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‘A samp]e of 415 northern p1ke was taken from be]ow Lobst1ck e

structure. Sma]]wood Reservo-lr, durtng the summers of 1977 and ]978

C

Four methods of/age determnation,, sca'les opercula, cle1 thra and -

otochs, were compared to determ/ne 1f dlfferent methods prov1ded :

/ " . o ~ . ’l

comparab]e ages for the same ﬂsh Ana'lys1s of covar1adnce showed

2

519n1f1cant dtfferences between emp1r1ca'l and back-ca]cu]ated age- “

. length regresswns us1ng sca'les, opercu'la and c]ewthra there were

T e
2

~

no d1fferences usmg otoh ths Otohths were ;Iused “to stedy age< anq , ' ' : ',.
Lo N ';' : growth of pnke from LObSthk The maximu'm age' 're;;or'deti was-15 y.'ears,, ’

w1th 49% of the fish in the 7 and 'B"age-'groups"” 'Th'e fish 'ra‘nged in .;

e length from 9. 3 to 87. 5 e, with a mean fork ]ength of 62 0 cn. he". "
;e . ‘ wei ght 1nereased as the 3 0634 power of the. 1ength Coeff1c1ent of
. U ,j‘ o
: R cond1tlon va]ues of mature flSh, samp'led from June to September, Sy it

were hlghest in early June and lowest in late June Instantaneous
tota] morta'hty rates calcu'lated from a catch curve, were h'lgher f%r
gl ' fema]es (0. 37) than fer males (0.32). The overalt sex rat1o was
| o close to 1: 1 Ma]es we're predom'lnant»ly (50%) mature by age 5 or
at 40 cm, fema1es by age 8 or at 60 cm 0bservat10n of ovaries of -
N . “ mature plke 1nd1cated that a]] p1ke d1d not spawn each year Fecundlty‘ L “
"' e estlmates of fish 51 0 to: 87 5-cm in ]ength ranged from 5732 to 62 000 |
‘ o _ - o vn th a mean of 28 016.. Of the 86 stomachs exam1ned for food contents,
| | ' | 62% were empty wm tefish was the prmcipa] 1tem (64%) where food

was. present. ' S P
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Hederstrom recog,m zed the di fflcu'lty in aglng northern pike, he sugges‘.ted
: _Lthat a f1sh coqu be aged by 1ts vertebraT rmgs s1mﬂar to a tree beidg aged

' \ ‘ By 1ts growth r1ngs. Var1at1ons of th1s tec'hmque have been used t'e age 2o

A .

northern pike for the past 220 years.. S1nce arinu'lar gr:owth zones were ﬁrst

Lty S detected on p1ke caTes by ‘Hoffbauer (1905), they have been used extenswe]y

~N - ) T

T, . in- age and grow assessments (thTer and Kenned_y 1948, ,Nl'lhams 1955; -Frost
a | 3 tapd K1pT1ng 1959 ~CasseTman 1967) “Several hard t1ssues have also been usetz‘

i PR 'oper./cula (Svetov1dov 1929 Frost and’ K1pT1ng 1959), teeth (Astamn 1947), f1n Lo
o B ‘. rays (Johnson 1959) ,,e_tohths (Hatﬁer et a'| 1972) and cTe1thra (CasseTman A

D o ,_. .

_«'_‘.7'-_‘ . lin preparat;&on) S T _' - ' Tt .
. p‘ 'l ' M b )
vt / The Department of F1shemes and Oceans has conducted severaT fish stud1es: :
C o # ° ' ’
e o of\natural Takes"and the SmaTTwood Reseerr in weste#l Labrador These
N :I_:. L =]
Yeoed L . 1nvest1 gatlons of Jacop1e L°ake (Bruce 1974), Lobst1ck and Sandg1 rt Lakes
| . (Bruce 1975), Ten Mﬂe Lake (Parsons 15975) and. OSSokmanuan Reservmr (Bruce

LA N
R and Parsons 1979) have dea]t, TP part, with the b1oTogy of northern p1ke.’$

',.' T . ' In the sumnersT of 1977 and 1978, a more detaq]ed bloTog1caT study was

B ;(’4\ conducted on northern plke from waters below Lobst1ck struoture«, a reTease
. Vo

'\ '.,._ . gate for themeaTTwood Reservm r. The area was chosen because of its

accessnbthty and the known presenCe ofaa large opuTatwn of northern p1ke
,,/' The stuc(y was des1 gned to cdmpare four methods of age determmatmn,

E " -,scaTes, opercu'la, cTe1 thra and otohths The compar1sons were mage to:
"'determme 1f d1fferent methods prowded

[

abTe ages for the same f1sh

N

: } ’
The phenoﬁ:non of .di fferent ages for' ﬁsh aged by scales and. opercu]a has 3
been dp(;ume.r_lted_(LeCr.en 19473 Fr@d. Ki phng 1959; Hansen '1978). Aging .

y
f
.
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- for age determ1nat]on of pike has been 11m1ted (Hatf1e1d»et al. 1972) they ‘

: classes wh1ch comp11cate stock assessment and management dec1$1ons

' conditions Emp]r1ca1 and back ca1cu1ated growth rates should. not dlffer

B R e Y m—m e Gyeenm meme e o

il

-

] Lot . o . ) R
' ' B ) L, . . .
.

stud1es‘of another esoc1d the musgellunge, have shown that . flSh o]der than

S g+ years could not be aged froq sca]es but clefthra viere usefu] for fish as -

‘old as 16+ years (Harr1son and HadJey 1979) The preV1ous use of oto]1ths

have been used exténs1ve1y to age other freshwater and mrine spec1es, reviews
R xS

_ of wh1ch have been presented by Graham- (1929) Trout (1956) and Chugunova (1959). .

D1fferences have a]so been shown between ages der1ved from- scales and otol1ths

-

'fof other northern freshwater fish. For examp]e, Dubo1s and Lagueux (1968)

'found that, for lake trout, such d1fferences 1ncreased w1th older f1sh

'S1m1ﬂar]y, for langemouth bass, Mara]do and MacCr1mmon (1979) found that ages “’ﬁ

Mgreater than 7 years ass1gned from sca]es were more 11ke1y to underestlmate

S

“.. true ages than those-ass;gned.from otolﬂths Such aging d1screpanc1es produce '

J
d1fferent est1mates of growth mortal1ty, age at maturlty and. abundance of year—

-
=

D1fferences between the growth rateS°generated by each of the four ag1ng

-\methods were ana]yzed to‘try to determ1né 1f the resu]ts of any one method were 5

more-re11ab1e than another Growfh measurenents obtained fron/pﬁefag1ng method

a8
may not be - b1o]og1ca11y mean1hgfu1 if for some reason one ar more annu11 are

a.

- obscured and are not counted 1n ag1ng the f1sh Even if. the annu11 are-

,eas11y de11neated, it must be. determ1ned that they are year]y and not fa]se ‘

' .P

1checks caused by a cessat1on of growth dur1ng spawn1ng or adverse env1ronmenta1 o

/:
. B

. s1gn1f1cant1y assum1ng that the ag1ng structure accurate]y reflects the urowth

. of the fish and that no agwng errors have been‘made. Lee s phenomenon, a decrease

1

4 4 N

.'l

may. be prec1se 1f v1s1b1e annu11 are easa1y de11neated however, those neasﬁrements ,.
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' 71n the lengths of younger flSh calcu]ated from successwely o]der age-groups

-

a

Acou]d produce d1fferences between empmica] and back-ca]culated growth rates

It has been documented for pike samp'led by - gﬂlnet (Ho]fert and Miller ]978),

however, Miller arﬁ Kennedy (134_8) suggest that for pike, " l_ee s phenomenon <
s probabiy an_ artefact mtroduced by 1naccurate methods of growth computatwn. ‘

+ " The agmg method wh1ch showed the least var1at1on between empirica] and’ back-

I'e
calculated growth rates was used1 1n 1nvest1 gat1ons of the size and age E

- ~ A

,‘structure, growth rates, and reproduct1 ve, b1o]ogy of p1 ke from the . Lobst1ck '

o area. . - : R
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/. R DE.sefzIPTlou OF STUDY AREA . -+ |
; The development of the upper Church11] R1ver hydroe]ectr1c . .
}potent1a1 has created a s1ng]e large water system over mueh of the B
,’/ Labrador p]ateau (ng 1) Lobstnck structure (53°52 N, 65°0] W)

L (F1g. 2), approx1mate1y 90 km northwest of the town of Chu;;b ]1 !i.' ;‘
Fa1ls releases water from the 5700 km2 Sma]]wood Reservo1 From ~; ?t#‘
' Lobst1ck the water flows southeast approxtmate]y 60 km, to . | |

. Jatop1e Lake where it is reta1ned in two forebays before enter1ng

.the powerhouse at Church11] Falls. >.\ S L : ,{V‘
3 Be]ow Lobstick, the system fo]lows a natura] river channe]

zwiden1ng approx1mate1y’2 km be]ow the structure 1nto-slow-mov1ng_ - .a

" areasvwfth numerousvbacEwaters and bays (Fig. 3).4~The rtver‘harrowsi‘ |
.aga1n approx1mate1y 12 km downstream AN samples were. taken.tronb

the area 1mmed1ate1y be]ow the structure to approx1mate]y 16" km

A

,'downr1ver ' [

' Surface water temperature be]ow Lobst1ck structure (Fig. 4),
. 'during the summer of 1978, increased from 2 C 1n June to 15 ¢ 1n o
7 July, and dropped to 8°C by September o - f.,-":: R
. The da1]y water flow through Lobst1ck structure dur1ng the ‘ 'tﬁ.
‘Sumer of 1978 ranged from 550 to 3130 M3/sec. Hater ]eve] _'
fluctuat1ons up to 1.5 m, observed in the System be]ow Lobst1ck f - "
structure, were due to the var1ab1e rates of water flow through o
. the structure (Fig. 5) Entxre backwaters*and bays were f]ooded
d.or drained w1th1n a few hours’ due to the rapid water leve] f
.+ fluttuations. - ' .. '” ' B "E
S

s

NP T e St rt et s 41 B e A i
N Ty 2B AN AT £
. . . -

o~ . B Ve

V- .
e SN

vonmamn o -t n

owaT



—

2

e e b s i Al e 1 4 AR | e WY it s S0 1 S P S S Y v i e =

| A heavy growth of dec1duous bushes extends to the water s
edge throughout much oF’the study area; comb1nat1ons of marsh and
10w bushes are found along some backwaters. At tlmes of h1gh s
uater, these areas are 1nundated and small ponds and bogs are .-
unlted with the main system . ‘

The bedrock of the area cons1sts of archaean gran1tes and

'gne1sses datlng back to the Cambr1an era (Powe]] ]971) L1mno1og1ca]

&

'stud1es-of the area (Duth1e and Ostrofsky ]974) suggest that the
bedrock wh1ch is p00r 1n nutr1ents ‘and’ s]ow ‘to weather. 1s ﬂ},r. ;H'*
"xmportant 1n.determ1n1ng the water,chemlstrygof the system.

The fish fauna of the area consists of at ]east ten species' v

: Large concentrat1ons of lake’ wh1teflsh (Coregonus c]upeaform1s) are

sa]ar) burbot (Lota 1ota)“ round wh1teflsh (Prosop1um cx}1ndraceum)‘

",present 1mmed1ate1y be]ow Lobst1ck structure .Other spec1es present,

‘include: northern pike (Esox lggIUS),'longnose suckers ‘(Catostomus

tcatOStomus),-white suckers .(C. -commerSOni)Z lake trout (Sa]Ve]inus.,

B amazcus . brook trout (S. fontlnalls) 1and10cked sa]mon (Sa]mo o

and lake -chub (Coues1us p]umbeus),

A
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Fig. 2. Lobstick structure, Smallwood Reservoir.

Fig. 3. Fyke net in flooded backwater below the Lobstick structure.
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- MATERIALS AND METHODS ol | |

| » ". I'l\. ‘ . .' .

N ‘

Severa] methods were used to collect p1ke angl1ng. fyke nets,

g111net, se1ne and plex1g]ass traps.

"were constructed of l 9 cm stretched mesh kn1tted nylon.l They: .

cons1sted of a 30 5 mn leaderJ two 9.1 m w1ngs, a. body of one 1.2 m '
frame,\one 0.9.m frame, threelu B'm frames and a tra111ng cod end

The Teader and w1ngs weré 1. B‘m deep The g111net ‘with 7 6 cm

Y {
stretched monof1]ament ny]on Tesh was 45.5 m ]ong and 1 8 m deep

The se1ne, constructed of 1. 5\cm stretched mesh kn1tted ny]on was -

30 5 m Tong ‘and- 3. 0 m deep w1th a centra] bag-11ke exten510n of .

4 0 m The pTex1gTa§s traps, s1m11ar in design to the fyke nets,~

were constructed of 6 A commerc1a1 grade pTex1gTass (Casse]man '
3t
. and Harvey 1973) They cons1sted of a1.5m stretched mesh kn1tted
nyTon leader, two 0.8 m pTex1glass w1ngs and a two compartment

p]ex1glass trap body, heasur1ng 0 9m Tong, 0.4 m w1de and 0.4 m
deep.. co &

l . | . . IAE i ) ) o
A sampTe of 415 plke was co]]ected ' DUe to the restrfcted
fle]d season in Labrador, samples were col]ected from May through -

September. Most of the samp]es were taken in June, pr1or to and

- Ifter the p1ke had spawned A subsamp]e of 213" of the 415 p1ke

was se]ected for age .determination stud1es Th1s subsamp]e

1ncluded aT] of the sma]]er fish (0 55 cm) co]]ected and . a

representat1ve samp]e of the Targe length c]asses (56—90 cm) ,fThe '
subsample fac111tated faster ana]ys1s of age and growth us1ng each

of. the four aging structures. -

The fyke nets, or live traps,. :
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“.‘ ' Sex and stage of matur1ty were determlned by gross 1nspect1on'

‘ of the gonads. Fhles were des1gnated 1mmature if the testes were

flaét1d and not as prom1nent Females were deSIgnated 1mmature if .

- the ovaries were: small and narrow, w1th m1nute egqgs less than Tmm .

Ca few res1dual eggs : R S

b s 4 e 8 BT Y § A ] —— N L

R

Scales were removed from the right s1de of each f1sh Jw/t/ ’..‘f L

below the dorsal fin and above the lateral l1ne The sag)ttae, ‘

h ] o

the largest ‘of the three paTrs of otol1ths, were rémoved after

mak1ng.a mldTSaglttalvcut,through the skull. The operculum and -

cleithrum-were”removed'from the right side'ofvthe'body'and,were - -

.inmediatel} cleanediusing a scalpel and water.  Scales, otoliths,

.cle1thra- and opercula henceforth called "ag1ng structures“ o ~,' .-

P o«

were each placed between paper and stored 1n an envelope

Fork length the d1stance from the most anterlor extrem1ty

to the notch in the ‘caudal fln, and total length the d1stance from

the most anter10r extrem1ty to the t1p of the caudal fin, - were,

measured to the nearest 0 l cm.. A conversion factor was calculated
v PN _"\

'for fork length to total length Total we1ght was measured to the 'i,:

nearest 0 or kg us1ng a Chatlllon balance S . S

L3
0

small, narrow and threadl}ke and showed db sign of vascular1zat10n

L}

"Maturtng males had larger, prom1nent, h1ghly vascular1zed testes -

\

The testes of spent males showed this vascular1zatlon but were

-in d1ameter.- Maturlng ovarles of females were-larger and very"

prominent fill]ng much of the body cavity. The ovaries of spent

females were large, flacc1d and bloodshot, and sometimes contalned ,
- . /

s
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The scaTes were examlned ising a Bausch and komb m1clo-
}' h"' . proaector (22 x) and aged accord1ng to the method of Nll jams
| ' (1955) Draw1ngs were made of each sca]e and annu]ar 1ncrements

‘hog rr__l

of growth"WEre measured from these’ draw1ngs The opercu]a and
T,

~

c]e1thra’were examined u51ng a Bausch and Lomb d1ssect1ng .

m1croscope (6 67 x) The opercu]a we're aged accord1ng to Frost

<

and K1p11ng (1959), the E$e1thra accord1ng to Casse]man (1973)
For both opercula and c1e1thra, annu]ar 1ncrements of growth were

measured us1ng an opt1ca1 nncrometer Pr10r to ag1ng, the

j otol1ths ‘were ground and burnt, a. mod1f1cat1on of the techn1que

g

‘ out]lned by Christensen (1964) The Tateral surfaces of the

otol1ths were po]1shed us1ng a wet stone, the oto]1ths were then

1

' pTaced on a hot,p]ate at a temperature that caused them to brown
_§ “: . in about’20 sec' They were dropped 1mmed1ate]y 1nto 95% alcohol
then heated aga1n dropped once. more in a]coho], ahd a]waed to |
| cool. when exam1ned they were 1mmersed 1n a]cohol and v1ewed ,*"
‘ aga1nst a b]apk background (Schott'1965) us1ng a Wild M7 b1nocu1ar
| m1croscope (30 X). The otoT1ths'were aged accord1ng to Chr1stensen
(1964) and Tesch (1968) Each. oto]1th 1mage was drawn, uSIng.a :
camera 1uc1da attached to the m1croscope annu]ar growth | /

"

measurements were made from the draw1ngs (MacKay ]957)
' [

of the aglng structures were measured:t The rad1us of each ag1ng

.

'ii -marg1n,a10ng a standard axis. The dlstance from the: nuc]eus to each

To determ1ne growth total Tengths and annua] growth lncrements o

structure was - measured from the mid- po1nt of the nucTeus to the: -~ .

P S AP TR THL vores AU TN
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»where 1 is Fish length K is the Y~1ntercept (1n Tog un1ts),

g structure (Monastyrsky 1930)
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annulus was also-measured along this axis. The opercular nucleus.

Was chosen”as the point where a ]ine drawnffrom‘the opposite'

i

1ndentatlons of the artlculat1ng "nub" 1s blsected' measurements

w .

were made on the concave (1nner) surface of the bone at’ right

angles to‘the 11ne used 1n 1ocat1ng the chosen- centre (Frost

]

:} and K1p]1ng 1959) The c1e1thra1 rad1us was - measured from the .
: or1g1n ‘to the po1nt where the tip of the anterior b]ade 1ntersects -
"the nedlal costa (Casse]man 1974) The or1gln was chosen as the
- point of 1ntersect1pn of two 11nes, one drawn a]ong the medra]

costa and the ther a1ong the 1nter1or margln of ‘the bone from

fe

-the t1p of the dorsa] sp1ne 0to]1th rad1us was measured a]ong an -

: -ax1s from the nuc]eus to the edge of the postrostrum.

r

T Back-ca]cu1ate growth of pike, the actua] re]at10nsh1p :

: between the growth of -each 3g1ng structure and the 1ength of the )

fish was determ1ned Ind1v1dua1 f1sh ]engths and the correspondlng

> ’ A Q

i aglng structure 1engths were used to calcu]ate these re]at10nsh1ps

L1near and curv111near body : ag1ng structure relat10nsh1ps were

,der1ved the curved re]at1bnsh1ps were used based upon the1r h1gher '

—

correTatlon cbeffICJents.' Each of the,exponentnal equat1ons was

1 converted to a straight,lihe'using:thegfbf]oWing transtbrmationc

y T e

- I

1og l =K + n (log S)

- —h —.

athe s]ope of the re]at1onsh1p and S is the 1ength of the ag1ng
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. by f1tt1ng average annuTar ag1ng structure lengths in the ; L B R

kabpropr1ate body ag1ng structure regressIOn. o '.;;J' et f-;i
test the age—length regress1ons generated by each of the agj

jrsTopes and adgusted means..- ATso, 1n some cases.,. mor ’than two
"regressions were. compared s1multaneous]y.r By comp ring adJusted
'meanslﬁthe elevat10ns of the regress1ons were ~com ared AdJusted .
o ‘imeans were tested onTy f the sTopes of the regre s1ons werev - ' ‘ .
‘ ? s1gn1f1cant1y d1fferent‘ Therefore, if either th sﬂopes or- : f.:,‘: f:;'ﬁ’.; |
'adJusted neans of the T;nes d1ffered s1gn1f1can Y. at p 0 05 -

the regress1ons were cons1dered s1gn1ficant]y d1fferent

- equatlon' : \y e s , R S e

there W 1s whoTe we1ght (kg), 1s fork Tength (cm) and 105 is a -

. 'constant wh1ch aTTows K to assuhe a vaTue near. un1ty (Hlle 1936)

. (Simpson 1951) Fecundity was determined for 32 ovarles u91ng an

. egg cas1ngs were’ too decomposed by the GiTson s fluid to be counted ; 1;1';1- B .

_electronicaTTy Egg number Was estwmated tw1ce usfhg the Batch

Back-ca]culated age-Tength re]ationsh1ps were determined '“ -

T : T

Analys1s of covar1ance (Zar 1974) was used to stat1st1ca]ly

methods. The covar1ance ana]ys1s was used for comLar apof both 5\5‘,'

i

- L o2

The coeff1c1ent of cond1t10n was caTculated by the foT]ow1ng |

R S Y

- Sy

K"' Wx 105 - o ) R R
ST L3' ’ .,} e e PO A

-

sl

v 0var1es from 43 r1pe femaTes were preseryed 1n GT]SOH s f1u1d ;}f "iTQ.
\ I '

' eTectron1c DECCA batch counter (Boyar and Cllfford 1967) and for . ‘:f'_-‘;j‘fi

the rema1n1ng 17 by vo]umetr1c d1sp1acement (Kand]er and Plrw1tz " %f: Ju«:bn; Vf

1957) The voTumetr1c method was used for those ovar1es ln wh1ch
E '

R ) ¢
. . .
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: B counter, for a subsamp]e of fwe ovaries. .Esti.ma@b{ta‘ine'd from
;i . the two runs dev)nated 1ess tban 3%. Eqg count éstimate‘s on.a o
. subsample of 'Fwe ovames us1ng both the batch counter and vo]umetr'lc
' 'S ; .
’ method dev1ated 1ess than. 10%. <
. The degree- of ful]ness -of the stomach and its contents were
o recorded- for a samp]e of 386 f1sh Frequency of occurrence was used o
, ‘as a quahtatwe method of food ana]ysm LI
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1. Age determination e o :
oy . - ) T : o : ‘_/\ . "
The emplr1cal ré]atmnshws between the 1ength of each agmg
structure and the 1ength of the fish are presented in Tab'les 1-4 ,‘ - '
‘--and F1gs 6- 9 The regress1en 11nes are graphic representatmng S
|
“of the ca]cu]ated regresswns (Tab]e 5), while the scatter p]ots '. " ;
'. .A and ranges represent the emp1 r1ca'| data of average fork lengths

9

' . and average lengths of the. part1cu1ar aging structure

“’empln cal average fork Iengths at age, curves represent back—
'structure regress1on (Table 5) - o

" difference at - p = 0.05 between s]opes or adJUS’ted means for the

' Regre551 orf g

equatlons were ca]cu'lated for sexes separated and combmed Al1

/
aging structure ]engths 1n Tab]es ] 5 are magmﬁed 1engths.

LR

Empirical and back-ca'l culated age-length data are presented

—/h

in Tab'les 6~ 9 and Fi gs. ]0—13 ‘

a f

rd

Scatter p'lots and ranges represent

'calculated re]atwnsmps deri ved from "the appmpﬂ ate bocly : ag1 ng .

e

Ana]yses of covariance‘ were used to test for sigm’ficant

foHom ng-age- 1ength regressmns

~Regression-

ma]es VS. fema'les for each aging method
empmca1 and back calculated.

: -emp1r1ca'l vs. back-calculated for each
aging method; sexes separated and
combined. /.

scales wvs. opercula vs. c]e1thra vS.
.otoliths; empirical and back- calcul&ted
sexes separated and sombmed.

]
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" Regression .

ofoliths vs. sda1e$;‘,ot01,1(th5' vs! cleithra,
“otoliths vs. opercula, scales vs. opercu‘la,-
scales: vs.' cleithra, and opercula vs.
cle1thra back- ca]cu1ated, sexes separated
and comb‘med ~

e

—

®

’\

"Table No. -

13

Emp1r1 ca] age 1ength regressions for mles d1d not d1ffer

- signifi cant'l_y fr‘om females, us1 ng Lany of the four' ag1 ng methods

(Tab]e 10) The d1 fference between back ca]cu1ated

age—]ength

regressmns for ma]es apd females was si gmﬁcant for each of

the four agmg methods N
v =

"\'.

Emp1r1 cal and back ca]cu]ated age-]e’}th regressmns d1 fferpd

3 gmﬁcanﬂy us1ng scales, opercu]a and cleithra (Table 11)

However, usmg otoliths, the d1fference was not significant.

A

Emp1r1cal age-]ength regresswns d1d not differ s1gn1f1 cantl_y; .

‘when compamng a]] four agmg me thods whereas back-calculated

' regressions d1d di ffer s1gn1f1cant‘|y (Table 12)) -Fo

l “
,separated and comb1ned the back—ca]cu'lated age 'Iength regresswns

r SEXES

- "generated by each aging me thod d1ffered s1gn1f1cant]_y from those '

hgenerated by any other method w1 th one except1 on; fo

rﬂa]es, ,
the back-cal cu]ated age-length regressmns using oto iths or sca1es, )

did not d1ffer significantly ,(Table 13).

-

II. ‘Biological.studies

N

t’ - » 4 - ,’
A. Size and age composi tw?/

. Length

", The fork Tength distribution (Table 14):is unimodal with the .

N
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~ Table 1. The re]atwnsmp between fork length- (cm) and magmﬁed (cm X 22) sca]e 1ength of northern
" pike from Lobstick, Labrador L .
" Fork length - . T .$caiev Length (cm x"22) .
' (cm)_ Males ~ Females Combined _
: - Sample. R = Sample - : — Sample-
Mean . Range Sizé Mean®- ‘R'ange . .Size Mean Range. - Size .
~10.0° 1.3 1.2-1,4 2 1.8 - 1 1.5 1.2-1.8 3
. 14,0° - - -0 7 - - 0. - - 0.,
S T80y . L - - 0 - - o - - o -
. 22.0 o= 0 - - - D - - 0
26,0 5.2 - B - - 0. s2 - T
: - 30.0 6.9 - I - - 0. 6.9 - 1
3.0 - . - 0 7.7 - ] R R 1
.38.0 - 8.8 8.6~ 9.0 2 8.6 7.9-9.6 5 8.6 7.9-9.6 7
'-42 0 9.8 , 8.9-10.7 7 9.2 8.8 9.8 - 3 9.6 -8.8-10.7 10
46.0 * 0.0 8811.5 3 . 101 9.7-11.3 5 - 10.1 8.811.5- 8
' ‘soo T 1.4 10.6-12.5 -. 9 11.1. 10.0-11.8 - 5 "11.3. 10.0-12.5 14
54,0 11.9 10.3-13.1 14 12.0 10.9-13.9 9. 12.0 10.3-13.9° 23
. 58,0 . 13.4 12.4-15.7 .16 . 12,8 11.8-13.7 & 1372 11.8-15.7 22
62.0 13,7 12.4-15)6. . 14 134 "12,1-14,3 ° 6 13.6 12.1-15.6 - 20
. .66.0 ° 14.6 13.4-16.8 17 - 13.8 12:4-15.4° 18, 14.2 12.4-16.8 35
70,0 14,8 13.0-16,5  19. “15.] 12,6-1A3- 18 15,0 12,6-17,3 - 37
74.0 16,3 12.3-17.4. 3 " 15,0 713.4-16.2 . 13__ 16,1 12.3-17.4 16
78.0 18.4 ;- 1 15,7 14.4-1%.8 i 16,1 14.4-18.4 ©7
82.0 - . 0 161 13.5-17.5 J TS 13,5-17.5 7
i 86.0 . - - 0 186 - - 1. 186 - 1

~6L.-
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+ Fork length (.cm)‘ “

800

[
<
7
.
-

WALES
"I." 7.1647 § 0-813
. r= 0.97

| FEMLES

r=0.96

_L=5. 400] S 0. 9"99.

.Fig. 6.

»

L=6. 4521 § ©0.9711"
4 :
r=0.97

59 - 5.0

)

SEXES COMBINED B

-5.0 100

. 15.0
Seale length (cm x 22)

/e

voe ot e e At e 0 e e s 1

15.0

Empmca] (scatter p]ots and r-anges) and. cal culated (ﬁtted
curves) body length-scale length relationshi ps of ‘northern -
pi ke from Lobst1ck, Labrador :
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. , Table 2. -—The:re'lat\i.onsh'ip.betwé‘eﬁ fork length of fish (cm) and rﬁagn"ifiéd (em x 6.67) operculum

-length of jorthern pike from Lobstick, .Labrador. .
S C. o o : ‘ R . . i , ) :
o N : - i — < « _ . 4 <y ‘i
,(-\ Fork length - ~ -/ : . - - Operculum Length (cm x 6.67) . ' ! ~ . B {
) (cT) S " Males ' N . _ Femaies’ j - . Combined ~ 1§
. Rt - _ A sémp]e S ~ Sample S - Sample 'X
B Mean _‘Rar_lge : Size Mean_ Range . Si»ze .. Mean Range =~ - ~$i;e i
10.0 3.4 3.3-35 2 87 - 1 353337 F o
4.0 - - - 0 - - S0 . - T o0 - -
< 18,0 e .- 0> - -0 -0 0
T~ 22.0 T I SR+ B © Tl o)
260  .° .89 - T\ - 0 ‘8.9 - 1
3000 . C 10.T- - - 1 0 - - 0 10 T - 1
30 - - .- 0 M8 - T 11.8 - 1 =
38.0 . 13.5°13.0-13.9. - "2 131 12,1413 5. 0 13.2 12.1-13, 7 '
42.0 -~ ° 14.6 13.5-16.5 7' - .y -14.3 13:7-15.0 3 - 4.5 13.5-15.5 10 .
46,0 - 14.9 14,3-15.5.° 3 16.5 15.7-17.0 5 ° .. 159 14:3-17.0 '8
'50.0 - 18.4 17.1-19.8 - 9 . 17.5 16.6-18.0 5 18.1 '16.6-19.8 — 14 ]
54,0 - 19.1 18.4-20.5 14 . - 19.4 187-21,3 9 19,2 18.1-21.3 23 ' - i
58.0 220.7 19.5-22.4 16 20.8 .20.2-21.5 6 . 20.8.19.5-22.4 .22
62.0 - 21,8 -19.6-24.4 . 14 +22.3 21.4-23,6 6 21.9 19.6-24.4 20 °
66.0 ~ ..  23.1 20.7-24.3 --17 . 23.6: 21.0-26.1 18 23.3 20.7-6.1 3% . . |
. 70.0 . 24.6. 23.3-26.5 -~ 19 - 25.4 '?2'.3-28;0. 18 25.0 22.8-28.0 -2 o
©74.0 26,5 -24.3-27.8 3 25,9 23.5-29.0 13 26.0°.24.3-27.8 16 R
780  27.8° - 1Y 2.6 25.8-27.2 6 26.8 25.8-27.8. . 7. -
- 0 - .28.2 27.3-30.6 . 7 28.2. 27.3-30.6 7
- 0 1 | 1 ’
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Table 3. Thegre]at1onsh1p between fork length of fish (cm) and- magnﬁfved (em x*ﬁ 67) clexthrmn

R

'
s oy i e

1ength of northern p1ke from-Lobstu:k Labrador. . ‘ . .
;.E.»" § JFbrk length ' o " Cleithrum length (cm x 6. 67) S : A Y
S ) .l(cm) E Males o - Females- ‘ ~ - Combined _
T Sample . ~ Samp]e. : T Sample
_ ) - Mean i Range Size - - -Mean Range . 'SAize . Mean . -Range ) Size
T Y 10000 Y. 6.9 6.8-7.0 2 7.7 - 1 . 7.2 6.8-7.7 3
‘ o 140 7 . - - 0 - - 0 - = : 0
o . R ] ]8'0 : e - . ‘-' > 0 - - \ O -‘-. A - - ‘ .() |
ST -2600 18.5 Y- 1 - - o . 185 | - 1
o 300 - .2v0. - T - - 0 - 2.0 - ]
oL 34.0 (- - 0 * 225 @ - 1 22.5- . -~ 1
' '38.0 26,0 25.0-27.0 @ 2 26.3 25.5-27.0 5 26.2 25.0-27.0 7
42.0 27:9. 26.5-30.0- 7 27.7  27.0-29.0 - .3 ~27.8 " 26.5-30.0 - 10
46.0 33.8 30.0-40.5 3 30.9 30.0-31.5 5 -32.0 30.0-40.5 8
- . T \ I~ . . S i .
_ 50.6 339 30.5-36.0 -9y  -32.8 30.5-35.0 5 33,5 30.5-36.0 14
: L 54;0 - 35.9. 32.5-42.0 14 .~ 36.4 34.0-38.5 9 ' 36.1 -32.5-42.0, 23"
o - 7580 - 39,5 37.0-43.5 16 - 38.8 37.5-39.5 6 39.3.37.0-43.5 22
. 62o.  40.3 36.0-43.0 14 $39.8 35.5-42.0 - 6 40.1 35.5-43.0 - 20
) 70.0  46.4 44.5-48.5 19 45.5 35.0-48.0 18 45.9 .35.0-48.5 37
74.00 . . 47.3 42.5-50,0 3 °  48.0 '43.0-50.0 13 .  47.9 42.5-50.0 16
. 78.0 " 50.0 - ] 49.9 48.5-51.0 6 . 49.9 -48.5-51.0 7
) ... 8.0 © - < - -0 52.0 47.0-56.0° - 7'. ., 52.0 47.0-56.0 7
. .80 ° . =T - 0 60.0 - - - 1 .0 - 1
5_5_‘ ) ] — o ]
A .
. . ’ o .
~ N L
:‘ - ek PR T a— o bt T — [’:/ i
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=1.4122 8 1.0216
= 0.58 -

200 . 400 ..

800 L =1.3574 5!
fr=099

" 60.0

_400

. 60.0
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~600
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';I'abTe 4. The re]at‘ionshib be tween fbrk length of fish (cm) a’nd:

length of northern pike from Lobstick, Labrador.

o

magnified (cm x 30) otolith -

"~ Fork length

. Otolith Length (em x 30) -
- (cm) MaTes = . Females T - -Combyned - :
. \ Sample A Sample . Sample
. Mean Range = -Size Mean. _Range Size | Eean Range Size- -
L. 10:0- 1.9 - 2 1.8 - 1 1.9 1.8-119 3
4.0 - - 0 .. 0o - - 0
18,0 - - T 0. - -7 o - - 0
22.0 - - 0 - - 0 - - 0 -
26.0- 4.8 - 1° - - 0 - 4.8 - 1
Y3000 55 - 1 - - 0 5.5 - - 1 -
34.0 - - 0 5.0 - 1 5.0 O '
38.0 6.4- 6.3- 6.5 2 ° 65 5.9-6,8 -5 65 509-6.8 7 o
42,0 6.7  6.3- 7.4 7 6.6 6.5-6.8 3 6.7 6.3- 7.4 10 o
46.0 7.3 6.5- 7.7 3 6.8 6.4~ 7.6° . 57 - 7.0 6.4-7.7 8
50.0 7.6 6.8-8.8 9 7.5 7.1-81 5 7.6 6.8-8.8 .14
. 54.0 _‘ 7.77' 6.9~ § 4 14 - 7.7 6.8- 8.5 9 7.7 -6.8-.8.5- .23
- 58.0 . 8.0 7.1- 8.7 16 8.0 . 7.0-8.5 6 ~8.0 7.0-8.7 22
- 62.0 - - -8.2. 7.2-8.9 14 7.9 7.5-8,6 6 8.1 7.2-809 20
66.0 8.8 8.2-9.5 17 8.2 5.2-9.4 18 8.5, 5.2-9.5  35.
70.0 9.2 8.2-10.2 19- 8.8 7.8-9.9 .18 9.0 -7.8-10.2 . 37
74.0 9.1 8.6= 9.5 3 . 9.3~ 8.5-10.0 ~13 93 7 B8.5-10.0 . ]‘6
78,0 . 10.3 - 1 . - 9.4 87100 .6 9.6 8.7-10.0 7
82.0 - - N _10.1 9.'!-1]._5 -7 - - 10.1 .9']-”'5., 7
8.0 - - 0. 1Lz - 1 e - 1.
c . L4 :

3
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. Table' 5.

—— T e v G,

{ - . . » R Toaw

‘.. between fish fork .lTength (L) and length of the aging structure (S), using scale;,

opercu]a, c1e1thra and oto11ths, of northern pike from Lobst?ck

Labrador. .

Logarithmic and exponent1al forms of the regress1on equat1ons for the re1at1onsh1p

. \’Q . . A’
Correlation

Logérithmic Form '-Expdnehfia}fForm Coefficient
SCALES (cm x- 22) o e T e L -
Males : - ‘Teg'L ='0.8213 1og 'S +0.8552.,» ..L.= 7.)1647 S 0-8213" 0097
Females ‘log L =70,9490 log S-+ 0.7324. ., L =5,4007 S 0°9430 ~ .° 0,96 -,
~_ Sexes Combined . Jog L = 0.8711 log S + 0.8097 L =-6.452]k5 0*8711A ' ;'(0:97 o
" OPERCULA (em.x 6.67) ' T L | o
‘Males v log L™= 0.9704 Tog 'S + 0.4935 L = 3.1153'§ 0°370% 0.99
. Females Tog L = 0.9479 log S + 0.5221. - - L.= 3.3274 § 0:9479 0.98
~ > Sexes Combined log L = 0.9630 log S +0.5039-° ° L = 311908 § 0-9630 0.99
CLEITHRA (cm. x 6. 67y - - S - o A
Mates - log L = 1.0238 1og S + 0.1405 L=1.3820 5 1+0238 . - . g g9
Females - Tog L = 1.0216 Tog S + 0.1499' L =1.4122'5 170216 © ' (igg
- Sexes Combined . Tog L = 1.0318 Tog S + 0;1327 L =1.3574 § ?'0318 . 0.99
OTOLITHS (em x 30) . o . S A
Males . Tog L = 1.2583 log S + 0.6238 L = 472053 S 17 2583 . 0796
Females - log- L = 1.1801 log S.+ 0.7154 L =5.1928'S 101801 0.91.
Sexes Combined - log L = gs +0. 6513 L = 4,4802 s 1-2280 0.76 .

1.2280 1o

N\

\
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Table 6. Empirical and back-calculated average fork lengths (cm) using:scales, of the different age-groups. - :
. - - - of northern pike from’ Lobst1ck Labrador'., s . < S ’
; L » : ’
Age _ - Fork Lengths (cm) . =
(years) Males . _ ~Fematles - A Combmed -
g—:mpiricqi ~ Back- .. Empirical - Back- Emp1r1ca1 Back- - |
. Sampile <calc-:i- — - Sampile calc. T - SampTe calc. . .
" .Mean  Range- .Size Mean  Range Size Mean Rangel Size '3 .
1 9.5 _9?3-9.6.;-; 2 .15.7 1&u').'/ Lo 1. 13.4 9.9~ 9,3-10.7 3 14.8 -
L2 L 0 250 . - - 0 228 .. - - 0. 282
3 27.5 -7 1 34.3 - - / 0 32.2-°  27.5 - . 3386
i ’ 4 4303 - ) ] . 4] 06 - - . 0 —40-_8 . 43.3 ) - . ] "L 41-5 ' T
5 46.3 40.0-52.5 2 \47.9 40.2 35.5-46.4 6 ' 47.8 41.7 35.5-52.5 8  4B.1 . ' -
6 . 50.0- 31.2-65.6 1%  51.5 47,0 37.0-59.0 * 11 55.6 '48.5 31.2-65.6 22 , -53.5 g
' _ : . ‘. . . - 27 . : - S !
7 56.4 37.0-66.5 29 - 55.3 -  60.1 46.0-77.0 - 18 60.9 - -57.8 37.0-77.0 47 '-58.0 ;
8 56.4 41.7-67.0 14  57.9 64.7 53.4-74.2 = 23 65.2 61.5 41:7-74.2 737  61.4 i
k 9 63.7 -44.0-75.0- 29 ° 61.4 67.5- 49,5-73.5 - 15 " 68.2 .  65.0 44.0-75.0 - 44 64,5 !
10 67.2-57.5-74.3 13- 63.4 72.5° 55.0-80.8 = 19 . 71.7 . 70.4- 55.0-80.8 © 32 - 67.6
, N 67.8 52 0-78 0 5 -66.4 " 76.8. 62,5-84,0.° 6 - 73.0- 72,7 52, 0-84 0 11 69.7 -
N 12. 69:5 e 1T ona 80.0 77.0-82.4_ 4 - 74.0  -77.9 69.5-82.4." ‘5  71.9
13 =731 1 . 74,8 -7 L= o".,‘_-"az.‘1 73.1 - 1 78.1 !
\ S - - 0 - - - 0 8.3 . - E 0 80.4 |
18 - - 0 - 87.5 - "1 8.6 -87.5 - . 1. .82.3
_ : g ) , . :
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,Iﬁble“'7 Emp1r1ca1 and back-calculated average fork lengths (cm), us1ng opercu1a, of the different i' i 1\\_ _ -

age- groups of northenn p1ke from Lobst1ck, Labrador
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‘calc., -
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. Table gt Emp1r1ca1 and bac;k calcu1ated average fork 1ength-s‘(cm), us1ng cteithra, of the\differ(egt,_ :
s " age-groups -of northern: p1ke from Lobsti ck Labrador . L
Age . For% Lengths (cm) _ A
(years) Males Females _ ~ Combined _
, Empirical ‘ Back- Empirical ~ Back- Empirical Back-
— Sampie <alc. —Sampre Sale. Sample Salce
Mean Rangyu Size Mean Range Size " Mean’ Range ' Size
1 9.5 9896 ° 2 17.4 . 10.7 - C1- 18,1 9.9 9.3-10,7 - 3: 17.6
2 .- 7 e~ 0. 289 - - 0. 2903 ° - - 0. 29.0.
‘'3 " 215 . - - 1 376 35.5 - 1 385 - 31.5 27.5-35.5 <. 2  38.1
4. 39,7 31.2-43.3 - 5 44,9,  43.5.37.5-50.5 4  46.3 41.4 .31.2-50.5 9  45.7
5 . ~48.3 40.5-55.5 14  51.0 = -47.2 39.5-56.5 . 11 52.5 47.8.39.5-56.5 25 - 51.9 |
6 58.1 50.5-66.0 34  56.3 58.3 37.0-72.0 19° 585  58.1 37.0-72.0 53  57.7 R
7. '61.1 48.0-75.0 25  60.3 66.5 51.0-77.0 29  63.6 .  64.0 .48.0-77.0 54  62.4 -
" 8. 68.6 '64.3-74.3 12 64.0 . 70,3 62.0-80.8 18, 66.7 69.6 62.0-80.8 -30 65.9 '
9. _ 68.0 61.0-72.0°- 8- 65.8 = 72.1 49.5-80.5 12  69.6 70.5 49.5-80.5 20 68.2
10 68,6 65.0-71.4 6 . 67.4 72,2 55.3-84.0 5 - 73.0 70.2 55.3-84.0 11  70.8
1. 78.0 - 1  68.8 - 829 82.4-83.3 . 2 .76.9 - 81.2 78.0-83.3 3 74,5
12 73.1 - 1 e - - - o' 772.3. . 731 - 1 732
13 . - - -0 " 80.5 - =1 8.2 .80.5 - 1 8z
14 - - 0. - - =%, .0 83 - - 0 8.4
15 - - 0 - 87.5 o) 1 92.6 - -87.5 - 1 92.8
- “ )
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" Table 9. Emp1r1ca1 and back calculated average fork ]engths (cm), us1ng otcﬂ‘lths, of the d1 fferent
- ) age- groups of northern pwke from Lobstick, Labrador C
i ' - :
Age - _ : L T _Fork Lengths. (cm}) . o _ _ :
(vears) ° " Males R ‘ Females ‘ o Combined
e Emp}ica] " Back- - Empi}rica] Co Back-_ T Empirical L Back-
s Sample calc. . .Sample wgales” . . . Sample le&.
} Mean‘ - Range” \S?‘zé _ .. 7 Mean Range =  Size . Me_an_ Range - Size - :
T 1 9.5 9.3-9.6° 2 .10.6 - 10.7 : 1 12.8 9.9 9.3-10.7 = 3 1.3
- L2 Ty . T 0 214 - - 0 23.9 - - 0 21.9
'3 275 - 1 30.5 - - 0 - 339" - 27.5 . - = 1312
4 42,9 31.2-54.5° 2 375 - ' - 0 41.3. 42.9 31.2-54.5 2 384
< 5 47.5. 37.0-54.2 . 5 43.7  47.0 40.0-56.5 7 47.2 47.2 '37.0-56.5 12 - 44.3
6. 51.0 40.0-62.6 13  48.9  47.3 0 35.5-67.0 11 53.2  49.3 35.5-67.0 24 49.7
7. 589 44.5-71.3° 25 54,0 60,9 337.5-72,0° 27  57.9 59.9 37.5-72.0 52  54.6
8 59.4 41.7-75.0 .24  57.6 68.1 53.4-80.8 28  62.8  -64.1 41.7-80.8 .. 52  58.7
29 62.Q 43.5-74.3 19 61.8 .68.2 49.5-78.4 15  67.2 .64.7 43 5:-78.4. 34 - 62.9
10 66.0 62.7-70.0 9 '66.1" . 75.4 64.7-83.3 6° 70,9 70,1 6257:83.3° 15 . 67.0
11 - 71.3 68.0-78.0 8  69.7 74.8 70.5-79.9 3 74.2 72,2 . 68.0-79.9 704
v .12 695 - 1 66.8 79.1 75.3-84.0 3 - 78.4 . 76.7 69.5-84.0 4 - 74.3
13 7= - 0 - - - 0 798 - = 0 77.0
) 14 : - - o - - - 80, 5 o .1 839, .80.5 . - 1 8
15 Cat o 0 D, on 850 82.4-87.5 ° 2. 91.3. 85.0 82.4-87.5 -+ 2 885
P - " P ! ™
N\ . . s o= o ing ot
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) . Table 10. Summary of results of covariance analyses for empi rical and back- calculated age-length regressidns; -
o males vs. females, of northern p1ke from Lobst1ck Labrador {p = 0.05; significant difference °
§ 1hd1cated by '*') . . : - N
Sy SR g c Mean Sq'ugres L S Mean Squares Adjusted -
i L : L .- Within . Regression _ Stope - ~C5mmon Adjusted Yleans - 3
Method of Aging . Samples Coefficients \ F P Regression Means .~ F. P~ e =
Scales ~ Empirical- - .001419  .000070 . 0.05 0.822 © .001329 - - .002788  2.10 0.165.
o ©. .-. ' Back-calculated & .000735 .'007998r‘ : 1_().88 -0.004* | ﬁ.0010§1' - .001234 1."!7 . 0.290
R Opercula Empirical = - - .003278 - ..000058 0.02 0.891 - .003088 - .006607 - 2.14 0.159 . )
S Back-calc’u]at_ed .000104 ~ .000006 - 0.06 0.811 .000999 - .004842° . 48.85 <0.001*
“Cleithra  Empirical = - .0022}7 001122 0.51 0.507. ° .0602153 - - .004969 .  2.31 0.144 '
: - Back-calculated .000914 . .000927 . 1.01 0.327 .000915 - .003878 4.24 0.049%. T8
Otoliths Empirical = -  .001986 _ -.000002 = 0,00 , 0.977° ~.001854  .003770. . 2.03 0.172° '
o Back~-calculated  .001675 . 000490 - 0.46 ~0.512 7001040 ~ .011229  10.80 0.004* - :
1 G-‘ - ° > i | "
e 5
- i . \ ~ -
@) R ~ . i

ity vy s L




L Table 11.

[

Summary_of results of covérlance analyses. for age-length EegreSS1ons (sexes combined and sepérated),

empirical vs. back-calculated; of northern p1ke from Lobstick,. Labrador (p -0.05; significant
difference indicated by '*'). . : ‘ _ o , v
. Mean Squares ' R " "Mean Squares " . Adjusted
Lt . h - Within Regress jon . .Slope. ’ Common_ Adjusted” Means -
Method of Aging. - Samples— . Coefficients F P.~_ . Regression Means “F P
yo, » . ’ : -
- Scales © Males .7 .001981 - 018885 °  9.53 0.006% .002786.  .003669  1.32 0,263 .
Females, - - .001089 - .006472 - ,° 5.94 0.025* .001406  .001887 " . 1.34 _0.262.
Sexés Combined ~ ..001468  .015513 - 10.57 - 0.004* .002079 ° .002944'. 1.42  0.245
© Opercula. Males  .001754 -. .067087  38.24 <0.001* .005597 . .015864  2.83 0.107 =
S Females ~ - .002415 . 057054  23.63  <0.001* 005016 . —.010225  2.04 0.165
. Sexes Combined  .002259 .° .058289 -—. 25.80 <0.001* .004927 .013726  2.79 © 0.107
“Cleithra Males . .002251: .042907  19.06 0.001* 004390 .0039T3 ° 0.89 0.641
’ - .Females - . .:001944 . ,018139 9.33  0.006*% .002716 .003298 1.21 0.283
. Sexes Combined . ,002061 .024871 12.07 © 0.002* 003053 - 004853 1.59 0.218 .
_Otoliths Males -~ .002444 .001367 0.56- 0.530. .002387 . .000484  0.20 . 0661 .
" Femiles .001397 .001967 .~ 1.41 .- 0.250  .001427 .000306 0.21 0.653 .
Sexes Combined .o_q1r7_1 - .001439 - - 0.81 0.619  .001757 .000215 . 0%z 0.729 -
2 .
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Table ‘12. "Summary_of results of covariance analyses for empirical and back-calculated age-length regressions ]
- - (sexes combined and separated), scales vs. opercula-vs. cleithra vs. otoliths, of northern pike o :
~ from Lobstick, Labrador (p = 0.05; significant difference indicated by '*'), o -
L. _ : ) < - . - - L i .
Mean Squares '  . - Mean Squares - . Adjtjs;;ed
Within - -sRegression _ Slope Common Adjusted - Mleans
e Samples qufficients F. P B Regression . Means F P ,
Empirical Males ° . 002898 .000626 ~ - 0.22. 0.885 .002704 - .002719 1.01 0.403 . * o
L ' -‘Females ) 002408 - .000063 , 7 0.03 0.994 .002181° .003822 1.75 0.176 o m_. i
g Sexes Combined .003047 - .000114 0.04 .-0.990 - .002821- - .004210° 1.49* .0.231 ! i
AR . - S - o R j
- . . - . - \ i A . - ] . . . . !
" Back-. . Males ~000623 . .016496 .26.49 <0.001*  ,001844- . .021795 11.82 <0.001*- . !
.. calculated Females .000597 ,021449 - 35.90 <0.001* ,001735 .015325 8.83 <0.001* RN
- Sexes Combined 000544 .018767 34.51 <0.001* ..001538. 021535 " 14.00 <0.001* . -
. 4 ¢ , o103 o :
- ) ) TR N :
: X LA
LV ¥ ~ _ : ’
‘>. . 1
o N B . .
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- Tab]e 13.

K

-
-
~

-

Summary of resu]ts of covar1ance analyses for back-ca]cu]ated age- 1ength regressions (sexes comb1ned
and separated), otoliths vs. scales, otoliths vs. cleithra, otoliths. vs. opercula, -scales vs, opercula,
scales vs. cleithra, and opercula vs. c1e1thra of northern pike from, Lobst1ck Labrador (p 0.05;

. significant d1fference indicated by '*')

. ' g Mean’ Squares K 3 - Mean Sguares - Adjusted:

DN

. i Within Rggression’ _ Stope” Common ‘Adjusted. Means -
T~ e Samples Coefficients F P Regression Means - F P

Otoliths vs. Scales . Males o .000824: .013558 16.44 0.001* . .0071946" 006126 4,10 0,055

- I Females .000869 ~ .000012 0.01 0.902 - .000837 .000001 0.00 0.967
) : : ‘ Sexes Combined .000746 .006945 9.31 0.005% - .000976 ~ .003142 3.22 0.081 -
Otoliths vs, Cleithra Males o ,000878 . -.018205 20,74 <0.001*  .001790 .026730 14.94 .0.001*

R " Females ~.000616 .010194 - 16.54 ~0.001* ~ .000971 ~-.010550 10.86 0.003* -

o .~ Sexes Combined .000696 ~ ,015849, 22,77-<0.001*  ,001257 -°.025052 19.93°<0.001* °

Otoliths vs. Opercula Males -, - .000557 .048672 .- 87.34 <0.001*  ..003090 .058121 18.8] 0.001*
Females - - .000493 . .048220 97.73 <0.001*  .002261 .032701 14.46 0.001*

i " Sexes Combined  .000463 -054211 - 117.21 <0.001* .002453  .053990 22.01 <0.001* -
Scales.vs. Opercula ™ Males - .000368,  .010854 29,52 <0.001*-° " .000920 .026508 28.83 <0.001*
T . ' ., . Females - .000579 .010467 80.72 <0.001* - .002287- . .032282 . 14:12- 0.001* .

‘ T Sexes Combined .000391 ° .022350 = 57.09 <0.001*  ..001205 .031085 25.80 <0.001* \ '

‘Scales vs. Cleithra - Males .000688 ..000342  0.50{ 0.504  .000670 - :0072863 10.84- 0.004*

' Females - * .000701 009501 13.54 " 0.0Q1* ~001274  .010313 10.04 0.004*
A Sexes Combined .000625 . .001811 2.90 0.097  .,000669 .010045 15.62 0.001*

-~ Opercula vs, C1e1thra “Males .000421 .007343 17.45 0.001* .000785 .006020 - 7.67 0.012*
' Females .000326 .014071 = 43.72 <0.001*  °.000835 ,006103 7.31 0.011*

Sexes Combined ,000342 .011436 33.48 0,001  ,000753 005488 7.29 0.0171*

T
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sexes combined and sexes separated (sample size in -

..Lengtﬁ distribution of northern pike‘fromqubstickerp-
_.» parenthesis).
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Totals
Range
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10:34-
- 0.75
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11.26

11.51
0.77
3\

.Std. dev.
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Std. error
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' "n'laj:)rit‘y of fish (78%) between'SO' and 75 cm.” Males and females Lo

showed d1fferent 'Iength d1str1but10ns femal/es growmg ]onger - ‘ .
than ma] es. The average length of males and fema]es d1ffered o ‘ c \\\‘3‘
S s1gmflcant1y (t = 4.50, d.f. = 413, p <O, 001). : .' « T i}
- A converswn factor for fork length to total leipgth was ‘ . %
ca]cu]ated fork 'Iength = 0 94 total 1ength i
) Sy T 24 Meight ‘ . S
. S C 51m11ar to the Jength dIStmbutlon, the tota'l we1ght .. o o
dlstﬂbutmn is ummodal (Tab]e 15). For ma]es 43% of the ﬁsh L K C
e welghed between 1. 00 and 2.00 kg; - for fema]es, 36% we1ghed L ‘, ) .
‘ ' between 2.00 and 3. 00—kg The heav1est fish co]]ected were B ‘ L i B
’ : females; males and females d1ffered s1gmf1cantly in average o § '
P we1ght (t= 5,13, d.f. =413, p < 0.001). J . £
[ 3593, N D R : LA
: - ' - L . LA
8 ‘ . Age compositicn, as determmed from otohths, ranged A ~/3
from 1 to 15 with 56% in the 7-9 age clas es (Table 16). As . T %'fg .
' ', with length “and weight djtrlbut1 ons, fema]es tended to be older L S
IS _'__,_, ""than—m/]es, the o]dest mg'l e samp]ed was. ]2 and the o]dest female'
oo - . . . . I L :
S ‘l " SR ’ g Ly . ' s
‘B. 'Grthh ST e e . ) |
R ] Length ~weight relationship o ST S
- -y The 1ength-we1ght regressmns for males and females (Tab]e]7)
dlfferent sigmficant]y (F 16 49 d.f. = 1,410, p < 0, 001) There L
. e ' was, good corre]atlon between 1ength and we1gh€‘(r = 0 98 for males, 7
. S A : ‘/
S VU S S i : L v
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) r =¢0.99 forefemales) " The eXponent values for'both sexes were L .
"cTose to’ 3 for males n = 2. 96, for fEmaTes n = 3.18..

The mean we1ghts caTcuTated (us1ng the computed Tength-we1ght

'_ equat1ons) for the ‘mean Tengths of f1sh 1n each Tength group are } N

(/

the bases for the curves in Flg 14.

.be //en the emp1r1ca1 and ca]culated we1ghts for the sexes separated
/

and ‘combined (TabTe 18)

There was. good agreement .

M1nor dtscrepanc1es occurred at the extremes,‘

" 1n the sma]]er and Targer Tength c]asses, where the number of. f1sh

~ PR . : . . fe
'sampTed was smalT ST f" Tl oy

2 Length d1str1but1on of age gro_p_

R | <+
,,’«”’ The length d1str1but1on of age groups (TabTe 9 and Fig. 13)
shows an overlap in Tength between age groups espec1a11y 1n the

6- TO age greups where sampTe sizes are Targer The over]ap»1s

'greatest for B—year—on maTes, wh1ch range from n.7 t5:1570 em

‘,‘aﬁh for. 7—year—o]d fema]es wh1ch range from 37.5 to 72.0 cm,

Compar1ébns of nouthern p1ke growth rates from four ‘areas of Labrador I

are gtven in Table 19 S1nce Bruce (1974 197§) and Parsons (1975)

used scales for age. determ1nat1on, age- Tength data using both‘scales

and otoT1ths have been 1nc1uded in th1s compar1son.

™

3 We1ght d1str1but10n of age groups o ' . \a

Emp1r1cal and caTculated age- weaght data are g1ven in TabTeZO

and F1g 15, The caTcuTated we1ghts were obtatned from theggength-»'

w‘~fwe1ght re]at1onsh1ps us1ng the back-caTculated Tengths for each '_* e

/) “_' . s T -

age group/ Jhe curves ‘in F1g 15 dre graph1c representatvons of the ‘_ ¢
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~* Age' composition-of northern pike from Lobsti§k4for~§ékes ,
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(sample size in parenthesis).’

o -

s ~

" ‘Table 16.

Xes separated

. combined and se

{

a -
o

Percentage of fish;in each-age c1assn

!

Age .
-(years)

Sexes Combined

Males ~ -

R .awu... .

.Femalesl

e ?

PR

))))))) B

.))))242245])))) :
. 3012]2553]]40]2.

< 5963440029, 59 .

L OCOW 't BN~ 00.

— N N\

;0,3 [

<

Lo L Yo T ] ’
))))).I ~NSOOWw o~ o

—~_OOO0OMN~FAONN~,OMMD—N

(((((((((((((((

o ,.._. 76094799 _09

-ce } ] 3 » & & & e &

— _60664522 —p—
L NN~

o~~~

L i lanroni M A V2 K o 9)))))).

20]25]22]98]000‘

(((((((((((((((
Love

9 9969904339 :
1 & & s & » a ». a&a a2 1 1 1

- Ot NANNONS

5 n.22-|

~

”um.a. | Hx\ f

S - RN ./, .-
—NMLNWINDOOo

.,10
ﬂ2
13

(gi3f,

100

.(108) - ¢

100

(109)

100

'Tota1s

T oy LA AT b S 7T v o lbul.kl.rl
Al -

4]

’ s
LA




’.l

Tength (L cm) and whole welght (w kg) of northern p1ke from LObSt]Ck Labrador.

- 4T_a:b1e 1 YO Logar'l thm1c and exponent'la'l regress1on equatmns -For- the r-e'latmnsmp between fork )

- jLog'.regress'ion form . 7 ~E'x'pon'ér_1t1' al form o r 3
Males o log W= 2.9615 Tog L - 5.0578. W= 0.000009 L2-9615 - 0.98 -
~ Females ® ' log W = 3.1822 log. L - 5.4561 ° ° ' W = 0:000003 L3.1822 0.99
‘Sexes Combined - *. ° Tog W = 3.0634 Tog.L -~ 5,2401 . W = 0.000006 L3063 0.98
Tab'le 18. lr'lca] and caTcu]ated average whoTe we1ghts (kg) of ‘the differ-ent f‘ork 1ength (cm) 1nter-vals
. orthern pike from Lobstick, Labrador o ) _ o
5 -  Average Ma'les s ' ° "I+ ‘Females  Sexes Combined-

< > length. Emp1r1-t:a] . Calculated No. of Emp1r1ca‘l Calculated No of Empirical - Calculated No. of

r " (em) We1ght .(k.g) Weight (kg) ﬁsh - Weight (kg) we'aght (kg) fish.  Weight-(kg) Weight (kg) fish
5.0 0:01 .0.00 - 2. - 0.00 . 0 0.01 0.00 2
215,00 - e 0.03 - 0- 70501 . 0.02 1 - 0.01 . 0.02 1
25.0 0.14 .  ~ 0,12~ 1 - 0.10 0 0.14 0.12 1
35,0 0.28 - 0.33 . L2 0,37 j'o 29 - 6 - 0.35 0.31 - . 8
45,0 - - -0.67 0.69- 22 ' . 0.60 - “ 0.64- - . 20 - =~ 0.64 . -0.67 42
. 65.0n - ~2 18 - 2:05 7 . 2.7 - 2306 8l - o 207 2,06 159
-85.0° . - 4,53 -0 4:47 4,83 N K PN WY 4,68 = 13
~ ' N N
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of northern p1ke from four greas of Labrador (samp1e size- in parentheS'ls)
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» Tab1e 19 Compamson of the’ ca'lcu'lated fork lengths (cm) of the d1ff'erent age-groups, sexes: comb'lned .

Age~ T : Lo ‘ - - - Fork Tength {(cm)

-_ (years) Lobst1ck structure - LobstlcE and sandgirt Lakes . 'Jacop1é Lake' . .1en Mite Lake
oo(212) T - (38) " . Bruce, 1975 ° (10]0 ‘Bruce, 1974 (115) Parsons, 1975 _

OtoTiths ‘Scales '”' - Scales - - “Scales . A Scales

mls o we . 0 w0 12 L
- 21,9 24.2 - N -
32 336 . © 1216 ~ . 29.5
38.4 a5 33.9 - - 36.1. - .
443 .. -481 - 400 Y ee e o
497 835 ¢ < 460 -1 % A ’
5.6 . s80 . . 507 7 . 52
58.7  61.4 - T .. 558 . 60,1
62.9 645 ST -7 - S . 62.9
670 676 - - 660 -, 65.5
7006 - 69,7 T LT T e L
7.3 - 79 R . .. T00 - T
L 77.0. 7 .78.) - T SN
81.1 - -80.4 R e . 730 -
8.5 - 83 . e

©® N s W N

—l_l-d‘-,ll-—l-—l‘.
o1 HWw N - O

7.8

0.2

N.7

-41.9.

50.5

"57.3%
60.8 -

64.6

67.6

69.6
. 70,2
71.4°

-

i
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Table zo.

Emp1r1ca1 and. calculated averagq we1ghts of the d1fferent age-groups ‘of. northern p1ke from

Lobstick, Labrador e o ~ Ne LT

_~( Age ) : _ | Y Whole Weight (kg) .
years = - Males - - ' . Females . .i. ] - Combined ..
— Empirical “Calc. Empirical Calc. . Empirical Calc.
. - Sample . s Sample L R . Sample
. Mean _Range Size, =% . "~ Mean __ Range - Size - . 'Fr;d_ean ) Range . -~ S'ize' - ?‘_

e NV AN

o]
e’

—_ e
—-‘o

oo - 2
o T
| 1

2

. 2.35.

~

'014»-

' 0.96"

0.0 0.01 . -
" . 0.09 . - : -

.01 3
026 04 e - T
Y

2

0.8 - T
0.22 . - -

0,01 - T
0.

o 0 A
C0.80 0 - . 2T o0
7

%

0,01
0.07 .
0.22 -~
0.41.
0.64 -
0.91,
1.21
1.51
1.86
2.26
2.63

0.49 - 0.70° 0.19:1.20 - 2

0.74 0.75 0.37-1720 1

1.09 . 0.91 0.26-2.32 24
. 1.42 . 1:71 0.35-3.16 - 52

1,84 2.04 0.38-3.80

- 2.29 2.22 0.48~4.»05 34
2.71° 2.78 11.65-4,38 15"
.- °3.13 . '2.96'-2.50-3.85" 11°

,;0,1521.20'A
0.37-1.09 . 5
0.42-1.75 © 13
1.58 [ 0.35-2.85 25
],60 _0 38-3.14 24
1.92 0.48-3.18 1
1.65-2.93
2,5053.68-5

.0.70, v
0.81 £ 0.63 " - 0.71. 0.40-1.20
0.88° - 0.86 0.26-2.32
1.8 1.82 0:40-3.16  27.
1.43 2,42 1.10-3.80 28
T.76 .2.60 0.70-4.05 - 1
2.15 "~ 3.4 2.22-4.38
"~ 3.08 2.50-3.85

2,91 - 2.52

N - O WwWWw Oy 0

12 - ~ 3.16- ‘u"-A- 2.22 4,08 3.37-4.58 '3.73 ff'3;85_‘3.37-4.58» BN
13 o : . - - 3.95° - .- 0 3.46
s - - . RS © o430 - ; 4.63 . 430 - 1 T 4.04

15 - - - 491 4,74-5.08 6,07 4.91°-4574-5.08 2 5,30
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Calculated 'a'ge—weight data;_‘th\e scatter plots'a‘nd‘ranges represent',,

' the empirical data. .

S1m1]ar to the 1ength d1str1but1on, the weight d1str1but1on of

"age groups (Table 20) exh1b1ts overlap in we1ght between age groups,

* the 1argest overlap bemg for 9-year-old fema1es whlch range 1n

~

we1ght from 0,70 to- .05 kg .

4 Coeff1c1ent of cond1t1on

Onl_y cond1t1on values of mature f1sh w1th empty stomachs at’

- ‘the t1me of capture were used to show the change in the coeff1c1ent

..of cond1t1on from June to September (Tab'le 21 and Fig. 16), Of the

' f'lSh samp]ed max1mum cond1t1on was reached by the m1dd‘le of June, o

© minimum cond1 t1on va]ues were reéorded in 1ate June

iy qr
5 Morta'hty and ‘surviva

~ An est1mate of the rate of natura1 mortahty was made b_y

1ogar1thms and p1ott1ng aga1nst age (FIg ).‘ A least squares

: regresswn 11ne was f1tted to the descendmg points,. the s1ope of

which was used to estimate Z, the 1nstantaneous total mortaht_y

rate.. Tab]es prov1ded by Ricker (\1975) were used to est1mate the

: »annua] mortahty rate’ (A), and the annua] survwa] rate (S)

results obtamed were. for ma]es Z= O 32 A 0. 27 and §= 0 73

-forfema]esZ*OB?A 039andS-061

7

C Reproductwe Bm]og,x L ; . R

1. Sex ratios = o T e
The rat'iq‘ of males to females did not differ significantly for

b (. -~

<

.transforming numbers of fish- caught at each age (Tab]e 16) to natura] o 3
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Table 21. ' Change in coefficient of condition,-from June to September 1978, of .mature northern . —
pike, stomachs empty at-time of capture, from Lobstick,. Labrador, : :
_  Males. " Females .~ Sexes Combined '
‘Date of T .- Sample © ., Sample R . +- Sample
Capture - Mean - -Range Size Mea_n .- Range " §ize -  Mean _ Range -Size
: : .

0.74 - 0.62-0.88 12

. 0.69 -0,54-0.76 - 11
© 0.80 0.79-0.81 2
. 0.76 0.68-0.86 21
0.77 0.69-0.83 14
"0.75 0.62-0.91

5 June - 0.74 0.62-0.88 10  0.73 0.71-0.74
"6 June& - 0.68 .54-0.76 7- " 0.72 -0.68-0.75"

g June' . 0.8 - 1- 079 -
-9 June . "0.76 0.69-0.86—14  0.75 0.68-0.82

10 Juné © 0.75 Y6 . 0.78 0.72-0.82
13 June | 0.70 2- - . 0.88 0.82-0.91

B U

o O o O
P .

(@)

Y

o

-~

(Ve

—

(=2}

PEETET LN - ARSI IO RIS BN

2
4
1
7
8
4
5 s
'0.83 0.78-0.86 4 0.83 0.78:0.86
_ D
3
1
2
2
2

ORI L PRI DTN T SOOI T

14 June ° - 0.73° 0.62-0.89 " 17 0.79 0.65-0.97 1 ©0.76 0.62-0.97 32 ;3
16-dune . - - 0 ! 4 .
20 Jdune . ‘0.57 0.49-0.70 . 3 - - L= T 0.57 0.49-0.70 3. ’

23qume - - - 0... 0.71 0.60-0:79 - 0.71- 0.60-0.79° .- 3 . o
7duly 077 0 - 1 0.63. . - - 0.70. 0.63-0.77_ 2

14 July . 0.64 0.56-0.75 3 . 0.85 0.83-0.88° y "0.72_‘0.56'—_0.88~, 5 }
210uly 073 - 17 .0.73 0.63-0.82 - . .0.73 0.63-0.82 3
C2awly - - 0 0.79. 0.71-0.86 . 0.79 0.71-0.86 - 2
8 Sept.  0.75 0.71-0.80 4 0.72 --0.61-0.82 ©© 0:73 0.61-0.82 8
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n  no of fish .chﬂungh?v- o

>
3.0
23
20

1.5

1.0

| 'kFi\g. 17

, - , o T . ! 3 F)

MALES

- T A 1T NOIE T 9 TR e s o ey e e s 8 o 8 s om wn s .

L .
Bt 53 -

" FEMALES-

Y -5.58- 0.32 % o il vesBs-037%.
.r=.O‘.93 E_, ' o | “ r=0.89ﬁ. 3 e

o B

5 o

~

Age ( yeurs)

A plot of number of fish caught (natura] 1ogar1thm
sca]e) on age (arithmetic scale), used to estimte
the instantanedus total mortality rate of northern
pike from Lobs tick,. Labrador )
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'r.-a'tic was 1.04:1.00.
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Cany age group (Table 22). Data were grouped for ages. 1-6 and ' '

) ]0-'15_-where sample sizes were'small. The overall male to female

or 4 o . R , -'I<“

2. Age and length at ﬁrst matumt_y

The percentage of mature ﬁsh by age group. (Tab]e 23) shows o . .
‘that ma]es are predommantly (50%) mature by age 5; fema]es are not

predommant]y mature until age 8.

" The percentage of mature fish, b_y 1ength c]ass, (Tab'le 24)

" “shows that ma]es are predommantl_y mature at 40 c¢cm, females at 60 cm.

J For sexes combmed the p1ke are not entirely. mature until’ 75 cm

3. ecundig '

Fork lengths were grouped “into 5.0 cm n intervals and the mean

o nﬂmber of eggs per female was determined for each (Tab]e 25 and

Fig.' 18).' The. emp1 rical data, fitted to a log regressny gave the

equation:’ E LT
]og F =1, n 'log‘L,'-'A’Z.4,8' (r=0.77)

vhere 'F' 1is the number of eggs and 't' is fork -]ength' (z‘m) " The

3ca1 cu1ated number of eggs per fema]e was computed from th‘IS equatlon.

| We1ghts uere grouped into 0 50 kg 1nterva]s and the mean number

' of eggs per fema]e was detemnned for each (Tab]e 26 and F1g 19).

.The_ empirical data, -f1tteq to a:]og regrresswn', gave the equation:

f]o’g.‘F = 1.21: 'l'og} + 3,83 (r ='0_.81) R o S

where 'F'. i8 nmber of eggs and ‘W' is nhale.meight'(kg).'
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Tab]e 22, Sex cratws qf nortlﬁrn pike, by age group,. from Lobstick;

Lbrador
o Ager (years) o -
N R | 8 - 9 _  10-15  Total
Male - . B . 25 - 24 9 8 09 -,
Female -9 27 oo 28 15 150 104
X2 vaijue - - 0.38 0.18 . 0.31 - 0.47 0.27  0.08 .
.~ Sighificant L : L A

d1fference . None - None - . None None None None - °

TaEﬂe 23.

Peri:entqge‘s, of mture northern pike;’ by age-class, from -
-~ Lobstick, Labrador (sample size in par‘enthesis).,

_ ;\ge' , " Percentage of mature f1sh _ el
(years) - - ~ Males - Females - ~ Sexes Combmed
B S00 (2 0.0 (1) -0.00(3)
2 I ()] “-= (0) R ()
3 S 00 (1) - (0 0.0-(1)
4 50,0 (2) ~.(0) 50.0 (2)
5. 1.0 (5) 28.6.(7) - . 45.4 (12) d
6 - o769 (1) - M7 (Y. - 60.0 (28).
7 ‘L5 (). .42.3 (27)  64.0 (52) —
8 00.0° (24). .  60.7 (28) 78.8" (52) ’
9. 9.1 (19) 94.4 (15) 94.3 (34)
10 1000 (9) . - 100:0 (6) - 100.0 (15)
1. 100.0  (8) 100.0 (3) . 100.0 (M) N
12 1000 . (1) 100.0 (3) . ".100.0 (4). )
13 - (o) - () = o)
4. Co=o (0 10000 (1) “100.0 (1) -
15 s (o) 100.0" (2) 1003 (2)
' 3 : | R
Y ~ b
, ,
\ /
) | |
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©* Table 24. Pérc’:‘éntages'of Amlature' novth
- lobstick, Labrador (sample size. in parenthesis).

/

length class, - from -

Fork 1ength '

(cm) -

: 'A " Percentage of mature fish

Mq,l és

Females

Sexes Combined

2.5

7.5
2.5
17.5
22,5

27.5.
32.5

1 37.5.
42.5-

52,5
57.5

67.5.-

72.5 "
ity
82.5
87.5

47.5 .

- (0)
0.0 (2)
- (0)
< (0)

- (o).

0.0 (1).

0.0 Q)

90,0

.. 100.0

1000 (1)

75.0

.'88.0
895
97.6

100.0
100.0 * (2)
d

- (0).
- (o)

- 0.0 (1)

-. (o) ..

o (0) ,

. (0)

'33,1 (6)

=} 2.5 (8).
16.7 (12): -
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- (0)

-0y
- 0.0 (1)
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50.0 (20)
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63.4 (41)
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- The rel at1onsh1p between the number of mature egys (greater than 1.0 mm
“Hdn diameter) and for‘k 'Iength {cm) for 49 northern pike fr'om Lobst ck,

Labrador

N

Fork length

o {em) -

<

Actual ‘Number of Eggs per Ferale

Mean

- Rangé

* Number -
of fish

: Ca'lculated Number
of Eggs per Female

. 52.5¢
'57.5
62.5
'67.5
72.5

775

. 82.5

T 875

11423
11544

13969

1695

27348
.33414
06945
47050

5367 16720
: 57 32-21983

10382- 29200
~13570- 40000

‘241 00- 47500

. 29752-7%73
" 12100-62000

]
Lo 2
: g

10
A
-

,8052 ,

. 11298
15394
20481 .

2609

g

4121

" 5340
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:The re]atwnsh'lp betweenthe number of. mature eggs (éreater than 1 0 mm*
in diameter) per fema]e and weight (kg) for 49 northern pi ke from s

Labrador

A

thﬂ e we1ght

.(kgl

.J;Ac{ixa) Number of Eqgs per Female

Mean . -

- .Rangé :

Number

-.-of fish -

' Célcu'l_ateﬂ ‘Nunmber R
-of Eggs per. Female -

- ~ —

"1.'25'

W
2.25

- 2,75

" 3.25

3.5
4.2
© 4,75

5.25.

8895.
S 14712

18488
b .

.. 24524
28304 - .
32799 . .

46333,

. < 55087,

47050

636711423

12991-16720 -

57:32-25200
13570-38836

15330-40000

28000-42800

39500-52000 - -
.%300-73673 © . .-
. 12100-6000

- 8942
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The re'lat“tonsmp between the number of mature eggs per .. ' L
R e fema]e and age is given in Tab]e 27 and F1g 20. The emp1r1¢a] ’
’ data, f1tted to a log regresswn, gave the equatmn *e'"
N log F=1.36 log A+ 301 (r = 0.54) .. : ’ﬂ
f - where 'F' is'the number of eggs and 'A' is age (years). ?
i D Food habtts - - - Ty _ e
: . Of the 386 stomachs exammed for food contents, 210 or 62% were . . ‘
R empty The pr) c1pa1 foed 1tems were wh1tef1sh (64%) and- umdent1- H
| t ‘ fiable f1sh remams (25%) " Insects: (5%), lake chub (3%) and burjbot $
1o & (3%) were a]so pr‘esent ‘ﬂ ‘ : }
5' U ] ’ Of the ﬁsh ang]ed 70% had empty stomachs as opposed to - ’3
: f PR approx1mate'ly 50% for those caught by . fyke net, g111net or seme.
S P L A compar1son of the food eaten by p1ke of various sizes: . 5
S o (Table 28) shows that larger fish tend to eat largér food 1tems, e
i R : . -
}zi _ the diet becomes ‘enti re]y pisci vorous most]y wh1te'f1sh the mean ;
s - s1ze of uh1ch are ]arger than any. of the insects or Jake chub found E
‘:% in the stomachs of. sma.'l']er"’pike There is a]so an increase in the a
4 number of empty stomachs wi th mcreased fish s1ze Th1s ma_y e < -
P . --related to the. samphng‘method as large fish were most]y ,angled. .
e . . i P . . . . . - . N ' ’ } .‘
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; -Table 28, Percentage occurrence of food items in stomachs wi th food present from pike of various. sizes from
' Lobst1ck, Labrador-(sampTe size in parenthes1s) ‘ o o .

o K S o E Fork 1ength interval (cm) : .
‘Foodt‘ype 0.0- 9.9 10.0-19.9. 200—299 300-399 40.0-49:9 500599 60.0-69.9 700-799 800899

\x;;,' Whitefish ,' o) - . -(0) o -(0) 400 (8) 71.8 (28) 72.4 (42) ‘72.2.(13) 100.0 (3)‘

(0) 100.0-(1] © 40.0 (2) 20.0 () | 23.0 (9) 2.2 (14) 27 6(5) - (0)

L4
1

Un'ident'iﬁab'le _— ,
~ Fish S ()

| odnsects '100 o (1) = (0)° - (0) 4‘0.0?;(2‘)_ 1300 (6) " - (0) - -\(0) : ’_(0)‘ S - (0
- ﬁak@ Chup ~ . o - -(0) - (0). 20.07(1) . 10.0.(2) 2.6 (1) - (0) - (0). .- (0) ;
Burbot - (0) . = (0) = (0) - (0) = - (0) 2.6 (1) 3.4(2) 1 - (0) - o) :

CStomach ety (1) 1_;~\(1): e @ e st e s o) -
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I. Age*determinatton ’

:have been prev1ous]y used to assess.- -age and growth of northern

-compar1son 8 that emp1r1ca1 and back-qa]cu]ated age-]ength

,'re]atxonsh1ps shou]d not differ, assum1ng that (1) the. aglng structure

: et VA ¥ A, sy T RALTEY s pmira i, Y gt
g - S WY SRS A LT L A A, ¢ e AT ey e e Pyt ey
e R R R . .

& ey e e w5 e g e s

Soases

"DISCUSSION

a v

The four methods .of age determ1nat1on chosen for this study

. pikes scales (Wiltiams 1955), opercu]a (Frost and Kipling 1959),,
“.cleithra (Casse]man 1974) and otol1ths (Hatf1e1d et al. 1972)

The results of this study show d1fferences 1n both ages and age- ‘

1ength relat1onsh1ps deruved from each ag1ng structure

Idea]]y, ana]yses -of such d1fferences should be stud1ed over o

severa] years. Tag and recapture or rad1oact1ve marklng exper1ments ,
© were not feasib]e due pr1mar11y to the t1me constra1nt of the study

' However, the large popu1at10n 51ze and openness of the system wou]d ‘

also. have made 1t d1ff1cu1t to 6bta1n suff1c1ent recaptures 'An
P

‘a]ternat1ve me thod of - compar1son had to be dev1sed

The method chosen 1nvo1ved compar1son of age-]ength

: ? .
. re]atlonsh1ps der1ved from 2ath ag1ng structure. The basis for sdrh '

K

.+ have been made. Lee 5. phenomenon cou]d cause a d1fference bet

: emp1r1cal and back~ca1cu1ated age-]ength re]at10nsh1ps However, ;

i
these d\fferences, if present, may be unlform for 1 of the aglng

methods. Harrison and Had]ey (1979)ufound’that for muske]]unge Lee s

phenomenon ex1sted to a nearTy equa] extent 1n the. back-calcu]ated
D N "‘1

.1engths obtained from,g}elthraland sea]es If it can be shown that

e

PEAPT I ey

= accurate]y ref]etts the growth of the fish, and (2) no aging errors,i/f
v ‘ - s
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'growth stud1es. Ag1ng errars 1nvo]ve the add1t1on or de1et1on of -~ - -

Coine measur1ng annu11, determ1n1ng the exact fbcus or pos1t1on of

_ and K1p11ng 1959) As growth s1ows “in later years, this character1st1c

'1nd1st1ngu1shable from the true annu1us v

. aging~structures and the Tength ofjthe"fish'(Tabie 5), suggesting :

. two.' W1141au5 (1955) suggests that on scales "a ‘good cr1terlon for

or: fad1ng out from the opaque to- the thin transparent zone (Frost : . oo

‘the abrupt seasona] changes in the area and the re]at1ve]y little: S i

. growth that occurs from the time of annulus formatlon unt11 spawn1ng

A e e iy ek N 0 et nmr o P o R o e ey B I T e P

_'55‘_

:\_”"--

edch of the four agzng structures\accurately reflects the growth
otlthe f1sh, then the ag1ng struct\re from wh1ch the most s1m1]ar i'
emp1r1ca] and back- calcu]ated groth curves are der1ved, would

be the structure from wh1ch the few st ag1ng Jrrors are 11ke1y ’

to be made and consequent]y most mean1ngfu1 ta use in age and

annu]l to the ~age given by a structure. They a]so include prob]ems.

annu]i and d1st1ngu1sh1ng true annu11 from fa]se checks A]though
1t was not poss1b1e to determ1ne if every check was a true or fa]se

annu]us, genera] measures were enp]oyed to d1st1ngu1sh between the.

recogn1z1ng a fa15e annulus is its.absence at the anterlor or h1gh
antero]atera] f1e1ds s;nce‘annull usually are d1st1nct here “whereas B _' 5 . ﬁ
the false annull are not". On the bony structures, fa]se annu]1 are o
recogn1zab1e because they show an abrupt ;nstead of a gradua] change B

is harder to d1st1ngulsh -At- Lobst1ck the prob]em of false annu]us

fOrmat1on d1d not appear too severe This may be accounted for by

-f_occurs. Any check mark laid down during spawn1ng “would probab]y be

-

* There is a hjgh correlat1on between 'the ]ength of each ofﬂthe
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that a]] four ag1ng structures accurate]y reflect the growth of .

the f1sh Curv1]1near re]at1onsh1ps EXISt, a]though there is

1

11tt1e d1fference between corre]at1on coeff1c1ents for ]1near

and curvilinear regress1ons 0vera11 resu]ts wou]d have been

Ty

. . 51m11ar if linear body ag1ng structure re]at1onsh1ps had been

‘used. Where curv111near body ag1ng structure re]at1onsh1ps
/ ex1st the 1ength of the ag1ng structure usua1]y fo]]ows the "

/ .growth pattern_of_the f1sh,.3ncreas;ng ‘more s]owly as .the f1sh

/ e _ C C : .
" grows -older. This is true for the body: sce]e_length (Fig. 6).

RN B o ~and bOdyf operculerﬂiength (Fig, 7)'re1ationships7but'not so for

f; . the body c]eithra] (F1g 8) or body: oto]1th (Flg. 9) re]at1on- ’

N ships. Ne1ther c1e1thra1 nor oto]1th growth is reduced W1th

: ‘ 1ncreased f1sh length;. the 1ncrease 1n otoT1th 1ength is more. ,:
c . i o rapHd re1at1ve to fish 1ength throughout the ear1y 11fe h1story

| ; . ' (0 50 cm) and is" re]at1ve1y proportlonal to f1sh length 1n the
latter stages (50-90. cm) ~This is d1ff1cu]t to exp]aln in
re]at1on to the reduct1on of growth exh1b1ted by sca1es and

‘ . Lo . . L. ———

opercula. ) o )

?,; . | - Ana]yses of covar1ance were used to test for statlst1ca1

| . - d1fferences betw&en the age-length regress1ons der1ved from each

é - B o = ag1ng structure. ";' fv - |

é | ' Emp1r1ca1 age-]ength re]at1onsh1ps for males’ d1d not d1ffer
‘ s1gn1f1cant1y from those for fema]es u51ng any of “the four ag1ng

't?" -L.j: S structures (Tab]e 10) Al male and fema]e back calculated

ge-]ength re]at1nnsh1ps%d1ffered s1gn1f1cant]y, the s]opes

-
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differed'using scaTés, the adjusted neans using'opencuTa,.cleithra.
-;and otol1ths. The ditferences in adjusted'means may be partTy o -
;:due to an 1nsuff1c1ent sample of sma]l f1sh wh1ch Ted to

’ ;fd1fferences, between males %nd fema]es _dn the average Tengths of

opercula, clefthra and’ oto]1ths at annu]1 I and I1. The d1fference

, ,1n these vglgSi})%hen f1tted in the appropr1ate body ag1ng structure ‘
.jregress1on, was’ suff1c1ent to- significantly. affect the predxcted

; adJusted means.

' D1ffErences occur’ between emp1r1ca] and back-ca]culated age-

. Tength regress1ons us1ng scales opercu]a and: clelthra (Tab]e TT),

’ 'there was no d1fference us1ng otoliths. Comparlson of:emp1r1ca1

age-length regress1ons shows no d1fference in slopes or adausted

| means ‘between any of the. four ag1ng methods (TabTe 12).- G1ven -this

s1m11ar1ty between emp1r1ca] age-length regress1ons der1ved from

al] ag1ng methods and the h1gh correTatlon between the Tength of

V each aging structure and fish fork 1ength (Tab]e 5), thTS suggests
f‘that the oto]1th method for wh1ch there are no emp1r1ca] and back-- :
. ca]cu]ated d]fferences, is more re11ab1e in assess1ng age and growth
' of northern p1ke from Lobst]ck The difference in s]opes between

. empi rical and back ca]cu]ated age-length regreSSIOns, using sca]es,

opercula, and c]elthra. suggests that aging errors have.been made.

These'errors could have been made in reading the ages or measuring

© annuli from'the particu]ar structure Most probTems lnvo]ved e1ther

l e

the flrst feq or last few annu11 on the structure Ident1f1cat1on

of the f1rst and second annu11 on opercula was often d1ff1cu1t. This

’
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| .prob1em'has been dotumented by FrOSt and'Kipling (1959f“whozsugge§t;,‘
that the f1rst and second annu11 are often obscured by the gronth
of spongy tissue at -the base of the opercu]um For sca]es; the \
prob]em 1nvo]ved meaSuring the f1rst few annu11, the de]1neat1on

_of wh1ch were often unclear These prob]ems become evldent in the
back-ca]cu]at1on of 1engths at.age'1 (21).- Scale, opercular and ,'ﬁ
c]eithre] back-ta]ou1atfons gfve ]arger results for'tl' the'resu]ts
for ot011ths are more comparab]e with emp1r1ca1 resu]ts than are: any
vof the other three methods Problems also ex1st in 1dent1fy1ng the o
1ast-few'annu1i on scaies of o]der f1sh - The slow growth of older |
fISh makes 1t d1ff1cu]t to d1st1ngu15h annu11 and. measure 1ncrements

4 of growth on the'sca1e Th]S becomes evident when comparlng growth

curves generated from back—ca]cu]atlons of. sca]e measurements to

s
i

. the other methods, back-ca]culated fork lengths at the older ages«
tend to be smaller than those der1ved from other aging structures."
when compar1ng the number of zones 1n sca]es and opercu]arbones of

A

.roach Hansen (1978) found there were fewer zones in scales from Y
_: f1sh older than 7 yeers. S1m11ar1y, for muske]lunge, Harr1son and
' Had]ey (1979) found that f1sh o]der than 9 years cou]d not be aged‘
":from scales, but c]e1thra were usefu] ‘for f1sh as old as. ]6 years
Compar1son of emp1r1cal age-]ength regress1ons showed no

M d1fference between any of the ag1ng methods (Tab]e 12). Back~

. s ‘ca]culated regressions of any ‘aging method d1ffered 51gntf1cant1y

i from tHbse of any other method with one except1on' the regress1ons L

.. for fema]es from oto]1ths and scales (Tab]e 13) wlth the exception".t‘.

C




“combined, all other comparlsons of" back calculated age length

" )

are accepted as standards and compar1sons are made to them, then

”lengths ‘at younger ages Th1s could be explalned 1f the f1rst and/
. at annuli I and I and consequently increase the predlcted fork
:lengths at ages 1 and 2 1n the approprlate body ‘aging structure o
lregress1on Although this problem has been. documented for opercula
: (Frost and K1pl1ng 1959 Hansen l978), lt has not been documented
,ufor the cle1thra of p1ke (Casselman l974) or muskellunge (Harrlson : o

.,.from scale$ and otoliths must be con51dered in chooslng a method

. d1fferences in the adJusted means predlcted by scales and otollths,‘ :

,;,larger lengths than otol1ths from ages l to 6 Th1s can be related

i s L T L B SN

l{-‘sg'i

‘ /,‘ . . N “, A' ' i - N . " R . .: / i
of the regre551ons from otollthsdand scales, sexes separated and o

Ja g

A

RS- RCEA

regresswons d1ffered uﬁny s1gn1f1cantly, both in slopes and :

adJusted means. If otol1th back-calculated age-length relat1onsh1ps

# 2 g R 4 NN

opercular and cle1thral relat1onsh1ps both\pred1ct too large

e s at

or second annul1 were obscured and not read from some of the opercula

and clejthra Th1s would 1ncrease the values of the average lengths i

mem t

et

A

A S B . . A
and Hadley l979) T o . L . ok

The relative s1m1lar1ty between age- length regre551ons der1ved

b ‘!‘ .

for age and growth assessments. There are no stat1st1cal :

for’ sexes separated or comblned The d1fference 1n the slopes,.for

males and sexes. comb1ned, 1s in the earller yeans scales pred1ct1ng L

uto the d1ff1culty in dellneatlng and measur1ng the f1rst few annul1

-on some scales
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. be presented for the use of sca]es based upon the relat1ve i

:II,'Bioiogical studies S Lo e ) o »

7and growth study of northern p1ke from Lobst1ck. A case could

f - R oL S ' oo

. ey pne . hd » .
S i lan s Lo ST S et Sotouinad e SELLREE D2 S

. . . N ! . .‘ T " . » . : \ '
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0to11ths were chosen as the preferab]e method faor the age L ’VQ . ;, ?

§1m11ar1ty of age-]ength“re]at1onsh1ps der1ved from the two methods

and the ease of co]]ect1on, hand]1ng and read1ng of sca]es

The several methods used to samp]e northern p1ke from LObStlck

\y L —

. he]ped limit the prob]em of 51ze se]ect1v1ty of gears G111net ,

Ll .

—

selection for. northern p1ke is- by size w1th a lower 11m1t on]y,
a]] fﬁsh over a certazn size are 11ab]e to capture (K1p11ng 1975)
Of’the 415 northern p1ke samp]ed at Lobst1ck, 9% (37 fish) were
g1l]netted The fyke net a passive fwshlng method, captures
active members w1th1n a popu]at1on, angl1ng captures act1ve and -

- feeding fish. Fyke nets accounted -for 29% (120 fish) and ang]1ng
56% (232 f1sh) of the. samp]e The se1ne was’ used to capture ft

concentrat1ons of plke in sha]low water dur1ng the spawn1ng season

and accounted for 4% (17 flsh) of the samp]e The plex1g1ass trap

. was used 1n sha]low water (< 0.5 m) to obta1n a samp]e of the sma]]er L

‘ s1ze ranges of p1ke It captured p1ke rang1ng in s1ze from’9 3 to

' ranges of the populat1on is requ1red to. study age and growth

5] 0 Cm and accounted for 2% (9 f1sh) of the sample R é(“

In a]l f1sh b1oTbgy stud1es, a representat1ve samp]e of size o '~°' - hi

fecund1ty and food hab1ts Based upon sample size and number and S Co
. . . ..;r R /- . ) - - . ‘ !
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‘ types of gears used the sample of ]arger 1ength c1asses (50- ’

90 cm) appears to be representat1ve for the northern p1ke popu]atlon
',at Lobst1ck. The small samp}e s1ze of fish 0 to SQ_cm,probably,t 5:.‘
'doee not truly reoresent the‘population but‘istdue to'sampIing :

'techniquesl Of the f1ve gears, the'plex1glass trap was “the only i

Le

‘ one capab]e;of be1ng used in. the hab1tat of these f1sh Se1n1ng ;.

was 1neffect1ve due to submerged bushes and vegetat1onu1n the f \:n: o

X f]ooded baqkwaters Other samp11ng methods Were cons1dered however,.4.
§ :4suatable e]ectrof1sh1ng gear was not ava11ab1e and'rotenone
. po1son1ng eou]d not be used due to federa] government po]fey :

, restr1ct1ng 1ts use. Acknowledg1ng ‘the 11m1tat1ons lnmosed by the
'samp]1ng methodoTogy, the follow1ng discuss1on conSIders the b1ology
‘rof northern p1ke from Lobst1ck 1n re]at1on to the b1o1ogy of northern

p1ke from other parts.of 1ts Canad1an range."‘ ) )
The Sma]]wood Reserv01r and re]ease gate at Lobstick create a 3 '
unique env1ronment for al] f1sh spec1es beTow the structure.t The .'.'.

."structure acts as- a barrler to upstream migrat1on of a]lfspec1es but

S K Cat’ Teast two spec1es, lake trout and brook trout can surv1ve

passage through the structure (Bruce unpubllshed data)  This one- *
way - movement of fish may he]p exp]aan the large concentrat1ons of R

e

fish 1mmed1ate1y below the structure.. The rate of water flow:.

, through Lobst1ck var1es throughout the year.. Th1s causes fluctuatlng
o ,

water levels wh1ch affect both the spawnlng and rear1ng areas

- e’

available to most fish spec1es The'effects’of the ]arge LT 'i "l'”,t°,

.'Qh',: f' A: concentrat1ons of flshgand fluctuatlng water 1evels on the b1o1ogy
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i . e ~of northern pike from Lobst1ck vn'l] be cons1dered more c]ose]y '
IS "4' . o . . 9
L . ‘ T4 . X ) s ;
oo T throughout the d1scuss1on. v . ¢ Tt e
,‘r. . . Lo g Y ' . &

T S1mﬂar to other unexp]mted fish, populatwns in*horthern

ﬂ S .'/;‘ h ]akes (Johnson 1976 Power 1978), the northern p1ke from" l,ObS"t'lel -
E CT . exh1b1t -large‘mean. lengths 'and'we1ghts wh1ch c]uster aroundr a moda] :
,(; . ‘ . / o ;. va] ue (Tab]es 14-and 1%). r This*is naj;ura'l for a p1sc1vorous spec1es,
. c wh1ch as 1t 1ncreases 1n s‘ize has fewer &tural predatorsr There L
| g - is 11tt1e f1sh1ng mortath, therefor;e, most remo\ra]s from the ' .
' 5 popu]atwn aré due to natural‘mo‘rtahty - ‘/~ o :
%" f .‘ . | Est1mate'/were made . of the 1nstantaneous tota] morta'hty ra‘te
1 1 s o (Z) for ma'le%s and fema]es (F1g 17). The 11m1tat1ons of such -
“ g . / | - : estlmates mlfst be cons1dered before any conc'luswns can be made.
! ,-E ‘ ',. ' Est1mates oq Z' from catch curves assume that l) surv1 val’ and/or 4
f : f L . morta]]ty.r ‘te 1s un1form w1th age over the range of'age groups in
f L | e question,‘.-é there has been no ehange in mortahty rate w1th time,.
f ‘ : ' '° . 3) the samp'le ]S taken randomly from the age groups 'mvo]ved and ‘
ii/ o 'l ; DR 4) the a’ge groups in questlon were equa] in numbers at thé time eax:h g
’ k ) ! - - was recru1ted to the popu)atwn belng samp'led (Baranov ]9]8) ,"':"‘ .
. . Surviva] aLd/or morta]lty rate may d1ffer wrth age the kae havmg
e L fewer precfators as - it 1ncr,gpses in size. - Also, the sample of plke - . !
\1 ' I .".' f:nom Lobst1ck. ‘1s not representatwe of the populat'ion as. the younger | V.:\"_
N L age groups are poor]y rep.geeented However, on]y the descendmg )
3 qk P | :‘j ‘ pomts of the catch curve were used to est1mate 'z and qver th1s
’ ‘ range of age gf‘tmps surv1 val and mortahty rates are hke]y to be o
, :-. : ;.I un1form and the samp]e 1s representatwe. L1ttl’e is known concernmg
o i . Ce i S FERT
= o « e NI e e

oL
S T L

e an

IR
T AT

)

raa's

o
FU- SN O TR

o F Al s
Ll S T e
b

P - YL

ey Tk

+

,'..2(,,1.-'(;6‘-;,5,“._ :

£

S A

o
S L

W
“
A
A
L
/

D b et Y

PR

LS



N

TN

& Neo

—y

[N

TR e e s

T

oy oy AT S

. v " -
TR B s e e e

- "‘magmtude of the estimates of vz would be unre]ialﬂe however, .

’
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- ‘mortahty rateOVer t1me gd recrﬁ‘atment strength of age groups of

5 northern p1ke from Lobsti ck Therefore, concluswns cohcermng

. '.,compamsons can be made between the Val ues der1 ved for ma]es and

) lfemales S1nce the 1nstantaneous f1shmg morta'hty (F) 1s 'low,

4

‘the 1nstantaneous total mortaht_y (Z) can be used as, an est1mate
; “’of the mstantaneous nagural mortahty (M) as. 2= F + i, The

' est1mate of Z for ma]es is 0. 32 for females 0.37, suggestmg a

1

h1 gher natural 'mortaht_y‘rate for fema'les - These di fferences

if biologically- rea] may be . related to the energet1cs of

!

g reproductmn, the fema]e.gonads bemg larger than the ma]e S and

‘ -requmng more energy for deve]opment. Medford and Mackay (]978)

‘found thatl mature ovaries of pi ke conta1 ned 14 5t1mes more protem
and 10 5 t1mes move hp1d than mature testes Diana and Macka_y S | ‘
’ (]979) found that test1cu1ar@rowth occurred ent1re1y in August ‘ ‘

' ,of each year 0—vary caloric growth began in August ‘and- near'ly a'l].

; $
ovar]an growth (8]%) occurred from October to March‘ No gonad

Sa growth occurred from March to May,. yet as much as. 68% of the total. )

: hver energy was used during spawmng. suggestmg that these ‘
‘dep}etwns. were mamly “due to spawmng related act1v1 tles. rather
'than gonad growth. The stress p'laced o'n fema'les due to ovar1an

8 ' . deve]opment durmg the wintér and sprmg may contribuhe to the1r

h1gher natural mortahty rate Ll
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. Field observations at Lobstick corroborated the findings of B
'S\'/a'r‘dsoh .(19'4.7) 'w'ho suggested 'based"on' evtdehee from marki'ng S L s -
exper1ments, that p1i<e ‘do not necessarﬂy spawn each year. - DETEN A . A
g’ Severa] ‘ovaries contamed 1arge eggs (>1 mm) reta1 ned from a. ‘".:' R
_ previous ye!arks spawmng ‘and ; lmmature eggs (< 1 mm) wh1ch wou]d a ”" R S
- not'be ready for re]ease untﬂ the foHowmg year. | Th1s may R o ,- ' & "
also. be related to the rate of gonad deve]opment Growth data, : B
4 to be dlscussed 1ater, suggest that food ava‘ﬂab]e to plke at l'."‘
Lobstlék is abundant. .However, most growth occurs dur1ng ‘the o 1 -
'.f‘sunm'er when there are ]arge concentratwns of wh1 teﬁsh be]ow o 7 i
.‘j‘ Lobst1'ck and water tern;:eratures are relat1 ve]_y h1gh Nothmg is’
known of food avaﬂab'lhty at Lobst1ck durmg wmter' In Lat Ste. : i )
"«‘Rnne, A]berta, energy accumulatwn occurs in both sexes. durmg , -\'[ )
-.;winter and summer, about '35% of pike growth occurrmg in the o ’ . A
mn‘ter at a temperature of ~ 1 C Ovar1an growth ‘whmh occurs;. .
: durmg the winter, must resu]t from food 'lntake, as there is no - j ’ i
- ‘dep1et1on of somat1c energy durlng th1s tna(Dmna and?lackay | J
: 4"]979) 1f deve]opment of the ovar1es is s'lowed durmg mnter and . " o
‘:early spri ng, spawn'mg my be de]a_yed to. the foHowmg year untﬂ ,' o ‘ ‘
' 'gonad development* is complete and sufficient somat1c energy B | : :
- 'reservqs are accumu]ated’ S | A ; e a ;
, Comnon with other 1ke popu'latwns (MM]er and Kenned_y 1948 ‘ ;’ v ¢ ’.1
' ;Frost and Klp'hng 1967, Ho'lfert and Mi]]er 1978), Lobstu:k p1ke '. R ‘ '
‘ exhib'lt great ranges 1n 1ength and welght at each age (Tab]es 9 ', -‘ ) . x '
.- [and 20)., Th'lS suggests that there are 1ar‘ge d‘ifferences in . / | | \ .
i o - ; T ‘,v ‘ | / ; ’ . . " )
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:growth rate within and'possibly b‘etweén year-classes‘- Differences
' .. w1 thm year-classes may be partly expla1 ned by natural var1at1ons . .‘/~'

Yy . .. between 1nd1 v1duals wh1ch would affect such parameters as gonad

(

we1ght, whole we1ght and fork length 01 ffermg env1ronmental
cond1 t1ons such as, water ternperatures and fluctuatmg water levels
’ could cause d1fferences 1n growth rates between year-classes. T ‘_"",:"
' Prey are concentrated 1nto smaller areas at tlmes of low water “ ‘,‘.“.v‘ A

'y

makmg them more easﬂy avaﬂable to the p1 ke " The: randomness of

oy K' . these fluctuatwns from year to year could cause d1fferent1al '

growth rates between year—classesa Frost and K1 plmg (l967) suggest

l
- o that Var1at1on ‘" 9"°Wth Of dlfferent year-classes is correlated i :
4[ - o With yearly temperature var1at1ons, P1ke in.the year-classes T \‘ i"‘
z o j' ‘ . wmch Exper1enced h1 ghest cumulatwe temperatures be1hg about 5.em . _ (
R R - S L ]onQEr at age 4 ynars than those wh1ch experlenced the lOWest o v g *,;
| §] “ . ' /if. “{ temperature] reg1me. B o 3 o 3 »./‘ | r' SR ;
; E SRR I‘ © L The lculated f°"k lengths Of the" di fferent age groups of plke ) E |
o E 3 ',; o frOm Lobs? 1ck can be compared with those of other Labrador POPulahons A A
) E L of pi ke (Table 19) : Calculated lengths of older fish are lar'ger for . f
g . . Lobst1ck p1ke than for other Labrador IJ1 ke.. As stated e'ﬂrher thlS
o | 1 »* may - partly be explamed b_y ;roblems 1nameasur1ng\ annular growth on S ‘4
. scales of older. fish ‘Howeyver, 11: also suggests that Food supply : A ‘:. ‘
13 Ty available to pike at Lobst1ck is more’abundant than fo,. the other " b "l:ﬁ, \' |
; | "‘ " 'l' babrado,- POPulatu;ns smce growth of -the. older ﬁsh does:. not det:rease e o .}
. ; ‘“ as' rapI_dly.‘, Th1s suggestwn 1s supported by the abundance. of .' - '
i ‘ .

A
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' _wh1tef1sh below Lobstack structure dur1ng the summer Analysis )

e T their diet cons1sts mostly of wh1t f1sh wmt Kish was the only

oo food found in’ Fish over 70 cm. | ,

. : - . The growt\h rate of Lobst1ck 1ke is 51m1lar to that of p1ke o ‘;‘_ -

A ‘ in other northern Canad1an Lakes (Mlller and Kennedy 1948) " R
These relatwely unexplmted pop latwns are characteﬂzed by slow‘ '
'growth rates, h1gh age at fi rst maturlty, and long‘hfe span. _Ih | o
_contrast, more southern popul atwns, such as those in Lake Ontar1o ‘
(Nolfert and Mﬂler 1978) exhibit faster growth lower age at o

e o .-'ﬁrst maturlty, and shorter Tife span These d1ffer'ences are

r .
, probably due both to dn“ferences in cllmate -and explowtat*lon rate .

e e s

The length attamed by ﬁsh An most northern Canad1 an lakes in- ten : k .
years 'IS reached hy Lake Ontarw p1 ke in less than three years, the S o

fasten growth bemg related to warmer water temperatures Also, the

| hlgher rate’ of exploi tatlon in Lake Ontarlo reduces the numbers of é

) plke present, decreases the competi twn for resources and thus lea
- \ . ) . A . v . . ’
) S to an 'lncrea‘sed growth rate. The faster growth rate allows te. .

N p1ke to reach the size at wh1ch 1t wﬂl fnr-st spawn at an earher o

‘ . o o4 dge (Fros\t and K1pl1ng ]967’)’ Lobst1ck p1ke arevpredomlnantly (50%)'- B {
- f ' " s .mature at age s1x. Lake Ontarw plke at age three. “The max1mum age e,

" of p1 ke sampled at Lobstlck was fifteen yea'rs in Lake Onta\rio te/n Lo

!

~, 1
“ 4

* i " ’

i -

P ‘ years, the reduced l1 fe span 1n Lake Ontarlo probably bemg due to , ‘
- I -. i B X . . [, . 'E(-“/‘:'
4 C * the rate of exploitat‘non. R ' S
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N . fecu‘ndity-, .the nuhber -'of mat.ure eggs per (tema]e, increases' ‘
- with s1ze of p1ke (Carbine ]944 Frost and K1phng 1967). The
‘-s1ope of the ]ength fecund1 ty regression is a usefu'l compamson
of the rate of increase of fecund1t_v between populatwns - The ‘ h
.slope of th1s regressmn for Lobst1ck p1ke 1s large (3 71) |
"'compared to other popu]atmns 3, 15 for Gilbert Lake, lhsconsm

(Priege] and Krohn 1975) and 3,96 for the Ri ver Stour, . Eng]and

(Mann 1975) Th1s “large, va] ue may be exp1a1 ned by the large -’

"51 ze at f1 rst maturity of. fema]e p‘ike at LObSthk

_ The range of- coeff1c1ent of cond1t1on values for mature pike
. from Lobst1ck (Table 21) s hows a trend toward higher val ues for '
’ 'fema]es than for ma1es Th1s can be explamed by the 1arger ;

a ‘s1 ze of female gonads as the’ cond1t1on va‘lue lncludes a whole
| wei ght measurement for each fTSh " The observed drop m the-

i ,coeffictents of condi tion for ma]es and females from the middle

"~ to the end of June (F19 16) corresponds w1th the t1me when

‘ 'spawmng was: observed to’ occur Spawmng would cause a decrease

in we1ght in- both males and females which wouﬁd be reflected 1n

 their coeff1c1ents of condltion.‘ Hater terrperatures during this
't1me (F1g 4) ranged from 2 0 to 9.0 C mthln the range recorded
for pike spawning 'in bhsconsm (3 4 10.6 C) (Prlege'l and Krohn

'-'1975) and Eng]and (6 0-8.0. C) (Frost and K1p11ng ]967)” ‘
. I

Fabrlcus and Gustafson (1958) have shown that stable or rlsmg'

"'waﬁr 1eve1 15 necessary for the successful spawmng of p1ke. .
. S ¥ \‘ -
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-due to ‘the samphng techmque, f]uctuat'lng water, ]eve‘ls durmg the i ." e .
e " ' ot t .
,spawmng season s1nce ]971 may", have reduced the spawm ng suct ess of i

| i pt ke, leadi ng to reduced popu]atwns of 'the younger age, group . -

L '.‘through Lobstick structure afters this pattern; deldying peak water '

- . . 1 : ! . o * N
At e, ! . hd - . : - ;. i ey e 4o P, 3t prranda, 5 oL Yaty 1o s FHOEVE N -
£ e g (T SR AN e TR NS TR e PR AT ﬂfﬂmg'ﬁf‘f‘ﬂ"ﬁﬂl“?’?‘! RIF R T I DR T IR ,

1
]
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1 Co o 7

Hass]er (1970) suggests that’ rapid water temperature f‘l uctuatwns S -
and sﬂt deposmon may contrtbute to year-c]ass fai]ure of p1ke.
~.'"At Lobst1 ck, \rates of water ﬂow and consequent]y water leve'ls |

','_'f]uctuated w1de1y durmg the spawmng s;ason (Fag.- ); Sha'l'low

~ bays where ptke were found concentrated oneday were dry the next ' ‘
'day. Th]S was common throughout the spawmng season both in 1977 o
and 1978 and presumab]y has occurred ever smce the formatwn of '
the °Sma11wood Reservmr in 1971. Over 75% of the f1sh samp]ed

were age seven or 01 der. A1though gear se]ect1v1 ty is . certan n1y

” S . A -
I ¢ T SR P e e T v s g, T DR, 2, i
= es:?_ Theen T SR TR YR R S

- a factor, the smaﬂ sample of younger age groups may not be entlrely' .

| . ,Peak sprlng runoff oceurs, during June 1n the Lobst1ck area. -

s »

- Normaﬂy, water ]eve]s wou]d be hagh f]qod1ng backwaters and

;o areas suitab]e for p1ke spawning. “Control of t’he rate of ﬂow

]evels be]ow the structure untﬂ July or Augus,t, after the reservmr o
. ;.!‘ . <o LY , . o N .
. N :ﬁ” . . ., . L
o vhas been refﬂ]ed f&]}owtng w1nter drawdown. S oo
I v

c = In docume tzng the prob]ems of age determ“ﬁatmn of northern
. e

‘ ’pike th1s study has answered some questwns but has left several R

et to be resolved These unanswered questmns ‘and the methodology

to- study them may form the basas of future research A
v . “ . , 1] Y j o
‘ ) ’ V : ' ‘ '~ .‘ k'.
" 9 T * LN T L . b
. wo e, I l ) . ' .
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' other structures such as vertebrae, fin rays
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e .

" be considered.

. need to be cons1dered

f.has been documented but 15 not fully understood Questmns‘f

w1th1n a populatwn need to. be answered In s

- the avqﬂabih t_y ‘of ‘food for ptke durtng the vnhter at Lobst‘ick' may - - "'.
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The study 1nvolved the compar1son of four methods of age . °©
- ‘ L

To obtain a more comp'lete compartson of methods, i

determmatlon '

metapte rygcn ds s

and teeth cou]d a]so be 1ncluded m future work, '
* ¥ The, “tine constralnts of the study prevented aneTyses which ©

may. have proved the accuracy of each agmg method A tag and

recapture exper1 ment on - a smaner popu]atmn of p1ke would .

el uc1date some of the results presented in thlS paper. Tagged \

. fash captured an fyke nets. once each year for four or five

| years, could be measured, wei ghed and 'mjected vnth tetrac_ychne T
hydroch]oride (Jensen and’ Cummang 1967) After such time, a Lt
suff1c1 ent samp]e of . tagged fish cou]d be taken from whlch the

9

annual 1ncrements of growth on each of the bonry structures cou]d

be determtned “Similar resu] ts could be obtat-ned forvscales. |
Dlrect com;\)arl sons of agmg resu]ts cou'ld then be made. Such a _I i
study would help so] ve' the prob]em of ident1 f_ymg fa,lse annuh ‘ '«'-'f;'.‘:’ |
The tetracych ne, 1f mJected at the same time each _year, wou]d '
act as an annu]ar mark, ; ' .. L i P

| Further questions on the bio]og_y of pi ke from Lobstick als'o‘ .‘ | R
The phenomenon of al ternate year spawnt’r‘:g r -

concermng the physuﬂogwa] mecham sm and- f‘retuenc_y of occurrence o

udying the znechanils_ni‘,’.."

4
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A detaﬂed study on. the spawnin suq;cess of plke
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may help determ ne if water leve] fluctuatlons below Lobstick are
. affecting year-class strength.. Connderatwn shou1d be: given -

T EE to these ‘and other prob]ems before stock assessments and sound
Lo / K K

, managemeng poHcies can be made. SR A
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‘great ranges in 'length and weight at each age

Cosumwmy .

\ AR

In— the sunmers of 1977 and 1978 a sample of 415 p1ke was -
taken, by angling,- gﬂ'lnet fyke net, selne and p]ex1g]ass ‘trap,
from be]ow Lobstu:k structure, Sma]]wood Reservmr, Labrador

Four methods of- age determ1 natl on, scales opercula,
c1e1thra and oto’hths, were eva’l uated “by comparmg empmca’l and

back ca]culated growth rates generated by each.

. Ana1y51s of covar1ance showed no s1gn1f1cant d1 fference e '

’ between empmcé'l and back-calcu]ated age—]ength regresswns usmg o

/

‘ otohths, there were d1fferences usmg scales opercu'la and

| c1e1thra. 0to]1ths were chosen for the study of age and growth

of northern plke from Lobstlck

Northern pi ke from Lobst1c’ ¢, similar to other’ unexp101 ted f1sh‘ .

popu]atmns 1n northern Takes, exhﬂnt 1arge mean 1engths (62 0 cm)

and weaghts (1.89 kg) wh1ch c]uster around a ,moda] va]ue.

The growth rate of Lobst1ck p1ke 1s simﬂar to that of p1ke -
P
m other northern Canad1 an 1akes but/much s]ower than m more o

o

£ .

southem waters.

\‘v

COninon mth other p1 ke popu]ations Lobstick p1ke exh1b1t o 8

Y

Ca]cu]atwns of mortahty and survwa1 based upon a catch, ﬂ '
curve, suggest that the 1nstantaneous tota1 mortath (Z) for

females (0 37) 1s hagher than for ma1es (0 32)

IO W
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Observation of ovames of mature pike from Lobstwk show ST "'-‘1

that a]] p1ke do not spawn each year.; [ TN -9 . s .
! . .. :

R pike from Lobstick is faster than'-that of other more southern C \ _,ﬂhx

T populat1ons.,-~ F e T

S Ma]es are predommant]y (50%) mature by age 5 or at 40 cm, ) 9 §§¢»’ g
Lonidy
: females by age 8, or at 60 cm. For sexes conbined, the plke are R .? g
' R i |
/not entine1y mature untﬂ 75 cin. '.. Vi, =~ . - ¢ I g
| . . ‘. ERY P57 SO
. ‘ _:’35:‘ ) -k
i Stomach analys1s showed that as plke grow, ‘their diet becomes P
, R ia
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