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ABSTRACT


The surface active group (SAG) is the most obvious social interaction of the

North Atl antic right whale (Eubalaenaglacialis). SAGs are typical ly composed of an

adu l t female with two or more males engaged in social behavior near the surface.


Distinct cal ls, believed to be produced by the female, are associated with these


groups. Cal ls recorded from three North Atl antic right whale SAGS and three

South Atl antic right whale (Eubalaenaaastralis) SAGs were played back to North

Atl antic right whales to determine if these sounds are sufficient to attract males to

the groups. Playbacks of gunshot sounds produced by North Atlantic right whales


were used as a control stimu l u s. Thirty-six trials were carried ou t from 1999 to

2001 in the Bay of Fundy, Canada. Whales approached 27 of 31SAGplaybacks and

0 of 5 gunshot playbacks. Where sex was determined (n = 28), al l approaches to

North Atl antic SAG recordings were by males. Individuals (n = 22) of al l age and

sex classes approached South Atl antic SAG playbacks. These trials indicate that

SAG cal ls from both popu lations are sufficient to attract right whales to SAGs and

that males and females respond differently to stimu l i from the North Atlantic. The

difference in response to North and South Atl antic SAG stimu l i was unexpected.


Novel ty , speciesdifferences in  cal ls, and different seasonal or behavioral context for


the recorded stimu l i may be responsible for the differences in response.


Key words: reproduction, Eubalaena glacialis, right whale, playback, baleen whale,


surface active group.

The Nor th Atl antic right whal e (Eubaldena glacialis) popu l ation migrates al ong

the east coast of the United States from northern waters in the Gu l f of Maine i n the

spring and summer to the waters off the states of Florida and Georgia in the winter

(Winn et a/. 1986). Despite protection from whal ing for the past 60 y r, cu rrent

estimates indicate that fewer than 300 North Atl antic right whal es remain
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(Knowl ton et ul. 1994,IWC 2001), making them one of the most endangered large

whale species in the world. Al l individual s in the popu l ation can be identified based


on individual l y distinctive external featu res, such as cal losity patterns on the head


or scars on the body and tail (Krau s et al. 1986). Long-term studies rely ing on

photographic identification of individual s have provided data on many life history

parameters for individual s in the popu l ation and reproductive history for al l females


born since 1980 (Krau s et ul. 2001, Brown et ul. 1994). Demographic information

this detail ed is rare for a baleen whal e species; it enables stu dies of behavioral


interactions among known individu al s in a wild popu l ation. Each summer up to

two-thirds of the known popu l ation of North Atl antic right whales congregate in

the Bay of Fundy , Canada, to feed (23-199 individual s from 1980-1998, IWC

2001; with 173, 154, and 123 for 1999, 2000, and 2001, respectively , Right

Whal e Consortium data catal og'). The high concentration of known individual s in


a smal l area makes this an ideal location to stu dy social behavior.

Littl e is known abou t reproductive behavior in the right whal e or any other

baleen whale species. Observations of social groups in several species of coastal


baleen whale indicate possible simil arities in social and sexual behavior. In

particu l ar, distinctive sounds have been associated with surface active groups in


North Atl antic right, Sou th Atl antic right (Eubulaena uustralis), bowhead (Bulaenu

rvysticetns), gray (Eschrichtius robustus), and humpback (Megupteru novurangliae) whales


(Clark 1983, Norris et ul. 1983, Sil ber 1986, Wiirsig and Clark 1993, Krau s and

Hatch 2001).

Male right whales have disproportionatel y large testes (goo+ kg, Omu ra et al.

1969):the  largest for any mammal and the largest as a percentage of body weight for

any baleen whale (Brownel l and Ral l s 1986). Large testis size has been l inked to

sperm competition in a variety of mammal ian species (e.g., Harcou rt et al. 1981,

Kenagy and Trombu l ak 1986, Mol l er 1989), su ggesting that sperm competition

plays a role in right whale reproduction (Brownel l and Ral l s 1986).One  of the most

obvious social groupings of North Atl antic right whales, surface active groups

(SAGs), often involves a singl e adu l t female, referred to as the focal female,

su rrounded by u p to 34 males maneuvering to approach the female (Krau s and

Hatch 2001). Observations of behavior in the SAGs support the theory for sperm

competition, as the interactions between males in the groups are general ly only

mil dl y aggressive and mu l tipl e males have been observed to achieve intromission

with the same female in these groups (Brownel l and Ral l s 1986).Adu l t males appear

to be highl y motivated to join these groups and can detect and locate them from

great distances. Male right whales have been observed joining these groups by


swimming rapidl y from u p to 8 kmaway at speeds u p to 15kmih  (Krau s and Hatch

2001). The adu l t sex ratio of this popu l ation is close to 1 : l  (Brown et ul. 1774), bu t

the calving interval for females is approximatel y 4 yr, so there are potential l y fou r

adu l t males for every receptive female du ring the mating season. The intercal f

interval in this popu l ation has increased from an average of 3.7 yr du ring 1980-

1992 to over 5 yr du ring 1993-1998 (Krau s et al. 2001), fu rther widening the sex


ratio between sexual ly receptive females and males. All of these characteristics

suggest that sperm competition and possibly female incitation of male-male

competition may characterize the reproduction in this endangered species.

' Right Whal e Consortium data catalog is maintained by the New Engl and Aqu arium, Right

Whal e Research Grou p, Boston, MA.
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Particu l ar cal l s are associated with SAGSin  North Atl antic right whales. Cal l s


recorded by the New England Aquarium from eight SAGs in the 1980slasted from


0.5 to 2.8 sec, ranged in frequency from 400 to 3,200 Hz, and occu rred, on average,


at a rate of 12 per min (Krau s and Hatch 2001). An example of sounds recorded


from a surface active grou p in the Bay of Fundy in 2000 by the au thor is shown in

Figu re 1 . These bou ts of high rates of cal l ing are typical l y broken u p by periods of


silence, often associatedwith  the entire grou p diving beneath the surface for periods


of 10 min or more. It is l ikely that approaching whales use the sounds produced


in these groups to locate them. Indirect evidence suggests that the SAG cal l s are


produced by the focal female to attract males, thereby increasing the number of


males competing for access to the female. The evidence for this includes: on al l


recordings of SAGS in which only a single female was present, single SAG cal l s


were heard only alone and never simu l taneously , no instances of cal l s being made


while the focal female whale was breathing, and the cessation of cal l production

with the departu re of the focal female (Krau s and Hatch 2001). Al thou gh cal l s are


thou ght to be produced by only one individu al within each SAG, the fundamental

frequency , du ration, and modu lation of individu al cal ls are variable (Fig. 1 b, c).


Observational evidence suggests that male North Atl antic right whales produce


gunshot-l ike sounds. This sound has yet to be recorded from female North Atlantic

right whales. Littl e background information exists for this behavior in right whales.


Gu nshot sounds, characterized by a very short intense broadband cracking sound


usual l y fol lowed by a strong echo off the bottom in the Bay of Fundy (Fig. Id), have


been recorded in SAGSand from lone male animals in the popu lation. In SAGs,


mu l tipl e animal s appear to be making gu nshot sounds as they overlap cal l s and/or

other gunshot sounds. These sounds are produced by whales that are either alone or

in SAGs withou t any visible fl ipper or fluke movement, and they are acoustical l y


distinct from fl ipper slaps, lobtail ing, or breaching. A simil ar sound has been


documented both in sou thern right whales and bowhead whales (Clark 1983,

Wiirsig and Clark 1993), and it has been suggested that the sound is produced


in agonistic display s (Clark 1983). Gunshot sounds produced by lone animals in

the Bay of Fundy do not appear to attract any other right whales. Recordings


of gu nshot sounds being produced by lone males (n = 3), coupled with the

observation of gu nshot sounds in su rface active groups with mu l tipl e males


competing for access to a central ized female (n = 31), suggest that the gu nshot

sound functions as a threat or agonistic display . Unl ike cal ls that have been recorded


only in SAGS, gu nshot sounds are produced du ring two very different social states

(lone males us. whales in a SAG), therefore these sounds shou ld be a less rel iable cue


that a SAG is taking place.


Playback experiments have been used to stu dy many different aspects of


communication and behavior in marine mammals over the past three decades,


incl u ding playbacks of natu ral sounds to sou thern right whales (Clark and Clark


1980),humpbacks (Tyack 1983, Frankel et af. 1995),and  gray whales (Cummings

and Thompson 197 1 ). Playbacks of sounds recorded from SAGs to North Atl antic

right whales make i t possible to confirm that the sounds in the groups attract other

whales. Sexual ly matu re males appear to be highly motivated to approach SAGs


with females and are predicted to approach any sound that might indicate the

presence of such a grou p. Females are predicted to not approach playbacks of SAG


cal l s. It is possible that males locate these groups by detecting a variety of sounds


associated with SAGs, such as cal l s, gunshot sounds, and loud, audibl e underwater


blow sounds. The pu rpose of this experiment was to determine if the cal ls produced
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Figure 1. 

Fou r spectrograms showing examples of North Atl antic right whal e surface


active grou p cal l s: (a) a sequence of right whal e cal l s and gunshot sounds recorded from

a North Atl antic right whale surface active grou p in Augu st 2000, (b) one cal l from the

sequence shown in (a), (c) another cal l from the sequence shown in (a) to il l u strate the vari-

abil ity of cal l s bel ieved to be produced by one individu al from a singl e surface active

grou p, and (d) a gu nshot sound taken from the sequence of cal l s in (a) to il l u strate the

presence of these sounds in surface active groups.
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Figure 2. 

Bay of Fundy l ocations of playbacks between 1999 and 2001.


in SAGs are sufficient to attract males to these groups withou t additional acoustic


cues. To test if this is the case, playback trials using only cal ls from SAGs or only


gunshot sounds were conducted. Gunshot sounds are produced both in SAGs and


by lone animals, so the gunshot playbacks were designed to determine if right

whales wou ld approach any sound associated with a SAG, even one that is not


a rel iable indicator of a SAG. If the SAG cal ls are the primary cue which adu l t

males use to detect a SAG, few or no animals wou ld be expected to approach the

gunshot sound playbacks.


METHODS


Location


Playback trial s were carried ou t in the Bay of Fundy, Canada, east of Grand

Manan Island (Fig. 2) from Ju ly through September in 1999, 2000, and 2001. The
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playbacks were conducted only when two or more right whales were visible from

the playback pl atform.

Playback Platforms


Playbacks were carried ou t on fou r separate pl atforms. The two primary pl atforms

were a 4.5-m rigid hu l l inflatable, the R/V Bonita (1999 and 2000), and the 22-m

R/V Stellwugen (2001). A 7-m rigid hu l l inflatable boat (27 Augu st 2000) and the

14-m F/V Black-B (26J u l y  2000) were each used for one day of playback trial s in

2000. All vessels were shu t down and drifting du ring the playback experiment.

Stimuli

Three classes of stimu l i were used: (1 ) cal ls from North Atl antic right whale

surface active groups (NARW-SAGS) recorded in the Bay of Fundy and Brown’s


Bank by the New England Aquarium from the mid-1980s to early 1990s with al l

broadband gunshot sounds removed (NARW, Fig, l a x ) ,  (2) cal ls from Sou th

Atl antic right whale surface active groups (SARW-SAGS) recorded in Argentina

in the l ate 1970s by Christopher W. Clark, with al l broadband gunshot sounds

removed, and (3 ) broadband gu nshot sounds recorded from a lone North Atl antic

right whale male in the Bay of Fundy in 2000 (NAGS, Fig. Id).


Few high-qu al ity recordings of SAGS were available for North Atl antic right

whales at the start of this study , therefore playback stimu l i recorded from South

Atl antic right whales were used to increase the number of high-qu al ity stimu l u s

tapes available for the experiment. The NARW-SAG cal ls were simil ar to the

SARW-SAG cal ls in terms of types of cal l s, frequency range, and time interval

between cal ls. However, al l NARW-SAG recordings used were made on the feeding

grou nds in summer, whereas al l SARW-SAG recordings were made on the calving/

nursery ground in Patagonia du ring the au stral winter, covering different extremes

of the annual migratory path in these two right whale popu l ations. Du ring pre-

l iminary trial s in 1999, a singl e 15-min stimu l u s of NARW-SAG cal ls (NARW2)

was used. In 2000 six 20-min stimu l i (3 NARW, 3 SARW) were used. In 2001

seven 20-min stimu l i were used, incl u ding the six from 2000 with the addition of


the NAGS stimu l i.

Equipment


The frequency bandwidth characteristics of the equ ipment used for the sound

playback were selected to match the natu ral stimu l i as closely as possible. Two


TASCAM DA-P1 DATrecorders (nominal frequency response 20 Hz-20 kHz) were


used both to play and monitor the playback stimu l i. A singl e Hi-Tech HTI-94-SSQ

hydrophone (nominal frequency response 2 Hz-20 kHz) was used to monitor the

playback stimu l i whil e they were being broadcast and to record any sounds

produced by whales near the playback vessel . Two ampl ifiers were used. In 1999


and 2000 a U.S. Acoustics 2 X 300 W car stereo ampl ifier was used. In 2001

a Rockford-Fosgate Punch 800 ampl ifier was used. Both ampl ifiers were powered


by a 12-V marine battery and provided the same ou tpu t vol tage (-100 V rms for


the cal ls) to the transducer. The stimu l i were projected with a U.S. Navy Sound

Reference Laboratory J -  11 transducer (Nominal frequency response 20 H2-20 kHz,

flat frequency response 50 Hz-4 kHz).
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Projector Source Level


The transdu cer had a maximum broadband sou rce level of 163 dB re 1 pPa at 1 m

for al l stimu l i types (bandwidth was approximately 30 Hz-20 kHz). Calcu lated


maximum sou rce level was approximately 160 dB re 1 pPa at 1  m for each stimu l u s.

An estimate of the range at which transmission loss reduced the signal to equal


ambient background noise levels at 250 Hz was 10km  from the source-assuming


spherical spreading (Urick 1983),and  ambient noise level of 80 dB re 1 pPa2/Ht,

fol lowing short-term recordings made in the Bay of Fundy in 1999’ that are in

agreement with Wenz (1962) for areas with normal to heavy ship traffic. The

transducer was deployed at a depth of 10 m. Average water depth was 200 m.

Playback Protocol


Each playback trial was divided into three observation periods: pre-, du ring, and


post-playback. Throu ghou t each of these periods visual observations were made


from the playback vessel to determine the right whale distribu tion and general


behavior in the area (e.g., SAGS, travel ing single whales, mother-cal f pairs). The

maximum range of the visible horizon varied from 4.5 km (height of eye 1.5 m) to

10.5 km (height of eye 7.6 m) on different platforms. Approaching whales cou ld


often be seen at 4-5 km because they often swam rapidly at the su rface, l ifting their

fl ukes frequentl y for shal low dives. Acoustic recordings were made with a single

hydrophone du ring each of the three observation periods to monitor acoustic


activity of whales around the playback vessel and to monitor the playback stimu l i.

Du ring the prel iminary 1999 trial s the three observation periods were each 15 min.

In 2000 and 2001 each period was increased to 20 min to al low more time for


distant whales to reach the playback vessel. Visual observers measu red the bearing,


heading, and range (estimated by observers trained with a laser range finder) to al l


right whales seen at the surface before the playback to determine right whale


distribu tion in the area. The same data were col lected du ring the playback and

post-playback periods. There were three levels of response to the playbacks. A no-

response score “0” was given for a trial where al l observed whales either did not

change heading or were farther from the playback vessel at the end of the playback


than at the start. A moderate, level -one response score “1” was given for trial s where


at least one whale approached to within 500 m of the playback vessel du ring the

playback or post-playback periods. A strong, level -two response score “2” was given

for trial s where at least one whale swam rapidly to within one right whale body


l ength of the playback vessel du ring the playback or post-playback periods.


On any given day in 2000 and 2001, playback stimu l i were presented in a

random order predetermined at the beginning of the field season. Observations were


conducted from the playback vessel so i t was not possible to have observersb l ind  to

the playback condition and observers cou ld hear the transmission of the playback


sounds throu gh the hu l l  in 1999 and 2000. Onl y  SAG stimu l i were presented in

1999 and 2000. However, al though observers knew when a playback was taking

place, they did not know which ty pe of stimu l u s was being played, and therefore


their observations shou ld not be biased.


’ Personal communication from F. Desharnais, DRDC Atlantic, Rapidly Deployable Systems Group,


P. 0 .  Box 1 01 2, Dartmouth, NS , Canada, October 2002.
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Photographs to identify individu al s were taken of al l animal s that approached

the playback vessel closely enough to obtain clear images of distingu ishing featu res

(n = 52). In some cases no whales approached the vessel closely enough for clear


photographs. This was particu l arl y a prob l em in 1999 and 2000 when the playback

pl atform was usual l y a smal l inflatable that was low to the water. In 1999, 2000,

and 2001, photographs of non-responding individu al s were col lected opportunis-

tical l y from other research vessels in the area du ring playback trial s (n = 69). These

photo-identifications of non-responding individu al s, while not systematical l y

col lected, al low us to compare which animal s responded or did not respond du ring

each playback trial .

The playback location was selected by finding a place with at least two right

whales visible from the playback vessel . This was to ensure that at least two

individu al s were within range to hear the playback. This experiment differed from

more traditional playback studies because there was no singl e focal subject fol lowed


throu ghou t the playback trial . Du e to the difficu l ties of working with baleen


whales at sea, the age, sex class, and total number of potential responders within

hearing range of the playback were unknown. The paradigm of these playback

experiments was such that a y esho (0 VJ. 1 or 2) criteria for each trial (not each


individu al ) was the basis for testing the significance of differences in response to

different stimu l i. This y esho criterion was based on observations from simil ar

playback experiments to Sou th Atl antic right whales (Clark and Clark 1980) and

humpback whales (Tyack 1983). Differences in response to different stimu l i were


tested u sing Fischer’s exact probabil ity test (Hinkl e and Wiersma 1998). The

prediction was that primaril y adu l t males wou ld approach the playbacks of SAG

cal ls. The l imitation of this design is that lack of obvious approach may be a

function of lack of adequate exposure to the stimu l i, du e to noise or distance from

the source, rather than an active choice on the part of a whale. The overwhelming

strength of response from individu al  whal es, coupl ed with opportu nistic

identification of whales within presumed hearing range of the playback, indicate

that some juveniles and adu l ts of both sexes had the opportu nity to respond to at

least one trial of each stimu l i.

RsSr JLTS


Response to the Playbacks


Thirty -six playback trial s were conducted. The playback of cal ls from surface


active groups (SAGs) el icited swimming approaches that were simil ar to those of


whales approaching actual SAGs. Figu re 3 shows an example of observations

col lected du ring a NARW-SAG playback trial . Al l six SAG playback stimu l i

from the North Atl antic (NARW-SAG 1-3) and the Sou th Atl antic (SARW-SAG


1-3) el icited level -two responses on a t l east one occasion, du ring which whales


charged the playback pl atform (high speed surface swimming, directl y at the

playback vessel) and swam under the boat. Overal l , at least one whale approached

the playback vessel in 27 of 31 playback trial s of SAG cal ls (Fig. 4a). The

NARW-SAG stimu l i el icited approach responses on 16 of 18 trial s and the

SARW-SAG stimu l i el icited approach responses on 11 of 13 trial s. There was no

significant difference in the proportion of trial s with approaches for the NARW

and SARW SAG stimu l i: Fisher exact probabil ity test, P = 0.57 (Fig. 4a). No

individu al s approached any of the five playbacks of the gunshot sounds (NAGS)
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Figure 3. Sightingpositions and tracks of individual whales (n = 8) seen within 2,000 m


of the playback vessel (center of the plot) during the playback trial on 31  August 2000. The


trial started at 1 339. The playback started at 1 359 and lasted until 1 41 9. Dashed or solid


lines are used to connect sightings for which there was a high level of confidence that the


sightings were of the same individual . Sightings made during pre- and post-playback


periods are shown by dashed lines. Sightings made during the playback are shown by solid


l ines. Fou r whales approached the playback vessel during this trial but only two were


positively identified. All fou r joined together and formed a short-l ived SAG off the playback


vessel a t 1 436.


(Table l ) , indicating a significant difference in response to SAG and gu nshot

sou nd playbacks (P < 0.0003) (Fig. 4b).

An average of 2.1 % 1 .9 SD, (range 0-6) individu al s approached the playback

vessel whil e as many as 17 right whales were seen before a playback commenced

(Table 1). Many whales exposed to the playbacks did not show any clear evidence of


response. For the NARW-SAG stimu l i, most of these individu al s were calves, adu l t

females, or juvenile males (Table 2). For every playback stimu l u s, there were


individu al s that did not respond and these individu al s were often closer to the

playback vessel at the start of the playback than the whales that did approach the

vessel .


In the typical level-one response, whales approached the playback slowly , often

taking most of the 20-min playback session to come within 500 m of the playback

vessel . Other whales approached the vessel subsu rface after diving at least 1 km
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Figure 4. 

(A) Approach response vs, no approach response observed in each trial for each


of the seven stimu l i presented for playback. There was no significant difference between any


of the SAG playback stimu l i, (B) Approach response v.r. no approach response to SAG


(n = 31) and gunshot (n = 5 )  playbacks (NAGS). The difference in approach ws. no ap-

proach between SAG and gunshot stimu l i was significant (P = 0.0003).

away. Simil ar approaches have been seen to actu al SAGS with whales positioned

near the SAG for a period of time before joining the grou p. For the level -2 response,

whales wou l d commonl y approach the boat by “racing diving,” a term used to

describe whales travel ing a t rel ativel y high speeds near the surface, making repeated

shal l ow dives with flukes raised a t an angl e of abou t 45” after each blow. A “racing
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diving” whale was easy to distingu ish from other whales because of its high rate of


travel , frequently raised flukes, and directed straight l ine path of travel towards


the playback vessel . Several approaching whales (n  = 18) were observed swimming

directly under the playback vessel du ring the trial . On two occasions whales


bumped into the transducer and released a cloud of bubbles next to the boat.


Differential Response Between Sexes


Individual identification made it possible to determine the age and sex for many


of the whales involved in each playback trial . There appears to be differences in the

types of individual s that showed response for al l three classes of stimu l i (NARW-

SAG, SARW-SAG, NAGS). Only the NARW-SAG cal ls el icited differential


response between the sexes. Most whales approaching NARW-SAG sounds were


adu l t males and no known females were observed to approach these stimu l i (Table


2a). For the 1 6 cases when the sex of a “racing diving” approaching whale cou ld be


determined for the NARW-SAG playbacks, it was always male. Ten adu l t females


were identified du ring NARW-SAG playbacks bu t none approached the playback


vessel (Table 2a). All age and sex classes were observed to approach the SARW-SAG


sounds (Table 2b). Most notably , six adu l t females approached the SARW-SAG


sounds bu t none approached the NARW-SAG sounds. Females were observed


“racing diving” du ring SARW-SAG playbacks on three occasions. The observed


response in the field was comparable for both NARW-SAG and SARW-SAG


playbacks. It was only later when the identity of individual s was determined by


photo analysis that the differencesemerged. No whales approached the playbacks of


gunshot sounds even though whales of al l age and sex classes were documented in

the area du ring these playbacks (Table 1 ).


DISCU SS ION 


Playbacks of cal ls recorded from surface active groups (SAGs) were predicted to

attract North Atl antic right whales based on observations of right whale behavior


in SAGS in the Bay of Fundy . If SAGS with a single focal female function for


reproduction then one would expect males to be the primary responders to SAG

playbacks. Al l identified individual s of known sex seen approaching actual SAGS


have been adu l t males (Kraus and Hatch 2001).


The responses to al l three NARW-SAG stimu l i support the initial prediction

that NARW-SAG cal ls are what attract adu l t male North Atlantic right whales to

SAGs. The overwhelmingly strong response to these playbacks, often involving


very rapid surface swimming and persistent searching (swimming back and forth

over a smal l area around the playback vessel) within 500 m from the sound source


for up to 20 min after the end of the playback by adu l t males (n = 2), or adu l ts

of unknown sex (n  = l ) ,  su pport the idea that the cal ls produced in SAGS do

attract the males that join these groups. Whales that were identified as not

approaching the NARW-SAG stimu l i were predominantl y female (Table 2A).


This resu l t also corresponds with observations in the field, where fewer juvenile


males or adu l t females are seen in the typical SAG containing a matu re focal


female. None of the whales that approached the playbacks produced SAG cal ls.


The only sounds recorded near the playback vessel on the single monitoring

hydrophone after (or du ring) playbacks were gunshot sounds or up-cal l s, which are
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Table 2. 

Summary of the age and sex of whales approaching and not approaching the

playback vessel during A) NARW-SAG B) SARW-SAG playbacks. Adults are >8 y r.

A

Whales approaching NARW-SAG Whales not approaching NARW-SAG


Male Female Unknown sex Male Female Unknown sex


Adult 

25 0 3 4 10 0


Juvenile 2 0 

0 1 1 0


Calf 

0 0 

0 0 0 9


Unknown 

1 0 0 1 

0 1


B


Whales approaching SARW-SAG Whales not approaching SARW-SAG


Male Female Unknown sex Male Female Unknown sex


Adult 

5 6 2 3 5 0


Juvenile 

1 1 

0 3 2 0


Calf 

0 0 

5 0 0 3


Unknown 2 0 0 0 0 2


considered to be a form of contact cal l in the Sou th Atl antic right whale repertoire

(Clark 1983).

The resu l ts from the gunshot sound playbacks indicate that right whales do not

approach every type of right whale sound stimu l u s projected to them. Onl y a singl e

gunshot sound stimu l u s was used; so whether this response general izes to this class


of signal remains uncertain. Al thou gh gunshot sounds are typical l y recorded from

SAGs, it appears that the cal ls recorded from NARW-SAGS are alone sufficient to

attract males. The gunshot sounds often overl ap with other gunshot sounds and

cal l s, suggesting that more than one animal in the SAGs produce these sounds.

It is, therefore, most l ikel y that males in SAGs produce gunshot sounds as more

seem to be heard with an increasing number of males present in SAGs (Parks,

u npubl ished data) and al l observed lone animal s produ cing these gunshot sounds in

the Bay of Fundy (n  = 3) have been male. A male hearing gunshot sounds may onl y

know that other males are interacting, with no guarantee that a female is involved.

One NARW-SAG playback resu l ted in fou r approaching whales coming together

and forming a brief 10-15 min SAG approximatel y 300 m off the playback vessel


(Fig. 3). Onl y two of the animal s approached the vessel closely enough to be


positively identified, and both of these were adu l t males. The hydrophone

recordings made du ring and after this playback picked u p onl y very l oud gunshot

sounds, presumabl y produced by a whale or whales close to the vessel . No other

whales were visibl e from the playback pl atform a t that time and it is probabl e,

given the sex of whales approaching other NARW stimu l i that this SAG consisted

onl y of males.

The SARW-SAG trial s produced the most unexpected resu l ts from this

experiment. Al l age and sex classes were seen to approach du ring these trial s (Table

2b). The SARW playback stimu l i were selected to increase the number of stimu l i

tapes. They were high-qu al ity recordings with very simil ar cal l types and ca!l rates to
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those made from NARW-SAGS.The  predictions for these playbacks were the same


as those for NARW-SAG playbacks. However, these resu l ts document a clear


difference in response by North Atlantic right whales to North and Sou th Atl antic

right whale SAG sounds. There are several possible reasons for the observed


differencesin  response.The  first possibil ity is that the cal l sof these two speciesdiffer


enough so as not to be recognized by North Atl antic right whales as right whale


cal l s. Secondly , if right whales recognize the cal ls of specific individu al s, then the

cal l s from the SARW-SAGS were from individu al whales that were completely


unknown to the North Atl anticright  whale popu lation. In both cases, the novel ty of


these stimu l i might attract attention from any member of the North Atl antic right

whale popu lation. A third potential explanation for the difference is that these


recordings were made from the calving grounds of a SARW popu lation which has


a different demographic stru ctu re and behavioral context than that seen on the

feeding grounds in the North Atlantic. SAGs have been observed in al l known

habitats for the North Atl antic right whale and in eight months of the year (Krau s


and Hatch 2001), b u t it is unclear whether the SAGs in different habitats serve the

same social or reproductive function, and sounds produced by SAGSou tside  of the

Gu l f of Maine du ring the summer months have not been recorded for this species.


SAGs on the calving grou nd might serve a different function and differences in

frequency ,cal l modu l ation,  or some other factor might signal this differenceto  right

whales in both the North and Sou th Atlantic.

Lower levels of response (0 and 1) were observed du ring the month of J u l y than

in Augu st or September. Playbacks in J u l y el icited fewer approaches than those


carried ou t in Augu st or September (of the fou r SAG playbacks with no clear


response, three were conducted in Ju l y ). Males appeared to be making increased


effort to get to SAGs as the summer season in the Bay of Fundy progressed. More


individu al s were seen approaching both playbacks and actual SAGS by “racing

diving” in late Augu st than in J u l y (Table l ) ,  and SAG size has been shown to

increase throu ghou t the summer months (Krau s and Hatch 200 1).


There are l imitations to any playback experiments to North Atl antic right

whales. The detail ed demographic information is primaril y available because this is


a highly endangered species, with fewer than 300 individu al s left in the entire

popu lation. Whil e this detailed demographic information increases insight into the

response of individu al s, it comes with the cost of having few potential test subjects


in a smal l popu lation. The large proportion of the North Atl antic right whale


popu lation that congregates on the summer feeding grou nds where these playbacks


were conducted compounds this problem. The sou rce level and frequency range of


the playback suggest that i t may be audibl e above ambient noise for approximately


10 km from the sou rce. There are times in the Bay of Fundy when the whales are al l


feeding in a very smal l geographic area; as a resu l t, at these times, u p to a qu arter of


the entirepopu lation  cou ld potential l y be exposed to each playback trial . Therefore,


after the first trial of each stimu l u s, it is not possible to ensu re lack of previou s


exposu re to the playback. The North Atlantic playback recordings were made on


the same feeding grounds, meaning that a large proportion of the popu lation may


have been exposed to the actual sounds du ring the original SAG. Whil e the

playbacks occu rred 8-15 y r after the original event, the signal s may stil l  be famil iar


to whales in the popu lation if the signals are individu al l y distinctive. Some


individu al males (e.g., Catalog ID #1304 and #l 9 0 l )  approached the same stimu l i

(NARW2 and NARW3, respectively ) on more than one occasion, which may be


a random consequence of the whale being in the right place at the right time, or it
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may indicate higher motivation in these individu al s for the cal l s recorded from

a particu l ar SAG. The resu l ts from these pl ay back trial s cannot be eval u ated

withou t taking these factors in to accou nt. Efforts were made throu ghou t this

experiment to (1) l im i t the number of pl ay backs made on a given day, (2) condu ct

pl ay backs throu ghou t the season (becau se the popu l ation in the bay changes du ring

the season), and (3 ) u se several different exampl es of stimu l i for each class of signal

of interest. Aside from the first pl ay back trial s of the SARW-SAG stimu l i, there is

the possibil ity that al l  potential  test su b jects may have had previou s exposu re to the

stimu l u s being presented. However, if SAG sou nds signal  mating opportu nities for

mal es, then one shou l d expect strong sel ection against hab itu ation.

This pl ay back experiment demonstrates that cal l s produ ced by right whal es

in SAGs do have behavioral significance to individu al s . Adu l t mal es show the

strongest responses to pl ay backs of NARW-SAG cal l s, which was predicted by

observations of behavior i n real SAGs. The approach to  SAG sou nds by adu l t males


su pports the assumption that femal es produ ce the cal l s i n SAGs. The difference in

the age and sex composition of the whales that approached the SARW-SAG cal l s

demonstrates that behavioral l y significantvariation  exists in response to this broad


cl ass of sou nds. Final l y , the responses of whal es to these pl ay backs indicate that

r ight whal es have the ab il ity  to accu ratel y l ocate a sou nd sou rce and remember


where the sou nd sou rce was for a t l east 20 m in after the broadcast of sou nd stops.

These resu l ts su ggest that fu rther stu dies of r ight whal es’ perceptu al and cognitive

ab il ities may be warranted. Pl ay back trial s , cou pl ed with newl y devel oped tagging

methods (J ohnson and Tyack 2003), can be u sed to l ook at fine scale motor

response and record the received level of a signal  to address hearing and detection

ab il ities of individu al  free-ranging whal es.
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