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'00 I think awhale talks?
Well, he whislles lor help
Andhe warnslriend s of danger
Wrthyip andw~h yelp.
He whines andhe chirpsand he mews andhesmacks
Andhe barks and he srcns andhe clicks andhe clacks.

Sincehis eyesaren't much good
And the wateraround
MaybelT1.lrky,al l hal,
He depends upon sound,

Sohe not only la lks (Ihough I'd needa lranslalion)
But he uses his sonar 10gel hi!l localion
Hegives bUIa squeak
Or a groanor a gnml ,
And lheechocomesback ·
And he knows whal' sln front.
II maybe a ship or a lish, Can youbeat ~ ?
Heknowswhereandwhat
Andean dodge it
Or eal i1 ,~

excerptfrom Narwhal' by RichardAmour
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The incidental entrapment in passive fishing gear 01mysttcetes. including

the humpback whale Megap tera novaeangJiae , is examined, with soeclflc

reference to the role of acoustics as a mechanism in pe rception. The acoustics

of capelin traps and other common net types involved in entrapment are

investigated.

Many marine mammals, particularly humpback whales, are incidentally

entrapped in fishing gea r in Newfoundland and Labrador inshore waters.

Explanations of these collisions are complex, and the fundamental question of

how a whale perceives a net has yet to be answered. It is clear that the whale

fails to detect the net in time to avoid it. It has been argued that the mechanism

of sound remains as the most probable primary system of orientation to targets

such as nets.

The present state of knowledge on the use of sound by baleen whales is

discusse d, including the possibility that humpback whales might possess a

crude form of echolocation. II is also shown that a potential exists for the use of

sound as a passive navigation system. Thus while humpbacks might use sound

for orientation purposes, their apparent failure to detect nets might result from

the target being acoustically cryptic.

The acoustics of a capelin (Mallotus vilfosus) trap are investigated. It was

found that capelin trap mesh produces a wide band signal, which is significantly
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reduced in level once the trap is filled with capeun. Acoustic damping by

schools of bail are discussed.

Capelin trap mesh produces the strongest acoustic signal. whi le larger

mesh sized cod (Gadus morhua ) trap mesh produces the least oetectabte

signature. It is shown tha t net noise production can be correlated to the drag

that a net imposes in a current. Differences in net acoustic signature are

discussed in terms of anecdotal entrapment evidence; there is a negative

correlation between probability of entrapment and the strength of acoustic

signature 01that nel lype.
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1 Introdu ction

1 1 The problem of incidental entrapment in fishing gear

Every year, between the months of May and September, the inshore

waters of Newfoundland and Labrador host a large number of baleen whales of

various species, including minke (Bafaenoptera acutorostrata ), fin (8.

physalus), sei (B. borealis ), blue (B. muscufus ) and the northern right whale

(Eubafaena glacialis ) (Lien, 1985). Of the odontocetes, sperm (Physeter

catadon), killer (Orcinus orca) , bollienose (Hyperoodon ampulfatus), and pilot

whales (G/obicepIJala me/as) are also seen, as well the smalter toothed

cetaceans such as harbour porpoise (Phocoena phocoena ), common

(Delphinus delphis ), white-sided (Lagenorhynchus acutus ) and white-beaked

(L. a/birostris ) dolphin, beluga (Delphinapterus /eucas ) and narwhal (Monodon

monoceros) (Lien, 1985).

By far the most common of the cetaceans present during this time is the

humpback whale, Megaptera novaeangliae (Perkins, & Whitehead, 1977). The

presence of this species in inshore waters has grave consequences on the

fisheries of Newfoundland and Labrador. A conflict arises essentially as the

result of competition between humpbacks and humans (Ue n, & Merdsoy, 1980).

The inshore movement of humpbacks to the eastern coas t of Canada is linked

10the annual spawning of a small baitfish, capelin (Mallorus viJIosus ), which is

a primary const ituent of the humpback's diet (Bredln, 1986). During the capelin



spawning season there is also a substantial land·based fishery lor cod, which

occurs in the same general locations.

The whales commonly collide with fishing nets during this period tueo.&

Merdsoy, 1980; Northridge. 1984). Introduction worldwide 01synthetic fibres in

the manufacture 01 net materials increased the strength of nets and,

consequently, the diff iculties for an animal in breaking through the net (lien,

1980). This Iactcr has increased incidental entrapmenl of cetacean s (lien,

1980). Collisio ns and entrapments damage fishing gear and creates high

financial burdens on the fishermen both in terms of repair costs and operational

'down-lime' (Lien, & Me rdsoy, 1980). Whale entrapment in Newfoundland and

labrador is often regarded as bolh a socio-eccncmtc and a whale population

impact problem (lien, Stanttcrth. & Fawcett, 1985).

12 The history of entCBprneol ;n Newfoundland and ! abrador waters

Entrapments commonly occur in two kinds 01gear - the fish trap. and the

gillnet. Fish traps basically consist of a box, usually open atthe top, where each

side is made from a panel of net mesh. A trap teader (a separate panel of net

that is attached to the shore) is used 10direct li sh into the box through one side

of the trap that has been modil ied into doors. The size of mesh that constitutes

the box depends upon the type of target scecres . in Newfound land, the two

primary target species are cod and capelin. Cod trap mesh size ranges

between 4" to 8" [10cm 10 20cm, approx.]. while caoeun traps are of a much

smaller mesh sne . approximately 0.75" [2cm, epprox.]. In both cases, the trap



leader is usually composed of a larger stretched mesh size than that in the box.

Cod traps can be further di vided into three types ; traditional, modified and

Japanese. While the traditional cod trap Is very basic in lis design, the modified

and Japanese types involve attempts to improve the internal structure of the box

section around the door area, utilizing moremesh In the construction.

Gillnets consist 01sing le panels of mesh, linked togethe r to form longer

'sets'. The depth and position in the water column whe re they are set depends

upon the target species . Gillnet mesh can be made of nylon monofilament of

varying mesh size (depending on target species, between 3~ to 8"), although the

smaller mesh nets - such as herring or salmon glilnet • are made of nylon

multifilament.

Up 10 1977, the incidental entrapment 01large whales in lishing nets In

Newfoundland and Labrador waters was not a sign ificant prob lem, either in

terms of impact on the humpback poputauon, or in cost to the fishermen (Lien, &

Merdsoy, 1960). Gear damage due to whales had probably occurred at low

levels before this (Ue n, 1980; Lien, Dong, Baraft , Harvey , & c bu. 1962).

However, as a resul t of many tactcrs . InclUding a cras h In the capeUn

population (Whitehead, & Carscadden, 1965; Whitehead, & Ue n, 1982) and an

increase in fishing ettort (Lien, & Merdsoy, 1980) • whale entrapment began to

reach significant numbers atte r this date . Uen and Merdsoy (1980) suggest that,

in 1978, repair costs to gear damaged by whales were approximately $500,000.

This figure does not include an estimate of fishing lime lost through down-time.

Reported entrapments reached a peak in 1980 of 61 animals (Lien, 1981), with



similar costs in damage. II has been shown that for !he years 1979 and 1980,

damage estimates plus losses due to fishing down-time duri ng repair were

approximated at two mil60n dollars (Uen, 1980; Lien, Stenson, & Ni. 1989c).

The number of entrapped animals decreased in 1981 to 31 animals (Lien,

1981), with the figure remaining reasonably ccnstant over the next Iew years

(Uen, etaI., 1982; Lien, Walter, & Harvey-Clark, 1985).

A second peak in ent rapments was observed in 1985 with 52 reported

animals, thought primarily to be caused by a further Increase of humpbacks

Inshore (Lien, at al., 1985). Since 1986, the number of animals reported

entrapped has stead ily Inc reased to record proportions. passing the earlier

peaks of the beginning of the decade with a total reported number of 70 animals

in 1989 (Lien. Ledwell, & Huntington, 1989b; Uen, Stenson, Todd, & NI, 1989d),

and 75 animals in 1990 (Ue n, Huntingdon, Ledwell, & Huntsman, 1990).

Uen, et al. (1989b) cit e lour possible causes for this latest increase.

These include a possible under-rep orting phenomenon in earlier years, a

redistribution of capejin, a possible increase in inshore jocat fishing effort, and a

possible increase in the popu lation of humpbacks. Data remain inconclusive

with respect to the first three 01these explanations. However , recent studies

have suggested an increase in the humpback population since 1980 01

approximately 50% (Uen, et al., 1989b, but see Whitehead, 1989), although it is

thought that the stock has yet to return to pre-whaling levels (white head, 1987).

While it is unlikely that Increases in the whale population alone can explain the

increasing trend in entrapments (Lien, et af., 1989b), it is undoubtedly a factor



that should be considered along with increases in inshore fishing enort (Uen at

al., 1990).

Damage costs caused by entrapment have persisted at relatively stable

levels. in part because of the Introduction of a Whale Release Programme in

1979 developed through the coopera tion 01 Memorial University of

Newfoundland, the Department 01 Rshe ries and Oceans, Canada, and the

Newfoundland and l abrador Department of Fisheries (lien, 1980 ; Llen, et al.,

19a9c). From 1981 to 19B7, total costs to fishermen through gear damage have

remained reasonably constant at around $100,000 per year (Lien, ledwell, &

Nauen, 1988). This ligure Is the result of gear damage only, and does not

include down-time losses. Fishermen now have access to a toll-free telephone

line through which they can request the aid of a trained team in releasing a

whale from the net. Concurrent with this, an education programme has also

been developed (Usn, & Atkinson, 1989; ue n, et af., 1985); it is now common

for fishermen to release whales from fishing gear without the assistance of the

university programme.

While the Newfoundland/labrador humpback population is apparently

robust (lien , et al.• 1989c ; Whitehead, t989 ), the preventable incidental loss of

many animals per year is clearly socially and ethically undesirable. The current

increasing trend in Newfoundland and l abrador 01collisions of whales with

fishing gear, coupled with the costs to the fishing community in times of

increasing general eco nomic recession, along with the above moral



considera tion. has created my incentive to investigate whyen tra pments occur .

andhow they can be p revented .

Ba sic b iological and behavioura l pr inciples that remai n poorly

investigatedwith respect 10the hump back must be examined if we are 10 l ind

solutio ns to the entrapm ent probl em. It is the purpose a /this t h esis to examine

one of the possible lactors that may influe ncethe rateof entrapme nt - ac ousncat

stimuli associated with fishing g ear.

1 3 Re search obje ctjves

Onecause ofco ll isions might be thelnabilily of t he whale 10detect a net.

As it can be argued t hai soun d provides the most usetut tnformaftcn for

orientat ion in a n aquatic environm ent. the acousticsof netswere investigated. It

may be postu lated that entrapm ents may occur becau se eithe r a) there is not

enough detectable acoustic in formatio n for the animal to deduce the presence

of the net. or b) there is enough accustlcallntormauon. bUIit Is bei ng ma sked by

levels of ambient noise , or c} the acoustical information is too cryptic 10be of

anyuse .

T he main purpose of this study. there/or e, was to invest i gate th e passiv e

acoustic character istics of var ious ne t Iypes, and to rel ate the lindings to the

occurrence of entrapments. A secondary stud y investig ated t h e acou stics of a

school of prey fish, to d etermine jl an 'acoustic signature' migh t be availab le for

foraging purposes.



2 perception a s a possible c ays e 01 entra pment

Th er e is no single cause for the incide ntal ent rapment 01 wha les In

fis hinggear (Donovan, & Pemn, i n press ) . Lien(1980) fa il ed 10find corre latcns

with vari o us ocea nograp h ic and g ear fa ctors, although low sample s izes in

s ome of the dala may ha ve bee n a problem in the sta tistical an alysis (Uen.

pers. com m.). One mOdel ot jhe cause lor entrapment wou ld invo lve an i nabl ~ty

to perceive thenet. Forbe s and S mock ( 1981) and Watki ns and W artzok (1985)

d em onstrate lhat very little Is know n about the pe rceptua l capabilit ies of baleen

whales

Pe rc eptual cues av ailable to a hu mpback which co uld aid in orie ntation

to nets w o uld inc lude vi sual, ch e mical and ac oustlc s timuli (Lien, To dd, &

G ui gne, 1991; Todd , Uen , Guign e , & H u nt, in prep.). O ther sens ory sys tems

m a y exist , but lhe re are little or no suppo rting data, at lea st 101' the purpo ses 01

th is review . Relia nce on a single t y pe of cue by an animal isve ry uncommon,

a nd orien tation is likely t he resu lt 01 a multi-sensory a pproach with c ertain

st imul dominant w ithin that framework (K i nne, 197 5; Norris. 1966 ) .

Eye pigmen ts in the hum pback are c oncentrated lo r a maximum

se nsitivity o f 492 nm (Forbes, & S m ock, 1981), implying a maximal respo nse 10

the shorte r waveleng ths in the vis i b le spectrum. Kinne (1975) not es that based

on neurc tcpcal evidenc e, rnys t icete v ision has greater p ot ential than



odontocele v tslcn. But visibili ty in wa ter is highly variable both in the vertical

and horizont al planes; insho re and shallow coastal waters can be particularly

ItJrbid because ofsedimentru n-of in the water. In addition, any distinct layers 01

fresh water pr esent will also impede vision (Walkins, & Goebel, 1984).

II woul d be unl ikely for a complex system 01 visua l perception to be

develop ed thr ough the pressures of natural selection whenvision in the primary

environment is so limi ted. Hu mpbacks have been shown to feed at nighl wh en

visua l perception would be particular ly restricted (Goodyear, 1983; Lien, 198 0)

suggesting th at a whale fora ging in shore would not rely on the u se of visual

percep tion as a means to locale pre y - except, perhaps, as a secondary cue

(Lian, atal.,1991;Todd, et a l., In prep. ). Inde ed, Kinne (1975) notes thai visual

cues - and th e sense of v ision in general · are less important tor marine

mammals than forthei r terrestrial equ ivalents .

22 Ch emoreceplioo

Two reception systems can be considered for processing chemical cues ­

olfactory and gustato ry. Herm an and Tavclqa (1980) suggest that th e ollactory

sense in whales would be severely limited since Ihe nares would be closed for

a majority of the tlme . While Forbe s and Smock (1981) note tha t olfact ory

syste ms do exist in mysticete spec ies, it would appear th at it is much less

developed when compared to terrestr ial mammalsystems (Watkins, & Wartzok,

1985). Cave (1988)de monstr ates that in certa in cases - such as the fin whale ­

theolfa ctory c hamber is unex pected ly "well organized", although he states that



morphologically, the system is designed for aerial, not aquatic, onecncn Cav e

(198B) also suggests that in surfacing the animal may be able to detect certain

chemi cals in Ihe air associated with specific prey below the surface. While

possible , it seems unlikely thai thi s mechanism would provide an exact

positioning 01 the location of the prey. The olfad ory sense. therefore, would be

an unre liable method for locating pl'ey or tor c rlentancn underwater (U en, at a/.•

1991; Todd, et al.• in prep.).

There is evidence that some odontoc etes might be capable 01taste

(gustat ory) sensitivity , although data for mysttcetes are Jacking (He rman. &

Tavolg a, 1980). On the basis 01 anatomIcal evidence, Forbes and Smock

(1981) re-atnrm the general belief that baleen whales -lack a sense of taste".

Even if ewsucetes possessed a gustatory sense. the turbulent, dynamic nature

of the near-shore makes the practical i ty of gustatory cues for precise object

orientation questionable (Lien, at al., 1991; Todd, at ai.• in prep.). However,

fishermen in Newfoundland frequently cite a correlation in increase in whale

collisions with fishing gear with cessat ion of the practice 01 'barking' nets. a

process which coaled nets with a layer of lar (Uen, pars. comm.).

w ater is an excellent propagat or of sound and, therelore, acoustic

perception would seem 10 be a llkely target fo r natural selection in developing

aquat ic orientational behaviours. Schevnt (1964) suggests that marine

organisms will adopt sound sensory p rocesses when vision will not serve (see
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also Norris 1966). Forbes and Smock (t 981) note that audition is the most

significant sense for marine mammals , Kinne (1975) separates the d istinction

between activ o and passive acoustica l orientati on In stating that,

"Passivetacscnar (orlentatlonal healing) compromisespercepllon and Interprelat ion

of a rT'blent soundslor Objecl localization and lecognllion; Ihe acousticcuesmay be

sounds generaled by tile object Uselfor environmenlal noises renectecby iI, Active

bto scnar is based on lhe reflection or specific sell -generaled acousuc energy by

lor aign objects: Ihe echo received info rms lhe sound producer about presence.

erecnc n. distance, size,shapeandother characteristics01an object"

For reasons 01 practicality, very lillie work has investigated humpback

whale perception with in the acoustic sense per S8 , and in the absence of

sufficien t data among mysticete species regarding perception, one inevitab ly

draws parallels from the odontocele family. While there may be som e value in

making equivalencies, these models hold obvious di sadvantages b ecause 01

the m orphological and physiological differences between the two Ia mlja s. In

making such comparisons, of prime im portance Is the fact that mystlcet es have

not be en shown 10 echolccate in situations where the use 01 echolocation

would be beneficial (Beamish, 1977; Beamish, 1978). However, this premise is

based on limit ed liel d data that attempts to examine a behavio ur that is

extrem ely difficu llto investigate.
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2 4 Active acoust ics ·the "'on!royersy of m Ysfjcf!te echolocatio n

Desp ite the fad that it has ye t 10be sh own de finitively that balee n whales

cannot ecncccete, the altitudeadoptedby the scientific community is generally

one 01sce pt icism. However , very little can be deducedfro m available evid ence

regarding echolocationability, as tittle 01th e researchdone has focused on a

detai led ana lysis at allt act crs involved . The argumen t that mysticetes ca n not

echolocate was sum marized by Beamish (1977: 1978), following an in situ

experiment involvi ng a maze and a tethe red hum pback. The design of this

experiment had seriousflaws. The animal was under severe stress, and the

experiment involved a sample size of one animal that had been previously

caught in a net Even given the quest ionab le valid ity of this experiment. it now

seem s ge nerally accepted that mysticet e a do not echolocate. There are,

however, o ther reports mat suggest an echol ocation abitity does exist, as listed

below.

2.4.1. 1'iigh frequency" echolocatio n

Beamish (1970), and Beamish and M itchell (1971; 1973) pos tulated the

existence of certai n operat ional frequenc ies deve loped through evolution ary

selection pressures by ind ividual whale spec ies according to the size of pr ey

species. My slicetes do not genera lly forag e on ind ividual prey but on scho ols

and therefore would not require the ability to resolve target s to the same ex tent

as odontocete species . II can be argued th at lhe mechanistic deve lopment of

the freque ncy response 01 bio logical sonar would be phylogene ti cally
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constrai ned by the size of the prey upon which the whale foraged . When asking

the question 'do mysticetes echctocate?', one should not expect the answer to

be based upon some form 01 odontocele echolocation model. Direct

comparisons between the two models in this sense should not be made.

Wino and Perkins (1976), Thompson, Wino and Perkins (1979) , and

Chabot (1985) have reviewed mysticete vocali zations and find evidence for

high frequency echolocation inconclusive . For at least six species (gray, blue,

fin , set, minks and humpbackwhales) a record e xists of click-type vocalizations

thai may be suitab le for echolocation, o n average within the range of 1 to 10

kHz (the fin, minks and blue whales are reported to have higher frequency

emissions above 20 kHz). A seventh species, Bryde's whale (8 . eden;), has

been reported (by Beamish, & Mitchell, 1973) to produce a short-pulse-length

click-traln , although no recording was made (Thompson, et al. , 1979). They

correctly conclude, however, that clear, rigorous experimental procedure must

be applied before calegor ically coupling certain rnystlcete vocalizations and

or ientation mechanisms.

There are some observati ons which suggest humpback s may

echolocate. at least under some circumsta nces . Beamish (1979) recorded a

series of clicks with a peak frequencies of 2.0 and 2.1 kHz, along with cnu

occurrence of a click train with a peak frequency of 8.2 kHz. Wino, Beamish, and

Perkins (1979) summarize the humpback sound recordings made by Beam ish

(1977; 1978; 1979 ). Utile reference is made to the click-like vocalizations made
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by the humpbacks in these cases, although they do admitlhe possibility of an

echolocation function to these vocalizations.

Lien and Storey (1967) report a single case where an ice entrapped

humpback issued click-trains similar to 'primitive terrestrial echolocators' when

surfacing up through a polyna. During daylight hours, the isolated humpback

could presumably orientale to an ice hole using light contrast cues; no click

trains were record ed during this time. However, during night-time the absence

01such cues appeared 10 prompt a different orientation system. In each of the

three moves between polynas recorded at night. click trains of frequency range

between 20·400 Hz were recorded previous 10 surfacing in a new polyna (Uen.

pers. comm .). Analysis 01the trains revealed an increase In click rate towards

the end 01 the train, similar to dolphin click· trains w here a focussi ng effect

occurs as the animal approaches the target (Goodson, & K tinowska, 1991;

Goodson, Klinowska, & Bloom. in prep.).

Norris (pe rs. com m.) report s a similar reCOrding of such c lick-trains in the

presence 01 a humpba ck which became trapped in a n estua ry in Ca lifornia.

Prior to its movement under the bridge, the whale was report ed to make low

frequency rich pu lses. After some time, the whale moved betwe en the pilings ,

successfully navigal ing the gap in spite of the turbid cond ition of the wa ter. To

quote Norris, -it was obvious thai the whale detec ted the bridge, and that it was

able to find the cp enlnq through it", However, Ncr rls also notes that it is difficult

to correlate the whale's vocalizations with orienta tion. a lthough it is obvious that
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Humph rey navigated with some precis ion in the absence of vision (Norris. pers.

comm).

2.4.2. "Low frequency- echolocation

In the absence of more substantial evidence. it has been assumed that

humpba cks do not echolocete (Watkins. & Wartzo k, 1985) # at least not In the

same manner as cdc ntccetes • and musl therefore rely on other means 10

perceive the environment. Given the above arg uments concerning insullicient ,

and sometime s Inappropriate . experimentation on mysticete echolocation

potential, a further possibility remains for baleen whales do utilize sound

actively in orie ntation. As noted by Thompson et o.f. (1979), some mysucctes

may possess the ability 10use the echo es 01their various low Irequency sound

product ions. Norris (1969 ) notes when referring 10 echolocation signals that -a

very wide variety of sounds may well be use ful.... there is no a priori way of

saying what sounds are or are net used for echolocation". In the field 01human

perce ption at least, it has been shown that blind peop le poss ess an abi61y to

use v arious deliberat e voca liza tio ns and non-vocalizations to detect the

presence or absence of a target (Rice , 1966 ; Rice, Feinstein. & Schuste rman.

1965). Importan tly, Hic e (1966) notes that blind people may use forms of echoes

produced by ambi ent no ise reflected from surface areas 01targets . Yet humans

have not deve loped an echolocation system per 58 ; in this particular case they

have enhanced a mechanism already available to them .
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The use 01such low frequency, 'infrasonic' signals in communication has

beendemonstratedfor terrestrial counterpartsof the whale - the low frequency

calls of Asian and African elephants serve to communicate over substantial

distances, where higher frequency calls would be rapidly attenua ted (Payne ,

Langbauer, & Thomas, 1986). These animals have developed a repertoire of

calls. especially noticeable in the inf rasonic range, with fundamental

frequencies of between 14 - 35 Hz (Poole, Payne, Langbauer, & Moss, 1988);

playback of these sounds to subjects have elicited responses that suggest

potential orientational significance to the calls (langbauer. Payne, Chari!, &

Thomas, 1989). The properties 01 infrasonic signals underwater would infer

great potential fo r use in orientation. because low frequency sound does not

attenuate as rapidly as high frequencies.

Patterson and Hamilton (1964) speculated that the so-called 20 Hz cycle

01the lin whale (as recorded by Schevlll, Walkins, & Backus. 1964) might have

an orientational function. This view has been shared by other authors (Norris,

1966; Payne, & Webb, 1971; Schevill, 1964; but sea Evans. 1967).11has been

noted that such pulses might be used to discriminate major targets, such as sea

floor and sea surface. or even dense schools of prey (with resolution limited to

the length of the wavelength used). However, it has also been sug~ested that

the calls might more likely serve a reproductive function (Watkins, Tyack. Moore,

& Bird. 1987).

Certain authors have suggested an ortentatlve function to low frequency

vocali zations in other species , inclUding the humpba ck (Airape t'ya nts, &
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Konstantinov, 1973: Kinne. 1975; Herman. & 'ravotqa. 1980; Moore. 1979;

Winn. & Winn, 1978 ).

Bowhead whales (Sa/sena mysticetus ) may utilize the reverberations 0'

their low trequency vccaaeaticns to detect ice cover at the sea surface {Clark.

1990a ; Ellison. Clark. & Bishop, 1987; George. C lark. Carroll. & Ellison. 19B9}.

Ellison et al. (1987) developed a model in which they predict that relatively

thick, rough ice would produce a reverberation (from a 'representative'

bowhead vocalization) 20 dB grealer than that from a patch of thin tce . a

difference certainly detectable to the human ear using a hydrophone system.

Field observations (George , et al., 1989) indicate circumstantially Ihal

bowheads do avoid areas of thicker ice cover, although they note visual cues

are probably also a component in this behaviour. Bowhead vocalizations are

typically low frequency; such reverberations would result in a low resolution

detect ion system. In addition, no attempt was made to account for the

directionality of the signal, thus limiting the ccaj zatlon of the reverberation.

These limitations may not be a factor if rough or thin ice accumulates in large

patches.

2.4.3. Echolocation in the context of an ocontccete model

It is becoming evident that odontocete entrapment may not be the result

of an inability to perceive targets in the ocean environment (for an overall

review, see Donovan, & Perrin, in press). Using a sonar equation model, it has

been shown that odontocetes are capable of resolving targets of even lower
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target srrenqin (TS)than net panels (Au. 1990: Au. & Jones. 1969; Au, & Jones.

in press), using a high frequency, 120 kHz beam. Au's (in prep .) model shows

thai for a source level (SL) cUckol l~O dB, a g illnet remains 90% detectable at

distances of 10 ·1 5 m, even a llowing for high levels of ambient noise. Such a

model assumes a perpend icula r approach to the net. The TS of a net wi ll vBry

with angle of app roach (Goodso n, pets . comm.).

In summary. the high resolution of dolphin sonar is directly linked to the

high frequency, short wavelength echoloca tion clicks produced. This resolution

seems to surpass the necessary requirements to detect nets. Jl mysticete

echolocation exists, it Is probably low frequency In nature, and thus onry

capable 01 much poorer resolution; nets may not be detectable by 'mysecete

echolocat ion', if it exists. Kinne (1975) suggests that,

"The(acoustic) cuesprembiobgicaRy InducedreverberationS)maybe 01reslric!iW or

no valle lor Iocalingo seete objed s, but they may be superiorto Ihe delphidsonar

for Iong-dislance navigation (Iocalion 01 large tood-organlsm aggregations and

breeding places, gross assessment 01 wafer properties) and long-distance

commun(':l:iOO amongcon-specifics'

2 5 Atte ntjon and jnternrela !ion aspects of percept ion

If whales are cap able of detecting targets, as suggested for the sma ller

cetaceans by various authors (Au, 1990; Au, in prap.: Au , & Jones, 1989; Au, &

Jones. in pre ss), collisions may be due to the lack of attentlc n or correct
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interpretation of a target cue (Nelson, 1991). Humpback and minke whales are

commonly observed swimming In close proximity 10 gear without becoming

entang led. Such observations strongly suggest that at least in some casas, the

whale is aware of the net's presence. Although an animal may be capable of

perceiving a target such as a net, this is no guarantee that a) the animal will

notice the target in lime 10 elicit an escape response, or b) the animal will

Identify the target as 'a barr ier' or as something dangerous.

It has been noted that dolphins do not constantly emil echolocation

signals (for example, see Dawson,in prep.; Dawson, in press; Goodson. atar..

in prep .: Nelson, 1991). 10 the absence of constan t environmen tal interroga tion,

it may therefore only be chance that allows the dolphin to avoid collisions. Also,

if the animal Is foraging in the vicinity 01nets, the 'lock-in ' hypothesis (Goodson ,

& Klinowska, 1991 : Goodson, at al., In prep.) suggests a type of acoustic gate

del iberately excludes all echoes except those direc tly related to the target being

monito red. Thus, while in pursu it of a prey item, the dolph in may concentrate lts

sensory processes on the assessment 01 prey location, excluding all other

envi ronmental informational cues (Goodson, & Klinowska , 199 1; Goodson , ot

al., in prep.] . Although stray echoes may result from reflections on a net in the

vicinity, such information would be filtered out by the interpretation system olthe

do lph in . That Is, whi le the do lphin receives information concerning the

environmen t, it will only use input that is related to the immediate task that it is

performing.
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Interpre tational proces ses may also be a facto r. The concept of a barrier

is probably fairly unfamiliar to cceenc species(Au, & Jones, in press). Goodson

(pers . camm.) sugge sts thaI because of the nature of a do lphi n echoloca tion

beam, a net would appear as a series of ~ny 'sparkling' reflectlons" • an echo

not characteristic 01 more solie::! objects. Other acoust ica lly sim ilar barriers 01

comparable target strength would include beds of seaweed, argal blooms.

curtains 01 fine bubbles, or even just strong volume reverberationsuch as the

Deep Scatlering Layer (Au , & Jones. in press; Good son , pars . cam m.), which

present no obvious danger to a whale. Norris (1969) further documents that

there is likely "a large learned component in all echolocation behaviour...

creatures in clear seas may use their systems in quite different ways compared

10 animals inhabiting tidal flats and muddy bays".

Mortality as a resu lt 01 entrapment is more common In the smaller

cetaceans than in the larger baleen whales. A fatal encounter with a net would,

of course, terminate the learning process for that individual. It is not known how

many dolphins simply collide and escape entrapment without human aid. Wllh

the larger whale species some potential for a learning curve remains, as the

whale can often break through the net. Working on these premises. Uen (1980)

developed various types of acoustical alarm that were attached to nets so that

humpbacks might learn to associate such sounds with the presence of a net in

the vicinity. The 'beeper' alarm (Lien, 1980) has been used in Newfoundland

waters consistently for the past decade. although the results of this alarm

programme are difficult to assess given the low sample sizes in the statistical

design of the experiment (Lien, 1980; Lien, et al., 1991; Todd, & Nelson, In
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prep.). A new des ign of alarm is now ongoing (inventors: GUigne, Lien, and

Guzzwell) utilizing cheap, available materials, and prelimina ry tests are

proceeding (Lien, 1990; Lien. Verhulst. Huntsman, Jones, & Seton, in prep.),

using a large database of fishermen to test alarms in situ on traps. Many

researchers have conducted various other investigations into the effectiveness

of both active and passive net alarms. Resurts from these programmes ate

generally inconclusive, for a variety of reasons (Todd. & Nelson, in prep.).

26 Pa ss ive acoustics , 8ljs le njog "

The nature of sound waves in a fluid environment demands thai long­

range acoustics be mainly confined 10 high-intensity lew-frequency signals.

There are few data on mysticete hearing sensitivity (Dalheim, & Ljungblad,

1990; Ridgeway, & Carder, 1983); in the absence of direct evidence one is

forced to use other means of assessing mysticete audition. One method of

characterizing mystce te acoustic perception assumes that the frequency range

of auditory sensitivi ty can be correlated to the freque ncy r::.lnge of

communication signals produced by that animal. Such a pattern has been

shown in certain terrestrial species (Payne, & Webb, 1971).

wat kins and Wartzok (1985) summarized that humpbacks produce

Mwidely variable tonal and pulsed sounds with fundamentals from 30 to 3000

Hz". Chabot (1985) reviewed sound production of humpbacks in Newfoundland

waters and classified 13 different classes of sound types, the majority of which

were thought to be vocalizations. Non-vocal behaviour such as breaching,
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lob!alling and flipper slapping all carry acoustic components and may aid

animals to keep in acoustic contact when visual contact is not possible

(Herman. & Tavotqa, 1980; Whitehead, 1985; but see Dalheim, Fisher, &

Schempp, 1984). There is also evidence that 'bubbling' - the exha lation of air

bubb les from the nares when either partially or totally submerged - might also

be a significant auditory form of communication (Herman , & Tavolqa. 1980).

Whether intentionally produced or not , bubbles (as they resonate at thei r natural

frequency) are a sourceof soundIhat mightbe utilized by an animal. There also

remains accounts of so-called ' wneazy blows", apparently executed

deliberately (Watkins, 1967).

Species capab le of such complex forms of communication must be

proficient in some rudimentary auditory perception. Norris (1966) comments that

from available evidence, cetaceans in general are "excellent passive listeners

of water-borne sound". The various 'playback' experimen ts that have been

performed on humpback and gray whales (Dalheim, & l jungblad, 1990; Mobley

Jr., Herman, & Frankel, 1988; Tyack, 1983; Tyack, Clark, & Malme, 1983) Infer

the ability in some baleen whales to discriminate and react to particular sounds.

Remarking on the sensltlvlty of mysticetes 10the acoustic environment , Herman

and Tavolga (1980) suggest that based on the

"retalivety low upper timilS01tnerrvocajzanon range. themssuceiesprobably lackIhe

the very high-lroquencyhearing capabilities 01the cdcntocetes but, on lhe same

basis,mayhearwell intothelowsonicor inlrasonk:regions"
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There is strong evidence to suggest that sound may play an important

role in the orien tation mechanisms of a humpback, through the reception and

interpretation of acoustic cues from the environment. Such cues can be

produced by targets in a variety of ways, either in an activeor passivesense.

However, for such cues 10 be of any use at a distance, they wou ld have to be

low frequency, 10 minimize problems 01absorption losses to signal energy. In

addition, they must be high enough in source level to dominate over local levels

of ambie nt noise. In turn, the utilization of low frequency acoustic cues by a

humpback would depend not only upon sensitivity to low frequencies , but also a

knowledg e of the behaviour of thaI signa l in a given environment. In the account

by Norris of the estuary entrapped humpback (pers. comm.), it has been noteJ

that water noise tram the bridge might have been used as a cue for orientation .

In this case , the acoustic cue would be low frequency in nature ; there would

also be atten uation, backscatte r and reflectivity aspects of the signal that would

have to be examined before clearly defining the bridge noise as an aco ustic

cue .

2 7 Qrientation and aco!!stjcs

To summarize thus far, one cause of entrapment would be based upon

an inabili ty of the whale to detect the net. Very lillie is know n about the

orlentatlcnal abilities 01humpbacks, although it seems likely that acoustic cues

playa dominant role in orienta tion underwater. Poss ible acoustic mechanisms

for orientat ion include echolocation, incidental reverberation, and listening.

There is little co nclus ive ev idence that humpbacks can echo locate or use
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reverber ations otthetr vocaliza tions . Typically they are silent in the vicini ty of

fishing nels and yet, in most cases, avoid them, even under minimal light

conditions.Use 01 acousticcues In a directionalhearingcontext remainsas a

potential means lor orientation, although it is yet to be demonstrated thaI this is

done.

While lt has been shown that net mater ials ca n be detected wi th act ive

blosonar . It is nol known whethe r nets can be perceived in a pass ive sense. No

in/ormation Is as yet available on net 'self-nclsc', or how such noise might

Interact within the environment to produce an acoustic cue. It Is logical,

therefore, to first examine the acoustic nature of nets, and to examine their

potential as targets which can be localized through orientauve processes.
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3 1 The measurement of ceeelin traps and bait in sitll

Field work was done in St. Phillip's, Concept ion Bay, Newfoundland,

Canada . The srte was chosen lor its close proximity to the University, and

becauseit was a knowncaoeenfishingarea. In co-operationwilh a local fishing

crew, a capelln trap was acousticallymonitored over the period of the capelio

fishing season (17/06/89 to 24/06189). Results were then analyzed digitally,

using specially written computer programmes 10compare acoustic spect ra.

3.1.1. Apparatusused

Capelio traps consist of a moored square frame of ropes and floats, from

which is hung a box of dense mesh (4 em approximate stretched mesh size).

open at the top . The side facing shore is not closed off, but flanked by two doors

allowing fish to enter the trap. A length of net of coarser mesh (12.5 em

approximate stretched mesh size), termed the 'leader', links this facing side to

the shore , and acts to divert migrating caoeun schocre which travel along the

shoreline into the box of the trap . To haul the trap, the two doors are closed, and

the box is gathe red in to a point so that the fish can be removed with a dip net.

To help haul the net, a 'spanllne' is connected between the middle of the

back panel and the door panel. II was to this line that a sensitive hydrophone

(BrOe! and Kjaer , type 8101) was connected at a distance of 4 m from the back
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of the net, and 5 m directly downwards from the spanl ine. so thaI it was

positioned appro ximately in the centre altha trap (see Figure 1). The location oJ

the hydrophone inside the trap provided conven ient acce ss to sounds being

produced both by the net and by targets contained within the net. It was

assumed that sounds produced by net and cont ained targets would be cmnl­

di rect ional.

A 100 m length 01 blocked waterproof cable , fixed along the spannne.

connected the hydropho ne 10 the moni tori ng syste m. A 16 m length 01 PVC pipe

(5 em Interna l diameter) was used to protectthe cable in the intertidal zone. A

receiver (BrOel and Kjaer 8 channel ml .lIill lexer. type 2811), charg e amplif ier

(Bn1el and Kjae r. type 2635), and analog tape recorder (Hewlett Packard

Instrumentation recorder 3964A) comp leted the measuring equipment used.

Recordings were made on Scotch 3M tape . Append ix A lists tech nical

specifications of the equipment used.

3.1.2. Data collection

11 was decided after pnct experimentation that a series of five minute

recordings would be sullicien t lor a representati ve sound sample. External

factors which might inl luence acoustics were logged, Inc luding sea state, wind

speed and direction, and general weather conditions. In addition, a photograph

was taken dally 01a standard view across the bay, to confirm sea conditions ­

environmental conditions did not vary sUfliciently beyon this to warrant a more

detailed examination .



Illustration of the positioning 01the hydrophone within a

typical capelin trap.
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For seven days during the cape6n season, a series of 5 min. acoust ic

recordings of the trap were made at ap proximately 30 min. intervals. In addition.

just before fishermen arrived 10 empty the net, a feading was taken (de signated

as the 'pre-haur mea surement). Once the net was hauled. a final reading was

taken (designated as the ' pcst-haur" measurement). It was possible to ccnect

six separate pairs at pre-haul and post-haul readings for me same trap. The

fishing crew provid ed information on the weight 01 fish taken. and an

approxima te measure of the gender ratio with in the sc hool.

3.1.3. Data analysis

Data was initially collected in an an alog fo rmal. Sub sequent 10 the

record ings, analysis 01 dala was performed through a digitizer (Dalatab

DL1200) on a computer. The environmental log was used 10 select areas of tho

recording which did not have irregUlar noise influences · such as boat engines ·

as part of the record. Digital data was sto red on high density llop py disc.

Several compa rat ive analyses were then perfo rmed to interpret data.

Recordings were initially presented in two lormats • as a time series graph

(amplitude versus ti me), and as a spectra l composition (amplitude versus

frequency). The sp ectral composit ion grap h was furthe r divided into a

bandwidth between 0 • 10 kHz, in addition to a bandwidth that specifically

detailed the 0 • 1 kHz region (although it should be noted that the equipment

used was not capable of recording infrasonics) .
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