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°N

A growth surylval bnomass and productlon The perch popolatlon studied was froma

,_ Aoccurred between adult male and female yellova,-perch Perca flavescens (Mutchulll in the

" followmg demographlc charactenstlcs age at sexual maturlty abundance rate of o

: captured and recaptured adults. was known, thus allowung separate estlmates of

abundance survrval bnomass and productlon for ‘males and females
“and 3, 378 females l208 males and 48 females l{a ). The dev:atlon in sex ratio from 1:1.
'yellow perch in’ age at seanl maturlty and in r\ates of survwal All males were sexually

t_O 71 for aduit, males and 0.37 for adult females s \

. SRR . . - i I . . N .
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Abstract

The prmclpal ob;éctwes of thls study were to evaluate whether dnfferences

e

: small shallow eutrophlc Iake ln central Alberta Perch were caught n Wundermere traps '

'tn-or m’an otter trawl between May and October durmg 1981 and 1982: A method was '

o

‘ .-'developeo to determme the sex of adult perch from external characterl‘stlcs The sex of

Y

Populatnon estnmates of the aduilt fish mdlcate( the presence of 14, 806 males

Q

'm the adult perch populatlon was attrlbuted tq dlfferences between male and female

-

e

tmature by their fourth year females matured in thelr flfth year«-Mean annual survvval was

~-

. v ' " e
~ Methods used by other authors to estumate populatlon snzes,of perch durlng o

' spawnmg when sex cogtd be determnned by external examlnatron oyerehtlmated the

T populatlon size of adult yellow perch m Mmk Lake by 63’ to 90 percent , ‘: o - -

Mean buomass and total annual productlon of adult yellow perch in Mmk Lake C

g were low t:ompared to other studues and werg’ 10 4 kg-ha ! and*4.4 kg ha? yr !

'respectlvely Total annual productlon for adult males and females was 3.4 and 1.0 kg)

ha'! yrY, respectlvely Thls study demonstrates large dnfferences between adult male and

female perch in: survrval abundance blomass ana productlon
o

v
b )
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e o GENERAL |Nmooucno~ L\\ T
) _The occurrence and magmtudetof dlfferences between.males ahd fen&les in '
attrubutes such as abundance blomass and productnon have not been evaluated for flSh
Indeed few estlmates of blomass and roduction exlst (Carlander 1977) lf‘large
differences nn the bnomass and pro.d(c:;n exzst hetween adult maiks and females

-selectnon and harvest of‘ apprgpnate proportlons of each sex wouild be requnred to.

>

‘ guarantee the- reproductlve success of the populatlon This need for , Qre mtenswe

manageglent of flshenes resources is. now crmcal as a dlrect result of creasmg human
: populatuons and the subsequent mcreasnng pressures on fnsh populatlonb by fnshermen {

; espeClalJy in remote, areas: of North Amerlca (Lawler 1978). To determ:r;xe whether
‘ ly' cal : . Lo
dszerences occur between males and females in’ abundance blomass ané productlog

J/

factors mvolved in theur estlmatnon mcludmg growth rate, age at. maturlty and surwwal
rate should be, exammed for each sex. '
Dl!ferences in abundance blomass and productlon between males ar}d females’

have been evaluated mfr/equently because the sex of few fish specnes may be 7 d
| dlfferermated eXternally except brleily durmg spawnlng Where these have been Iooked '

at for each sex, the abundance of males and females has been assumed to be equal The

composmon of many ammal populatlons devnates howevér from the expected sex ratlow
AI'?of 80 percent maleS}Kd females and a constant sex ratlo within a sungle species cgnnot
 be assumed lKrebs 1978). ln flSh- the ratio of adult males to adult females obtamed

from capture frequencles ranges from 1:32to 4 1 lBacklel and Zawusza 1968 Clady

1967 Brown 1970 dswell 1979)

¢ an’

szferences i the abundance, blomass av}d productlon of adult males and-

' ': ) female_s_ probably- occur for many species of fnsh owing to the followmg p\fferences

[y

between -'males d females Male fish generally mature -at an earlier age and a“f’a smaller
size than females (Bell et al. 1977; Dadswell 19/{§ordengJ a83: Martln-Bergman and
Gee 1985) whlch ‘lncreases the abundance, biomass and, hence productlon of ‘adult
males Females howe 3: may grow. fastel’ (Barton 1980; Martln-Bergrhah and Gee g
1985) achleve a larger ultimate size lDadswelI 1979) -and survuve Eetter than males with
mcreasmg age (Dadswell 19/9, Martln-Bergman and Gee 1985) Therefore females ‘may

S be more abundant in the oldest age- classes (Bakkata 1870). In addntnon relatlve survnval

. A‘.. : Ty .
i



rates may d:‘fer bet\ﬁen male and female flSh (Newsome and Leduc 1975) since, each
v requure d”?ferent amounts of energy for gonadal development spawmng rmgratnon and _
' ? spawrung (Beldlng 1934 Idler and Bltners 1958 Glebe ar% Leggett 1981l : BN ,‘ ' r"_'_
: Yellow perch Perca f/avescens { Mltchlll) andTurasnan perch Perca f/uvlau li ,,s‘ B
| . L are blologlcally equ‘valent {T horpe 1977) and may be c’ombmed in d;scussmg |
estnmates of perch growth survnval rates abundance blomass and productlon Lo
' Only one researcher has estlmated perch pr;:ductlon in Canada although perch vb
| are wudely dlstrlbuted (Scott and Crossman 1973) are:an Jmportant'commermwand | o
- sport fish' (EI Zarka 1959) and in Alberta are caught more freqéently by anglers tban " )
\®»

N

-

‘ ) -, any other specnes (Longmore et a/ 1982) 'a"" ‘ _ j ‘ _
In perch productlon %robably d‘ers between awales d females since

. —

vahatlons in sex ratlo growth rates, and survrval all actors which affect flsh ) B .
productlon have been reported Sex ratio of cOllectlons is often unequal and ranges . ."«.A
from 2.6: 1 in favor of males lCIady 1977‘) to 1: 4 in fav‘o?r of females (Jellyman 1980) ‘
Growth rates may dlffer between sexes (l-lartmann 197‘5) survwal rates are sex specuflc
(Holcuk 1977 Craig et af 1979)(md productlon has been reported to dlffer. between .
sexes at least durlng spaang (Cralg 1980) .‘ . '*ﬁ = ;
Apparent sex ratlos of perch reported dyrmg samplung on harvestlng (Weller

} 1938 HI|8 and Jol@sﬁlgm Eschmeyer 1938) probably have been blased owmg to | ‘

: dlffncultues m sa}hg perch in all Iocatlons ina Iake and to snzéselectlon by gear and
anglers The sexes segregate at dlfferent depths and temperatures (Sandhelnrlch and
Hubert 1984) and select dlfferent dlets (Eschmeyer 04%8) Samplmg in shallow warm

‘ waters favored the collectlon of female flSh (Eschn‘lleyer 19 8 Hartmann 1975) Glllnets

- f | also select for: the larger gurth of the faster grow-ng adult females (El- Zarka 1959), and
B anglers usually kesp.the Iargest fish. they capture whnch m the ‘e of. perch are Py .
: lly females (Cladw1977) Male fnsh ripen soonerh move to spawnlng grounds earher /
.,' a:g remain there longer than females (Hnle 1936) Collectlons mede durang spawnlng «'“f"
favor males which are more ltkely than females to be captured then by traps (El—Zarka
1959 Cralg 1974; Jensen 1976 Thorpe 1977) an'd glllnets (Braio ét all 1975) Thus,’\"
‘, when prevuous researchers have been unable to dlstmgwsh the 56X of flsh from external

}xamlnatnon .except at spawnmg acculf\estlmates of the relatwe abundance of adult . o

- ‘ AN - . . .’l .,'0“7..“ _’r< . . . ‘. . ) S
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') males and females have not been posSuble (T horpe 1974 Jensen J976,_Cralg 1977)
NN

Uraderstandably. separate estnmates of male and female flSh populatlons have not been

RS S

"’brate d mto productlon estnmates

‘2

‘Rea'l varlatlons in sex ratlo have been reported mfrequently Males have been o

reported to. be mo:e abundant in slow growmg stockg(Ak'n 1946; Eschmeyer 1937

Ly

1938 Jerisen 1976)4and female perch‘generally are, re: abundant than males (T horpe
1974 Jellyman 1980,,V|l Janeh and Holopalnen 1982) in fast-growmg stocks (Dryagm » '
1948) A preponderance of . female perch has been explamed also by thei better V

surv:val Fates after two years of age (Cralg 1974) so that at mcreasmgl / dvan_ced ag'es,' .

: the sex ratlo becomes skewed toward female fush Wthh have Ionger llfe spans (Cralg

’ 1982)

4 .

-
“

The goals of thls study were to develop a method to dlstmgmsh the gender of
adult perch externally, and-to use thls method“to enable the estlmatlon and companson

| _ ‘of the abundance, rates of survnval blomgss and productlon for adult male and female
yelIowperchmMkaake ‘ g o : o - '
' ThIS thesis is dwnded lnto flve _Chapters. ln the. remamder of the mtroductory
chapter | WI“ descrlbe the study s:te !nd the general methods used The other Four = é

| chapters consuder the dlfferences between adult male and female yellbw %erch and -
mclude a method developed and tested for the external determlnatlon of sex; a
comparnson of age at matun)ty and growth rates; a comparlson of the annual survnval
‘rates and estlmates of abundance ahd; a comfarnson of the estlmates of blomass and Z. V

N\

productlon



YA STUDY'SITE.DESCRIYPTION ANP ( ENF>R_ METHODS
E Ratlonale For Chorce of Mmk Leke _ ' . _
| ' To estlmate the abundance rates o? surv:val blomass and productlon Ef a

specues of fish, a lake wuth SpBleIC charactenstncs is requnred These charactenstncs S
a

mclude small size so- that the entlre lake can'_

L

© with the blomass of thé target spec:es bemg large;t ln addltlon the absence of. mflo' :

‘ sampled and low fish sgecres fl‘verslty

and outflow prevents tag Ioss due to fISh emlgatlon, no' \lmmlgratlon of untagged fish.

o can occur, thus populatlon size rer‘nalns constant

R |

Mlnk Lake Alberta pOSSesses the above requured characterlstlcs The lake IS’
b

———

small _(71 hal and there is no mflow or outflow Only flve flsh species are present three .
: spemes were. captured durmg this study From largest to smallest blor;\ass the flSh .
' species lnclude yellow perch northern pike, Esax /ucvus L, and lowa darter, Etheostomaf.
exile (Glrard)(thls study) One burbot Lota lota L., and f:ve brook stlckleback Culaea

' /nconstans (Knrtland) have been reported in. the lake prlor to 1981 None were caught in

. this study however and both species are presunhed to. %ccur at very low dens:ty e R

Locatlon, Topography. and Bathymetry of Mmk Lake u f - .
| Mlnk Lake'is located at 53 31‘N 1 14° 14'W, approxomately 20 km west of
Edmonton Alberta (Figure I.1). The Iake as situated among rollmg hills covered with aspen'
.’-parkland characterustlc of east-central Alberta and |s partially developed as agrlcultural
'. ‘Iahd The lake is comprlsed of two basms conslsfmg of 33.6 percent and 66.4 percent :
-vrespectlvely of the: lake surface area, and the rollmg topography that surrounds the lake
'ls also observed in the bathymetry of the. Iake (Flgure 1. 2) Physucal data are guven |n

‘ Tablell ' B SO
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.- Table I.1 Physical' and chemical characteristics of Mink Lake. N

v

_ N n Charaptefistic - "f '
- . C g S o :
Physical = . A - Chemieal

o _ Surface Area (km?) - 0.71- . | Alkalinity (ng_-lCéCOQ)a; - 149
~ Volume (m) ' 3.265x10° . . Total Dissolved Solids . 1186

5

. - mgLy® T |
ST ‘ _Mean‘ Dept'h‘;(m) coo 3.4 T Summer. épiliﬁﬁnétiaﬁi;&! .. 266 o
o | SO (1PPPimg m-3) o |
Maximum bepth m - a7 -~ Summer trophogenic =~ o.. . 26.9
B B | IR 1TP1img m-3) T e
_ Sumrger chiorophyli a | \'

S img my) ‘i_98‘|a - 5.3 ..
- o ' : b

o R ' o B ‘ ‘ 119.830 N, ba;siﬁ’ i > ' 5“3 .
- o | ’ . | ' ‘ | : ‘S.ba‘SiA - “.5;‘9
R o ,‘ o ‘sur:nmer_TN-:TPé o t39

R a (Prepas and Trew 1983l . I 5
' b (Prepas and Vickery 1984). : -
. (Prepas pers. comm.). " -

9
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Mpas and Vlcksery 1984 F“repas unpubllshed) ’

-'penod between one and

<

Mnnk‘Lake may be consl’dered sllghtly sallne lTDS>5d0 mg/L) end o

(Vollenwetder 1979) (T ab?e L. ll Secchn dlsk reéd'lngs taken bnweekly vaned from l 3 m

- , |n August to 9. 3 m m June (thas study) ,'m»

Sampllng Pfocedures ’

-

Yellow perch were captured at Munk Lake between the months of May and .

. October durlng 1981 and 1982: Capture techmques can. be size selectwe (Rlcker 1975)
"and vulnerablllty to: traps may increase wath mcreased suze of the, fish (Latta 1959 ’
“Hamley. and Regler 1973) Two types of gear wnth different selectnvnty (Rlcker~l'975)

- were used therefore to maxlmlze\ the precns:on of the mark ahd recaptete populatnon :

estnmate lBeukema and De Vos 1974) The yellow perch. were captured prnmanly by

. type of flshlng gear i. e. -fish actlvely enter them, whereas fISh are plcked up by the

‘ trawl which are towed through the water Helfman (1979) noted that the greatest |

movements of perch, and the greatest opportunltles to catch them in traps occur et

- sunset and at, sunrlse The traps were set, therefore each evenmg of the samphng

o houns prlor to sunset, wrth the funnels parallel to the

shor_ellne. Wmdermere traps wuth 1 3 cm dlameter mesh and a funnel opemng dlameter

of 8.5 cm capture fish 9.

5.0 m wide semi- balloon ottom otte; trawl wuth 3.0 cm stretched mesh on the wmgs

mlrlﬁtes at a speed of 3 km Rr-t, captures aII adult age groups of yellow perch equally

provudmg reliable indice of relatlve adult abundance lNlelsen 1983)

In May 1981 a‘survey was conducted to |dent1fy perch spewnmg s:tes in Mmk

_ Lake where adults were’ expected t6 be concentrated. Snx sntes were dcscovered end

five were used aslo atuons to set Wmdermere traps (Appendlx l l) The sixth slte was

o consudered to be t o. close to the boat Iaunch to ensure protectlon of the trapa end the

‘.

‘ Wmdermere perch traps lWorthlngton 1959) and an otter trawl The traps are a passnve -

> cm total length or larger lCralg 1974; LeCren et al. 1977). A g

l“‘

o

and 1. 3 cm-s«tretched mesh cod end"interliner was used This t:awkslze bulled for five



B

perch captured in them from vandallsm
L By the end of 1981 it was noted that more than ha‘lf of the. adult yellov& perch
o (54 percent n= 1.158) were captured at the north end of the north basun owrng to their -

' iconcentratlon there for spawmng Therefore in 1982 on the bas:s of the‘ 1981 results

T ‘, sampllng was stratlfled and conducted equally wuthln two strata: ‘A Composed of

: approxlmately 10 ha in the north end of the- north basm and B’ composed of lG‘I ha A

constututmg the remalnder of the lake (Flgure I 3) C L - \

_ L Mink Lake was divided lnto 14 areas (three in Stratum A; argas 12 through 14,

3

and 11in StratUrn B areas one’ through 1 1) ln whlch to set traps or to trawl For ease

" of adentlflcatlon of the sampllng sltes each of. the 14 areas were. lelded furt er 1nto '

j/ four ‘subr- areas T for a total of 56 sub-areas Sub-areas one and two were l ss than four .

metres deep, sub; éas three and four were greater than four metres eep) Based on
S eS dee

the observation t at durlng-tthe sprlng and summer of 1982, that adult perch were
o

- captured more fl7 quently in depths less than four metres,. sub area»samplmg was also
‘ stratlfled to maxlmlze the nunnbers of flsh caught Traps were set ln sub areas one and
' two twnce as frequently as in sub- areas three and four Seven groups of traps,

comprlsed of four traps each (equalllng 28 traps m totall were set dally in seven of the

.

14 areas in the lake To ensure- equal flshmg é‘ffort between the two strata consldermg -

_ the unequal number of groups of traps (seven) 12 or 16 traps were used in each strata;

This number was rotated daily between strata, so that each stratum was fnshed with. 16

traps on alternate mghts S ‘. e -?'

The seven areas in whlch to set the traps dally and the places to‘trawl were

.

" ldentufred accordung to a table of random numbers The table was constilted a second

o tlme to determlne the sub area wnthln each area in whlch to place the group of four |

traps Each group of. four traps was Iocated so that they were all w:thm 50 m of one
-' another. Slnce the areas were chosen randomly ‘gbmetlmes two groups of traps were
. used in the same area However no overlap occurred in the placement of two groups
. of traps in one sub-area. Trawlmg suee also were chosen randomly except that only

depths less than four metres could be used.

The. flsh were measured for total length (Carlander and Smith 1945) to the
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w:thnn them In aII cases sub-areas one and two are less than four metrps deep and

sub-areas three and fourrare greater than four metres m depth



the gender of each ammal externally lChapteF2) Numbered spaghettl tags 3 cm Iong
(Floy anchor tag FD 67C Floy Tag Co Seattle Washmgton) yellow in 1981 and blue in -
1982, were used to tnark ‘the fish: After taggmg the tag Was' pulled gently to ensure .
that the T' \"Nas locked lnto place behmd a neural spme of the vertebral column (Keller

197ll The l"ocatlon of capture tag number -gear used number of yellow perch cadght

per trap or trawl haul, and the number of recaptures were then recorded Tagged flsh

were returned to the lake at the 5|te of. capture ane m;ured flSh were released
B - ‘\'

' untagged - /




Da

-

. LITERATURE CITED

-

Alm G 1946. Reasons for the oceurrence of stunted fISh populatlons w:th specnal

' regard to the perch. Rep lnst Freshwat Res.’ Drottningholm. 25 1- 146

' Backiel, T., and J. Zawisza. 1968 Synopss of- blologlcal data on the bream Abram/s

brama (L) 1758.. FAO Fish. Synop. 36:1- 8. 16 _—
Bakkala R.G; 1970. Synops:s of biological data on the chum salmon Oncorhynchus keta o
' (Walbaum) 1792 ‘FAO Fish: Synop 41:1- 89 : ,

' Barton B. A “1980. Spaang migrations, age ‘ahd growth and summer feedlng of whnte

and longnose suckers in an lrngatlon reservo:r Can Field- Natur 94:300- 304.

Beldmg D L.l._1934. The cause of high mortallty in the Atlantlc salmon after. spawnmg
Trans Am. FlSh Soc. 64:219-224. - , ,

Bell, G., P. Handford and C. Diejz. 1977 Dynamlcs of an explonted populatlon of lake
whlteflsh (Coregonus clup aforml.s\ Ji Fnsh Rea Board Can 34 942 853.

' Beukema J. J., ‘and G.J: D& Vos. 1974 Experlmental tests of a baslc assumptlon of the

capture-reca ture method in- pond populatlons of carp Cypr/nus carpio L. J. Fish
Biol. 6:317~ 9,"/ _ . , :

Brazo, D.C. PI Tack and C.R. Llston 1975 Age, growth and fecundlty of yellow

perch, Perca flavescens, in Lake Michigan near: Ludlngton Mlchlgan Trans. Am.
. Fish. Soc. 104 726-730. , . o - A

Bro';wn EH., Jr 1970 Extreme female predommance in the bloater lCoregonus hoyl\l of
Lake Mlchlgan in the 1960’s. pp.. 501-514, /n: Biology of Coregonid fishes. C.C. -
! Llndsey and C.S. Woods (eds ) Unlverslty of Mamtoba Préss wmpeg 560 pp. <

Carlander, K.D. 1977. Blomass p'roductnon and ylelds of walleye (Stizosted ion vrtreum_
-'vitreum) and yellow perch (Perca flavescens) in North Amencan lakes J. Flsh Res.,
‘Board Can. 34:1602-1612. : _

Carlander, K‘D and L.L. Smlth Jr. 1945. Some factors t onslder in the chosce ’
. betwegn standard, fork, or total lengths in flshery inv. stlgatlons Copela
1945:7-12. ' v .

_ " Clady, M.Ds 1967 Changes in an explonted populatlon of the cisco, Coregonus arted//

: LeSueur Pap Mich. Acad Sci., Arts, and Lett. 52:85- 99

| Clady M:D. 1977 Dustrlbutloh and relative explontatlon of yellow perch tagged on

.- spawning grounds on Oneida l\ake N. Y Flsh Game J. 24; 167-177

- Cralg JF. 1974, Populatlon dynamucs of perch Perca f/uwat//is l. Jin Slapton l.ey. . |

.“Devon. Freshwat. BIO| 4433 444,

Cr_alg J.F. 1977 The body composition of adult perch Perca f/uwat///s in

Windermerae, with reference to seasonal changes and reproductlon J. Anlm Ecol
46: 617 632 e :

Craig, JF. 1980. Growth and. productlon of the 1955 to 1972 cohorts of perch Perca -

f/uwat/hsL m Wmdermere J. Anlm Ecol 49: 291 315

¥



Assoc 50 49- 59

Crang JF.. C. Klplmg, E.D. LeCren and J. C McCormack 1979 Estnmates of’ the 4
-~ numbers, biomass and year class strengths of perch, Perca fluviati/is L. in
Windermere, from 1967 to 1977 and same com)oarnsons thh earher years. J
: Anlm Ecol 46 617-632., , :

Cratg J.F. 1982 Populatnon dynam:cs of Wmdermere perch Rep Freshwat BIO|. A

- Dadsweﬂ M J. 1979 Bfology and populatlon characterlstucs of the shortnos stur eon,

Acipenser brevirostrum LeSueur ‘1818 (Osteichthyes, Acipenseridae), in\the aint
John Ruver Estuary Newv Brunswick, Canada. Can. J..Zool. 57 2186-2210.

Dryagm P.A. 1948 Promyslovuye ryby Ob- lrtyshskogo bassema lzv. Vses

\ Nauchne Issled. Inst Ozern Rechn Rybn. Khoz. 25: 3-104
' L4

B Zarka S. E 1958. Fluctuatlons in the. populatlon of- yellow perch, Perca f/avescens

{Mitchill), in Sagmaw Bay Lake Hueon. US Fish ‘Wildl." Serv. FISh Bull
1 B9: 365 415 e

Eschmeyer R W 1937 ‘Some characternstncs of a populatlon of stunted perch Pap

- MPch Acad Sci., Arts and Lett. 22:613-628.

,Eschmeyer R W. 1938. Further studies of perch populatlons Pap Mch' Acad. Sci.,

- Arts, and Lett 23: 611 631

>'Glebe B.D. and W C. Leggett 1981 Temporal mtra-populatuon dlfferences in energy

- allocation and use by American shad (A4/osa sap/d/SS/ma) 9ur|ng the spawmng
m;gratuon Can. J. Fnsh Aquat Sci. 38:795-805.

- Hamley, J, M.. and H' A Regler 1873. Durect estimates. of glllnet select:vnty to walleye

(St/zosted/on V/treum) J. Fish. Res. Board Can .30:817-830.

Hartmann v 1975 Der Barsch Perca f/uwau/zs im eutroph:erten Bodensee Arch.
Hydrobiol 76: 269 286 .

" Helfman, G.S. 1979. “Twilight actnvmes of yellow perch Perca f/avescens J. Flsh Res.

L & Board Can 36: 173 179 o , v

H»Ie R. 1936. Age and growth of the clsco Leucrchthys arted/ {Le Sueur), in the lakes
of the northeastern hlghlands Wlsconsm Bull. U.S. Bur. Fash 48 211~ 317

Hile, R., and F.wW. Jobes" 1841. Age growth and production of the yellow erch; Perca .

i flavescens (Mutchnll) of Saginaw Bay: Trans. Am. Fish. Soc. 70:102-122.
Holgik, J. 1977. Changes in flsh commushity of Klicava Reservoit with particular,~

reference to Eurasian perch Perea f/uwat///s 1957 1972 J Fish. Res. Board -

Can. 34: 1734 1747

ldler D R.and I. Bltners 1958. Bnochemlcal stud:es on sockeye salmon during spawning
migration. ll.. Cholesterol, fat, protein and water in the flesh of standard fISh Can.
J. Blochem Physnol 36 793-798. .

- Jellyman D J. 1980 Age, growth and reproductlon of perch Perca fluwat///s L.,

. Lake Pounus N. Z:J. Mar. Freshwat. Res 14:391-400.

Jensen K. W 1976 Estlmates of a popu|atlon of spawning perch Perca f/uwat///s and
» - of the efficiency of trap and gill net ﬂshmg Rep. Inst. Freshwat Res.
Drottnmgholm 55:46-50. :

4
¢

B

-

v



'Le Cren ED.,D. Kipling.- ahd‘“

-":Longmore LA, K. Bncklé@',

e

- .
. Keller W T 1971, Floy tag’ retentton by small,.brook trout. N.Y. FlSh Game Jo A
18142143 = S

.,Krebs C.J.1978. Ecology the Expenment Analy3|s of Dlstrlbutlon and: Abundance (2nd

~ed) Harper and Row N.Y. 678 pp.

V'Latta W.E, 1959. Si gmﬁcance of trap\-net selectuvnty in. estamatmg fish- populatlon

statrstlcs ‘Pap. Mich. Acad Sci., Acts, Lett. 44:123-138.

”

Lawler, G H 1978 Summary ~review and a look altead In:*Selected Coolwater Fishes

of-North America. Fl L Kendall (ed) Am. Fish. Soc Spec Publ. 11: 438 437.
SAMc cCormack 1977. A study of the nurnbers, biomass

1ch Perca f/uwat///s‘L m Wmdermere from 1941..
e 307 .

.- and year -class strer
> to 1966 J Anim

S C.E. Stenton. 1982. The sport flshery in Alberta facts
and flgures ‘for 1975 and 1980 Alta Enel’ Nat Res. Fish v ranage Rep. 28: 85pp

: .Martm-Bergmann K.A. and J.H. Gee. 1985 The central mudmmnow Umbra limi \

. (Kirtland), a habltat specuahst and resource generahst Can J. Zool. 63: 1753-1764.

- \l\lewsome G.E.,'and G Leduc.: 1975, Seasonal changes of fat. content in the yellow |

perch Perca f/avesc;gj of two Laurentlan lakes. J. Fish, Res Board Can‘ :
32 2214-2221. ‘ :

Nlelsen A, L. 1983 Variation in the catchablllty of yellow perch in:an otter trawl. AI'rans
' Am Fish. Soc. 112:53-59:% =

_ Nordeng H. 1983 Solution to the “char problem" based on Krctlc char (Sa/ve//nus :

“al pinus) in Norway Can. J. Fish. Aquat Sci. 40 1372 1387

Prepas E.E., and D.O. Trew 1983, Evaluation,of the phosphorus-chlorophyll

relatlonshlp for lakes off the Precambruan Shleld in-western Canada. Can J- Fnsh
.Aqua-t Sci. 40 27-35. , , - .

6;

: Prepas E. E and J. Vickery. 1984 Contrlbutlor\_of partlculate phosphorus (> 250 um)

to the total phosphorus pool ln lake water’. Can. J. Fish. Aquat Sci. 41:351- 363.

Rlcker W.E. 1975 Computatlons and mterpretatlon of blologlcal statistics of fish.
populations. Bull Fish. Res. Board Can. 181:382 PP.

ified lake

‘, : SandhelnrlenEM .B., and W.A. Hubert. {984 Intrasépemflc resource partltlonmg by yellow '

perch (Rerca ¥ {avescens) irv a stra

an. J FISh Aquat Sci. .
41:17 1752,

Scott, WB “and E.J. Crossman 1973 Freshwater Flshes of Canada Bull Flsh Res
 Board Can 183:966 PP-

Edlnburgh 74:295-313.

Thorpe JE. 1977. Synopsls of blologlcal data on. the perch F’brca f/uwat///s Lmnaeus
' 1758 and Pe/ca f/avescens (Mitchill), 1814. FAO Flsh Synop. l13 1- 138

_ Viljanen, M ,and L. Holopalnen 1982 Populatlon denslty of perch, Perca f/uvlat/l/s

L., at egg, larval and adult stages in the dys-ollgotrophlc ake Suomunjarvi, Finland.
" Ann. Zoo. Fennici iS. "9-46 : ) A
% o B :

A

L

.

. ThOrpe J E. 1974 Trout and perch populat;ons at Loch Lgvvo‘ Kinross.‘Proc. R. Soc. .



S e R - /
Vollenweuder RA 1979 Das Nahrstoffbelastungskonzept als Grundlage fur den S

externen Eingriff in derEutrophierungsprozess stehender Gewasser und .
Talsperren 2. Wasser-u Abwasser Forschung 12:46-56. - - ‘ R /

Weller T.H. 1938. @Ste on the sex ratio. of the. yellow erch in Douglas Lake
Cheboygan County, Michigan. Cope:a 1938(2):6.1- :

Worthmgton E B. 1950. An experiment with populatlons “of fush in Wlndermere |
11933-48. Proc. :iroon Soc. Londom: 120:113-149.




.a

. -method has been descrlbed 59 determme externally the gender of yellow perch o '_ ‘ °_. -

. . BN -
L N L. . . . . -

The @etermmatuon of sex from‘ external features alds the effnc»ent management
of flshery resources This method is useful for the followmg purposes the
’ determunatlon of adult sex ratlo the assessment of potentlal egg deposmon .Pl natural
' spawnnng areas (Casselman 1974) the selectlon of brood stock to lncrease fmgerlmg
productlon (Parker 197 1) the estlmatuon of srparate adult male and female popula‘lon § L
| abundance for separate blomass and productlon estlmates ‘and; the estnmatlon of
approprlate proportions of adult males ‘and’ females tor harvest Further this method ‘
prevents injury to the flSh and may be employed duii mg tlmes other than the spewnlng -
‘ 'Perlod S N S —_—

' Accurate techniques'to de.termine the gender of fish. externally have be-e’n
descrnbed for a limited number of specieg of freshwater fish. These mcluc;e roc(lc bass
Amb/op//tes rupestr/s (Rafunesque) (Noltle 1985) northern pike, Esox /ucvus Ls -

v'(Casselman 1974), bluegnll Lepomi's macroch/rus (Rafrnesquél (McComl h 1968l :».,-““-"_ ‘_ ‘ _
- largemouth bass M/crapterus sa/motdes (Lacepedel {Drlscoll 1969 Parker 1971) and , ]

. fathead mmnow P/mephales promelas (Rafmesquel (icklnger 1969) However ne -

‘ Durmg a mark-and-recapture populatlon study of yellow perch Perca flavescens . E
(Nytchnlll in Mink Lake Alberta it @as necessary to determ e gender externally s0 that -
'varlous sex related characteristics of the populatgon and andlvndual perch could be |
studled at tlmes other than during thenr spawnmg perlod These mcluged the abundance
of adult male and female f@\ dlfferences in vulnerablhty to dlfferent types of flshlng

ﬁear rates of dlspersal from the. epawmng grounds ‘rates of surv:val adult blomass and
production. .- ".- - N e - ‘
‘ The gender of mature perch can’ be dete\mlned durlng the spawnung season in

May and June, on the basis of- the passage of mu]t in the male and abdomlnal dlstenSlon in’

the female, however thus method cannot be used to ascertaln sex durmg the remammg .'

“» : . V ‘ "‘\
LA verslon of thus chapter wm be submntted for publncatlon Packham M.J. and
W.C: MacKay 1988. Transactlons of the" Amencan Flsherles Socuety

a6
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. 46 non-spawnlng weeks of the year Sex specnflc characterlstlcs of the flSh populatlon

cannot be evaluated dunng the latter perlod necessrtatung the development of an

f alternate method of sex determmatlon N

e The purpose of this study was ‘to deve

,year round. P oL

p a rton-destructlve method of

determmmg the sex of adult yellow perch vo external features that could be used

e

- B. MATERIALS AND METHODS

Yellow perch were collected between May and October of 1981 and 1982 from

'_Mmk Lake, Alberta (53 3'l N and- 1 14° 14’ W) Wnndermere perch traps (Worthmgton .

1950) and an otter trawl were used to capture mature fish.. TR Ca

The effectuveness of using external features for determnnatuon of sex was )

evaluated in two ways First, accuracy was estlmated by deter.mmmg the sex of 127 -

.‘mature yellow perch (total lengths 150 to 279 mm) based on external and mternal

e

examlhatuon of fnsh ebllected from July through September ih 1981 and 1982. The
,mummum snze represented the S|ze at 100% maturrty for adult female perch.in Mink Lake QQ
(Chapter 3) It was: ascertauned that the dlstungwshmg female urogenltel structure , |
occurred only in- adult flSh In the laboratory each fush was desngnated male or female

on the basus of. the external appearance of the urogenltal structure (Flgure ll ‘l) then

g:ven to an ass:stant who examxned the gonads mternanly and declared the actual sex of

. the flSh Second based only on external exammatlon repeatablllty was assessed by

re- exammataon of 270 tagged perch at recapture to compare the sex assrgned at the

later :

CCLRESULTST o o e

§.

lnmal tlme of tagglng wuth that determlned at the tlme of recapture up to 14 months o

I ' N

'Some features of the urogemtal openlng were found to dlffer consnstently / »
between males and females (anure L. 1) and these external characterlstlcs were used to '
determme the gender of adult yellow perch, In females the urogenltal opemng is round

the tlssue aroundﬁ is shghtly ralsed and has a swollen appearance It &|s further

‘ accentuatsd by a 1 -2 mm W|de creany to brlght whlte band that surrounds the opemng

v
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.F:gure I. 1 Ventral v»ew of the urogemtal openmgs of adult female and. male yeilow - N

'perch Note the raused white, doughnut-lnke rmg m the female (a) and its absence in the

male (b) The anus appears below and to the Ieft of the urogenltal openmg (c and d)



»

Males have a smaller more oval and sllghtly convex uroamtal openlng WhICh is plnk

- and may or may not have a pale whlte center The rarsed whlte doughnut hke rlng

" _ -around the urogenutal ‘opening of adult females is absent in adult males

The results from 127 yellow perch examnned both externally and internally

" ,revealed that external features could be used to determme gender accurite _Lln 98% of

: ". the males and 87% of the. females (Table 1. l) Of 270 yellow perch that were tagged

and recaptured between one and 436 days later, there wis 80.4% agreement in the sex |
asslgnment at taggmg and at the time of recapture (T able Il 2) There was no sngmflcant
- dufference in the accuracy of sex determlnatuon for males or: females by elth@athod

~ (chi~square=0. 15 df=1, P>0.50)." | o |

Greater maccuracy occurred when the external openmg was exammed more than :

9

o ,a few hours after death When 27 fish were refragerated overmght and sex was

determmed from external features the next day, overall accuracy dropped to- 78% Frve
fnsh were lncorrectly :dentlfled as males smce the whute band around the female gemtal

) opemng became faded and the tISSUE had desnccated and flattened

D DISCUSSION

h Qe accuracy of th; method developed t: dlstmgu:sh the gender of adult yellow
perch externally ranged from 87% for females to 98% for males. This re5ult compared
well with other authors attempts to determlne accurately the sex of freshwater fish
specnes from external characterlstncs (blueglll -100% McComlsh 1968 fathead mlnnow
‘92 97% Fllckmger 1969 largem0uth bass, 93- 100%, Drlscol 1969; Iargemouth bass
51-92%, Parker 1971; northern plke 91- 94%, Casselman 1874).

' Repeatablhty of the method, up to 14 months later was 90% suggestlng that the
- characterlstlcs used to’ dlstmgunsh the sexes dld not change durlng the perlod from May
through October However the- accuracy of this method is Ilmlted to adult: flsh and thls '
method must be tested on other populatnons before its generalnty is known At Mmk
Lake at the tlme of sexual maturlty the female urogenltal opemng changes permanently
_Before maturnty the female urogenggl.epenmg resembles that of an |mmature or mature .

' male Smce females mature at a larger size than males only perch larger than the female

size at maturlty can be accurately dlstlnguushed externally At Mmk Lake this minimum.

1]
»



o mternal exammat:on

‘-Exa‘rrizina_tilon . Examination | Number . - Accuracy ©Length

.T7t'a| . . 27

\

'Table Il 1 Agreement of sex determmatlon of adult yellow perch from axternal and

-

External Internal - - o Percent -+ MeanTotal

W

M Mo e o 98% 221 |
E ™M 2 L o218 -
F o L 259 |

occurred soon after spawning

vi.

&
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Table ll 2 Repeatablllty of sex determlnatnon of adult yeilow perch from external '

A exammatnon at taggmg and at recapture. o SUURTR . (
\f\. ; \ - : o ’

A'Exterhal’ o o External ﬁ ' R . Yeat -

Examination ©  Examination . - . agn}e

~b

‘A'»atTag‘gin_g »vatRe.capéu‘re " o 1961 T 1982 o Total

| M _ - 79 ©73 182
E . Fo e 2 a2
. RS | .

M

~F : : o 6 | ;o - 7;

CTotal . e e 102 270

« 18 3 Tag

Repeatablllty S 87o% 96.% . 90.4% .

)



\ 4 . - toL N . )
" total lengtL was 150 mm. e K 4
' A~h|gh degree of accuracy and reproduclbulrty can be achleved in determmmg the ,

sex of adult yellow perch from the appearance of the urogemtal opemng
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|u RATES OF. GROWTH AND AGE AT MATURITY OF MALE AND FEMALE YELLOW
' : PERCH IN MINK LAKE, ALBERTA

~

A mmoeucnou N _ S
' » Growth rates of flsh in temperate wa,ters have been mvestlgated for hundreds of
years (Rlcker 1975 Bagenal and Tesch 19?8) but dufferences in growth between male
__ and female fISh have not been mcorporated mto estlmates of fnsh productlon unless the
‘-.populatlon is kllled (Chadwnck 1976) The growth rate of y-species of flSh dlffers : | ;
e between males and females (Barton 1 980 Bur 1984 Maz;v:sergman and Gee 1985) ‘
Such dnfferences could mcrease or decrease biomass and productlon estvmates of males .
: compared to females
o ‘Factors: Whlch may underlle dlfferences m growth rates between males and
- females mclude genetlc dlfferences correlated w:th inherited b‘ehavlor patterns (Lag(er
et al.~1977), mcludmg dafferent actnvuty levels (T horpe 1977); dlfferent metabollc rates
(Lagler et al. 1977) dlfferent dlets (Eschmeyer 1938 Hartmann 1975) dufferent prey
srze preferences (Mnll 1983) and dlfferent temperature preferenées {Gibson 1954
. Tsukuda 1960 Hagen 1964) Generally malelvﬁsh mature atan earl:er age (Scott and
Crossman 1973 Barton 1980; Elliott 1985; Martun-Bergman and Gee 19851, anda "
_ smaller size than female flsh (Dadswell 1979 Nordeng 1-983 Helfman et a/ 19821) |
‘\\f " Early maturrty appearsio/redupethe growth rate of male flsh so that after maturnty . .
males grow more slowly than females (Barton 1980, Bur 1984 Martm-Bergman and Gee
s 1985) Females have a Ionger growmg season than males (Basum( and Grove 1985)
regularly attaln a larger slze and enjoy a Ionger hfespan (Eschmeyer 1950, Le Cren "
| 1851 Dadswell 1979; Shlreman and Smlth 1983) » -
. . Growth rates of yellow perch Perca l/evescens (Mltchllll and Eurasuan perch
_ Percan/UVIatI/IS L, are blologlcally equnvalent (Thorpe 1977) Growth rates fovmale ‘
- and female Euraslan perch have been studled extenslvely m Brltam (Le Cren 1958; Craug
1974) Europe (Rask 1983) and New Zealand (Jellyman 1980) n North Amenca studies -
. of male and female yellow perch growth have’ been conducted m eastern Canada
| ,(Chadwmk 1976) and the Umted States where perch are captured durlng commercnal
and sport flsherles (Hlle and Jobes 1941 1942 EI Zarka 1959) No work has been
¥ -f} 5 24, TR B
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done on the growth of male and female perch in western North Amenca ‘where perch

are wndely dnstrlbuted (Scott and Crossman 1973) and are captured more\Lequently than .
other spec:es in the sport flshery (Longmore et a/ 1982) C I

| leferences occur 'in the size at maturuty and growth rates of male somatic and

\ gonadal tissue compared with females in both spemes The onset of sexual maturity is .

. related to. body. 5|ze (Love 1980) and males mature at a smaller saze a‘year or more

: earluer than females (LeCren 1958; Thorpe 1977; Cratg 1974 Nyoerg 1979 Rask
1883). The snze at flrst maturlty for males and females is varlable but usually ranges

. from 50 120 mm and 120 180 mm {otal length respectlvely (‘I‘nh{;rpe 1977) Testls 7
- welght increases from 0.5% body weight to 3.4-8. O% of thebody welght bpf@re .
spawnlng Le Cren 1951 Lagler et a/ 1977). In the maturlng female the ovar%lncreases
in size before spawning from Q 5% of body welght to 15.7-31 0% of body welght »
(Dryagln 1948 Le Cren 1951 Hutchlhson 1974) After ma](‘rlty, male and female perch w

may exhlblt different rates of growth (Newsome and Leduc 975) or ‘females grow at 'Q

: v _the same rate as males (Smlth 1939 Shafl and Mantland 1971 Neuman 1976) Jn other

Lo greater longevuty than males (Eschmeyer 1937 1938 Hule and. Jobes.1942 Carlander

. in both Iength and weight. (Hlle and Jobes 1941 LeCren 1958 Chadwnck 1976)

, 2
- ,lakes females may exceed the maxnmum size for males (Cralg 1980 1982) stqre .
. oo

: dlfferent amounts of body fat reserves (Newsome and Leduc 1975) and experléhce a t' :‘ "

1950) The lower temperature preference of male perch may account for t'he slower

: growth rates and smaller body size of males compared wnth females of the same age

females are observed to be related to dnfferences in the abundance of adult perch

{Dryagin 1948) and vanatlons in both abundance and growth rates affglc.t separate i .
L B ) ,kc-y'., ,.: e g
. estimates of male and female productlon S L R g 4, ;{ SUNEE e
- ¥ ' Bl o el e
Further dufferences oceur in the~t|m|ng of growth betvdeen males ‘anc[ fémales " as:
: e
oy

Males may begin. their main growth phase three to four weeks earher than femalals,and Rt
N 3\ ’
end it two to four weeks é%rller with a slower maxlmum growth rate (Hartmann lgm s

A&,
The purposes ogthls study were to measure. the annual growth rate of each sgx:t

and age class in a populatlon of yellow perch in Alberta, to determme whether o ’&&Ux

bt
.a.

dlfferences occurred between adult males and females in their rates of grbwth andﬂ ;
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- their size at sexual maturity' Differences‘-between the rates of growth would then be

' :‘_.,mcorporated mto the separate estlmates of perch productlon for males and females

¥ Further the size at 100% maturuty for, females would prov:d/e a size- llmlt above whuch

male and female perch would be tagged The method developed to determlne perch se)t

externally was Ilmlted to adult flSh (Chapter 2) _ o

© B. MATERIALS AND METHODS ST \ :

To determme growth rates, 39 Y adult male and female yellqw perch were.

collected from Mink Lake 153 31 N and 114" 14'W), Alberta between May and October'_ L

durlng 1981 and 1982 (Chapter ‘ll The fish were kllled with an overdose of the o
anesthetic 2 phenoxye'd"lanel (MCB Manufacturlng Ohlo USA) Total body length was

measured to the nearest mulllmetre net welght was determlned to the nearest gram (wuth' '

the stomach removed to requce the effect of varyung stomach fullness on total wet
‘ vwelght) and the sex wag recorded, The left opercular bone (Le Cren 1947) was retalned

“for age determmatlon (Chapter 1. The opercula were soaked in hot water (80° Cl then "

o wnped clean of skln and associated tissue wnth a paper towel They were drled and

stored in pumbered envelopes Later the opercul bones were used for age
determlnatuon (Appendux n1), and back-calculatlon of length at the time of formatlon of

-.each annulus (Appendlx lI 2). A regressnon equatlon for the relatlonshlp between total

o flSh length and opercular length was used to- back calculate fish Iengths at the time of

: formatlon of each annulus Le: Cren 1847) for 100 perch v v
. For estlmates of pro&:ctlon back- calculated length at age must not differ -

sugmflcantly from observed Iengths of tha age-class in the. populatlon (Lee 1912 cnted

% by Rlcker 19/5) Otherwase back- alculatlon wnll not estsmate mean Iength at age »
accurately for: younger age cldsses in the populatlon Such data could not, therefore, be
used for productlon estnmates Smce perch growth stops in September (Nakashlma and
Leggett 1975) 2+ and 3+ fish collected fvom the lake in- October were ass:gned tl‘\e '
ages 3+ and 4+ to represent thélrage at the time of annulus formatlon the followmg '

sprnng To determlne if Izlee s phenomenon occurred the fengths’ ln-35l of 3+ and 4+

back-calculated from 7+ to 9+ flsh were compared to the lengths of the 3+ and 4+ fnsh
| taken from the lake L |

. '_.'"* /, ey . .
: ' "f@fﬁq' ';l.' .
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To determme the approxlmate mean welght at age at the time of annunus

formatuon for productlon est:mates the mean welght at age of maleand female flsh
' captured in October (n-108l was estimated. The welght of adult male and female flSh
changes snmllarly throughout the year (T anasnchuk 1978). Therefore l assumed that '
' welght Ioss would occur ata similar rate for adult male and. female fish. t further '
‘ "assumed that the mean welght of male and female flsh would not increase from October '
' untll annulus formatlon the followmg spring. Thus mean welght at age for fish captured .
~in October ‘was assumed to apéroxlmate the mean welght at age of fish at the. tlme of
annulus forhation. - _ u e A

- - To determme the. ag and size' (length) at mat 'ty for adult male a.nd female'
: yellow perch percent maturlty at each age was est'gted from the gonado somatlc
_indices |n fISh sampled in September and October of each study year. The :

gonado somatlc mdex used was the gonad welght dlwded by the gut-free somatlc body -

' _ welght multiplied by 100 (Cralg 1974). A gonad welght dnvnded by somatlc welght

g multlplled by 100 (gonado somatic welghtl greater than 0.5 percent lndlcated that the -
fish gonad was grownng and that the fish would spawn the next sprlng (Le Cren 1951; .'

.

‘Hutchlnson 1974 Thorpe 1977)

c.RESULTS T

Opercular radlus was proporttonal to flSh length (regresslon equatlon Y=0.57 +
0. 5X Y and X in millimetres, r? = 0.96, n—'lOO) Thus, | concluded that opercular bones .
. lvcould be used to back calculate lengths at earjler ages of individual fish. However Lee s
phenomenon occurred for 3+ and 4+ flsh (Student s t-test, P<O 001). Mean
back-calculated Iengths at 3+ and 4+ from older fish (74~ 9+l were smaller than-mean .
- lengths at age of fish sampled in October Therefore | concluded that size spelelc -
mortality was occwrmg and that back-calculated lengths could not be used asan . '
"accurafe method to calculate length or lndlrectly welght for the estlmates of
.perUCthn of perch in Mlnk Lake. There were, however no dlfferences between males
and females in mean welght at age in flSh captured in October (slopes ;;NCOVA P>0 l
elevations ANCOVA, P>0 50l Thus mean welghts from flSh collected ln October were

mcorporated unto the productlon estlmates (Chapter 5)



To compare the growth of male and female perch at all ages back-calculated
- lengths at. aggwere used. | assumed that the mortalrty rates of the large flsh of young
: ‘year -classes that caused Lee 'S phenomenon dld not duffer between |mmature males and
;:',.females There were no sngmflcant dcfferences in back-calculated mean total Iengths
."(T able lil. l) at mduvrdual ages between sexes for elther of the two years or between i
..’years (Student’ s t- tests P>0 05). ‘

Males matured. one to two years earller (n-33) and at a smaller size; than

-

females (n=35) (Table IlI 2). 'Most males (85%) were mature at 1+; by 3+ 100% were
'mature Females were 100% mature at age four although 64% matured at age fwo Size

R
at ‘lOO% maturrty was 105 mm and 150 mm for, male and female yellow perch

’ respectlvely

D. DISCUSSION ’ . '
| No srgmfucant dlfference occurred between the growth of male and female
perch in Tength or weught This fmdmg is-in contrast to the majority of prevuous studles
: Generally female perch grow faster than males lHlle and. Jobes 1941; Le Cren 1958;

. an/ ,Chadwuck 1976 Thorpe 1977)ﬁ3|fferences in rates of g;owth between males and’

females occur only in lakes where perch grow faster than in Mink Lake _In these lakes,
; i'.females grow faster than males and females are s:gnlflcantly Iarger than males at adult
ages (Vashro 1975 Chadwnck 1976) In lakes with slow-growmg populatlons dlfference_ 3 s

- in growth rate may not occur between males and females untul later years (Flask and - - .
Arvola 1985). ln Mink Lake, in 1981 and 1'982 growth of perch was poor according f5 :
Tesch s (1955) classrflcatlon ‘perch d|d not reach 160 mm by age 3. Perch growth rates
ln Mmk Lake were also Iow compared to growth rates of perch in Europe over the
?ange of their dlstrlbut\on (Deelder 1951 Mann 1978 Craig 1980 Jellyman 1980) n
addition, perch growth Pates |n Mlnk Lake were low cdl'npared to perch growth rates in
Canada and the Unlted States for all lakes studied (Harkness 1922 Hile and Jobes 1941;

| . Grlce 1959; Sherl and Power 1969 Vashro 1975l except two unproductlve Canadlan

lakes (Sthith 1939; thadwick 1976). e

- Different temperature selectlon (warm by females cooler by males; Sandhelnruch

~ and Hubert 1984) and dlfferent:’drets (Eschmeyer 1938) may cause. drfferences in perch :

N . . . .. : N



. Table . ‘l‘ean length at-age of yellow perch determmed frcm back-calculatnons {n.in:

. 'brackets)

Malé y,ell‘ow_;:a_er.’ch
1981 . 1982

age

1 55437270 . 61.3:3.345) J 58243168 -  59.0- 2.246)

2 889:4.325. 927 £4.5042) 9054163 . 90.2 * 3.050)
3 123926925  1197:5928)  1175:5958  120.9 + 3.647)
4 150.2% 14.423) - 1852 £3.321)  143.1 +5.2/55) (14670 = 3.946)"
5 171.8:17.9020 1671 £10.203 1664 26,147 17243 4.439 -
6 190.3 = 12:021) 181.8%13.203) . 189.2 ¢ 10.032)  193.8 £ 4.4(30) -
7 208.7%1586(15] 212.0 £12.802)  205.0+ 11.215) 2118 % 6.4(14)
8 229.4:250@  2317:2635 2256 +38.56)  228.6 + 416

- -
. Lo
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" Table -2 Age at maturity -for';fémalev -a_.nd‘,_ma’l'e yellow pérch in Mink Lake. _

-

-~

- . 1' L

female perch =~ %° . male perch -
Age class : S B 7 %matire o _» o %-_m'at'u'kev

S T ve”T T T es
u2+ ‘ ‘.. ‘ . L 64 ~ .'_ : , n‘ 94
3+ . o e2 T 100

4+ o 21000 T T 1000

- (D;.



’7 =, mvertebrate Hya/e//a azteca

growth rates between males and females The lack of dlfference in growth rates

.31

between males and females un Munk Lake may be accounted for in part by thelr sumnlar -

dlstrlbutlon (Chapter 4) and snmllar dxet wh:ch is domlnated by the small benthrc
J S :

Slze at sexual matunty fell wuthm the range of fish lengths prewously reported

Females were 100% mature at 150 mm mean total length ln Mnnk Lake and 100% mature

between 140 and 240 mm in other Iakes (Hlle and Jobes 1941; Alm 1946 Thorpe
1974) Males were 100% mature at 105 mm mean total length in’Mink Lake and were

‘ 100% mature- between 70 and 127 mm in other la(l?es (Hlle and- Jobes 1941 Ailm 1946

’ Thorpe 1974) All male and female perch in Mmk Lake matured by 3+ and 4+,
respectlvely as do yellow perch in Canada (Scott and Crossman 1973) However most

‘ authors ‘report age at maturlty as T+ to 2+ for males and 24 to 3+ for females for bo;th
spemes efperch (Hxle and Jobes 1941 Alm 1946 Thorpe 1974) ]

_ For the purposes of the- productlon study growth rate did not differ between

- the sexes, thus growth rate dud not cause dlfferences in the productlon of male and
female perch in Mml{ Laake Further only male fnsh 3+ and older and female flsh 4+ and
older could be consLdergd to be mature The est:matlon of adult populatlon abundance

' (Chapter 4) was Ilmlted 1o data from these fg; groups owmg to the IImItatIOI’\S of the

- external. sexmg method (t‘habter 2. . i SR

5 - N

o -

i
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A, INTRODUCTION

IV DlFFERENCES IN ABUNDANCE AND RATES OF SURVIVAL BETWEEN ADULT
M‘ALE AND FEMALE YELLOVY/PERCH IN MINK LAKE A‘LBERTA

. (- . . &
A ]

leferences in. the relatlve abundance of adult male and female fush in flSh

samples and harvests range from 1 32 to 4: 1 respectlvely (Clady lSﬁLBacklel and

Zawusza 1968 Brown 1970; -Dadswell 1979) Thb,se d:fferences have been attrlbuted to -

8 varlety of factors mcludlng a changmg envuronment and sex-related llfe-hnstory‘

g charactenstlcs such as dlfferences in age at maturlty and rates of survwal Females

predomlnate in sntuatlons where envnronmental factor,s such as food space and water
condltlons are lmprovmg (Svardson 1945) or when mtensnve and selectlve flshlng or

predatlon occur (Stone 1947 Deason and?lile 1947; Clady 1967 Brown 1970). Adult

males may outnumber adult females in the youngest adult age classes of many spec:es, :

s:nce males often reach sexual maturlty a year or more earlier. than females (Coble et.al.
1979:; Barton 1980; Nordeng 1983 Elluott 1985) Females however may predomlnate
in the oldest age classes smce some females survuve longer than any males lDadswelI

1979 Martm-Beraman and Gee 1985), Unfogtunately, however sex ratuos from

separate male and female populatnon estnmates are not avallable

Varlablllty in the adult sex ratlo in collectlons of the blologl plvalent yellow

perch Perca f/avescens {Mltchlll) and Eurasuan perch Perca f/uwat//ls L. (Thorpe 1977)

also occur, wnth males or females predommatlng These- adult sek ratlos range from 1: 4

Y

to 2 6 1 (Cralg 1974 Clady 1977 Jellyman 19809 Vll;anen and Holopamen 1982) They

' may be real and due to dlfferentual -age at méturlty and ratesgfgrowth (Chapter 3) or.

they may be due only to samplung bias (Chapter 1) and?lbt to actual dlfferences in the

populatlon To estlmate adult sex ratio. accurately wuthout sacruflcmg fush abundance

. must be estnmated from fush collected after spawnmg Vjath gear that is not selectuve for

lsex or SpelelC depths Furthermqre a method must be avarlable to dnstmgunsh flsh sex
externally at a tlme other‘g:an the perch spawmng&en@ .

e Prevnous studies’ of relatlve abundance of male and female adults in pdpulatlons

\ of perch been hampered by tha 4nablllty of researchers to: dlstmgmsh adult male and

: female perch externally at tlmes ether than spawnmg Consequently separata

o
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- _ »populatlon abundance for males and females has not been estlmated Slnce adult males

: are concentrated at spawnlng and can be udantlfued then by the passage of mllt most o
' estlmates of perch populatlon snze have focused on. estlmatmg numbers of adult males .

: _ durmg spawnmg

The methods used to estlmate adult female abundance at spawnung have been

. |nd|rect and have mcluded the assumptnon of an equal sex ratlo or doubling the male

v populatlon estlmate to account for the numbers of females present {Le Cren et al.

| 1977) Other authors. combmed the males and females lnto Wte (Cra:g 19749 )

' ’Chadwuck 1976) Howpver Cralg (1974) noted that this method would result in error |nk
the estlmatnon of anlmal abundance ‘as sex ratios were unequal for males and females
(Crang 1974) In addition, when these methods were used, males ‘were selectlvely

. captured and. recaptured and few females were caught durmg spawnlng (Chadwnck
1976; Jensen 1976). Thorpe (1974) and. Nyberg (1979) attempted to overcome thls

‘ problem by estlmatmg male abundance at spawnlng separately and multlplylng this
‘estimate by the sex ratlo found by kullmg flsh captured after spawnlng to, account for
ermales ' ' o o '

In the abov studles problems occurred in meetmg assumptlons two and. three

of the populatuon estimate. These lnvolved equal catchablllty in the flrst and second ‘
sample and the. effect of taggmg on recapture frequenc'es respectlvely (Appendlx " '
ML) Further the lakes studued wele large’ lThorpe 1974), and the techmques used could
" not ensure accuracy snnce the whole lake could not be sampled effectlvely (Robson and
Regler 1964; Cralg 1974; Chadwnck 1976). The specaes composutlon in the lakes . -
studled was also dlverse (Thorpe 1974 Chadwack 1976) and thus could result in

_ ,-maccurate mdlvndual species blomass (Suman 1971).- - e ' '-‘_ ,

| Prevnous estlmates of perch populatlon srze have focused on Euras;an perch in-
Britain (Thorpe 1974) Scanﬁnavna (Nyberg 1979 Jensen 1976 Vlljanen and Holopamen
1982; Persson 1983; Rask and Arvola 1985) and the USSR (Holc1k 1977) ln Canada

" onIy two estlmates of yellow perch population. size have been conducted (Smnth 1939

| ChadWle 1976) Both mvo’lved poisoning small Iakes and’ countmg all the dead flsh o

A

“found.

»



' ,. /\ -+ Thisis the flrst study to use mark and recapture to estlmate populatnon size for a | -
pe%ch«populaﬂon on the boreal plains’in western Canada Furthermore this is the furst |
attempt to esttmate adult populatlon size and the rates of survuval from -f- . e

‘ mark-and-recapture data separately for male and female perch Estnmates of juvenile
perch populatlons are dlffncult and rnaccugte ownng to their Iarge numbers Lake. ‘
po:sonmg studles have revealed that the juvemle perch populatlon est(mated by ‘ S
" . mark-and recapture underestrmated the populatlon estrmate from ponsonlng by elght
tlmes (ChadWIck 1976).- PR "'-’v. . o i 7 T‘L/\ - PR
j( _ The purpose of t&tudy was to estimate and compare the rates ofgsurwval and
' abundance for adult male and female perch The sex ratlo from the populat ’_fri estlmate
- was compared to the sex ratlo,of fish talcen by the fnshmg gear Effort“” w/ere made to
use a samphng deSIgn that allevnated dlfflcultles ‘experienced in prevuous perch ‘.
populatlon studles and to meet all assumptlons of the tnark- and-recapture populatnon
. J | estlmate (Appendlﬁlll 1. 4 .
B MATERIALS AND METHODS o ,

_ The study was. begun in early May and contlnued untll October durlng 1981 and 4
1982 at Mmk Lake, Alberta Whole lake samphng random and stratlfued was.conducted
in. 1982 (Chapter 1). e two flshlng gear used xmproved the rellablllty of the populatlon o

' estumate owmg to their dlfferent selectnvnty (Beukema and De Vos 1974) The. otter trawl

actlvely captured the fush whereas fush swam into Wmdermere traps (Chapter 1) Traps '

could be used at greater depths than the trawl and hence more Iocatlons than the trawl.. -

Males and females captured in traps or. trawls, were counted measured for total length

and tagged (Chapter 1. Fnsh sex was determmed from external characterlstlcs (Chapter

2) Ow‘ng to the fact that this method was llmlted to mature fish (females were 100% :
~ mature at 150mm males at 105mm), only fish 150mm and Larger were tagged An : [L ‘

exceptlon was made for 120 150mm fish lf they could be proved to be males by the nE , )-‘f -

. presence of milt dur@g spawn:ng Thus many 3+ males were tagged Durmg the res{oN

|

x females Therefore estnmates of the numbers of mature male f:sh were probably Iow i

" the year no mature male fnsh 120-149mm could be tagged as they resembled lmmature

,Flsh 105 1 19mm were consudered ‘too small to be tagged and not nsk mortallty durlng :
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‘R'ates‘of"Survival' o | : - 2 -
| ' ‘Mean rates of annual 5urvaval between 1981 and 1982 were’ estnmated for male
and female yellow perch aged 2+ through l T+ (Rlcker 1948 in Ricker 1975, page 126).
: To provude estnmates of the numbers of adult males and females. tagged in<1 981 that -
remalned in the populatlon at the start of the 1982 season the numbers of male and
female fish tagged in 1981 were reduced separately for each sex to reflect a
dnfferentnal annual—mortallty rate. o L - »
i . -. Sincea dlfferent rate of annual surwval hadgbeen determmed for adult males and
females the rates of sur\nval for lndlwdual age-classes of males and females were
' estlmated and compared to determme how the rates of survuval were related to the age
. ‘, and sex of the fish. When the data were avallable the rates of survnval for |nd|v1dual |
age- classes of adult male and female vellow perch were estimated two ways. These '
methods mcluded a Lompav ison of the frequency of recaptures for each age- class
between 1981 and 1984 {Ricker 1945, 1948; cited by Rucker 1975, page 123) and a
¢ comparlson of the abundance of each fully 7ecruited age- class between 1981 and 1982.

(Jackson 1939 cnted by Everhart and Youngs 1981 Q\ge 117) '. EERN

a

Populatlon Estlmate . 7

The method of Youngs and Heumbuch (1982) based on the assumptlon of equal
dlstrnbutlon of. flsh per Iake surface area, was used to make a prehmmary estumate of ‘
" the number of adult fish per hectare in Mink Lake. Estlmates of adult perch per hectare
fro‘\ two other studiés were multlplued by the total surface area of Mink Lake. Thus the
prehmmacy estlmate of the numbers of adult perch in Mink Lake was preducted to range
from 6446 3+ and older (Thorpe 1974) to 7,202 3+ and older {Tarby 1974) perch
Smce male perch have been reported to be - 100% mature by 2+ (Thorpe 1977) 2+ flSh
were mcluded and the estnmate was mcreased t0-18,247 {Thorpe 1974). Based on’ the
prellmmary populatnon estlmate and a 95% probability of a 10% level of predrsnon ‘
{(Robson and Regier 1964) ‘the number of 2+ and older perch to be marked and to be "

exan&ed for marks were estlmated to be 2,000 and 3, 000 aspectlvely The hlgh Ievel :

‘3 1
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- of premsvon used llO%) was necessary for ratlos requrrlng the use of populatlon
numbers fof estnmates of annual survuval (Youngs and Robson 1978):

s Schumacher-Eschmeyer (1943) populatnon estlmates were conducted and .
. compared for male and female perch Assumptlons of the populatlon estlrmte lAppendlx

. 1) that could not be met by sampllng desngn alone were evaluated by chl-square o . w =
' 'analysss lYoungs and’ Robson 197 3] or. Student s t- tests (Appendlx . l) For %hl-square

analys:s fush length data were

ouped into suze Glasses and conver'ted to. age- classes

_ accordung to’ the proport:ons mdlcated by age-length keys (Rncker 1975)(Appendzx 2.

s .
e \ : i -

: Sex Ratlo

Sex ratio was est:ma\ed from the unwenghted means of the percentages of

- males and females captured (Jobes 1952), in 10 mdzvrdual samples in= 26 to 45). Thesa °

T ’ fish were captured in traps trawls and seines after spawnmg was completed when little

select;on exists ’for perch“sex by geam\(Cralg 1974)
oy - cor . o s
. to . ’,e VA '. .

Comparlson of Mlnk Lake Populatnon Estimate w:th Other.

' ~The data obtalned by the other authors to estimate aduItL & -
male and female perch couid not’ be dustmguushed externally (Cralg 1974 tné?m 1974
" Chadwick 1976 Le' Cr’\ et al. 1977; Nyberg 1979) were compared to data obtalned
: from Munk Lake inthe present s\udy A combmed male and female popula%non estlmate
was comRared to separate estimates of male and female abundance, since fish sex was
determlned externally o
The confldence |ImltS of the separate populatnon estlmates were summed m the
~fo|lowmg way The sum of the standard error" assocrated wsth each of the male and
_female estlmates was. wenghted by the sampllng perrods in.each estimate, and deed by
the sum o? the samplmg periods. ThlS number was multlpl\led by the t-value at P=0. 05,
with one- degree of freedom subtracted (samplung perlods summed mans one). Slnce the
| standard error of the Schumacher-Eschmeyer (1943l estimate ¢nultlplled by the t-value
"'.must be inverted.to arrnve at the populatnon estumate the summed standard error -
_multnplled by zbe new t-value also was lnverted The result was a number that was o

subtracted or added to the sum’ of the populatlon estlmates to predlct tha 95% -

~ o

.



D Ty , - S
confldence hmlts assocua}ed wnth the sum of the two separate populatlon estlmates

“ lP as pers comm.). v - o '
' c RESULTS , ' ‘ p
| During the 1981 and 1982 study perlod the goa1 of taggmg 2 000 adult yellow : ﬁ
‘ perch and exammmg 3 000 adult yellow perch for marks was reached 2 398 adult , 9-5» :
yellow perch were tagged 323 (13 5%) were recaptured and 3. 428 were exammed for '

¢ marks. The Iocatlons of capture varied from 10 locat:ons in 1981 to over 40 in 1982

- when sampllng was random lAppendlces .3 through .6). In all Ioc‘atlons ‘more adult

males were captured marked and released. than females. Both types of fnshmg gear

% (traps and trawl) however captured larger females than males (Flgure V). - 3 o ':_

 Rates of Suryival - |
'_ The.annual rate of survaval between 1981 and 1%82 was dlfferent between the
s L sexes. Mean adult male surv:val (7 l%) was aynost twice 2§ hlgh as mean adult. female ' :
T survnval l3'~7%) between 1981 and’ 1982 Comblned the mean adult survuval rate was
61%. Durmg the 1981 and 1982 study pernods survnval rates for individual age classes
. were hlgher for 9+ females than for 9+ males; however, survaval rates wer better for

)

males in aIl other adult age-classes evaluated Table V. 1

&

' Pop<.llation Estimates
' -All assumptions'of the population estimate were met, except that ma‘les ‘and

females: were recaptured at significantly dif ferent frequencles in each of the study years
‘(Appendlx [T ll Thus result vnolated the assumptlon that markmg does not affect the 2

. . \ .
- . hkehhood of capturmg an ammal Fdr this reason, adult populatlon(abundance was ‘<
estlmated separately for each sex.: However there were no SIanflcant dlfferences f\'
et between gear in the frequency of fish captured or recaptured when data from males * '

" and females were separated lAppendlx 1111 Therefore capture data from both gear,
¥

- the traps and the trawl were pooled in the populat:on estimates. There was also no-

dlfference in the proportlons of males and females captured at the two samphng depths,
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Rncker s (1945 1948) method based on a comparlson of the frequency of
recapture over two years (recaptures >8) ) _‘ '
Jackson s (1939} method based on the age at flrst recruitment (n >120).

c
: Rncker_s (1948) method is based on a series of markings over two years. :
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U in 1982 l67% females n 358 <4 m; n-82 >4 m) so these data also were’ pooled in the.‘ -

B :
. populatlon estlmate .

o -The numbers of adult male and female perch tagged in 1981 were. multnplued by '

0 71 and O 37 respectlvely to account for the mean annual rates of survnval of adult

A male ard female fish, -and to estumate the number of tagged male and female perch

remalmng in the propulatlon at the start ofithe- 1982 season. In thlS way it was estumated L -
that 363 tagg‘ed males and 239 tagged females were still at Iarge in the populatlon at’ﬁhe’

‘ :start ofghe 1982 season. The 95% confldence limits for these predlctlons ranged from

’450 1. 215 for males and. from 176- 316 for females (based on the 95% confldence

_ mtervals associated ‘with the estlmates of mean ‘annual survuval 0. 37 1 05 for males

_0 25 0. 49 for females Table IV. 1)

The’ Schumacher Esﬂeyer populatlon estlmates were conducted three ways to

- compare the mfluence of the estnmates of annual survuval on the populatuon estnmates

- The first estlmate was’ based on msan annual survival fmm 1981 to 1982 (0 71
B for adult males and 0.37 for adult fem..les) the Schumacher-Eschmeyer populatnon ‘
,_. “estimates lndlcated the presence of .8, 184 adult perch (14 806 aduit males and 3 378

adult females) in 198X Nmety flve perce.t confldence Ilmlts ranged from '

lO 927-22,956, and 2,194-6, 259 respectlvely (T ables IV 2-3). The comblned estumate
for adult males and females lncreased to 20,747 wnth 95%. conf \ce. lvmats ranglng
from 16,609-27,631. T _ | _

The, second populatuon estlmate was based on the 95% confndence nntervals for

adult male annual survwal 0. 37 to 1 .05) ranged from 8, 259 20 458, Populatlon O

stlmates based on the 95% confudence intervals for adult female annual survcval (0 25 :
to 0.49) ranged from 2,926-4,189. ~ . . |

- —

" “The thnrd populatnon estlmate was conducted from data collected only in 1982

L]

' when the number of tagged fllsh in the populatlon was’ known and annual survnval of

g

<

mduvaduals tagged in 1981 were not involved. The 1982 estumates of 5, 620 males and

3 519 females with 95% conf:dence limits (4, 812 6,754, and ' _ ,
1 940 18, 885 respectlvely) and the combmed estimate’ of 9, 094 wnh 95% confudence .
|lmltS {6, 268 16 560) were lower than those estlmated from the 1981 and. 1982 data
| adjusted for annual survival between 1981 and 1982 | '_ o ’ \,

K
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1Sex Rath _ , : ‘
' ln 1982 the adult sex ratlo estlmated frori? flsh capqlred in traps, trawl and
-seine after spawnmg suggested a sex rano of 1 &l in favor of males (n 350) ‘The sex
‘ ) ratlo for fish collected by traw! was 2 6:1 (h= 189) The separate L e
Schumacher-Eschmeyer multlple populatlon estlmates for adult males and females from ‘ _
) 4’198l and 1982 data. glve a sex ratlo of 4.4:1. ' L o " | / e
, Comparlson of Mlnk Lake Populatlon Estlmate with Other Authors Methods
When other authors methods which’ mcluded doublmg the male estlmate and/ or
_ the use of data obtained only durmg perch spawmng were used to estlmate the
abundance of adult male and female perch m Mmk Lake overestlmates of the total
.v : populgenon sxze occurred Th|s was in comparrson to the separate populatlon estimates
‘of adult male and female abundance (T able IV.4). Estlmates based on the male estlmate

= and the Sex ratio taken at‘a tlme other than spawnmg “oron the combmatlon of male and

ifemale data in one estlmate although hlgher were wnthln the. 95% confldence limits of
: the separate male and female estlmates in.this study , 138 31 230)
: . . o
, -_'D DISCUSSION “ _-' I I
The densrty of adult yellow perch estlmated from 1981 1982 data compared
well wnth the denSIty of adult Eurasnan perch estlmated from mark-and recapture studles ,
_(Jensen 1976; Holcck 1977 Nyberg 1979; Viljahen and Holopalnen 19832; Rask 1983
".Rgsk and Arvola 1985) The numbers of adult male perch (3+-7+ 14 806) however
outnumbered adult ferrlales (4+ 8+; 3. 378) m Mmk Lake in, 1982 by more than 4:1.
: These estl;aates yvere based oh the capture of more than 20% of the total
‘- stlmated perch populatton ovev’a_perlod of 12 months of samplmg over two years o
. The assumptlons of the populatlon‘tstlm}te Ere met (Appendlx lll 1) and the whole
- lake was sampled m 1982 randomly in a stratlfled pattern Hence the estlmate should be
'very accurate. . , o ' .
Hartﬁnh (1974) noted that stratlfucatuon by shoals of perch occurred by gender N

‘and that females selected warmer shallower waters (Sandhemnch and Hubert 1984) If
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Method

' Sex

B adult males and females could and could not ba dnstlngulshed .'

—

' Table IV 4 F'(esults of methods used to estlmate total adult populatlon abundance when

’P_opul'ation i u,

Ovefeétima'ie' :

‘Estimate .~ ° / ve

. Percent . i

“ Althority N

Sexes

Dlstmgu:shed

Ratio

" Sexes /

* Comnbined -

" 'Double

Males -

" Spawning

‘Data Only

18,134

22,598
20,747

29612

34584

- Overestimate .

Qverest’in\ate' '

e this study

'_Wlfhm 95% , - Th_csr‘pjg.,xgﬁf "
-"Confudence i o SRS -
g .ln‘terv‘ali‘ .\ N ' ‘
R . .;'f'
Craig 1974 ’
Nyberg 1979

. .

Wlthln 95% o .

7
I
I \

E Confldence

Interval G ‘5‘- o
S @

: "-6'3%_' o Le Cren et a/ -
RO 3’977“ ’;' .

Chadwuck 1 976
Jensen 1 976
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“ the separate estnmates

- s

o Mlnk Lake was not totally sampled shoalmg by perch could account for the large

'dlfferences in the abundance of males and females captured Hewever the majority of

stratified samplmg was conducted in the shallower areas, therefore |t is unllkely that the

( R
' adult female populatlon size was underest|mated at Mnnk Lbke in fact, females occurred :

in the same proport:on in both depth strata

In fact the. precusuon of the. populatlon estumate was good The 95% confudence

. llmlts or the populatlon estlmate were wnthln 20 33% of the estlmate These ranges -
:. compared, well wnth Chadwnck s (1976) Nyberg S (1979) and Rask s (1983) estimates of - '

| ‘ combmed populatlon 'abundance wat&’QS% confldence hmlts ranglng between 19- 30%,

10-1 10%, and 2- 25% respectuvely The precnsmn of the- separate adult male and female

' estlmates also good ‘suffered owung to the reductlon of numbers of tagged and

. recaptured fISh |n the calculatlons\“’l’he 95% confldence ltrnlts were wnthln 26- 85% of
T g e : b
.ﬂk. A

8 .

The dlfference in abundance between adult males and females can be attrnbuted

to dlfferences in thelr age at matténty and rates oé survsval Adult males. matured one to -

" two years earller than females >and had a mean rate of survnval almost twnce as, hugh as

‘ U
-'females There was, therefore one abundant age- class (3+) of sexually mature males in

" the. populatlon whlch was not’ represented by mature females Further thls larger

number of adult males survnved almost tw1ce as well as adult females

“To determune whether thes‘é dnfferences could account for the extent of the

v

dlfferences in the estmfa%es of populatlon size, the |mportance of the dlfferences in-age.

at sexual maturlty and survwal rate of males and femafes was evaluated mathematlcally

' v To do thls the estlma_gé of adult male populatlon was manlpulated to reflect the older 3

geémale age at maturlty and the mean rate of annual survival of . females -and a hew

estimate o,‘f male populatuon suze based on these parameters was calculated lt ‘was

(\?g

assumed that the sex ra‘tlo of 0+ and 3+ flsh was equal (Cralg 1974 Jellyman 1980) T\b

L estlmate the number of 4+ sexually mature female fish, the number of: 3+ males wes

' multlphed by the average annual s“urwval rate for males and females (from thls study

0. 61) Thls number was multlplled by my estlmate of the’ sur\Atval of mature females

o (O 37l to estlmate the; number of females in eagh subsequent year B+ 8+) Thus when

. ‘_the new estlmate of female populatmn snze for each sexually mature age elass was )

A = C { o y S :



_— other sex the abundancetof the earller maturlng sex W|II be markedly greater t

' summed the ongmal adult male populatlon estimate (14 806 based on the addltlonal
year—class of mature males (3+), and the better surv:val rates compared to. those of )
females), was reduced to 4, 748 “This new estlmate |s w:thm the 95% confldence llmlts -
of the orlgmal estlmate of adult female populatlon size (3 398) based on 1981 and 1982

» %ta (2,194-6,260) (Table IV.3).

In populatlons where flsh of' one sex mature one or more yea:searller :t:n the = -

o of the. later maturlng sex In thls study males were 100% mature\e year earller than .
. females ‘which mcreased the abundance of adult males ln the populatnon by 50% from_ |
’ 9 866 to ¥4, 806 and changed the adult sex ratlo from 2. 9 1to 4 4 1.

_ ' The mean annual survnval rate of adult‘males in this stud‘l was almost twnce that‘

-of adult females based on mark-and-recapture data colle‘jed over two years To ‘ E

3 estlmate populatlon abundance from 1981 and’ 1982 data, the mean annual survwal

' estlmates for adult male and female perch (0. 7l+0 34 for males 0. 37:0 12 for?
females) were used to. estlmate the ngmber of fISh tagged in 1981 that survwed to

:‘ 1982 IR SRR }' _-j L

To determme if the estlmates of male and female survuval rates reduced accuracy

5 f of the 1982 populatlon estlmate populatnon estnmates were calculated based on the

.95% confldence llmlts around the survnval rate of each sext}‘opulatlon estlma‘tes based
: '.on the extremes of these 95% onfldence mtervals were usually wnthm the 95%
: qonfldence«llmlts of the separate populatlon estlmates Populatlon estlmates based on
) the range of adult male survuval were 8 259 and 20 458 ThlS compared well wnth the
g 85% confldence llmlts for the separate adult male populatlon estlmate (10 927 22, 956) 2
Populatlon estlmates based on the range of adult female survnval Were 2, 926 and 4, 189.7;
- Thls also compared well wuth the 95% confldence limits for the separate adult female
v 'populatnon estlmate (2 194 6 259). Therefore l assuﬁad that sex-specnflc survuval rates .
' could be used in estlmatlng populatlon SIZB from th} tq,ﬁl 1982 'data R .
' "~ The: Iower populatton estlmate for the 1982 data only (combmed for adult males-
‘ and females when survwal of flSh tagged in 1981 did not affecﬁle estlmate) probably :
b was maccurate due to the small number of flsh tagged in-1982 ln-491) and racaptured ’

., from that nu ber (n-33 7% Youngs and Robson 1978) Therefore although the 95%
. . [N - - , ‘. ;» .\> .

that -
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' confndence hmlts ranged from 31% 82% thls estumate of total adult populatlon size

- _'probably was noi as accurate as that based on the 1981- 1982 data adjusted for survwal (

[between 1981 and 1982 . e U | ’: e o ;_.

" 'based on annual varlatlon in the sex ratlos of perch caught in traps durmg spawmng

Jellyman 1980 anjanen and HOIOpamen 1982) it seems reasonable that. dufferentlal

~

Arespecttvely Schnelder (1972) estuﬁaﬂeﬁg

~This was the fll’St attempt to estlmate and compare male and female survnval

based on mark-and recapture data Other authors have stated that dlfferentlal annual

rates of perch survuval between adult males and females may occur, wsth males e

(McCormack 1965) or females (Cralg 1974) expenencmg better rates of annual survwal

These authors admltted that thelr data were hmlted Thelr estnmates of sex rafio were

(McCormack 1965) when males are caught. m dlsproportlohately high numbers (T horpe

- 1977), or from the. sex ratlo at age from fxsh collections when few f:sh were kl"Bd "

B (Cra:g 1974) However snnce varlatuons |n sex. ratio. occur (Crang 1974 Clady 1877;

rates of annual survnval occur for. adult mal‘? and female perch. . , i ‘

,_.*» Although the dlfferenoe in the mean annual survnval rate for adult males and e

females was large the comblned mean annual survwal rate of perch (. 61) in Mmk Lake

%‘h“l’fﬂal‘&tjfﬁ@l gﬁaglblt peé ceh to b% 59at

Cassndy%ake and Jewett Lake -Unlted States Sty .. v A * .....gk ‘5 | .@g%- e
In Mink Lake the hlgh mortallty ratesqa’mong adult ferri'ﬂle yerw perch@%np;red

with adult males may be explamed blologlcally owmg to the hlgh bZdy fat requure‘m" ts

of females durlng the wmter Newsome and Leduc (1975) suggest that adult females not ‘

able to bunld up sufflclently large fat.reserves in ‘summer to meet the energy demands

. requnred of ovogenesls and wmter malntenance may suffer wmter or sprmg morta“ty

Newsome and Leduc (1975) do not provude estlmates of the mortahty rate of ad&t» L

')'7

female perch in lakes where thls FLhenomenon occurs. In Mlnk Lake hovgevgr w'here ‘“i % '-‘

,perch growth rates are poor (Chapter 3), adult female wmter or sprmg mortallty may
“occur, although no dead flsh were found in Mnnk Lake fr9m May to October in elther

o study year



L e . : °
‘ In comparlson wnth the sex ratlo from the populatlon estlmates the sex ratio .
from three collectuon techmques commps trawl seine), taken after spawnmg 4
| (% .9: 1l dlffered The sex ratlo of perch in’ adult: age-classes older ‘han the age of 4+ i
‘_ 2. 9 1, compared well to that estlmated from trawl captures (2 6 N When one sex |
B} matures earller than the other, however or when gear selects for one sex;. _
' determlnatlon of adult sex ratlo based on thls technlque and: not on separate populatlon
: .estnmates,} may be grossly maccurate Trawl captures have been reporte:l/tz/ reflect the
sex ratlo of the flsh present (Gulland 1983); my results do not support tais conclusnon

AThe &screpancy-b&t\_/v,een the sex ratio estlmated from the separate populatlon estumates'
(a. 4: 1 and the trawl captures (2 6 ‘ll, suggests that adult flSh of the same age may - -

il

'.se'gregate |n Mink- Lake and thls segregatlon may not mclude all of the smarer yet o

o 'mature 3+ male flsh Therefore adult populatuon estlmates based on the ‘mals estlmate

and the sex ratlo even after spawnung will- overestlmate female abundance
_ Methods used by other authors to estnmate total fish populatlon S|ze when males"
and females could not be dlstlngurshed externally overestlmated the abundance of adult

_' perch in Mmk Lake partlcularly the abundance of the female perch A 90% overestumate
occurred when data were taken -only at the tlme of perch spawnlng and Used m.the
. estlmatlon of. populatlon slze When authors assumed that they effectlvely captured only -
males, and doubled the male populatlon estlmate to account for females in the ,
'populatlon they overestlmated total populatlon sxze by 63%, and the female populatuon |
vsnze by 332% The sex ratno method depends on the accu?acy of the sex ratlo estlmated
When the sex ratio based on all samplmg gears comblned (l 9 l) was applned to the male
- 'estlmate the total perch populatlon was overestlmated by 25% and the female »
populatlon size was overestlmated by 131%. ';. o S . '_ - . W
Females are harvested selectlvely m commerclal and sport ﬁshenes (El -Zarka, |
1959) Thus harvest rates: based on the above overestlmates of females ..ould deplete
_ ‘_ ‘the populatnon o%gadult females ‘severely reduce the population’s. reproductlve potentnal
| and ultlmately reduce total perch blomass and product?on '
When it |s lmportant to manage flsh populatlon snze for the purposes of -

deterrnlnmg harvest rateM a commercual or sport flshﬁry or for brood steck

collectlon (Casselman 1974) therefore the separatuon of adult male and female perch

I
¢



populatfon estnmates is.an xmprovement since it allows the comparlson of abundance and

annual survnval rate betweeﬂ’the sexes SR / 5

)
For these reasons more tlme should be spent in developlng non-destructnve

methods of external sex. determmatnon Th s accurate estlmates of annual survival rates

-and abundance of adult male and: female |sh can be made durlng mark-and recapture

' studies. In this way, potential ovgresti

Bl

~ fish'in a pépulation will not occur.



- LITERATURECITED . '
»

= ArnaSOn AN., and K. H Ml"S 1981. Blas and loss of precision due to ta% loss in
o Jolly Seber esttmates for mark-recapture Can. J. Fish. Aquat Sci

8:1077- 1095’... B

v'BackreI T., and J Zawisza. 1968, Synops;s of blologlcal data on the bream Abram/s e

brama (L) 1758 FAO Fish. Synop4‘36 1-8.

.

) Barton B.A. 1980, Spawmng m:gratlons age and growth and summer . feedlng of whlte' ‘
' ahd longnose suckers inan |rngat|on resegvoir. Can. Field-Natur. 94: 300-304. ,

Beukema J.J., and G.J. De Vos. 1974 Expenmental test of a basic assumptlon of-'the

. capture-recaptt.lne method in pond populatlons of carp Cypr/nus carp/o L J: lFISh
- Biol, 6: 31'7-329 wﬁ : :

Black E. C 1957 Alteratlons in the blood level of Iactuc acid in certain salmonnd flshes _

-following muscular, activity. | Kaleops trout Sa/mo ga/rdner/ J. Fish. Res
‘Board Can. :14: 117 134, . v v ,

_ Brown E. H Jr. 1970 Extreme ‘female predominance in the bloater (Coregonus hoyll of
Lake Mlchlgan in the 1960's. pp. 501-514; /n: Biology.of Coregonid fishes. C.C.
Lmdsey and C.S. Woods (eds ) Unnversuty of Manxtoba Press, Wlnmpeg 560 pp

, Casselman J. M 1974 External sex determmatlon of northern pike, £sox Iu¢:/us
Lmnaeus Trans Am. Fish. Soc 103: 343-347. _

,.Chadwuck E. M P. 1976 Ecologlcal fish productxon in a small Precambrnan Shield Iake
“Env. Biol. Fish. 1:13-60. ,

“Clady, M.D. 1967. Changes in.an explmted populatlon of the cisco, Coregonus erted// '
LeSueur Pap. Mich. Acad. S’cn Arts and Lett. 52:85-99,

“
-

| Clady M.D. 1977. Dlstrlbutlon and relatlve explortatlon of yellow perch tagged on
spawmng grounds on Onelda Lake N.: Y. FlSh Game J 24:167- 177

' Coble, P.J., R.E. MancoI and R.A. Ryder 1979. S nopsns of biological: data on the .
: , walleye St/zosted/on V. wtreum (Mltchnll) 1818. FAQ Fish. Synop 119:1- 139'

N 'Cormack R.M. 1969 The statustlcs of capture-reca ture methods Ih:
. Oceanography and Marine Blology An Annual ewew ‘Vol. ¢

Barnes (ed. )
Hafner Press, N.Y. 563 pp..

-

o Crag JE. 1874, Populatlon dynamics: of perch Perca fluwattl/s L.;-in Slapton Ley
K Devon Freshwat. Biol. 4:433-444," L

Dadswell M. J. 1979. Btoﬂgy and populatlon characterustlcs of the shortnose stur eon,
' ! Acipenser brevirostrum LeSueur 1818 {Osteichthyes: Acipenseridae), in the Saint’
John River Estuary, New Brunswnck Canada Can Jo Zool 57*2186 2210. :

. Deason H J., and R. Hile. 1947 Age and growth of the klyl Leucichthys k/y/ Kowlz i
~ - Lake Mnchlgan Trans. Am, Flsh Soc. 74:88-142.

Dryag‘l‘l’ P A. 1948 Promyslowya ryby Ob- Irtyshskogo'basselna, &v Vses. f‘
: Nauchno-issled. lnst Ozern Rechn Rybn ‘Khoz 25: 3-104 ' -

o Ebener M P. and F.A. Copes 1982. Loss of Floy anchor tags from lake wh:tefssh N
l ‘© Am J. Flsh Mgmt. 290 93 . &y .

A\

8.



Elhott J.M. 1985 Populatlon regulatton for dlfferent Ilfe stages of mlgratory trout :
. Salmo trutta in a Lake DlStrlCt strearrw 966-83. J. Anim. Ecol. 54: 617 638.

EI Zarka. S.E. 1959, Fluctuattons in the population. of yellow perch PErca f/avescens
“(Mitchill), in Saginaw Bay, Lake Huran. U.S. Flsh Wildl. /Serv Fxsh Bull."

[ 59365 415 -

Everhart, W.H., and W D Youngs 1981 Prmcnples of Fushery Sc1ence Cornell
Unnversnty Press Ithaca 349 pp .-

Greenland D.C. and J.D. Bryan 1974 Anchor téb Ioss in channel catfnsh Prog. F;sh

Cult. 36:181- 182 o R
“Gulland,” J.A. 1983 Fish Stock Assessment A Manual of Baslc Methods. Wiley and -
Sons N.Y. 223pp R ' R )
' 3

Hartmann J 1974 Der Barsch Perca //uwat///s im eutrophuerten Bodensee |
Langenargen Staatl Inst. f. Seenforschung 27 PP. e

= Holcak J.- 1977 Changes in the fnsh _commu ‘}t}.ui Kl|t:ava Reservoir with partlcular .
reference to Eurasian perch, Perca f/u /at///s, 1957 1972. J Fish. Res. Board )
Can. 34 1734 -1747.

Jackson C H N 1939 The analysns of an anlmal populatuon J. Anim. BIO| 8: 238r246

Jellyman D J. 1980. Age, growth, and reproductnon of per Per_ca f/uwat///s, L.,in
Lake Pounun@ Z.oJd. Mar Freshwat Res. 14:391-400. ™ . o

Jensen K.W. 1976. Estimates of a populatlon of Sspawning perch, Perca f/uwat///s
- and. of the efficiency of-trap and gill-net flshlng Rep: Inst. Freshwat Res.
Prottnmgholm 55:46 50 - :

Jobes F.W. 1952. Age growth and productlon of yellow perch in Lake Erie. U S. Fnsh
" Wildl. Serv. Fish: Bull 52: 205-266.

Keller, W.T. 197 1. Floy tag retention by small brook trout. N Y Fnsh Game J..
18:142- 143 .

o Lagler K.F., and W.E. Ricker. 1942 Biologlcal fushenes lnvestlgatlons of Foots Ponds
’ Gibson County, Indlana invest. Indiana Lakes Streams 2 47-72. v
- Laird, LM and B. Stott. 1978. Marjqng and tagging. pp 84 100, I%Methods for
~ Assessment of Fish Production ip Fresh Waters T B. Bagenal (ed) Blackwell
Scnentlflc Publlcéa)tsons London. 365-pp..

: Le Cren E.D..D. Kipling, .and J. C McCorma k. 1977 A study of the numbers, bnomass
and 5 ar class stredigths of perch, Per -a fluviatilis L., in Windermere from 1941 i
to 1 66 J Amm Ecol. 46:281-307. . _ B

artin- Bergmann, K. A. and J.H. Gee 1985. The central mudminnow, Umbra //m/
Q\ (Kirtland), a habitat specnahst and resource generalist. Can. J. gool 63: 1753 1764.

McCormack J.C. 1965, Observatuons on the perch populatlon of Ullswater J. Anim.
Ecol. 34 463 478. .

Muir, B.S. 1963 ‘Vital stattstlcs of .’:'sox masqumongy in Nogles Creek Ontarno 1. Tag
Igss énoort;i;t dtéea Bo tagging and the estumate of exploutatlon J Fush Res. Board
an 1 1 _ ,

. SR R ;



"o
s

Newsome G.E.. am}l G Leduc 1975 Seasonal changes of fat content in the yellow ‘
pe?rgh2 Per;::2 ; avescens osf two Laurentuan lakes J. Flsh Res. Board Can
3 14- 1. . v - :

‘Noble, R.L. 1972. Analysrs of year class formatlon ina yellow perch populatlon U s.
_Fish Wild. Ser(, NY Dept. Con: Pro;ect No. F*17 R-15 lunpublnshed) 8 pp.-

Nptrdeng H 1983 Solutlon to the ‘Char - oblem" based on Arctlc char (Sa/ve[emus
' -_ B a/p/nus) in Norway Can J Flsh Aquat. Sci. 40:1372-1387.

'8 Ny‘berg P. 1979 Production and food consumptlon of perch Perca fluwat///s L. in
’T two swedssh forest lakes. Rep. lnst Freshwat Res. Drottnmgholm 58:140- 157

erbsson L 1983 Food consumptlon and competutlon between age classes in a perch o
Percq f/uwat///s populatlon in 2 shallow eutrophlc lake Olkos 40: 197-207 SN

Rask M. 1983 leferences in growth of perch Perca f/uwat///s L in two small forest ; ¥
lakes Hydroblol lOl 139 144, . ‘

e T U

_Rask M and L Arvola 1985 The: blomass and productlon of plli&'ge,rch and whlteflsh . b

Coorin two small lakes m southern anland ‘Ann Zool Fennici- 22 12 o

e ¢

: Rlcker W .E:: 1945 Abundance explo:tatton and mortallty of flshes of two Iakes PR
“lnvestt Induana Lakes Streams 2 345-44 4 '

: Rlcker WE 1948 Methods of estrmatmg vutal StatIStICS -of fl,sh populatlons lndlana
o ‘Uhvversuty F’ubl Scr Serr 15: 101 pp

IR Rlcker lW E 1.955 Flsh and ﬁshnng in' Spear Lake lndtana Invest lndnana Lakes Streams
N . 4 117-161 ! : _ o
. v Rlcker W E..1975.Co putatnon and lnterpretatlon of blolog<§al statistics of flsh

= po‘pulatuons Bulk: ish. Res Board Can. 191:382'pp.. -

v' Robson DSy andH A: Regler 1964 Sample size. in Petersen mark recapture '
L exparements -Trans Am. Fish. Soc..83:215- 226. @ .

R . Sandhemrlch MB a’nd W A Hubert 1984 Intras ecuflc resource partmonung by yellow
‘ “'perch (Perta’ f/avescenS) ln a stratlfled Iake an. J. FlSh Aquat Sci. -
4% 1745 3?52 ‘

Schneuder J.C: 1992 Dynamncs of yel_low p,erch in single-species lakes. Mich. bept.' .
'&Res Rep 184:47 pp. ' ‘ ‘ , :
- Schuma er; F. )E and R. W‘/ Eschmeger 1943 The estlmate of frsh populatlon in Iakes :
- or pond J Tennessee Acad. Sci 18 228 249 :

Seber G.AF." 982 \The Estamatlon of Anlmal Abundance 2nd od. Charles G@‘ﬁp & Co..
- Ltd., Lofddn..654 pp ey _ "

Smith, M.W. 193‘§eTh fnsh population of Lake Jesse Nova Scotna Proc Nova Scotran -

lnst Sci. 19 3% _ ; : s o
" Stone, U B. 1947. T : of deepwater cisco flshery of Lake Ontano with partucular R

ref rgnce tg ' er, Leucrchthys hoy/ (Gill). Trans, Am Fish. Soc .

7 0-24

. o .

' Sumarr 0. 1971 Structure of the perch populatnons of some ponds in Funland Ann _ '
L Zbol Fenmcu 8:406-421. _ _y o

K



e 5‘7" o

Svardson, G. 1945 Chromosome studles on. Salmomdae Rep Inst Freshwat Res
Drottmngholm 23 1- 151 o S . . :

B Tarby ‘M. J. 1974. Charactenstncs of yellow perch cannlballsm in Onenda Lake: and the .

! re|atlon to first year survival. Trans. Am, Fish. Soc. 103: 462-471. _ AR

'Thorpe JE. 1974, Trout and perch populatlons at Loch ‘Leven, Kmross Proc R.Soc. i
Edmburgh 74:295-313. "

Thorpe J.E. 1977. Syﬁ%psns of blologlcal data on the perch Perca fluwat///s Lmnaeus
: 1758, and Perca f/avescens (Mitchill) 1814. FAO Flsh Synop. 113:1-138."

'Tranqu;lh J.A., and W.F. Chllders 1982. Growth and survival of Iargemouth bass tagged
: ‘with Floy Anchor tags. N. Am. J. Flsh Mgmt. 2: 184-187 \
Vashro, J. E. 1975. Production of yellow perch in Onelda Lake M.Sc. Thes:s Cornell

- University. Ithaca, N.Y. 32 pp o

: Viljanen, M., and IJ. Holopamen 1982 Populatton densnty of perch Perca f/uwat/{/s
' L. at egg, larval and’adult stages in the dys- ohgotrophnc Lake Suomun)arw \leahd
Ann Zool. Fennici 19:39-46. -

Youngs, W.D., and D.G. Heimbuch. 1982. Another cons:deratuon of the morphoedaphlc ;9
index. Trans. Am Fish. Soc. 111:151-153. P , R

Youngsy W.D., and D.S. Robson 1978. Estnmatton of popu]atlon number and mortahty_ :

rates. pp. 137-164, /n: Methods for Assessment of Fish. Production in Fresh
Waters T. B Bagenal (ed.). Blackwell Sc:entlfuc Publlca’uons London 365 pp-



A, INTRODUCTION o

Informatlon on the blomass and productlon of yellow perch Perca flavescens o

(MltChl") is |mportant in setting harvest rates for commercnal and sport flhenes

L Unfortunately very. little annual productnon information is: avanlable for perch populatlons

{Cartander 1977) Indeed in Canada where perch are wudely dlstrlbuted and lmportant

_beth to the commercual and sport flshermen (Scott and Crossman 197 3 only one

: researcher Has estlmated thelr blomass and productlon (Chadwnck 1976) ThlS study

mvolved ponsonmg the lake and collecting dead leh However, the iake was not dralned
so all fish ‘,could not be collected No. data are available on differences in blomass and .
production between males and females estvmated from mark and-recapture studles _

' Most of the previous studnes that measure fush producUon con5|dered salmomds _ -

Ilvmg in streams, in the Unlted Klngdom the United States (Chapman 1978l and New

- Zealand (Allen 1951) Estimates of salmonld productlon in streams range between

0.2- 7 2 kg ha- yr 1 (Allen 1951; Cooper and Scherer 1967 Le Cren 1969 Elllott
1985) Productlon estlmates for species in Iakes are rare. For northern pike in lakes
“productfon estnmates range between 0.02- 0 06 kg ha-l yr-! (Klpllng and Frost 1970 .
Backiel 1971). Productlon values for adult EUraslan perch Perca f/uwat///s L., and -
yellow perch, awvhich: may be compared dlrectly (Thorpe 1977) are hlgher than those of
salmomds or northern pike, and range between 0. 26-26.3 kg hat yk (T horpe 1974

e e

' Chadwnck 1976 Clady 1977 Rask and Arvola 1985 Table V. 1) Y _ e

r..“ ’

Varuous factors such as specnes dlversuty flshmg pressure, an abltat changes :
affect fish blomass and rates of productlon In Iakes where perch is the only specues
BRCE
'blomass for all age classes ranged from.39 to 215 kg ha!, 1, buti xn Iakes wuth -other.

' specaes perch biomass was under 65 kg ha -1 (Carlander 1977). Flshmg pressurp may

: oomplncate seasonal varxatlons in buomass and productwlty (Kelso and Ward 1977)

' Decreases in habltat dnverslty water level and water’ temperature may lower fish

g blomass and productnon {Portt et al. 1986) Inadequate samphng techmques may prevent :

ol fISh habntats from bemg sampled (Chadwnck 1 ﬁ76) and ar?(uclally lower the estlmate -

i)

o s
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of total annual productlon EER :

Overestnmates of populatnon abundance and consequentlv productlon (Chadwrck .
: 1976) may ‘be: caused by behav:oral dufferences between the sexes at the tlme of
' sarnpung When perch are captured only durlng spawmng for populatlen estamates gear
such as traps (Cralg 1974) and glllnets (Brazo et aI 1975) se.act for males (‘l‘ horpe
;1977) Hence dlsproportlonately large numbers of tagged males lnflate estlmat f"‘
‘. total populatnon size and lead to overestnmates of thelr rates of productl,en hadwnck

.1976 this study) . S ’_" /‘.'

[ruen e
.. :
!

The lnablhty of researchers to dlfferentlate male: and female perch ata tlme other’

: '_ than Spawnmg (Chapter 2) has prevented them from comparmg blomass and productuon

' for adult male and female perch Productlon probably dlffers markedly between adult:
- madle an‘d female perch however smce dlfferences |n Ilfe-hlstory characternstlcs whrch
'affect estlmates of produtlon -occur between the sexes. These include: age at maturlty

' '(Cralg 1974 Thorpe 1977) growth rates (Hule and Jobes 1941 Chadwick 1976 Cralg

L 11980, 1982); survnval (Cralgs"l 974 thlS study), especually in the oldest age~classes

A I(Eshmeyer 1937 1938; Craug 1982) abundance (thls study by populatlon estlmatesl

“and; sex ratio (Cralg 1974 Clady 1977 Jellyms}n 1980 Vlljanen and Holopalnen 1982
thlsstudy) R ’ '_ el , S . T
' The few studles of yellow perch productlon conducted |n North Amerlca have '
_not been sufflmently rngorous to yneld good productlon estlmates In Canada, Chadwwk
. '.(1976) estumated the rates of productlon of all age classes of perch by po:sonmg a

"small (6. 2 ha) Iake and collectung dead ﬂsh He noted that elght tlmes the juvemle fish ™

. estlmated to be in the lake by mark and-recapture were collected However only half of
. the adult flsh marked by fin- cllpplng lmmedlately before lake ponsonmg were

' recovered 'l'hls result suggests that a large proportlon of all adult poisoned fish,

,perhaps half were not recovered Wthh would lead to an overestlmate of populatlon :

'abUndance and fISh productnon In the USA, Vashro (1975) estumated productlon of the

. .fll’St three age-classes of perch in eutrophlc Onelda Lake. The number of 1+ and 2+ flsh

ff‘ "
: were estlmated from the: densnty determlned by trawl Only the 3+ fish populatnon

‘ .-,_estlmates were made by aynark-and-recapture technlque Unfortunately, Oneuda Lake |s

.,-Iarge (206 7 km’) and has over 50 fish specles Both these factors could result in

s

. Py ;- . N . S
B0, . B . T L I



underesttmates of the estlmate of total annual productlon of perch lCarIander 1977)
Clady l1977) estnmated productlon for perch in'a smaller‘lake (Cub Lake “11¢ 3 ha) h;gg,,
' sampled fnsh using only one. samplung method and the llmltatIOnS of the electroashocker
prohl( ed hlm from sampllng waters greater than two metres in depth;,Bogw ?actors '
~may cause an underestlmate of adult perch populatnon size and productronj' B
eIectroflshung may sampre only a subpopulatlon of flsh (Schnelder 1973l'é:jand\adult
perch regularly inhabit: waters deeper than two. metlfes (Thorpe 19;7#’): For these
reasons a lake was chosen for thls study that had low fish spe;resﬂdxvers:ty and llttle

. ﬁ? ¥
. flshlng pressure and that could be fuIIy sampled ¢

,; .. The present study |s the flrst to estlmate adult yﬁow perch blomass and
productuon ln western-Canada lt l$ also the furst to esmmate the rates of productlon
separatelyt for male5°and females from separate estlmates of thelr abundance Although

the greatest prcg:luctlon occurs m the youngest agerclasses (Thorpe 1974; Vashro '

T et

; 975),oon1y ‘tf}p ‘lOO% mature adult age classes of perch were’ consldered ln thlS study, -

5 o.‘.

,-slnde morbaluty rates are' hlgh (Clady 1977) and the number and growth rates of young
e ﬁ%h ar"e\dlfflcuft to determme lChadWIck 1976 ﬁyberg 1979) ’

. o ‘a u&' . L
A _ %ellow perch wer“e czaptured xp/Wmdermere perch traps and an otter trawl and

samples of flsh were measured for total length (Chapter 1) and welghed Seg,of marked

ot
o

'{g’ - : »/ 4 To estlmaee the rates of productlon for adult flsh the age at sexual maturlty was
' fﬁl" determmed for males and females Back calculated data could not be used in the - -

estlmatnqn of n‘lean welght at age.for productlon estlmates as Lee s phenomenon

‘J,.‘ ;;".-.-‘"'- occurred Therefore mean weight at age was estnmated from adult perch collected in

i ,f.;% o ”October (@—— 1'08) ,(Chapter 3) Populatuon estlmates r\f adult male (3+- 7+) and female

‘femaje perch Populatlon estlmates for each adult age-class 4+ and olcler were.
, '_‘feswnated from the saze dlstrlbutlon of perch captured hy an ofter trawl. (Noble 1972)
‘ " o ,' Age was judged from the left opercular bone (Chapter 3) of 391 flsh (Appendlx . 2)

Slze of the flsh was converted to an estlmated age usmg age length keys (Rlcker 1975).

)

. i .
:-‘ m*«-e;ﬁﬁeuow perch (Chapter 4), 'were d as the total abundance of adult male and '

N o flsh was determmed by the metl?od descrlbed in: Cha ter 2 - e ._y-‘_ -



L The numbers of 3+ male perch were dertved from the estlmated abundance of 4+ males

adjusted for: mean annual male survuval rate {0. 71 the prevnous year (Chapter 4) The ""?’ '

) ‘methods of Rncker (1946) were used in the computatlon of blomass and total annual

)’ .

-

'Produc'aon . S T .'__ o,

- C RESULTS. | o
Mean blomass and total annual productlon were dlfferent for adult male and ‘

female yellow perch Adult male perch contnbuted 78% of the total annual productnon m""

o M:nk Lake or almost four tlrnes that of adult females The greatest proportnon of

productlon vgithin each sex was contrlbuted by 5+ flSh Both 5+ age~classes contrlbuted .

57% to the total annual rates of productlon T ables V. 2 and V.3 Mean Blomass and total. B

annual pl’OdUCthh for males and females combmed was 10, 39 kg ha-¥ and 4 42 kg ha! -

yermable VAL

D DISCUSSION S I AL S S
- The estlmated buomass .of adult perch (10 39 kg ha- 2 was low compared evuth

those for other lakes and ponds in North Amenca (Carlander 1977) It was, however
Wlthln the range of adult perch blomass for Iakes with poor perch growth {Table V. l)

= »Wthh ranged from 8 2- 21 kg ha L (Chadwnck 1876; Nyberg 1979 Vlljanen and ‘
'Holopamen 1982) RS ‘

..‘.

The total annual productlon for adult male afd female perch in Mmk Lake (4 42 kg ]

ha-! yr N, also was w:thnn the- lower part of the range of those prevuously reported
‘(T able lV 1) It was, much lower than the productlon reported by Thorpe (1974),,for Loch
- Leven although adult perch dens:tles were snmnlar (T ablas V.1 and V.4, The rates of

fnsh productlon are related to both abundance and raties of grthh Hence the lpw .

O derwty (Chapter 4) and poor rates of growth of perch in Mmk Lake (Chapter 3) probably« .

' - are responsible for the low rate of flSh productlon estln‘hted Growth rate?&yellow '

. -perch did not dlffer S|gn|f|cantly between the sexes ln "Mink Lake (Mter 3) and henca

s dld not mfluence the rates of. procluctton of adult females relatnve to adult rnales

The estnmate of total annual productlon of adult males exceeded that of adult

females by a factor of 4 5 i in one year in Mmk Lake This large dlfference between the

[

’

o -
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sexes in- total annual productlon is related to equlvaleﬁ') dlfferences in the estlmates of

growth of the fush (Vashro 1975) therefore vanatlons in any of these factors between -
'sexes could mfluence the. relatlve productuon of male and. female fish. Theoretlcally the a
better growth rates of adult female fish in most populatlons (Thorpe 1977 Jellyman .
_ 1980) would lncrease thelr productnon relatlve to-that of males;: espec:ally in |
. .v',fast-growmg pdpulatnons where females predommate (Dryagm 1948) Large numbers of. '

| adult male flSh whlch often mature earl'er than females (T horpe 1977 Cralg 1974
‘Nyberg 1979) however would mcrease male productlon in the younger adult age
classes. I suggest that since dlfferences in these Ilﬁthlstory characterlstlcs occur for '
many specnes of fish' (Chapter 1) dlfferences between thelr adult male and female

v

.productlon also- occur as ln thls study

.,
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© " VI CONCLUDING DISCUSSION ,
The combined esttmates of adul} male and female perch survnval abundance

.blomass and productwlty conflrmed other- authors ql’BSUltS Separate estimates for each
sex, however, which were conducted for the first time, indicated thatf at Mink Lake, -
adult males survived-betterQ werze nil'ore' abundant: and had a larger biomass and _g‘rea’ter
production than adult females | 5 | .
Separate estimates for exch sex were posslble owmg to the development of a

method to determine the gender of adult yellow perch The method was based on

o/ o
external dlfferences i~ "% appearance of the urogemtal structure, and was used

successfully at limes other than perch spawnmg during May through October f thls

. ,\»

4

._study S SRR N S S 1 _
) Separate estlmates of adult abundance suggested a sex ratlo of 4 4 1 |n favor of
- . males. The large dlfference in abundance of adult males and females was attrlbuted to v
dlfferences in the age at maturlty, and in the rates of survival between the sexes, but
not to dlf/ferences in growth rates Males matured one year earher ‘than females, WhICh
" increased thelr adult abundance by 50%, compared wnth adult females Adult males also ’
'survnved almost twice as well as females which augmented their: already mflated |
numbers. ) | ;
v The dlfference in abundance and, consequently blomass and productlon between
‘adult males and females was not caused by dlfferences in behav:or between sexes or by
madequac:es in samplnng technuques Shoals did not, ,stratify by gender, depth or dlet
_ preference These rasults are in contrast with those of Hartmann (1974) and
"Sandhelnrlck and Hubert (1984) respectlvely In Mink Lake males and females were
o mlxed throughout the lake except when males were concentrated for spawnlng
’ Adult sex ratuo estlmated from data taken after spawning from all gears (Jobes
) 1952 method; 1.9: 1), and from trawls (T horpe s 1974 method; 2. 9:1), overestlmated
the numbers: of females present compared wuth the sex ratlo estimated from the
' Aseparate population estlmates (4.4: 1). Sex ratlo of the 4+ and older fish (2 8: 1, was ' ;
closest to that estlmated from trawl data. This" ratlo appears to omit the 3+ mature |
.males, so that data obtauned from trawls do not reflect ‘the adult sex ratio present This
' flndmg isin contrast to Gullands” l1983) results The snmllarlty between these sex ratios

.
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, suggests that perch in Mink - Lake may stratcfy by S|ze laﬁé) .\i/khen one sex matures a.
year or more. earller than the other howeven.vsek ratlo estlmated from trawl ;mir{ss is -

-lnacéurate &or adult population estnmates -

(ﬁher authors methods to eshllhate female perch abundance‘t ‘from spawmng data
(such as doublnng the male estunge [Le Cren et a/ 19771 mmbmlng the male and female\
' estimate lCralg 19741 and, the male estimate multlplued by sex ratno taken after A

' spawmng lThorpe 1974]) probably have overestlmatad female and sometumes total

- researchers depend  on the follownng erroneous assumptlons sex ratno 'l 1; accurate .
population estimates could be made’ usmg data taken predommantly dunng spawnmg
and; sex ratio taken by knllmg fnsh after spawmng reflects the actual sex ratlo of the -

populatlon ’

"
A

Overharvests will occur when commerc»al or sport flsh harvest rates of perch
are based on the assumptron of equal sex ratuo of adults, yet famales are taken _
selectnvely by anglers and glllnets ownng to therr Iarger snze (EI :Zarka 1959) and females
. " are Iess abundant ﬁn males owmg to their greater rates of mortallty (thls studyl
- The dlfferences in survnval rate when males surwve better ‘than females ‘may be

related to dtfferences in: energy requured for reproductlon (Newsome and Leduc 197/5)
) ;‘:'J"‘

: also notes that although adult males survnve almost twice as well as adult o

females' in gerleral some: females survwe Ionger than all males The Iargest oldest fnsh in.

. . a populatlon therefore would be females o e

o

The total annual productlon of adult perch in Mnnk Lake was 4. 42 kg hat yr!,

whnch was wuthl the lower range of those estlmates prevuously reported for yeIIow and

EuraS|an perch from mark— : -recapture data Adult males however contnbuted four
and a”half tlmes more productu n than adult females for one year.. ‘ '

In summary the ability'to determme accurately, and externally the gender of

- adult yellow perch has resulted in a clearer understandmg of the /dufferentaal demography

of males and females within a populat|on mcludmg theur rates of surVuval and populatton
slze whlch ultnmately determme biomass and productnon Although perch densuty and |

‘é\l'owth rates were comparable to other studues subtle dufferences in parameters such

. . - . . - Y



‘as age at matunty and ;uw:val between aQ}ﬂt males and females accbunted for great

dlfferences m thelr abundance and therefore ?ieur bnomass anU prqﬂ&ctlon ‘
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Spawnnng s:tes of yellow perch in 1981 Were used as beats one through flve for

trappmg in 1981 Traps were set in. groups of. four : EECR e
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Drawmg of an opercular bone used for age deterrmnatnon of porch Arrowo mark. m.

fOCus and dlrectnon used wh§1 measurnng an opar\:ulum Ages are mdlcated m ypars of
growth (redrawn from Noms 1984)
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APPENDIX g

r

" Methods: used in ‘Backfcalcula'tion .

RATE .3

' Data for back- calculatron were collected in the followung way

. ;1 ' An lmage of the opercular bone was pro;ected on a whlte wall o _

- 2. .. Cardboard strlps placed on the wall were marked to mdncate’the focus and each i

'.-annulus ‘and; o . e o " B ‘ o "

‘ 3 | The dlstance from the focus to. each anrﬁulus was measured and used to calculate _

fotal length at eartrer ages [from a regressuon equat:on for tha relat:onshlp between
total body Iength and opercular Iength (LeCren 1947 Cralg 1974)] Wlth a
correctnon made for magnufucatlon of the pro;ectnon Thus requnred that the
dlstance between the pro Jector and the wall remaln constant The mtercept of the' -

’ regressuon equatuon was used to compensate for the Iength of the fish before the .

f:rst annu!us was Iand down R ' -
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L APPENDIX 1. .l :
How Assumptlons of the Populatlon Estlmate Were Evaluated at Mlnk Lake and -
Results of the Evaluatnons o - ' '
A}
.Qi ' Assumptions of the population estimate were taken from Seber (1982). ©
o "~'3,. P ~\ o . : R . o e .. } R RS
BT Assumptuon one states that the populatlon is closgd so that the estlmate is ‘
; 'constant This assumptuon was met; at Mmk Lake there 1s no lnflow or x,.
utflow and there was no lmmugratnon of’ untagged fnsh or emlgﬂatlon of - _
‘tagged fnsh durmg the. study o - o C
’ . * . . ’, - L2 ’
2. The second as'sumpf"&\'states that there is equal catchability in the first.and -
' second sample Th:s |s the most crucnal as;mptlon smce it concerns equal
: ~ - I ;v Inerabnhty of all md:vaduals to the catchmg method (Cormack 1969) and ns L

fected by the behavuor of the flsh (Beukema and De Vos 1974) Other '

: -researchers have V|olate this assumptlon by capﬁmng ﬁsh only dunng ‘
-spawnmg (Thorpe 1974 Jensen 1976) when gear captures sexually mature
’males in dlsproportronately lage numbers (Cralg 1974) and by baltmg traps

. (Chadwnck 1876), ‘which. may cause flsh tore: enter traps more frequently o

'} than by chance To evaluate assumptlon two in this study:iall data were -
“examined to determlne if males females or dufferent suze*olasses of flsh had '

'-.'dlfferent vulnerablllty to the samphng gear or if recruntment of newly mature : )

‘ mdlvnduals to the - smafl srze classes affected the ratno'of marked and

unmarked flsh in the second year of the study
L . o o o . ‘_‘.:,u ...,"1.
_To determine _if_-di"fferentvs_e'l_eo.tivity'ope__rated between age-classes; the .

[
¥

o
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' ratlo of recaptured to unmarked flsh ln each suze-class was exammed

- 53' chl-square Qnalysns to determme |f there was a dlfference |n the o /-‘

A

proportlon of recaptured flsh m each of the flve suze-classes 2 the
».proportndh was not the same all snzes of' 'flSh were not equally

‘ catchable (Youngs and Robson 1978) At Mmk Lake there were 0o -
k¥4 ,&'

y "~s|gn|f|cant dlfferences between gear lD the frequency of male and
_ .‘female perch captured and recaptured ln.'the flve adult su:e classes in . .
1981 for mal'as (chl-sqlJare— 4.38, df=4, n-eea P50. ;5) or. femal';s l‘;
‘ (Chl square 6. 33 df 3, n—526 P>0 05) or ln 1982/or males ,‘. :
- (Chl square =5, 03 df 3 n"310 P>O 10) Or females (chl-square- .

002 dfs2, n-199 P>0 ga), ke Tt

4 . DU 1

“b. To determlne |f new recrultment to the populatuon m the seCond year of'«‘ 5

the stu“dy affected the proportlon of s:ze—classes caught the o

¢ proportlon of unmarked to marked flsh nn the flve snze classes ‘nn the D .'r

second year of the study was compared by chl-square analysts A large o

- _ proporuon of unmar‘ked flSh m the small slze-classes would suggest )
* first. recrultment of a new snze class to the populatlon (Youngs‘and

-Robson 1978) At Mmk Lake theré was no S|gmf|cant dlfferehce in the

’proportnons oflmarked and unmarked male and female perch in the

o sarnple caused by the recruuﬂn&'ﬁt"{i’f— young unmarked flsh to the gear in"
.1982 (chl square— 7 35 df-4 n—1199 P>0 10 for male perch‘\“::;:.v":'-- - ;»‘g"::_‘.

' '-"chn quare 0 68 df a, nE 285 P>0 95 for female perch) LT o
ey "‘ ’», IR ' B :. . L -»‘_-_‘: ;,..»""“‘_',”:H; vk, - o v

. The thlrd assumptlon states that taggmg does not affect rel:apture N . ;““ i_ Ly aE
o -frequencues d‘f flsh by mortahty, or by trap avo:dance or selectuon by flsh
e Vlolatlon of assumptlon three occurred |n prevlous studles when r'larklng by

v o b
.cllppmg a 'fln c‘aused |r1creased mortalnty &hadwuck 1976 Jensen 1976

-Nyberg 1979) o A e :
. -‘ oAt T .
ooy . ’ . e A .‘1“.>
BRI S
¥ "“."‘_ 4 g L X - :
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3

4 Tags were chosen accordlng to the Ilterature to reduce the effects of

“‘ [ . L -JI L - S :_._/. ; '_:}v‘. ‘ .

taggmg on the survwal rates of growth and feedlng behavnor of the pergh

: Spaghettl tags yellow or blue in color anchored between the dorsal fm and

“the lateral llne were recommended for mark-and-recapture studnes wnth fush

lKeller 1971 Greenland and. Bryan 1974 Laird and Stott 1978) These tags

‘cause negllgxble mortahty, attract few predators and do not lnterfere woth .
'feedmg The results of the' taggung expenment mdlcated that taggmg dnd not

f‘: affect éurvuval or total wenght in the short. term Nlne tagged and mne coﬁtrol o a

~ perch of matched sxze were held inthe. laboratory for five weeks The flsh

: 'were measured for total length and wet welght ahd tagged in the same o

‘ manner as in the field. They were held ln ldentucal flow-through tanks in North B

Saskatchewan RIVGI’ ‘water | 17+1 C) (flsh orlgmally held for the above . :

: experument in Munk Lake were stolen) Mortalltues were recorded and

after- experlment welghts were taken for comparlson wuth pre-experlment ‘

values There was no sugnlflcant dlfference in the surv:val or the change in :' e

total wet’ welght of flsh due to taggmg (Student s t-test t'-O 34 df= 14

’ .

o , P>0 50) Further at Mink Lake no dead tagged flsh were found or. reported

L (chl-square—12 45, df=1, n= 1613 P<0 005f-and chl~square—5 a2, df= 1

| i recaptured sngmflcantly more frequently than females m 1982

fn—552 P<0 025 respectwelyl ! S T

: recapture between gear for females or males lchl-square n=2865, P,>0.'9.0 _

vand n"l 199 P>0. 05 respectlvely)

i - o S . o 5{@

CA comparlson of the frequency of recapture between males and females
.and between males and females caught in two dlfferent flshlng gear was

‘, »made by chl-square analysns At Mlnk Lake a dlfference did occur betWeen

l“_

' sexes in the frequency of recapture ln 1981 and 1982 Females were L

o recaptured mgmfncantly more frequently than males in 1981 Males were f', :

‘.(.

S IR

' _To determnne if fish selected or avonded gear after tagglng the ‘frequency of .

 fish captured and recaétured by both gear in 1982 was comp!

P

' slgnuf:cant dufference \}vould suggest that fush were selectmg or avondmg a - . v

gear However at Mnnk Lake, there was no dnfference in the frequency of

Y




4. .j_To meet the fourth assumptnon that tagged fash were mnxed randomly among the o
oo untagged f:sh recapture data were analysed to determnne if fnsh tagged in 1981
' ‘were | mixed among untagged fl§h by 1982 In 1982 samplmg in the Iake was

G desngned to be random whnch met the assumptlon of random muxnng (Jackson

" e 1939 Lagler and Rlcker 1942 Rlcker 1945 1955)
: ‘ - o » _.,"- -

". ' _, - Multlple recapture data i.e., from flsh that were captured more than once in

R 1981 were tested by comparmg the relat|ve frequencues of multuple _ ‘

' 'recapture to the number of fish tagged (Cravg 1974 Nyberg 1979) L E »f‘ : - ’
‘ Ch'-square analysus comparung the frequency of multrple recaptures to the | .

: number of fish tagged for each sex suggested that there was. no dlfference - n
in the proportxons of fish captured or recaptured up to three tlrnes Thus at '
‘Mink Lake it was assummed that tagged adult female and male perch were .

muxed randomly among untagged perch durmg 1981 (chn square- 3. 45 df 2
o n= 653 P>0 15 and chi- square =3. 76, df=2, n—1 198 P>0. 15 respectwely)
ot L b ' The average tnme for tagged perch to move from the tagglng site to another ’
were not recaptured then returned to the orlglnai site, could not be 2

evaluated in thns study In 1981 at Mmk Lake, perch were tagged at frve

.t

e ‘ areas by traps and flve areas by trawl The dlstance between the taggmg .
o areas ranged from ‘rOO m. to 1 .000.m (closely sutuated wnthm the north basm T

- compared wnth the farthest areas between the north and soutﬁ basms) After

taggnng these 10 areas were sampled for the presence of tagged ammali. .
. and many perch were recaptured at the snte of taggmg However movement
- was observed wrthun days of tagglng. and the mcndence of movement | |
o duffered between male and female perch Female perch remanned only 8 ahort S
& . .f o R f_.‘tume at the slte of spawnlng/taggmg but the males remained Ionger Flfty ¥ % f
T : percent oQ_females recaptured two daya or more after tagging were (8
o 'irecaptured in an area other than the one in which they had been tagged |
" o mdlcatmg that they had moved (n 54) l-“fty percent of malaa ree‘tured aix
- days oa more after taggmg siso had moved (n—36) to another e,

‘ A
Q A o o ”‘

. S p . SN
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c | :To determme whether tagged f:sh were movmg throughout the lake and
muxmg among untagged flSh wnthnn a year after taggmg the frequency of
: movement of tagged flSh wnthln and between the two basms in Mnnk Lake
’, was evaluated By 1982, 80% (n—60l of the flsh tagged in 1981 in the north
. basm and 100% (n 16) of the flsh tagged m the south basm had moved to

| another area, and 22% (n=76) had moved between basms (Appendlx W; Flgure
. . | ' ‘

To evaluate the flfth assumptlon that fish are not Inkely to lose thelr marks ‘sincé

tag loss produces overestlmates of populatlon size (Arnason and Mnlls 1981) fish -

B should be double ‘tagged ina separate ‘experiment usmg two different tags For '

thns study, the Ilterature was consulted to determme methods to reduce tag loss by '

~ choice of tag and handllng The tags were- chosen for: suze type and color and

a 0"

placed between the. splnous dorsal fm and Iateral line to engage the mterneurals o
(Black 1957 Munr 1963 Keller 1971 Greenland and Bryan 1974 Lalrd and Stott :
1978 Tranqullli and Chllders 1982) All perch were exammed to determlne the |
mcldence of tag loss (the presence of scar tissue in the area of tag msert:on

Ebener and Copes 1982) mudway between the lateral line and the splnous dorsal

fin. There Was no evidence of tag loss in the Iocatuon of tag insertion. However in o

1.5% of the recaptured fash (four in 1982) the 2 cm long numbered plastnc tag had

broken off, leaving only the anchor 'T' (5 mm of clear plastlc tag 1 mmin

' dtameter was vnsnble) Although these flsh could not be ldentlfned mduvudually, since

. their numbered tag was mlssmg they still could’be mcluded |n the total number of

marked fish within their suze-class and sex. 7 ~aT g .
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Appendix Il Figure i1 0 oot

o 'Mb've'rﬂent of yellow perch ca;p'turedi iﬁ'Mitib(."‘ ( between basms betwegn 1981 =



.musculature when locked behmd neural spmes “ R

'recaptured flSh were recorded ' " : ey

oS

-

‘Three years after taggmg after the completlon of the study tagged fish- were

) reported by flshermen mdncatmg that tags were well retamed in the perch

'

- -AlE fnsh were. recaptured by the author to meet the last assumptlon that all

-;;4~,'
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To determme the age composmon of the adult flSh an age—length key was
constructed from tne age at Iength for sampled fISh accordlng to the methods of Rlcker
‘(1975?’ A table glvnng the proportnon of each age wuthln a certam length catego:)y was
used to convert the observed Iength dnstrlbutlon of tagged'flsh to age. Age-length keys
were dwnded between May 17 - July 29 and. July 29 October 14 1982 to account
“for yellow perch growth durlng the summer and to mcrease accuracy of the predlctlons
;of age at length “The. lengths were drwded into 5 mm mtervals and begun at 105 mm
{the flrst length of matunty for malesl and contlnued to 275 mm (the largest snze wnth

o fush subsampled)
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. - Key for asslgned age. at length for female yellow.perch (proportnon of Iength ata:
g:ven age based on sy
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APPENDIX Ill 2 contmued

Key for assngned age at length for male yellow perch (praportlon of Iength at a gwen SRS

B 'age based on subsamples taken betw,een May 13 and July 29 in’ 1982)
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- Key for assrgned age at length for male yellow perch’ (proportmm of Iength at a gwen
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T% estnmate productlon accordmg to the methods of chker (194&} the followmg

’calculatuons were requured S

. N;_xh%éﬁer of fnsh in each age group i at the tlme o . % .

_:-equalsgNwHOO ‘_» ST s

L Z -~ the mstantaneous mortaluty rate: whlch equals e

'.‘ ’

of collechon " I PR R A
o SR ;
| - the mean wenght in g of each group i at the tlme of . '

collectlon

L M N »
A S

Bl - the mltlal buomass in kg of each age group i at the t|me of collectlon whuch

-(IogN IogN - “)'»-; ) B .' o o _"-, ,

-G+ the mstantaneous growth rate whnch equals S O r .

Iogw logw_,, P AU T

»

g H the rate of mcrease in blomass wh;ch eq\JaIs G- Z

§ he mean biomass in kg whnch equa!s B (eH- 1)/ H
P .
1

the total productnon m kg whnch equals GB

\'SA»'A"— : -’,'\ \

e P n . . e

. J/i‘"‘\fi‘ B

CAPPENDIX VAT J -

. Defiriitions of .the Symbols Used in the Estimation of Production.



