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ZVEI 3 o I up o & ORI

The Irreversibility and the Critical Period in Imprinting

mooWom o we

Tetsumi Moriyama

This paper is a review of experimental and theoretical studies about the irreversibility

and the critical period in imprinting.

First in order to examine the validity of a measure of following response time, 1 discussed
the irreversibility and the critical period in terms of a measure of following response time.
And then, it was stated that a measure of key-peck response which enabled a subject to
follow and approach the imprinting stimulus was better than that of following response time.
Finally, the gap between psychology and ethology may be filled in future research which
investigate the imprinting phenomenon in view of two processes: ontogeny and phylogeny.
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Table 1 Average score in seconds for each
practice group during four training days
and on later retetion tests (From Jaynes,

1958.)
Amount of Practice Per Day
Age in Daysl
E min, | 10 min, | 20 min | 40 min,
Training
1 3 45 108 145
2 41 49 130 148
3 68 95 186 198
4 N 145 191 210
Rctention
Jo 32 3 2 112
70 29 I 84 92

<MD 1 7 4 — FUPLTWREBREZ LIS bh
RADEREL, TOERBIIEIT 2 LEARKNRLYT
L7zd DA%, Tablel €33, HL, 0AHL708HD
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Fig. 2 Apparatus and stimulus. %
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Table 2 Experimental groups and control groups

GROUPS | REARING TEST 1ST IMPRINT-| 1ST TEST | 2ND TEST | 3RD TEST
CONDITION | CONDITION | ING TRAINING

A-0-a IS0, EVERYDAY 1ST DAY 4TH DAY 14TH DAY | 24TH DAY
m

A-0-b COM, EVERYDAY 1ST DAY ATH DAY 14TH DAY 24TH DAY
(7)

B-1-a IS0, EVERY 10 1ST DAY 4TH DAY ’ 14TH DAY 24TH DAY
(6) DAYS

B-1-b CoM, EVERY 10 1ST DAY ATH DAY .wm DAY 24TH DAY
(5) DAYS

B-2-a IS0, EVERY 20 1ST DAY 4TH DAY . ¥ ‘24'1'51 DAY
(1) DAYS

B-2-b COM, EVERY 20 1ST DAY ATH DAY . ¥*% ’24'1'& DAY
(s) DAYS

CzO)-b COM. EVERY DAY 1ST DAY ATH DAY 14TH DAY | 24TH DAY
4

C-2-b COM, EVERY 20 1ST DAY 4TH DAY . ¥ .241'}1 DAY
(3) DAYS

nzosa IS0, EVERYDAY . 6TH DAY 14TH DAY | 24TH DAY
5

Dﬁb COM, EVERYDAY . 6TH DAY 14TH DAY 24TH DAY
4

NO-TRAINING

NO-TEST
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Fig. 3 The performances (following time and score) of each group
in 1st, 2nd and 3rd tests.
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Fig. 4 Appaaratus for imprinting and key-peck training. The objects on the right side
of the subject’s alley are food and water dishes which were always presented and

filled. (From Hoffman, and Kozma, 1967.)

2, HEASFoM—0fFEE LTHCORTE N, Z
OFEOFEF MK ELREALH D LBbhici=®, FA
1%, LI#o % Bz, Peterson (1960), Hoffman et al.
(1967) BOHFHERRATHZ iz L, HEORBEWE
BB, ¥—1z, ooREE AT &, BT O
&5 it A mmmne BRT 5 L\ 3 FIET, MK
KNS ORBRFFEE, KGEEOLVEY, bbb
Tho DI TRE, HANSTOHRERHTDIC
& X VEDRFELEDNS,

Peterson (1960) i3, LE00EBRTHE & RO
L7z, #% 28, Hoffman %25, HLIL-LBRTHiE &
v, BAoF—2%#HL, ThoEFELdHT, MM
TOWMLEFNVEERLT WD, FRIZOVTE, #HE
TBHELT, &I, BHEIEEETO, TOERTE
CHERLARTE EORIRIC L - TOBL, B, 7R
Tl T <,

%3, BBz OWTik Peterson #iX L, ¥R
% Fig. 4 TRERTWB L3 LEREPAVTW3, 8
BEMWBOR I ) — izt T, HPTHTLHR, K5
2, BBRERAORE, dIRHFANEAOBET, M
ik, #9 30cm/fsec TES T AT KPR LY LV EF—B
ThHd, NHBRTE, HHOERORRKE, MEOR
Ao AT 2 FERC TRy, PEosbERofk, |
BOMI I X » Tikbh s, ZOK, BRI
HEOMmE £ RLIAVX 3 LT, ERiHWT
WAL, YOMXd, TV THb,

FHixid, Yhd, WM&k 3 AR CGUL2 HER)
21y vaY200C, 4y va it Lik6Ey &
2 YORMIIEER TN, T, BUZ, RIMRE
FDey v, BRECERTEETTHD, N4
BARLY, F—220FWeidiThd, AT L,

# 2gr. CEHITAF—C, N HORIZEN OGBS
hTHY, TRPFEREFOBBOHRIUZEHADR Y
THHhTV5,. WL, H0R$1.5BT, K
RS LTWE, WETHTHD (Peterson D & 52
WZHELST, BAZ @ LTWLbDbHd), F
—DOEFIGE, BEOFC5 Vb EESHTHWLR
BRRINELHEE AV TUERLTW2, Zodlgo 1+
vy Vs VKN TIA2 2y V2 VU ETHB,
(1) b2 s < .—wd, MEWBREEST2 00
HRMEIGE LTDX — 20 & RIS RIS THER
FROFEHE ST, BREh/F—-D22EF KD
B, BalmibRr .- VOB 2Ly 4
7R L7=0A% Peterson (1960) @, Fig. 5 1, BEEHLE
LAY © 2 — v FR8 GR{LNE2REH =408) 0
LTD, DOEFIGELR LTS, FR8 T, HX
AINEVDT, F—& T, GEHHED > bio imEE
LERIGRGHHEESNTOB L3 T@bid, X, #

Fig. 5 Rate of pecking by a 3-day-old duck.
Each diagonal mark represents a 40-second
presentation of the imprinted stimulus after
every eight response (time was not recorded
on the abscissa during the presentation of the

stimulus). The duck received 750 reinforce-
ments in 12 hours. (From Peterson, 1960.)
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Fig. 6 Temporal pattern of key pecks when a
pulse of electrical shock was delivered once
every 24 min. The ordinates show the
mean number of responses in the several
2-min intervals that preceded and followed
the delivery of each shock. (From Ioff-
man, Searle, Toffey, and Kozma, 1966.)
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Fig. 7 Average number of hours that the imprinted stimulus was kept in view when
subjects had continuous access to the stimulus via a key peck; each peck caused the
stimulus to appear for 15 sec. Fach point represents the average exposure per day for
the five ducklings across a four-day period. The inset shows the comparable data for a
single duckling (Sub. C). (I'rom Hoffman, and Kozma 1967.)

166F  \
133F caF
| MOVING
0BJECT

8

PECKS PER MINUTE
8

CRF
66 CRF VISUAL
- EMPTY FEATURES
COMPARTMENT
4 6 8 10 12 14 18 18 20 22 24 26
20 T EE ?
HOURS
uiOOO»
W
2 833t
L ViSUAL A FEATURES
T s}
VISUAL
& 500} Fearumes EXTINCTION
§3.33 . :
& 166}9 3 2 ; —
s ¢ sl
26 34 36 a0 46 50 52 58 62 66 70 74 78 82 86 90 94
) T + » AN T T S
HOURS

Fig. 8 Key-peck rates for Subject B-7 during continuous reinforcement (CRF), fixed-ratio,
and extinction sessions. The moving imprinting object, its visual features, or an empty
stimulus compartment were reinforcements. Arrows indicate breaks hetween sessions,
Note the difference in ordinate unit size in the two graphs. (From Eiserer, Hoffman,
and Klein, 1975.)
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DEH CRF30 itd 5 Thvrntz, HBAL oy oa il 1
HltyarThd,

YL, Table 3 1Z/RT &40 THhHD, 2D ERIGH
W CORBRAIZ, F—DEIZWD IV D, KNRH
DT BB ASE B ED » 2. X, KIGERE
DER®E » L2 POREMIIE, FCRTELY, Hitko
TEHELTHY, Tl > THBRADEIGIZEE L
TG EBbRD (6 MU TRy ¥ a vOXDOEE
W, BRIG L0 SRR - HIRsst L it
STl e ETT), TOKNE LT ELILNS LD,
(1) BHIZLY, BHHEBREETTHZ LM TE A
722k, (2 AOMELTRICERTE d o 2
&, () MEY—oofuzv3 & EFOMBER, o
WAHIEMA—E LT ithi a2 & TAE 2 LN,
X, 19t 5 ¥ 3 v L#, BBREDOOEREDINL, F
DRI BB L, KGOt D, Hoffman
LR~ 7o k518, N—2 MR DS, OO
RICDNSEFE LT Tentesdd, FIGOMRILT 02
RIAABEIC /e Y, RIGHEMbEBUI ey, #HEe
L THEBGALICIZ e Digh e, TORBRTIT, v ¥
a v ORI O e & 2 Ik OBERIA KB LD DT
Wleh o totl, F—D20FFiGE, BERAASOH M7
S>THHER SN APER, E-FD LTS, {IIL,
RBRENEB L T2 L2512, ZORIEO#RE, Pl
BRZES 20W HBEOATIZ ks THHMX ATV 220
Ay, R, FBOIR L - THll ST 7condt, o
DEBRTIZ, DhBdst=b I Thd, ZON
HDBER, ThrbDERTHFEEIND, Fhice
&, AASTOEEL LTF—D22ERIGER & - 125
B, TOREE, WERHEMZhi - THERE S Rt 2
&, Lorenz oIl L-IEaldipkid, L Z&5 454

Table 3 The required time, the number of key-
peck response, and responses per minute in
each daily session.

required

session | day-old time % resp. rft. m%n.
1 8 75 30 30 0.4
2 10 65 20 20 0.3
3 12 16 20 20 1.3
4 13 18 40 40 2.2
5 14 60 14 14 0.2
6 15 6 x X | X
7 16 17 xX X D
8 19 10 10 10 1.0
9 20 10 7 1 0.7

10 23 10 12 12 1.2
1 24 10 13 13 1.3
12 25 10 5 5 0.5
13 26 10 9 9 0.9
14 37 10 12 12 1.2
15 38 10 6 6 0.6
16 39 10 0 0 0.0
17 41 40 6 6 0.2
18 42 50 5 5 0.1
19 43 . 10 6 3 0.6
20 46 30 0 0 0,0
21 47 30 23 23 0.8
22 48 30 52 33 1.7
23 49 30 14 10 0.%
24 50 30 26 14 0.9

The required time means the time required for
1 session.

*: minutes

resp.: number of key-peck response

rft.: number of reinforced key-peck response

Bbhsd,

A7 0 BifliCbtc o THIENRIE o btk o ki S
LT ENLDOEBRBREIZL - THRINDLITTHS
A EREI I T, MBMRREOBEDINTE, MiEX
NECHRMEIGE LTOX-220XFIED, YDk oz
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L HRF—DODERICH, B - TR Shiz &
FREL TV BRSNS B, R, WIBCRI
REOBEBROBPTEE IR TE D, HHHROBE
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ST, ZOHmOMEAOBEDNT, BN

RIS b B WIS & L CBBIR X T & 22178
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DTHA5he SO I LBEMERETH0FL LTH

RAOME, BEREKEE- TW2LBbR D,

IV. ZIENFIHEEST BLODERHRIEE
LTOF—22&RIEE. BAMZAETDH
HRDFEETH DM ?

BOKBRTH, BZOLH K OERTS, P
LMERHGHEREIN D, EHEbliel, WHOE
R, BRAKChRENThERSRWZ EARRbHh
Twa, Fig. 943, 0B (Fil, 1979a) TRLH}
WMBTRELZG/ A BE (ERIGGRBE 2T 8D
¢ D-0-a ¥ (BAWMEBETILE 6 BRI @WHTH
Wy BRENAE) OREOEETHD, KOG,
Fig. 3 ¢t Chad. THbb, A-BHFHI, 408
6, WHRRELHTONRITHY, D-0-a #12, 6
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LAV BRI TCWHDTHD, TOMPOEE,
Mann Whitney o UMyl THE LTAD &, SEEBHRE
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-8.4 Fig. 9 The comparison of A - B
-10 groups with D-0-a group.
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Fig. 10 Schematic representation of the pro-
cedures for each of the several groups. “N”
refers to number of subjects. (From Hoff-
man, Searle, Toffey, and Kozma, 1966.)
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HIGIZ3B\WTE, 5 THHAID,

Fig. 10 i3, Hoffman el af. (1966) DEEIZIIVS
NEBORAMTHD, HRBEF KRB L E
%, Group I (early imprinting, early training) =i,
BHOANTEOBTA, ZOERPHITRbh,
Group Il (late imprinting, late training) @i, F4)
BRAMLBELIGERT, WO THDHEINETREIND,
Group 1II (early imprinting, late training) i, *
— oo xIgiio, Groupl, Group Il D HEEFD 2 »
fo—w & LTHT SN -8 €, Group IV (early
familiarization, late training) (%, % L early group
L late group OEN N L E, ZOEMNEFIIRLT
BERREDEHET 2 L EOHBMBI LI DDDTHENES
MERRB DRI ONIBTH S,

i, familiarization procedure &%, #Ehikic, B
AhDODVI, NEOKWECRNMERY 2RT 2FH
% THhd, X, key peck training without imprint-
ing stimulus &%, *—2OFRIGICHIELT, »H
VOO EONETBUEREND L THD, R
fNzit, 17V 740y aid, 1Ry val
45 TA8BE N T 6 » & = >, early imprinting,
early familiar &, Wi{L# 6~8 BRLIMZ, ZTDHE1
€y varRPDH,
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Fig. 11 Response records for the four ducklings
(one in each experimental condition) given
extended pole-peck training. (From Gaioni,
Hofiman, and DePaulo, 1978.)
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FIi % CRLIT & fu o giBiiie, SMbs € d e &M
R (F— b AR, T, pEOTEeV 1R
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FMETHBZ & BB LT3, Fig. 11 3, imprint-
ed early } imprinted late OER{ED F—D>D&K
B4Ry bLra—FERL, foR&r B30 Tw
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LR & TSI 5 -0 OEAMKIEE LTOF~2D
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