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forms might b transported m Inlpo
The Amerienn hlun erab

Penekiash water
woier or hadlnst ks of ships.
{,'u/lim'n[('.s"-q-u;:i(h:.v Wil |u'ulmhl_\' lrnnspnrlml to bsenel i
Jmlinst |un‘:<\“’. Beenuse ships possing through  the
Pannn Cannl, must panintin oo minimun dealt, cmpty
ghips Teauired bo take on additionnl sall water bulhast
prnln\M_\' ll‘un.\'pl\{'l PHCTOSCOPIE NEine organiams from
arennt Lo ocennt®, SSovernl pores in the Chesapeake Buys -
for example, Baltnpore, Norfollk and Nowport. News-—-
are cither Tnepe commnercind poris, sites of naval hases or
path. West Poing, Wrginin, ndjneent. 1o station £'=30, 14
visited by ocenn-going freiphiters loadingg paper products,
Tho controlling depth n\( the river ehnnmel to this point. is
jsa than 6-5 N1, so bilgesoind Dallast tnnks aro punped to
bl more enrgo to he bpaded. Phis may bo tho way in
which brackisihi water n\k‘gnnisms firon shmilur regions
clsewhere ure being introdueasd.

Threo specimens of M. ileapectata from the Pamunkey
River, Virginin, have hees deposited in the Nutional
Muscum of Natural Suienees, Ot tawn, Cannda. Ono of us
D, R. €.) thanks tho Nai ionnk Researeh Couneil of Canada
far support through o postdociorate fellowship.
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Induced Bactericidal Response
in a Sipunculid Worm /

Preaas is inerensing evidenee that, im%ihln ity
mayv he demonstrated ine severnd i Cortebrnte speeies
using approprinte methods,  The Ldetericidal system?:2
seetns Lo veenpy wn hmportant positin in the phiylogenetic
enmergenco ol indueihde iy’ Such responses wned
others hve heen reviewed veeedly =,

Bang! has reported an inddeible Tysin in the aoclomic
fluid i’ a sipuneolid worm This substanes caused dysis
of o paumsitic maring cilints nnd could b indueed by the
injection of forcigm subsfinees, including cral hlood with
or withont (he elinte dmed b injeetingg furge
hactera.

The preliminary,
stente an dndueibl hocrericidal sy=tem in nnother sipunce-
Diesfdrostomun zostericolum
wort used l'nr,‘llwr experiments on comparative nnuho-
“'l—',\'!'- // .

Anomads ere ealleeted, nmintained wiod bled as
viousty degeribeds. ‘Phe bneterin used for imanumznfion
nnd u.\sxg.ﬂ' was steaan 19N, n Cormin-negativo haefilus
isolntet from the nornnl gt flor of o spiny Jobe et
Antigen propaetion and buetericidnl assny procedore?
were ddentieal o those usced for Jobsters®. An s
rocoived no primary ntencoclomic injeetion of 2 T
formahin-killed boaeterin (01 by Sixky dnys Intef the
aurvivors reecived secondnry injeetion ol 4 x FO* hacpering

An Tablo 1 rhown, coclomio Quids from fourioenf non-
fnnnuized worras e no baatocioidal aotivity — Aftor n

munhers off

CXPerIMents descrined  here demaofi-

hedL speeies, Chinnberbam,

ne-
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‘Table [, BNACTERICIDAL TITHES BE CENTRIFUGED-COFTTY FLUIL

Na, of Noob
nntigen Day :lnin/mls Endividaal thres
injeciions fieptTonp

Nong

U/‘/ 1 [}

One 1 ] 1]
1'ool® 10
/ 0

< ]
4 I'ool® 0
7 1 1}
] "
60 B U, 4, 10, B, 100
Iw (1} O O, 1460, 160, 08
67 4 30, Ko, G160, 648, 61, Hi6)

* Pool of wn:l?-mlq&ni-ln from Hve worms,
S—

prinary injection of anTipen, nost uninls Wero neprntive
from days | 16 7 nhthough slighresponses were obitrvind
in two eases. By the sixoiet day, thviee ol fiveer iy
hand developed signifieant titees wil hout furthg iz
tion,  On days 62 and 67, after nn addignnl ehadlengo
with antigen o day GO, Daelericidnt aet Aty whs consider-
ably enhanced. Another group of Hvo m/m»iunnunm-rl
worims bied b this time were negogdve, ‘Ehis verfied that
the inerense in coclomic fluid {n_u,(:lv«'ri('.iclm was nol
consequence of mnn-s]wvilit;/syéﬁml varindion.

T s dnteresting that thepd was no significant vesponso
during the first week altd primnry inununization: thns
the sipunculid i

seems pO differ frome other invertehrto
systems =t which oft o inerease theie nelvity siggnilicantly
duringd the first. day or two nfter Hnnizabion,

The necclernled secondary response of this sipuneulid
is Asomewhat pfminiscent ol the antibody response in
mopmmals. Bhviously studies of specificity will be e
quired to Amsess the sipifiennee o this baeterieidal
systempd the ceotution of immnnity.  Such studies wro
s and will he reported elsewhere.
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¢ for technienl assistnnee.  This work was supported
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hy w eontract from the US Oflice of Nuval Rescarch,
Biology Branch. ;
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Discrimination of Auditory
Scquences by Monkeys

Wi have heen soecessil i an atfempt to i rhesus
iseriminato amang the foue |n<rmu|:|linmx

i Ory segquenee in whieh eanch o of the

monkeys (o
of norwo element,
clements enn he either n burst of tone ora
This is an unusundly complex tnske nnd as o =aeh shoold
prove sensitive (o raanipihitions of the contral nervous
systen. Tndeed, in expernaents now nndder way,
deficits hove heen found in the diserininntion perforanen
af teonkeyn following unilaternt abintiona of the cnites
of the superior tomporal gyrus (nuditory Spsocitbion”
nortes).
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Tig. 1. Testing dispiny.

Training tho monkeys to make anditory diseriminations
i sernightTorward. Irom their 22x 22 x 22 inch eopgo
thoy enn ensily renely, through the Iars, 0o 24 x 24 meh
|.-,~Q.i||g display (Fig. 1). Mounied hehind this display is o
|mn|.-|wnk(n' through  which the muhtory  stimuli aro
debvered. On the monkeys sido of the display, centred
dipectly in front. of tho come of the Toudspenker, s n 2x 2
el “Lerspex’ panel which, o pressed at the approprinto
time, enuses tho dedivery of an auditory stimutus, Thuy
1o et an auditory diseriminntive stimalus, the monkey
must first give an tobserving response’t

Lower on the display, plieed symmetrieally at. cach
side of the food-well, are two cirenlnr 'Perspex’ responso
panels which, if pressed at the appropriate thne, enuse o
bt of tone (left panel) or nchurest. of noise (right panel) to
b delivered  through the dondspeaker. i the initial
gtiges of training, the animnl s tingrhite to press the left
panch after o tone stimudus (1,000 e for 008 s) nd tho
right panel nfter a nose stinmlus (20,000 Hz fow-pass
“white! noise Tor 0-5 8). A trind hegins therefore when the
monkoy presses the obseeving response panel: cither
tome o o noise is delivered (it equat probability: for enchy)
on n random sehedule. bumedintely afterwnreds, the
monkey must indicate the natare of the st tmufus hy pres-
sing either the left or the right cirealar panel. A correct
chuice resulls not only in 1 tone or a nose (approprinte
for the panel pressed) buat alsa in food reward (CHEA 140
ing bannna-finke pellet).  An incorrect choice resulls in o
toue or n noiso (approprinte for the pael pressed) and in n
3w Wlnekout during whieh a press on nny pancl is ineffee-
tive.  After tho blackout (or after the defivery of o food
jh'llf't when the choico is correet) nonew trint may bo
imtinted.  Bach of the throo panels is illuminated Trom
bebind, a0 that at the beginning of » trinl only the absery.
ing vesponas panel s lit; when the stimniug has termine
ated, only the left and right panels are Lt

When thig tasik hns been leauned (30 per cent correct
renponscs in three conseentive duoily 160 trind sessions),
the monkey iy further trained to diseriminate helween
the stimnbi when their durations range hetween 01 and
-0 g,

Fhen teaining on sequenee  diserimination hegrins.
Instend of a single fone o noise burst, 0 fwo clement
Retpienes (with wsient interval hetween the two elements)
Modeliversd (o the monkey when he presses the observingg
:‘(:’:I"'Hsu punel. Al fone patterns of this two l?ll"ll\l‘lltl

¥uenco oceur randomly, each nt 025 prohahility of
;Cr‘;:;;&l)co over a bloek of 100 trinks. Two conseentive
are I the approprinto seqguence on the cirentne paneks

Toquired bhefors the next trinl enn o nndertnken.

0"\'0 monkeya havae so far Jonrned this problem to the
‘v“:)‘;:o‘f:f““- eorroct response eriterion, '|‘|—\i.~4 performnnes
ioved after 17, 26, 45, 80 and 125 daily sessions

for ; . .
. the five animnls,  The avernge number of tromds per

ension wus 190, 100, 300, 180 wud 180, s0 that the total
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nomber of frinls to eriterion for each of the mankaoys wns,
rospeetively, 280, 7R00, 13500, 16,020 and 23,025,
1L s essentind (o pointout that these firures are only for
BORSIONS during whieh no shaping of the oy’ behnviour
wis nndertnken; they therefore do nal represent the total
effort oxpended by cither experimenters or monkeys buat,
rather, nhout n ldf,

We next investignted the effeets on diserimination per.
formmneo of altering tho darationnd charneleristies of
portions of the sequence. This was done nsing ntilration
festing method? Tihelled Ustairenso™ or Supeand-down™
in which ehutizes in the level af diflienlty of diserininntion
wre el within {he sessionin Che Tighi of (ho imuncdintely
preceding performmnes hy the subjeet® 20 This method
allows The experimenter to foreo performanee to e pre-

determined level for aowide mogge of stimnbus conditions,
11. i ndso important. that, throvgh thee prineiple of negative
feedhaek, dizeriminntion perforannes nhoat the:predetor.
mined devel of dillienlty  heeomes  progressively more
stable. :

This phase of tho experiments requived af least. fifty
duily sessions of 100150 trials. Al each session the durn-

“fion of one portion of the sequenee (cither the clements

or the silent interval hetween the elements) was nnipu-
Inted necording to o protocel denen up hefora the first
session, while the other portion was held constant. There
were three basic Types of sessions in which the durntion of
clements was inercased, inowhich the interval hetween
them wns inereased  andin which the durntion  of
clements was deercased. Tnerenses nnd deerenses were
navde from the point ol origin ol 05 5 {he durntion ot
whieh all monkeys were originally teained ane for which
their performance was hest. Durntions were from (003 s
to 10-0 g, divided into lifteen steps - seven on cither side
of 00 5. The dimentions nsed ns eonstants eluded 01,
03, -8, 0:75, 10, 156 and 2:0 s, During the course ol
cession, the durmtion of the eritical portion of the sequenee
wis ehinnged one step in the direetion ol preater difliculty
of diseriminntion afler three correel responses iy i row
nndd ong step in the diveet jon of grenter ense ol dizernming -
tion after aningorrect response. ISither an inerease or
deerense of clement length from 0-8 s causes the animnl’s
performnnee to deleriorate ln‘ugwssi\'i-ly from the stable
90 per cent lovel, ns does aninerenso of the duration of the
silent. interval.  (Decrensing the interval from (-5 8 to
soro does notl, in theso experiments, ndversely affoect the
monkeys’ performanco.) Throughout theso determinu-
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tions (at theend of every day s festing session)eachimonkey
s been shown to bo diseriminating at the 90 1= per cent.
correct. response fovel whenever elements nndd inferval
wore et equal at 05 s The first monkey of the present.
group of three has now heen performingg nlonostable (4
per cent Jevel for 10 mont his,

Wo hnve chiosen fo plot the dataas response réas, within
which tho monkey e diseriminate at. the 70 per cent.
jevel or better, und outside which his performmniee (nlls
pelow 78 per eent correet, This pereentage fovel is n
eonseanence af thoe testing rules, that s, vegquivings theee.
in-erow carrect. before inereasing the diffiealty of tho
diseriminntion forees the nnimal to “home in® on the
M per cent level®. Fig, 2 shows response nreas for threo
monkeys. . K

A prime ingredient of audifory sequenee diserimination
whieh ean he nssessed from the datw of 10 2 is short, term
or recent. memory. The testing paradigm we have nsed
resembles s technigue developed by Konorski? fo study
reeent memory, nnd QG is important foindiente the differ-
enees hetween the methods and explain why RKonorski's
technique is  unsuitable  for - sequenee diserimination
problems. Wonorski trained dogs to respond ar to with.
hold response (“po-no po”) aecordimgs to whether two
successively presented anditory stimmh were the sione or
different. This problent has also heen mstered (thoungzh
with considerable diftienlty) by monkeys who Jearned to
indiente whether two suceessive frains of aeoustic elicks
were made at the snme or s different mter. Cleariv, an
animnl need not. diseriminate bhetween frinds wheve s
fallowed I 13 and where 13 is followed by 13 hoth roguire
the smne response. Simibnely, trinds whero Follows A
and where 78 follows 3 nro also equivalent in terms of
response requirement., In our experiments, however,
AA, AR, DA and 13 teiaks eachoreguire hifferent. patterns
of respense, and only by yemembering the sequenee of
presentation can the auimal pevform correetly.  Stepien
and Cordean indicated thato vequiring their monkeys (o

withhold response ns one of the Lwo vesponse alternntives

was perhaps detrimental to the mastery of the problem.

Instend. they (el that o Cgo defiego vight?” parndigm, wsing
two manipulanda, might prove moro suecessiul (Cowey?®

pive n detailed discussion). We havo adopted this sug-

Restion,

The faet. that. our animals must remember the order in
which particular stimuli nro heard hins important. nnphien-

tong, By introducing o delny hetween the end of tho .

twoeelement sequenco nnd the (ime when the animal enn
begin his responses, or by inerensing the ynnber of
clements in the sequence, for exmnple, to tonetono-
noise-tone, it shonld ho possible to study short ferm
memory and ity deeay or inferference. Heowill then hoe
feasiblo to perform with mankeys the type of Jdigit span
experiment. that has proved so profitnble in the stady of
short-term memory i mnn.

The ability to deal with anditory sequenees is vitnl 1o
verhal hehavionr!®, 16 is well known that, inoman, severo
teficits in verhin! belinvionr often follow danogm o tho
dominnnt corehent hemisphere, Corehenl dominnnes hins
ever Dieen demonstented for iy infro-hunmn species,
We feel thint sueh n phenomenon might. he unceovered by
“‘_‘H“\.' of tha effeets of unilnteral eortienl tesions on tho
d":(“rl_minmiun of unditory sequences by mankeys.
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GENERAL

Centroid Method of Integration

P useliloess, Tor numerical integeation in podimen-
sions. of the following “eentroid method™ seems fa havo
heen generally undervestinnted, “The method s nogrencral-
ization of the mil-point method Tor one dimension. Thae
fiest, npproxinmtion fo the integral s JEF)y onttaphied by
the “volimme” of the region of integmting. where X is The
controil of tho region. This first npproximation is Hsell
often morn acearnto than might, he expeeted. (11 s exnet,
it fis dinear) 10 £ has nop-dinensional Taylor expnnsion
about, the centrond, valid in (the regiong then tho mtegral
is given exaetly by the following cquntion

f.o ffix) de

(L8 IR
— S
= X

Pty .. Pp

)

5.1',": Ces

=l

| x =

where n=v, 4v,f. . .4 vy, whero the terms for n=1
vinish, aned where m{v) s the gencenlized nomment ol
maertin
’ [ =&)L (rp—dEp)rdx
Teeanse any non-pathologicnl domnin enn ho “trinngu-
lated” into simplexes, it is convenient to have o formula
for the genernlizad moments of inertin of o simplex tho
vertices of which nre xe= (0. .o ocawp), (k=000 00, M.
Tt, enn be shown that mv) is equal to the cocflicient of
frutd oL in
Ppltvtv ... 1 1
UBRIRACR SRR ;[— Wod = o ]
(pan)! Pla 3
whers Vois tho “vohune” of (he simplex, given hy n
fumitine determinant, nnd whero

R RN b
We = Y (k=) L
k=0]i=0

I 1<n<d (but not il n=4), it ean ho rendily deduced
thnt.

'pim=0)1 1 _
S )-~ PO R 1 LT

e L
(ptn) 1 pen e

mv) =
and if p=2 el 1 gn <5 (but not if 1= 6),

bl
mv) = Ven U (eny =30 (rap— )
o)
whero e, =112, ry=0 = 1730, 1'.‘::‘.3/“'."1,

a fovrth moment for nebitearey pris

An exnmplo of

m=(100,...,0

! Lo
=T ‘[‘ffl,('”‘

- | ‘l -

FLor2N ey —a)
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Ar an oxnmplo wi Anke flr)y=exp e f .ot VY ninld

for tha repion of integention the pirngelisn b vertieen
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