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‘Underwater signal-detection perfosmance of sea lions was influenced by changes
in the probability of signal presentation in both acoustic and visual tasks.
Nowvmzily, marine mzmmals in a signai-detection task maintain a low level of false
alarms while attempting tc maximize their correct detecticns or hits. In the
present series of experiments, it was shown that such an objective im a marine
mammal (*he California sea lion) can be changed without, in some instances, chang-
ing the animal's sensitivity. Thus, by changing its rzcponse criterion as a
furction of varying the probability of signal presentation, a set of probability
limits could be induced into a sea lion regarding the acceptance or rejection of
signal presence or signal difference. By reiating the probability of hitis te ralse

alarms for several signals of varying magnitude, one «an plot the "receiver-
operating-characteristic” (ROC) curves for sea lions.

Without knowledge of an ROC curve, it is unsaie to assume that the ratio of
signal trials to catch trials should be any less than 5:5 (a priori probability =
0.50) when testing +he sensitivity of a marine mammal.

to take into consideration not only correct reports of a signal's presence {h.ts),
but also the rate of false alarms.
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ILLUSTRATIONS

Figure 1. Acquisition of correct detections or hits by
sea iions as a function ¢f signal! strength and variations
in the a prior? probabilities. . . . . . . . .
Figure 2. Acquisition c¢f false alarams as a function of
signal strength and variations in the a priori probabilities
Figure 3. Relation of hits to false alaras for acoustic
and visual psychometric functions

Figure 4.

ROC curves for sea lions.
Figure 5. Changes in d' over days with a priori pro-
babilities as a para=eter. . . . . . . . .
Figure 6. ROC curves for sea lions based or initial
detection periormmances after the 2nimals have been
returned .0 a signal presentation probability of 0.50.
Figure 7.

Normalized ROC curves of Figure 6. Two of the

axes are marked off in Z scores.
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TABLES

Table 1. Values of d' (sensitivity) as a function of the
a priori probability of the signal's appearance. the
strength of signal, ana s=hether the signal was acoustical
Or visvzal, . . . 4 4 i s 4 e e e e e e s e e e e e e e s

Table 2. Values of @¢" (semsitivity). . . . . . . . . .
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OBJECTIVES

To systematically expliore variablec affecting the tection »f
underzater acoustic and visual signals by the California sea

lion (Zalophus californiznus).

To determine the degree to which sea lions can vary treir
response critericn in reportinzg (by =eans of an unde =ater

vocal response) the presence of an acoustical or vi-nal signal.

To determine whether sez lions cap acquire a givea set of

probabiiity lizmits for the detection of signal presence.
To explore tze effect of the interaction of sign2l strength

2nd signal presentation procability (a priori probability) on

the detection probability and false zlarm rate by seax lioas.

STSUARY OF EXPERDEENTS

Tte following is a2 description ci the experizents conducted during
tre period covered by this coatract—Jamuary 1, 1971 through Decexber 31,
ig71. ©Detailed information on resezrch that provides a background for
the present 2xperiments {p2rti2lly supported by previocus OXE coatracts
and by coatracts and grants froz ihe Xavy Undersea Ressarch rad develop-
ment Ceater and the Xationzl Science Foundation) may pe foud in ~rticles
pudlished or reported at professicazl zeetings just pric. to, during, or
soon after the period covered by the present coatract. These zre listed

in the "Taurreat Poblications section.

scEgroond
Quantitative laboratory research has cleczriyv demonstrated that the

undersater hezriag asd vision of all pinniped and cetacean species thus

far investigated are far more acute and seasitive than those of man

o S Ry AN a0, o 1 e iy R O W L MR P o 0 T VI vt g e IR w‘ulnl.m‘!.t.‘!)ﬁ

el S M g

il

"

il

00 8 A s e A

LTS B VAo bt s . v




{see Schusterzan, in press, for 2 reviewx). Interest has been generated,
both from the standpeint that experimeantal data obtained from these
=arine marmals may aid in the developzent of mechznical and elecironic
devices to facilitate zan's underwater sensory perceptiorn, and with o
view toward training these intelligent a2ninnls tc act as a searcher,

observer, guicde and znessewnger in 2iding zan in undersez exploraiioas.

Shen marine marmals are well trained ifcr a2coustic detectiom tasks,
either in order to deterzine the limits of their sensory capatilities
or to perforz in the field, they %ill indicate 35 some hehavior ("Yes
or "M0") as to sheiber theyr can distinguish the signal from the tack-
ground noise.” During any given period of time, i.e., o2 aay trial,
there are four possidie coatingencies in 2 signal detection iusXk:

(1) A sigral is presented with the beckground noise; the animei

responds “Ves and raceives z payofr (Rit).

(2) A signal is presented with the background noise; the anizmal

responds "Xo and does not receive 2 paysif (niss).

{3) Cnly noise occars curing 2 given peried of time (catck trialld;

the a2nizal responds Yes =and does not receive = pevoff (false
zlarm) .
(%) A catch trizl is presented; the aninel responds Moo and

receives 3 payoff (correct rejectiom).

A marine x2mmal’s decision-making behavior in 2 detecticn task is
inflvenced by variables roizted to exergy levels of stimnlus par=meters
Or parzmeters associzated with the animl’c sexsory apparatus. i.e.,

variaties effecting the individual's seasitivity. EHowever, other

wvariables are 2lso important, e.g., L-oxledge 2bout the lixeliheod that

certain signals will appear (ratio of signzl -~ .atch trials or = priori
probability), the gains and iosses associated wiih responses, eic. A

variety of marine mzwmzls tested in 3 varietly of zoousiic deteztion
tasks, inclivding echolocation, use 2 high respoase crierion, l.s.,
they make conservative decisions regarding the presence of a variety of

zeonstic signals (Schustermen, in preparation).
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On 2 typical sigmal cetection experisent with humans, one studies

- . rriat Som 1
the effects on f2lse alarms zad hils oo BT variztioms, for exzmdle,

3133 z eme s T ehis @ o
in the 2 priori prokabilities of signal presentailion. hen this is don
and signel strength remains constant, crderly funciions are generated

relatirg trpe probebility of xhits to false 2larms. This curve is cailed
3

theoretical parameter that is assomwed 20 rencin iaverismt at 2 fixec
sigmal strezgth. This parazeter in the theory of signal detection
{(Grecn 2nd Swets, 1955) is called & and is mecsured in pormi geviates
or standard deviaties tnils beiween the means of two hypothesized over—
lapping norm:zl curves of edual variznce, coe repressating ooise (n)

{internsl or external) znd the othecr represectins the sigeel (s2).

Teusc d° is an i2dex of detsciadility asszmed o b2 independent of noa-
sengory faciors, thereby vieldirmz = neasure of sensitivity that Soes
nor Sepend on chgmges in the response criterin of the animml. The
notion of 2 “threshoid  per se is sonexistent, and sources of coatml
cver 2 2nimal's responding san be partitioned into semseory and non-

SensOry Or Teshoust crizerion variables.

e
sotion of 3ignol streoozth and & priori prodadility of sigmal presentation
as it affectis 22 LKit and Zalee zlarz rates of s sex lioms—one in =
a2 2itory seasitivisy task ==d i other in 2 visumel a2cmity task,

ftove been fuily descrided for Lotk (he zoousiic 2ng vismal tasks
{Schustersen, 1973:; Schusternen €% cl., IT73E). X iead :ipconzzte
titanste transforer (F-$1) w2s T©scs 1o profect & 1S-iEr tome .ato iim
testing tank for the ascustic (=sk.  TRis high fregoescy tome ==S
1nitialiy chasen leccuse then acousiic iosting was begmn, dird wocaii~
zztions werc Leing picked v in the ta2nt and the {reguency speciTun of
scTeral of ithese voozlizstions were in the general range of the best

hearing sensitiviis of t¥xe Califormiz oz licm {1 8z 30 28 i=2)

reprr gt (AR R




Iz the Tisnal zcuit

¥
consisting of 300 iipes per inch {appeari=g as 2 fl1sf gray soszre),

silent for three seccnds { No ) in ordrr 1o receive one piece of

. terring. Presentation of varizdle gratings, coasisting of dlack and
white lises of moeh greater widih, ¥2s considered 2 signal rial iz
xhich the sex 1ion =TS required 10 exi: a burst of underaater clicks

(TYes ) in order to receive one piece of herrins. In the vismal task,

Ui [

the sez 1ion ®os trained 1o remzin =t 2 fixed disiance of i6 fee:r frcm

I
¥

i v g o, A Ty

the visual targets. The viszoal zngies subtexnded by ihe sitipes of &
varizble targets (sigoals) are showm in Tadle 1. The stancard target

{catch trizl) and varizble tarwet (sigmal trizi) were atizches 0 =

T

£
§
§
% . ¥2s coxsidered a2 czich trial, and the sex lich was reguired 16 remaic
£
g
E
.
E
E
§

stimxmius board that mxde a loud Zoise as 2 target 25 being Iovered
=t

intc the wmter. This noice served 25 2 s2rainy signal 2 either the
variabie or staxdard izrget sotld be presented. To ensure ikt the ez

1ion ==& 20t voc=li ~fore the tarrets wore cumpletely sobhmerged,

i

sometizes only the stizn us board s==s lowered io ==ter lew2l. Tais

procesure tended te mininirze socaiizati o 132 maraing sigoall

in the zcooustic task, 2 1:ght ¥2s weed 2s =2 ==rning sigm=l, some-
times followed by 2 iooe {sigoel trizilg) 2ad supelimes not {(czich trialis).

r the

resentztion ©f 2 iight for Z.35

N IR b Ao S

A sizpie Iri2l comsisted of eit

']

e
ight wiz

.

a§ set or the presentatios of 2 % th 2 S8-FEc tcoe tursed o0 during

=

& the ias® 9.5 sec of the 2. .35-sec light Sumiicn. I = tcoe u=s Dresented,

N

i

T
1

»

the et iicm wms regzired o omit = Imrs: of coSersster clicks within

{t

il

i

e

1.5 sec of zone coset ((Tes ) in order o0 receive one piece of derrinmg.

If 2 tone was Dot presented, the sex ii had to remain silemt for 3.5
ses after light case: ((nc”) in orsSer 20 receive oot piece of herring.

ensities of 2o 2ooustlic sigmais zre shosn ia Tabie 1.
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Toliowing Zeterninations of zuditory and viscael acuriy  thresholds
{Schusterzmn —nd Salliet, 1974G; Schuster—an, 1972; Schustermzn et al.,

1372), experimen:s wete bogun in which zhe 2 priori probzbility of

cignal pressatat:on was vzaried 2s follows: € .50, O.76, ana O0.30. Three

bie
P

fferent signal strengths {siroor o  siprathresbold,” moderate or

-~ o=

sabihreshold ) mre preseated dz=ily in 2

“threskold,” =za2d ek or
medified psychopoysical methor of cozstant -limuli. Each of the three
differant sigeal sireagths ==s paired oz = Sumsi-rndot hasis from
session 10 session with catch trials for = totzl ¢f ten comscoutive
trizxis =nd then rep2ated four times wi_hin =20 session, for 2 total of

-

120 trizls per ioct sessica. Te seguence of signal strezgths sus such

coasiant bmxseline, zhich mas returned te following tbe introcfuction and

in e 2 priori prokediiities were introfured o2iy shen the sex licas
ad rezched z relztively sieady state in their rate of fz2lce alarms axd

hits at ths constant beseline. The ngeiine z priori prodxsbilily of

.59 w=s reiuss 1o only shen 2 rel=tisely ste=dy siate =as atiaines at

ez2ch cf the otkher to0 2 priori probadilities.

Resnils z2ng Discussion

Figures 1 2nd 2 not oziy sHOYW I nz2in results oo 2 &=id

¥
Hat 21so shov the seqguonce o the 2 pricri proxzdiiities for be

a2coustiic 2t vismal conditions. Several fextures of these 1o figures

are worihuhiie discussing.

First, mote that the :i: rate with an initial signai presentati
proladility of O.30 (first panel of Fig. 1) increzsed dimestily as 2
fuaction of signel m=gnitede for 1h acoustiic and visual conditions,

==d that pericroance in lemrms of hits romained relatively sizdle at
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each of the signal strengths over the ten-day period., One additional
point to be made regarding the hit rate shown in the first panel of
Fig. 1 is that the signal of "moderate” strength chosen by the experi-
menter for the visual task was appavrently much more likely to be
detected than the signal ox "moderate” strength for the acoustic task.
Therefore, it is difficult to make direct comparisons between the
acoustic and visual tasks and, in turn, to draw any really meaningful
conclusions on the basis of such comparisons. On the otler hand, this
difference between the two so-called moderate strength signals does allow
some discussion regarding the magnitude of a signal yielding a consis-
tent hit rate of 0.60-0.80 (visual) and the magnitude of a signal
yielding a consistent hit rate of 0.30-0.50 (acoustic).

Second, note that an initial a priori probability of 0.50 results
in an extremely low rate of false alarms (first panel of Fig. <) for
both acoustic and visual tasks., Except for one data point in the visual
condition, the false alarm rate appeared to be cons:stently less than
0.20. 1In fact, in the acoustic condition, the sea lion kept its rate of
false alarms so low and constant that signal strength played no role
whatsoever in determining the false alarm rate. 1In the visual condition,
although the false alarm rate was kept low and constant for the strong
and moderate signals, the weak signal did resvlt in a somewhat consis-

tently higher probability of false alarms.

Another interesting finding--perhaps one of the most important
features of Figures 1 and 2--is that both the hit and false alarm .ates
changed systematically over time when the a priori probabilities of
signal presentation were variea. It should be pointed out that there
was no external cue of any sort associated with a shift in the a priori
probability. Therefore, the sea lions' only cues were the change in the
ratio of signal to catch trials (i.e., a priori probabilities) and the
payoff or reinforcement patterns associated with the consequences of
responding. Generally speaking, the greatest changes from baseline
(a priori probability of 0.50) detection performances occurred when the

a priori probabil? -i0s were shifted to 0.70. 1In both acoustical and

11
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visual conditions, shifts in the a priori probabilities had only slight
effects on the hit rate when a strong signal was used, but had very
significant effects on the nit rates of weak and modevate signals.
Since the hit rate for the weak signals during baseline in both modali-
ties was approximately between 0.00 and 0.20 (quite similar to the
false alarm rate), the dramatic increase in hits and false alarms aust

be interpreted as an optinal strategy for maximumizing fish reinforce-

of 0.70 on the hit rate of strong signals, a 0.70 probability of signal
presentation significantly increased the false alarm rates of all
signals, even the strongest. An a priori probability of 0.30 had some
depressing effect on the hit rate of both strong and moderate signals
in both modalities, and tended to reduce ?ﬁe false alarm probability to

nearly 0.00 for signals of all magnitudes.

Finally, and quite significantly, Figures 1 and 2 clearly show
that when the sea ljo:s were recir ed to baseline, they performed--at
least for the first two da,s--as if they still expected signals to be

presented at probabilities of 0.70 or 0.30.

o AR

Figure 3 shows the relation between hits and false alarms during
the last four days of the initial introduction of 2 priori probability
0.50. The data points lie between the upper left-hand corner (perfect
detection) and the major diagonal (chance detection). Points lying
along the minor dizagonal (line drawn from the upper left-hard corner to
the major diagonal) would represent no response bias, since the two
possible types of “error” (false alarms and misses) would be equ..lly
likely. It bias is defined as a tendency to make one kind of error
rather than another, a constant bias would be seen, independent of
detectability, as a constant departure from the minor diagonal. Figure
3 clearly shows (as was pointed out in the previous graphs of daily
detection performance with an a priori probability of 0.30) that as the
magnitude of the signal decreased, in both the acoustic and visual

conditions, the data points gradually approach the major diagonal.

ments. In contrast to the negligible effects of an a priori probability
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However, the points are almost parallel (o the ordinate, and =0 repre-

sent 2 teindency to keep the proportion of false alarms constant at a
value of approximately 0.10, regardless of the degree of detectability.
A careful inspection of Figures 1 and 2 indicates that when the sexa
lions reached a relatively stcady state verformance after being rcturned
to a 0.50 signal presentation probability ‘rom 2ither an a priori pro-
bability of 0.30 cr 0.70, the results siowsn in Figure 3 appear to be
infinitely repeatable under the present experimental conditions. 1In the
theory of sigral detectability, it is assumed that the animal selects

a criterion of <ignal detectability and responds “Yes™ whenever the
central neural effect equals or exceeds that criterion, and "No when-
ever it is less (D'Amato, 1970). At the a priori probability of 0.50
(which is typically used in the laboratory for testing the underwater
hearing, echolocation ability and vision of marine mammais), it would
appear that the sea lions’® strategy in both acoustic and visual con-
ditions is to maximize the proporticn cf hits while holding the pro-
portion of false alams at a constant low value. Such a criterion for

re

responding "Yes” is quite conservative and conforms to what has been
called the “"Nevman-Pearson objective,” which will be recognized as the
rationale underlying statistical tests. As was noted earlier, not
only sea lions, but 2lso seals and porpoismes tuvited in a variety of
acoustic detection tasks, incluvding echolocation, als=o conform to the

“Neyman-Pearson objective” (Schusterman, in preparation).

Figure 4 shows a family of ROC curves for the se¢z lions., All data
points are vased on the last four days of signal detection perfomance
for wach a priori probability (the values for 0.50 are based on all
replications). The iigure clearly shows that the ccnservative response
criterion, adopted by sea lions in both acoustic and visual tasks at
all levels of signal streigth, can be dramatically changed by varving
the & priori probability of signal preseantation, For example, the
visual signal (variable target) of noderate strength resulted in a2 hit
rate that varied froam 2bout 0.33 to 0.93. The high probability of

repo: «ung the presence of the varicoble target i<, however, associateu
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with a high a2 priori probability. If, as in classical psychophysical

experizents, this variable target had been presented 70% of the tice,
the experirenter might have concluded that it =as very easily detected.
However, in our study, a target with lines of this particular width
and an a priori probability of 0.70 resulted in the sea lion®s report-

ing the presence of the variable target 45% of the time shen the stan-

dard target was actually presented. This finding casts a great deal of
doubt on the validity of this interpretation. A similar interpretation

can be given for the acoustic task.

Note that in Figure 1, the data point representing the acoustic
signal of moderate strength at an a priori protability of 0.70 is quite
ciose to the najor diagonal indicating near chance detection rbility.

Thus, although under this condition the hit rate was about 0.80, the

]
e e S I AN 18"

Rk KA sk ST RN RS e K O 50901 D

LTINS 000 S L B N ey

false alarm rate was almost as high—-being about 0.70. This sarme
nhenomenon is reflected in the steepness and relatively high asymptotic

ievel of the hit and false alarm curves when the sea iion in the acoustic

-

task was shifted from an a priori probability of 0.50 to 0.70. This
result suggests that the signal strength of the so-called =oderate
signal in the acoustic task, which at hbaseline (a priori = 0.50)
resulted in an average hit level c¢f approxi=ately 0.10, =ay have been
too weak, and at a signal presentation probability of 0.70, the sea
lion not only changed its responsge criterion downward (i.e., becare
extrenely liberal), but responded as if the noderzte signal had been
reduced iu intensity. Thus, the sea lion in the atoustic task learned
to ignore the so-called signal of moderzte intensit: and reported the
presence cf signals primarily because of the reinfor~ement pattern
associated with weak or “subthreshold” signals at an a priori probability
of 0.70. The latter is the egquivalent of receiving s-bstantial rein-
forcement for responding “"Yes” in the absence of 2 sig al. Fresumably,
the sam¢ effect was not found on the visual task becaust the so-called
signal of moderate strength resulted in a considerably hicsher hit rate

at an 2 oriori probability of 0.70 {see Fizures 1-9).
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Table 1 describes d' or sensitivity index ac = function of signel
strength and a priori probabilities. These data essentiaily support
the description of Figu—e 4, i.e., zlthough the variation of signail
presentation probability changed the response criteriosn in both tasks
and at all signal intensity levels, only in the visual task did tke
sensitivity of the ses lion re=ain relatively stable, shereas in the
acoustic task, sensitivity was decreased when the animal was presented
with an a priori signal probability of 0.70. Figure 35 shoss that in
the acoustic condition, d' decreased to alzost 0.00 followirg the first
two dayvs of the sea lion’s shift froz= an a priori probability of 0.30
to 0.70. The figure also shows ti2 stability of d® over days for an
a priori probability of 0.50 in the acoustic task and for 0.50 and 0.70
in the visual task.

Since the theory of signal detectability is usually confined to
situations where signal strength is kept constant, the fact that =e
found relative invariance of sersory sensitivity in & visusl task, but
net in an acoustic task, with cea lions suggests that the theory can be
successfully applied, at least in so=e cases, even when signal strength

covairies with ¢he a priori probability variable,

Figures 1 and 2 suggest that during both the acoustic and the
visual task, each sea lion, on returning to baseline, still responded
to so=e degree on the basis of its previous experience with the twzo
other signal presentation probabilities. For this reason, another
estimate of ROC curves for sea lions wac based on signal detection per-
formance following the sea lions' initial return (first two days) to the
constant baseline signal presentation probability of 0.50. The results
are shosn in Figure 6. Table 2 presents thz d' values associated with
the data plotited in Figure 6.

According to signal detectabilits thozry, the data poiate ¢
figure 5, when plotted on dcuble-probability paper with response pro-

babilities transforzed into Z units, should vield a straight line with

17
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Z:» Yaliuest* of d' (sensitivity) as a function of tke %;
= 2 priori probability of the signai’s appearance, the H
strength of signal, and whetber the signal was zcousticai or visual ’%
. Yalves of @* at §
2 Priori Probabilities H
Signal Streagth 0.30 0.56 0.70 —;
) Acoustic ;§
dB re 1 3B {in m==ter) ?%i
Strong +36 3.05 3.19 1.87 i;:i
Xoderzate +30 1.31 1.36 0.35 3
¥eak +25 0.77 0.11 0 2
Visual
Visuusl angle {s=inutes)
Strong 7.3 2.49 2.60 Z2.08
Xoderate 6.1 i.s2 1.9 1.7
Weak 2.5 0.27 -0.20 017
*

All values are based on the last four days of signal detection
perforzance for each condition.
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F2lpes of d° =t
2 Priori Prodedil
- Sigm=i Sirexmgthk 0.30 0o_30 0.70

E Stroeg 236 3.50 3.30

8

= Xodarate =30 1,52 1.32

-
1

t
N

&
o
W
o
iy
b
8

W
h..

= Tisz2l Axgie (minutes)

Ll

Strocg 7.3 3.35 2.82

: 2.4:
E Jogerzze €.1 i.ss 1.83 1.3%
A

Feax 4.% -9 i3 -0.35 0.is8

*® T Izble it zrranped simiiariy to Tabdle 1, except

i thar =231 g&°

t 4 -

vaipes for = priori signzi presentziions of 0.30 znd $.70 are bas=d
o zignal d=tectiom periormmence following the sea Ifioms” initiol

retars (first 2 days) to the constzit teseline signal presentation
prnbebility of 0.50. The 4° salues of 0.530 are based on conbined
cetection performances cuoring the iast fsur éays of each: ccomstant
asclice,
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Figure 7 shows thot for 21l
cases, ithe functions are quite close to linearity and the slopes do
approximate 1.0,

2 slope of 1.0 (Green a=d Swets, 1955).

Brief{ Smmary znd Coxclusions

TCoderxater signal-detection performarnce of sez lions m=s inflvenced
br chences in tke probatility of

and visual ta-

signal presentation in boch z2coustic
< Mormeily, marire mammals in a2 signal-detection task
waint2in 2 low level of false alzarms while attempting to maximize their

correct detections or hits. In tRe present series of experizments, it

*as shoxn that soch 2n objective in a marine mamral {the Californiz seax

lion) can be charged without, in some insiances, changing the an
sensitivity.,

inali’s
Thus, 3y changing its resporse criterion as 2 fuxaction of
varying tke probebility of signal preseatztion, 2 set of probability
1ixics cculd be induced into 2 sez lion regarding the atceptance or

Tejection of signal prescnce or signzl difference. By relating the

probabiiity of hits to false 2larms for several signmals of varying
megnitode, coe can plot the " receiver-operatiasg-characteristic” (ROC)
curves for sez ijoas.

¥ithoat inowlecge of an AOC curve, it is unsafe 1o 2ssure
ratio of sigoal trials to catch trials should be any less than 5:5 (
priori prodability = 0.350) zhen

mam=2l., Ina addition,

testing the sensitivity of 2 =arine
it is imperative tc take into conisideration not

only correct reports of a signal®s presence (hits), but also the rate

of faise alarms,

SPECIAL PARTICIPATION IN NAVAL PROGEAMS

Duaring the course of this contract, Dr. Schusterzan, in z=ddition
to giving 2 series of leciures to menbers of the Ocean Sciences Division
of Xovy Undersez Research and Developrent Laboratories in Bawaii, alse

participated in the Nawval Research Advisory Comzittee Ad Hoc Group on
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Marine Mammal Research and Development. The mission of this committee

was to assess the scientific aspects oI the ongoing programs and to
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make recommendations for their improvement.
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PLANS FOR THE FUTURE
E
?ﬁ : We will continue to systematically explore some of the variables
ég affecting the detection of underwater acoustic and visual signals by
i; sea lions and other aquatic mammals, These variables will include:
.%i : (2) sequence of signal presentation, (b) payoff matrix oxr magnitude of
;é ; reward, (¢} schedules of reinforcement, and (d) combinations ¢i these
fé é variables. In other experiments, sea lions wiil be shifted from one
ré i task to another to determine the degree to which visual decision-making
?1

transfers to auditory decision-making and vice versa., We also plan to
make a detailed analysis of the results of previously reported acoustic

detection experiments with cetaceans and pinnipeds in order to provide

a means of evaluating the separate contributions to the detection per-

IVIRER ST Ty

formance of a marine mammal's sensitivity and its response criterion.
ol This werk will be continued at the Ecological Field Station at California

State University, Hayward, California.
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