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.Underwter signal-detection performance of sea lions was influenced by changes
in the probability of signal presentation in both acoustic and visual tasks.
Normally, marine mammals in a signal-detection task maintain a low level of false
alarms while attempting to maximize their correct detections or hits. In the
present qeries of experiments, it was shown that such an objective in a marine
mammal (the California sea lion) can be changed without, in some instances, chang-

4L ing the animal's sensitivity. Thus, by changing its rI_=ponse criterion as a
I

fun'ction 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 relating the probability of hits to ialse
alarms for several signals of varying magnitude, one can plot the "receiver-
operating-chazacteristic" (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 -.%e sensitivity of a marine mammal. In addition, it is imperative
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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WO_

OBJECMIES

(1) To syste=atically explore variables affecting the detection -.%-f

- ur-under-rater acoustic and visual signals by the California sea

lion (Zalophus californianus).

(2) o determine the ezeree to .icb sea lions can varv ti'i

response criterion in reporting (by m-eazis of an unde -mater

vocal resoonse) the presence of an acoustical or vi,~lsignal.

(3) To deter-ine whether sea lions car% acquire a given set of

probability litaits for the detection of signal presence.

(4 T xpoe heefetof the interaction of signa'l strength-4

and signal presentation procability (a priori probability) on

the detection probabilityv and false alarm rate by sea l14ions.

NI
LA Tke following is a description of the experiments conducted during

the period covered by tis contract-J-'uary 1, 1971! through Decenber 31,

19721- ietaileC inforat ion on resewarch, that provides a backsground for

tie prese-t experinenmts inar-tially supported by previous ONM contracts

and by contracts and grants from the Eazv Undersea ReseaLrch raid i'evelop-

zmmt Center and the N~ational Science FounLdat iDn) my be fo;u-zd in tticles

published or reported at professional meetingtv just prie: to, during, or

soon after tb-- Deriod covered by the present contract. Th1ese are listed

in the 'Current Pu_&.licat ions- sect ion.

Background

Quantitative laboratory research has cle-riv denonstrate1 tht the

underuwater bearing andA vision of all pinniped and cetacean species thus

frinvestigated are far nore acute ani sensitive than tbose of na



E (see Schu-steruman, in press, for a review). Interest has been generated,

_both fron the standuoint that experine-ntalI data obtained fro these

n-arine I ~s nay aid in the develomm-ent of nechan-ical and electronic

devices to facilitate -a's underwater sensory percept ion, and with a

view toczard training these intelligent aninals tc act as a sAmrcher,

- observer, guide and messenger in aiding nnin xzmdersea- eloraz~ions-

-~ ~ ~ -ben --inIn~mas are well trained for acoustic detection tasksc,

either in order to determine, the limits of their sensory cana-bilizies

I or to perform in the field, they vill indicate bv some 1.e-h-eior CYes7

I or ~o)as to whether thev c=n distinguish the signal1 fron the _tmck-

ground noise-- During any given period of tine,* i-e. * on zaa.T trial,

there are four possible contingenucs in a signal! detection Z:skc:

(1) A signal is presented -with the background noise: the "-nina

1responds -Yes- and; r--ceives a Payo"Y (h;it).

-- (2) A signal is presented with the background noise- t h an 1a

r-pNds 2n a'd oes not recel i-e a nayof f (--4ss).

(3) Only noise occurs during a. given period of time (catch tr-ial)*:

the zxim responds Yes- 2__ does not receive a p2yoff (false

aclarm)-

(4) A catch trial1 is presented; the aninal resmcads -:46 and

receires a payeff (correct reject ion) -

A narime -71 '5 decision-=king behavior in a detect ion task -is

influenced by variJables related to emergy levels of st inuls paraneters

or varameters associated with te- a' sensoryv 2pparatus. i-e.,

15'ariables effecting the individual's semnsititvity- However, other

v ari es are also izportant e-g. * knowledge abvmt thle likelihood that

certain signals will 2mpear (ratio of signal t- *atch trials or apir

probabi.7, tbhe gains and losses associated with~rsoss etc.A

variety off narine ===Is tested _z a variety of acoustic dete-t ion

tasks, including ecbolocat ion, use a high response cri:terion, I..e-,

they nake couservatifre decisions regarding the paresence of a variett- of

acomstic signals (Sc!=-sternan, in preparzation).



on a typical sig.na-l detect ion experine~t with hasOne stu dies

the ef fects on false ala-1-s 2nd bits c~lsed b=MP'tin, o ~azoe

in the a priori proltbilitie'S of sinl1- ti sdn

-An -'.- strength rea-n cosan'. cniderly fu-ct ions 2-e gea-er-ated

relating tne probabiity of ?its to false a'.arms_ This curve is ca~led

a receivez-operatitg characteristic (ROC) and is cha-macterized by. a

tbeoretimal ---- meter that is asstmrewd to rea _ invri at a fixed

sil_ stremgth_ '!This parane-ter in the theory of signal detection

(Grzeen ---- Swets, M-55) is call--ed eld =d is measured i' nornal deria-tes

- - or stnaddeiatio- units between the neans vf two hypothesized ore r-

ln2p-Ing znrI= c?_ri.es of equal varianmce, (.-e repro seatimag noise (n)

4(intes-I or external) and tbe ot:hcr represent ing the sit--al (sam).

7T,-s d' is an izAde= of Adetectabilitv assumed to be independent of non-

s-sory factors, trbydweldimg = e2sure of sensitivity that cdes

not dvj a on chaag--es in the response criteria- of the -zl.TheRInotiom ef a -threshol-ji per se is -onistent, = and s-zve-s of cntrol
avver '~~i~ s rroding c~m be vartilt ioned into sensory and non-

sennsor,- or rzespomsz criterion variables.

- - The of~e=~ thes fINrst experimients vzas t-- explore the inter-

atction of ---,teatbad a pr-ortS probability a! signal presenetat iom

as it aitects :!:a hit and 4-alse vlarn rates of ts sea_ lions--One in -

2:-,itor-7 sesitiw i_- tz.-as~ and t other in a vis= -uir

ruetbods

-ibe trainizg aznmr tesri::g cozditica-s, as aeli as t~ie ei~

.mve tven futili descrit~d for bIotL the acxmstic ==-- visualI tasks

(Schmustem=a. 197 -,cb-asten_- et al-, 1972)_ .- Aead zirconte

-tnate tscer(F-41) U--s ruse;d to toOect a 4S-4.- tome :.nto the

te-sting t-=k for t;-- a im.7c Caslk -1This high ! reqnea4-cy tome V=S

__ilv be !ecn~se Iwtcz acou-stic te-sti in %MS begun. iSvoa-

=tions verec beinz picked %:p L_- the tznk and the fre<,peu-cy c_.'ect-.r. of

sveral of tlhese vc-cali: i:Jons sere in the genmearznge of the best

hearxing se~iii:of tt- Ca' ifor=ata lion 1%1 k-z o2 z



Therefore, a tonal signal was chsnthat was cnsiderably nigher in
freL~ecrthan vn knowa ': oise that could enter -hetnk

I1 white linesu 1 ity task, the areser-ta ion of a san7Iardgrt ing.

consxstanj of 30C linspria(pern as a flat gra-r sq=are),

- ws cowsidered a catch trial , and th-e 1ea lion was req~uirted to renain

fl &silent for three seconds Cx-ot ) in order to receive one ziece Of

- erring. Presen-tation of v.ar.iable gratings, consisting of black an-d

whic hesea lion rzs required to emit a burst of un-dersater clicks

C~sT in order to receive one nieceoEhri..i tevsltak

thbe sea- lion was trained to rema-in at a fired distance of 16fe:Irz

the viultargets- Thte risual angles subte=;ded by the stripes of the

variable targets (signl)aeszni abeI-Tesadr target

(=,ctch tral-ad variable tar-et sina trial) wer-e att.acLhed- to aIStizsflus boarL-d t nnd a loud noise as a ta-ze:- ==s being lowered-

into the wat'er. This -noise serre as a wrigsignal that either the

vriable or standa-rd.A target woald be presented- To ensur.e that the sea

lion zoald -not voca-l4i -f'ore th- targets were cnltl ua-gd

some:times only the st iz -.s board- was lowered to wa-ter level!- Thisq

- proedur temded to 'i- iinize oali:iosto the warning sga

in tbe acoustic task, a 1light was- used as a waring sicnl-. sone-

times followed bya tome 2sga''=')ad soretines zot (cat-ch rils

A si=d-e trial consisted of eithber. the presentation of a light for 2-5

sec or the- presentat iv= of a v ~ ith aS- tone turned on darizg

L!3-e 1w- 0.5 s--c of *'!. 2.5-sec light duaioz I ton was orescted.

the -q-- lion wcas recred to emit a tn-rst. of underater clicks within-

1-5 sec of ton-e coset (-Yes-) in order to receive one- piece of herring.

If a tome was =ot presen.ted, the sea lionm had to rmnsietfor 3-5

sez after I ight onset =7o) in order to receivre *me piece of herrinzg.

Th-e intens--ities of the acca-stic sicnals are stcwz in- T 31e.



Foloin ideternina-tions of aL'ditorr ---d visual acuity thr-esholdC -

(Schnster~an =.d 3-alliet, 19'.; Schu:,-er-tan, 1972; Sch"sternan et al -

1372), emperz-e-~s sere begun in which th:-e a priori proba-bility of

signal prestatton va-s varied as follows: C402. 0-70. Zll0-20.T-

dlifferent stc=na strengths (ro o suprathresboldj noderate or

thzeshold, -: andeak or -suobtnre-sholCd) wr presnented da-i ly i

nod if t-ed npsycflxmppcsical rieth&. of zozstant inu_ rch of the three

different signal- strengths ns paired ozn a ras-tdubasis fn

session to session with catch trials for a- total cf ten consc-tire

trials and then .r-,-ted four t irec ili eat:m session, for -- total of'

120 trials per test seson.r- sequence of signa--l str-eng;ths -A-s such

that ~ ~ ~ ~ ~ A ren;dalrse4tmimltaly-m f--mm strong to weak. F-olowing

-Lthe first block of 30 tria~ls, each block-A of ten trials con-taininga

con=stanzt baseline, i-h -sas re-turn--ed to folvrz!eito-acinand

- _terninat ionm of eac;n of tbe o.be-r ta-o a proiprohbilities.. Changes

in the a priori probabilities were in; rodned4 onlyI when the sl Iicns

had reache*d = rela-tively steadr state in th-Ieir rate of faicer.-s andI

-bhits at z'-- coarst brasel ine The Inselime a p)riori probabilizr of

-0-52 --as r-eturn--ed to only vz!- a relati--;elv; steamdyv state --as attain-ed at

9;: each olf thle other tao a priori probabilities-.

Me-ults and- iliscuss ion

Figures 1 and 2 not on sbnr the =~in results o-r a d'ri is

but also sboT the seqzence of the a priori nro,-nbil ities for both

zzoastic andrisnal onios.Several features of these t--. figures

are sortbthile discussing.-

First. note that the hit rate 'with an initial signal prtna c

pnobnbility of 0.50 (f irst paniel of Fig. 1) increased directly1 as a

funct ion of signal nagnitude for both acoustic and visual condiions,.

-A thazt pe.frfonnnce in ten. of hits rtine-d -Nelatirelv sta-ble at

-,Ann-
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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-

I menter for the visual task was apparently much more likely to be

M 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 other 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. z) !or

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. In 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. In the visual condition,

although the false alarm rate was kept low and constant foi the strong

and moderate signals, the weak signal did result 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 i'ates
changed systematically over time when the a priori probabilities of

®R 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' onl] 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- -±s were shifted to 0.70. In both acoustical and

S1



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 hit rates of weak and moderate 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 ..nust

be interpreted as an optimal strategy for maximumizing fish reinforce-

ments. In contrast to the negligible effects of an a priori probability

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 the 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 lio-:s were re:-'r 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.

Figure 3 shows the relation between hits and false alarms during

the last four days of the initial introduction of a 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 diagonal (line drawn from the upper left-hapd corner to

the major diagonal) would represent no response bias, since the two

possible types of "error" (false alarms and misses) would be equ-.ily

likely. Ii 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 0.50) that as the

magnitude of the signal decreased, in both the acoustic and visual

conditions, the data points gradually approach the major diagonal.

12
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iiHowever, the points are almost parallel to the ordinate, and so repre-

sent a tendency to keep the proportion of false alarms constant at a

i value of approximately 0.10, regardless of the degree of detectability.

A careful inspection of Figures 1 and 2 indicates that when the ;ea

lions reached a relatively steady state performance after being returned

to a 0.50 signal presentation probability from either an a priori pro-

bability of 0.30 cr 0.70, the resdlts shown in Figure 3 appear to be

- infinitely repeatable under the present experimen~tal conditions. In the

theory of sigi:ai detectability, it ---s assumed that the aniMal selects

a criterion of oignal detectability and responds 'Yes" whenever the

central neural effect equals or exceeds that criterion, and ".o" 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 "ision of marine mammals), it would

appear that the sea lions' strategy in both acoustic and visual con-

ditions is to maximize the proportion ef hits while holding the pro-

portion of false alarms at a constant !.-w value. Such a criterion for

responding "Yes" is quite conservative and conforms to what has been

called the Nevmn-Pearson objective," which will be recognized as the

rationale underlying statistical tests. As was noted earlier, not

only sea lions, but also seals and porpoises ts-vted in a variety of

acoustic detection tasks, inclrding echolocation, also conform to the

"Nenan-Pearson objective" (Schusterman, in preparation).

Figure 4 shows a family of ROC curves for the sea lions. All data

points are based an the last four days of signal detection performance

lor cach a priori probability (the values for 0.50 are based on all

replications). The iigure clearly shows that the conservative response

g criterion, adopted by sea lions in both acoustic and visual tasks at

all levels of signal streigth, can be dramatically changed by varying

the a priori probability of signal p-esentation. For example, the

visual signal (variable target) of moderate strength resulted in a hit

rate that varied from about 0.35 to 0.93. The high probability of

repo: .kng the presence of the varizble target i'., bowever, associate,

14



1.0

0.3I

-0.3 i00 0.7-

0.6 -

0.3 SIGNAL STRENGTH

0.2 -0.3 • ~~z
/ A %Wtak

-Acouzstic--. --Vsa
0 " 3 -

0 0.2 A 0-6 Oz I.D

FIGURE 4 ROC CURVES FOR SEA LIONS

15



with a high a priori probability. If, as in classical psychophysical

experiments, this variable target had been presented 70r of the time,

the experimenter might have concluded that it was 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 when 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 4, the data point representing the acoustic

signal of moderate strength at an a priori probability of 0.70 is quite

close to the major diagonal indicating near chance detection -bility.

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

false alarm rate was almost as high--being about 0.70. This same

jphenomenon is reflected in the steepness and relatively high asymptotic
jevel of the hit and false alarm curves when the sea lion 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 moderate

signal in the acoustic task. which at baseline (a priori = 0.50)

resulted in an average hit level c-f approxim-tely 0.40, may have been

too weak, and at a signal presentation probability of 0.70, the sea

lion not only changed its response criterion downward (i.e., became

extremely liberal), but responded as if the moderate signal had been

reduced in intensity. Thus, the sea lion in the altoustic task learned

to ignore the so-called signal of moderate intensit: and reported the

presence of Einls prim arily because of the reinfor.e----------- ent pattern

associated with weak or "subthreshold" signals at an a priori probability

of 0.70. The latter is the equivalent of receiving s-.bstantial rein-

forcement for respanding "Yes'" in the absence of a sig. al. Presumably,

the same effect was not found on the visual task becausL the so-called

signal of moderate strength resulted in a considerably h -.her hit rate

at an a uriori probability of 0. SO (see Fignires 1-4).
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t Table 1 describes d' or sensitivity index as afunction of signal

!l strength and a priori probabilities. These data essentill!y support

~~the description of Figu-e 4, i e., a-l though the variation of signal

I presentation probxability changed the response criterion in both tasks

and at all signal intensity levels, only in the visual task did the

i sensitivity of the se-- lion re~ain relatively stable, whereas in the

!lacoustic task, sensitivity was decrese when the anil was presented

: with an a priori signal probability of 0-70. Figure 5 shows that in

~the acoustic condition, d" decreased to almost 0.00 following the first

~two days of the sea lion's shift from an a priori probability of 0.50

~to 0.70. The figure also shows tLa stability of d" over days for an

~a priori probability of 0.50 in the acoustic task and for 0.5 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 w

_ifound relati,. invariance of sensory sensitivity in -a visual task, but
i i not in an acoustic task, with --ea lions suggests that the theory can be

j successfully applied, at least in some casces, even when signal strengt~h

coy tries with the a priori probability variable.

Figures 1 and 2 suggest that during both the acoustic and the

j visual task, each sea lion, on returning to ba-seline, still responded

, !to som dere on the bais of its previous exerience with the two

,i other signal presentation probabilities. For this reason, another

estinate of HOC curves for sea lions w-as based on signal detection per-

formance following the sea lions' initial return (first two days) to the

~constant baseline ttign-al presentation probability of 0.50. The results

are shown in Figure 6. Table 2 presents the d" values associated with

E

~the data ploted in Figure 6.

i According to signal detectability th _:.r, the data ;-Dj-ts "

Figure 6, wher plotted on dcuble-probability paper with response pro-

babilities transfoz e into Z units, should yield a straight line w-ith

VC1

N4I



1Table I

Values* of d2 (z.ensitivity) as a function of the
prior probability of the signalt s appeara-nce, the

streng-th of signal, a-nd wxhetrher the signal -was acousticali or risual

Values of d' at
a- Priori Probabilities

Signal Strength 0-30 0.50 0-70

Acoustic

dR re I ij8 (in mvater)

Strong +36 3.06 3.19 1.87

M 3oderate -30 1.31 1.36 0.35

A eak -26 0.77 0.11 0 a30=1 Visual

Visui-l Angle (ninutes)

Strong 7-3 2.49 2.60 2.08

3Yoderate 6.1 1.42 1.94 .74

Weak 4.4 0. 27z -0. 20 0 17

* All values are based on the last four days of signal detection
perfornance for each condition.
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VZlues of d:b]rsezi t iriy)Row'

-Acoustic

d3 e 11:A(in wtr

Stxmg-36 3 :--, 3-30 3-03

]Moderate 13 .44 1-32 1.27

Ye 26 0.3-4 0.27 -0..4s

Vi~zl A4--ge (nirntes)

Strn 7.3 3.36 2.92 A

3Xoderz-e I. 1 1.3 i.99 L 341

Weak 44-0.41l -0. i6 0.1is

-VThe table sarranged siail-Arl to Table 1, exceptz th*,t 2-11 d'
values for proe signai preseztations of 0-30 mad 0.70 ame bas-d
on !;gna1 eztect ion perfe"r==ne Cd ooin tbe sra lionast initial
retarm (f irst 2 days) to tb-e comstazt baselize signal presentat ion

pr-babilit.- of 0.50. Th-e d" 1.nlues c.f 0.50 a-re based oc cembined
detection perfo.-ne-es dnrimg tbe 1~s ~rdays of eacb constant



a slope of 1.0 (Green and Saets, 1966). -i-gure 7 shows that for all

cases, t-Ime f ictons are quite close to linearity and the slopes do

app-ox-.ite 1.0.

Brief S==-m7-a and Conclusions

I~deromter s4 l- -detection perfo-ace of sea lions w-s influemced

b cha-nes in the prrobaillity of signal pr-esen"tation in bod! acoustic

and visual ta--;s Norzrally, nam-ie =-'I~as in a sign al -detect ion task

rnintain a low level of false -lI=s while atte nti-g to =-aximmize their

correct detections or -its. In the present series of experients, it

was shoun that such an objective in a ir.re an n1 (the Ca iforni-- sea

lion) can be changed without, in s in-st.ces, cbhning the aninal's

senitivity. -hus, biy chamging its resi..se criterion as a function of

r- n the probability of sigl presentation, a set of probabIlity

li s cculd be induced into a sea lion regarding the acceptance or

ejection of siga presence or signal differen-ce. By relating the

probability of hits to false ala-r s for several s _ 'ls of karying

uagitude, one can plot the -receiver-oera-tinr-car-ctersticJ (ROC)

curres for sea lions.

Witt kn-xledge of an BC curve, it is unsafe to s a tt the

ratio of signal t-als to catch trials sbould be any less tha 5:5

priorri probability 0.50) wben testing the sensitiity of a nae

ua=1. In -addition, it is in.erative to take into cconsideration not

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

of false ala--s.

SPBLL ?RR-ICIPATI02.- IN NAVAL PRO(_=_A3IS

During tbe course of this contract, Dr. Schusternan, in addition

to g-iving series of lectures to neabers of the Ocean Sciences Division

of Xvy Udersea Research and Developnent labortories in Z -- aii, also

par-ticipated in the .a--- Research AdcisorTy Comittee Ad Hoc Group on
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Marine Mamnnal Research and Development. The mission of this committee

was to assess the scientific aspects of the ongoing programs and to

make recommendations for their improvement.

PLANS FOR THE FUTURE

We will continue to systematically explore some of the variables

affecting the detection of underwater acoustic and visual signals by

sea lions and other aquatic mammals. These variables will include:

(a) sequence of signal presentation, (b) payoff matrix or magnitude of

reward, (c) schedules of reinforcement, and (d) combinations oi' these

variables. In other experiments, sea lions will be shifted from one

task to another to determine the degree to which visual decision-making

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-

formance of a marine mammal's sensitivity and its response criterion.

This work will be continued at the Ecological Field Station at California

State University, Hayward, California.
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