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INTRODUCTION

AccuraTe esTlmaTion of animal popu|aTion size has challenged

bioIogisTs since The earliesT aTTempTs were made T0 scienTIficalIy

manage wildllfe resources. WaITon (l653) firsT recorded efforTs

To esTimaTe fish populaTions. He reporfed ThaT Sir Francis Bacon

sTudied salmon populaTions by marking fish and making observaTlons

on Their migraTions and reIaTive numbers. EsTimaTion of fish popula-

Tions, however, did noT become a common scienTific procedure unTiI

IaTe in The nineTeenTh cenTury. PeTersen (l896) is given crediT

for developing single census mark and recapfure meThods for use in

fisherles research. Procedures ouT|lned by PeTersen remained

relaTiveIy unchanged unTil The middle of The TwenTieTh cenTury when

quanTiTaTive sciences became more sophisTicaTed and developmenT of

more complex models began. Some invesTigaTors offered modificaTions V

To The PeTersen meThod in order To eliminafe TheoreTical bias (Bailey,

|95l; Chapman, l95l; Schaefer, l95l; Chapman and Junge, I956). OTher

invesTigaTors proposed new esTimaTion procedures. ModificaTion of The

PeTersen esTimaTor To allow for conTinuous marking resulTed in develop-

menT of mulTiple census meThods (Schnabel, l938; Schumacher and

Eschmeyer, l943; Chapman, I952; Jolly, |965; Robson and Regler, |97l).

CaTch per uniT of efforT daTa was also developed inTo esTlmaTion

models (Leslie, I939; DeLury, l947; Zippin, l958; Seber and Le Cren,

I967).

In recenT years, major conTribuTions To The field of populaTion

esTlmaTion has been eIiminaTion of TheoreTical errors. Bailey (l952)

I
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repor+ed +ha+ +he Pefersen es+ima+or +heore+icalIy overesfimafes

ac+uaI popuIa+ion size by a fac+or of I/r, where r is +he number of

recap+ures. Wi+h a reasonable number of recap+ures, a p0sl+lve

bias of |/r would be insignifican+ and of li++le concern +0 a

fisheries manager. By con+ras+, several recen+ sfudies have shown +ha+

popula+ions of warmwa+er gamefish are of+en underes+ima+ed by fac+0rs

of I/3 +0 2/3 (Carlander and Lewis, l948; Fredin, l950; Lawrence, .

l952; Carlander and Moorman, I956; Loeb, I958; Isaac and Bond, l963;

Buck, I965). Buck (I965) es+ima+ed fish populafions from fiffeen one-

acre ponds. Despife using seines which encompassed +he en+Ire pond,

mosf species presenf were significanfly underes+ima+ed. Buck concluded

+ha+ +he problem was no+ ma+hema+icaI. Developmenf of complex,

+heore+icaIly unbiased es+ima+ors is of li++le value when applied +0

biological sifuafions of essenfially unknown charac+eris+lcs.

Accura+e p0puIa+i0n es+ima+es are dependen+ on sa+isfying +he
l

underlying assump+i0ns. Assump+ions essen+lal for unbiased es+ima+es

of fish popula+ions are probably seldom me+ +0 +he degree necessary for

ob+ainlng useful da+a (Cooper, I953). Therefore, i+ is necessary +ha+

invalid assumpfions are unders+ood so +ha+ da+a can be meanlngfully

in+erpre+ed. Assump+ions necessary for indlrec+ esfimaflon of

popula+i0n size include:

(I) mor+aIi+y is equal befween marked and unmarked fish

(2) marks are no+ Ios+

(3) p0puIa+ion is closed - no signiflcanf migra+i0ns,

recrui+men+, or dea+h
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(4) eifher marked and unmarked fish are randomly dIsTrlbuTed

or sampling is randomized

(5) fish do noT learn To avoid capTure gear

(6) all fish are equally vulnerable To capTure.

In shorT Term populafion esTimaTi0ns sTudles, procedures can be

designed To make assumpTions (I), (2), and (3) readily accepTabIe.

However, assumpTions (4), (5), and (6) are ofTen vio|aTed and probably

conTribuTe mosT To The esTimaTion errors noTed in many sTudies. Buck

(I965) concluded ThaT underesTimaTion of fish populaTions was The

resulT of vulnerabiliTy differences beTween marked and unmarked fish.

He sTaTed ThaT differences in vuInerabi|iTy could be The resulf of

four facforsz

(I) failure of marked fish To redisTribuTe randomly

(2) greaTer suscepTibiIiTy To capTure due To marking

(3) greaTer suscepTibi|iTy To capTure of cerTaln

individuals, independenT of marks

(4) abiliTy To learn To avoid capTure.

Rieker (I958) sTaTed ThaT iT is exTremely difflculTy To evaIuaTe

effecTs of unequal vuInerabi|iTy of marked and unmarked fish. This

difficuITy is probably refIecTed in The searclfy of lnvesTlgaTions of

· This assumpflon in fisheries |iTeraTure.

AceuraTe esTimaTes of fish populaTion size are essenfial To The

inTelIigenT managemenf of mosT fishery resources and The undersTanding

of populaTion dynamics. However, aceuraTe populafion esTimaTes require

an undersTanding of and an ablIiTy To compensaTe for all sources of



4

error. This s+udy was designed +0 de+ermine sources of sys+ema+ic

error in es+ima+ing fish popula+i0ns and +0 compare commonly used

cap+ure gear and popula+ion es+ima+ors. Wi+h0u+ knowing +he causes

of error, in+erpre+a+ion and improvemen+ of p0pula+ion es+ima+ors

canno+ be accomplished. lncreasingly complex es+ima+ors are of

limi+ed value unless we are familiar wi+h +he charac+eris+ics of +he

popula+ion being s+udied, know how well our assump+ions are me+,

and can ul+ima+e|y quan+ify +hose sys+ema+ic errors encoun+ered.

The s+udy was c0nduc+ed in Hoge Pond, a I.l6 hec+are farm

pond in Mon+gomery C0un+y, Virginia. Hoge Pond is fed by an in+er—

mi++an+ s+ream which drains 0.82 square miles of pas+ure|and.

Charac+eris+ics of +he drainage area probably con+ribu+e +0 +he

unusually high concen+ra+i0n of dissolved solids (220 ppm) and +urbid

condl+ions (visibiIi+y less +han 0.7 m during s+udy period). Nu+rlen+

_ loading from surrounding agricuI+ural land also con+ribu+es +0 an
l

abundance of filamen+ous green algae. Hoge Pond is rela+ively '

shallow wi+h a maximum dep+h of 2.5 me+ers. Subs+ra+e ls composed

of fine sil+ and decomposing organic ma++er. B0++om sludge varies

from one me+er in dep+h a+ +he inle+ s+ream +0 l0 +0 20 cen+ime+ers

along much of +he shoreline. Uniform subs+ra+e and a gradually

sloping bo++om provide ideal seining condi+ions. The ou+le+ pipe,

drainage pipe, several dock p0s+s, and a par+ially submerged por+lon

of dock were +he only sampling obs+ruc+i0ns.



METHODS

Preliminary samples co|lecTed wiTh a 60—f0oT bag seine

indicaTed ThaT Hoge Pond conTained pumpkinseeds (Lepomis gibbosus),

bluegills (Lepomis macrochirus), and golden shiners (NoTemigonus

crysoleucasl. Pumpkinseeds appeared To be The only fish species

presenT in sufficienf numbers To evaluaTe populaTion esTimaTors.

Because seines and elecTroshockers are commonly used and have been

shown To efficlenTly capTure large samples of sunfish from small

ponds (Hall, l956; BenneTT and Brown, l968; Sandow, l970), They were

chosen for use in This sTudy.

Only pumpkinseeds greaTer Than 9.5 cenTimeTers in IengTh were

included in The sTudy. Fish smaller Than 9.5 cenTlmeTers would have

jeopardized objecTives of The sTudy due To excessively high morTaIiTies

caused by marking and being gilled by The seine. A 9.5 cenTimeTer ·

|ImiT was chosen because IT minimized The above problems and closely

approximafed a IengTh frequency break. Exclusion of juvenile fish

did noT affecT The experimenfal design or weaken conclusions. The

sTudy objecTives required only The exisTence of a well defined

populaTion of fish.

The sampling schedule was designed To include Two disTincT

sampling periods. The Two sampling periods provided a marking and

a recapTuring period for single census esTimaTes while permiTTing

conTinuous marking and recapTuring for esTimaTing populaTion size by

mulTiple census mefhods. Dep|eTion esTimaTes could be calcu|aTed

from daTa coIlecTed during eiTher period. Each sampling period

5
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consis+ed 0+ al+erna+ing seining and e|ec+roshocking eff0r+s in

order +0 evalua+e various c0lIec+ion me+hods.

Prior +0 sampling, +he pond was divided in+o four quadran+s

(Figure I). Each quadran+ was fur+her divided in+o five IOO-+00+

sec+ions of shoreline. The +wen+y l0O—+0o+ sec+ions marked sampling

s+a+ions for seining. A 60-+00+, 3/8—inch mesh seine wi+h a 6-+00+

bag was used. Seining was done by se++ing +he ne+ perpendicular +0

shore a+ one end 0+ a l00—+oo+ sec+ion. The seine was pulled

perpendicular +0 shore and closed a+ +he 0pp0si+e end 0+ +he sampling

sec+ion. By +his me+hod, all dep+hs encoun+ered could be ef+ec+ive|y

sampled aI+hough seining was confined +0 areas wi+hin 60 fee+ 0+ shore.

On +he firs+ day of each sampling period, +wo seine hauls were

made in each 0+ +he four quadran+s. Fish were marked by appropria+e

finclip +0 indica+e cap+ure gear and sampling period, and by +reeze—

branding +0 indica+e quadran+ 0+ cap+ure. Freezebranding wasdoneby

anes+he+izing fish wi+h MS 222 and applying marks wi+h branding

irons cooled by liquid ni+r0gen. Fish were held un+il recovered +hen

released a+ +he cen+er 0+ +he quadran+ where cap+ured. On all 0+her

seining days, six seine hauls were +aken a+ randomly seIec+ed s+a+ions.

Fish were marked by clipping half of +he righ+ pelvic fin during +he

firs+ sampling period and by clipping +he en+ire righ+ pelvic fin

during +he second sampling period. All fish cap+ured were measured

+0 +he neares+ miIIime+er, examined for previous marks, and released

a+ +he si+e of cap+ure. All seining was done be+ween l pm and 5 pm

in order +0 minimize effec+s of diurnal changes in fish dis+ribu+ion

pa++erns.
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ElecTroshocking was done wiTh a variable ouTpuT, DC shocking

uniT mounTed in a fourTeen—fooT johnboaT. 0uTpuT was held consTanT aT

l2O pulses per second, 220 volTs, and 4 amps of DC currenT. lniTially,

elecTrofishing was conducfed in all areas of The pond. However, no

fish were caughT by elecTrofishing in deep waTer so subsequenT

sampling was done only near shore. A uniT of sampling efforT

consisTed of Two passes around The pond perimeTer. A single posiTive

eIecTrode mounTed in fronT of The boaT concenTraTed fish where They

could easily be neTTed. ElecTroshocking was done immedlaTely afTer

dusk To sTandardize efforTs and minimize effecTs of any possible

dlurnal changes in fish disTribuTion paTTerns. All fish capfured

were held in live pens. During The flrsT sampling period, fish were

held unTil dawn before They were measured, examined for previous

marks, and marked by clipping half of The lefT pelvic fin. During

The second sampling period, fish were examined immedlaTely following
l

capfure and marked by clipping The enTIre lefT pelvic fin. All fish

capfured by elecfroshocking were released aT a single siTe near The

cenTer of The pond.

When recapTured fish represenTed approximaTely 40% of The ToTaI

daily caTch, Hoge Pond was drained To defermined acfual popuIaTion

size. A caTch Trap of hardware cloTh was consTrucTed below The ouT-

flow pope To caTch fish passing Through The pipe. As The waTer level

dropped, The pool remaining above The dam was seined. Seining was

conTinued unTil less Than IO fish were caughT per seine haul. The

valve was Then fully opened and The pond complefely drained. The
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exposed boTTom and Tha small sTr6am running Through The pond were

carefully searched for fish. No isolaTed pools remained and iT

was assumed ThaT virTually all fish were recovared, maasured, and

examined for marks.



RESULTS

PopulaTion esTimaTes based on mark and recapTure meThods are

presenTed in Tables I and Il. Single census esTimaTes vary from -

3759 To 452l while mulTlple census esTimaTes vary from 3039 To 3796.

Single census esTimaTes were consisTenTly higher Than mulfiple census

esTimaTes buT differences were generally insignificanT. Use of

differenT samplinggear and differenT esTimaTors had only minor

effecTs on The esTimaTes obTained. The small differences beTween

esTimaTes and re|aTively narrow confidence inTerva|s suggesTs a fair

degree of confidence in The resulTs.

PopuIaTion esTimaTes based on caTch per unlT of efforT daTa are

presenTed in Table III. WiThouT The opporTuniTy To be compared wiTh

mark and recapTure esTimaTes, The deplefion esTimaTes would also

appear consisTenT enough To be used for managemenT purposes. However, l
comparison of mark and recapTure and depleTion esTimaTes indicaTe

ThaT one or boTh meThods of esTimaTion produced severely biased

resulTs.

When Hoge Pond was drained, a ToTal of 4l4I pumpkinseed sunfish

were recovered. This figure compares favorably wiTh populaTion

esTimaTes obTained by mark and recapTure meThods. However, only

abouT 60% of The fish marked during The firsT sampling period and

70% of The fish marked during The second sampllng period were

recovered. Because escapemenT or loss of fish during drainage was

considered negligible and a naTural morTaIiTy raTe of 40% over a six

IO



I I

(D ON F) Q N
(ZD N —- W ID

N LO P') N') — C)

·
Q Q U) LKN Q

• Q ON W Q NO 1- oo Ih 0 N• — — N) (D IhU) L N') N) NW V) N')*0 Q)
Q *-6-
.C G.)
4- (U
(D .C
E U

U)
(D
L —· ON LH ON W3 ( Z ® II) N) CO (D
4- ® W N) Q W¤. — N1 HW Q Q N')
(U L
U O(1) 4-
L (U

E
E 4-
(U U) ,

L.U
X —- \O — LO WL N) IH ON — Ih(U N \D N) Y') N CDE • Q Q In Ln Q

1 'R *\ •g •\ •\

U)
·

W Q N') W th2 U ON 0 ox N NU) — N N) (D Ih •
c rd NN rd NN M L:(D C OU (D

·-U) 4-0.) L 3— (1) .OU) 4- ·-c LD L·— D. 4-U) U)
Q O N — — ·—·

>~ < Z — ® ON N ON 'U..C) ON W F) ll') W
N') N) Q Q N) —

'U (U(1) E-|—
Lso O .—
C

D •

U X eu
FU 'U O)
Q L L L L C C(U (D (D (D (D •—
Q) Q) X X X Q. E

~
LD U U U ¤. 2·— O O O < V)

m Q) L L *¤ L U)
L U) U) C U) C (UL: 2 O O tu O ·—

Q 4- L L L •
-—

ca. <D -4- CD
-•—

<D -4- *0 an4- (U C U C U C U (D ·—
IO U •· (D •— (D ·— (D 4- (U— (D G} - (D — ' (D —- U) >D Of U) l.IJ (.0 LU (J) LU ·— LCJ. — (D
O -I-Q. U) C
0 GJ(D 'U (D4-

E U(U CE CD·— L L L C 'O4- L 0) G) (D O ·—
In ru X X X ·— 4-LU (1) U U U 4- CCD 0 0 O cu O.c .c *0 .c E U• Ü) U) U) C U) •—
- ¢: O O ¢¤ O -4- Bl•— L L L U) UW(1) X (D 4- 4- 0) (D 4- LU ON— L. c U U L: c g — N.Q (U •- GJ (D •— ·—
(D E (D — —· (D (D —
I" (0 LU LU (0 (.0 LU



I2

L — O ON NN ON0) N F UN O W•— N O W CD N N
· W NN NN W NN

Q) —• !Q •Q Il ¤Q IQ
CK • — W NN ON F•

O NO NO UN CO WU) U O CD ON NN ON*0 s: NN N N NN NO CU
.C+— c0) O —· F NO C CI)E an < Z <r No O cn UN

.¤ UN — W F C)0) O NN NN NN NN NNL K
D
4-
C).
CU
U
0) N UN ON UN NL U ON F NN O NNc N O NN O N NOU CU L

· W NN W W NNg; Q) — •„ ••„ ••„ ••. ..4
CU — L • CD NN ON UN NL 0 0 C.) O 0 ko NN UNX O .C E O F UN NN OL 4- 0 .c NN N N NN NNCU CU CU UE E E en·— 3 LU
UI 4- .C O ON W O N3 U) U < Z UN NN O F WU') LU U) UN O NN F NNC NN NN NN NN NN0)
Q •

C0)
O

Q.
4-•—

C UN UN NN ON D4- N N ON NN O .D— N NN W CD N NO •-
3 •

W NN NN W NN LE -— — •~ •n ••• •n ••~
4-0) • CN NN I-CN O N U)

>~ .Q (_) \O - F — W ·-.¤ CU — F CD NN —
Uc NN N N NN NNU -C
"0) U CU4- U') ECU N CO NO NN F L— ( Z O W W W NO O - .3 F C) NN F NN CU NN NN NN NN NN •—

X CU[U ••—•

U U O')
C C0) 0) •—N Q. E-— L L L L Q. Den cu 0 0 0 < nn(1) X X X U) ·c LD O U U C 0O O O O ·—•— (D .C -C Ü .C S

4- L U) U) C U') U U)0 0 0 O 0 O 0 ——
4- L L L 4- CU0 0. 0 4- 0 4- 0 4- en >0. zu c 0 ¢: 0 c 0 •- L-O L) ·— 0) ·— 0) •— 0) — 0.)0. 0 0 — 0 — 0 — 4-CK U) LU U) LU U) LU U) C

0) 0)4- U 0)
E 2 2·—

0)
-4- L L L C '0an L 0 0 0 O ·-L1,] (U X X X ~— *4-0) U U U 4- C(D O O O CU O• 4: 4: *0 4: E 0— O) U) U) C U) •-·— c 0 0 0 O 4- Bl•— L L L U) UN0) X 0) 4- 4- 0) 0) +- LU CN— L c 0 0 c c 0 — N.¤ CU ·— 0) 0) ·— •— 0)
CU E 0) — — 0) 0) —
I- ua LU LU cn an Lu



I3

.C .
B U) U\O N') U) O) füN) N — N) — U• — gg gn ..

- ··-
•-„ -„ --, w-

C • O) O) 0) N) O·— L) — ®‘W (D
N U) W (I) U)
·- U•-

.C
N U

4-N) —— N 0) fü(Z W O O) N) UN \O W C)— — O
S

N 4-L
0) N) (D U) — — 4-•-

-
(O B U) U) U)

- O) U) B B L
Q) „, „-•

CK O Q - U) N) *4-fü O W W KO
4- #6 O) U) N N) U(D .C*0 x: 4-O
-4- an
L .0 (Z Q Q Q B •
O O N) uw cx an fü ‘

~·4— CC Ox In <r U)
-4-*4- fü0) 'O(Q •~4— — c N) 0) U) rf) — .:4/)

O L 0) • \O B U) U) UU0 L - cn an 4- 4- -4--4-4- 4- (_)
-

.„ „„ •„ „, ggg-— fü 0 0~ - 4- N) UEC E U O W W \O •—
3 ··- -J O) U) N N) O4-4- 3U)L U) #6 4-UQ) LU •
Q. L LC CU <Z o~ co o 4- 00 O.C .¤ N) U) O U) *4--- •—
U U O) U) U) U) 4- 4-4- U) Ufü Z!fü L- .¤U {UZ! .-.

B Q. L
>~ RO U) \O N U)O 4-.Q N) N N B O) —O. U)• — MO W O) 0) ··-*¤ —

--4
--„

--
•- *¤~4- *¤ .0) • N) B W W OO ·4- L) ·- W O O E —

fü L O U) W 0) C fü
- D — LO EZ) _] Q)•— L.U 0) ·-·4- O— O • U)fD Cfü O \O O Q X U—
U (Z W G) W W ··- (ID fü

- U) W O) “U
UU — . C 'O- U)

N 0.) Cfü C•-
Q. füU ·—

U) Q. EU) < CL DC L (1) OO U)
O 0) .C C U)*4— U)•— .¤*4—U U) N) \O \O •— .D (U-4- E0·4— 0*0fü 3 fü ‘U (ZU •·— Z L) U U) —
: -4- *0: füQ. U) C >O •— fü0) LCL U‘U “O

'O — L U-0 -4- -4- c c ••U
-4-*0 cx.-- en an O 0 nn C3 c0) EL L L U U — 0) ··-4- füU •— ·— U U 0) LT)

fü U)O. L4. L1. U) U) 'U L)O 0.)E O •— U·- E UL C4- .|f1) 0)U) L L C C). 'UUJ L U 0) O 'O ·—
(U X X •— CU) *4-U U U -4- mc c• (D O O fü •• O—

.4: .c E L- U— U) U) U) ·—
CDQ.

- 4: O 0 -4- .¤E uv.•- L L U) Ufü U)0) — U 4- U 4- UJ U)U) O)— Q. C U C U — N N).¤ E •— U ·- 0)
fü fü U — U —

I··- U) U) LIJ U) L4.|



I4

week period seems unrealisTic, Iosses were assumed To be due To

morTaIiTy caused by handling and marking. lf marking morTaliTy is

assumed To be The only cause of fish loss, acTual populaTion size aT A

The beginning of The sTudy would have been 48|8. This figure is

higher Than all buT 4 of 36 confidence inTervals calculafed from The

sTudy daTa.

An insTanTaneous raTe of morTaliTy was calcuIaTed from fish

freezebranded on The firsT day of The second sampling period. When

This morTaliTy raTe was applied To The enTire marked popu|aTion, The

ca|culaTed morTaliTy equaled The observed morTaliTy. The number of

marked fish In The populaTion was adjusTed by sampling day and popula-

Tion esTimaTes were recalculaTed (Tables IV and V). AfTer eliminaTing

The posiTive bias associaTed wiTh marking morTaliTy, single census

procedures underesTimaTed The acTuaI popuIaTion size by an average

of 34.I% and mulTiple census procedures by an average of 37.8%.
I

DepleTion esTimaTors, alThough noT biased by marking morTa|iTy,

underesTimaTed The acTual popuIaTion size by an average of 84.6%

(Table Ill).

By compleTely draining Hoge Pond, The acTual proporTi0n of The

popuIaTion represenTed by a parTicu|ar size class became known. IT

was, Therefore, possible To evaIuaTe size se|ecTiviTy of The seine and

elecTroshocker. Figures 2 and 3 illusTraTe size se|ecTiviTy of each

Type of sampling gear. Graphs were formed by ploTTing The following

reIaTionship againsf each size class (daTa summarized in Appendix):
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CS/CT - NS/NT

where: CS = number of size (s) fish ln caTch

CT = ToTaI caTch aT Time (T)

NS = number of size (s) fish in populafion

NT = ToTaI popuIaTion aT Time (T).

Confidence InTerva|s were caIcuIaTed by using binomial mefhods

described by Dixon and Massey (I969). 8oTh seining and eIecTro-

shocking were found To be seIecTlve for smaller fish. ‘

AbouT 800 fish were marked by freezebranding To indicaTe siTe

of capTure. Area of recapTure of freezebranded fish gave informaTion

on The redisTribuTion of marked fish. Excessively high morTa|iTies

of fish freezebranded during The firsT sampling period greaTIy

reduced The number of recapTures. ThirTy—nine of 53 recapTures were

caughT in The same quadranTs where originally marked (Table VI). Of
(

I4 fish recapTured in oTher quadranTs, 8 moved only The shorT disTance

beTween quadranTs lland lll (Figure I). The remaining 6 fish moved

beTween more widely spaced quadranTs. The IImiTed recapTure resuITs

do noT supporT The assumpfion of random redisTribuTion of marked fish

during This sTudy.
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DISCUSSION

The experimenTal design of This sTudy followed procedures

similar To Those commoniy used by fisheries lnvesTigaTors. When

The sTudy was planned, accepfance of underlying assumpTions appeared

relafively valid. During a shorT Term sTudy, There is usually liTTle

reason noT To accepT The assumpTions ThaT The populaTion ls closed,

marks are noT IosT, and morTaliTy differences are insignificanT.

Sampling could noT be complefely randomized due To The inefficlency of

The sampling gear in deep waTer buT, sampling was randomized wiThin

areas which could be effecTively sampled. Lack of compIeTe randomiza-

Tion was noT considered a major problem because random mixing of marked

fish appeared To be a reasonable assumpTion considering The small size

of The pond. RandomizaTion meThods used in This sTudy are commoniy

used and generally accepfed procedures. VulnerabiliTy differences .

beTween fish and abiliTy of fish To learn To avoid capTure gear are

difficulf facTors To assess and are usually ignored by lnvesTigaTors.

WiThin a limifed size range, boTh vulnerabillTy differences and learning

are commoniy assumed To be insignificanf primarily on The basis ThaT

IiTTle evidence is available ThaT challenges These assumpTions.

AlThough This Type of reasoning may noT be scienTifical|y accepTable,

iT is ofTen The only supporf available. Reasonable care was Taken

ThroughouT The sTudy To minimize sources of sysTmaTic errors

aTTribuTable To The lnvesTigaTors. DespiTe using meThods commoniy

used ln lake and pond sfudies, and carefully execufing described

2I
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procedures, all populafion esTimaTes 0bTained were slgniflcanfly

biased.

ApparenTIy, assumpTions underlying populaTion esTimaTion

procedures are ofTen noT meT T0 The degree necessary To obTain

reliable daTa and a more careful evaluaTion of These assumpTions

should be made before populaTion esTimaTion sTudies are lniTiaTed.

IT was evidenT from The resulTs of This sTudy ThaT several of The

underlying assumpTions were noT meT. MorTaliTy of marked fish was

significanT buT The posiTive bias associaTed wiTh marking morTa|iTy

was noT reflecTed in The esTimaTes. Therefore, negaTive biases

ass0ciaTed wiTh oTher invalid assumpTions musT have compensaTed for

The effecfs of m0rTaliTy. Biases are probably The resulT of a number

of sysTemaTic errors. ln order To lsolaTe Individual sources of

error, each assumpTion will be discussed in deTail.

(I) MorTaliTy is egual beTween marked and unmarked fish.

Equal morTaIiTy beTween marked and unmarked fish ls an

assumpTion which is ofTen given |iTTle consideraTion when planning

a popuIaTi0n esTimaTion sTudy. MosT invesTigaTors base Their

accepTance of This assumpTion on various sTudies which show no

difference in morTaIiTy beTween marked and unmarked fish (Ricker,

l949; SheTTer, l95I, I952; Churchill, l963). However, mosT marking

m0rTaliTy sTudies are noT direcTIy appllcable To populaTl0n esTima-

Tion sTudies. when evaluaTing marking effecTs, boTh marked and

unmarked (c0nTr0l) groups are handled and released. EffecTs of
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sTress due To handling are, Therefore, reduced by The sTaTisTical

design of marking morTaliTy sTudies, buT are noT by The design of

popuIaTion esTimaTion sTudies, DifferenTial and naTuraI morTaliTies
are parTicularly given liTTle consideraTion when popu|aTion esTima—

Tion sTudies are of shorT duraTion. Differences in morTaliTy would be

unimporTanT if ToTal morTaliTy was insignificanT.

ResulTs of This sTudy indicaTe ThaT marking morTaliTy can be

a major problem even in sTudies of shorT duraTion. Loss of marked

fish could conceivably have been due To losses during drainage or

naTural morTaliTy buT boTh of These facTors were considered unlikely.

The assumpTion of marking morTaliTy was supporTed by: (I) an

observed poor healTh condiTion of many recapTured fish, (2) conTrol|ed

efficiency of The drainage operafion, (3) a greaTer reTurn of fish

marked IaTer in The sTudy, (4) no evidence of a large fish kill during
The sTudy, and (5) The low probabiliTy ThaT naTura| morTaliTy of fish

V

larger Than 9.5 cenTimeTers could be 40% over such a shorT Time

period. (
_

The exacT causes of The morTaliTies in The marked popuIaTion

were noT known. EffecTs of finclipping warmwafer fish have noT been

sfudied in defail, buT IT is doubTful ThaT removal of a pelvic fin

would significanTly reduce shorT Term survival, parTicularly when

predaTor densiTy was as low as in Hoge Pond. IT appears more likely

ThaT morTaliTies were The resu|T of indirecT facTors re|aTing To

sTress during The marking operaTion. This concluslon is supporTed

by The facT ThaT many recapTured fish had fungal and bacTeria growThs,
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open sores, fin r0+, and disc0lora+ion. Recap+ures handled more

fhan once were of+en in +00 poor a condi+ion +0 be released. S+ress

due +0 handling has been shown +0 cause a number of physiological

changes in fish (S+evens, l972; Wedemeyer, l972). Wi+h +he poor

heaI+h condi+ion in Hoge Pond and +he probable recen+ cessafion

of spawning, physiological sfress caused by cap+ure,handling, and

marking could readily have increased +he suscep+lbili+y of fish +0

parasi+es and disease.

increased mor+ali+y of marked fish uI+ima+ely affec+s popula-

+ion es+ima+es based on mark and recap+ure me+h0ds by decreasing +he

availabiIi+y of +he marked popula+ion and +hus producing a posi+ive

bias. When es+ima+ing popula+ion size by deple+ion me+hods, however,

marked fish are considered removed from +he popu|a+l0n and es+ima+es

are no+ affecfed by handling mor+ali+y.

In +his s+udy, if no o+her source of bias exis+ed, handling

mor+ali+ies would have resul+ed in a posi+ive bias of l9.7% in

single census mark and recap+ure es+ima+es and lO.8% in mul+iple

census mark and recap+ure es+ima+es. Such biases could probably be

significan+ly reduced wifh appr0pria+e research bu+, a+ presen+, +he

magni+ude of +he problem in shor+ +erm s+udies is no+ fully apprecia+ed.

Before popula+ion es+ima+es can be considered valid, handling sfress

mus+ be reduced +0 +he poin+ where fish are vir+uaIly unaffec+ed.

Reduc+i0n of handling mor+ali+y alone is no+ sufficien+ +0

eliminafe biases caused by handling. Mor+a|i+y of marked fish

produces a posi+ive bias. O+her compensa+ing nega+ive biases such as
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increased suscepTibiliTy To capTure can also be caused by handling.

EIlminaTion of handling sTress To The poinT where iT does noT increase

morTaliTy or suscepTibi|iTy of marked fish To capTure musT be

accomplished. Handling sfress can be reduced by minimizing handling

of fish, and by planning sTudies for Times when fish are noT sTressed

by spawning, or environmenTaI condiTions. MorTaliTy due To handling

can also be reduced by noT releasing recapTured fish. During This

sTudy, fish handled several Times exhibiTed more advanced disease

and parasife problems Than fish handled only once. When evaluafing

underlying assumpfions necessary for populafion esTlmaTlon, effecfs

of handling and marking musT be carefully considered.

(2) Marks are noT losT.

Marks can be losT by morTaliTy of marked fish, by loss of The

idenflfying mark, or by invesTigaTors failing To recognize marks. _

Loss of marks during This sTudy was aTTribuTable only To morTaliTy

of marked fish. The pelvic finclips were easily recognized and did

noT regeneraTe over The shorT Time period of The sTudy. However,

loss of marks in sTudies of longer duraTion could be a major problem.

Fins will regenerafe in Time, Tags are offen losT, and loss of marks

Through naTuraI and fishing morTaliTy is difficulT To assess. ln

shorT Term mark and recapTure sTudies, loss of marks oTher Than Through

morTaliTy can offen be considered insignificanT. For long Term

sTudies, a careful eva|uaTion of marking procedures should be made on

The parficular species being sTudies. Marklng procedures should be

TesTed To insure a low percenT loss of marks and The sTudy should be
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designed To permiT assessmenT of losses Through naTural and fishing

morTaliTies. If loss of marks cannoT be esTimaTed, popuIaTion

esTimaTes cannoT be adjusTed for The posifive biases ThaT resulT.

(3) PopuIaTion is closed.

A closed populafion implies no signlficanT emigraTlon,

immigrafion, recruiTmenT, or deaTh. This assumpTion was probably

adequaTely meT in Hoge Pond. In shorT Term sTudies, wifh

juvenile fish excluded, recruiTmenT and naTura| morTaliTy can

generally be assumed To be insignificanT. However, lf juvenile fish

are included in The esTimaTe, naTural morTaliTy could be a source of

error. For esTimaTing fish populafions ln ponds and small Iakes,

migraTions probably are noT a major problem. In large reservoirs and

IoTic siTuaTlons, however, migraTions can be a major source of error

unless barriers exisT. For very shorT Term sTudies, secTions of _

sTreams and coves can be blocked To eIiminaTe migraTions. On larger

rivers and reservoirs migraTions musT be assumed To be negligible

or migraTion raTes musT be esTimaTed. A knowledge of a fish's

behavior may provide jusTificaTion for assuming no migraTions. lf

migraTion, recruiTmenT, or naTural morTaliTy cannoT be considered

negligible, a more advanced, complex esTimaTor, which does noT

assume a closed populaTion, musT be used (Jolly, l965; Seber, I965).

Use of These complex esTimaTors require addiTional efforT in coIIecT-

ing daTa buT musT be used if accurafe esTimaTes are To be obTained.
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(4) Fish are randomly disTribuTed or sampling is randomized.

Mark and recapTure esTlmaTors are based on binomial sTaTlsTics.

Binomial sTaTisTics are applicable only if lndividuals are randomly

capTured from The popu|aTion. Therefore, marked fish musT be

disTribuTed randomly ThroughouT The populaTion or sampling musT be

randomized. MigraTory and pelagic species may meeT requiremenTs of

random disTribuTion buT considerable daTa suggesTs ThaT mosT species

resTricT movemenTs To a home range (Ball, I947; Gerking, l950;

Hasler and Wisby, l958; Shoemacher, l952; Cooper, l953; Miller, I947;

McLaren, |970). If fish remain where originally marked, sampling

efforTs musT be randomized. Many invesTigaTors use a sysTem similar To

ThaT used in This sTudy. Sampling sTaTions are marked along The shore-

line and sampling siTes randomly selecTed. RandomizaTion by This meThod

randomizes efforTs only wiThin shoreline areas. Unless iT can be

assumed ThaT marked fish disTribuTe randomly beTween shore and offshore
T

areas (which seems unlikely if iT has been concluded ThaT The species

being sTudied resTricTs movemenTs To a home range), sampling has noT

been complefely randomized. ln mosT populafion esTimaTlon sTudies

conducfed in large bodies of waTer, randomized sampling cannoT easily

be accomplished because of limiTaTions of sampling equipmenT. There-

fore, esTimaTes obTained are negafively biased and represenT only

ThaT porTion of The populaTion wiThin areas which can be effecTively

sampled.

ResulTs obTained by marking fish by quadranT of capTure indicaTe

ThaT pumpkinseeds do noT redisTribuTe randomly. However, disfances
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befween sampled and unsampled areas were shorf and some mixing may

have occurred. As unsampled areas increase in size, biases associafed

wiTh non-random mixing undoubfably increase. Lack of randomizafion

produces negafive bias by concenTraTing marked fish in areas ThaT canl
be effecTively sampled. Because lack of randomizaTion ulfimafely

causes vulnerabilify differences befween marked and unmarked fish,

an evaluafion of The magnifude of This error on The esfimafes obfained

from Hoge Pond will be included in The discussion of vulnerabiliTy ‘

differences befween fish.

Complefe randomizafion of sampling efforTs is difflculT To

achieve in many sifuafions. EIiminaTion of bias associafed wifh lack

of randomizafion will require use of sampling equipmenf capable of

efficienTly capTuring fish from all habiTaT Types.

(5) Fish do noT learn To avoid capTure gear. _

Learning behavior is generally noT well known prior To conducT—

ing a populafion esfimafion sfudy because of a general lack of under-

sTanding of The learning abilifies of fish. DepleTion esTimaTors are

based on The assumpTion ThaT fish do noT learn To avoid capTure. Any

learned gear avoidance will reduce cafchabilify and produce a negafive

bias in depleTion esTimaTes. Mark and recapfure esfimafors are noT

affecfed by learning unless marked and unmarked fish learn aT differenf

rafes. IT could be argued ThaT only fish capfured (marked) have The

opporfunify To learn gear avoidance. However, mosT fish wifhin a

sampling area will be subjecfed To sampling efforTs. Escapemenf
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during iniTial efforTs may be sufficienT reward To cause fish To

conTinue a flighT response done iniTlalIy by chance. IT is also

possible ThaT a s|ighT learning advanTage, which would decrease

caTchabiliTy of marked fish, compensaTes for any increased caTch-I
abiliTy of marked fish due To individual behavioral, physiological,

and anaTomicaI characTerisTics. Increased caTchabiIiTy of marked

fish associaTed wiTh learning in mammialian sTudIes ls probably noT

a problem in fishery sfudies unless some Type of baiTed capTure

gear is used.

In Hoge Pond, fish demonsTraTed a disTincT abiliTy To learn To

avoid capTure gear. Figures 4 and 5 illusTraTe The decrease in

caTch due To learning. Such a decrease could only be caused by

learning, morTaliTy, or seasonal redisTribuTion of fish. Decreases

in caTch of This magniTude caused by morTaliTy alone would have

required approximaTely 60,000 dead fish over The firsT four sampling
l

days. Such a fish kill could hardly go unnoTiced nor would such

morTaIiTies seem realisTic. FurThermore, if fish had died, caTch

per uniT of efforT could noT have increased by suspending sampling

operaTions for several days wiThouT significanT recruiTmenT

(Figures 4 and 5). DaTa coIIecTed from freezebranded fish indicafed

ThaT seasonal redisfribufion of fish had noT occurred during The

sfudy. Few fish moved beTween The shallow waTer of quadranTs II and lll

and The deep waTer of quadranTs llland IV. FurThermore, redisTribuTion

of fish due To seasonal changes would noT explain The sharp iniTia|

drop in caTch and The increased caTch afTer suspending sampling for
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several days.

Abili+y of fish +0 learn +0 avoid cap+ure gear makes manage-

men+ decisions based on deple+ion es+ima+es ques+i0nable. Deple+i0n

es+ima+0rs will usually be biased unless populafions can be

significan+Iy reduced by a single uni+ of effor+ and opp0r+uni+ies

for learning are minimal. Ca+ch per uni+ of effor+ da+a on

in+ensive|y fished commercial and sp0r+ fisheries may also be open

+0 quesfion. A decrease in ca+ch per uni+ of effor+ may occur wi+h

li++le or no significan+ decrease in p0pu|a+i0n size lf fish learn

+0 avoid cap+ure. ln such si+ua+i0ns, decreasing expl0i+a+ion by

Iimi+ing ca+ch would probably do li++Ie +0 benefi+ fishermen or fish

popula+ions. Conversely, periodic closures of +he fishery could

increase ca+ch per uni+ of effor+ wi+hou+ an increase in popu|a+i0n

size if +he ex+inquish ra+es for learned behavior and +he leng+h

of +he closure are comparable. 3

ln +his s+udy, abili+y of fish +0 learn +0 avoid cap+ure gear

was probably +he major source of bias associa+ed wi+h dep|e+i0n

es+ima+0rs. However, bias associafed wi+h learning is confounded

wi+h biases associa+ed wi+h vulnerabi|l+y differences be+ween fish.

Therefore, l+ is n0+ possible +0 quan+ify effec+s of learning unless

effec+s of vulnerabili+y differences are known. A procedure for

de+ermining +he amoun+ of bias ass0cia+ed wi+h bo+h +ypes of error

is presen+ed in +he following sec+ion.
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jjß All fish are egually vulnerable To caQTure.

Mark and recapTure esTimaTors are ulTimaTely dependenT on The

assumpTion ThaT marked fish are recapTured in proporTion To Their

numbers in The populaTion. A number of facTors can cause differences

in caTchabillTy of marked and unmarked fish. As menTioned above,

disTribuTion of fish can make marked fish more suscepTible To capTure

by concenTraTing marked fish in areas which can be effecTively

sampled. SuscepTibiliTy of individual fish To capTure may also

vary due To behavioral, physiological, and anaTomical characTerlsTics.

By marking more easily caughT fish, The marked populaTion becomes

more suscepTible To capTure Than The unmarked popuIaTion. AnoTher

facTor which may produce a negaTive bias is The effecTs of The

marking operaTion. Handling sTress and marking may decrease a fish's

abiIiTy To avoid recapTure. As discussed earlier, marked fish may

have an increased opporTuniTy for learning and learned avoidance may
A l

compensaTe for some negaTive biases. The assumpTion of equal

vulnerabiliTy of marked and unmarked fish is The mosT imporTanT
U

assumpTion To mark and recapTure esTimaTors buT, because of The

number and complexiTies of The facTors involved, is poorly undersTood.

All biases associaTed wiTh mark and recapTure esTimaTors are ulTimaTely

caused by vulnerabiliTy differences beTween marked and unmarked fish.

Unbiased esTimaTes of populaTion size by mark and recapTure

meThods is dependenT on The accuracy of The following relaTionshlp:

r/C = m/N
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‘
where: r = number of recapfures

C = number of fish in The caTch

m = number of marked fish in The popu|aTion

N = ToTal number of fish in The populafion

When daTa adjusTed for handling morTaliTy was TesTed by binomial

meThods (Dixon and Massey, l969), iT was found ThaT r/C was

significanT|y larger Than m/N indicaTing ThaT marked fish had a

higher caTcahabiliTy Than unmarked fish. The alpha level obTained

(less Than 0.00l) leaves IiTTIe doubT ThaT inequalifies observed

in This sTudy were The resuIT of facTors oTher Than random error.

Biases could be The resulT of a combianTion of facTors. Because

The biases are confounded, sources of error are noT readily

deTermlnable. By developing several equaTions builT around sources

of sysfemafic error, iT is possible To describe sampling resulTs.

WiTh a sufficienT number of equaTions, unknowns (represenfing sources
l

of error) can be calculafed.

The following symbols will be used To idenTify changes ln

caTchabiliTy which cause errors in populaTion esTimaTes:

Q = original caTchabiliTy of The enTire populaTion

L = decrease in caTchabi|iTy of enTire populafion

due To abiliTy of fish To learn To avoid capTure

gear

H = increase in caTchabiIiTy of marked fish due

To marks or handling
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X = decrease in caTchabiliTy of unmarked popula-

Tion due To elimlnaTion (marking) of more

su6cepTible fish

X' = increase in caTchabiliTy of marked fish due

To segregaTion from harder To caTch unmarked

populaTion.

X and X' are expressions of The same phenomenon. ln order To

'decrease caTchabiliTy of The larger unmarked populaTion by a facTor

of X, caTchabiliTy of The smaller marked populaTion musT be propor-

TionaTely higher. X and X' do noT affecT caTchabiliTy of The

enfire populaTion, only caTchabiliTies of The marked and unmarked

populaTions when considered separafely. X' can be expressed in Terms

of X by The following equafion:

(I) X' = ((N—m)/m)X -

The number of recapTures on a parTicular sampling day can be

expressed in Terms of m, Q, L, X', and H. CaTchabiliTy of The marked

populaTion (m) is equal To The original caTchabiliTy (Q), minus The

decrease in caTchabiliTy due To learning (L), plus The increase in

caTchabiliTy due To marking (H) and facTors independenT of marking

(X').

(2) r = m(Q-L+H+X')

ToTal daily caTch can similarly be expressed in Terms of N, m,

Q, L, and H. CaTchabiliTy of The enfire populaTion (N) is decreased
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by learning (L) while caTchabiliTy of The marked porTion of The

populaTion is also increased by marking (H).

(3) C = N(Q — L) + mH

The unmarked porTion of The daily caTch (C — r) can be
\

expressed in Terms of N, m, Q, L, and X. CaTchabiliTy of The

unmarked populaTion (N - m) equals The original caTchabiliTy (Q),

minus The decrease in caTchabiliTy due To learning (L), minus The

decrease in caTchabiliTy caused by marking more suscepTlbIe fish

(X).

(4) C - r = (Q - L - X)(N - m)

By meThod of subsTiTuTion, The above equaTions can be solved

Tor L:

L : Qm + Q + C — QN - r
(m - N + I)

where: Q, m, C, N, and r are known values.

Values of L, X, X', and H were caIculaTed for each sampling day. The

percenTage conTribuTion of each facTor To The ToTal bias observed in

This sTudy was Then calculaTed and resuITs summarized in Tables VII

and VIII.

An overall learning abiliTy (L) of The enTIre populaTlon does

noT bias mark and recapTure esTimaTes. DifferenTia| learning beTween

marked and unmarked populaTions is included in X' along wiTh biases
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due To lack of randomizaTion, size selecTiviTy, and caTchabiIiTy

differences beTween individuals. In This sTudy, mark and recapTure

esTimaTors were significanTly biased only by an increased

vulnerabillTy of marked fish due To effecTs of marking (Table Vll).

OTher biases included in X' may have been insignificanT or may have

acTed in such a way as To cancel effecTs. AlThough iIlusTraTed in

Figures 2 and 3, size selecTiviTy did noT significanTly bias esTimaTes.

Mark and recapTure esTimaTes are noT seriously biased by size

selecTiviTy if caTchabiliTy wiThin size classes remain consTanT. Bias

due To size selecTiviTy which may have occurred, may have been

compensaTed for by higher handling m0rTaliTies wiThin smaller size

classes. AlThough noT sources of bias in This sTudy, oTher sysTemaTic

errors associaTed wiTh vulnerabillTy differences which have been

discussed may be responsible for bias in oTher sTudies.

The above analysis also showed ThaT The deplefion esTimaTors
(

were biased aImosT exclusively by The abiliTy of fish To learn To

avoid capTure gear (Table VIII). Differences in caTchabiliTy,

including size selecTiviTy, did noT affecT esTimaTes because The

proporTion of The populaTion removed was Too small To significanTly

decrease caTchabiliTy of remaining fish. If size selecTiviTy is a

significanT source of error, populaTions can be esTimaTed wiThin

size classes. However, This pracTice has The disadvanTage of

conslderably decreasing precision.
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Choosing an esTimaTor

The choice of which esTimaTion procedure To use is dependenT

on The objecTives of The sTudy and wheTher or noT cerTain assumpTions

can be supporTed. If assumpTions cannoT be adequaTely jusTified, an

index of abundance may be jusT as valid and easier To obTain Than a

populaTion esTlmaTe. 0bjecTives such as calculaTing naTural

morTaIlTy, assessing resulTs of managemenT decisions, and deTermining

condiTions of fish populaTions can be accomplished wiTh eiTher

procedure. Indices of abundance have The advanTage of being less

cosTIy so ThaT sampling efforTs can be expanded and random errors

reduced. However, populaTion esTimaTes, even wiThouT valid assump-

Tions, permiT The assessmenT of size and species selecTiviTy of

sampling gear. Where assumpTions are noT valld, managemenT

objecTives could be effecTiveIy meT by iniTially carrying ouT a

populaTion esTimaTe To assess gear selecTiviTy and bycalculaTingan

index of abundance in subsequenT years. To make comparisons,

sampling efforTs musT be consTanT from year To year and environmenTaI

condiTions musT be similar.

If all underlying assumpTions can be meT, populaTion esTimaTes

will be accuraTe and The invesTigaTor should consider preclslon.

Precision of depIeTion esTimaTors ls superior To ThaT of mark and

recapTure esTimaTors buT siTuaTlons where depleTion esTimaTors can be

accuraTe|y used are limiTed. Unless The chances of escape are

minimal, learning will probably blas depleTion esTimaTors. Precision

of mark and recapTure esTimaTors is dependenT on The percenTage of The
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p0pula+ion marked and +he number of fish caugh+. Mul+ipIe census

es+ima+es are generally more precise +han single census me+hods

because +hey give +he inves+iga+or +he oppor+unl+y +0 be able +0

con+inue effor+ un+il a desired precision is reached. Single census

me+hods are more suscep+ible +0 random error and +he am0un+ of effor+

necessary +0 ob+ain a desired precision ls difficul+ +0 prede+ermine.

Time, resources, and s+reng+h of underlying assump+ions mus+ be

considered when choosing which +ype of procedure +0 use.

The choice of which es+ima+lon model +0 use is also a

c0nsidera+ion. A number of models were compared in +his s+udy bu+

none gave significan+ly more accura+e resul+s +han +he simple DeLury,

Schnabel, and Pe+ersen es+ima+ors. The0re+ical biases of simpler

es+ima+ors are insignifican+ if popuIa+ion size and number of

recap+ures are large. Fur+herm0re, +heore+icaI biases are generally

posi+ive and help c0mpensa+e for nega+ive biases commonly ass0cia+ed
l

wi+h sys+ema+ic errors. Therefore, significan+ly increasing

accuracy by using more advanced es+ima+ors is unlikely. The complex

es+ima+ors which accoun+ for migra+ions, m0r+a|i+ies, and recrui+—

men+ were no+ eva|ua+ed in +his s+udy bu+ should be used if +he

popula+ion cann0+ be considered closed.



CONCLUSIONS

PopulaTion esTimaTion sTudies are ofTen carried ouT in

siTuaTions where underlying assumpTlons cannoT be adequaTely

supporTed. So liTTIe concern is someTimes given To assumpTions

ThaT iT appears as Though we believe ThaT fish populaTions musT

comply To The "ruIe" which we have prociaimed. Underlying assump-

Tions are generally accepTed unless They can be proven wrong. This

approach is noT jusTified and may resulT in considerable loss of

Time and money. Before populaTion esTimaTes are made, an evaluaTion

of assumpTlons should be carried ouT. lf supporT of an assumpTion

cannoT be made, eiTher a TesT of The assumpTion should be builT

inTo The sTudy or The popuIaTion esTimaTes obTained should noT be

considered accuraTe.

Confidence inTervals are ofTen presenTed as a defense for The —

accuracy of a popuIaTion esTimaTe. Narrow confidence inTervals seem

To suggesT confidence in The work of The invesTigaTor. However,

confidence inTervals are of no value if sysTemaTic errors are

presenT. Confidence inTervals provide a measure of random error and

provide "confidence" in esTimaTes QQLL if underlying assumpTlons are

valid. Precision should noT be confused wiTh or subsTiTuTed for

accuracy.

ResulTs of This sTudy indicaTe ThaT effecTs of marking and

learning may be The mosT serious causes of sysTemaTic error in

esTimaTing fish popu|aTion size. STudies should be iniTiaTed To

42
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de+ermine +he effec+s of handling s+ress and marking on fish

ca+chabi|i+y. By developing be++er marking and handling procedures,

mark and recap+ure es+ima+ors could be significanfly improved.

Reduc+i0n 0f bias from deple+i0n es+ima+ors may be more difficul+.

Learning can only be elimina+ed lf sampling gear is efficien+
V

enough +0 make escape, excepf by chance, almos+ impossible. Such

sampling devices may be difficu|+ +0 design and could be uneconomical

+0 build or 0pera+e.

Indiscrimina+e use of quesflonable populafion es+ima+es is of

li++le value +0 fisheries managemen+. Wi+hou+ adequa+e supp0r+ of

assump+i0ns, da+a collec+ed are of |imi+ed use. Assump+ions under-

lying popuIa+i0n es+ima+i0n procedures are n0+ valid in many cases

and should be given more careful c0nsidera+i0n. The resources expended

obfaining "populafion es+ima+es" when assumpfions cann0+ be suppor+ed,

could probably be more useful expended on more meanlngful inves+iga-
l

fions.
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POPULATION ESTIMATION MODELS

I. Single census mark and recagfure esflmafors

A. Pefersen (I896)

(I) Esfimaforz

N = EE;
r .

(2) Confidence lnfervalz

(N - m)(N — C)
mC(N - I)

B. Schaefer (|95I)

(I) Esfimaforz

N‘=(m+l)(C+I)
(r + I) .

(2) Confidence lnferval: ·
Same as for Pefersen

ll. Mulfigle census mark and recagfure esflmafors

A. Schnabel (l938)

(I) Esfimaforz
A Z(m.)(C.)
N = I I

Er.I

(2) Confidence Inferval (Everharf, I972):

r + I.92 j_I.96 / r + I = 95% C.I. abouf r
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B. Schumacher and Eschmever (I943)

(I) EsTimaTor:

A z<m.>2<c.>
N = I I

>:<I—i>2<mi>
(2) Confidence InTerval:

I r.2sz = —-——— [Z(—J——) — L-Z(mr)]k "
' ci N

A A ^ 2_ / NsS.E.(N) — N Zmr

C. Maximum Likelihood MeThod (Robson and Regler: I97I)
(I) EsTimaTor: A

N - Uk
PA(|,...,k) = ———¢v———

N N

where: AN — B. — C. ·
P/\(I,...,Io = II<—A-L—iL

N N — Bi

Uk = ToTaI number of unmarked fish caughT in

k samples

B = number of fish removed from The popuIaTion _

(2) Confidence InTerval:

s.E.<N> = I/ ä-E-
AN

where:

AN = I + (N - I)PA — NPAN—I N
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D. Maximum Likelihood MeThod - differenf ca Ture and reca Ture

gear. (Robson and Regieri l97I)

(I) EsTimaTor:

N — B. — m.-- C. — r. N — B. — C.«(——%#—4;> = ¤(—~—''>N - B. — m N — Bi i I

”where: B = number of fish removed from The popuIaTion.

(2) Confidence InTerva|:

N - Bi
S.E.(N) = ———-——-—————-——————-————————————-——-··——··—

/„ Ci + mi
(N - ai - i>2[+——¤r—-————(N - Bi — mi)(N — Bi - Ci)

lll. Deglefion EsTimaTors

A. Delury (l947) - Linear Regression

(I) EsTimaTor:

CaTch is ploTTed againsf previous accumulaTed caTch.

A IeasT squares line is fiTTed To The daTa poinTs and

The esTimaTed populafion size is ThaT poinT where The

line crosses The X-axis.

(2) Confidence InTerva|:

CaIcuIaTed by deTermining The sTandard error of The

IeasT squares line.
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B. Seber and Le Cren (I967)

(I) Esfimafor:

<0>2
(CI — C2)

(2) Confidence Inferval:

/0 +02 I 2(C — C )I 2

C. Robson and Regier (|97|)

(I) Esfimaforz

N=—————l
CI — C2

(2) Confidence |n+ervaI:

Same as for Seber and Le Cren

D. Zippin (I958)

(I) Esfimaforz

I - qk

where: T = fofal cafch

I —
GK = esfimafed proporfion of fhe populafion

capfured — from graph (Zippin, I958)

(2) Confidence Infervalz

S_E_(N):I/AA
A2

T2-N(N-T)%-Bä

where: ß = esfimafe of fhe probabilify of capfure durlng
_ frapping - from graph (Zippin, I958).





AN EVALUATION OF SYSTEMATIC ERROR IN THE

ESTIMATION OF FISH POPULATION SIZE · ‘

bv

Larry O. Mohn

(ABSTRACT)

Various esTimaTion models and numerous sampling meThods were

used To esTimaTe The size of a pumpkinseed sunfish (Lepomis gibbosus)

populaTion in a I.I6 hecTare Virginia farm pond. AfTer esTlmaTes were

obTained, The pond was drained in order To compare esTImaTed popula-

Tion size wiTh acTual populaTion size.

In all cases, populaTion esTlmaTes were significanTly less

Than acTual populaTion size. An examinaTion of The underlying

assumpTions indicaTed ThaT biases were aTTribuTed To morTaliTy of _

marked fish, an increased caTchabiliTy of marked fish due To marking,

and The abi|iTy of fish To learn To avold capfure gear. Differenf

gear combinaTions and use of differenf esTimaTion models had no

significanT effecT on The accuracy of esTimaTes obTained.

The sTudy was designed To employ commonly used meThods of

esTImaTing populaTion size in a siTuaTion where underlying assumpTions

appeared relaTively valid. IT is apparenf from The resulTs of This

sTudy ThaT underlying assumpTions are offen noT meT To The degree

necessary To provide useful daTa.




