Duplicate analysesfo‘;tris (hydrbxymethyl)

aminomethane (F#sher certified primary Standard) were done 1nitially and f, o

every 10 samp].es thereafter tO monitor the act:uracy Of the technique.
rwal N content Of the

When necessary,‘a correction‘baseduon'thev

: standard was applied Reproducibfiity'by this method was high as’

determined from duplicate determinations of the nit gen content of -
- o

muscle tissue samples from SO fish in which variability was never greaterh‘ﬁ _gﬂ

than i 1 0% of the mean for the duplicates.

°f samples were eh*‘hanalysed“once only. Protein was calculated as totalt' s

N % 6 2§ (Kleiber, "’1975)

: i?ehlorofbrm/methanol extract was then washed once with a 0 05% aqueous : .

Consequently, the temainder f;i:?ﬁ;
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’in.males (0.72 g) from Aprilrto'July.. _gff "ﬂ?{i(f o

The patterns of seasoL;I change in ghe quantity of liVer 1ip1d

: .(«""

K ""(Fig. @ cnct Ap‘pendix Tible‘l) were similar between sexes but lipid

""content was’c significantly grea:e; for males during most of the year.

Lipid content‘increased to a maximum in August (M 1 29 g: F*D 97 g),-
v
dropped significantly in both sexes in September and remainedwrelatively

constant through the winter. In the spring, male and female 11ver 11p1d'
o
declined 0.33 g and o 35 g, respectiVely. but almdst a11 of the decrease '

,?in female liver lipid occurred prior to spawning (Fig 4) In June 1974
R
: (after spawn1ng) male liver contained Otlh g llpid compared to’ 0 38 g’

L

-y

' ;ip1d in females..'
LiVer water, proteinvand lipid as a percent of the wet welght are

shown in Appendix Table S. Water content was. greater in females

‘throughout\the year and for both sexes. it was generally highest 1n‘

May M: 75 5% F: 79 5%) and lowest 1n August (M 67 6% F 71 8%) Seasonal

i variations in percent protein and percent lipid d1d not paralifl seasbnal

:fluctuations in the quantities of these nutrients (Flgs. 3 and 43 due

- to the marked cycle of liver weight Percent liver- protein 1n both sexes

was similar in May (M“lz 6%; F: 13 6%), then dropped over sumMBr to lows

7Cin August (M 9 4*, F 10 4%) and 1ncreased.1n September., Whlle the




' T : ‘ L
FIGURE 4. Seasonal variation in total liver 1ipid calculated for a :
50-cm fork: length northem pike. } Mean + 1 SE. Closed
G cucles-—-male, open (:1rc1es-—fema1e. _Statist1ca1 . R
: :u-‘ representation as in Figure 1.0 ol L S

Anal}'51s of""vai“ia,;!,cef(':miai\csi) T P<° 01 CoE L
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during the fall then remained stable until the fbllowing summer.

) weight. 53% occurred in July/August and 40%

21

‘ 'Gbnmdlknght L i”i'i f'df__f.iil“a;¥f,5i‘ .ghw;m;;md”i“":w

Gonad growth commenced after mid-July when ovaries and testes

. weighed approximately 3. 6'g and 1. 4 g (0 43* and 0 15% of gross body

l

weight), respectively, fbr a SO cm pike (Fig 5 and Appendix Table. 6)
Ovary weight increased continuously throughout the fall and winter to
..

a maximum of 138. 6 g (15% of gross body weight) in April Approxzmately

12% of this increase took plaCe 1n summer (July 16-—September 18), 60%

”1n fhll and winte (Septémber 18—-March 14) and 28% in early spring

(March 14-— Aprll 25) priur to spawning The rate of gonad growth for

males and females was’ approximately the same ffbm July to. September.
| Testes reached a weight (17 1 g) 1n September which d1d not differ
signifxcantly from the annual maximum of 18 3cg (2% of gross body

;\weight) for a 50 cm plke in Aprile’ Of the total increment 1n testes

;;August/September.. The

/

'-1significant“drop in weight of testes which occurred from September to.

3"waterf¢dhteht.' Spawning probably RIS
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‘oxscussmn ’ o

b This study provides direct evidonce for an annual cycle in nutrient,

i

(protein and lipid) content of 1iver and gonads and indirect ev1dence X
for an annual cycle in energy (nutrient) content of the somatic portion

of the body, In general, ‘pike appear to be in best condition’ from late
ysummer through winter and are in poorest condition in _spring 1mmed1ate1y
fbllowing spawning, There was a depletion of energy from the somatic |

portion of the body and from“the liver dur!hg the final stages of ovary

lmaturation and in male fish,: during spawning as ev1denced by a decrease

in somatic body weight (Fig 17* 11ver Weight (Fig 2) and 11ver protein

. and 1ip1d (Figs. 3 and 4). Males exhibit an additional period of

: 3
depletion in September coinc1ding with final increase in testes weight
L

The approach used in the present study of determining the absolute

anounts of lipid and protein in the liver and gonads of SO cm p1ke

provides the most mewv1ngfu1 assessment of the fluctuations of these :
N ®
fnutrients during the annual cycle. Seasonal fluctuations (or variations

'with stage of’ maturity of the germanal tissue) in some aspects of the

- chendcal comp051tion of the liver and/or gonads of fish have been

'vshown by some workers (SWlft 1955 Jangaard ef ai., 1967a, 1967b

s,Golovanenko et aZ .y 1970 Hardy and Keay, 1972 Kus mina and Zhilina,

.

_the seasonal chan 1n the relative content (e ressed as m / tissue
8 g

N

‘or as a pggcentage of the wet wf1ght) were described but are d1ff1cu1t
#to interpret since changes in one nutrient may 51mply reflect conJugate

changes indthe percentage compbsition of other dbnstituents. However,

,m
“a few obseryations have been made on the dynanics of the absolute (total)

R
R

\

. 1973' Lizenko et aZ., 1973 Valtonin, 1974 and others) In these stud1es



content of nutrients in liver and gonads (Idler and Bitners, 1959
Maslennikova, 1970 Rimsh 1970 Shatunovskiy, 1971 Shchepkin, 1971

: . o S
Shul'man, 1974 Mackay, 1975). e

. \

A severe ‘drain on body energy reserves takes place during spring,
- hence- this is a critical time of year for pike.. A detailed analysis of
' the extent ‘to which pike feed at various times during-the year was not |
t_ possible in this study owing to the small sample Sizes. Although an
analysis of feeding intenSity based on the frequency of empty stomachs .
h.may be misinterpreted (Roberts 1975), ;bservations made in. the present
-7‘study (Appendix Table 8) support ‘those of Frost (1954) which suggest
‘: that feeding is much reduced or stopped at spawning. Hence, pike must
_'convert to endogenous nutrition at a time when there is a considerable.~'
.. energy demand for Spawning activity and, in. the case of females final
ovary. maturation. Movement of pike from one. spawning area to another
”was observed by Miller (1948) : Therefore some stored energy”iay be
expended during spawning assoc1ated With movemen{ and act1v1ty. Pike
-sampled in April prior to spawning may therefore have travelled a
'consgderable disthce Within the lake befbre finally entering the 1';.'y f*rq
tributary from which they were taken. As well maintenance reqUirements.
ywere likely increased 1ﬂfthe spring as a result of fluctga;ing, but

3
soes

"{temperature' Cold acclimated fish are

progre551vely increaSing wat
. o &
N known to have 2 higher metdbﬁlism at warmer temperatures than at colder

temperatures (Dean 1969) Temgprature profiles for Lac Ste. Anne
'*obtained in this study (Appendix Fig. 1) and 1n studies from other years"
(Mackay and Beatty, 1968 Roeh, 1969 Langer, 1974) generally indicate

- ‘f ar id rise te erature between ril and June. However, Jo \son -
_ aP ‘% mP




s
(1966) found that a doubling of the maintenance requirement of Lake,

Wlndermere pike in 1ate sprang was only partially dependent on tempera- B
"‘ture.. o ,5' | ) o | 'A.‘.u |

TemboralVd{fferences‘between'males andvfemalesjln'the”rate at"whieh‘
conditfon falls at spawn1ng (Flg.\l) are related to the reproduct1ve ’
. demands of each sex. The greater loss of somatlc body we1ght by females T:."l
- prlor to spawnlng is probably due to the utllrzatlon of endogenous |
Jnutrients for gonad growth, It is. 1mp0551b1e to ascertain when feedlné
is 1nterrupted after March however much of the increase 1n nutr1ent ‘
content of the ovarles from March to Aprll probably -oceurs at the expense'vii
of the somatlc portlon of the body. A transfer of substrate from somatlc.
to germ1na1 tissue was demonstrated from energy data on Heppoglosaordéa
platessotdes wh1ch have coinc1d1ng periods of gonad maturatlon and non~
:feedlng (MacKrnnon, 1972) Winters (1970) suggested that the decllne in 1'&"
cfat content and round body’welght of capelin MhZZatua uzZZosus durlng
the prespawning period was assoclated W1th gonad maturation even though }5x I
feeding 1nten51ty was high at th1s tlme. It should be noted‘that the }yf S
‘loss in somatic body welght of female plke durlng the prespawning perlodl‘
| cannot be attrlbuted ent1rely to gonad maturation 51nce a decrea51ng “

-

' trend in gross body welght is also observed at thls tlme (Appendlx '

- ;1 Thble 3) \From the drop in. somat1o body welght observed for male plke ;;i;"
”(fover spawnlng (Apr11 June), one may 1nfer a more act1Ve mob1lizat10n of

| ?1body energy 1n males than in females for muscular act1v1ty assoc1ated ;””';

Hg,wath the rlgors of spamning Furthermore several investlgators haVe E o lf?fh‘n

_‘1ke arrlve on‘the spawﬂ1ng grounds f1rst (Clark

‘hf;:19§0 Fabr1c1us»and Gustafson, f958 Frost and K1pl:ng, 1967) e Frostiilz S




uy,]and Kipling found that male pike spend more time on the spawn1ng ground

'than do females. The pattern of‘change in liver we1ght of northern prke

. ,,at spawning colncides, in general with the pattern of variat1on in ?

”:fsomatic body welght at this time. Evidence wh1ch suggests a greater
‘“expendlture of 11ver 11p1d by males than females for spawnlng act1v1ty

' has been noted 1n the present study.. A simrlar observatlon was made ln“

) »Baltic cod (Gadua morhua caZZarzue) by Shatunovsk1y (1971) and 1n

o llver contazns 1

tl!scorpionflsh Csecapaena porqus) by Shchepkln (1971)

The d1chotomy between sexes 1n 11ver nutrlent content 1s dlfficult

‘hto 1nterpret 51nce a partlcular liver constltuent may be prlmarlly of
fstructural 1mportance, 1t may represent mostly energy storage or 1t may ’

);reflect metabolac processes whlch are occurr1ng "~ For example,”female“

g:more proteln than male 11ver by thi end of wlnter

f(March) although 11ver welghts are 51m11ar between sexes.‘ Thas, 1n
ffact may be : 1nd1cat1ve of a h1ghervconcentrat10n of enzymes assoc1ated B
. i w1th metabollc processes ‘which’ are requlred for the synth051s Of the

”-,constrtuents of germ1na1 tlssue.’ If this- 1s so, then the decl1ne in

\ .

“'fliver prote1n of female pike immedlately prlor to spawn1ng reflects a.

P decrease 1n the quantity of enzymes requlred for thzs type of metabollc‘

act1v1ty Although he d1d not measure proteln content -an 1ncrease in

P

ﬁ'the 11ver welght of ﬁemale perch (Perca jiuvtattlts) w1th ovary métura—f'

(;Ltron over w1nter followed by’ a greater loss 1n 11ver we;ght by females

'”tthanemales durxng the;prespawnlng perlod was explalned 51mllar1y by
“Makarova (1973) An alternative explanation 1s that the prote1n 1n femaleil”
'-fjllver represents a storage depot and thls nutrlent reserve is depleted

j:with ovary;development during the prespawnlng fast. Wrgh the_data B

s ‘!“_ .




%

>availab1e, it is impossible to state that liver nutrients are transferred

xfinto ovary tissue., In any case, since total protein and total lipid in m;;m;;;m”j

~ female gonad increases 6. 4 g and 1. 77 g, respectively, from March to ;'"

‘;j_April mOst of these nutrients ‘must be derived from the body (or via y K

*vde novo synthesis from somatic tissue) if feeding is reduced or stopped
Although direct determination of carbohydrate content in liver was

not made estimated values (Appendix Table 5) indicated that much less

rdﬂllhas deposited 1n.the liver of females than in males. In March estimated E

"{vrelative content of carbohydrate Was 17 8& of the wet liver weightt

(4.28 g] in males compared to 5. 8% (l 34 g) in females.. Quantitative ;l’
‘..differences between sexes may in part be attributed to an increase in the

‘carbohydrate content of the‘maturing ovary, resulting in lower liver

_glycogen in females at this time Both glucose and glycogen have been

reported to accumulate in- the ovary during maturation (Greene, 1926

~J¢t aZ (1974) suggested that 5his might explain the lower liver glycogen‘ 3

_Fontaine and Hatey, 1953 Chang and Idler, 1960 Yanni 1961) Lewanderdj
|
he ?

vobserved in silver éels than in yellow eels CAqyutZZa angutlla)
bﬂapparent high carbohydrate content of the liver in' male pike and the 1
';depletion ‘of an estimated 3 33 g of'gaycogen during spawning cdmpared to _
.uonly 0.33 g 11pid suggests that this nutrient is the primary liver |
_ storage product that 1s mobilized by males for spawning act1v1ty ' Other '
. studies (Bogoyavlenskaya and.Veltishcheva, l972 Plisetskaya and Kus mina

'ﬂ1972 Kus'mina and Zhilina, 1973, Valtonen,_1974) indicate that the

"'dynamics of changes in glycogen reserverya' Textremely variable 1n fish

Muscle lipid n Lac Ste. Anme pike comparable to or. lower than

'avthat reported fbr other non~fatty fishestSwift, 1955 Thurston 8* aZ ';1,_: 3




.'1959 Mrngold 1973 Fraser ot al., 1961) : The percent lipid in the
p muscle of Lac Ste. Anne pike (0 6-—0 8%) falls within the lower half of S

“fff“the ranxe of values reported elsewhere for Pike °f various Sizes o

(. 7-1 7% - Thurston ot az., 1959 o 45-2 0% Mangold 1973-

H‘_& 22‘ -— Ince and Thorpe, 1976) However, a direct correlation between

the weight of pike and the fat content of their flesh was observed for

Ehax ratchertt (Kizevetter, 1973) The relative fat content«of E iuctue

in Lac Ste Anne is within the range (0 6—-0 9%) reported fOr E.

" raioharti of similar weight.,p ; f‘

Pishes which ‘do not have appreciable amounts of fat in muscle may '

’

f'concentrate lipid reserves 1n the liver The highest relative fat

.econtent 1n'pike liVer was 9 7% of the wet liver weight recorded for

) ‘males in September., A similar quantity (9%) was reported for pike from ,

fsents 2-11* of the body weight depending'on age, stage of maturity ‘of .?? o

‘e

’ “7f{pike was only 0 2% (average fOr.males and females) of the somatic body

4A1aska taken in summer (Wilbur, 1954} In March the liver of pike is. ,*‘:
'only 2, 4% of the gross body weight and the lipid content approximately
.>’3-4t Studies on. cod (Gadue morhua), a. lean fish which uses the.liver

'._to store lipid show that the liver may contain 15~b65% lipid and repre- f”

- the gonads and time of year (Jangaard et a!., 1967a, Maslennikova, 1970

Bogoyavlenskaya and Veltishcheva, 1972 Krivobok and Tokareva, 1972)

_Thus liver Ilpid is not substantial 1n.pake when compared to species .

o such as cod which use the liver as a. major storage depot for fat.

Many fish store large quantities of fat 1n the abdominal cav1ty

0

‘E:and visual inspection of the v1sceral cavity of pike revealed some

b",_accumulation of lipid along the gut However, vrsceral fat of Lac Ste.‘ ot




# ',w~'

‘ ,_e;.'p ycent visceral fa ‘ and the drop’_in somatic

v,
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use ¢ gonce A8 pike muscle,ﬁkangur (1971)
did ndt cqnsider.musclebfat :é be metabolically iuportant Endogenous
protein must therefore participate to a large,pxtent as’an energy
substrate in the/metabolism of northern pike. The mobilization of _
prbtein;in non-fatty fish 1s generally accompanied by an 1ncrease in

“’;f water content (Love, 1970) and this trend was observed in postspawning
| male and female pike. A | o ’ | |
The suggestion here, that whble muscle tlSSUB'Of pike is broken
down is contrary to that of Ince and Thorpe (1976) who suggested that
body protein was conserved while lipid and glycogen reServes were
preforentially utilized Their 1nterpretation was based on an. experiment
}fif in which pike were starved in the laborutory fbr 3 months They |

R observed that the concentrations of Iiver and mMScle glycogen and 11ver |

» 11pid decreaSed with increasing starvation time while the percent muscle

o protein did not change. However they made Tio attempt to quantify these

"“’fff losses with respect to a 12 5% loss of total body'weight after 3 months.

FL'; Furthermore their results indicated a greater storage (% wet weight)
':of'lipid n:the muscle and liver‘of their pikc than I observed in Lac
‘Wr,Anne pike, and thqy roported a considerable reduction in v1sceralﬂi

.tht with starvation, uhich was alsO'not quantified It 1s conceivabled

thatjuhole muscle tissue was sti

eing catabolized in the pike Ince E




AN T

| ’(1973) suggested from h

40

N

The seasonal cycle !n gonad weight is similar to that descrlbed for

’:=w}other“temperate spri“g—spawning freshwater species (LeCren, 1951 Roth
‘j1969) testes grow mainly from midsummer through early fall w1th 11tt1e
-‘subsequent change in size while ovaries, whzch also start to grow in .r‘
tndsummer. continue to develop throughout winter._ A 51m11ar pattern of

- ‘change was reported fbr the gonado somatic index of Lac Ste Anne pike .

‘.

by Huang (1967) and for the ovary index of Lake Oahe p1ke by June (1971)

:Us1ng heat equxvalents QOr fat and protem (Klelber, 1975), | the 1ncrease
o in ovary energy durlng maturat1on was 235 4 kcal whereas the total rlse
-x1n energy cOntent of’ testes was less than 8% (18 2 kcal) of the value
_fbr ovarles. Females bulld up ovarles w1thout any loss of somatlc body
| welght or 11ver we1ght prlor to March Growth of male gonads from

:mid July to September parallels that of female gonads at this tiﬁe

However, there is apparently a large demand on male energy reserves. from

August to September, as indlcated by the drops in somatlc body welght

. (100 5 g) and 11ver weight (3 71 g) o f;”"pffo o l : :; 'gec. \

Lofts and Marshall (1957) found that the testlcular weight of kake

'i Wlndermere p1ke was. hlghest 1n the all (September-December) and that
‘spermatogene51s was complete by Deéember. Testes were 1nact1ve dur1ng

’?the coldest perlod of the year (December-Apr11) | In perch (P@rCa

‘ﬁ ,

fyjiuvtattlts) the most 1nt 351ve perlod of spermatogenes1s occurs from ;

August to October (Kui_Aev, 1927 cited by Makarova 1973) and Makarova'

's data on perch that spermatogenes1s proceeds at o

s

] bethe expense of endogebous nutrzents (1n tHis case, depot 11p1d) whereas

'~,ma1n1y food energy allows for ovary growth;over wznter. A.51milar

'strategy of gonad growth 1s suggeSted here fbr p1ke. However, the



as evidenced by 1) the magnitude of the losses 1n somatlc body we1ght

and 11ver weight and 2) a loss of 0.42 g 11ver 11p1d compared to a '
deposit1on of 0. 32 g llpid 1nto testes., Some other chtor(s) must
therefore be respon51ble for the depletion wh1ch is seen only in males
at thls time of the year. Perhaps males are less well adapted than |

females for growing gonads or feedlng cond1t10ns ‘were poorer for males.

. 4 1 !

Furthermore since dletary nutrients are apparently sufflclent to meet '

energy demands for ovary growth 1n p1ke durlng w1nter, it follows that
: females must consume more - food than males at least 1n late winter when
somatlc body welght is 51m11ar between ‘sexes, Thls feature of ﬁlke
blOlOgths worthy of future study. R
' The increase (3%) in the relatlve water content of female gonads
~in Apr11 is an 1nd1cation that the maturat1on of ovarles is progressnng'
| ‘to the "ripe" stage.v The 1ncorporat10n of waﬁer 1nto the ovary o 'j .

1mmed1ately prlor to spawn1ng has been observed in other: spec1es .

(Braekkan and Boge, 1962 c1ted by Lové iﬂ?O Macxlnnomi;1972 Saeger, .

_fgéig;‘1973) and may be cons1dered a general feature of the ripening process.~~v:

éimllar 1ncrease (3%) 1n the water content of pike testes was also y

aserved 1n Apr11. Thls observat1on prov1des eV1dence that the Apr11

’ sample was taken very close to the beglnnlng of the spawn1ng perlod dhd
that there was l1ttle further gonad growth after. th1s date.'

"i “i Mean somatlc body welght of . postspawned males was slgn1f1cantly

?afferept between 1973 and 1974 suggesting that cautlon must be taken

..
Y

in the interpretation of seasonal varlatlon based on observatlons of

o
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only one annual cycle Pemales showed a more cyclic annual pattern of

somatic body weight change than did malesd Males may have been in better 3
condition before spawning in 1973 Possibly, environmental condznons ’
were more fa.vourable for males in spring, 1973 Ivanova (1969), for
~examp1e found that the availab111ty of food for p:.ke varied in spring o
w:th water level eondxtaons and that the feeding conditlons of each ‘sex
. differed Lac Ste Anne is subject to consaderable year to year dif-
ferences in hydrplogcal eondztions at springtme (personal qbservatmn)
In sprlng, 1973 the lake water 1eve1 was low follow1ng a m11d w1nter
; season. Spr1ng, 1974 followed a 1:hg w1nter with heavy snowfall and
there was exten51ve flooding of the lake and its tributarles.._;' |
o In general cond1t10n was.recOVered over summer when temperature;f'
and feedlng conditlons were optinal and annual growth in length as we11
as wexght was probably occurrlng. Johnson (1966) showed experlmentally
"f that growth of O+ and 1+ Lake Windormere p1ke 0 curred from March to
.hhddgiember, with a max1mum in May-June._ The rec ery of somatlc body

welght of SO cm fbrk length pike was achieved growth 1n welght

proceeding at a faster rate than growth in len h and was ‘not the result :
-of. an acclmmlatlon of 11p1d reserves. . That changes in condztxon may in
part or 1n whole be attributed to alteratlons 1n rate of growth 1n L
weight vs growth in length has been suggested by others (LeCren 1951
Ball and Jones 1960) and alternatzng perlods of growth 1n we1ght and
growth 1n length were shown with the use of condxtzon factors for SaZmo

trutta held at constant tenperature (Brown, 1946) Johnson (1966) aIso

. of Lake. Wmdermere p11<a were r::’-s»-“ |

: ffY;owerﬁftdi{anafwinterfthanfdoringithef__st'of the year. Growth of ovaries 1‘

Vow

s Do
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| defining the annua.l growthlcycle,'{-, P

It is hoped that the p?esent studyewxll stimulate futuré research on

the pike population of :Lac Ste. Anne. ‘;pa#icularly with a v1ew to

e. the annual increment :m body

' length and body mass and'ﬁtne period during the year/ when this o¢:curs_ e

[

"I'he energetics of produc‘ on' edula then be determnfed f‘o“r the PQPUIation. S
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APPENDIX TABLE 1, Fishing dates and numbers of 45—55 cm fork length

o ‘fgﬁnortherﬂ pike in each sample catezorY- s

B Bisning'nagez";,*i . 'N-Males: - = N-Females

]

May’ %0, 9735 ey
~ July o, 18, ingf*"’]. S 10
Agust 20, 20 .13 oas
,‘September. 18 SRR 24 S VA
M December 7-10 s L 13
- March 11, 16, 1974f<_" B R
pril'2e, 25 . w0 ol qp
Jume 6, 10, n,12 o1 AR VSR
July 10 n.oo0 2 s




o ‘APPENDIX TABLBVZ

L \'; as. ‘shown.

' also indlcated

LF.values and degrees of freedom for tests of curvi- o
linearity on- length;we1ght data for~ groups ‘combine e
F values required for s1gn1f1cance are N

 May 1973 + Juhe 1974

“July 1973 + July 1974

'F for total regress1on:’"

3'Degrees of freedom

- Fat P = o 01

r:'.

Q'F for x’ component

- ;Degrees of freedom ,u.'
{ Fat p =:0.05

157"34

’.2 and 23
.5, 66

EE

81,68
-2 and’ 21
's 78

. 13

© Land#1
“44 32 n

i}fj'

‘25”64‘
2 and 18.7

6 01

'0;97-'
‘f; and 18
4,41

- 82,54 -
. 2 and 20

5.85

_0.0046°
1 and 20
4.35
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APPENDIX TABLE. 8%

Number of‘pik% feeding.(based on stomachs conta1ning

_ lfood) as percentage of total number of frsh examlned
T for each month‘

‘.f~taken from ErOSt

’JtOctober
‘,_Navember




erature reg1me for Lac Ste Anne durlnggé
. o K ©1073-74. Temqeratures were recorded at
e 'approxymately 2 m depth, - -l ' ,
. . .o v . o /

Surface temperature in a tr1butarf’from which . :
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