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‘MEETING OF THE BIOMETRICS SECTION

The Biometrics Section will participate in the meetings of the American Association
for the Advancement of Science, which will be held in Boston, Massachusetts, December 26 to
31, 1946. The Program of the Section, which appears in this issue of Biometrics, provides for
two sessions of contributed papers in which both members and non-members are invited to take
part. Persons desiring to present papers should notify Dr. D. B. DeLury, Box 551, Blacksburg,
Virginia.

The headquarters of the Biometrics Section will be at the Statler Hotel and all of its
meetings will be held there. The Bellevue, Commonwealth, Lincolnshire, and Parker House
Hotels are grouped about the Boston Common and are within convenient walking distance of
the Statler.

Reservations should not be sent to the Hotels, but to the 4.4.4.S. Housing Bureau,
Convention Bureau, Chamber of Commerce, 80 Federal Street, Boston 10, Massachusetts. Give
your name and address; number of people in your party; date of arrival; date of departure;
first, second and third choice of hotels; and type of accomodations desired.

RESERVATIONS WILL NOT BE ACCEPTED AFTER DECEMBER 10, 1946

Hotels and Reservation Prices

HOTEL , SINGLE DOUBLE
' Double Beds Twin Beds
Bellevue, 21 Beacon Street $3.30 to $4.40 $4.95 to $5.50 $6.60 to $7.70
Commonwealth, 86 Bodoin Street 2.50 4.50
Lincolnshire, 20 Charles Street 3.30 to 4.40 5.50 to 6.60
Parker House, 60 School Street 3.85 to 440 5,50 to 6.60 6.60 to 7.70
Statler, Park Square 3.85 to 5.50 5.50 to 7.70 6.60 to 8.80

(All rates are subject to any increases authorized by OPA)

- BIOMETRICS SECTION PROGRAM
-Held in conjunction with the 113th Annual Meeting of the
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE

Boston, Massachusetts, December 27 - 29, 1946
Headquarters — Statler Hotel

FRIDAY — DECEMBER 27
10:00 A.M. Biometric Methods in Fishery Investigations
Ilgotlel S(t:atler (With the Atlantic Fishery Biologists)
arior

Papers: An Application of Multiple Regression
Methods to Growth Studies in Fish Populations
Howard A. Shuck, North Atlantic Fishery Investigations

A Method of Estimating the Number of Small Fish Fry
W. F. Royce, North Atlantic Fishery Investigations
General Discussion of Biometric Aspects of Fish Population
Dynamics
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_' One. of tha Imtnhary auperintandant*a mﬂre d:u‘fimlt pmblﬁm |
hu b&an i;m e&tmtiw of yunbers o:ﬁ‘ iiﬁh i‘ry. The dslimy a:r
such ny am him hrge numbem c:’c‘ *t.hem e:mplad vd,th the pwimry _v
nemssity o:t keeping *hhm alwa, has i‘reqmmly pmcludezt the pom-
aibﬂiw of obtal

ing a caum;. ‘rhia problm is anpwially dﬁ.fﬁw‘m
in the Qulbura af the ext.rmaly small fry of a&mh fish ss bhckhwk
ﬂmmdor, mmmah, mllwem pm, eod, had&mk, and pﬂllwk» Thn
fact that the numbers involved in the case of marine species may range
into the WM 1lions adds to the difficulties. ?hu present hatalmy
techmique for estimating the production of amh' fry dap«anén on estis
mating the musber of eges placed in the hatching apparatus by more

or less accurate volumetric mi‘m&m This Mura is then corrected
by a factor for nortality which may ba nbba:tmd by a volumeiric es
timate of m& egpge or a guess relmed o pwvvima ymu experience.



The alternative to a total count is & sample, This may be cbtained
for a tray of {ish, a can of fish, or & truck-lead of fish, by using
modern sampling techniques to obtain a sample,the volume of whieh is
& known frection of the total,and estimating the total by a simple
proportien. In the case of a single container of fiah the fry may
be diaisriha@e& eveniy throughout the measured quantity of water in
that ccmtaimlr" b;yv stirring and & sample of known vihime takens Then
the mmber of fry in the entire contalner my be calsulsted from the
proportion t.‘ba"b wae sampled. | | e
©This problem of ostimating mmbers of fish fry occurred when
it bev.eme“' necessaﬁr to have aceurate estimates of the number of
blackback flounder fry stocked in an experiment to determine the
éffeétiwmsé of such stocking, All the techniques and suggestions
in the following parsgraphs have been warked ocut with the cooperation
of Mr. Gordon L. Davis, Superintendent of the Wood's Hole station
of the Fish and Wildlife Service ami apply particularly te blackback
flounder fry, It is believed that this same technique with slight
modifications eould be used for other species,

The author is Sndebted to Dr. Cs I. Bliss of ihe Comnssticut

eult erinent Station and to Nr. 8, lee Crump of the
Town Siate Collegs Statistical labarstory who have reviewed the
statistionl teohniques uwed in this article. They have soggests
cortaln changes in methods of snslysis of varisnse whish will be
used in future work. The priseipsl changes suggested inalude the
e of the ohi aquare test where poswille and &f

Mwmmrmmmatu“*: rocis lmetead of loparitims

Sush elisnges will not msterislly ‘ mrﬁs&w“#nﬁw'
m&ﬂhm_wm“mﬁmmm heeordingly,

ﬁm an . mwlisinery repert wﬁhwﬁ MM in m

.




METHOD OF SAMPLING

The primary requirement in taeking any sample is to make sure
each individual in the group or population to be sampled has an
equsl chance of being included in the sample or subsamples. When
taling & subsample from a c&n or }mtchﬁizg box, the contents were
stirred thoroughly bﬁﬁ not viclently enough té harmm the fry. BSub=
samples were taken from & hatching bor after stirrine with the pad-
alé ‘widleh is ordinerily uged to stir- the box every two hours, Subw
samples from a :!xd.ppim (milk) can were taken after ﬁtirring, with
a small dippers The cireulsr shape of the can mede it temting“ te
stir in a circular manner. This was aveided since the fry in some ,
cases concentrate near the central axis of the can and sf’cirr;ing
round and round does not mix them thoroughly. The atirring wasg
done from top tobottom and the contents thoroughly ﬁixad without
swirling. After stirring, the subsample was dipped out quickly to
prevent the actively swimming fry from avoiding the subsample

container or again concentrating,

In this discussion the name subsample will be applied to
the guantity dipped from a container in one instant and the rame
sagple will be applied to the colleetion of several s ubsamples

obteined from one or more conbtalners,




After obtaining the subsample the actively swimming fr :
counted. They were counted alive because the fry may be not :my
returned tothe bex or can but may be also distinguished from desd
fry which were quite mumercus in the case of blackback flounders,
These dead fry were recognized becmuse they were distorted ﬁ*ﬁi&m
body tristed in one or mere curls. Straight bodded fry generally

moved after stimulation even though at first they were so matm%*
less as to appear dead,
Accurste counts of the actively moving fry were cbtained 'by
pleacing them in a double regeptacle in which thcry gould be p«mmd
single file through & narros @ening from one side to tim Who!?b
Such a receptacle was constructed for flounder fry (figure 1) wf
¢elluloid put together with acetone {Duco ﬁmwhﬁd Cemant, .ﬂm
wrks well), The smell size of the flounder i'rv made it mcmd&ry
to sount them under the lowest power of a hinwum miemmpu
Because the fry oan swim falrly sctively it was thought pm;-
sible that they might tend to escape the container used to cbtain
the s ubsample, Presumably they would find eseape eamier from u
small container than from s large one into which the water would
rush with greater rapidity when qulckly dipped. Te test this mmsw
gitd ity two geries of subsamples were taken from 2 hutamng Boxas
(table 1). The mwmlenfﬁﬁhﬁmm with 5, 10, and 25 oo
graduates ranged in size from 2.3 oo to 21.8 ce (table 1), m
" correlation between size of sample and mmber of fry per cc m
only «0,15 in onetstance and C.04 in the other., Thig is far bﬂlm
the value (0,58) which would indicate any significant tendmey for

large ssmples to capture more fry per cc,
4



[FIGURE 1. A CONTA/NER FOR
COUNTING SMALL [F/S5H FRY.
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Subsamples of this kind which invelve counts of un oCCuUrence,
theoretically should be distributed in a Poisson diut.riiﬁmtim if they
are taken from a homogeneous population, If this is -bhqs case, 1t
makes no difference whether mery small #gbgmphs or & m ;‘h}rgn 8 ub~
samples are taken., However, in sampling fry the pbpuhtinna Ay vary
from container to container; that Ain, not homogensous, a’md many small
mbamy]ms vdfkl ’ém preferable, Meaxdingly, we MAy hkfe a® a mbsmpl,e
as small as is convenient. Txperience in mnmng the ‘blwkhwk .
flounder fry indimbué that it required but a few saem!ﬁs longer ®
count 20 to 3@ fry tmn it did to count lees then 10. Hmvwar, uhm
the mzmhw eﬂ.‘ xxv surmmd 50 they tended "m gronp, wkinh mdt
counting mmm, ami more recounts bcnm neaus::m mcoraingly,
it is recommended that the container salwmd for mbsamples ahmld
bve of & nim mifs& will usually cateh heman 10 and 5159 fry. The
other principal requirement for the container is tha.‘b it should hold
e uniform quantity of liquid when filled by a quick d#.;a. This will
eliminate brosd flat dishes. A contalner aimﬂar to ;. nilk mhr,
such as is frequently used for ssmpling plankten, shg}z.ld be ideal.



The nurber of such subsamples to be taken from & truckload or

_ batm {;,f hatehing boxes ’«&M depend vailabl hSeUrey

| desired, A mwynf the smmpling whish wap done at Roods Hols on
& truckload of 50 cens (table 2) of blackback flounder fry bas pro-
vided estimates of the relisbility of mwh sampling. The swlysis
of variance of these date (transfofmsd to legard 26

tionship of mean and variance) is mawé in table 3. The
teshniques outlined by Smedecer (1948) and Winsor and Clarke (1940)
yuts of varisnce have been followsd in
arriving at the estimates of the mocursey of the various methods

of saspling pressnted in table 4. Very briefly, this method is

a8 followsy The anmmmeawm (2,2 in table 3 ws

en the segregation a@f

ulated from the mean square for cans by subtrecting the mesan

| sqars for subsamples and dividing by 35, t&m musbeyr of mubsanples

per can. The subsample variance (s?) remeins the sass aa the mean
ire gince there is only one observation per sublsasple. From thess

two sompo ',‘:hwe nay estimste the verisnce of the mean and fidusial

pLESRE ] .fm éiﬁ'mt mx‘s of subsemples takon Drom ﬁiftmrxt mw

bers of cans, BSinge the mumber of cans whieh may be sazpled is rels

tively small, 1t is appropri | i

ste to correet the estinaie of the oan

W

m:aummrefams mlﬁmmmm:-mm;
The warlance of the mesn (8 )ibva#mphotﬁﬁ:y ._ ~
of 5 cans was estimsted frzﬁ the wégﬂmim equation:
22 82/ ()~ 8
in shilh "y e
’ n o mumber of cans smmpled
1? mmber of esns in truck
kgmmhﬁrwmbampmum

o 8
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thmpuﬁmmhd T - :
aimafs&nm 00435 T4~136

Sﬁmtct WM 00478 sl

lmbi'“'?‘.fmmhar S o
10 out of m cans 00209 MRl 80-125

lfmau have bsen chm m:u. m« m :
This indicates that if the oale
ssaple means from the same populati
mmw 19 times out of 20,




Eﬁhﬂt‘xﬁaﬁ in the mﬁiﬂu

82 = J2695/5 iz-%ag & .mﬁ/:&s = J0315
The oaleuletions fmp t*m cther methods of mmplmg were carried out

inferly by mwmﬁng the spprepriste ambers.

It ts spparent that the grestest accuraoy is derived by senplin
sach can in & trusiload, In a trmekload of 50 cans ome subsample
sy be taken Irom each cen and Iyem the results the total wuwber of
£ry nay be estimated within sbowt 10 pereant 19 tises ovt of 20,

It is mwy net fesnible to attespt w reduce the limits of errar
sny more singe to halve them Agal X '
instead of one,

If 25 cut of 50 en & truek are to be sampled, 1t would be proper to
fiip & ooin to mammﬂr&ma gang and take every cther
san after that (4f the cang we nged at randem)s Also, if less
then the total munber of cans ave sewpled, 1t sheuld be possible to
euensidersbly increasse the rellatdlity of the estimate by lesding the
eans more uniformly, A great differense in the density of the

lackbask flounder fry im the ocana gt Woods Hole was svident to the
sye whan the m:n were illvmineted properly. It should be poesible

£411 them mueh more equally by simple visual comparisen under

proper Jighting, In this sase 25 samplss frem 50 cans might provide
entimates within sbeut 15 persents




If the quantity of fry per can is ressonsbly uniform snd estimates

of relisbility are mot wanted, the caleulatien of the total number

d may be reduced to the amph proportiong

i oan whish 1s 12 3/4 inohes inside dlameter is
used and it ummmmmmmm«fmm, the volume

n ouble inches nay be ealeulated by subbracting 3/¢ inches
from th& M‘Bh ﬂr ﬂ!b gurvature of the ‘!m%m and ml%pmg vy
128, the ares of & cross sectien of the ean in square

ire inches. For ,»-
exanpls, s.rtummmmmm»wmm, the volume is
3) = 12 & mm ineh mﬁx

aing 5O fry, the estimte of the




TIME AND EQUIPHENT REQUIRED

. Adoption of any sampling precedurs will require additional work
on the part of the hatchery personnel. The additional amount of tme
mémireﬁ will be determined to a large extent by. the integration of
tha sampling with the normsl operation of preparing a truckload of
Iiish for ahiﬁmnm As an example of the maximum time required, most
of the 25 ~§ﬁbﬁmplaa erumerated in table 2 were taken by 1 person and
anj‘ﬁ all ﬁr&f counted by the same person in a total time of sbout
2 {hmra‘ The subsamplea were taken after the truck was lcaded and
the cans covered with canvas and considerabile extra time was spent
uﬁabvariﬁgj_ hhe cans and prying loose the coversy, Furthermore, the |
pérson dokie the sointing was doing it for the firet times It is
b@liwad that with reasonsble organization 50 subssmples can be
aﬁtnineéum‘;ﬁ counted in 4 man hours. There would be no mcessity ®
hold up t.he tmﬁk; If sufficient small bottles were available, the
subsanmples could be obtained in & few minutes and counting done
hter {prgﬁding the bottles are kept cool so the fry remain alive),
The caj.euJatinn of an estimate of the total nmusber of fry should
ﬁeﬁui-rs mﬂya few mimutes especially if an adding machine is avail~
eble. In brisf, the total time required for estimating the mumber
fbf fry in a truckload should not differ greatly from the time ree
quired to count s ssmple and weigh up & trucklosd of trout fingerlings.
L eres? - Sy ¢ qually well since dif-

fioulty was experienced with too smeh magnification snd mor
linited 1614 in the miorosaopes | o oion &nd eonsequent

1%



m;a.m}ing ofhatahingbmsmdah;lppingam mttming
bmmk ﬂmn&cr tr_r haa indn-.taé that ntmtu n& the t&tﬂ. |
m of fry in a tmckludﬂtm a‘bm\t 10 pqmdn# may be ‘Qbh;’hm
by taking s small subgample which uheuu eontain bntmn 1o m 50
fry from each can, limited informmtion on time required indicates
thit, st most, ebout 4 man hours per truckload will be needsd to pro-
vide sstimates within about 10 percent and less time if less mo-
curate ostimates are adequates

In the event that sampling iaadaymﬂbyamtahw, tmpﬂm
eodure hould be carefully standardised and additionsl estimtes of
rtlhbmﬁy caleulated fyom the results cbtained under sctual |
operating ‘cmﬂitiam. Onse consistent resulte have been cbtained |
under & carefully standardised precedurs, the caleulations may be
reduced to the simple estimste of total number of fry by the method
outlined, The results cbtsined by the limited sampling which has
been done on the fleunder fry should not be accepted as finsl,
They merely serve te indioate the practical possibilities of ob-
taining results of known accurasy with & ressonable expenditure
of time,
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