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ANSTRACT

This roport discuspes. and preosonts statistical technigues used to estimate
abundance Andex AT which is expressed as logyg ({catch/10-alnote tow) + 1.].
Data analyeed are catches of young-of-tha—year walleyes, yellow psrch, wvhite,
bans, freshwater Jdrum, and smarald shiner taken with amall mesh 26-ft bottom
trawls during 1967-Td. A Model IT nested ANOVA, with subsarpling conslsting of
roplicate tows within vimits within statlons, ls recommended to find AI and its
arror, #ven for a coordinated interagency saspling peograms A graph and
sguations are provided te arrive ak a roasonable mix of nusbars of visits and
atations, given relative mean difference, a, (1-8); two replicate tows, and
coefficlont of variatlon CV.



INTRODUCTION

The U.5. Fish and Wildlife Service (fW3) assesrmont progream on the
nhundance of young-of-tha-year (YOY) fish in the Westearn Basin of Lake
Erla was Iinitiated in 1959. A YOY abundince Index for a speclos was da-
fined as the arithoetic mean catch/hour computed from all the 10-minute
tows with bottom trawls made during a year. The observed trend in yearly
index valuss was used to help judge tha status of specios, strenyth of
onconing yoar classes, and cffocts of envirenmental factors on reproductive
succass. Neither atandard error nor confidence {nterval wers conputed to
mesasure the uncertainty of an estimated Index.

Responoibil Lty for this agpesument program was asaumod carly In tho
summeyr of 1975% by the Chio Departe=ent of Wildlife (ODW). Rlologists of
both agencies meot soveral timem during the transition poriod to rofine
and standardlize the sszzssmant progran conducted by the oM snd othar
agoncies. Data collectsd by all contributing sgencies would then be
caspatible and additive, and consistent interpretations could ba mada
by all usora.

Aa a basls for developing adddtional guidelines,; the Groat Lakes
Fishary Laboratory (GIFL) has analytically examined the catches of YO¥
walloyes, vellow perch, white bass, freshwater drum; and omerald shinors
for 1967-T4. The chjectives were:

1. 'To describe and evaluate the sethod that has boen used by the

FHS; computs the error far the estimated ssan catch for each
spacies and year by this method.

2. To describe and ovaluate a proferred method of ostimating the
mgan catch and its error using the same data base as in
thjoctive Fo. 1.

3. To develop and recommend guidelinea for sampling and data
analysis for future sstimates of moan eatch and its srror.

SAMPLING COMCEPTS
Ideally, sampling i{s planned to fulfill one of these two conditionss

1. A desired statistic is to be estimated with a specified allowable
error AE at lowest cost (i.e., fewest number of sample units).

2. A desirved statistic is to be estimated with the lowest possible
allowable error at a fixed cost (i.e., a glven number of sapple
unita) .

Applicable variastions of these two statements inelude:

1. How many saerple units must he taken if an index of abundance is
to be reliable as specified?



2. What fa the relisbility of an index of abundance as deterpinsd
from & wot nunbar of sasple unita?

3. How many sample units must be taken in vach group or treatmont
to eqtimate tho difference between thelr indicon of abundance
with a specifiod reliability?

4. ilow many sample units sust be taken in each group or Lreatment
to estimate a set diffezence betweon {ndices with a spocifisd
reliability?

5. With what relizbility con the differvoce between indices be
ptated by taking a set nusher of sasple unita?

6. WAL cosfflelont of variation OV (a relative Index of variabillicy)
can be pxpectad for a sot nusbor of sanplo units and specified
difforence Lotween indicos of abundance?

Irplicit in the above stotements and guestlona are: (1) the pignif-
feansa level a, or probabllity of wrongly rejecting a null typotheuia af
po dlfferoncas (2) whether g is one-tail or two-tall, i.a., whother a
statintic {3 always judged only lacger than > {or only emaller than <) a
test statistie, or whether it can be * or < the test statistic; (3) tha
probability B of not datecting a differance if one exists; (4) a =easure
of variability of the data, such as variance s® or cosfficient of variation
cV¥; [5) the applicable assumptlons for parametric analyses of data tneluding
randomness , indepandance, normality, horogenoity of variance, and additivityn
and (B) the reascnable control of techniqua errors and confounding. Sanple
alze estisates for nested designs can be optimized by also including Infor-
mation on coats such as that for locating sample units, procucing test
matorial, and measuring charactoristics of intercst.

The sarpling specifications given abowa aro not as complex and
restrictive as they might appear. Typlcally the Investigator couples
specifiod valves of AE, a, and 1-8 (the power function, or power of the
test] with an estimate of s? or CV [derived from a metmreter which is
ressonably normal, has homogeneous variance, ete.) to estimate aample size,
Thecretically, thia procedure invelwes specific eguations for commonly unod
sampling and experimental designa. In practice, the complete Information
nepdsd to apply these equations im often lacking or too costly to ahtain.
Fortunately, reascnably good, conservative approximations can be obtained
using a general equation which is the basls for Flgure 1. The actual form
of this eguation will depend upon the application, as illustrated balow,

Application 1

patsrnine the number of sample units needed In each of k groups to be
P for 1-B) sure of dotecting a relative difference of d%v between any two
of ths peans at the 5% level of significance (a.05, 2-tail) and an approxi-
mate coefficient of variance of OV, Hoto: (a) data or arrvor agsumad
normally distributed, and technique errors controlled; and (b) if x*2,
eruation §s a better satimator then Figqure L.
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Altarnatively, estimate n from Plgure 1 by reading up from the X-axis
value 4° to the desived curve for Plor 1-8), and thon left to the Y-axis

value n,
Application 2
Similar to Application 1, but the coempariscn is_boetweon the sample

mean and ¥, tha trus or accepted mean. Hote that Lf ¥ = 0, the solution
of Equatien (2) is =sisply that for an Individual (slsple randosm) sasple.

nx Tz
ds 2 (%)
= = e 2y Sl . BV
E’ln $0p LT ﬁj]

Application 3

Por different a, or for the ane-tall teat, appropriate values for
"t 05" are gubstituted in BEquation (1} or (2}.

Application 4

If ono prefors to make no adjustment for a Type II orror (failure
to detect a difference if one roally oxists), the curve for P = 50% (i.e.,
1-8 = .5) is used in all thess applications. In gencral, as the chance
of making a Typa T error lessens (a set smaller], the chance of making a
Type II error increases, and vice versa. The probability B of a Type 1T
arror is rolated to o, 82, n, and the difference being tested, so the
spocified valua of B Is an obvloug gencralization for practical purposes.

Figure 1 is not the only way to estimate sample size by coupling
information on @, B, 8% ar CV, n, and tha difference betwesn means or the
ratio of the means (Matrella 1963; Polla and Myren 1974; Thomas 1977).
However, Figure 1 is a usceful way of presenting these relationships in
torms of the information commonly available or predictable. Unguestionably,
n is just a roasonable, though generally conservative, estimate of the
nusbor of manple units to take in & group. This is bocause OV is an approxi-
mation of the varisbility found undsr tha conditions or factors that prevail.



Thus, CV might oven be a function of the mean sguare error M5, in an analysis
of variance RNOVA. As was mentioned sarlier, the altecpative to using an
approximate CV is to spend a conslderable amcunt of poney and time gatharing
dotailed data on varfance and cost and using these wvaluves in specific
squations sultable for the study design.

POFULATION

Represontation of fish abundance in western lake Erie was ohtained
from four primary (1, 4, 5, 7} and five secondary (16, 24, 31, 41, 43)
sampling stations (Figure 2 and Table 1). Year, scason, depth, location,
woather, and biological or behavioral factors all influence the variability
{variance, 5%).

Ovar the years these nine stations were consistently most productive
of all those campled in U.5. waters of western Lake Erie. They are centrally
located in the zone of commarcial fishing which extends from just east of
Toledo to about 15 miles cast of Station 1. The principal out-flow currents
of the 5t. Clalr/Detroit River system pass through the areca.

ASSESEMENT TREARLING

puring the FWS assessment program, usually two 10-minute tows or sample
units were taken biweekly from mid-June until early Wovember at each station
and dopth. The assessment included catches made at East Harbor [Station 4) °
at 10-, 15=, and 20-feet during the 2-day-night series in August and October.
Four of the 12 hours trawled cach year for this serics were after dark. A
amall mosh 26-foot bottom trawl was used.

ANALYSIS

Mathod Used to Date (Objective 1)

Yoarly Indices of abundance for 14 species were computed from 22-32.5
hours of trawl tow data as catch/hour based on individual 10-minute tows.
All locations, depths, and sampling poriods were used. Arithmetic (i.e.,
untransformed) catches were analyzed, and no error was cosputed. Tables 2-6
list the indices by specles, station group, and year, The minimum and maxinus
catches given in column 4 aro clues to variability and likely right skew
{nonnormalicy) of the data. MNote that when tho mipisum values of zaro are
prevalent, there is a good chance that the distribution can not be described
for a data sot, cspecially when sample size iz small (column 3).

1£, indeed, catch/hour was reasonably normally distributed so that
parametric statistics for the computation of standard error of the mean
applied, the 0.95 confidence limits about the woan are as shown in column 5.

Improved Method, Complete Data Base (Objective 2)

In an attempt to normallze the catch data, the transformation leg o
{{catch/hour} + 1) was applied. This metameter is a good approximati of
the negative binomial distribution—a random distribution of “rare™ eventa,
the ocourrence of which are unsgually dispersed (i.e., cluspy). The likeli-
hood of a cateh, and the magnitude of such a catch, are typical attributes



h@»tq LagmenV¥ o

NOINITD ded

arIg oMUY JO uUTYEE ulaisay

@
sl3973y

&

m,\.m.mw

CONVTE)
e

tE.n_Fﬁ_i

Iy FII5f

&
FOHNOP

F g
ATVl

WS gampling stations (circled) In western lLake Erie.

Flgure 2.




11

Table l. ESampling staticne In wostern Lake Frie for the aspessment
of YO¥ fishes.

Husbar Approximate location Sampling depth (fe.) Sampling period

Primary station

1 Cadar Polnt 10 & 20 Biwookly
4 Hast Harbor 10,15, & 20 Biwsakly
5 Johnson Taland (Sandusky Say) 10 Bincokly
7 Sand Point (Marblehesd) 10 & 17 Biveskly

Secondary station

18 Rattlesnake Tsland 32 1 aor 2 visits
24 East Bay, Middle Bass 32 1l or 2 visits
3l East, Kelly's Inland 42 1 or 2 visits
41 East Bay, Middle Bams 22 1 or 2 visits

43 Z.E., Groen Island 25 1 or 2 visits
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Tahle 3. YO¥ i{ndex of abendance for lake Erie freshwater drum.
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Tabhle 4, YOF index of alundancs for fake Erio oocrald shlner.
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Table 5. ¥OY index of abundance for Lake Erie yellow perch.
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of the pegative binomial. DUeed with data of much btype, the logarithmic
transformation generally has the added abllity to redoce varlance and its
tendency to be positively corcelated with the mean catch/hour. Furthormore,
It generally restores additivity to the data (factors such as depth, ssason,
and population-regulating factors usually have an adverse sultiplicative
effect), The lsprovesent In logs was evident [rom scatter diagrans of
regfdunls on prodicted [moan) counts and from histograms of residuals.

The mean cateh/hour and 0.95 confidoence limits in terms of logs are
prosented In column 6. Theas values; detransformed Into acitheetic units;
arg given in column 7. Hoto that the confidence limite (or corresponding
Intorval) are no longer gymmetrical about the mean. Also, the resultant
geomatric moan is typically less than the corresponding untransformed mean
feolusn S).

Prcommended Hothod [Chjective 3)

Before conmidaring a now assousment procedure, we had to catimate the
varianoes mosulting from readily contreallable factors. We used the two-day-
night serles conducted at Bast Harbor (Station 4) because (&t had the most
complete data, larger {and less variable) dndices; and involved tha most
factors. (A preliminacy report of the GLFL; August 1977, cowers In more
dotail the material condensed in the next three paragraphs.)

A partlally nested Factorial design was utilized in the statistical
analynis of catchos which Ineluded 8 yoars x I seasons x 2 days x 3 daily
periods x 3 dopthe x 3 tows., Catch data were transformed to logyp (count
+1) to help normalize the generally negative bionomial distribution.
Significant differences in catches wore determined in an analysis of
variance (ANOVA) utilizing the F tost at the 5% lawel. The Duncan k-ratio
t btost was used to pvaluabte main factor and two and three factor Interactions.
Table 7 summarizes the ANOVA of the catches of YOY yellow porch, walleyes,
white bass, freshwater drum, and emarald shinors at East Harbor. The
multiple comparison tests further indicated that:

1. fTrawling along the 15- and 20-ft dopth contours is most productive.

2. Trawling during August can be limited to morning and/or afternocon
periods for walleyes, yellow perch, and white bass, while night
trawling during October s necessary to adeguately sample shiners
and drums,

3. Two l0-minute tows along sach depth contour provide saspling
teplicates for increased rellability in abundance estimates
and probably at no great increase in operating costs.

Separate one-way ANOVA for the two most important species, walleyes
and yellow perch, discloged no significant diffaronce in the log meanh catch
on conpecutive days. So trawl catches could be considered indepondent for
days 1 and 2 (at least at East Harbor during the daylight in Auvgust at L5=
and 20-feot). On this basis, and to gain more individual sample units,
catches from replicate tows were alse considered independent.
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Tabla 7. 4ignificance levels for analynis of variance of catches of five
spocies of YOY [lsh from western Lake Erie, 1967-74, for the variable

yenr, snenson, period of day, depth, and 1nt¢ra:timn.1
fource of White Frushwater. Emerald Yollow Wallaye
varinnce hass drum ghiner parch
Yoar ) ia i NS " L
SeAlion {s} L8 LL ] L LEd L
reriod [P} e T e us o
pDepth (D) % is . " -
¥g e e L NS i
¥p S ik L Th] .
5p * e* e us '
YD L HS L] i L
sn HS NS NS - .
D KB L HS HS N5
pays (¥5) W ) L L L e
ysp HS * M5 NS H
Y50 L] HS WS L] L
¥FD NS HE ks NS H5
SFD s NS NS N5 HS
1

significance levels: N5 = diffarence not significant at P.05; * = mignificant

at P.05; ** = gignificant at PF.0l.



Insight on variability associated with trawling ares is obtainable
from colusm 7 of Tables 2-6, With few excapticns, the mean catches computed
for tho 2-day-nlght saries at East Hlarbor were largoer and more stabla than
corrnsponding catches based on the primary or secondary stations. Tnterestinoly,
variler stidies have chown that the YO¥ abundance index from thia sories
correlated best with the year class estimates determiped from sampling
cannercial catches. Rogardless of the fow sample units taken at thoe five
secondary statlons, mean catches have besn variable and low (except yellow
perch) or not sionificantly different fvom sero. OCne can gnly ansume that
catches at 15 to 20 feet would have been larger and more stable, since
triwling enly took place hetwoon 22 and 42 feet at these flve stations,

coafficlent of variation C¥ in a relative measura of dispersion or

variability for a data get. It can be found by simple algebra from column 7
for from celunmns Sor 6 for those mtameters) as follows:

o0 s AP 1 A |
" ﬂ'h.i 1o (4)
ay
n fex,

(="

"

2§

where €1_ = average eoafidance interval = (Cly . - CI.lﬂ]fi

For oxample, the CF for white basa sampled in 1973 at primary stations
1, 4, 5 and 7 {excluding data from the 2-day-night series at station 4) lIs

oy » Y12 (13.4-5.5)
487

= 2.40 or 2408, which indicates wery high variance.

Tha relative, standardized difference d” has four basic forms depending
on use (soe alse Applications 1 and 2 under SAMPLING COHCEPTE).

Comparing samplo means (Application 1)

CcI
"= I-Ji ts]
o'z
or - a [&)
e’

where d = soma specified differonce botwoen 2 means expressed as a
proportion.
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Exampla 13 Assuoe the Information given under (4) is considerod repre-
gentative for white basm. ‘Then, by (5):

a” = (13.4-5.5)/2/8.7 = 0.454
2.4/2 3,394

= 0,104

The pombor of sample onits n noeoded in cach group to ba 50%

pura of detecting a di fference between means of 45.4% at a =
0.05 and a CV of 2400 im 710 (Enter ¥-axis of Plgure 1 at 47 =
0.134; road up to the 1-f = 0,5 curve; then lefe to the Y-axis =
2100 .

fixampla 2: Assume that 4 = 0,5 and CV = 1.5 are mora reaschable for a
sppciea. Thon, by (6):

a” =25 . 0,23
1.5¢2

and n = 64, using Flgures 1.

Comparing a sample moan swith the populstion mean ¥, including ¥ = 6
ihpplication 2)

ot
A - lﬂ (]
(s}
or = :+ 181

Example 1t Assume the information glven undor (4) is conasidered reprosenta-
tive. Then, using (7 and Plgure 1, the number of sample units
n to take in a group to be S0A mure of detecting a differcnce
of 45.4% hetween that group's mean and the population mean (say
zgaro) at a = 0.05 and a CV of 2408 is about 100 aince

D.454

d‘-:‘ = 0.189

Example 2: Assums that d = 0.5 and OV = 1.5 are more reasonable for a species.
Then, by (8):

oo LS

1—-5-' = 0,333

and n = 34

Nots that to ba B0V sure of dstecting this difference, n = 70.
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DIECUSSION AND FECOMMENDATIONS
Pecommendation 1

Though the statistical distribution of catch/hr will naver be known
axactly, thers is sufficlent evidence From the foregoing analynes and the
litarature to rocosse=nd the transTormation lnq“. {[catch/hr + 1}). For
such count data, log,. helps to normalize the data and {mprove homogenedty
of variance and anﬂiﬁvitr. Thus the abundance indices in column 7 of
Tables 2-6 are statistically more reliakle thon those in column 5.

fwcommandation 2

An index of shundance will ba less varlable when cosputed Crom sample
unitas [tows) wherein catches/he are large and rarely are zero. Under such
conditiong, thes normal ddstribution would be approached. Ideally, this
ecould happan when popolation lewels are very high, especially Lif the tow
duration is considerably lengthened. From a practical standpolnk, tows of
10 minutes aro less 1ikely to seeple diverse conditlons, clog, snag, or lose
part of the catch. Such catcheas can alse be countod casier and more accurately.-
Two 10-minute tows sade with small mesh 26-fook bottom trawls for assessing
YOr fishes at sach vislk to a station are recommonded.

Roconmendation 3
-

Tt would be too costly te develop a sampling acheme for each species, »
20 a cospromine is needad. Walloyes, ymllew perch, and white bass ideally -
should be sampled in Avgust during the daytime at a depth of about 15 to 20
fest, and at primary stations soch as 1, 4, 5, and 7 in Chio waters. Pox
the other two species oxamined, freshwater drum and emerald shiner, a better
index can be had by sampling st these sams stations and depths in Gotobor at
night.

Fecords shoald be kept of the walleyes, yellow perch, and white bass
caught in October, and of freshwater drum and emerald shiner taken In August,
tut should not be used to compute the rospoctive sbundance indices. To do
20 will increase wvariance mmneceasarily.

Proferred primary staticns are those that are consistent producecs of
¥ov fish, representative of important nearhy fishing aress,in a major water
curront pathway, and easily accessible., Even though station 4 has been the
most productive of these, additional locations are nesded for a more con-
sarvative and relisble index (see alsoc Recommendsticn 4] .

catchos at the mecondary stations have been too low or sporadic to
rocommend thelir retention in the sampling scheme. Purthermore, depths
sampled at these stations are not optimm for the five species considercd
in this paper based on evidence from the 2-day-night series at East Harbor.



varlanco components can be used to compute the beast “mix® of 5, V, and
7. Yoarly chicks of OV d, 4% and n showld ba made for sach species using
(4, (5), and Figure 1. The nested sarpling technique should lead to higher
precision of the abundance lodex and subsequent seduction of CV and n.
The investigators would then have two cholces: (1) make fewar viaits at
anch station to maintain the approximste ratio 4700 = 0.33; or (2) maintain
the curront ef fort, gaining a more precise or reliable abundance indax.

Statintical package for computers such as HMDGV are wrltten for balanced
deslgna 1ike the one recommended. I thera are unequal nunbars of Lown por
viait, FMOME4 can bo used. An umbalanced design (not the same nunber of
visits at each statlon) requires a maye cosplicated conmputer routine.

All of this has dlzect spplleation for any new coordinated interagency
program. Baszed on the high varisbility shown in Tables 2-6, start with
oY = 150% and two tows at e¢ach visit of a station. (More than two tows oonld
well cause technlgue problems sueh as aet svoldance, chasing YO¥ out of ared;
and limitlng tha nusher of visits opo could take uwidor “gimilar"® weathor
eonditions at additional statlons that sams day.) ‘The levestigator must
spocify a differonce that he wants to ha abla to detect, 2, and (1-E) te
estimate n. Granted, sv = h/t, leaving s and v Munknown.® Do bot initially
sot @ and v antigely on statistical snalyses. Pqually impertant are sugh
thinga as trying to wvimit all sempling statlena s on tho auma day {tha
angimption boling similar weather prevails.) Also, rore than 10 visits/utatlon
in about a month might scon spook or redoce flah abundance. The concapt of
#a ressonable day's work” must ba woven into the design. Ideally, in nestad
wampling the varlance doceeoases from § to V to T, =0 Dorxo stations than
visitafotation are peeferved, ospecially if all the statlons pasigned to
an agency can ba wisited in a day.

Tha investigators conducting such a joint venture would procecd as
follows:

1. Set 4, o = 0.05, (1-8), t = 2, and CV =« 1.5; compute 47 uning
Bquation’ (6); and find n from Figure 1 (a two-way takble could be
prepared to show n for various combinstions of thesa variables).

2. Arbitrarily wot = equal teo, or =lightly larger than, v such
that sv = n/t.

3. Assign the participating agencies i the number of stations sy
{and their locations) agrecable te them guch that & = 151 -.1.

4. Have each participating agency take two tows T at each aof their
s stations 5 on v wizits ¥ during daylight in August (for specles
sinilar in behavior to walleye, yollow perch, and white bass),
and after dark in Octobar [for specles similar in behavicr to
freshwator drum and emsrald shiner).
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Recorewrndation 4

Further gains In the precision of the abundance Indices are poesible
with a new campling design and amalysis, Tnatead of using a simple randce
sarple deslgn as in the past, a nested or balanced repeated subasspling
achems ls rocossended, Computations should be in units of logyg ((catch/hr)+l).

Station, wvisit at a statlon, and replicate tow during a visit at a
station can be considersd random or reprecontative factora; making this a
Model II MAMOVA. Assume four primary stations 5 and two roplicate tows: pex
visit ' are reascnable choicen. For theso, the visits ver station V can ba
conservatively cstimated from the rolaticnahip v = nf({a*t}. Referring to the
discunnion under ANALYSIS, especinlly that pertalning te Bquation (6), con-
servative eastimates of 4 = 0.5 and CV = 1.5 1oad to d” = 0.24, n = 64 from
Figure 1, and v = 8. This form of 4” is recoemended bocause the most likely
use of the log moan catch/hr will be its comparlseon with thée corveapanding
valve for other yoars, Note the impact of the ratio 4/CV in the calculations.

Continuing with this example, every effort should be made to visit cach
of tha four primary stations on elght days in August and sight days in Octcher,
and to maka two 1l0-minuts tows per day. By eliminating the secondary statlons
and the two-day-night serics, the proposed assecsment program will cost less
and undoubtedly lead to more reliable abundance indices than formeely.

he MODEL TI nested ANOVA and cosputations leading to the mean catch/hr
and its error arc as follows:

fource of  Dogress of  Sum of Variance, or
podel  waclstlen freedon BOuATES BEAR_GUATS F ¥arlance cosponent
it statlon, $ ts-1}=3 5, ¥5 5573 sg/ws,  of = (mg-wng/bow)
mo ovisi, ¥ 8 (v-1)=28 55, WSS MS/ME w s (e
= 2
I Tow, T sw(t-1}=12 5s_ w58 /32 ol = ms,
Total {r-11=63 o Total

Mean, 7 = Syseq
i=1
Standard error, - J'{ta;/.w:] + [uﬁ}m.r} . l‘.u;fs)

sampling errar or confidence interval, D-

+ 28
¥, 0.08% = Ty

Confidence limits, in logarithms, (¥ - u;jq: ¥eiy+ D;I
Confidence limits, detransformed,

fantilog (¥ - Og) - 1) < (antileg (§) - 1) < (antilog (¥ + D) - 1)
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for oxample, lat
d=0.2, a= .05 (1-B) = 0.5, t = 2, CV = 1.5, s0 4" = 0.09

and n = 370, Thon a roaschable cosbinatlon will be s = 18, v = 10,
£ =2, n=30, Ifthe investigators want to ba A0 mure (1-B) of
detocting a dlfforence of 208 (4 = .2) between shundance Lndices,
n & B00; and likely mixes are = = 40, v = 10, £ = 2, n = 800,

tlzing Plgurae 1 backwards, let's asauma that 370 garple units was

the most effort we could mowst and still not reduce the stocks
appreciably, At 1-8 = 0.5, d° = 0.09, If ability to dutect a

2008 differonce @ between abundance Indlces yoar to year is roasonable,

than
q* = dfew V2
0.09 = 0.2/07 /2
and OV = 1500 asz befora



5

REFERENCES

patrella, Mary Gibkons. 1963 Experimsntal statisties. #at. Pur. Stand (DE0),
Handb. 91, 23 ch. + §llus.

rella, Jeroms J., and Richard T. Myron. 1974. Caveats concerning evaluatlion
of effects of logging on' malmon production in southeastern Alaska from
biological information. Horthweost Sci. 48(2): 132-144.

Thomas, John M. 1977, Factors to conslder in ponitoring programs sugyested
by statistlcal analysis of available data, Proc. of Conf. on Assessing
the Effects of Power-Plant Induced Mortallty on Flsh Populations, May 3-6,
Gatlinburg, Toenncssos.





