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Sex-Ratic Estinsation,

f

i

Sequential Sm;lpling, ‘and

the Programmable Pocket Calculator’

: By P. C. Jonxsox "
School of Forestry, Stephen F. Austin State University, Necogdoches, Teras 75962

Determination of sex-ratios associated with large num-
bers of insects (trap cafch, quadrat samples, elc.) is
a recurrent problem in emomological research, frequently
involving tedious microscopic examination of individuals,
Considerahle savings in time and money may result from
use of an appropriately designed sequential sampling pro-
cedure for estimating sex-ratio. Sequential sampling has
enjoyed a deserved popularity in recent years (eg., see
Gonzilez 1970), as an effifient means of estimating infes-
tation levels of pest populations with regard to their loea-
tion above or below a eritical value {usumally the economic
" threshold). The basic techniques for this type of sequen-
tial sampling (reviewed by Waters 1955) are, however,
inappropriate for sex-ratio estimation.

Kuno (1969) has presented a somewhat differem ap-
proach 10 sequential sampling, Utilizing  the FeEression
of mean erowding on mean density to quantify the vari-
ance/mean  relationship {(Twao 1968, Iwao and Kuno
1968), Kuno (1969) develops a sequential sampling rou-
tine which determines mean population density with a
predetermined precision in terms of the standard error/
mean ratio, Moreover, he has extemded this technique
(Kuno 19%69) to include estimates of proportions from
binomially distributed popalations.

The routine developed here is similar to that presented
by Kuno (1969) for sampling from a binomial distribu-
tion of limited size without replacement of sampled indi-
viduals (i.e, sampling from the hypergeometric distribu-
tion), with the following modifications
1. An unbiased estimate of the standard error SE; of
the estimated proportion i has been employed, as
recommended by Steel and Torrie (1960),

2. Preset precision levels expressed as confidence limits
are substituted for precision levels in terms of the
standard error/mean ratio as used by Kuno (1969),

3. Replacement of graphic techniques with the pro-
grammable pocket calculator his increased the ense
of application, one of the major disadvantages of the
graphic approach ( Kuno 1969).

Although developed for estynation of sex-ratios asso-
ciated with southern pine beetles canght on sucky traps
during a study on flight dispersal, the routine is applicable
to sequential sampling of any- binonually distributed char-
acter where: (1) samples are drawn at random without
replacement and (2) the population size is known or may
be estimated. Use of a programmable calculator greatly
facilitates applicatidn of the routing, but the caleulations
are easily handled by any standard caleulator,
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Description of the Statistic

Let N represent the total number of individuals in the
populatiogd being  shmpled  (e.g., number of insects in a
single triD). [An estimate does not seriously alter the
results when vilues of N are large.] Let p represent the
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estimated proportion of individuals i one class over all
sampled individuals, and § = 1=, or the proporion of
individuals in the vther class. I n s the wial jwmber
of individuals sampled, then the stamdard error of the
estimate { SEz) for sampling from a hypergeometric dis-
tribution is given as ( Steel and Torrie 1960 :

L

SFz = fr- T.II.F_ _ﬁ:—n ) J (1
* n—| X - _

n

h i : o
where the term ( - is the proportion of the total

population left unsampled.

1§ we let B be the bounds on the error associated with
fi, and let € be a constant determining the comfidence
fevel associatid with these bounds, then:

B=Cy/ M (N=n) (2)
) ‘1’ n—I( N )

Since repeated estimates of p may be expected i ap-
proach a normal distribution about the troe valoe of p,
setting C=104 will insure that our estimate of powill fall
within fi=B W% of the time (ie, W% confidence Jevel ).
Similarly, setting C=196 corresponds 1w a W% cwfi-
dence level, amd setiing C=2.58 correspomds to a 99%
confidence level,

Thus, for any desired confidence level and any number
of imlividuals sampled, we may use equation (2) to calou-
Inte the bounds on ihe errar of our estimate, §i,  Segmen-
tially drawing random samples of size ki from the popu-
fation and comparing B (based g0 the total number of
individuals sampled, = ki = n), to o preset level of pre-
cision ( Bx) allows us to terminate sampling as soon as
a sufficiently precise estimate of p his been resiched.

It should be woted that imlividual sample size, ki -an
each sampling step (1) may be variable since i and H
are based on the 1wtal sample, o This allows large sam-
ple size during the early stages of the procedure, and pro-
gressively smualler sample sizes as B approaches Be, thus
allowing the user W maximize efficiency of the aperation
Moresver Be and U moy be varied imlependently Lo pro-
vide any degree of precision and confidence level desirel,

z =
The Sampling Routine
The sequential sampling routine proceeds as follows:
R

1. Seleet o randum sumple of ki individuals, in which
I, represemts the number of individuwls in Chiss i

. » =L
Calenlate j = ——

mn

and § = -

2. Caleulate B from equation (2) for the desired con-
fidence level, '

3. 16 B is greater thyn a selected value, By, continue
sampling at step 1),
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.  Direction of Mow ... optional

(sramt) Start or end of sampling program
e w imput inle operational
@ Display of output

J@J— Conditional branching

Pracan Processing procedure

Storage in addressable registers
(Rt -R9) '

Labelgd subrouline

Run/Stop ... pause lcr display
~and for input

Terminatle labeled subroulime

Frm. 1.—Symbols wed in Sowcharting the sequensial
sampling procedure

4. M B is bess than or equal to By, stop sampling
necept P=B as your estimate at the specified con-
fidence level SR

This procedure was  programmmed Tvvibe  Hewlen-
Packard HP-65" programmable caleulator as outhined 'n
the Howchart in Fig. 2. Flowehart symbols are provided
i Fig. 1.

Fig. 2 ontlines the most general chse for the sequential
samipling being discussed.  Varlous imalifications may sim-
plily the programming as dictated by the sampling situ-
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time A, Similarly, i o '
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The format of the outpot subroutine 1, s another ares
in which the particular sampling sitnation P
maslification of the program. For
imdividuals in each class (BN sl §N) may be the appros
priote output wnits, SE; may be deleted, ste

Coptes of the individual weps for the HP-&5 program
mutheed in Fig 2 mcloling & defaul mitinliesten ros
tine f C, Be amd K are oot set, are svailable on regoes,

Ewamating Total Sampling Sise
The equation,
e 22
t:--—-t.-. i
™, B

g
may be weel to estimmte the svg ommber of aslivalualy
whnch mus be sampled o obtain B € By e 3 popuisien

sl :
shouderd bainls tepresemn the vange of produble winple
for whegy ewn 3
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Fic. 4. —S5ample Size Curves for populations of 100,
1000 or 10000 mdividuals at the 955 confidence level

{Be = 00 10 Be = 005). The opper limit s set by
P05, while the lower Hmit represents both p=01 and
P09, Therelore, the greater the discrepancy between
p and q, the lower the total sample size required

The sample sire curves nmy be oved in plannmng an
approgriate Be and confdence bevel boased on projected
pogulation levels as well as for determiming  apperopriate
sample sizes (ki) for e i the soquential sanpling pro-
codure. Comsideration of population’ levels imvolved in a
particular study and the required sample size in) W
obtain a specific degree of precision allows the setting of
reasomable bounds on the Yrecision of the estimate i,

For example ( Fig. 53, in sampling from a population
of 10000 individuals at the Y9% confidence Jevel with
Be = 001, we might expect a tolal sample size (n) of
betweon 3700 (375 of 10,000) am] 6200 (625 of 10,000},
1i this would be prohibitively large, we may sacrifice pre-
cision by selecting B = 002 aml use a 957 confidence
level (Fig. 4). The estimated sample size then ranges
from 800 (B% of 10,000} to 1900 (195 of 10,000).

‘ Discussion

Sequential’ sampling can be an efficient technique for
cslimating proportions in a binomial distrbution.  Limi-
Latmas ' u:-.ci.:l.u:l with the techniue proontad here

). random selection of samples
and 2 estimation of total population size.

Limitation nusnber (1) apphies to virtually all anphing
programs and must be conssbered during the design of any
sampling procedure.  Limitation mumber (2} is pocubiar
w sampling from a finite population of limited sizce (such
as trap catch). Under the conditions fur which the rou-
tine wis developed (e, sex-ratio estimation for “'“""“'L
southern ping beetles), this was not & problem since the
beetles ‘? ot be coupted (or estimated ) anyway, In
some ganiifing ‘situations, however, this may be a severe
dras back 10 the roumtine, and the eonsequences of inac-
curate estbmation, of population sige must be consldered.

ESA Briumx
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The accuracy of the population estrmate becomes oriti-
cal anly when the total sample sire (n) approaches the
populatins size (N}, amd # influcnces primarcily the
boursds on the ertor of the stimate § (B). Indrecly,
it mffeences the csturmne § through modification of the
sumy - sire required  Where the acomracy of the popula-
tion estimate is m doubt, an overestrmate will msure over
sampling amd increase confadence m fi, although the re-
suftart confidence tmits will be maslesding (e, the troe
B will be less than that reported )

Use of a programmable pocket calowlator increases the
case of application of the seqoential sampling  routine
when compared (o standard graphic techmgoes.  The
huno (19%%) approach to sequentially sampling the bi-
nomial distribution involved preparation of a “stop line'
graph for each population size (awkward under fekl
cotditions and inordinately time consuming where a wide
range of population sizes are encountered ). With the
pocket caleulator, the *stop line” graph i, in effect, stored
interpally and redesigned for ech mew  popalation sise
with 4 single keystroke entry. Successive entry of the
number of mdividhaals of one type for eich sample trig-
gers the comparison to the “stop line’ and results are im-
mediately obtaimable followmg the decisen o stop sam-
pling. It is felt that programmmble pocket caleulators
have broad application 1o sequential cmpling m general
and represent a mujor mmprovement over the graphee
apprevach,
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PLANT PROTECTION CONFERENCE
March 22-25, 1978

The Plant Protection Conference, jointly organized by
the Malaysian Plant Protection Society and the Rubber
Research Institute of Malaysia, will be held at the Inter-
national Hall, Hotel Merlin, in Kuala Lumpur from Wed-
nesday, March 22 w0 Saturday, March 25, 1978. Emphasis
wilk be given to studies and methods of control of pests,
diseases and weeds on crops of economic importance in the
Southeast Asian amnd Pacific region. -All correspondence
should be addressed to:

Seeretary

Plant Protection Conference

Rubber Research Institute of Malaysia
P.O, Box 150

Kuala Lumpur 01-02

MALAYSIA

AAAS PROJECT ON THE HANDICAPPED IN
SCIENCE ING NAMES FOR DIRECTORY

The Project on the Handicapped in Science of the
American Association for the Advancement of Science
(AAAS) is developing a directory af scentists with
handicapping conditions which will pe distributed to pub-
lic agencies, handicapped scientists, organi-
zitions to facilitate communication among them. Re-
search for, und publication of the directory is supported
b&tlw National Science Foundation (Grant No! SP177.

Each directory entry will contain basic personal and
professional biodata, nature and age
~capping condition, and a summary
fessional experience including

ing to act as advisors, consultants and/or evaluators on
many levels concerning science and the handicapped. ‘I‘&ls
nformation will also be indluded in the directory It i
*mmtpulsd that the directory will identify

seientists of specific scientific §
ing to sharé experiences and information on coping strate-

gies; educate the sclentific ummily theit
existence and their prablem action whw
needed ; and provide the basis for analysis and
p-m(mmi planning for scientific dmmi
m:unmcm. consumer organizations, and ld-nl agencies
The project deﬁm sclence to inchade all the
uni -mn. engineering anl
md.lnu—gll ldd: for w . cmm
tion is required. It will seck to those with de-
-~ grees in these areas or whi are work-
ng in , medical or fields. The di-
rectory will also include individuals w wience but

working in other argas of
AIMMWMAS

,i

of onset of M

roblems faced and :m?-v-:_
eome. The scientists will be asked if they would be will-

lization wlm are will-

handicapped
nnsandgrmtcw;dmmm-
cluded in the resource group are wged

the project by identifying themsclves to

den, Project Director, or Janette Alsford Owens,
Assistant, Project on the
of (‘rmnmtm in Saence, AAAS, 1776 Massachusetts
Avenue NW, Washington DC,

(202) 3674497 (TTY or visce).

The required six months’ notice is given of the possible

an

Te :m!m- llﬂd case nomber
mu 2 Jht.xl'-t.

Nom, M

At
2115

2130
2186

2193
2194

%

use of knarr[nuwsh'

scientists as possible Al handicapped scien-

ld-
in Science,
20035, telephone mimnber

INTERNATIONAL COMMISSION OF
ZOOLOGICAL NOMENCLATURE
AN.(5) 103

the Imtermational Commusseon

n connection with the ol
(see Full. Zowl
, part 1997).

Trombidium abawushi Brumpt, 1910 { Acarima) :

proposed  validanion,

(!’} ‘l lm
'l'm"ranvcln&m Herigratnmn

u{ a type-series.

Stethaspis Hope, 1837 (Coleoptera) - proposed des- .

ignation of a type-species.

PIERIDAE w L ! proposal o

precedence over LIADINAE  Swasinson,

{ Insecta, lm &

{fanpafkum Fieber, 1844 ( Flomiptera) < m-
type-species. :

Bacocera Evichson, 1845 ( Colegptera i
of type-species.

m 'c“' rmnmﬁnm. L

mmrmmn Buoisduweal, 1836 (Insocta, Lopic
doppera)

)¢ request for reviston of the Officsal List.

nnmcumm m mﬁ’d E
tl-lm-nh
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