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N . ABSTRACT

Populatlons of northern plke in unexplolted lakes exhlblt
“stability in size and structure, ‘'which lndlcates that den51ty—dependent
. populatlon regulation is ooeratlng, To lnvestlgate‘poss;ble mechanisms
‘of this regulation, I studied a population of pike in an isolated lake
in northern Saskatchewan.

Four oossible:mechanisms of regqulation were tnvestigated; food °
limitations, interspecific predation, sbacing behaviour and cannibalism.

If pike were food.limited, their movements would be related to

their large seasonal and sexual differences in food requirements. Using'
. , . L I :

" radio-location telemetry, I determined that the home range sizes and

‘displacements of pike remained relatively constant between seasons. and

sexes and did not fluctuate with respect to their prey requirements.

Therefore, I concluded that the pike were not food llmlted -

lake. By calculatlng the daily caloric requlrement of the eagles and the
'calorlc value of their prey (pike), I determlned that the . eagle
populatlon at the lake may take 400 p1ke each summer. This'represents S%'
of the pike populatlon and, therefore, ‘is too minor to result in -
populatlon regulatlon "

I 1nvest1gated spacing behaviour by monltorlng the movement of
radio-taggedfpike.‘The large size of the home ranges, and prevalence of
ouerlap precluded spacing behaviour from being a proxibate_factor in |

regulation.

iv



A year-round cellection of stemach_contents indicaéed that
cannibelism occufs at sufficient.magnitudes Q affect.regulafion.'ﬂeavy
predatlon by adults on young plke at the end of " thelr first summer may
.reduce the, numbers of .young and thus 11m1t recru1tment into the adult

»populatlon ThlS mechanlsm would. have a feed back effect on numbers of

3

'young and‘adults and would result in the observed stable populatlon

k

stze. N . o .y
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1. GENERAL INTRODUCTION

The Canadian Norfh‘provides many opportunities to study animal
populations which exist in natural states, unegploited by maﬁ. Through
such studies, Knowledge may be gained about the baSicvprocesses which
affect these populations, sefving to increase our uhdefstanding of the
ways in which man'svactivi£ies can affect them and thus enhancihg our
ability to manage these species.

One such spécieé is northern pikew(§§9§ lucius), found throughout
much of the Northern Hemisphe:g, in both'heavily exploited southern
. waters and undisturbed northern areas. Pike are harvested by commercial,
native and sports fisheries and form an impb{tant economic aﬁd,cultural
resource. An understénding of the procesées w;;Eﬁ?regulate pike
§opulations is of considérable'iméértanéé in~fishéries managemgnt.

Studies of exploitéd pike populations'indicate that they have

large year to year fluctuations in population size. These fluctuations

Q

are further shown to be'qorrelaped with fluctuat;ons in spring wéter
levels and summer water femperatures and not correlated with the size of
fhé breeding popﬁla:ion (Johnson,1956, Franklin and Smith 19%3, Fo;pey
1968, Hassler 1970, June 1970, Kipling and Frost 1970). However, this .
forh of density inaepéndeﬁt population regqlation‘fails to account for
the étable popuiat}on sizes observed in unexploited lakes. Such
stability is exhibited by a number of northern fish species (Grainéer
1953, Kennedy i9 53, Johnson 1972, bunbar 1973, Johnson 1976), and has

been suggested for pike, although conclusive evidence is lacking.



L

In exploited populations, the size of the breeding population will

generally be lower than in a natural population (Goedde and Coble 1981)

As Busch et al. (1975) suggested for walleye . (Stizostedion Vitreum

vitreum) populations, a denSity-dependent regulatory mechanism would

. only be expected in a population whose Sigevwas at,its natural level and

not artificially<suppressed by human activities. In unexploited

'populations, the number of pike would be expected to be at or near the

carrying capaCity of the habitat. and some, form of denSity dependent

population regulation: would be operating to maintain the observed

"‘stability (Johnson 1976).

The mechanism_of density-dependent population/regulatidn:may

be imposed which act -on ‘the adult pike 'to directly limit the size of the

¢

"breeding population, such as limitations due ‘to food or- predation, or -

indirect limitations may be imposed through regulation of the'

‘recrUitment of ]uvenile pike into the breeding population, through

cannibalism, exclusion from ‘suitable habitats.or-territoriality of

adults. e

operate,in two basic, although closely related fashions Limitations may E

-

t\>

Little workbhas'been done- to determine_the’mechanism-of regulation

EY

of pike populations. Snow (1974) speculated thathcompetition between

adults for food and space limited a pike population which was near the

| carrying capaCity of its enVironment However, Johnson (1976) proposed a-

general’ model for ur pIOited fish populations which suggests that *

juvenile recru1tment may be limited through the action of adults (either

by cannibalism or by fOrcing the Juveniles into shallow, shoreline areas"

where they would be vulnerable.to avian predation).



I studied an unexploited population of pike iﬁfa“smq;l, isolated
lake in northern Saskatchewan and investigated several possible types of
popuiation limitations. Two ﬁechénismé which may directly regulate.the |
adult pike population size, food and predator limitations, and 6ne
indirect mechanism, social limitations through spacing behaviouf, wéré
found to be of insufficient magnitude to account fér population
regulation. A fourth mechanism, cannibalism,.although investigated to.a

\

lesser degree, would appear to be a likely regulatory mechanism for

unexploited pike populations.



,2,,Study‘Site Description

Neagle Lake, Saskatchewan (54° 46'N:‘ l025 25’W.,>Figure 1) is a-
.small lake located in spruce Jackplne boreal forest on the Precambrlan
':Shleld. It~has an area of approx1mately 700 ha, with many 1slands and
. bays. ’It is relatlvely shallow, havrng a -maximum depth of 11 m. Neagle
Lake does not stratlfy durlng the summer. Surface temperatures reach a

maximum of about 23° C- whereas bottom temperatures’are‘2° C to 3° c

cooler The open water season lasts from late May to late October "From '

\

' early November to early May, ice cover 1s constant Wlth a maxrmum :
'thlckness of approx1mately 1.2 m. |

| The conductivity of® Neagle Lake rs very low, less than 50 mS,
llkely due to 1ts locatlon on'the Precambrlan Shleld and to its
,relatlvely h1gh flushlng rate as a result of actlve lnlet creeks and a
major outlet creek. The turbidity is falrly_hlgh (1.5 m toA2.5 m summer
Secchl disc reading)AcompareaAto other‘lakes‘in'the'area. This appears
to be'due'to a high level—of organic particulaté»matter-suspended_in the
water. H | | . ' o N

.The. shoreline areas ari\a heterogenous nixture of bare rock, sand’

A

beaches, Scirpus, Typha and Canex..Nuphar, Potamogeton and Sagittaria
are common in shallow protected areas.
FlSh SpECleS found in the lake include northern prke (Esox

: lucius), lake whitefish (Coregonus clupeaformls),‘whlte suckers

(Catostomus commersonl), yellow perch (Perca - flayescens), emerald P

shlners (Notroprs atherlnordes), fathead minnows (leephales promelas),

spottail~shiners (Notropis hudsonius), longnose dace (Rhlnlchthys
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éataractae),_trout~perch (Pefcopsis omiscomaycus), slimy sculpins

(Cottus cognatus), and several of sméll fish which I observed but was
unable to capture and'iden£ify./i:j:;ls which may‘potentially'prey on

» pike (either yound or adults) and were commonly found.at Neagle Lake
inciude bald eagles (Haliaeetu leucocephalus), ospréys (Pandion

haliaetus), kingfishers (Megaceryle alcyon), common 1oons (Gavia immer),

great Blue herons (Ardes herodias), mink (Mustela‘vison), otteérs (Lutra

canadensis), foxes (Vulpes vulpes), wolvés (Canis lupus), and black

bears (Ursus americanus).

Neagle Lake has been relatively free of human disturbance as it

has no road access, very difficult canoe access, and does ndt contain

locally desirable gamefish (lake trout, Salvelinus namaycush, or

walleye, Stizostedion vitreum). It ié located aboutqzo kg from the )
nearest road and about 50 km from the nearest floaé.blane base. The..
boundary of two traplinés bisécts Neagle Lake and as a résult of
-personal animosities bétween the particular trappers who operate these
lines, neither regularly visits the lake. ‘
A.local outfitter occasionally flies a party of sports fishermen

to Neagle Lake. However, in the period 1 was associated-with the lake

(1973-1982), only one party “lown in. Geological shrvgy crews were
based at the lake thfee or fo .nes during.this period, with
occasional onrts angling bkein. wcucted by créw members. i estimate,
that fewer than 50 pike per yec.: take~ out of Neagle‘Laké'by.huméns
(not including the sémpling for =hi. - :dy) -etween 1973 and 1982. |

Frequently, the pike population of ‘=agle Lake would experience no human

exploitation pressure during the course o = year.



3. Pike Population Description

During the study, 267 pike:were collected-by angling; gill;nettinp
orlsnaring. I rebgrded.thefstomach éontents‘ot all;267 pike and'for,each
of 107 of the‘pike I recorded the standard length (to the nearest 0.5 ‘
cm).,_weight (to the.nearest_SO gﬁ; gonad maturity and weight-(to‘the
' nearest'g) and removed :the left cleithrum (tor aging‘purposes).'The:ages

of‘these»fish were'determined by_counting the.annuli on each cleithrum.
The birth—date for pike from Neagle Lake was assumed to be 31 May. Ihus,
a pike having_a'cieithruh wlth three annuli which'was caught in |
September would'be clasSed as 3+ (3 years of grewth plus an undetermined
amount since'3l May) |
: _

The age-class composrtlon of the populatlon was determined for
three separate perlods, 15 March 1981 to 31 May 1981 (1980 sample),
June 1981‘to 31 May 1982 (1981 sample) and 1 JuneA1982 to 15 March 1983 e
.(1982 sample)(Appendlx l) Although the sample sizes may be too snall to”
draw accurate conc1u51ons, there does not appear to be obv1ous strong or
weak year classes present.'This tends to support the princ1ple that.
unexploited_pbpulatipns have stahle.age class distributions (Johnseni
1976) | . |

The growth eurve of plke from Neagle Lake 15'51m11ar to that of
- pike from other northern_Canadlan 1akes (Flgure 2), as lS the
weight—length relationship (Figure 3, Appendix 12). The age at flrst
maturity of- plke from Neagle Lake was ldentlfled by examlnlng thelr

gonads and determlnlng whether or not the plke would spawn the followrng

spring. Of the 107 plke necropsred, the srngle 1+ plke was 1mmature, two

kN
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. Figure 3. Comparison of weight - iengﬁh relétionship,of pike

‘from three £anadian lakes. Data frdm.Magkay

(personal communication),'except for Neagle Lake. '



out of the three 2+ pike would have been mature at. the end of their

4

'third year and all blder pike were mature.

The ssomach contents of the pike sa@pled indicated a:diet composed
_of a~variety of fish and invertebrates (Table 1). The unidentified fish
may have included the aforementioned shine;s and dace founé in-abundance
in the lake, but as my identification of the stomach contenfs relied on
-‘undlgested pieces of large bone or flesh most of the fish ldentlf;ed
were falrly large. This partlally explalns the stomach content data
appearing to indicate a preference for the larger species (perch,
whitefish, and White suckers). The invertebrates found in ;he sfomachs

were mainly Gammarus, crayflsh (Oronectes sp.), and dragonfly nymphs (0.

'Odonata)
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Table 1. Stomach contents of northern pike from Neagle Lake,
Sask. March, 1981 to December, 1982. Number under
stomach contents indicates number of pike stomachs
‘where prey items of that species were found.

N

-

STOMACH CONTENTS

NO. UNIDENT. YELLOW WHITE- WHITE INVERT. PIKE
SEASON N FULL FISH PERCH FISH  SUCKER

Spring 40 17 2 5 1 0 '8 1
Summer 118 31 17 12 3 2 18 2
Autumn 44 21 8 8 8 1 0 2
F -

Winter 65 33 7 . 2 3 2 6 14

Total 267 102 ' 34 27 15 5 32, 19



4. Are Pike Food Limited?

4.1 INTRODUCTION

One of the mostAobviohs requlatory mechanisms‘for populations is
food limitation..This- is ¢often assumed to be a proximate facser of major
impertance«in ngerninglpopulationfsize and behaviour of fish (Snow
1974, 1978, Dombeck 1979{ Fish and Savitz 1983) but it is seldom
objectively tested. Grimm (198la) tested the hypothesis that_pike'are
-food limited. He compared.biomasses of stocked pike and prey fish in
artificial bonds during a five monﬁh period . and feund‘that changes in
biomass of pike and prey fish were ﬁ%t correlated. Grimm (198i5§;‘*
concluded that pike were not food limited. However these results may
have little relationship to natural situations where reproducing
populations of pike and.prey fish havediﬁteracted over many geﬁerations.

In this study, I tesfed the hypothesis that the size of a natural,
unexploited population ef adult pike was limited by tae constraints of
food avaiiébility. If adult pike are food limited, their home'gange size
orldegree of movement shouid vary inversely with the level of prey'
avallablllty This relatlonshlp has been observed ln a. wide varlety of
anlmals, including: many species of mammals (McNab 1963 Zlmen 1976
Slnger et al. 1981), various birds (Schoener 1971), ralnbow trout
(Slaney and Northcote 1974), iguanid lizards (Simon 1975) and limpets
(Stimson 1973). Conversely, in animals Whlch are not ‘food llmlted, such
kas Microtus (Krebs and Delong 1965, Krebs et al. 1969). and blue grouse
(Zwickel and Bendell 1972), the home range size does not vary in

N

response to food availdability (Abramsky and Tracy 1980, Zwickel -

12
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personal communiéation).
It would be extremelyldifficult to accufaielx quantify changes iq
..the availability of prey items of-pike in a,naﬁural situati?ﬁ as they
feed on a great diversity af prey (Frost iQS{,*Lawlérv1965).‘quever,'
the prey or food requirement of pike shoﬁs large seasonal‘fiuétﬁations
?(being higheat in spring and declinihg,to a low ip;ﬁiq;winter; Wéithman
and Anderson 1977, Johnson 1966, Diana and Mackay 1979). Additiopally‘
Diana and Mackay (1979) found that the food réquire&ent of‘femalélpika
is nearly twice that of male pike.

‘"Therefore, from tha hypothesis thaﬁ food availability limits pika”
populations, one may prediét that pike will optimize their ac;ivity‘with
respect t-. sod requirements by varyingrtheif home range size or |
aativity levels in respénse ;o seasonal changes in their pre;l
requifements.5 | | '

| To test.this p;ediction and its corresponding hypathasis} a
radio—ldcation,telemetry;étudy was conducted to maasuré<§easonal andv'b"

sexual differences in pike space use and activity at Neagle Lake,

Saskatchewan during 1981 and 1982.
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4.2 MATERIALS and METHODS
A total of 21 sexually mature northern pike (9 male; and 12
females, all 5etween 45 and 59 cm standard length, Appendix 2) were
surgically implanted with radiolocation trangmittérs (49 MHz, AVM
Instrument Cg., Dublin, Ca.) following a modification of the method of
Crossman (1977). A pike fo'bg fadio—tagged was captu;ed by angling using
barbless lures and im?ediateiy transferred to a holding tank where it
was anaesthetizéd with MS 222 (tricaine methanesulfonate, 1:10,000) and
measured to the nearest O.5>cm of standard length. A 4 to 5 cm incision
:was made posteridr to the pelv%F fins, to one side of the ventral
midline. The transmitter was co;?;é in beeswax, sferilized in 95%_
ethéﬁol and inseféed into the body, cavity. The incision was then closed
with 5 or 6 sutures'oi 4—6 silk: A 10% so}ution of“oxyﬁetracycline was
injected subtutaﬁeouslj into the area of the incision and the fish was
transferred to_a ;ecovery:tank containing_fresh wétef. When it responded
gorously to a light touch, the‘fish was released at the site of
capturéz The“entire‘process took between 20 and Bd'mindtes. Handling of
the pike was kept tQ a minimum.
Tagged fish were located using an AVM Instrumeht Co. La 12

| receiver and a 3 element YAGI mast anténnae mounﬁed in an 5.5 m aluminum
boat during the summer and mounted in a dog sled during the winter. The |

open boat was powered by a 15 hp outboard motor and proved tofbe a fast,

- manoeuvrable and safe tracking platform. Radio interference from,the

outboégd engine was kept to manageable levels through frequent

replacement of spark plugs and regular maintenance of all electrical

connections._Snowmobiies were initially used for winter tracking, but

‘excessive radio interference from the engine and the difficulty in
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simultaﬁeously operating a snowmobile and radio receiver severely
limited their usefulness. The preferred winter tracking platform was a
Yuken freight sled pulled by_S to 11 Siberian huskies hitched in‘tandem.
The léad dog was trained to respond te voice commands fer speed and
direction‘which allowed me to concentrate on operafing the radio
receive;. Additionally, the sled-dpgs instinctively avoided areas of
thin ice and slush. The dog sled pfovided eﬁficientband very reliable
transportation-during the entire wineer, }ncluding during the se&éreé{
weather (radio-tracking with the dog team was conducted at temperatures
as low as -47 °Q). Drawbacks to this system included 1ae¥ of
manoeuverability in deep snow and maintenance of the dogs during the
summer months:

I determined the location of the radio~tegged pike by travelling
albng a_gradient of incfeesing ?ignal strength: This was accomplishea
once the signal had been received,‘by tfevelling in a straight line
pntil a definite peak in signal strength was recognized. At that point,
the approach was altered 90° and a second_stralght line was travelled.
This procedure was repeated ﬁntll tge signal was audible at the lowest
gain setting on the receiver. Trials witﬁ radio transmitters in known
1ocations indicated that this method allowedffhe loeation of the.
transmltter to be determined to within 2 or 3 meters. Triangulation of
radio signals was not used to determihe pike locatlons as the antennae
used proved to lack sufficient dlrectlonallty. ’

‘Maximum.ranges of radio signals varied.withvreepect to individuel
transmitters,‘wafer depth and ice‘conditions. Generally, signal ranges
during summer were between 200 and 300 m. During winter, maximpm ranges

were usually under 100 m. Ice, snow and especially slush drastically
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attenuated the radio-signals.

The location of the radio-tagged pike_was then plotted on a grid
coordinate uap of.the lake (1:10,000 scale) via triangulation to
visually superimposed langmarks of known grid.coordinates. Checked with
a surveyor's transit, this method proved accurate to within 10 m when
less than 200 m from shore'(greater than 99% of all locatious).

'Radio-ragged pike were located once every five daylr;ht hours
during‘a tenday sample period. This resulted in each fish being located
three times per-day durlng the spring and summer and tw1ce per day
.durlng the autumn and winter. For example, 1f a‘flsh was located two
hours before dark, it would be relocated three hours after dawn.
Although these two locations may have been up to 21 hours apart during
winter, only 5 hours of gaylight:would have eiapsed. As prke are .5\\-
essentially inactiye at night (Mackay and Craig 1983), this method \
ensured that pike were located over equal ;ime spans during .each season
aud enabled accurate comparisons of activitp to be made.

The area used by each fish in;a 10 day sample period was termed
'ita area of use ano‘was optimally.repreSepted by ZCS(winter and autumn)
or 30 (spring and summer) radio locatious.

The sizes of the areas of use were determined using a modification
of the grid square method of.Rongstad aud‘Tester (1969). Grid squares of
‘1. ha were used as this area is iarger thah the liMitatious imposed by -
the accuracy of the tracking system , yet small enough to be lnfluenced
by most dlsplacements of plke between locatlons. Squares were 1ncluded
in a pike' s area of use if they were separated by no more than 3
uﬁoccupied‘squares. Thia method allowed a minimum of 70% of the

locations to be included in the area of use. A 7
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The minimum polygon method of ﬁohrt(1947) was also used to
determine the sizes of the areas of use during spring,ﬁgummer énd
autumn. This method was not used to analyze the winter data. During the
winter, radio-tagged pike were lost on many occasions (due to poor
signal transmission through ice and snow), especially if they moved more
than 200 m from the last location. As.the area determined by the minimum
polygon method is strongly influenced by excursions and.distaht
locations (Voight and finline 1980) , I felt it would provide a biased
‘estimation of the areas of use during winter, Fompared to the other
seasons. The grid square method is obviously not strongly influenced by
these outlying locations and is therefore more suitable for comparisons
between seasons. The minimum polygon method was used as much as
practical due to its objectivity and wider familiarity.

Activity of pike was also analyzed since it is possible'to
maintain a constanﬁ size\of area of use, yet vary the'amdhnt of movement
within that area. Displa ent. of radio-tagged pike was calculatéd_as
meters moved between radib-locations (which were 5 h apart) and. also as
multiples of body lengths {moved petween radio~locations; The latter V
calculation was done in or%br to reduce variation.ih displéﬁements
caused by variation in bod% sizes.

Comparisons between 'sizes of areas of use and between
displacements we;e_madé us&ng_fhe Wilcoxbn Two—-Sample Test and the

Kruskal-Wallis one way ana;ysis of variance and medians are feported

with quartiles. Results were considered significant if P< 0.01.

L
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4.3 RESULTS
' ‘My original intention Qf fracking the same individual pike during
all seasons could not belrealized because of numerous ﬁnforeseen radio
failures. Data were therefore gathered from samples of fish during each
season which were neither completely dependept nor independént of each
other. However, the variafion withiﬁaiﬁdivi&ual fishes home range sizes
and r;tes of moQéments were equal to or gfeatér‘than the variation
between fish (Appendices 10,11). For this reason,>I treated each grdué
.of observations as\independeht samples. |
The variation in size of areas of use did not follow the expected
pattern of being 1érgest during spring and decreasing to a-low dﬁring
winter. Sizes of the areas of use, as determined by tﬁe grid square
method, were significantly different (Kruskal Wallis Test, ﬁ=34.25,'
df=4, P<0.001) bétween the seasons examined (Figure 4). Howeveg,
pairwise contrasts based on ;anks indicated that the only differences
were that areas of use during autumn (1982) (16;13,19, médian}le, Q3,‘
n=14) were significantly different (P<0.00l) from areas of use during .
winter (3; 2, 5, n=17); and summef (6; 2, 8, n=11) was significantly
different (P<0.00l) from autumn (1982). The size of the areas of use as
determiﬁed by the minimum polygon method were not significéntly
' differentl(H=5.2b6, df=3, P=0.15) between the seasons examined (Figure
5. ’ '
The rates of movement within these areas did not follow the
expected pattern of being highest during spring and ldwest during
autumn. Displacements, measured as meters moved during 5 h were

significantly different between the seasons examined (H=41.69, df=3,

P<0.001) with displacements during autumn (1981) (80; 30, 200, n=472)
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and spring (106; 53, 224, n=127) being similar, and both being
significantly different (P<0.001) fyom disélacements during summer (53;
22, 155, n=294) and from displacements during.autumn (1982) (150; 69,
277 , n=41§) (Figure_s).

J‘Displacements as measured in body iengths (bl) moved during 5 h
werezalso significantly different between the seasons examined (H=92.10,
df=3, P<0.001) wifh displacements during autumn (1981) (158j 59, 395,
n=472) and spriﬂg (206; 103, 433, n=127) being significantly different
(P<0;001) from displacements during autumn (1962) (306; 141, 565, n=419)
and summer k108; 45, 316, ﬁ§294) (Figure 7).

The sizes of the areas of use, determined hsing the grid square
method, were not significantly different (Mann-Whitney U-Test, U=504.0,
pP=0.70) between male pike (7; 4, 12, n=26) and female pike (7; 3, 11,
n¥4}) with areas during all seasons‘combined. Thefe were no significant
differences between the sizes of thé areas.of ﬁse of males (6; 2, 12,
n=9) compared to females (4; 4, 8, n=7) during spring and summer
(combined) (U=23.0, P>0.05), during autumn (1981) (median size of area
of use of males =6}.4, 8, n=5, median size of area of use of females =
13; 9, T4 n=15, U=25.5, P>0.05), during autumn (1982 5 (median size of
area of ﬁsefof males =17; 14, 19, h=6,'median size of area of use of
females =13; 9, 17, n=8, U=20.0, P>0.05) or during Qinter (median size
of area of use of ﬁales =5; 4, 6, n=6, median size of area of.use of
females =3; 2, 3, n=11, lU=16.5,"-P>0.05). \

The sizes of the éreas of use, as.determined usipg the minimum
polygon method, were not significantly different betweén males and

females during all Seasons (median size of area of use of males =11; 2,

20, n=22, median size of area- of use of females'=17; 8, 30, n=26, U=217,"
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P=0.15). The sizes of these areas of use were not significantly

different between males and females during spring and summef (combined)

(median size of area bf.use of males =9; 2, 20, n=9, median size of-area

of use:-of females = 9; 7, 11, n=7, U=27.5, P>0.05), during autumn (1981)

~

(median size of area of use of males =11; 1, 11, n=5, median size of

v

area of use of females =25; 8, 30, n=12, U=12.0, P>0.05) and during

autumn - (1982) (median size of area of use of males =19; 8, 24, n=8,

median size of area of use of females =27; 9, 30, n=7, U=25.0, P>0.05).

The displacement of radio-tagged pike, measuréd‘as meter s moved

during 5 h, was significantly different (U=18578, P=0.007) between males

(median displacement =82;

31, 192, n=589) and females (median

A\

displacement =110;‘39, 235, n=723). These displacements were not

significantly different between males and females\during spring (median

male displacement =126; 63, 228, n=50, median female displacement =102;

39, 214, n=77, U= 1667.5,

P>0.203), during summer (median male

displacement =49; 20, 136, n=188, median fema;e displacement =63} 25,

161, h=6, U=9199.5, P=0.274) or during autumn (1981) (median male

displacement =58; 20, l47,’n=l35: median female displacement =89; 36,

223, n=337, U=19653, P=0.

021) but were sigﬁificantly different between

,male'and female during autumn. (1982) (median male displacement =120; 60,

250, n=216, median female displacement =186; 90, 322, n=203, U=16824,

P<0.001).

Movement may be relatea/io body length (M}nor and Crossmén 1978)

and as males were significantly smalief than'females (Appendix 2, mean

-standard length of males
females =52.8 + 0.88 cm,

displacements may simply

48.6 * 2.53 &m, n=9; mean standard length of

n=12, t=-3.453, P=0.003), variation in

)

be the result of Qariation in body size.
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Although'the relationship between pike body length ana meen.S h
dlsplacement in meters (during autumn 1982) was not 51gn1f1cant s
(r=0.228, P=0, 586, n=8), I transformed dlsplacement$ in meters to
displacements in multiples of body lengths for each fish's movements to
reduce any varlatlon in dlsplacements from this source. ‘

The displacements of pike, measured as body lengths (bl) mdved
during 5 h, were not significantiy different between males and females
during all seasoﬁs combined (median male displacement =168; 64, 408,
n=589, median female displacement =209; 74, 447, n=723, U=1984160.0,
P=0.034). Displacements between males and females were not significantly
different_during spring (median male displacement =252;‘126, 456, n=50,
median female displacement =181; 69, 380, n=77; U=1560, P=0.071), duriﬁg
summer (median male displacement =99; 40, 275, n=188, median'female |

\ o : :
displacement =122; 48, 311, n=106, U=9370.0, P=0.396) and during autumn
(1981) (median male displacement =122; 42, 310, n=135, median female
displacementb= 173; 70, 434, n=337, U=20385.5, P=0.078). Dispiacements
in body lengths were sighificantly different between males and females

during autumn (1982) (median male displacement =245, 122, 510, n=216,

median female displacement =349; 169, 604, n=203, U=18578, P=0.0007).
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4.4 DISCUSSION

Although the p:ey requirement of pike shows seasonal and sexual
differences, the sizes of their areas of use and their rates of
mo&ements'in this study‘did'not f}uctuate in conjunction with these
differences. This suggests that pike were not thimizing their activity
with respect to'food acquisition and“ere therefore not food limited.
However,'similan results in a food limited population would be expected
if prey availability and abundapce tad fluctuated with tHe le?el of the

prey requirement of pike. It is unlikely that this situation occurred

'during this study. Yellow perch; the most common item in the diet of the

pike of Neagle,pake, would likely be most available to pike during the
Iatersammer and autumn when the young of the year perch formed large, .
inshore aggregations along with large numbers of sﬁottail and emerald
shiners; If the expected pattefhtof space use fluctuations did not occur

\

as a result ofsithe effects of changes in-prey avallablllty, one would

%)

& | .
expect t ‘the areas of use and magnitude of movements to be smallest during

autumn, when prey aVailability appeared to be highest. This was not
%

obsarved,'with‘space use and movements during a%tumn;generally being

A

dlarger than during»qthen seasons. -

‘ Lack of seasonal fluctuations in space use was also noted by Diana
et al. (1977); who determined that thefé was no difference in the extent
of pike movements between the summer and winter during short-term

'\ .
observation periods. These~results and my results contrast with those

obtalned for the closely related muskellunge (Esox masquinongy) by Minor
and Crossman (1978) and Dombeck (1979) . Their studies revealed that

muskellunge show seasonal variation in their home range sxzes, being -

~ largest Ln the sprlng, decreasing during summer, sllghtly lncrea51ng in



the autumn and beihg(éﬁéllest during winter. If muskellungé have a
seasonal pattern ,of prey requirements similar to that of pike, their
fluctuations in area of use may indicate that they are food limited.
This seems>reasohable because muskellunge héve a growth rate tﬁice ghat
. of pike (Scott and Crossman 1973) and would prééumably héve a much {
higher prey requirement. This may partially explain the limited =
geographical range and comgeti£ive‘$bility of muskellunge when compared.
to northern pike (Scott and Crossman 1973).

| My observations and conclusion that the pike of Neagle Lake are
not fodd limited proVid;s behavioural evidence in suppoft of the similar
conclusion drawn by Grimm (1981a); based oﬁ quantitati%g evidence of
popqlation fluctuations. Although my studf was conducted on a populaiion
of pike much different from those sfudied by Grimm (198la), the N
similarity of our conclusions indicates‘that they are apélicable to many
. populations of pike. If a species was to be generally foodvlimitéd over
its range, this condition would be mbst preQalent where thévlocél'
popu;ation was-at.a high, unexploited leyel. The population of pike in
Neagle Lake would appear to meet this condition as commercial ag§~sports
fiShing‘preséure is virtually non-existent and the lakg is locally
reputed to have a lérge populé%&ﬁn of pike. As my resﬁlts indicate that
these pike are not food limited,.it is rea;onable to assume that

exploited populations of pike (having lower densities than unexploited

populations) would not be food limited.



5. Influence of Predation on the Pike Population

b
5.1 INTRODUCTION.

Prédation may be a Eensity—deéendént reghlatory mechanism. As a
population of prey animais_inc;eééés, predato;s_may-immigrate to_the
area of agundance or thfough‘inéreased birth or survival rates increase
.their numbers. Mortality rates of the prey then rise, reduciné their
population s%ze’éna resultiﬁg in a‘concomitant reduction in ppedétor
numbers. Certaiﬁ populations of animals such as snowshoe hares (Lepus

americanus)(Keith‘and\windberg I978), white4tailed deer (Odocoileus

. *virginianus)(Stout igazy{ and ruffed grouse (Umbellus bonasa)(Rusch gi‘
gl 1972) are thought to bev stabilized in this manner.

Although pike are reported tokbe preyed upon by a variety of
animals, for example WOlyes (Kuyf 1972), bald eagles (Dunstan and Harper
1975), ospreys ana black;béars (Sco;t and Crossman 1973), there are few
studies which qﬁéntifi tﬁe effect ofléhis predation. In the present -
.study, I détermiﬁed,wﬁ?ch animals were preying upon pike andlestimated

the effect of one predator species, bald eagles, on the pike population

of Neagle Lake.

O
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i
5.2 METHODS AND MATERIALS ) y
- | | A
The study was conducted during 1981 and 1982 at Neagle Lake.

During all seasons 1 made irregular (at least twice per month) searches

of the lakeshore and the shoreline of the inlet and outlet streams near

Neagle Lake. All»evid;nce of predation on pike was recorded. The
identity of the predato£ was determined by examination of scats, nearpy
tracks and location of the remains.

Since bald eégles were by far the most important predator of pike,
the pike reguirement of‘the eagle population at Neagle Lake was
determined. A modifiéation of the method of-Craighead-anqACraighead
(1956) for determining the prey reduirement of a raptor population was
followed (Figure 8).__ |

The remains of prey consumed by eagles were collected at feeding
perches located on rocky reefs and points, near low snags along the
'lakéshore éﬁd on bare knolls overlooking the lake. All'of the pike
remains included either cleithra or dentaries. A reference collection of
37 dentaries and 65 cieitﬁia was made in 1982 from pike of known length.
Tge relationship between dentary lengt@ (measured in millimeters with a
flexible ruler f%om the anterior symphysis to the posterior ext;emity;
along the outside curve) and pike standard length (in ceﬂtimeters) was
détermined. A similar relationship was oggéined from cleithrum leggth
(measured in millimeters from the origin along tﬁe anterior surface to
‘the ventral extremity) and pike>standard length. Based on these
relationships; the staﬁdard'length of pikeurepresented in the'bfey
remains was calculated from the dentary aqd %leithrum_measuzéments. The

weight of these pike was then calculated from a sample of 29 pike of

known weight and length. I calculated an energy'content fbr whole pike

<
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SIZE OF
|PREY TAKEN| X
CALORIC SIZE
OF PREY .
~ ‘ SIZE OF PIKE
CALORIC VALUE| o POPULATON |
OF PREY \
IMPACT OF
. . ¥ |EAGLE PREDATION
PREY REQUIREMENT - ON PIKE
OF A BALD EAGLE | POPULATION
PREY REQUIREMENT
OF EAGLE POPULATION
ACTIVITY BUDGET '/
OF A BALD EAGLE g |
CALORIC REQUIREMENT .
OF A BALD EAGLE |

CALORIC COST | = s EAGLE-DAYS
OF ACTIVITIES | | 1IN AREA

-

Figure 8. Method of determining impact of predation
by bald eagles-on population of pike.
After Craighead and Craighead 1956.
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of 1.2 kecal/g wgt weightldufing the ice—free season using the ‘caloric
values of pike given by Diana and Mackay (1979).

The acti&ity budget of eagles was estimated by direct observations
made from 0.2 to 1.0 km away using 9x36 bipoculars. Rélative proportions
of the time spent perching and flying &ére Aetermined. The rétio éf
powered:gliding flighﬁ of 4l:5§ reborted by Gerrard et al. (1980) was
applied to the total flight time to derive time spent in powered and
gliding flight. Observations were made throughout daylight hours and
values thus obta;ned were converted to a 24 hour activity'budget
(assuming no nocturnal flight).

I was af Neagle Lake yéar—round and usually observed the arrival
and departure of the eagles and could calculate their length of stay to
within a few days. Their period of residency was compared to the period
when pike were availablg.in open waper:oThe numbéf of days when eégles -
were at the lake and pik; were available in open water was multiplied by
the number of eagles at the lake and expressed as eagle-days.

An estimate of the size of the pike population was made based on
publiéhed estimates of densities compared to the area of suitable
habitat in Neagle Lake. The estimaté included only adult pike (>30 cm

standard length). The prey requirement of the eagle population was then

compared to the pike population and the’impact of predation by eagles

was determined.

it
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5.3 RESULTS

- Eagles were identified as the predatoré of pike in 95% of' the
cases identified‘(Table 2). Pike comprised 87% of the‘diet of the eagles
(Table 3). The size of the pike taken by eaglés was determined from the
dentary length - standard length relationship (Appendix 3), and the
cleithrum length - standard length relationship (Appendix‘4) . The mean
standard lengfh of pike taken by eagles was 43.3 cm, SE=1.04, n=74
(Figure 9). The meaﬁ weight would have been 623 g (baséd on‘; sample of
29 pike with standard lengths between 40 and 45 cﬁ, méan we;ght =623 g,
SE=21.4). The average pike taken by eagles would therefore have a
caloric content bf 748 kcal (623 g x 1.2 kcal/g).

Adult eagles were observed for 1018 minutes in daylight hours
during August and September 1982. The eagles spent 940 minutes (92%)
perching and 78 minufés (8%) in flight. Assuming that the eagles
remained perched at night (approximately lO.h), the 24 hour activity
budget would be 96% perching and 4% flight. Using the powered
flight:gliding flight ratio reported by Gerrard et al. (1980) results in
a 24 hour activity budget of 96%—perching, 1.6% poyered flight and 2.4%
gliding_flight.'

The caloric cost of perching was dé%ermined from Stalmaster and
Gessaman (1982). The existence metabolism (considered equivalent to
perching metabolism) of a 4.5 kg bald eagle at 15° C (mean summer air
temperature at Neagle Lake) was éalculatéd as 316 kcal/day. Stalmaster.
(personal communication) estimates a valué based on Gessaman (1980) of
1.5 x B.M.R. for powered flight in bald eagles, with B.M.R. at 299.25

kcal/day. Powered flight would therefore cost 3741 kcal/day. The energy’

cost of gliding flight has been estimated at 2 to 4 x B.M.R. (Pennycuick”
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Table 2. Frequency of identified predator feeding on
remains of northern pike. Neagle Lake, Sask.

March 1981 to December 1982

PREDATOR NO. OF IDENTIFIED éASES 4
Bald eagles 74 , 95
Mink | 2 ' 1%‘ 3
Fox 1 1
Wolf 1 : 1
TOTALS 78 S 100



Table 3. Diet of bald eagles as determined from remains
of prey. Neagle Lake, Sask. Summers 1981,1982

PREY SPECIES N %
Northern piké 74 87
White suckers 6 7
Unident. ducks h 4 S
Snowshoe hare 1 1
TOTALS o 8s 100
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Figure 9. Size of pike taken by bald eagles as
determined from collection of prev remains.
Neagle Lake, Sask. 1982 :
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1972, Baudinette and Schmidt-Nielsen 1974.) Using 3.5 x B.M.R.

t

(Stalmaster, personal communication) reQUlted in a glidiné metabolic
rate of 1047 kcal/day. ‘

The energy metabolized per day Qas calculated from the caloric
cost.of these activities_and their relative proportions in the activity
budget. The.resulf waé that 418 kcal/eagle-day is the enérgy metabolized
by a free—fanging, non-breeding, adult bald eagle during summer.

The average pike taken by eagles would have a caloric content of
748 kcél (623 g x 1.2 kcal/g). Assuming a 73% assimilation efficiency
(Kirkwood 1979, Sfaimaster and Gessaman 1982) an eagle should retain 539
kcal as metabolizablg energy. With 418 kcal metabolized per day and a‘
pike size of 539 kcai of metabolizable ehergy, a bald"eaéle would
require 0.78 pike/day or one pike every 1.29 days. | '

TQtal eagle-days at Neagle Lake during 198i was 735 ana was 550
during 1982 (Figure 10).

: !
. In 1981, 735 eagle—days feqﬁiring 0.78 pike/day would have
resultea in 429 pike being taken. As shown in Table 3 however, pike
represented 87% of the eagles' diet. As the preceding.calculations
assume a total diet of pike, the calculated number of pike taken -should
be geduced by 13%, to 467 pike in 1981 and 349 pike in 1982. '

Based on a habitat size of:7Qb ha and puﬁaished estimates of pike
densities (Moyle et al. 1948, Munro 1957, Kipling'and Frost 1970); I
estimated there were between 8,000 and 12,000 gdult pike in Neagle Lake.
The number of pike taken by eagles in 1981 (467) divided by the “wo
extremes of population size resulﬁs in a range of 4% to 6% of the

population being taken by eagles. The 1982 harvest, with 350 pike taken,

represents 3% and 4% of the population.



————Adult eagles at lake 1
’ F——Immature eagles at lake ———1

1981 ’ .
F——éEag1e chicks at 1ake—————i s
P————————Period of opén water : i
Apr. ! May l June l July l~Aug.' ! Sept.‘l oct. |
F—————————Adu1t eagles at lake ’ i
1982 ' .

‘f—Immature eagles at 1ake—+

Fé———————Period of open waten-————————i.

Figure 10. Residency periods of eagles at Nead]e“Lake.

Apr. ! May | June ! July ! Aug.I Sept.I Oct. , .
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5,& DISCUSSIdN

The mejor predators of fish in Neagle Lake aépeared to be bald
eégles, which fed almost exclusively on pike. Bald eagies are
6pportunistic predatqrs (Broeks 1922, Murie 1940, Hancock 1964, ﬁetfalvi
_5970), feeding on the most abundant prey species in the area. Many
researchegs (Brooks 1922,_Wright_1953, Southern 1963,vDunstan and Harper
1975, Todd et al. l982)‘have found that fish are the most common prey of
bald eagles, especially in inland areas, with pike then being one of_
the predominant speéies.i

ﬁﬁé pike consumed bj eagles may ﬁaye been s;avenged. ﬁowevef, in 8
cases when I observed eagles feeding and collectea the remains
immediately afterward, the prey remains'appeered fresh (nq fungal growth
‘or putrid odor, gill and skin fragments brightly coloéed, fresh blood
smears). In 2-cases when.I observed eagles'capturing érey, the prey
appeared to beAalive. Eagies,at Neagle Lake preyed on live pike,
although some pike (particularly those larger than 70 cm) were likely
scavenged. | | g

The calculations of the daily'caloric requiremeet are based on e
4.5 kg, noh—breeding adult bald eaéle‘at 15° C. The reseltg were applied
equally to all eagles on the study erea: chicks, 5uveniles, breeding .
adults'and non-breeding adults. The limited scope of the study precluded
detailed studies on the activit§ budgets - and metabolie requirements of
each glass,of~eagles; However, the caldric requi;ements of a
non-bfeeding adult gives a ueabie index whieh probably approaches,a
mid-point in the range of caloficvreéuiremente'for‘the>eagle population,
'considefing differences in’body size, requirements for.érowth and social

activities (territory defence, mating and parental care).
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The prey requirements I oalculated for wild eagles (0.73
pike/eagle—day, ba;ed on a pikevweight of 623 g) is about 65% highegﬁ
than the food requirement of captive bald eagles (Chura and Stewart
1967, Stewart 1970). Both of these studies on captive, unexercised ]
eagles used ground fish as the ma]or‘component‘of the diet and found
dally food intake per eagle to be 250- 300 g (caloric values were not
glven) On a welght basis, my calculations showed the daily food intake.
for wild eagles to be 455 g. Stalmaster and Gessaman (1982) estlmaﬁed
~ the minimum prey requlrement for a wild bald eagle during a 90 day
winter period at 13 salmon, 20 rabbits or 32 ducks,IFor a 90 day summer
period, my calculations indicated that 66 pike would be taken. On a

caloric basis, this is approximately 89% higher than Stalmaster and

Gessaman's estimate
]

Gerrard et al. (1980) Observed an immature bald eagle in northern
Saskatchewan feeding on fish, likely tullibee,(C. artedii) (C;errard;j~
persoual'communication), once every 1l6 houre during the summer: My ﬁ
calculations idaioate a similar feeding frequency of once every 19 .
daylight,hours‘(0.73 pike/dey; 14 h daylight/day). ,

An annual mortality rate of 3%'to 6% because of eagle predation
likely has little influence‘on p;ke populations. Total annual mortaiity
rates (those other tban‘man—induoed) are around.ZO% to 30% for adult
pike (Kipling ahd»Froet 1970). Additionally, pikevpopulations can -
withstand exploitation uo'to 60% per annum (Kipiing andrFrost lQ?O;tSnow

1974). Eagle predation as well as predation from other interspecifid

_predators is therefore unlikely to influence pike numbers.’>



6. Space Use of Northern Pike

6.1 INTRODUCTION ' o | t ‘
Reguiation ofhanimal populations can occur through spacing
'behav1our Evidente from“a variety“of-studies (Orians 196l, Chapman
1962, Le Cren 1965;:Van den'Aesem 1967, Watsonv1967, Ciark 19763 irebs
- 1971) supports this hypothesis, although Watson and Moss‘(1970)'and
Davres (1978) cautlon that when spacing behaviour occurs, it can, but
does not necessarily regulate populatlons. Spac1ng behaviour which
'regulates a population is usually some form of terrltorlal behav1our
For my purposes, I will use'Pitelka”s (1959) definition of territory as .

"an exc1u51ve area , without reference to the mechanlsm by which other
t.‘/. .
*anlmals are excluded, since it is thlS exclu51ve nature of

terpltorlallty which prOVLdes the mechanlsm of reguiatlon. S

Previous studies on northern pike have resulted in a wide variety .
of descr;ptionS'of their use of space; Malinin (1970, 1971) and
”MaheWecki'(1973):suggested‘that pike were sedentary and likely
-territbrial. Christiansen (1976) sqggested that pike/ware

_nor-territorial, but with restricted home ranges within which a locally

7

exclusive areaais<maintained.-Diaha et al. (1977) described pike space
use as hon—territorial, being composed of rahdom moyements'within
.suitablevhabitat..fhe"reasons for this diveree range ot observations
'llkely 1nc1ude blases due to short term observatlonhperlods and

restrlcted sampllng areas In the case of Mallnln (1970, 1971) and Diana-

et al (1977) the maxmmum tracklng perlods were 70 h and 47 days

C e
- t_‘.;.,<ﬁ]~i
3

respectlvely Descrlptlons of the habltat use of plke (Makoweckl 1973,_

42



43

Diana‘gg al. 1977, Chapman and Mackay 1983) are generally similar in

N

‘stating that pike prefer shallow, vegetated areas, but differ in

describin§ the strength of this preference and generally describe habitl‘
T

preference only during summer.
I conducted a long-term.radio-location study where the pike could

move and be located throughout the lake over periods of several months.

. ! ’ . L . 4-“/"’*\ -
This allowed me to make observations and describe the general space” use
of male and female pike Quring different seasons, and specifically, to
determine if territoriality was exhibited and was a possible regulatory

var

mechanism for the pike population.
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6.2 METHODS

fhe télemetry procedure as described in Chapter 1 was used to
.observe the movements apd space use of pike. At each ;adio—location,
depth, density of vegetation aﬁd distance to shore were recofded. Depth
was':eéorded as the‘water dépth to the hearest meter. ihis was measured
initially using a sounding line, and.later in the 'study, using a
bathymetric map (Appendi# 7). Depth at each location is'thereﬁore water
column depth>and not. the actual depth of the radiq—taéged‘pike.
Underwater observations (Chapman‘énd Maékay 1983, Turner 1984) indicate
that pike are almost alwaySAwithin 50 cm of the bottqm. Vegetétion
density was reqorded in categories oﬁlpercent cover during the period of
peak vegetation growth kearly August). The most commoh types of {
vegetation which provided cover were éotamogeton SPP., Nughar sp; and
mségittariavsp; Vegetation density was not recorded during the winter
becausé of the difficulty‘in observing vggetationlghrough‘up to ;:g
meters of ice: The distribution of radio-tagged pike with regard to
depth, vegetation density and distance to shore, was compared td the
di-stribution of -each of these parameters in the lake and tes£ed(;;r
significance using the Chi—square‘tgst. In order to presentbé ;ri;f
description of - the uéé of space by pike, the selection oﬁ eéch habitat "~
pérameter was compared by season and by sex of pike. The central
tendency of each distribufion waé compared using the Mann-Whitney U-test
or the KruskalfWailis test. More detailed analysis of this data Qill be
presenfed elsewhere. Resllts were considered significant if 'P<0.05.
Since the pike were tagged in the south-west bay and 94% (1524 Sut of
1614) of all locétions were in the south-west bay, only this area was
used to calculate the distributions of depth, vegetafioﬁ density,iéha
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1

distance to shore. The radio—iocatioﬁ procedure has a}so used to
determine whether pike maintain a territory (exclusive area). If so,
overlap between areas of use would not be expected to occur, nor would
other pike be pre;gnt within the area of use. Ten-day minimum polygon
areas of use were plotted on 1:10,000 maps of Neagle Lake (as deséribed

previously). Areas were considered to overlap (and therefore violate the

assumption .of exclusive use) if the boundaries crossed during the same

ten-day périod and included an area of overlap of more than 2 ha (10% of
mean size of minimum polyéon,aréa of use). Angling was also conducted as
close as possible to radio-tagged pike to determine whether other pike

were nearby, although this was kept at an anecdotal level due to the

risk of injuring the tagged fish.
: B e 5 - . ~ A

T e
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6.3 RESULTg
A total of 1614 radio—locétions wefélﬁade on 21 different pike
during the spring, summer and éutumn of 1981 and the winter and autumn
of 1982. The radio-tagged pike selected deprs significantiy differeht
from random (Chi—square=37}7, df=8, P=0.600633, Mbst locations (n=1013,
63%) were in 2 and 3 m of water (Figure ll).%gemale'pike were found in
lsiightly deeper water than male pike (femgle mean depth=2.7-i0.051m,
n=920, méan + S.E.; ;umber of locations; male mean depth = 2.4 % 0.05 m,
g ) .
n=694, Ué293379, P=O;0038f Figure ‘12). Although this is.statistitaliy
;ignificanf, the small actual difﬁereﬁ%e in mean depths suggests that
this difference has indefinite biologiéai'sigﬂificance.APike.selected_

different depths, with respect to season-(H#192.4, df=4,.P<OZOOl).

"Pairwise contrasts based on ranks indicated that pike were found in

shallowest water during summer and autdmn (1981) (summer 2.1 * 0.05 m,

-

n=321}'autumn 1981, 2.1 ¢+ 0.63 m, n=477) and‘in deepest water dur;ng
winter‘~(3.9 £ 0.13 m, n=213) (Figure 13). A
| The pike a}so selected their*chagions with respect to vegetation
density significaﬁtly\gifferent'from random (Chi-square ;1315, df=¢4,
P=0.009). Pike tended to avoid»areas of dense vegetation and were
associated with open water‘mést of the time (75% during summer to 92%
during autumn 1982) and as often as would be expected from random
seiection (Table 4). Although the distribution of*pike with respect to
vegetation differed between the seasons (H=-11.616, df=3, P<0.001), this
likely‘resu1t§ from vegetation growing and dying in areas in whiéh the
pike were alrquy-}esiding. Male and fégale pike did ndt differ in

selection of yegetation cover (U=314541.5, df=inf., P=0.3737), both

¥ being associated with opeh;wate: nearly 90% of the time (Table 5).

- =4

e

~7
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Figure 11. Distribution of lake depths and depths
chosen by radio-tagged pike.
Neagle Lake, Sask. ‘



48

40
36
32
28
24 | '

Freq. | B Female pike

(%) 20 N=920 locations
: 12 fish -

5 .

.16
12

0 1 2 3 4 9 -
Depth
28 -
24 F— .
20 | |
Freq. | . .
(%) 16 . Male pike -
_ N=694 locations ‘
12 Fﬂ : 9 fish ]
8 . B
: H '_ S
5 6

istribution of depths chosen by male and

Figure 12. K
female pike. Neagle Lake, Sask. - o

<



28

24
Freq.

(%) 20

16

12

56
52
48
44
40

36
32
28

24

20 .

Freq.
(%) 16

Figure 13.

Spring 1981

N=142 locations

4 fish

///4
//
3 4 5 6 7 8 9
Depth (m) 'l
' Summer -1981
— ‘N=321 locations
6 fish
3 4 5 6 71 8 9
Depth (m)

Distribution of depths chosen by radio-tagged
pike during each season. Neagle Lake, Sask.



70 —
, 60
Freq. Autumn 1981
(%) S0 . ’ N=477 locations
. h g9 fish
40 ]
30 |
20 |- . _
L ollle
0 1 2 3 4 5 6 1 8 9
Depth (m)
40
36
32
. L 4
28
T /o
24
20
Freq. S
(%) 16 N Autumn 1982°
: — - N=437 locations
12 8 fish
’ '. -
8 .
LT Non
5 6 7 9

o 1 2 3 4 ‘
Depth (m)

) Figure 13. (CONTINUED)

-
L

&



"

28

24

- 20

~ Freq.

(%)

12

o4

—y

Winter 1981-1982

N=213 locations
9 fish

4

s

6 7 8 .9

. Depth (m)

Figure 13. (CONTINUED)

51



Téble 4.

£

p}ke with respect -
vegetatlon in
4 2t '
Locations of Tagged Pike
Vegetation — ——— - : Veg. Density
Density’ Spring ‘Summer  Autumn Autumn in Lake
(% cover) o 1981 1982 (S.W. bay)

125(88%) 239(75%) 415(87%) 400(92%) 76% (137 ha)
’ 7(525‘ 24(8%) 29(625 34(82) 47 (7 ha)
6(47%) 29(9%) 14(3%) 0(0%) 47 (7 ha)
4 (37) 11(3%) .,14(32) | 2(1%) 4% (7 ha)

0(0%)y 18(6%) 5(1%) 1(0%) 127 (22 ha)
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Table 5. Distribution of radio-tagged pike
with respect to sex and density of
vegetation in Neagle Lake.
. Locations of — :
Vegetation Tagged Pike. Veg. Density
Density . ‘in-Lake
(% cover) . Female Male (S.W. bay)
0% 801(87%) 615(89%Z)  76% (137 ha)
ZSZv' 54(6%) 40(67%) 4% (7 ha)
50% 37(4%)  12(2%) 4% (7 ha)
75% 22(27%) 9(1%) 4% (7 ha)

1007

“6(17%) 18(3%)

127%—¢22 ha)
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Pike appeared to select their ioéatiéné Qith'respeﬁt to distahce
from shore (Chi—vsqu_are =8.7, df=2, P=0.0127), beiné found closer to
shore than would be expected from random sélecfion. The diétribution of
‘pike'with respect to distance from shore differed between the seasons
(H=16.59, df=4, P=0.062, Table 6). Pairwise contrasts based on ranks

‘indicated that the only difference was that locations during spring were

closer to shore than during autumn (1982) (P<0.05). Male and female pike

did not differ in their seleétion of locations with réspeCt'to distance
from shore (U=4469, df=inf., P=0.114, Table 7).
No evidence of territorial behaviour was observed, either with

:

raéiotelehetry or with visﬁal observétiéns'during the spawning period.
Overlap in areas of use betweer radio—taggeq pike was obser&ed-in'ail
seasons exceét spring (Table 8). However, pike were agg;ed ﬁear (<5 m)
radio—tagged pike in each season. Overlap occurred betweeg malgb, males

and females, and females. Instances of one area of use being entirely

within another also occurred (Figure 14). Overlap was to be expected

based simply on the size of the afeas of use, the size of thg lake (700

ha) a%§ the probable size of the piké population. If the smallest mean

area of-uSe‘(ll.tha, summer) was an exclusive area, only 59 pike would

be in the lake instead of 8,000-12,000 pike (estimated population size).

Many aspects of pike space use'canﬁbf/be qhantitatively‘measdred;'

-3t .

thereforeva qualitatiye description is also warrahted. Generally, the
radio—tagged pike wére resé}iéted to the area of the lake whefé thé&
were initially capturéé.{ﬂ@?@%g Lake is_roughly‘Y4shaped, with each of
the three arms being approximately equal in size (200-250 ha). Out of 21
radio—taggéa?pike, only 4 moved out of_the arm where they were tégged-

(during-aéﬁrbgimately 8 months of tracking). During the open water

e . - w

-p



Distribution’bfVradio;tagged pike with respect to season

Table 6.
and distance to shore in Neagle Lake. = S
Locations of Tagged Pike ‘
Distance , - Distribution
© from Spring Summer Autumn Autumn Winter in Lake
~ Shore T 1981 -1982 (S.W. bay)
0—50 m 112(787) 192(5§Z} 331(73/) 168(577) 133(737) 54% (97 ha)\
51-100 m 16(117%) 114(&5&5“ 99(22/) 82(28/) 50(27/) 307% - (54 ha)
10i+ m 15(10%) 17(52) 21(5%) 44(15%) 0(0%) 167% (29 ha)
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 .thé1e 7. Distribution of radio-tagged pike with - SR
40 N7 respect to sex and distance to _horé in: S
' Neagle Lake. - ‘ )

i3

. : Locations of Tagged Pike . o ',ét; - ; | B
Distance o - Distribution S
from Female :fNale Total in Lake
Shore - ~ (S.W. bay)
0-50 m  468(62%) 468(73%). 936(67%) 54% (97 ha) e
51-100 m 233(31%) 1%8(20%) 361(26%) (308 (54 ha) . L0

S0 mo o 55(73) 42(7%) . 97(7%) - 16% (29 ha)
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figute l4. *Instance of one area of use contained entirely

- -

within a larger area of use. Pike #23 located

“'within area occupied by pike #21,

September, 1982
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'method was not effectlve just before freeze- up I was able to

59

3

season (late May to mid-October), all the pike remained within the arm
where they were tagged. The movements to other arms occurred during

L]
break-up (one movement) and freeze-up (three movements). During most of

the year, I was able te locate the tagged pike by going to” its previous v

. . L = . L
location and usually found the fish within 200 m of this location. This

continuously track. plke dunlug the perlod when most of the smaller bays R v

I was unable to: locate plke on

this'time (approximately 5 days),

numerous occasions and believed it was because they were moving
extensively. During .break-up (mid-May), I was unable to track pike

because of dangerous ice conditions, but the relatlvely few times I

1“
1-1‘«J .
located pike suggested that they were moving extensively o . -

Except for freeze-up and break-up, the pike seemed either to mome_

slowly at random (Figure 15) or reside in a small area for several days,
then move to another area (Figgre 16). These two behaviours represent
the two ends of a continuous scale of pike behaviour and many examples

of movements were of an intermediate type. FOr‘example, pike #12 stayed
‘*L’:‘

near a small bay for 6 days, then moved over a large area, apparently at

random, for 4 days (Figure 17). Several interesting modifications of

~

this behaviour were observed. One male pike was located almost every day

for about 30 days near (<5 m) a submerged jaéipine};buring this time, a

strong gale felled another jackpine into the water about 10 mfrom the -
X . ’ ; l\’\.g T .

‘first tree. The-pike moved and spent much of the‘remainder of - the time

(about 20 days) near the new tree. During the 30 days,. the pike made
several excursions of up to 700 m from the trees but returned to the

’

trees w1th1n a daggor two. On another occasion (mld—June 1981),_a pike

s

&ff;l‘r R 4 D Y



Figure "15.

4

» ;%‘ . :
;Movemejw‘q? radlo tagged pike (#07) during

gz Sept - lgOQt 1981 Located tw1ce each

day at 5 hr 1ntepqals. South—west bay,

.'a*’

‘Neagle Lake, Sask.
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Figure, 16.

v
-l

Mdvémépgjpffrédié—tagged pike (#12)

during_22 Sept.- 1 Oct. '1981. Located

twice each day at 5 hr. intervals.

Sodthfweét bay, Neagle Lake, Sask.

61
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Figure 17. Movements of iadio;tagged pike (#17) during
1 Sept.— 10-Sept. 1981. Located twice e-rch
-~ day at 5 hr intervals. South-west bay,

Neagle Lake,. Sask.
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b o C s
! spent 10 days within a 2 ha area except for one mid-day excursion of

2300 m (Figure 18). This excursion is especially interesting because the
pike was in the small bay in the morning, travelled over 1 km along

three‘segg%ate shorelinesuanq réturned via the samerroute by evening.

"~ " The Sechi disc reading -on Eﬁisfoccasion was 2.5 m, there was a light

S
g

breeze and it was raining lightly. A person assisting me with the study

’

lost her direction attempting to follow fhe same route.

[ » e . jO
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Figure 18. Movements of radio-tagged pike (#13)

during 8 Oct.- 21 Oct. 1981. Located
twice each day at 5 hr intervals.

@ _ South-west bay, Neagle Lake, Sask. .
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6.4 DISCUSSION ‘

My observations suggest the following description of éike
movements. During the open water season, pike wander through a:somewhat
restricted area of the lake, often exhibitiﬂg short—-term site fidelity.
They prefer depths of 2 to 3 m and avoid, dense Qegetation but do not
show a distinct preference for unvegetated areas.\The vast majority 6f
time they‘a;e found within 100 m éf the shore. During winter, they
érefer slightlyfaeeéef Qatér,‘but reﬁain in areas fairly clpgé to shore.

a
There may be extensive movements throughout the lake during ice break-up

and freeze-up. The movements during break-up are likely felated to
finding é»épawning site and the freeze-up mdvements may be related to
dia the pike show a type of territorial behaviour of%ekhibit exclusive
usé of space. No major differences in-behaviour between male and female
pike were noted. )

. This model of space u§e by pike is'in genefal agreeﬁeﬁt with Diana
et al.(1977) who found that pikéﬁ%énd to move at random throughout a
narrow zone'arounA‘the édge of the ''ke. Christiansen (1976), Diana gg_f
211(1557) and Chapman -and Mackay (19u4) also noted”tﬁe‘tendenc§_of pike
to remain in a small area fér several days. These conclusions contradict

those of Malinin (1970, 1971) and Makowecki (1973) who felt that piké

are largely sedentary, although my regﬁlts(indicate that pike are

_somewhat restricted in their movements, but on a much larger scale than

was pteviously thought.

I wau able tg‘ﬁﬁéck pike for only one complete cycle of seasons,
and therefore cannpf present strong evidence for seasonal changes in -
space use. However, my results are supported by those gE%Diqna et

.
©

finding a'déep'area,wh;ch is close to shore. At no time during the year

s
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al.(1977) who also found that pike were in deeper water during winter
than during summer, although in the lake they studied, the pike Qeie»
reguired to move further from shore to find deep water: At Neagle Lake,
deep water could be found near\shore at many locations. Miller (1948) .
and Makowecki (1973) suggested that pike move extensively during early
spring. My observations tend to support thls and .further suggest a late
autumn movement.

It is a dogma in pike biology, substantiated by many authors
(Makowecﬁ§31973, Scott and Crossman 1973, Paetz and Nelson 1970, Diana

et al. 1977), that pike prefer vegetated areas. M L.ndings show that

pike in Neagle Lake@are'found associated with open water and'avoidgyg'
o ’ L ' ’ . A o
vegetation. This supports the hypothesis of Chapman and Macka¥ (1984)

who suggest that pike‘are highly‘versatile in their'selection of -

~a

habltats and broad generallzatlons should be v1ewed with cautlon

Although i present eyldence that plke show no form of- territorial

4

or/exclus;ve space use behavxour, ;t.must<be reallzed that this
conclusion refers’to behaviour over;a fairly large scale in time and

space. Chrlstlansen (1976) suggested that pike may malntaln an

1nd1v1dual elastic sphere of terrltory Effectlvely, this would be. a

perscnal distance that pike would remain away’fromﬂother pike in spite

of random, large?scale wanderings iA'system such as this could

theoretlcally result in populatlon régulatlon Both Chrlstlansen ]
\ " 3

(1976) and my results lndlcate that this personal space, if.-it exists,
is likely smaller than 5 m in diameter. A territory of this size (20 m2)
would only have a regulatory effect on plke densities approachlng 500

pike/ha. Reported densxtles of- pxke,range as.plgh as 66 p:f_ke/ha,L w1th

o

9\- ~'4".LA‘§

10-15 plke/ha being most common (revxew by Tener and Lawler 1966) ngh
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vdensities where space use could be a regulating factor may bccur in
spawning areas. However, my own observations; as well as othef reports
(Toner .and ngler 1966, Koshinsky 1979), indicate that pike show-no form
of territori;f behaviour‘during spawhing.'.

- Due to the iack of.large—scale terrltorial behaviour or exCluéive

use of space, I conclude that spacing behaviourr has no function in the

regulation of pike populations.-



" by pike.

7. Is cannibalism a possible mechanism for regulation of a pike

populatioﬁ? v

b

7.1 INTRODUCTION .
Cannibalism or intraspecific predation may be the mechanism by
N : : : B LI
which the size of a pike population is regulated. This could have a
' 3

direct effect, if adult pike consume enough young bike to reduce their

u ) . ‘ .
numbers and limit recruitment to the adult population. It may also have

:‘ N\«}{hv 5 S oo . X
an yagerect effect, if adult pike prey on young pike and cause them to

frequent very shallow,.sub-optimal habitat as an .anti-predation

strategy. This strategy could result in an increased mortality due to
o . . R

other factors, such as avian predation (Johnson 1976).

Beyerle (i97l) and Fago (1977) have'suggested that these
me?hanisms have the potential to reguléte pike pépulations, but ;hey 
conéidered it to be a minof'eﬁfeét or only applicable in special cases
because of the low incidence of cannibalism.in most piké:populations.
Frost (1954), Lawler <‘1965>,?Wagner;‘(1972),~Mann (1976) and Diana 49793

N

noted fhat'pike generally composed leSsvthan 2% of the prey items’taken/)

Grimm (198la, 1981b) felt that ®his low incidence oflcanhibalism

was enough to regulate pike populations. He studied pike populations in

~smally heavilyléxpioited artificial ponds andAfound that’thé numbers of

“small pike were negatively correlated with the numbers bffoider; 1a¥§e

pike. : v

68
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I conducted stomach analyses on pike from Neagle Lake in order to
g , ' : s ;

detgﬁhine the incidence of-cannibalism in’ this natural, unexploited -
' ) . « N -

population. I further determined that’ this incidence was theoretically

‘sufficient to regulaté the recruitment of young pike into the adult

o .

population.
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7.2 M‘E'r_ﬂoﬁs- . S

although glll nets«£l40 mm mesh) Were- also used to a“lesser e_
. b1 s

» visual examlnatlon of whole<m’phcomplete specrmens or on dlStlnCthe

LWLy

, | 70

tr ¥

, Pike. were captured durlng each s5eason from March 1981 'to December _

71982 Late May and June were con51dered to be the sprlng mqnths, July

,,} - \

and August were the- summer months, September and October Qére the autumn

- .. o w o

months and December to April wére the w1nter months Samples Were

v.

"generally not’ taken 1n early May and November because Qf unsafe ice

cond{tlons Only plke between 45 ‘em and 55 -cm (std..length) were',‘~f

S

the diet’ of the radlo tagged plke “Pike were captured ‘mainly by anglrng,"l

~ -

'S

Qﬁ A ; o Lo
The stomach contents of the plke were removed and analyied 1n the

R, Y 2

fleld The contents were 1dent§f1ed when possxble, -as to specles and

number of 1nd1v1duals present The“ﬁdentlflcatlons were made'based on

-
= 9 |

2 N . b -

N

bones and scales. The 1nc1dence of cannlballsm was calculated as the
. ®

number of stomacns contalnlng plke lelded by the. number of stomachs

.. i
:/ "

o contalnlng 1dent1f1able prey ltems

- . . e
,

: 'E-“";‘:?\ N Ao - } .- - .

(S 9
v

" inclided in«thls‘analysis ThlS was done in order to -+ s few fish'as.
oA L3 f - ‘\’ o " '
possrble yet Stlll collect data whrgh could lndlcate ‘ *‘position of
o r
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.3 RESULTS AN "o

of canmballsm* (52%) durlng the wmter lS mamly the resylt bf a sample

’
A

of- 31 plke t soon after the lake froZe ,m November. ‘In. thls sample,
. ’ g . N
16° plke had ldentlflable food in thez,r ,stomachs, 14 of Whlch contalned &
ptrg
e . T < v :
young pike. The number .f)f plke per s\tomach ran%}‘ from l -
R ‘,),. . . IQ ".. '}m .

cannlballsm is reduced to 6. 5% (5 stcmachs contalnlng.@lﬁe« :s‘n*,a sample

J“h T U

. ) . o n e
-of 77 stomachs contalnlng eldentlf 1able T engafis) .
Co ‘ i :‘ : - . ) R wd v b"
KW N * ‘ A ‘ s " £y
»-: » - S - ? Y

v
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R

"of the studles of unexplolted populatlo'

, waters, the 1nc1den;e Of cannlballsm

: populathbns comparé% td?exp101ted populatlons haSwnot been obgectrﬁ%ly Qvidlf

"examrle, l ‘or %
J} Yo '
" - result in a ey

‘ dlfferences are real 1t could be the result of explOltatlon drastlcally '

[

. . N g‘-.; : .
“7.4cDISCUSSION
The lnczdence of;cannlballsm at Neagle Lake (20%) is conS1derably

hlgher than the l% to 2% reported ‘for other plke populatlons (Frgﬁt, &

- 1954, Lawler 1965 Wagner 1972 Mann 1976 Dlana 1979). However, these

studles were conducted on p;ke Eﬁpulatfons rece1v1ng heavy exp101tatlon
h _,,.| ﬂ.; R _} '“\é;-',..
’Qsola ed nonthern (ahd presumably unexplolted)

ey ¥

pressure from man

'?hlgher,lapprOXLmately

r' 7‘ “‘: : P *
5% to 10% (Alt l?68,g5essop et al. lggjg rgdenyand Jessop 1974 Cralg

N . o h‘, o \f'.? ' ‘
- ) Ty ‘,f
“,and Wells 1975, Trlpp _Eaal 1980) In my sfudy, if t@@ -one earlfuulnteff ST
o .f 3 : g :
samp&e whereﬁcannlballsm was - hlgh%ﬁ% n&% 1nc1uded the,overall 1n@1denceo'A
. P R o : T L
is redﬁ@{d to‘6 5% - Ve : Ejqu 'E) SR

o N N .
R . . B . - vy .
IS £ , ; o v i
N

The ex15tence oﬂﬁhlgher levels of cannlhgllsm gnwunexp101ted

' g, ) :
;tested Thls.dlfference méy 51mply be an artlfact of sampllng since manﬁgw 'J?
L, L LW

..lved low sample ’s:.zes (for

v

s

stomachs“COntalning pike rom : a.sample of 20 would gw

“ted 1ndldence of’cannlballsm of 5% or‘lO%) If'theSelt
. 9

\"
drastlcally numbers oﬁ adult plke, whlch in turn could result in fey - <

. -~

young/belng produced. Thls may cause a concomltant decrease‘ln the =

\ )
1nc1dence of cannibalism. because of reduced avallablllty of young plke S

“as prey 1tems ‘ SR

Phe hlgh levels of cannlballsm durlng the early w1nter sample may

i

have 1mportant 51gn1f1cance Young plke may become. hlghly vulnerable to
predatlon by older plke if the vegetatlve -cover in the shallows is o

[ 4

removed (Snow:1974, Forney 1977, Grimm 198la). .This may occur during

i

N early.winter, when ice formation and die-off of vegetative cover force :

|-
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large number >f yoqung pike at this tl

K 3

.‘.
of
r

‘the populatlon srnce 1ncreased adult numbers would cause lowered‘

W v

. K ; ‘ .

yoyng of the ye pike out of shallow; p
’ . ¢ . ¥ u’l’j;

water. Adult 1. , belng opportunlstlcb'

v areas and “into open
el SR
u.rors (Frost 1954), may take

e, reducing&the-size-of the

.populatlon to & level where small pike are no longer a highly available

{
i

prey,“This"wou?d result in a reduction of the incidence of cannibalism °

# Huring the remainder of the‘year' The 1nvest1gators who report low

[}

incidences of cannlballsm may sxmply have not sampled'durlng thlS period

of vulnerablllty (sampllng would be dlfflCult because of dangerous lce
™ - S ]

or lnclement weather condltlons) o - ,f"'egwi' N
Iy W) . s

&5 ' :
An 1nc1dénce of cannlballsm o§ about 10% may be ;sufficient to . o

llmlt the number of young plke surv1v1ng to entgr the breedlng o "

o 9 ki

populatlon Based on. calculatlons of Krpllng and Frost: (1970) for the

oY

pike of Lake Wlnaermege, I estimated that approxxmately 130 OOO young of
.f?
the yearfplke ‘may be An Neagle Lake at the end of the epmmer, with an
&3

adult pbpulation of 10 000 Each adult would therefore need only to

consume 13 young kae to ellmlnate the entlre year class. An adult plke

may také approx1mately 80 meals per year (Diana 1979y w.C. Mackay

-
‘o l

pike pé} meal) would mean that 16 young pike may be taken each

“pergfnal;communication).:An incidence,of cannibalism of 10% (consisting

£

.year ThlS is more than the amount‘Whlch would eliminate the Year class

-

of young pxke An 1nc§dence as low ‘as 5% would result 1&.60% of- the

pt N ~ "

[

lsurvival of.the young and eventually result in reduced levels of

»

recruitment, thereby decreasing the size of the adult population.

Clearly, the potential exists for cannibalism to reduce.the popt  ion.

.-\' . ) . . . ',. . ..é.‘ LT
, ’ . N < ’ ’ r7§

i s

" young belng cannlballzed This system would have a feedback effect on s Quﬁw,
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.suggests that a”den51tyfdependent_mech@nrsm of ,regulation exrsts in o

?Tﬁdﬁ}ion, spac1ng behav10ur and canngnallsm

addition, the energy reﬁuirements of fgﬁale pike are nearly double that .

o N . < -
o M .-f‘v_»‘ Ny ‘9* oo

8.' SUMMARY AND CONCLUSIONS *

FE

Populations Of'northéfn pike in unexéloited lakes exhibit
characterlst&cs such as stable year class strengths, stable 51ze'

dlstrlbutlogy'and relatlvely unfluctuat;ng populatlon sizes. Thls“'

R : o

" these populatlons In order to‘determine what this may be, I

1nvest1gated f0ur mechanlsms of population regulatlon "food limitations,

‘e

i 1%1. . I,
thElT aCthﬁ&Y Wth reSpectq%o thel energy requrrements fhe energY‘ ﬁ? g
“"',—"A !

requrrements of plke;are hlghest durlng spring anﬁ decllne to” 10w v&lues*

-

durlng w1nter Uslng radio-location telemetry, I found that the act1v1ty '?“ﬂ";m

patterns of pike remained relatively constant throughoutnthe year.lIn -
. A ) | . K o

of &@%@ pike, yet I found that the activity patterns of both sexes were
s ) 0 . . W
similar. From these results, I'conclude .that populations of pike’aré not

limited by the constralnts ‘of tﬁ%lr prey requ1rements

-I studied the effects:of 1nterspec1f1c pfbdatlon 6n the plke oﬁ N

. e

Neagle Lake to determlne if this ‘was. regulatlng the populatlon Bald
’a

.eagles were found to be the most lmportant predator on"- these pike.’ By

‘the energetlc reqﬁrreméht ce iﬁ%*ﬁald eagle populatlon at

: -
v RSN R La i

Neagle Lake and calcrlatlng the- number of plke necessary to meet this

requ1rement, I was able to estlmate that bald eagles kllled -fewer than »
6% of the adult plke populatlon each year. ThlS lS far below the level

necessary to regulate the size of the pike popuiation.

74 .
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behav1our, I monitored the sy%es of the areas -or home ranges occuppled

~ [

t
were too large to have a functlon in the regulatlon of the population.
£
At no time during the year was terrltorlal behav10ur obserAedé
N ~ .‘{"’_/"‘v
The incidence of cannlballsm by adult pike;on young'of the year

¥
N &)

N} RO t
pike was measured throughout the study 1 eRtrapolated the effect&.of

R :
the observed level Q& cannlballsm and concluded that it was of‘

o

. e -
'4“ . w,. .

-suff1c1ent magnltude\to llmlt rec§u1tment of yéung plke 1nto the
]’ [N 8 ) . ..,4 . 3 ,“'

breedrng population. ) |,’ o 3 %.

Based on‘tﬁe evrden

. Y
. 'g’\?x}:?'? b

) Y, ,'

| A WA - .
: Aesented hereln, a tentative model. of

'\d) ‘

ﬂiregulatlon of unexp101ted plke populatioﬁﬁggp 4 e~proposedlﬂThe:numbers
3

< of adult pike are.not dlrectly controlled by proximate factors. such as’

’.,’.

_food predatlon or space llmltatlons, but are controlled 1nd1rectly

through regulatlon of recruitment of young into the breedlng populatlon

A feedback system 1nvolv1ng adults preylng on young plke (perhaps for. a

short‘perlod of tlme in the autumn) would result in recruitment levels

.

belng 1nverse1y proportlonal to the 512e of the adult populatlon ThlS

would damp fluctuatlons in year class strengths, produc1ng a stable
[

adult populatlon 51ze A breakdown of thlS system in exp101ted

'1.'populatrons would result from a reduction in the number of adults,

E - hR
" /u o . s o

espec1ally in-the larger 512e classes iewer (and smaller) adults would ‘

S ,&_}6_
,;take fewér young plke, reduc1na the ju%%%;le mortallty ‘Fate and

increasing the recru1tment rate. Fluctuatlons ln year*claSS'strength

caused by den51ty—1ndependent factors such .as sprlng water 1evels and
i _

‘temperatures would not be damped 51nce food is apparently in abundance,

predation pressure 'i§ low and space restrictions are absent. The overall

To: determlne if pike were regulatlng thelr numbers through spacxng

by 25 1nd1v1duals These areas dld not appear to be used exclu51vely dﬁ%

(EON
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;nc1dente of cannlballsm (1n addltlon to total number of young eaten) e

w

“

may be lowered as reguctlon of adult numbers (through exp101tatlon) may

¢

e

/-
“> result 1n a super—abundance of prey 1tems. ThlS may decrease the

',x

relative avallabll}ty of plke as.grey; lowerlng the 1nc1dence of

cannr@ﬁllsm and further 1nhLbltlﬁg the’

b e

fluctuatlons.

e

v

‘*J .
,l";
b e

LT

Y

,g\

stabillzatlon of populatlon
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APPENDIX 1. Age class composition of pike from Neagle -
' . Lake, Sask. , .
P 2

10 | r—

8 - 1981
r— N=33
N 6 F~ r—
4
, N
-
16 ] : ’
14
12
10 .
8 [ 1982
: Ne44
N 6 s
4 /
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n nmﬂn
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APPENDiX 2. Identification, séx and size of radio~-tagged

northern pike. Neagle Lake, Sask. 1981, 1982

FISH ° | " STANDARD
~IDENTIlFICA'IA‘]\:_yON> - SEX LENGTH
.02 - F ‘ .. '55.0
03 ‘«  o 59.0
o4 Foo 52.0
o6 F - 50.0
07 | F . 52.0
\ . ’
08 F - 55.0
\ 09 F . 50.0
01 . F - 49.0
oM 50.0
11 .M .50.0
12 ' M ) 49.0 \
13 Ty . 45.0
14 | M 4500
15. . ,ﬁl " 53.0"
6 M - 485
17 M 49.5
18 M TR
20 | P 54.0
21 F 53.5
22 F  ss.s

23 F 49.0
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APPENDIX 5. Areas of use of radio-tégged pike, calculated using the

ggidAsquaré method: Areas are hectares oécupied during 10
. day tracking periods. The identification number of each pike
is given in parentheses following the area of use. Areas of

use of males and females are. given separately.

\.

Ly

SPRING SUMMER - AUTUMN 1981 ~ AUTUMN 1982
(MAY-JUNE) *~  (JULY-AUG.) (SEPT.-0CT.) (SEPT.~OCT.)
M F° ' F M E MR~
4010)  5(02)  2(10) 11(04)  6(12)  8(07) 17(16)  28(20)

12(11)  4(03)  7(11) 2(04) - 6(12)  4(04) T14(16)  16(20)
4(03)  6(12) 8(06) 4(13) - 6(06) - 17(15)  23(21)
2(10)  4(07) 5(12)  5(04) . 14(15)  22(21)
WINTER 4(11) | 8(14) . 11(07)  19(18)  9(23)
(DEC.-APR.) 7(12) ©11(06) 17(18)  8(23)
12¢12) ' 3(06) ” 10(22)
M F g 10007) . 13(22)
| . 11(04) ‘
5(12)  2(01) ' : . ©23(01)
4(13)  2(06) _ . 21(09)
L 4(12)  3(07) | 9¢08)
'5(13)  6(07) |
2¢10)  3¢08)
6(12) . 3(09)
4 2(06)
2001
C 5 4(08) |
"9y

7(04)



APPENDIX 6. Areas of use of radio tagged pike

s calculated using the

" minimum polygon method Areas are hectares occupied

- .during 10 day tracking periods.

of each pike is given in parentheses following the area

of use.

separately.

SPRING
(MAY-JUNE)

b ]
7
M

2(10) 31(02)
18(11)  9(03)

7(03)

- 1(10)

SUMMER
(JULY-AUG.)

2(10) 16(04)
20(11) 7(04)
9(12) 11(06)

3(11) v

l13(12)
' 43(12)

-\\\\S\\;;;\‘E;

8(07)

AUTUMN 1981
. (SEPT.=0CT. )
M F
11(12)  17(07)
11(12)  3(04)
1(13)  2(06)
8(12)  8(04)
17(14) . 27(07) -
17¢06)
34(06)
30¢07)
: 26(04)
34(01)
41(09)-

25(08)

~

Areas of use of males and females are given

90

The identiflcabon number

AUTUMN 1982
(SEPT.-0CT.)
I 3
1(17)  41(20)
44(17)  18(20)
13(16)  27(21)
38(16)  30(21)
8(15) - 7(23)
19(15)  9(23)
23(18)  69(22).
24(18)



APPENDIX 7.

Bathymetric map. of Neagle
Sounded July, 1984.

Lake. 3 m contour intervals.
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APPENDIX 8. Displacement of radio—tagged pike measured in meters moved

‘ dufing 5 hour observation periods. Frequency of displacements_'

for each category of displacement distance is glven for each

- season ‘and sex

o
: o o \

, ~“SPRING SUMMER  AUTUNN 1981 = AUTUMN 1982
DISPLACEMENT  (MAY-JUNE) (JULY-AUG.)  (SEPT. chr ) (SEPT.-0CT.)
DISTANCE(m) © — . \/747 | ‘ : ‘

’ ‘M F M F M _gj\' M F
| | ‘ | 3\ |

0 o 3 10 10 12 14 3 2

19 1 2 16 6 12 20 4 3
10-19 11 17 3 7 9 5 3
20-29 4 9 24 9 11 27 7 6 '
30-39 0 4 13 11 14 23 16 8
40-49 2 3 1 9 8 20 12 s
50-59 ~ - 3 2 9 6 6 - 16 5 6
60-69 2 4 4 4 4. 10 10 2
70-79 . s 3 2 3 7 11 js 7
80-89 0 1 9 9 3. 20 8 3
90-99 2 s 5 1 2 4 5 4

100-109 3 3 4 0 8 6 11 11
110-119 o 3 i 2 1 12 4 6
120-129 2 1 3 2 3 6 4 3
130-139 1 o0 5 3 1 8 7 4
140-149 1 2 2 1 3 8 5. .3
150-159 o 3 5 3 1 6 8 4
160-169 11 3 2 2 6 4“6
170-179 1 2 2 1 14 4 4
180-189 0 tLs 3 1 3 7 2 7

_190-199 200 2 1 o 6 4, 4

200-209... . S0, 2 2 2 5 5 9

210-219, | 3o 3 4 2 9

220-229 0 1 2 1 1 3 5 2

1 3 0 4 2 5

230-239 2 1
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APPENDIX 8. - (CONTINUED)

-

. SPRING SUMMER AUTUMN 1981 AUTUMN 1982
DISPLACﬁMENT (MAY-JUNE) ~ (JULY-AUG.)  (SEPT.-OCT.)  (SEPT.-OCT.)

. DISTANCE(m)

\

240-249 0
250-259- 0
261-269 0
370-279 0
280-289 1
290-299 1
300-309 1
310-319 0
320-329° 1
1330-339 0
340-349 0
350-359 0
360-369 1
370-379 0
380-389 0
390-399 0
400-409" 0
410-419 0
420-429 0
430-439 1
440-449 1
450-459 0
460-469 0
470479 0

ONOHNOJ.\»—-n—-v—-NNw'NmowwNmmoog
o»—-r—‘No.r—‘r—‘w»—'OOONr—‘HwNuHOu)—-‘\no
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APPENDIX 8. (CONTINUED)

| SPRING SUMMER AUTUMN 1981 AUTUMN 1982
DISPLACEMENT  (MAY-JUNE)  (JULY-AUG.) (SEPT.-OCT.) (SEPT.-0OCT.)

'DISTANCE(m)

= L S M

M F M F M

480-489 0
490-499 0
500-509 0
510-519 0
520-529 1
530-539 0
540-549 0
550-559 0
560-569 0
570-579 0
580-589 0
590-599 0
600~609 0
610-619 0
620-629 0
630~639 0
© 640-649 0
650~659 0
660-669 0
670-679 0
680-689 0
690-699 0
700-709 0
0

0
)
0
0
0
0
0
0
0
0
1
0
0
0
o
0
1
0
0
0
0
0
0
710-719 0

1 1 0 0 1 1
1 0 0 0 1 2
1 0 0 1 1 1
1 1 0 0 0 0
0 0 1 1 0 1
0 0 0 0 2 1
0 1 1 0 0 2
1 0 0 1 0 1
0 1 0 0 1 0
0 0 0 0 0 1
0 0 1 1 0 1
1 0 0 0 0 0
0 0 0 0 1 0
0 0 2 2 0 0
0 1 0 1 0 0
0 0 0 0 1 1
0 0 0 0 1 1
0 0 1 0 0 0
0 0 0 0 0 0
0 0 0 0 1 0
0 0 0 1 0 0
0 0 0 1 0 0
0 0 0 0 0 0
0 1 0 1 0 0
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APPENDIX 8. ( CONTINUED)

SPRING SUMMER AUTUMN 1981  AUTUMN 1982

DISPLACEMENT (MAY-JUNE) (JULY-AUG.) (SEPT.-0CT.) (SEPT.-OCF.)

DISTANCE(m)

720-729 0
 730-739 0
740-749 1
© 750-759 0
760-769 0
770-779 0
780-789 0
790-799 0
800-809 1
810-819 0
820-829 0
830-839 0
840-849 1
850-859 0
860-869 0
. 870-879 0
880-889 0
890-899 0
900-909 0
910-919 0
920-929 0
930-939 0
940-949 1
950-959 0
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'APPENDIX 8. - (GONTINUED) °-

a
L , e L -
. . N e w

- .SPRING SUMMER  AUTUMN 1981 AUTUMN 1982,
DISPLACEMENT (MAY-JUNE) ~ (JULY-AUG.) ° (SEPT.~OCT.) *. (SEPT:-OCT.)

DISTANCE(m) - = - % -
——— A& P w ¥ M ® o w

960-969 0 .0 0 0 0 0 0 i
970-979. o o o° o o -0 o .o

©980-989 o 0 0 o0 0 0 1 g

990-999 o o 0o 0 0 o o o

1000~-1009" 0o o0 0 0 0 0 1 0
1010~1019 0 o0 o 0 0 0 1 1
1020~1029 " 0 1 0o o 0 0 1 1
| 1030-1039 0 .0 o o 0 1 0" o0
110401049 0 0 0- - 0 0 0 0 0
1050-1059 Q . -0 0 0 0 0 0 0
1060-1069 0o o o 0 0 0 0 0

1070-1079 0o o0 0 o 0 0 1.0

© 1080-1089 0. o0 -/o" 0 0 .o S0 0l
1090-1099 %0 0 o0 o 0 0 o
1100-1109  * - 0~ 0 o o 0 0 0. 0
+1110-1119 0. 0 0 . o0 0 0 0o o0
“H1T20-1129 o o o .o 0 0 o o
1130-1139 o0 o o Q 0 11
L "4140-1149 0 0 0 o_: 0 0 0 0
1150-1159 -0 0 .0 0 0 0 ol 0
1160-1169 0o o o 0 0 0 0
1170-1179 0,0 . 0 0 0 0 0 0
1180-1189 o o. 0 o 07 . 0 0.7 0
1190-1199 0 -0° 0 -0 0 ] 0 0
1200+ 0.0 1 0 0 0 0 1
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APPENDIX 9. Dispi&cement of radio-tagged pike measured in body lengths
moved during 5 hour observation periods. Frequency of each

category of displacement distance is given for each 'season

and sex.

SPRING _ SUMMER - AUTUMN 1981 AUTUMN 1982

DISPLACEMENT  (MAY-JUNE)  (JULY-AUG.)  (SEPT.-OCT.) . (SEPT.-0OCT.)

DISTANCE(B.L.)

M F M- F ..M F - M F
0 0 5 12 5 12 14 & 3
1-25 1 2 18 11 12 17 3 s
26-50 3 9 28 10 18 19 - 12 6
51-75 2 s 18 10 - 14 25 - 9 9
76-100 2 3 19 11 14 . 38 15 8 "
101-125 36 10 6 4 19 10 s
126-150 5 3 2 4 10 18 24 7
151-175 2 7 9 . 10 2 20 3 4
176-200 22 7 1 9 5 12 13
201-225 3 4 6 2 4 11 12 6
226-250 00 4 2 3 12 6 6
251-275 3 4 5 4 3 -9 7 5
276-300 1 2 4 2 1 8 5 4
© 301-325 3 5 2 3 9 9 6
326-350 -0 14 2 2 6 4 10
351-375 , 'Lv?afl S o" 3 8 5 6
376-400 47 2 2 3 1 6 2 10
 401-425 2 2, . 2 o 0 8 6 6
426450 o 1 5 2 2 3 4 1
451-475 2 2 0 2 1 6 3 4
476-500 0o 1 1 2 0 8 2 3
501-525 o 1 2 o 3 6 4 4
. 526-550 0 o 0 3 1 5 3 4
551-575 1 2 1 0 1 7 2 3
1 o o 1 0 4 1 4

576-600



APPENDIX 9. (CONTINUED)

SPRING SUMMER AUTUMN 1981 AUTUMN 1982
'DISPLACEMENT  (MAY-JUNE)  (JULY-AUG.) (SEPT.-OCT.) (SEPT.~OCT.)

DISTANCE(B.L.)

M F M 'F M F M F

601-625
. 626-650
651-675
676-700
701-725
726-750
751-775
776-800
801-825
826-850
851-875
876-900
1901-925
926-950
1 951-975
976-1000
1001-1025
1026-1050
1051-1075
1076-1100
1101-1125
1126-1150
115141175
1176-1200

© © © O O 0 O +H W

0

’

/"“O'—"—‘Hv—‘ooowo

OOO<P—‘OOP—‘OH)—-0-N

AN

OO'—‘O!—'OHO_O»—‘HFA

0 1 3
1 3 2
0 3 2
1 1 4
1 3 1
0 1 1
1 0 1
0 1 1
0 1 1
1 3 1
2 0 1
1 1 2
0 1 2
0 2 2
0 1 1
0 1 3
0 0 0
1 1 2
1 2 1
0 2 0
0 0 1
0 0 1
o 0 0
0 1 0

-O‘Oo.oo'Or—aoco‘ooH
OONOMHHHHOHN



APPENDIX 9. (CONTINUED)

DISTANCE(B.Y.)

1201-1225

1226-1250 " °

1251-1275
1276-1300
1301-1325
1326-1350
1351-1375
1376-1400
1401-1425
1426-1450
1451-1475
1476-1500
1501-1525
1526~1550
1551-1575
- 1576-1600
1601-1625

1626-1650

1651-1675
1676-1700
©1701~1725
1726-1750

1751 775

\ SPRING SUMMER AUTUMN 1981 AUTUMN 1982
DISPLACEM;NT (MAY-JUNE)  (JULY-AUG.) (SEPT.-0CT.) (SEPT.-0CT.)
M _F M _F M F M F
1 2 0 0 0 2 0 1
1 0 0 1 0 0 0 0
0 1 1 0 0 0 2 0
0o 1. 0 0 0 0 S0 0
0 o 0. 0 1 0 1 0
1 1 0 0 1 2 3 0
0 o 0 0 0 0 0 1
0 0 0 0 0 1 1 0
01 0 0 1 0 0 0.
o o 0 0 0 1 0 0
.1 0 1 0 0 0 0 1
10 1 0 0 1 0 1
0 2 0 0 0 1 0" 1
o 1 0 o 0 0 o 1
0 o0 0 1 0 1 2 0
0 o 1 0 0. 0 2 o
0 0 1 0 0-- 0 0 0
1 0 0, 0 0 1 0 2
0 .0 0 0 0" 0 0 1
o o ‘ 0 0 0 0 2 0
o o o o 0 0 0o o
0 0. 0 0 0 0 0 1 -
0o o0 0 0 0 0 0 0
0 o 0 0 00 o .0 2

1776-1800

99

[



APPENDIX 9. (CONTINUED)

DISPLACEMENT
DISTANCE(B.L.)

100

1801-1825

1826-1850 .

1851-1875
1876-1900
1901-1925

. 1926-1950

1951-1975
1976-2000
'2001-2025
2026-2050
2051-2075

.2076-2100

1 2101-2125

2126-2150
2151-2175
2176-2200

2201-2225

2226-2250
2251-2275
2276-2300
2301-2325
2326-2350
2351-2375
2376-2400

\
\
\
\\
SPRING SUMMER AUTUMN 1981 AUTUMN 1982
(MAY-JUNE)  (JULY-AUG.)  (SEPT.-OCT.) (SE?T.TSCT.)
M F M F M F

0 0
0 1
0 0
1 0
0 1
0 0
0 1
0 0
0 0
0 0
0 0.
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
o o0
0 0

0
0
0
0
0
0
0
0
0
0
0
0.
| 0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
D
0
0
0
0
0

0
1
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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APPENDIX 10. Comparison of variation'within fish to variation befween -
' fish. Qalueq are grid- square areas of use (ha) for '
individual fish Standard deviation 1s used. for comparison
of variation. Between fish variation calculated from mean

value of individual areas within each season.

~

FISH
IDENTITY

SPRING

SUMMER

"AREAS OF USE (ha)

AUTUMN(1981)

AUTUMN(1982)

WINTER

STD.DEV."

WITHIN FISH

01
02
03
04
05
06
07
08

- 09

.10
11
12
13
14
15
16
17
18
19
20
21
22
23

b4

11,2

2,2
7,4
6,7,12

23

11,5,4

6,11,3
8,11,10

9 v
21

17,14
14,17

19,17

28,16

23,22

10,13
2,8

5% 33:\
3. 22
3 21
10 40
"1.00
4.04
2.29
0.58

STD.DEV

BETWEEN
FISH

2.42

6.80

5.5

1.70

-Mean standard deviation within fish =
Meanxstandard'deviation'bgtween fish =v3.99f

4.30-

e



APPENDIX 11.
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Comparison of variation within fish to variation between
fish. Values are mean log- ~displacement (m / 5 hr) for

-individual fish. Standard deviation is used for comparisdn

of variation. Between fish variation calculated from mean
value of' individual areas within each season.

FISH LOG DISPLACEMENT ( m / 5 hr) STD.DEV.
|ID. |SPRING SUMMER AUTUMN(1981) | AUTUMN(1982) [WITHIN FISH
01 1.97 -
02 ’[1.68" ' -
03 |1.95,2.06[ . | ' . -
04 | 2.06,1.66 1.52,1.97,1.85 < 0.22
05 ﬂ A ,
06 1.64 1.61,1.90,1.78 . 0.13
07 1.65 1.62,2.09,2.05| o 0.25.
08 1.80 o _ S
09 _ 2.12 ‘ -
10 [1.99 1.39,1.61 ° | 0.30
11 |2.13 2.00,1.27 , | 0.46
12 : 1.53,1.94,1.89 [1.61,1.64,1.73 0.16
13 - . 1.40 - -
14 .91 _ # -
15 o 1.94,1.90,2.08 0.09
16 1.86,2.47,2.06| 0.31
17 1.91,1.75,2.32| 0.29
18 2.15,2.24,2.13| 0.06
19
1 20 12.36,1.92,2.28| 0.23
21 2.08,2.41,2.29| 0.17
22 ] ,
23 = 2.17,1.75,2.36| 0.31
[STD.DEV .
BETWEEN| 0.19- " 0.13 | 0-.21 0.11
FISH |- - o |

Méan standard deviation within fish = 0723
~ Mean standard deviation between fish = 0.16



APPENDIX l{\;ample record of pike caught
at Neagle Lake, Sask.

103
SAMPLE RECORD CAR

@ 1 Immature ” 6 Lake or Stream _ Neagle Lake, Sask. Dote Mar./1981-0ct./1
2 M°"f"i"9 7 Species __Esox luciu; ‘ Time
3 Mature 8 ‘Mesh Size Depth of Set
4 Ripe g 4 Location of Set !
5 Spent 10 Sémple Récorder
| -
o | LENGTH | WEIGHT | > _'g ‘
@ SAMPLE ., B gl kS REMARKS
2 ' Inch. O |[Oz. o~ < o
cm. @ |Gms. @& il
81-1 58.0 6+
81-2 42.0 3+
81-3 47.5 4ot
81-4 55.0 5+ )
81-5 48.0 1100 . s+
. 81-6 47.5 1300 |3+
81-7 60.0 1800 |6+
81-8 45.0 4t
81-9 49.0 4+
81-10 57.0 5+
81-11 50.5 5+
81-12 47.0 4+
81-13 48.5 800 |3+
81-14 45.5 800 |3+
81-15 4. 1 500 |4+
81-16 48. 900 |ax
81-17 55.0 1200 |5+
 81-18 36.0 500 |3+
81-19 53.0 _ "00_ |5+
81-20 55.0 I
81-21 48.0 166 |5+
81-22 49.0 1900 |3+ ] |
81-23 | 43.0 600 i3+ 3
81-24 45.0 700 . o+
81-25 = | 46.0 800 |3+
81-26 51.0 1200 |5+
81-27 43,5 600 |3+
81-28 43.0 500 |3+
81;29 445 700 |4+



APPENDIX 12. (conk'd.)
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SAMPLE R,E”%\ORD CA

9 1 Immature ¢ 6 - Loke or Stream Dote .)1:;
2 Mcfuring 7 Species. Time
3 * Mature 8 Mesh Size Depth of Set
-4 Ripe 4 Location of Set \
-5 SPent> 10 ‘ Sample . Recorder |
. . [ \L
s © 7| LENGTH | WEIGHT - =l 3 - '
2 ;Gngtg “ (‘é’ g §_ REMARKS
2 Inch. O |Oaz. (] < v
, cm. O (Gms. g =15
81-30 47,5 1 1000 |4+
81-31 " | 54.0 1300 |5+
81-35 aq.o-' 6+
. 81-36 “45.0 6+
81-37 . 54.0° 5+
81-39 ° 42.0 3+
81-40 79.0 | 4000 |9+ p
82-1 40.0 600 |3+
822 | 48.0 900 |4+
82-3 43.0 700 |4+
824 43.0 700 |3+
82-5 44.0 700 3+ -
82-6 42.0 700 |3+
82-7 56.0 1300 |5+
82-8 ° 52.0 | 1200 |4+
82-9 51.0 1400 |7+
82-10 55.0 | 1400 |5+
82-11 54.0 1150 [s5+
82-12 44,0 850 |5+
82-13 55.0 1400 |6+
82-14 55.0 1500 |5+
82-15 53.5 1500 |6+
82-16 51.0 | 1150. |5+
82-17 59.0 1700 |6+
82-18 52.0 1250 6+ .
82-19 50.0 1200 |4+
82-20 51.5 800 |5+ =
82-21 49.0 1200 |5+




APPENDIX 12. (cont'd.)

r

SAMPLE RECORD CARD

@ 1 tmmature  6'F || ke or Stream Dote
2 Maturing 7 Species Time
3 Mature 8 Mesh Size Depth c;f Set

4 Ripe 4 Location of Set :
5 Spent 10° Sample Re:‘order
- I
w SAMPLE LENGTH W.EIGHT w z § REMARKS
3|0 NMBER e O o o |T|E] %
em. & |{Gms. & il B
82-22 54.0 1400 |5+
82-23 49.0 1000 |4+
© 82-24 55.0 | 1400 |4+
82-25 49.0 850 |4+
82-26 49.5 900 | 6+
82-27 43.0 500 |4+
82-28 39.0- 500 |4+ U
82-29 39.5 500 |4+
' 82-30 44.5 675 4+
- 82-31 58.0 1475 |5+
82-32 41.5 600 |4+
82-33 39.0 500 |2+
82-34 41.5 | - sso |3+
82-35 82.0  |"3750 |10t
82-36 47.5 800 |5+
82-37 54.0 | 2000 |oi
82-38 . 60.0 | 1600 |6+|"
82-39 56.0 + | 1100 |7+
82-40 45.5 650 |4+
82-41 44 .0 600 _ |4+
82-42 34.0 300 [3+]
82-43 37.0 400 |3+
8244 43.5 550 |4+
82-45 41.5 500 4+ /
82-46 "~ 53.0 . | 1000 6+
82-47 45.0 700 |5+
82-48 43.0 600 |4+ '
82-49 | 46.5 900 |4+




APPENDIX 12. (cont'd.)
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SAMPLE RECORD CARD

R 1 tmmatere 6 || e or Streom - '- Date
2 Maturing 7 Species Time
3 Mature 8 Mesh Size A Depth of Set
4 Ripe 9 Location of Set X '
5 Spent 10 Sample Recorder
. |
o LENGTH | WEIGHT - Z .
2 :Gmgég | \ | § 5 § REMARKS .
2 Jineh. " O Jo:.. O <| & |-
- cm.& |Gms. o = o /
82-50 56.0 1200 |5+ \‘ \
_82-51 44.0 850 |3+
82-52 44.0 800 |3+ _
82-53 $45.0 900 |3+ B K
82-54 41.5 700 |3+
82-55 49.0 1000 4+
82-56 38.0 600 3+
82-57 48.0 900~ . | 4+
82-58 39.5 600 |3+
82-59 47.5 700 |4+
82-60 44.5 850 |4+
82-61 39.0 650 |2+
82-62 36.0 550 |2+ :
82-63 48.0 900 |4+ \,
82-64 52.5 1000 |6+
82-65 26.0 | 115 |1+
82-66 87.0 5000 11t
82-67 86.0 | sooo+ |12} ‘.
%
'




